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N ., METHOD AND APPARATUS FOR MAINTAINING REFERENTIAL
. INTEGRITY WITHIN A RELATIONAL DATABASE
IN A DATA PROCESSING SYSTEM

The present invention relates in general to improvements
in electronic data processing systems and in particular +to
improvements in relational databases within a data processing
system. Still more particularly, the present invention relates to &
method and apparatus for maintaining referential integrity within a
relational database despite the creation or alteration of -a data

table within that database.

One clear advantage in the use of data proéessing'systems
is the:systematic manipulatioﬂ and utilisation of large quantities
of data. Typically, these large quantities are arranged in an
or'derlfr manner in a so-called database which may be rapidly accessed

either directly or indirectly by any processor within the data

processing system.

More recently, the utilisation of dJatabase management
systems has reached a new level of sophistication with the advent of
the relational database. A relational database is a database
composed of a plurality of data tables. The relational model which
forms the basis £for such a database includes three major
subsections. A structural subsection which addresses the structure

to which a relational database must conform, a data manipulation

subsection which governs the manner in which data must be
manipulated within a relational database and a referential integrity
subsection which controls the manner in which changes in one area of

the database affect the remainder of the database.

Referential integrity may be achieved by adhering to

selected constraints which, while difficult to implement, are well

known in the literature. For example, the major referential

is Sheet Has Been Ri laced :

TR



The, ptesent I nvention relates in general to inprovenments in 4]

dat a processi ng systenms and in particular to inprovenent :Lrﬁ% éRQEPTCAgAEIS)BEEN
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particularly, the present invention relates to a nmethod and apparat us for

mai ntai ni ng rehesesd-oaé integrity within a 2elational database despite the
creation or alteration of a data table within that database. -
One cl ear advantage in the use of data processing systens is the systematic

mani pul ation and utilisation of large quantities of data. Typically, these
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processor within the da

appear as values of the "primary data key" of another designated

data table. In the terminology of relational databases, ' the
"parent"” data table is the data table in a relationship of two data
tables which contains the designated primary data .k_ey. Similarly,
the "dependent" data table is the data table in the aforementioned

relationship which contains the foreign data key.

It should be clear upon' reflection that a single data
£ab1e may be both a parent table and a dependent table in an
arbitrary number of relationships. A data table may be said to be a
"descendant" of a parent data table if it is a dependent of that
data table or a descendant of a dependent of the parent data table.
C‘onversely, a data table is said to be a.n "ancestor" of a second
data table if it is a parent of that table or a parent of a table
'which includes the second table as a descendant. Also, a data table
may be a descendant and an ancestor of itself 1if it 1is
interconnected in a so-called "cycle" with a plurality of other data
tables. A data table may also be both a parent data table and a
dependent data - table for a single constraint in a so-called

"self-referencing” table.

In order to control the referential integrity of a
relational database it is necessary to associate a relationship rule
with each referential constraint. The three activities which must
be addressed in such relationships are the results of an update
operation, an 1insertion operation and a deletion operation
respectively. In view of the relational natuxe of the data tables
in such a database it should be cbvious that any one of these three
activities in one data table may have an effect on another data
table within the database. Thus, a series of rules is generally

associated with each such activity.
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rel ati onal database. A relational database

conposed of a plurality of data tables. The relational nodel which forns
the basis for such a database includes three_major subsections. A

structural subs®@rP3rPifhi ch addresses the structure to which a relational
dat abase must conform a data mani pul ati on subsection which governs the

manner in which data nmust be manipulated within a rel ati onal

referential integrity stfgsegutlleon V\%‘Qr}q_ﬁg contLel eﬁ be Qgeglduﬁ |ghpﬁl;hgnges

in one area of

t he dat abase "af remal n e databas
data key may be inserted; however, a forelgn data key may only ke

inserted if it meets the basic referential constraint. That is, a
non-null value of a foreign data key may only be inserted if it also
appears as a value of the primary data key. Similarly, updates to a
foreign key are only possible if the updated foreign key also
appears as a valid primary data key. In the arrangement described
below, updates to a primary data key are "Restricted," that is, they
are only permitted where that primary data key does not have any
dependants. Of course, a system could be implemented such that
updates to a primary data key will automatically be implemented in
each dependent data key in a so-called "Cascade" mode of operation,

or will cause each dependent data key to be "Set Null."

The delete operation in the arrangement to be described
below will utilise all three of the aforementioned relationship
rules. Therefore, it is possible to have a delete rule oI
"Restrict," "Cascade" or "Set Null." In this manner, the effect ci
a.deletion anywhere in the database is clearly defined in terms oI
its effect on dependent data tables. In the terminology oI
relational databases, any data table which is involved in a delets

operation with a seccnd data table is said to be "delete connected"

to the second data table.

Two additicnal restrictions are generally applied to the
relationships among a set of data tables with respect to delets
connections. Firstlv, a table may not be delete connected to itsell
in a cycle of two cr more tables. Secondly, if a data table is
delete connected to another data table through a plurality of paths
the relationship rules governing the delete operations must ke

identical and must nc: be Set Null.

Thus, any &ttempted modification to the structure of =z

relational database must carefully follow each of these relationship
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rules to maintain referential integrity. " The large numbers of
related data tables contained within a relational database and the
plurality of relationships which may exist between those tahles make
the verification of the relationships after an attemptea
modification to the structure of the database quite difficult. It
should therefore be obvious that a need exists for a method which
may be utilised to ascertain efficiently and rapidly whether or not
an attempted modification to the structure of a relational database

will allow consistent referential integrity.

The object of the present invention is to provide an
improved method and apparatus for maintaining referential integrity
within a relational data base in a data processing system when a

data table within the data base is created or altered.

i The invention relates to a methed for dJdetermining the
validity of a new referential constraint brought about by the
creation or alteration of a selected data table within a relational
data base, in a data processing system, having a plurality of

related data tables.

According to the invention the method is characterised by
the steps of identifying which of the plurality of related datz
tables will be affected by the existence of the new referentizal
constraint, and verifying the wvalidity oI the new referentizl

constraint only upon the identified related data takles.

The invention also relates to apraratus for determining
the wvalidity of a new referential constraint brought about by the
creation or alteration of a selected data table within a relational
database, in a data processing systen, aving a plurality of related

data tables.
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constraint is the assertion that non-null values of a designatgegs ShereHas BEEN
data key" in a data table are valid only if they al so appearl| as vamgm
the "primary data key" of another designated data table. In

of relational databases, the "parent"” data table is the data table in a
rel ati onship of two data tabl es which contains the designated primary data
key. Sinmilarly,2%¥ng>“fépendent” data table i$ the data table in the

af orementioned rel ationshi p which contains the foreign data key.

It should be clear upon reflection that a sir'lgle data table may be both a
parent table and a dependent table j.n an ar 2{\ nunber of rel ationshiﬁps.
A data table may be sai B°THF BRI 259 HE SRUEH 1"mo %‘?&aéﬁ U SRR AP e PR ¢
is a dependent fr tiledtidaisg tvilike of thed@domridant obfredatiepetadentaldfest hEJ
arent data ta ver sel a n or"

g second data t bD fg@%eﬁ E}? %5 ggfqgfﬁ%c%f p}i ﬁ-'g é'f)lIIQfL]Er)en%‘-’IfI con@QE?% a tarf:ﬁ
whi ch i ncl udes I!ehessé@on@rtlébira dheavabigdendeihttheAhew, r%ﬁedatfaaﬂ-amrestramt

only upon the identified related tables.

The method and apparatus of the present invention may be
utilised to maintairn the referential integrity of a relational
database by determining the validity of each new referential
constraint which is brought about by the proposed creation or
alteration of a datz table within the database. All relationships
of a newly c¢reated or altefed data table are first examined for
known non-error conditions in which the new referential constraint
will not affect <c¢xher dafa tables. Next, self-referencing
relationships are examined to detect known error situatiods.
According to a preferred embodiment of the invention, thereafter; a
model is created oI a selected portion of the dJdatabase which
includes the newly created or altered data table; all data tables
dependent from the rewly created or altered data table; all data
tables descendant Zrom those dependent  tables which are
delete-connected to <the newly created or altered table; all data
tables which are the parent tables for any data table previously
included; and, any arncestor data table having a Cascade delete rule
relationship with a carent table previously included. The validit:
of the new referentiaz. constraint is then verified by examining only
that portion of the database represented by the model to determine

if the proposed relztionship allows referential integrity to ke

enforced.

In order thzt the invention may be more readily understocc
an embodiment will now be described with reference to the

accompanying drawings, in which:
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sofcalled "cycle" with a plurality of other data tables. A data t gL
al so be-both a parent data table and a dependent data table i '
constraint in a so-called "self-referencing” table. In order to
control the referential integrity of a relational database it is necessary
to associate a x®-82+@eship rule with each ré&ferential constraint. The
three activities which nust be addressed in such relationships are the
results of an update operation, an insertion operation and a deletion
operation respectively. In view of the relational nature of the data tables
in such a database it sK&EPER bé oBFi otis RIFEP ity SsBresentpeian t 9feea data
activities in datand akhkeoyinhanecranhef §86dn QReANENGe dat&riall fay be

wi thin the database. Tt}ius, a series of rules is generally associated with
each such acti vifRiemented,

Figure 2 is a pictorial representation of a plurality of
data tables which may be utilised tc illustrate the interrelation of

such data tables,

Figures 3a, 3b, and 3c together depict a logic flow chart
illustrating the arrangement to be described which may be utilised
to verify that referential integrity will be maintained after the

addition of a proposed new referential constraint,

Figure 4 depicts a logic flow chart illustrating the
manner in which selected dependent tables are added to a database
nodel, |
Figure 5 depicts a logic {low chart illustrating the
manner in which selected parent tables are added to a database

model,

Figures 6a and 6b together depict a logic flow chart
illustrating the mannerxr in which select.d additional constraints are

added to a database model, and

Figure 7 d&epicts a logic flow chart which illustrates the
manner in which a plurality of delcete connections within an
abbreviated database model may b: examined to verify that

referential integrity will be maintainnd in the relational database.

With reference now to Figure 1, there is depicted a
pictorial representation of a data proconsing system 8§ which may be
utilised to implement the arxrangement dascribed belcw. As may be

seen, data processing system 8 include; a plurality of networks,
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key may ‘be inserted; however, a foreign data key may only belli nser REBLAGER
meets the basic referential constraint. That is, a non-null varuoe of a

foreign data key may only be inserted if it also appears as a value of the
prinmary data key. Simlarly, updates to a foreign key are only possible if
the updated form-§A-®&y al so appears as a valid primary data key. In the
arrangenent descri bed

such as Local Area Networks (LAN) 10 and 32, each of which
includes a plurality of individual computers 12 and 30,
respectively. Of course, those skilled in the art will appreciate
-that a plurality of Interactive Work Stations (IWS) coupled to a

host processor may be utilised for each such network.

As is common in such data processing systems, each
individual computer may be coupled to a storage device 14 and/or a
printer/output device 16. One or more such storage devices 14 may
be utilised, in accorcance with the.arrangement to be described, to
store the plurality of data tables which make up a zrelational
database. In accordance with the method to be described, proposed
modifications to that database will be examined to determine if

referential integrity will be maintained.

Still referring to Figure 1, data processing system 8 also
includes & plurality of main frame computers, such as main frame
computer 18 which is coupled to Local Area Network (LAN) 10 by means
of communications link 22. Main frame computer 18 is also coupled
to a storage device 20 which sexves as remote storage for Local Area
Network (LAN) 10. Similarly, Local Area Network (LAN) 10 is coupled
via communications link 24 through a subsystem control
unit/communications controller 26 and communications link 34 to a
gateway server 28. Czateway server 28 is preferably an individual
computer or Interactive Work Station (IWS) which serves to 1link

Local Area Network (L2 ) 32 to Local Area Network (LAN} 10.

Referring now to Figure 2, there is depicted a pictorial
representation of plurality of data tables which are utilised to
illustrate the interrelation of such data tables. Data table 40 is
illustrated pictorially and includes information concerning the
departments of a fictitious organisation. The information within
data table 40 is &arranged in three separate columns relating

respectively to: the departmert number; the name of the department;
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onfy permitted where that primary data key does not have any |fepen

O course, a systemcould be inplenmented such that updates to a primary

data key w || autonatically be inplenented in each dependent data key in a

so-called " Casc% rglge of operation, or wkl cause each dependent data
key to be "Set " The del ete operation in the arrangenent to
be described below will utilise all three of the aforementioned
relationship rules. Therefore, it 1is possible to have a delete

rule of "Restr V\;’ihn%t the SE@REE Wad.Sethd¥dl bolunh8 4R Sawaneers2,t he, efiecs, of
a del etion anywhere he database is clearly defined in terns of its
effect on dep’éﬁ‘f@eﬁ'fl"eélét a tables. In the termnology of relational

dat abases, any data table which is involved in a delete operation with a
second data table is said 19 be "ol el s, GoRegt ety 0s (0t ecaRTe tBlRctea
to the divisions within the fictitious organisation. As above, this
data table is divided into four columns relating respectively to:
the division number; the name of the division, the division head;
and the department number under which that division falls. These

columns are numbered 50, 52, 54, and 56.

_ Finally, data table 58 is the employee data table for this
fictitious organisation and it is divided into six columns relating
respectively to: the name of the employee; the employee number; the
division number; the department number; the manager for that
emplovee; and the manager's employee number. <These columns are

numbered 60, 62, 64, 66, 68, and 70, respectively.

The interrelation of these various data tables may be
illustrated with regard to one or more of the columns which are
depicted therein. For example, in a relationship between department
data table 40 and division table 48, department number may ke
considered a '"primary" data key within department data table 40.
Similarly, department number appears in division data table 48 as a
"foreign" data kev, As stated above, referential integrity
requires that no ncn-null values for a department number nay be
listed within column 56 of division data table 48 unless that value
also appears as a rrimary data key within column 42 of department
data table 40. 1In this manner, the referential integrity of the two

related data tables may be maintained.

Similarly, employee data table 58 includes several data
keys which relate back either to department data table 40 or to
division data table 48. For example, division number, as -

illustrated in column 64 of employee data table 58 is a foreign data
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tabl e may not be delete connected to itself in a cycle of t Oor 1or e
tables. Secondly, if a data table is delete connected to another data

tabl e through a pIurallty of paths, the relationship rules governing the
del et e operati oA%97R%s0P1%e i dentical and nmust %ot be Set Null

Thus, any attenpted nodification to the structure of a relational database
must carefully foll ow each of these relationship

key within employee data table 58 and a primary data key with::

division data table 48, In addition, department number listud
within column 66 of employee data table 58, is a foreign data Koy
which must also be located within column 42 of department data tatle

40 in order for referential integrity to be maintained.

A further aspect of related data tables may be illustrated
with respect to employee data table 58. Emplovee number, as listad
in column 62, is a primary data key of employee data table 5i.
Manager employee number, as illustrated in column 70 of employce
data table 58 is therefore a foreign data key and in order for
manager employee number to be valid it must also appear withiu
column 62, the employee number primary data key in employee datl-
table 58.

. This type of relationship is ; referred to. ¢

self-referencing.

Thus, upon reference to Figure 2, those ordinarily skill«!
in the art will appreciate that a plurality of data tables may I
related in a relational database and that there are many aifieren
relationships which may exist between these plurality of o'

tables.

With reference now zo Figures 3a, 3b, and 3¢, which, wio®
considered 1in conjunction, depict a logic flow chart wii:’
illustrates a method which may be utilised to wverify ti-’
referential integrity between the data tables of a relational ' -
base will be maintained after the addition of a proposed
referential constraint according to the invention. This et
begins at block 72. The mnethod disclosed first examine:
relationships for the object table, which is the data table ie.:%
created or altered in the description of the method, to detears .- -

whether or not any known non-error conditions exist.
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related data tables contained wthin a rel ati onal database’
plurality of relationships which nmay exist between those tables nake the
verification of tie-geloaki onshi ps after an attggpted nodification to the
structure of the database quite difficult. It should therefore be obvious
that a need exists for a.-nethod which may be utilised to ascertain
efficiently and rapidly whether or not an attenpted nodification to the
structure of a rel ati onal Teatrebaseé vé [He atdcadbedn@nSbenimplemented by suitable

circuitry and programming (as will be well known to a person skilled
in the art) in the storage device 14, computer 18 and other

components of the data processing system illustrated in Figure 1.

The methcd begins in block 74 (see Figure 3a) where the
"dependent restrict" flag is initiated to indicate if the proposed
referential constrzint delete rule is Restrict. Next, block 76
illustrates the setting of the Dependent Cascade flag to "“false".
Thereafter, block 78 is utilised to jllustrate the obtaining of the
first constraint in which the object table is a dependent. Block 80
is next utilised to determine whether or not all constraints have
been processed and if not, block 82 illustrates a determination of
whether or not +the delete rule for the constraint wunder
consideration in which the object table is a dependent is Restrict.

If not, block 84 cepicts the setting of the Dependent Restrict rule
flag to "false”.

i

Next, block 86 illustrates the determination of whether or
not the delete rules in the constraint being examined is Cascade and
if so, block 88 derpicts the setting of the dependent Cascade flag to
"true". Thereaftex, block 90 depicts the obtaining of the next

constraint in which the object table is a devendent and the process

returns to block 80.

In the event that a determination was made in block 22
that the delete rule in the constraint urder consideration was
Restrict, or in blcck 86 that the delete rule was not Cascade, then
the process also passes to block 90 to obtain the next constraint
for consideration. After examining all constraints in which the
object table is a despendent, as determined by block 80, the process
then passes to block 92 to examine those relationships in which the

object table is a parent.
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determning the validity of a new referenti al

table within a relational database having a plurality of related data
tables, said nmethod comprdcRi @ 1HQuS8tLRIOfthe initialisation of the _parent

Cascade flag to "false" and, thereafter, block 94 depicts the
obtaining of the first constraint in which the object table is a
parent. Next, block 96 is utilised to illustrate the determination

of whether or not all constraints in which the object table is a

o

parent have been processed. If not, block 98 illustrates
determination of whether or not the delete rule for the constraint
under consideration is Cascade. If the delete rule for the
constraint under consideration is Cascade.then block 100 illustrates
the setting of the parent Cascade flag to "true" and the process
passes to block 102. Block 102 illustrates the obtaining of the
next constraint for consideration in which the object table is a
parent. | Similarly,. if the determination illustrated in block 98
shows that the delete rule is not Cascade then the process also
passes:to block 102 toc obtain the next cénstraint for cqnsideration.
Thereafter, the process returns to block 96 to determine whether or
not ali constraints in which the object table is a parent have been

processed.

Next, the process passes to block 104 which illustrates a

determination of whether or not the Dependent Restrict flag is false

~or the parent Cascace flag is true. If neither of these conditions

exist, then the preoccess exits and indicates no error, as illustratec
in block 106. The pcrtion of the logic flow chart described above
is utilised to examins all relationships of the object table tc

determine whether or not the delete rule 1is Restrict for all

"relationships for the which the object table is a dependent and not

Cascade for all relationships for which the object table is a
parent. Under this condition the proposed new constraint can have
no adverse effect on referential integrity and the examination neead

not continue.

In the next portion of the method, the process passes

through block 108 into a new section (see Figure 3b) which is
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i dentifying which of said plurality of related data tables wil LTHTBS§HEEH%‘§BEE‘\
by the . &xistence of said new referential constraint by creatilhg a rHRUACHD

a selected portion of said relational database, said nodel including said
selected data table; all data tables dependent fromsaid sel ected data

tabl e; all dataatslgbesiglescendant from sai d d@pendent data tables which

are del ete-connected to said selected table; all data tables which are the
parent ‘table for any data table previously include with said nodel; and any
ancestor data table having a Cascade relationship with any table

previously incl utiddseftte pxaming mﬁée;lf—referencing constraints which may exist

REPLACEMENT SHEEI +he database unéer consideration. Block 110 is utilised ¢to

determine whether or not the object table has any self-referencing
constraints, including the newly proposed constraint, contained
thefein. If so, block 112 depicts a determination of whether or not
the newly proposed constraint is self-referencing. Thereafter,
block 114 illustrates a determination of whether the existing
self-referencing constraint utilised a Cascade delete rule an& i
the existing self~referencing constraint does not utilise a Cascade
delete rule. Block 116 then illustrates a determination of whether
or nét the newly prcposed constraint is a Cascade delete rule. If

so, the process exists with an error indicaticn at block 118.

In the event the existing self-referencing constraint
utilises a Cascade deslete rule constraint or the newly proposed
constraint does not utilise a Cascade delete rule, then the process
passes to block 132. Referring again to block 112, if the newly i
proposed ccnstraint is a self-referencing constraint, the process
passes to block 12C. Block 120 is utilised to illustrate a
determination of whether or not the existing self-referencing
constraint utilises & Null Set delete rule. If so, the process
exits with an error message, as depicted in block 122. If the
existing self-referencing constraint does not utilise a Null Sez
delete rule, then bkicck 124 illustrates a determination of whetherx
or rot the existing self-referencing constraint has a differenc
delete rule from the newly proposed self-referencing constraint. IZ
the delete rules are cifferent the process again passes to block 122

which illustrates the exiting of the process with an error message.

In the even: the existing self-referencing constraint and
the propcsed self-refsrencing constraint have identical delete rules
the process passes to block 126. Block 126 illustrates =
determination of whezher or not an existing non-self-referencinc.

constraint utilises =z Cascade delete rule by determining if ths
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only upon said identified .related data tables within said de

Accordi ng to anot her aspect of the invention there is disclosed a method in
a data processing systemfor determning the validity of a new alteration

of a selected datgqetghlfe 13

Dependent Cascade flag is true. If so, block 128 depicts a
determination of whether or not the new constraint utilises a
Cascade delete rule. If not, the process once again exits with an

error message, as depicted in block 130,

In the event the existing non-self-referencing constraint
does not utilise a Cascade delete rule, as determined in block 126,
or the newly proposed constraint utilises a Cascade delete rule then
the process passes to block 132; Block 132 illustrates a
detexmination of whether or not the newly proposed constraint is
self-referencing. If so, block 134 depicts the exiting of the
process with.no error indicated. The foregoing section of the logic
flow chart has been utilised to determine if there is more than one
self-referencin§ constraint and their delete rules are not the same,
or the delete rules are Set N&ll, in which case an error condition
must exiét. Similarly, if there is any other constraint with a
delete rule of Cascaae and all self-referencing constraints do not
utilise a Cascade delete rule, an error must occur. At this point,
if the object relationship is a self-referencing constraint no error
will occur and the process need not proceed further. It should be
noted at this point that hereafter only non-self-referencing

constraints will be considered in the illustrated logic flow chart.

At this point, the process passes through block 136 into
the portion of the logic flow chart in Figure 3c which illustrates
the creation of a model of a selected portion of the database under
consideration which may be examined to determine whether or not’
referential integrity will be maintained in view of a éroposed
creation or alteration of a data table therein. The aforementioned
model may be visualised as a graph in which nodes represent data
tables and arcs represent the relationships between data tables.
This process begins at block 138 which illustrates the chaining of a
new node for the object table to existing nodes and the marking of
that node. Next, block 140 depicts the calling of the Add

Dependents procedure which is illustrated in Figure 4.
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within a relational .database having a plurality of related daflaHQSHEET HAS BEEN
sai d method conprising the steps of: exam ning all pf. trmﬁEPLACED

rel ati onshi ps for said selected data table to determine if any of sard
plurality of elated data tables will be affected by the existence of said
new referential constraint by creating a nodel of a selected portion of
sai d rel ati onal aAtfxi8abeke, said nodel includildg said sel ected data table;
all data tabl es dependent fromsaid selected data table; all data tables
descendant from sai d dependent data tables which are delete- connected to
said selected table; -all data tables whjch are Lhe arent apl e for

data table previously REERUFRE B4 FosH M fotre/te ﬁ'?/ergﬁﬁ 5 PC 1{: Y is
tabl e having a CaS@G@#d€ted and begins at block 174 Thereafter, block 176

illustrates the obtaining of the first constraint in which the table
under consideration is a parent. Next, block 178 illustrates the
determination of whether or not all constraints have been processed.
If so, thé Add Dependents procedure terminates as illustrated in
block 194.

In the event that all constraints have not been prbcessed,
as determined by block 178, block 180 next illustrates the scanning
of the node chain to see if a node exists for the dependent table.
Thereafter, block 182 illustrates the determination of whether or
not such a node exists. If not, block 184 illustrates the chaining
of 'a new node fbr a table which is a dependent of the table to the
existing nodes and the marking of that node. 1In _the event the
determination illustrated in block 182 finds that a node already
exists or, after chaining the new node for the table to the existing
nodes, as illustrated in block 184, the procedure passes to block
186. Block 186 illustrates the chaining of a new arc to the existing
arcs and to the parent and dependent table nodes. Thereafter, the
arc is marked or flagged in a manner which will aséist in the
verification that referential integrity will be maintained after the
modelling procedure is completed. By "“arc" is meant the portion of
the database model which illustrates the relationship between two

data tables within the database.

Next, block 188 illustrates the determination of whether
or not the constraint just added utilises a Cascade delete rule. If
so, the Add Dependents procedure which begins in block 174 is called
recursively, as depicted in block 190, to add the next descendant
table in the Cascade delete relationship. In this manner, the
dependents of the object node are added to the model of the database
which is being constructed as well as any dependent table which is -

linked to a dependent via a Cascade delete rule. Those skilled in
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relationship with any table previously included within said
in'the évent any of said plurality of related data tables w
identifying which of said plurality of related data tables

GEHB SHEET HAS BEEN—1
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hin said

nodel will be affected by the existence of said new referential constrain;

and verifying the validity of said new referenti al
upon sai d i denthré+evd01ié el ated data tabl es within said nodel

constrain only

the art will appreciate that it is only necessary to follow Cascade

delete rules downward to dependent tables since delete—cohnection is

not possible otherwise. In the event the delete rule of the

constraint under consideration is not Cascade, or after adding all

dependent tables which do have a delete rule of Cascade, the process

proceeds to block 192. Block 192 illustrates the obtaining of the

next constraint for which the table under consideration is a parent.

After all constraints have been processed, as illustrated by the

determination depicted in block 178, the procedure passes to block

194 and exits the add Dependents procedure.

Referring again to Figure 3¢, block 142 next illustrates

the obtaining of the first node in the chain of nodes which has been

created by the modelling process thus far described.

Next, block

144 illustrates a determination of whether or not all marked nodes

have been precessed. If not, the process passes to block 146.

Block 146 illustrates the obtaining of
non-self-referencing constraint in which the table

being processed is a dependent.

the first

for the node

Next, block 148 illustrates the determination of whether

or not all constraints have been processed. If not,

block 150 is

utilised to illustrate the determination of whether or not a parent

arc exists for this node, or the parent arc is not marked, or the

delete rule of the parent arc is not equal to the delete rule of the

parent table in the constraint. If none of these conditions is met

then the process passes to block 164. Block 164 illustrates the

obtaining of the next non-self-referencing constraint in which the

table under consideration for this node is a dependent.

Thereafter,

the process returns to block 148 to determine whether or not all

constraints have been processed.

-In the event any one of the conditions stated within block

150 is net the process passes to block 152. Block 152 illustrates
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Accordi ng to yet anot her aspect of the invent] 3HIS Sidietel HAS BEEN

di Scl osed apparatus for determining the validity of a new rgff er enBERLACED
constrai nt brought about by the creation or alteration of a“sSerected data
table within a rel ational database in a data processing system having a

plurality of rg&'tgg_ﬁﬁga.tables, said apparq%us conpri si ng: means
e

for identifyin

affected by the existence of said new referenti al

IIch™of said plurality of rel'ated data tables wll be

constraint by creating a

nodel of a selected portion

the scanning of the node chain to see if a node exists for the
parent table. Block 154 then depicts the determination of whether
or not that node exists. If not, block 156 illustrates the chaining
of a new node to the existing nodes and the process passes to block
158. In the event the node for the parent table does exist, as
determined in block 154, then the process also passes to block 158
from block 154.

Next, block 158 illustrates the chaining of the new arc to
the existing arcs for the parent and dependent nodes. Block 160
then depicts a determination of whethe; or not a node has been added
to the chain. If a node has been ;dded, the process proceeds to
block 162. Block 162 illustrates the calling of the Add Parents

procedure for the parent table which is illustrated within Figure 5.

Referring now to Figure 5, the Add Parents procedure is
illustrated and begins as depicted in block 196. Thereafter, block
198 illustrates the obtaining of the first constraint in which the
table under consideration is a dependent. Next, a determination is
illustrated in block 200 of whether or not all constraints have been
processed. If not, block 202 illustrates a determination of whether
or not the delete rule for the constraint under consideration is

Cascade.

If the delete rule for the constraint under consideration
is Cascade, then block 204 illustrates the scanﬁing of the node
chain to see if a node exists for the parent table located by this
process. Block 206 then depicts the determination of whether or not
that node exists. If the node does not exist, block 208 depicts the
chaining of a new node for this table to the existing nodes. 1In the
event that the node already exists, then the process passes to block
210 which illustrates the chaining of a new arc to the existing arcs
and to the parent and dependent table nodes. The Add Parents
procedure which begins at block 196 is then called recursively, as

depicted in block 212, to add any additional ancestor tables which

may exist.
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of said relational database, said nodel including said sel edl &' HEE %%e

all data tables dependent formsaid selected data table; aI% LM
descendant from said dependent data tables which are del ete-connected to
said selected table; all data tables which are the parent table for any
data tabl e previarasdy-oi6icl uded with said nodel?7 and any ancestor data
tabl e having a Cascade relationship with any table previously included

wi thin said nodel; and means for verifying the validity of said
new referential constraint only upon said identified related data tables
within said nodel . In the, grerfr thgatdalrbei F¥thit PHN thay CBRSYFSLRt  BARRT Y

understood an endaadideatiod lis nBevcdrades s aedestiihba r &f alesre202 bieatter
acconpanyi ng draév.‘}.nlngarent tv@ies have been added to the model, the process passes
to block 214. Block 214. illustrates the obtaining of the next
constraint in which this table is a dependent., Thereafter, the
process returns to block 200 to determine whether or not all
constraints have been processed. After all such constraints have
been processed, the Add Parents procedure exits, as illustrated in

block 216.

Referring once again to the logic flow chart illustrated
in Figure 3¢, after all necessary parent tables have been added to
the model by utilising the Add Parents procedure illustrated in
Figure 5, the process returns to block 164. Block 164 illustrates
the obtaining of the next non-self-referencing constraint in which
£hé table under consideration is a dependent. Referring again to
hlock 148, aftér all constraints have been processed the procedure
passes to block 170. Block 170 illustrates the obtaining of the
next node in the chain. Thereafter, the process passes through
block 172 and returns to block 144 for the determination of whether
or not all marked nodes have been processed. If all marked nodes
have been processed@ the procedure passes to block 1l66. Block 166
illustrates the calling of the Add Constraint procedure which is
illustrated in Figures 6a and 6b. Thereafter, the process

terminates, as illustrated in block 168.

With reference now to Figures 6a and 6b, the Add
Constraint procedure is illustrated and begins as depicted in block
218. Thereafter, block 220 illustrates the scanning of the node
chain to see if a node exists for the parent table. A determination
0f whether or not that node exists is illustrated in block 222. If
the node does not exist, block 224 illustrates the chaining of a new
node for that table to the existing nodes. It should be noted that -

this node will not be marked. If a node already exists, as

I
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6 Figure 1 is a pictorial representation
proceSS|ng network in which the arrangenent to be descri bed
i mpl ement ed,

AT9-89-016 : .18

- determined by block 222, or after chaining a new node to the
existing nodes, as illustrated in block 224, the process passes to
block 226. Block 226 depicts the chaining of a new arc to the
existing arcs and to the parent and dependent table nodes.

is marked only if the arc represents the constraint which is being

defined.

Next, block 228 illustrates the determination of whether
or not the node already existed. If not, block 232 illustrates the

of [ TRIIS SHEET HAS BEEN

y be REPLACED

e
poom———

obtaining of the first constraint in which this table is

dependent. Next, block 234 illustrates the determination of whether

or not all constraints have been processed and if so,

Constraint procedure terminates, as illustrated in block 242.

In the event all constraints have not been processed,

determined by Dblock 234, +then block 236 illustrates

under consideraticn is Cascade. If so, the Add Constraint procedure
which began at block 218 is called recursively, as depicted in block
238. In the event the delete rule of the constraint under
consideration is not Cascade, as determined in block 236, then block

240 next illustrates the obtaining of the next constraint in which

the table under consideration is a dependent.

Referring again to block 228, if +the node under
consideration already exists, the process passes through block 230
and continues with the determination which is depicted in block 244

(see Figure 6b). Block 244 illustrates the determination of whether

or not the node which already exists is a marked node

utilises a Cascade delete rule. If so, the process exits with an
error message, as illustrated in block 248. If the parent arc
delete rule is not Cascade, block 250 illustrates the determination

of whether or not the delete rule for the new constraint is Cascade.
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. If so, block

246 depicts the determination of whether or not the parent arc

This arc

the Add

the

determination of whether or not the delete rule for the constraint



Figure 2 is a pi ctorial representation of a plurality of datal|t DISESHERT GRS BEEN
may be utilised to illustrate the interrelation of such data flabl esREPLACED
Figures 3a, 3b, and 3c together depict a logic flow chart ill
arrangenment to be described which nay be utilised to verify that

referenti al |ntegr|t will be maintained after the addition of a proposed
new referentidt cgcﬁsﬁﬁal nt, Fi gu g 4 depicts a logic flow chart
illustrating the manner in which sel ected dependent tables are added to a
dat abase nodel , Figure 5 depicts a logic flow chart illustrating

the manner in phigh sel gesed.parant e&?@ 63tn Aneprieflel Lgd, It a&a&&mted

in block 252.

Referring again to block‘é44, if the node which already
exists is not marked, block 254 illustrates the calling of the Check
Multiple Delete Connections proceduré which is illustrated in Figure
7. Thereafter, in either event, the Add Constraint procedure

terminates as illustrated in block 242.

With reference ﬁow to Figure 7, there is illustrated the
Check Multiple Delete Connections procedure referred to above in the
description of Figure 6b. This process begins at block 256 and
thereafter block 258 illustrates the obtaining of the first
dependent arc which is chained to the node wunder consideration.
Next, block 260 iliustrates the determination of whether or not all
dependent arcs havg been processed. If all dependent arcs have been

processed, the procedure terminates, as illustrated in block 284.

Irn the event all dependent arcs have not been processed,
block 262 illustrates the determination of whether or not the
dependent node is marked. If the dependent node is not marked,
block 264 illustrates the récursive calling of the Check Multiple
Delete .Connections procedure which began at block 256, for
consideration of the next dependent arc. In the event the dependent
node is marked, as determined by block 262, the procedure passes to
block 266. Block 266 illustrates the determination of whether or
not the dependent node is the node for the object table. If so,
block 268 illustrates the determination of whether or not the
dependent arc is marked. 1In the event the dependent arc is marked,
the procedure passes to block 282 which depicts the obtaining of the
next constraint in which the table under consideration is a

dependent.
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TH|]S SHEET HAS BEEN
nodel , Figures. 6a and 6b together depict a |ogic 1| RepcReED
|IIustrat|ng t he manner in which selected additional const =

to a Hatabase nodel, and Figure 7 depicts a logic flow chart
whi ch |IIustrate§A hg qggner in which a pIuraIEby of del ete connections
Wi thin an abbrevi‘a tabase nodel nmay. bé" examned to verify- that
referential integrity will be maintained in the relational database.

Wth reference now to Figure 1, there is depicted a pictorial

representation of a data Eﬁoaﬁ'é%v@qtsm%é eazbéna!ucciargays bﬁ'oé“r{ah:ké@dtﬂeg block
i npl ement the arrangenent described bel ow. seen,
°ﬁe?§ﬂ0‘1¥‘ﬁ§her

processing syst e Ehtisigases Prufetemynai or not -"-he delete rule
for the dependent arc is Set’ Null. If the delete rule is Set Null,

the process exits w1th an error message, as illustrated in block
280. If the delete rule for the the dependent arc is not Set Null,
the procedure passes to block 272 for the determination of whether
or not the delete rule of the dependent arc and the marked arc are
different. If the delete rules are different, the procedure again
exits with an error message, as illustrated in block 280. In the
event the delete rules of the marked aré and the dependent arc are
not different the procedure passes to block 282. Block 282
illustrates the obtaining of the next constraint in which this table

is a dependent.

‘Referring again to block 266, if the determination
illustrated therein reveals that the dependent node is not the node
for the object table, the procedure passes to block 274 for the
determination of whethexr or not the new constraint utilises a
Cascade delete rule. If the new constraint does not utilise a
Cascade delete rule, the procedure passes to block 282. Block 282
illustrates the obtaining of the next constraint in which this table

is a dependent.

In the event the new constraint utilises a Cascade delete
rule, block 276 illustrates the determination of wﬁether or not the
delete rules for the dependent arc and the parent arc are both Set
Null. If so, the procedure exits with an error message, as
illustrated in block 280. If the delete rules of the dependent arc
and the parent arc are not both Set Null, the procedure passes to
block 278 for the determination of whethér'or not the delete rules
of the dependent arc and the parent arc are different. If the
delete rules are different then the procedure exits with an error
message, as illustrated in block 280. In the event the delete rules
for the dependent arc and the parent arc are the same, the procedure
returns to block 282 which illustrates the obtaining of the next

constraint on which this table is a dependent.
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such as Local Area Networks (LAN) 10 and 32, each of which infjl TRIESHEET HAS BEEN
pldrality of individual conmputers 12 and 30, respectiflely. REPLACED
course, those skilled in the art will appreciate -that a plurality of
Interactive Wrk Stations (IW5) coupled to a

AT9-89-016 21

Upon reference to the foregoing description, those skilled
in the art will appreciate'. that the arrangement described herein
provides a manner in whi¢h a proposed alteration to a relational
database may be verified to determine if referential integrity will
be maintained by first examining tﬁe.rel&tionships for the table
which is to be created or altered for known non-error conditions or
self-referencing constraints which will result in an error
condition. Thereafter, the é.rrang_ement described herein creates a
model of a portion of the relational database by first beginning
with the ’object table and thereafter adding all tables which are
delete connected to the object table. Next, the arrangement adds
any parent tables which are not previously added to the model and
any ancestor tables which are coupled to those parent tables by a

Cascade delete rule.

It should be noted that each node or arc within the model
is marked while considering debendent tables and in not marked when
following Cascade arcs upward through parent and ancestor tables.
The significance of the marking of a node or an arc should be
apparent to those skilled in the art upon reference to the foregoing
description. Whenever a restriction violation occurs due to a table
being "delete connected" to itself in. a cycle of two or more
tables, a marked node is always involved. Further, if a table is
“"delete connected" to another table through a plurality of paths and
the applicable relationships in which the table is a dependent do
not have the same delete rule, the table which is "delete connected"
Wili always be a marked node and a marked arc is always involved.
After creating a moéel of that portion of the database which may be ’
affected by the proposed new referential constraint, the arrangement
described then examines only those tables to determine whether or
not the proposed alteration is valid with regard to the maintenance

of referential integrity.
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hostvproce sed for each such network. THIS‘\@HE T
conmon ,m"l"mm',ﬁlmuml ng systenms, each individual conpyfer npg ggéSDBEEN
coupl ed to a storlagd deviee 14 and/or a printer/output devic _ :
nore such storage devices 14 may be utilised, in accordance W|th t he

arrangenment tgrdgodesgribed, to store the glurality of data tables which
make up a rel ational database. In accordance with the nmethod to be

descri bed, proposed nodifications to that database will be exam ned to
determine if referential integrity will be maintained. Still
referring to Figure 1, data processing sgsimu:8 also includes a plurality
of main frame conputers, such as main frame conputer 18 which is coupl ed
to Local Area Network (LAN) 10 by neans of communications |ink 22. Min
frame conputel. 182 sregthed foupiacbrmivirg sther agdidicyi cef 20 Whir Che Sevi@$2 AS

renote stor aggi%&.r a&ggq;rfé%&a c.bg@‘t w léhé Lcélélltgoq’i o§' ﬂéeagj'ydn o(%cal A8

Net wor k ( LAN) 'S cou selected

data table w1th1n a relational database, in a Jata processing

system, having a plurality of related data tables,
characterised by the steps of:

identifying which of said plurality of related data tables
will be affected by the existence of said pew referential

constraint; and

verifying the validity of said new referential constraint

only upon said identified related data tables.

2. A method as claired in Claim 1 characterised in that szid step
of identifying which c¢Z said plurality of related data tables wilil
be affected by the existence of said new referential constraint
comprises creating a model of a selected portion of said relaticnai

database.

3. A method as claimed in Claim 2 characterised in that said step
of creating a medel of a selected portion of gaid relationai
database comprises creating a model which includes said selected
data table; all data tables dependent from said selected. data table;
all data tables descendant from said dependent data tables which are
delete-connected to said selected table; all data tables which are
the parent table for a data table previously included; and anv
ancestor data table having a Cascade relationship with the parent

table previously included.
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communi cati ons ﬂl nk 24 t hr ough a subsystem con _rE'I"SSF:{EPLACED

vi a

uni t/c ﬁmn“mjl Hﬂ troller 26 and conmmuni cations |ink 34 {
server ver 28 is preferably an individual conputer or

| nteractive \)‘l)rk Statlon (I'W5) which serves to l'ink Local Area Network
(LAN ) 32 to LaealgdApea Network (LAN) 10. 23 Referring now to
Figure 2, there is depicted a pictorial representation of plurality of
data tables which are utilised to illustrate the interrelation of such
data tables. Data table 40 is illustrated pictorially and includes

i nformati on comcer i pgtidieas dapAnEAER S14im 8 JrHaehéddrAHed MyJone SAkpOIbE: The
information wthin data table 40 is arranged in three separate col unms
relating respectively to: the departnent nunber; the name of the

depart nment; examining all of the relatn.onshlps for said selected data

REPLACEMENT SH%EQ—le to determine if any related data tables will be affected by

the existence of said new referential constraint;

in the event any of said related data tables will be
affected, identifying which of said related data tables will be

affected by the existence of said new referential constraints; and

verifying the wvalidity of said new referential constraint

only upon said identified related data tables.

5. Apparatus for determining the validity of a new referential
constraint brought about by the creation or alteration of a se].:ected
data table within a relational database (14), in a data processing
system (8), having a plurality of relate!d data tables, said

apparatus comprising:

means (14, 18) for identifying which of said plurality of
related data tables will be affected by the existence of said new

referential constraint; and

means (14, 18) for verifying the wvalidity of said new

referential constraint only upon said identified related tables.

6. Apparatus as claimed in Claim 5 characterised in that said
means for identifying which of said plurality of related data tables
will be affected by the existence of said new referential constraint
comprises means for creating a model of a selected portion of said

relational database.
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8 and the departnent head. These columms are | abelled 42,

respectlvely

47HIS SREEZ GIAS BEEN
Simlarly, data table 48 ill ustrates; a deREPUAGED:

‘directed to the divisions within the fictitious organisati o¥f p

this data table is divided into four columms relating respectlvely to:

di vi si on nunber; the nane of the division, the division head; and the
departnment nunped_gdnges which that divisiondalls. These

ABSTRACT

The invention relates to a method for determining the

validity of a new referential constraint brought about by the

creation or alteration of a selected data table within a relational
data base, in a data processing system, having a plurality of
related data tables. .

Accdi‘ding tc the invention the method is characterised by
the steps of identifying which of the plurality of related data
tables will be affected by the existence of the new referential
constraint, and verifying the validity of the new referential

constraint only upon the identified related data tables.

The invention also relates to apparatus for determining
the validity of a new referential constraint brought about by the
creation or alteration of a selected data table within a relational
database (14), in a data processing system (8), having a plurality

of related data tables.

According tc the invention the apparatus comprises means
(14, 18) for identifving which of the plurality of relateé datz
tables will be affected by the existence of the new referential
constraint, and means for verifying the wvalidity of the new

referential constraint only upon the identified related tables.
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columms are nunbered 50, 52, 54,- and 56. Finally, data table 58
is the enployee data table for this fictitious organisation and it is
divided into six colums relating respectively to: the name of the

enpl oyee; the enpl oyee nunber; the division nunber; the departnment nunber;
t he manager -for that enployee; and the manager'.,s &nployee nunber . These
colums are nunbered 60, 62, 64, 66, 68, and 70ﬂ/ﬂ spectivel y.

The interrelation of these various data tables may be illustrated with
regard to one or nore of .the colu ) are depicted therein. For
exanple, in a relationship between rent data table 40 and division
tabl e 48, departnment nunber may be congidered a "prinmary" data key wthin
departnment data table 40. /&N t ment nunber appears in division
As stated above; referential




R
listed within colum 56 of division data table 48 unless that val ue al so
appears as a prinmary data key within colum 42 of departnent data table
40. In this manner, the referential integrity of the two related data

t abl es may be nmi nt ai ned. Simlarly, enployee data table 58
I ncl udes several data keys which relate back either to departnent data
table 40 or to division data table 48. P10 exanple, division

nunber, as illustrated in colum 64 of enployee data table 58 is a foreign
dat a 2 4 JUL '
427 DeparTMENTS  [*46

DEPT NO NAME DEPT HEAD

000! CORPORATE| SMITH 40
0002  |FINANCIAL | JONES P~

0003 |LEGAL JOHNSON
000N |RBD NEWTON
44S
DIVISIONS
DIV NO " NAME | DIV HEAD | DEPT NO

1003  |[LEGAL-TAX FOSTER | 0003

2003  |LEGAL-PATENT| SHARP 0003 |, 4g

lsg. (502 (54 (56

EMPLOYEES
NAME EE NO DIV NO DEPT.NO | MANAGER | MANAGER
| EE NO

ABEL 61248 2003 0003 SHARP 42178
BAKER 7432| 2003 0003 SHARP . 42178
SHARP 42178 2003 0003 JOHNSON 39614 )
Zeo [62 Z64 Z66 Zea Z70 58



' 1

9 key.within enployee data table 58 and a primary data key within division

data table
enpl oyee data table
wi thin colum 42 of
integrity to be mai

48. I n addition, departnent nunber

|isted within colum 66 of

58, iis a foreign data key which nust al so be | ocated

depart nent
nt ai ned.

A fur

t rat-ed-wi-th+effict to

tabl es may be il ug
nunber, as listed i

t her aspéct of

data table 40 in order for referenti al
rel ated data

er%ﬂ@yee data table 58. Enpl oyee

n col GRART 62, i

tabl e 58. Manager enployee}number 7@%
data table 58istrer-ef-m€ia—f-m-eﬁ~i,. rgn
- {INITIATE DEPENDENT
RESTRICT FLAG TO
INDICATE IF .
PROPOSED CONSTRAINT.

DELETE RULE

IS RESTRICT

v (76

SET DEPENDENT
CASCADE FLAG

= FALSE
' f (78
GET FIRST CONSTRAINT

IN WHICH OBJECT
TABLE IS DEPENDENT

5 i1 1us
data k

ERNEXT CONSTRAINT
WRItH DByBTTder
TABLE IS DEPENDENT

for .

ALL
CONSTRAINTS
PROC!;:'SSED

DELETE

RULE
RES'I:?RICT

YNO f84

SET DEPENDENT
RESTRICT RULE
FLAG=FALSE

DELETE
RULE =
CAS%ADE

YES 188

SET DEPENDENT
CASCADE FLAG
= TRUE

" ITABLE IS PARENT

YES

{

INITIALIZE PARENT
CASCADE FLAG
TO FALSE

1

MGET FIRST CONSTRAINT
IN WHICH OBJECT

. 92

.94

ALL
CONSTRAINTS
P ROCE':;SSED

DELETE
RULE
'CAS'(?}ADE

TYES {100

SET PARENT
CASCADE FLAG
TO TRUE

102 B

GET NEXT CONSTRAINT]

IN WHICH OBJECT

TABLE IS PARENT
I

& primary__datd key of enployee data
9%5) of enpl oyee

]?éy. 3a

104

L

DEPENDENT

IOG7

RESTRICT FLAG

=FALSE OR NO
Pe el

ARENT CASCA

EXIT -
NO ERROR

SFLAG -‘,} TRUE”

YES

108




ar manager enpl oyee nunber to be valid it nust al so appear within colum 62,

the enployee nunber primary data key in enpl oyee data table 58.
This type of relationship is referred to as sel f-referencing.
Thus, upon reference to Figure 2, those ordinarily skil'led in the art wll

appreciate that a plurality of data tables nmay be related in a rel ational
dat abase and that there ‘are many different rel ationshi ps which nay exi st
bet ween these plurality of data tables. 4110 Wth reference now to
Figures 3a, 3b, and 3c, which, when considered in

s EASTING 120 §122
@ﬁ%ﬁ’?pﬁi&T YES EXIT WITH
| - ROR
DELETE RULE u ER
TABLE HAS oL SET
SELF-REF 2
CONSTRAINTS NO
(YES DOES EXISTING
AL © GELF-REF
s o
AVE DIF
new ES) - heeTe RUE 124
CONSTRAINT 7 Fiq. 3b
SELF;REF NO iq.
)
1S EXISTING (114
SELF-RE
CONSTRAINT
DELETE RULE
f
CONSTRAINT
DELETE . OYES o}
RULE
CASCADE
NO
\ EXIT WITH 130
EXIT WITH ERROR
ERROR
) 134
132 f
NEW YES EXIT WITH
CONSTRAINT NO ERRORS
SELF-REF . :
?
NO 136
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according to the invention.
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10 The nethod to be described can be inplenented by suitable

circuitry and programmng (as will be well known to a person skilled in the
art) in the storage device 14, conputer 18 and ot her conmponents of the data
processing systemiltlustrated in Figure 1. The net hod begins in

bl ock 74 (see Figure 3a) where the "dependent restrict" flag is initiated
to indicate if the proposed referenti al /4 onstraint delete rule is
Restrict. Next, block 76 illustrat eé t'Me setting of the Dependent
Cascade flag to "fal se". T . m'

? T aDp pEPENDENTS |- 174
Y _
GET THE FIRST CONSTRAINT IN WHICH THIS o {76
TABLE 1S A PARENT

178

ALL
CONSTRAINTS
PROC%SSED

YES

YIBO

SCAN THE NODE CHAIN TO SEE IF A NODE EXISTS
FOR THE DEPENDENT TABLE

NODE™
EXISTS

CHAIN A NEW NODE FOR THE TABLE TO THE
EXISTING NODES AND MARK THE NODE

t_

CHAIN A NEW ARC TO THE EXISTING ARCS AND TO 186
THE PARENT AND DEPENDENT TABLE NODES AND

MARK THE ARC
OELETE RULE (188"
OF THE NO

CONSTRAINT
S CAqSCADE/

SISO

li| cALL ADD DEPENDENTS FOR DEPENDENT TABLE |l

GET THE NEXT CONSTRAINT IN WHICH THIS
TABLE IS A PARENT 192

4
Fig. 4 I exi7 ADD DEPENDENTS |fi}_194

tik
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Thereafter, block 78 is utilised to illustrate the obtaining of the first
constraint - in which the object table is a dependent. Block 80 is next
utilised to determ ne whether or not all constraints have been processed
and if not, block 82 illustrates a-determ nation of whether or not the
delete rule for the constraint under consideration in which the
object table is a dependent is F@strq¢q0 | f not bIock 84 depicts the
setting of the DependentRest+t+et—tute—t= e Next ,

bl ock 86 illustrates th éi@e*termAﬂﬁ)lBﬁPcEN et her i 86t he delete rule in

the constraint being exa- .e.d._l_s._Ca.sc.aﬁe—a-nd—ﬁ—i—s- bl ock 88 depicts the
setting of the_dependent Cascade fl ag true" Thereafter bl ock 90
depi cts the opt ai ni @E-'ofrHtEh ? ftCO!@ Nq-l mchrRlgt he obj get-|98ble is
a dependent apd theTRbE%eS@l{ EBERD HTb E&g’

200
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§204
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206
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NODE
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[208
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a3

f

CHAIN A NEW ARC TO THE EXISTING ARCS AND TO 210
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] .
li| CALL ADD PARENTS FOR THE PARENT TABLE |[i[-2I2

- )
GET THE NEXT CONSTRAINT IN WHICH THIS - 214
TABLE IS A DEPENDENT

Fig. 5 | ext aop parenTs | 216
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In the event that a determ nation was nade in block 82 that the delete rule
In the constraint under consideration was Restrict, or in block 86 that
the delete rule was not Cascade, then the process al so passes to bl ock 90
to obtain the next constraint for consideration. After exam ning all
constraints in which the object table is a dependent, as determ ned by

bl ock 80, the process then passes to bI-_g 92 to examine those
rel ationships in which the ot ONETRAI BTt T~ 218
1

SCAN THE NODE CHAIN TO SEE IF A NODE EXITS
FOR THE PARENT TABLE N 220

Fig. 6a

CHAIN A NEW NODE FOR THE TABLE TO THE
EXISTING NODES AND DO NOT MARK THE NODE

sl

\

CHAIN A NEW ARC TO THE EXITING ARCS AND TO THE |_22¢
PARENT AND DEPENDENT TABLE NODES AND MARK THE
ARC ONLY IF THIS IS THE CONSTRAINT BEING DEFINED

228 230
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< 238+
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’ 240
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X ,
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242
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Block 92 illustrates the initialisation of the parent Cascade flag to
"fal se" and, thereafter, block 94 depicts the obtaining of the first
constraint in which the object table is a parent. Next, block 96 is
utilised to illustrate the determ nation of whether or not all constraints
in which the object table is a parent have been processed. If not,
block 98 illustrates a determnation of whether or not the delete rule
for the constraint under consideration is 63% cade. If the delete
rule for the constraint under consideration’'s Cascade then bl ock 100
Il lustrates

YES NODE

MARKED
?

246 248
{

PARENT ARC
DELETE RULE

CASCADE
1

YES | EXiT WITH ERROR

2
A

| CALL CHECK MULTIPLE DELETE |#

250 :ii | CONNECTIONS FOR PARENT NODE ||

_DELETE RULE~_

OF NEW CONSTRAINT~YES | cxi7 with erroR =252 |
CASCADE - TH ERRO
7

Y
%] EXIT ADD CONSTRAINT

i 242

Fig. 66
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the setting of the parent Cascade flag to "true" and the process passes to

bl ock 102. Block 102 illustrates the obtaining of the next constraint for
consideration in which the object table is a parent. Simlarly, if the
determnation illustrated in block 98 shows that the delete rule is not

Cascade then the process al so passes to bloeck 102 to obtain the next

constraint for

to determ ne whether or not all cpRFy RtﬁUL ppfg ch t ‘ bject table is a
parent have been processed. }ﬁ DEL CO hgcnoﬂges iE s to block
104 which illustrates.a determ natéR—et—mretirer—or TTot ne EEpendent
Restrict flag is fal se op—Lhe—paLenL—Gaseavu Harg—-S- re+Hher of
these conditions exist, BB 'EHEeFlﬁﬁﬁoQa%"éNéﬁNféRﬁrWNNﬁﬂ EﬁtTé’EE N@Derirer258as

consi der ati on.

Thereafter,

illustrated in block 106.

above is utilised to exam ne al
not the delete rul

det er m ne whet her
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METHOD AND APPARATUS FOR MAINTAINING REFERENTIAL
INTEGRITY WITHIN A RELATIONAL DATABASE =
IN A DATA PROCESSING SYSTEM

The present invention relates in general to improvements
in electronic data processing systems and . in particular to
improvements in relational databases within a data processing
system. Still more particularly, the present invention relates to a
method and apparatus for maintaining referential integrity within a
relational database despite the.creation or alteration of a data

table within that database.

One clear advantage in the use of data proceséing:systems
is the:systematic manipulatioﬁ and utilisation of large quantities
of data. Typically, these large quantities are arfanged in an
orderl§ manner in a so-called database which may be rapidly accessed

either directly or indirectly by any processor within the data

processing system.

More recently, the utilisation of database management
'systems has reached a new level of sophistication with the advent of
the relational database. A relational database is a database
composed of a plurality of data tables. The relational model which
forms the basis for such a database includés three major
subsections. A structural subsection which addresses the structure
to which a relational database must conform, a data manipulation
subsection which governs the manner in which data must be
manipulated within a relational database and a referential integrity
subsection which controls the manner in which changes in one area of

the database affect the remainder of the database.

Referential integrity may be achieved by adhering to

are well
known in the literature. For example, the major referentiai

selected constraznts which, while dlfflcult to implement,

3




TETIci ng constrai nts whi ch nyyrexiA¢eEMENT BREET
odk 110 is utilised to detfjerm ne %ﬂ h&eﬁms
| f|-ref erenci ng constraints) "QﬁL"E _____ hod
new y proposed conpt aion® MAYo ed therein. ILf so, block 1 Bet-5—a
det erm nation of wpe . e| newWy proposed constraint 1is
sel f-ref erencing. Thereafter, blodk 114 illustrates a deternination of
whet her the exi sti hg~setlf—referenre+dg constraint utilised a Cascade del ete
rule and if the existing self-referencing constraint does not utilise a
Cascade delete rule. Block 6 then illustrates a deteryination of whether
or not the new §’/°rb%55%)r§ted"sco & AFRT YR akés%%nd'émggl LrePucE 3 f%egb?na}tﬁ
process exists Wddeign éataorkeyidiioate chatat tébleckarkl®alid only if they also

appear as values of the "“primary data key" of another designated

ufilised to examn

dat abase under con

or not the object faple has any s
I%éi
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data table. ‘In the terminology of relational databases, the
"parent" data table is the data table in a relationship of two data
tables which contains the designated primary data key. Similarly,
the "dependent" data table is the data table in the aforemeni:ioned

relationship which contains the foreign data key.

It should be: clear upon' reflection that a single data
table may be both a parent table and a dependent table in an
arbitrary number of relationships. A data table may be said to be a
"descendant" of a parent data table if it is a dependent of that
data table or a descendant of a dependent of the parent data table.
Conversely, a data table is said to be an "ancestor" of a second
data table if it is a parent of that table or a parent of a table
lwhich includes the second table as a descendant. Also, a data table
may be a descendant and an ancestor of itself if it is
:interconnect'ed in a so-called "cycle" with a plurality of other data.
tables. A data table may also be both .a parent data table and a
dependent data table for a single constraint in a so-called

"self-referencing" table.

In order to control the _referential integrity of a
relational database it is necessary to associate a relationship rule
with each referential constraint. The three activities which must
be addressed in such relationships are the results of an update
operation, an insertion operation and a deletion operation
respectively. In view of the relational nature of the data tables
in such a database it should be obvious that any one of these three
activities in one data table may have an effect on another data
table within the database. Thus, a series of rules is generally

associated with each such activity.
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Cascade deletefryle, then the prpcess passes to block 132. |RBéter

]
to block 112, ijf it heondmy o9y opoped constraint is a sel f-referencrng
constraint, thé process passes| to block 120. Block 120 is utilised

to illustrate deternmrmation of whet her or jnot the existing
self-referencing constraint utilises a Null Set delete rule. If so, the
process exits with an error nessage, as depicted in block 122. [If the

exi sting self-referencing constraint does not utilise a Null Set delete

rule, then block 124 il gt ratiesgevdl@lify NindattMnsolis WisltReEimd1eNOt At B8 mary
exi sting self-referenci n!? nstraint has a different .delete rule from.the

c
new y proposed s&t'f &Y eFBh g eSSty alMevert ¢ nEPiFaPBt & PukeY Bp¥% only be
di fferent the: pricessedigisi itpAsaas the bdsdekrdfrenhiglh donktisdimat esThdwe is, a

exiting of the process: W.hle Ak & FQleidES839 % ey may only be!ihsbPfeLYEN: LS,
exi sting sel f-reljf;er_enm ng const ral it gnddsat %e Blropﬁsed' sef f-Yef erenci ng

constrai nt have apkears el adedlaeeof (thesprimary data key. Similarly, updates to a

_ foreign key are only possible if the wupdated foreign key also

appears as a valid primary data key. In the arrangement described

below, updates to a primary data key are "Restricted," that is, they

are only permitted where that primary data key does not have any

dependants. Of course, a system could be implemented such that

updates to a primary data key will automatically be implemented in

each dependent data key in a so-called "Cascade" mode of operation,

or will cause each dependent data key to be "Set Null."”

The delete operation in the arrangement to be described
below will utilise all three of the aforementioned relationship
rules. Therefore, it is possible to have a delete rule of
"Restrict," "Cascade” or "Set Null." In this manner, the effect of
a deletion anywhere in the database is clearly defined in terms of
its effect on dependent data tables. In the terminology of
relational databases, any data table which is invelved in a delete
operation with a second data table is said to be "delete connected"

to the second data table.

Two additional restrictions axe generally applied to the
relationships among a set of data tables with respect to delete
connections. Firstly, a table may not be delete connected to itself
in a cycle of two or more tables. Secondly, if a data table is
delete connected to another data table through a plurality of paths,
the relationship rules governing the delete operations must be

identical and must not be Set Null.

Thus, any attempted modification to the structure of a

relational database must carefully follow each of these relationship
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rules to maintain referential integrity. " The large numbers of
related data tables contained within a relational database and the
plurality of relationships which may exist between those tables make
the verification of the relationships after an attempted
modification to the structure of the database quite difficult. It
should therefore be obvious that a need exists for a methoed which
may be utilised to ascertain efficiently and rapidly whether or not
an attempted modification to the structure of a relational database

will allow consistent referential integrity.

The object of the present invention is to provide an
improved method and apparatus for maintaining referential integrity
within a relational data base in a data processing system when a

data table within the data base is created or altered.

The invention relates to a method for determining the
validity of ‘2 new referential constraint brought about by the
creation or alteration of a selected data table within a relationél
data base, in a ' data processing system, having a plurality of

related data tables.

According to the invention the method is characterised by
the steps of identifying which of thé plurality of related data
tables will be affected by the existence of the new referential
constraint, and verifying the validity of the new referential

constraint only upon the identified related data tables.

The invention also relates to apparatus for determining
the validity of a new referential constraint brought about by the
creation or alteration of a selected data table within a relational
database, in a data processing system, having a plurality of related

data tables.

is Sheet Has Been Replaced
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elf-referencing. |If so, block™134 depicts the exiting of

the process with no error rnditated. The foregoing section .of the logic
flow chart has been utilised to determne if there is nore than one
sel f-referencing constrajp orﬁi‘ggt&e'{hed%@én%lw'% Hppalflyst *&%mﬁﬂE%s mBhns

the delete rules are Set Nul I, case an error conditioh nus

exi st.

Si mi| ar |fpr identifging |V§‘l‘a]hy°%t”ﬁi‘ér PEGRSEER| At SRiLeked d@éPeF%blteél wibk

Cascade and al | yeehird@ber®NGinRJex faRaté Athe dw@bferential constraint, and

means for verifying the validity of the new referential constraint

only upon the identified related tables.

The method and apparatus of the present invention may be
utilised to maintain the referential integrity of a relational
database by determining the valiaity of each new referential
constraint which is brought about by the proposed creation or
alteration of a data table within the database. All relationships
of a newly created or altefed data table are first examined for
known non-error conditions in which the new referential constraint
will not affect other data tables. ° Next, self-referenc:.x*g
relationships are examined to detect known error situations.
According to a preferred embodiment of the invention, thereafter, a
model 1is created of a selected portion of the database which
includes the newly created or altered data table; all dJdata tables
dependent from the newly created or altered data table; all data
tables descendant from those dependent tables which are
delete-connected to the newly created or altered table; all data
tables which.are the parent tables for any data table previously
included; and, any ancestor data table having a Cascade delete rule
relationship with a parent table previously included. The validity
of the new referential constraint is then verified by examining only
that portion of the database represented by the model to determine

if the proposed relationship allows referential integrity to be

enforced.

In order that the invention may be more readily understood

an embodimer_lt will now be described with reference to the

accompanying drawings, in which:
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pcess passes to block 132. Bl ock 132
a [det® rnrﬁaﬁhen vhet her  or not the newly proposed




utilise a Cascade delete r WAL ryﬂh &E,?MCEMEM’@HEET

n error m At
-obj ect relati )@MEME S]-[EET f erenci ng- ct’ﬁ@t ﬁ?%;o BEE Q\é\ﬁtelt |h308cw” 1996

and the proceq further. not e TS oLt

‘the illustratgd Io@Q:MN At this point, the process
passes through Hl ock 136 intolthe portion of the |ogic flow chart in Figure
3c which illustrates the-creatidn of a nodel of a sel ected portion of the
dat abase underliconsideratt+omwirch may be exami ned to determ ne whet her or
not referential integrity will be maintained in view of a proposed creation

or alteration of a data ;.%(Q]‘ g thergin, %m:et gtgrement | oned .nodel gay be
ich no afts@ data

TOT M1 U -
t hat hereaften non- %éje erenci ng constral nts wll be consrdered 1n

visualised as a graph in es represent dat *RA5FELHRA
represent the rearacessiohi pstw@ékme@m*d&bath%@lrés < Fheng gpobesdedvedbat maly be

bl ock 138 whi ch jgbhsddighes the chaining of a new node for the object table
to existing nodes and the marking of

Figure 2 is a pictorial representation of a Plurality of
data tables which may be utilised to illustrate the interrelation of
such data table's,

Figures 3a, 3b, and 3c together depict a logic flow chart
illustrating the arrangement to be described which may be utilised
to verify that referential integrity will be maintained after the
addition of a proposed new referential constraint,

N .

Figure 4 depicts a logic flow chart illustrating the
manner in which selected dependent tables are added to a database
model, '

Figure 5 depicts a logic flow chart illustrating the
manner in which - selected parent tables are added to a database

model,

Figures 6a and 6b together depict a logic flow chart
illustrating the manner in which selectud additional constraints are

added to a database model, and

Figure 7 depicts a logic flow chart which illustrates the

mannexr in which a plurality of dolcte connections within an

abbreviated database model may be examined to verify that

referential integrity will be maintained in the relational database.

Wwith reference now to Figure 1, there is depicted a

pictorial representation of a data proc:ssing system 8 which may be

utilised to implement the arrangement rescribed below. As may be

seen, data processing system 8 includey; g plurality of networks,

This Sheet Has Been Re laced

(WA



that node. Next, block 140 depicts the calling of t[piEPANGEMENT SHEET
Dependent s proceag ok g flistrated in Figure 4. _ .
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Dependents procegdure is
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such as Local Area Networks (LAN) 10 and 32, each of which
includes a plurality of individual <computers 12 and 30,
respectively. Of course, those skilled in the art will appreciate
-that a plurality of Interactive Work Stations (IWS) coupled to a

host processor may be utilised for each such network.

As is common in such data processing systems, each
individual computer may-be coupled to a storage device 14 and/or a
printer/output device 16.’ One or more such storage devices 14 may
be utilised, in accordance with the arrangement to be described, to
store the plurality of data tables which make up a relational
database. In accordance with the method to be described, proposed
modifications to that database will be examined to determine if

referential integrity will be maintained.

Still referring to Figure 1, data processing system 8 also
includes a plurality of main frame computers, such as main frame
computer 18 which is coupled to Local Area Network (LAN) 10 by means
of communications link 22. Main frame computer 18 is also coupled
to a storage device 20 which serves as remote storage for Local Area
Network (LAN) 10. Similarly, Local Area Network (LAN) 10 is coupled.
via communications link . 24 through a subsystem control
unit/communica£ions controller 26 and communications link 34 to a
gateway server 28, GCateway server 28 is preferably an individual
computer or Interactive Work Station (IWS) which serves to 1link

Local Area Network (LAN ) 32 to Local Area Network (LAN) 10.

Referring now to Figure 2, there is depicted a pictorial
representation of plurality of data tables which are utilised to
illustrate the interrelation of such data tables. Data table 40 is
illustrated pictorially and includes information concerning the
departments of a fictitious organisation. The information. within
data table 40 is a&arranged in three separate columns relating

respectively to: the department number; the name of the department;



illustrated and beiﬁs_al block...174. Thereafter, bl off KREPLAGEMENT SHEET
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consideration is a f 7y 178 illustrates the atrom-of-

ar
whet her or not all corstﬁ;’nm? %\S/e bgen processed. If so, the Add
-Dependent s procedurg es ustrated in block 194. In

the event that all qon Inpt beengprocessed, as determ ned by

bl ock 178, bl ock 18ﬁ next illustrates|the scanning of the node chain to see
if a node exists fo | e. Thereafter, block 182 illustrates
the determnation of whether or not such a node exists. If not, block 184
illustrates theamhat'haidug:a@f:m@tnbeadr}odéhés;r columab| aravinbéllied 42 dddentichti6of
the table to the exi q? nodes and the marking of that node. In the event
t he determni nati d%5S uset ated in block 182 finds that a node already exists
or, after chaining the new node for the table to the existing nodes, as

illustrated in block 184;n,iNg1pr 0GRAUESHIRAGS 6 110t RItREKa data table directed

to the divisions within the fictitious organisation. As above, this

data table is divided into four columns relating respectively to:
the division number; the name of the division, the division head;
and the department number under which that division falls. These

columns are numbered 50, 52, 54, and 56.

Finally, data table 58 is the employee data table for this
fictitious organisation and it is divided. into six columns relating
respectively to: the name of the employee; the employee number; the
division number; the department number; the manager for that
employee; and the manager's employee number. These columns are
numbered 60, 62, 64, 66, 68, and 70, respectively.

The interrelation of these various data tables may be
illustrated with regard to one or more of the columns which aré
depicted therein. For example, in a relationship between department
data table 40 and division table 48, department number may be
considered a "primary" data key within department data table 40.
Similarly, department number appears in division data table 48 as a
"foreign" data key. As stated above, referential integrity
requires that no ron-null values for a department number nay Be
listed within column 56 of division data table 48 unless that value
also appears as a primary data key within column 42 of department
data table 40. 1In this mannexr, the referential integrity of the two

related data tables may be maintained.

Similarly, employee data table 58 includes several data
keys which relate back either to department data table 40 or to
division data table 48. For example, division number, as

illustrated in column 64 of employee data table 58 is a foreign data



186. Block 186 illu aLAthg o T0-LeHRETHAEMENT SHEET
and to the parent a B‘E CEME&]CT *‘19 nodisﬁ-{@%ﬁ%%%?éélﬁe ol 53@%&*119%
or flagged in a manfhef which will aps)st la—the VeFITTTAt] Qf ?[ﬁl%{? """""" A
referential integrify|w30 MAY mgantpi hed after the nodelling procedure is
conpleted. By "arc"}i$ neant the poftjon of the database nodel which
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Next, block 188 ill bstrates the deteryn nation of whether or not the

constraint just added utilises a Cascade delete rule. If so, the Add
Dependent s procedure which begins in block 174 is called recursively, as

depicted in bl ogly 18§)thltn0 Eﬂoﬁé@e eyt cdescondank talyenify thaaCaggadetn:s
del ete rel atlonshl i S manner t he gegendents of the object .node,
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must also be located within column 42 of department data talle

40 in order for referential integrity to be maintained.

A further aspect of related data tables may be illustrated
with respect to employee data table 58. Employee number, as listed
in column 62, is a primary data key of employee data table !i.
Manager employee number, as illustrated in column 70 of employe®
data table 58 is therefore a foreign data key and in order for
manager employee number to be valid it must also appear within
éolumn 62, the employee nﬁmber primary data key in employee dala
table 58.

This type of relationship is ;, referred to o
self-referencing. |

Thus, upon reference -to Figure 2, those ordinarily skill«!
in the art will appreciate that a plurality of data tables may <
related in a relational database and that there are many differ:n!
relationships which may exist between these plurality' of «dala
tables. '

With reference now to Figures 3a, 3b, and 3c, which, whev
~considered ‘in conjunction, depict a 1logic flow chart whi’®
illustrates a method which may be utilised to verxify ti.'
referential integrity between the data tables of a relational «i:s!-
base will be maintained after the addition of a proposéd 0
referential constraint according to the invention. This met:”
begins at block 72. The method disclosed first examines
relationships for the object table, which is the data table L«. %
created or altered in the description of the method, to deter:.:”

whether or not any known non-error conditions exist.
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consideration ils (9 gﬁ or after adding all dependent tables which do

have a deletg r the process prod€eds to block 192. Bl ock
192 illustraties the obtai ni ng 9f the

The metnh:od to be described can be implemented by suitable
circuitry and precgramming (as will be well known to a person skilled
in the art) in +the storage device 14, computer 18 and other

components of the data processing system illustrated in Figure 1.

The method begins in block 74 (see Figure 3a) where the
"dependent restrict" flag is initiated to indicate if the proposed
referential constraint delete rule is Restrict. Next, block 76
illustrates the setting of the Dependent Cascade flag to "false".
Thereafter, block 78 is utilised to illustrate the obtaining of the
first constraint in which the object table is a dependent. Block 80
is next utilised to determine whether or not all constraints have
been processed and if not, block 82 illustrates a determination of
whether or not the delete <rule for the constraint undex
consideration in which the object table is a dependent is Restrict.

If not, block 84 depicts the setting of the Dependent Restrict rule
flag to "false".

Next, block 86 illustrates the determination of whether or
not the delete rule in the constraint being examined is Cascade aﬁd
if so, block 88 depicts the setting of the dependent Cascade flag to
"true". fhereafter, block 90 depicts the obtaining of the next

constraint in which the object table is a dependent and the process
returns to block 80.

In the event that a determination was made -in block 82
that the delete rule in the constraint under consideration was
Restrict, or in block 86 that the delete rule was not Cascade, then
the process also passes to block 90 to obtain the next constraint
for consideration. After examining all constraints in which the
object table is a dependent, as determined by block 80, the process

then passes to block 92 to examine those relationships in which the

object table is a parent.
_’-——_’_—_—____’___._Z‘——
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Dependents procedure| 30 MAY 1994, Ref erring again to Figure 3C, block 142
next illustrates thelgbtaining of fhp first node in the chain of nodes
whi ch has been crefited by the Todel || ng process thus far described. Next,

bl ock 144 il |l ustrates—a—detern nati gn of whether or not all narked nodes
have been processed. If not, the process passes to block 146. Bl ock
146 Il lustrates t he obt ai ni ng of t he first

non-sel f-referenci ng cehskr @ntiliuswhatels tdhe tialtéaligatite nddehbeipagent
processed is a depende " " t, Ll 8 il ust pat :
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not a parent

parent. Next, block 96 is utilised to illustrate the determination
of whether or not all constraints in which the object table is a
parent have been processed. If not, block 98 illustrates a
- determination of whether or not the delete rule for the constraint
under consideration is Cascade. If the delete rule for the
constraint under consideration is Cascade then block 100 illustrates
the setting of the parent Cascade, flag to "true" and the process
passes to block 102. Block 102 illustrates the obtaining of the
next constraint for consideration in which the object table is a
parent. Similarly, if the determination illustrated in block 98
shows that the delete rule is not Cascade then the process also
passes to block 102 to obtain the next cénstraint for cqnsideratioﬂ.
Thereafter, the process returns to block 96 to determine whether ox
not all constraints in which ‘the iject table is a parent have been

processed.

Next, the process passes to block 104 which illustrates a
determination of whether or not the Dependent Restrict flag is false
or the parent Cascade flag is true. If neither of these conditions
exist, then the process exits and indicates no error, as illustrated
in block 106. The portion of the logic flow chart described above
is utilised to examine all relationships of the object table to
determine whether or not the delete rule is Restrict for all
relationships for the which the object table is a dependent and not
Cascade for all relationships for which the object table is a
parent. Under this condition the proposed new constraint can have
no adverse effect on referential integrity and the examination need

not continue.

In the next portion of the method, the process passes

through block 108 into a new section (see Figure 3b) which is
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-rul e of the parent ar'cii E gi1the delete rule of t e ggg MAY! 8%
in the constraint. If hone of these Jcdnditions is met then gyt

passes to block 164.| Bl G MAY419p}! Ustlrat es t.he obt ai ni ng of the next
‘non-sel f-referencingl constraint in Jhiljch the_{able under consideration for
this node is a dependent. Thereafter, |{the pr& ess returns to block 148 to
determ ne whether orlnat_all_ constrai nts have been processed.

In the event any one of the conditions stated within block 150 is net the

process passes t&lggggl%olégamzﬁleogxl& :Légf—lz.Jeké'J.setn Q;tgsconstraints which may exist

in the database under consideration. Block 110 is utilised to

determine whether or not the object table has any self-referencing
constraints, including the newly proposed constraint, contained
therein. If so, block 112 depicts a determination of whether or not
the newly proposed constraint is self-referencing. Thereafter,
block 114 illustrates a determination of whether the e#isting
self-referencing constraint utilised a Cascade delete rule and if
the existing self-referencing constraint does not utilise a Cascade
delete rule. Block 116 then illustrates a determination of whether
or not the newlf proposed constraint is a Cascade delete rule. If

so, the process exists with an error indication at block 118.

In the event the existing self-referencing constraint
utilises a Cascade delete rule constraint or the newly proposed
constraint does not utilise a Cascade delete rule, then the process
passes to block 132. Referring again to block 112, if the newly
proposed ccnstraint is a self-referencing constraint, the process
passes to block 120. Block 120 is utilised to illustrate a,
determination of whether or not the existing self—referencihq
constraint utilises a Null Set delete rule. If so, the process
exits with an error message, as depicted in block 122. If the
existing self-referencing constraint does not utilise a Null Set
delete rule, then biock 124 illustrates a determination of whether
or not the existing self-referencing constraint has a different
delete rule from the newly proposed self-referencing constraint. If
the delete rules are different the process agéin passes to block 122

which illustrates the exiting of the process with an error message.

In the event the existing self-referencing constraint and
the proposed self-referencing constraint have identical delete rules
the process passes to block 126. Block 126 illustrates a
determination of whether or not. an existing non-self-referencing

constraint utilises a Cascade delete rule by determining if the
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node for the parenf fable does exi|st], as determined in block 154, then the
process al so passe 0 bIock IS8 trdm bl ock 1543 : Next, block 158
illustrates the ch@ini jarc to the existing arcs for the parent
and dependent nodes. Block 160 then depicts a determ nation of whether or

not a node has been added )
Dependent Cascade flag is true. If so, block 128 depicts a
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determination of whether or not the new constraint utilises a
Cascade delete rule. If not, the process once again exits with an

error message, as depicted in block 130.

In the event the existing non-self-referencing coﬁstraint
does not utilise a Cascade delete rule, as determined in block 126,
or the newly proposed constraint utilises a Cascade delete rule then
the process passes to block 132; Block 132 illustrates a
determination of whether or not the newly proposed constraint is
self-referencing. If so, block 134. depicts the exiting of the
process with no error indicated. The foregoing section of the logic
flow chart has been utilised to determine if there is more than one
self-referencing constraint and their delete rules are not the same,
or the delete rules are Set Nﬁll, in which case an error condition
must exist. Similarly, if t@ere is any other constraint with a
delete rule of Cascade and all self-referencing ,constraints do not .
utilise a Cascade delete rule, an error must occur. At this point,
if the object relationship is a self-referencing constraint no error
will occur and the process need not proceed further. It should be
noted at this point that hereafter _ohly non-self-referencing

constraints will be considered in the illustrated logic flow chart.

At this point, the procesé passes through block 136 into
the portion of the logic flow chart in Figure 3c'which illustrates
the creation of a model of a selected portion of the database under
consideration which may be examined to determine whether or not
‘referential integrity will be maintained in view qf- a proposed
creation or alteration of a data table therein. The aforementioned
model may be visualised as a graph in which nodes represent data
tables and arcs represent the relationships between data tables.
This process begins at slock 138 which illustrates the chaining of a

- new node for the object table to existing nodes and the marking of
that node. Next, block 140 depicts the calling of the 2add

Dependents procedure which is illustrated in Figure 4.
-
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-Bl ock 162 il lustrafe: ; 2555 t he Add Parents pr oced

parent table whichji; |IIustrated '\Nlthln Fi gure 5.

to Figure 5, the Add P&QW’@%ced reis illustrated.and begi ns as

"depicted in block j1 Thereafter,j Bl ock 198 illustrates the obtaining of

the first constraijnt in which the tdble under;,consideration is a dependent.
Next, a determ natTomisS—htdstLat.ed in block 200 of whether or not all
constraints have been processed. If not, block 202 illustrates a

determ nation of whether or not the delete rule for the constraint under
consideration is Cascadeferring now tol Fidue ﬂre|1ﬂ3‘fi-.\eAd!dJ|Depéﬁenkbepﬁ&@8ﬁfealﬂ§t

under consideration is Cascade, then bl OCF qg(:f Z%ustr t es g:he sgbg nlb qp

the node chain £blusE2Fed o 2R PGPS L &% oPLY bJ ent TPEHIE SFHratedhy 1hi s

process. Bl ock 2f0fudtheted@pé cibtaihingder ettt Bitdtoronétraliet hier wbichahe table
under consideration is a parent. Next, block 178 illustrates the
determination of whether or not all constraints have been processed.
If so, the Add Dependents procedure terminates as illustrated in
block 194,

In the event that all constraints have not been processed,
as determined by block 178, block 180 next illustrates the scanning
of the node chain to see if a node exists for tﬁe dependent table.
Thereafter, block 182 illustrates the detexrmination of whether or
not such a node exists. If not, block 184 illustrates the chaining
of "a new node for a table which. is a dependent of the table to the
existing nodes and the marking of that node. In the event the
determination illustrated in block 182 f£finds that a node already
exists or, after chaining the new node for the table to the existing
nodes, as illustrated in block 184, the procedure passes to block
186. Block 186 illustrates the chaining of a new arc to the existing
arcs and to the parent and deéependent table nodes. Thereafter, the
‘arc is marked or flagged in a mannexr which will assist in the
verification that referential integrity will be maintained after the
modelling procedure is completed. By "arc" is meant the portion of
the database model which illustrates the relationship between two

data tables within the database.

_ Next, block 188 illustrates the determination of whether
or not the constraint just added utilises a Cascade delete rule. If
so, the Add Dependents procedure which begins in block 174 is called
recursively, as depicted in block 190, to add the next descendant
table in the Cascade delete relationship. In this manner, the
dependents of the object node are added to the mode_l of the database
which is being constructed as well as any dependent table which is

linked to a dependent via a Cascade delete rule. Those skilled in
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the art will appreciate that it is only necessary to follow Cascade
delete rules downward to dependent tables since delete—cohnecﬁion is
not possible otherwise. 1In ‘the event the delete rule of the
constraint under consideration is not Cascade, oi after adding all
dependent tables which do have a delete rule of Cascade, the process
proceeds to block 192. Block 192 illustrates the'obtaining'of the
next constraint for which the table under consideration is a.parent.
After all constraints have been processed, as illustrated by the
determination depicted in block 178, the procedure passes to block

194 and exits the add Dependents procedure.

Referring again to Figure 3¢, block 142 next illustrates
the obtaining of the first node in thg chain of nodes which has been
created 5y the modelling process thus far described. Next, block
144 illustrates a determination of whether or not all marked nodes
have been processed. If not, the process passes to block 146.
Block 146 illustrates the obtaining of the first !
non-self-referencing constraint in which the table for the node

being processed is a dependent.

Next, block 148 illustrates the determination of whether
or not all constraints have been processed. If not, block 150 is
utilised to illustrate the determination of whether or not a parent
arc exists for this node, or the parent arc;is not marked, or the
delete rulé_of the parent arc is not equal to the delete rule of the
parent table in the constrainﬁ. If none of these conditions is met
then the process passes to block 164. Block 164 illustrates thé:
obtaining of the next non-self-referencing constraint in which the
table under consideration for this node is a dependent. Thereafter,
the process returns to block 148 to determine whether or not all
constraints have been processed. '

In the event any one of the conditions stated within block

150 is met the process passes to block 152. Block 152 illustrates
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il lustrates the obtajni ng’ﬂl ext constraint in which this table is a
“dependent . Ther eaf Y rocess returns to block 200 to determ ne

whet her or not all jci een procggsed. After all such
constraints have b¢=en'processed, thej Add Parents procedure exits, as
illustrated in bleck—2%6; Referring once again to the |l ogic
flowchart illustrated in Figure 3c, after all necessary parent tables

have been added thieo schheingDdEl thy wnbééd | chaig the sAddiPabenbge peRiGRAUESYr the
ilTustrated in parent table.. Block 154 then depicts the determination of whether

or not that node exists. If not, block 156 illustrates the chaining

of a new node to the existing nodes and the process passes to block
158. In the event the node for the parent table does exist, as

determined in block 154, then the process also passes to block 158
from block 154.

Next, block 158 iilustrates-the_chaining of the new arc to
the existing arcs for the parent and dependent nodes. Block 160
then depicts a determination of whether or not a node has been added
to the chain. If a node has been added, the process proceeds to
block 162. Block 162 illustrates the calling of the Add Parents

procedure for the parent table which is illustrated within Figure 5.

Refe:rihg now to Figure 5, the Add Parents procedure is
illustrated and begins as depicted in block 196. Thereafter, block
198 illustrates the obtaining of the first constraint in which the
table under consideration is a dependent. Next, a determination is
illustrated in block 200 of whether or not all constraints have been
processed.'if not, block 202 illustrates a determination pf whether

or not the delete rule for the constraint under consideration is

Cascade.

If the delete rule for the constraint under consideration
is Cascade, then block 204 illustrates the scanﬁing of the node
chain to see if a node exists for the parent table located by this
process. Block 206 then depicts the determination of whether or not
fhat node exists. If the node does not exist, block 208 depicts the
chaining of a new node for this table to the existing nodes. In the
event that the node already exists, then the process passes to block
210 which illustrates the chaining of a new arc to the existing arcs
and to the parent and dependent table nodes. The Add Parents
procedure which begins at block 196 is then called recursively, aé

depicted in block 212, to add any additional' ancestor tables which

may exist.
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Bl ock 170 illustrates fkhe obtaining{off the next node in the chain.
Thereafter, the prdc ugh bl ock*172 and returns to bl ock 144
for the determnatid ngt all rarked nodes have been

processed. If all nmarked nodes en processed the procedure passes to
bl ock 166. Bl ock 166 il ystrates t cal of the Add,Constraint
procedure which is illustPat 2‘8 v tﬁ%réelegga mgnd '%ch ﬁ?é‘?g r BP9Efe
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222. | process returns to block 200 to determine whether or not all

constraints have been processed. After all such constraints have
been processed, the Add Parents procedure exits, as illustrated in
block 216.

Referring once again f-:o the logic flow chart illustrated
in Figure 3¢, after all necessary parent tables have been added to
the model by utilising the Add Parents procedure illustrated in
Figure 5, the process returns to block 164. Block 164 illustrates
the obtaining of the next non-self-referencing constraint in which
the table under consideration is a dependent. Referring again to
block 148, aftér all constraints have _been processed the procedure
passes to block 170. -Block 170 illustrates the obtaining- of the
ne#t nede in the ehain_. Thereafter, the process passes through
block 172 and returns to block 144 for the determination of whether
or not all marked nodes have 'b'een processed. If all marked nodes
have been processed the procedure passes to block 166. Block 166
illustrates the calling of the 2Add Constraint procedure which is
illustrated in Figures 6a and 6b. Thereafter, the process

terminates, as illustrated in block 168.

With reference now to Figures 6a and 6b, the 2add
Constraint procedure is illustrated and begins as depicted in block
218. Thereafter, block 220 illustrates the scanning of the node
chain to see if a node exists for the parent table. A determination
of whether or not that node exists is illustrated in block 222. If
the node does not exist, block 224 illustrates the chaining of a new
node for that table to the existing 'nodes. It should be noted that

this node will not be marked. If a node already exists, as
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.18 determ ned byl bl oglg a#. seeor [afiter chaining a new node o the
exi sting nodes, as}jijlustrated inlbllock 224, the process passes to
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- determined by block 222, or after chaining a new node to the
existing nodes, as illustrated in block 224, the process passes to
block 226. Block 226 depicts the chaining of a new arc to the
existing arcs and to the parént and dependént table nodes. This arc
is marked only if the arc represents the constraint which is being

defined.

Next, block 228 illustrates the determination of whether
or not the node already existed. If not, block 232 illustrates the
obtaining of the first constraint in which this table is a
dependent. Next, block 234 illustrates the determination of whether
or not all constraints have been processed and if so, the Add

Constraint procedure terminates, as illustrated in block 242.

In the event all constraints have not been processed, as
determined by block 234, then block 236 illustrates the
determination- of whether or not the delete rule for the constraint
under consideration is Cascade. If so, the Add Constraint procedure

" which began.at block 218 is called recursively, as depicted in block
| 238. In the event the delete' rule of the constraint under
consideration is not Cascade, as determined in block 236, then block
240 next illustrates the obtaining of the next constraint in which

the table under consideration is a dependent.

Referring again to block 228, if the node wunder
consideration already exists, the process passes through block 230
and continues with the determination which is depicted in block 244
(see Figure 6b). Block 244 illustrates the determination of whether
or not the node which already exists is a marked node. If so, block
246 depicts the determination of whether or not the parent arc
utilises a Cascade delete iule. 1f so, the process exits with an
error message, as illustrated in block 248. If the parent arc
delete rule is not Cascade, block 250 illustrates the determination

of whether or not the delete rule for the new constraint is Cascade.
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Referring again to block 244, if the node which already

exists is not marked, block 254 illustrates the calling of the Check

‘Multiple Delete Connections procedure which is illustrated in Figure

7.

Thereafter,

in - either event, the Add Constraint procedure

terminates as :illustrated in block 242.

With reference now to Figure 7, there is . illustrated the

Check Multiple Delete Connections procedure referred to above in the

description of Figure 6b.
thereafter block 258

This process begins at block 256 and

illustrates the obtaining of +the first

dependent arc which is chained to the node under consideration.

Next, blbck 260 illustrates the determination of whether or not all

dependent arcs have been processed.

If all dependent arcs have been

processed, the procedure terminates, as illustrated in block 284.

In the event all dependent arcs have not been processed,

block 262 illustrates the determination of whether or not the

dependent node is marked.

If the dependent node is not marked,

block 264 illustrates the recursive calling of the Check Multiple
Delete

consideration of the next dependent arc.

Connections procedure which began at block 256,

In the event the dependent

for

node is marked, as determined by block 262, the procedure passes to

block 266.
not the dependent node is the node for the object table.

Block 266 illustrates the determination of whether or

If so,

block 268 illustrates the determination of whether or not the

dependent arc is marked.

In the event the dependent arc is marked,

the procedure passes to block 282 which depicts the obtaining of the

next constraint in which the table under

consideration is a

dependent.
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rule. If so, the %}?‘ﬁc’g@& 'é’iﬁtfg We[% g FRPR BN negsvélbeéi‘eﬁsor fa'ﬁjate ege rule
bl ock 248. | f tlfer pdvecdépemdentiadret bs raglceNvEL.noLf Ga@cddk%tebhcgb« :LSS(Set Null.
Il lustrates the d%ﬁsrm&%w@xﬁs Vet Ngl Hro2ohebbsyedel gt a1 k08 Lhepnew

constraint is Casc
280 If the delete rule for the the dependent arc is not Set Null,

the procedure passes to block 272 for the determination of whether
or not the delete rule of the dependent arc and the marked arc are’
different. If the delete rules are different, the procedure again
" exits with an error message, as illustrated in block 280. 1In the
event the delete rules of the marked arc and the dependent arc are
not different the procedure passes to block 282. Block 282
illustrates the obtaining of the next constraint in which this table

is a dependent.

Referring again to .block 266, if the determination
illustrated therein reveals that the dependent node is not the node
for the object table, the procedure passes to block 274 for the
determination of whether or not the new constraint utilises a
Ca;cade delete rule. If the new constraint does not wutilise a
Caﬁcade delete.rule, the progedure passes to block 282. Block 282
illustrates the cobtaining of the next constraint in which this table

is a dependent.

In the event the new constraint utilises a Cascade delete
rule, block 276 illustrates the determination of whether or not the
delete rules for the dependent arc and the parent arc are both Set
Null. If so, the procedure exits with an error message, as
illustrated in block 280. If the delete rules of the dependent arc
and the parent arc are not both Set Null, the procedure passes to
block 278 for the determination of whether or not the delete rules
of the dependent arc and the parent arc are different. If the
delete rules.are different then the procedure gxits with an error
message, as illustrated in block 280. In the event the delete rules
for tﬁe dependent arc and the parent arc are the same, the procedure
returns to block 282 which illustrates the obtaining of the next

constraint on which this table is a dependent.
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“process again exits wit e, as illustrated in {plock :
Referring again to bl ¢c t he e which already exi tQaiesfa?ﬁMAYm
ijng of the Check

2 Gwa
_marked, bl ock 254 ill fisrat U MALE%a
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Upon reference to the foregoing description, those skilled
in the art will appreciate that the arrangement described herein
provides a manner in which a proposed alteration to a relational
database may be verified to determine if referential integrity will
be maintained by first examining tﬁe relationships for the table
which is to be.created or altered for known non-error conditions or
self-referencing constraints which will 1result in an error
condition. Thereafter, the arrangement described herein creates a
model of a portion of the relational database by first beginning
with the object table and thereafter adding all tables which are
delete connected to the object table. Next, the arrangement adds
any parent tables which are not previously added to the model and
any ancestor tables which are coupled to those parent tables by a

Cascade delete rule.

It should be noted that each node or arc within the model
is marked while considering dependent tables and in not marked when
following Cascade arcs upward through parent and ancestor tables.
The significance of the marking of a node or an arc should be
apparent to those skilled in the art upon reference to the foregoing
description. Whenever a restriction viclation occurs due to a table
beigg l“delete' connected” -to itself in a cycle of two or more
tab;eé, a marked node is always involved. Further, if a table is
"delete connected" to another table through a pluraliﬁy of paths and
the applicable relationships in which the table is a dependent do
not have the same delete rule, the table which is "delete connected"
will always be a marked node and a marked arc is always involved.
After creating a model of that portion of the database which may be '
affected by the proposed new referential constraint, the arrangement
described then examines only those tables to determine whether or
not the proposed alteration is valid with regard to the maintenance

-

of referential integrity.
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Thereafter, in eith E Emﬁe nsi ralntngpmqggyre m nat es as
iIIustrated in bloc M 5}/ /th '. lﬂraee 7§ MYem

%

i's illustrated the 3< ' | et e Connections procedu
above in the describpt]or BM ﬁ Thi s process begins at block 256 and

thereafter block 25 .L.@.L,Q,,S,ﬁt_ﬂe obt ai neag of the TiTSTU dependent—are-

which is chained t the node under cgnsi deration. Next
illustrates the detér f-whetther or not all depla m ll Hs"'LHHm

been processed. |f all dependent arcs have been processed, e pmocC
terminates, as illustrated in bl ock 284, CLAIMS: Ln the event al |

dependent arcs have not been processed, block 262 illustrates the

determ nation of whether or_not the ..
1. A method for determining the validity of a new referential

constraint brought about by the creation or alteration of a selected
data table within a relational database, in a data processing
system, having a plurality of related data tables,

characterised by the steps of:

identifying which of said plurality of related data tables '
will be affected by <the existence of said new referential

constraint; and

verifying the validity of said new referential constraint

only upon said identified related data tables.

2. A method as claimed in Claim 1 characterised in that said step
of identifying which of said plurality of related data tables will
be affected by the existence of said new referential constraint

comprises creating a model of a selected portion of said relatiocnal
database.

3. A method as claimed in Claim 2 characterised in that said step
of creating a mocdel of a selected portion of said relational
database comprises creating a model which includes said selected
data table; all data tables dependent from said selected data ta.ble;
all data tables descendant from said dependent data tables which are
delete~connected to said selected table; all data tables which are
the parent table for a data table previously included; and any
ancestor data table having a Cascade relationship with the parent
table previously included. |

Thls Sheet Has Been RT
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illustrates the rleclursive callln( f the
_procedure whi ch bleghn3a0 MAYA996 236| for

arc. In the event}]the dependent node is marked, as det—eﬁﬁ—ﬁed-—by——bl—eek—%Z
the procedure pasges to bl ock 266. {Bl ock 266 |Ilustrat |on
of whet her or notiLihe dpnpndpnt nade is the *8de for tﬁﬂ“ﬂmﬁq HE EL

so, block 268 illustrates the determ nation of whether ©or mo dent

arc is marked. In the event the dependent arc is nmarked, the procedure

passes to bl ock 282 _whi ¢ch icts the ohtaining of the next constraint_in
which the table Undér"l %‘ﬁ ﬁ%"iﬁ"ﬂﬁ? 8 G34R deff @ﬁ?etensed by the steps of:

examining all of the relationships for said selected data
table to determine if any related data tables will be affected by

the existence of said new referential constraint;

in the event any of said related data tables will be
affected, identifying which of said related data tables will be

affected by the existence of said new referential constraints; and

verifying the validity of said new referential constraint

only upon said identified related data tables.

5. Apparatus for determining the validity of a new referential
constraint brought about by the creation or alteration of a sel:ected
data table withi.n a relational database (14), in a data procqésing
system (8), having a plurality of related data tables,' said

apparatus comprising:

means (14, 18) for identifying which of said plurality of
related data tables will be affected by the existence of said new

referential constraint; and

means (14, 18) for verifying the validity of said new

referential constraint only upon said identified related tables.

6. Apparatus as claimed in Claim 5 characterised in that said
means for identifying which of said plurality of related data tables
will be affected by the existence of said new referential' constraint
comprises means for creating a model of a selected portion of said

relational database.
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' REDIAMA wiet her or not the delete jtule f t
dependent arc is Sef -!l" Wfﬁ%ﬂ' delete rule is Set Null, | e 'p?:)gelggxm

.exits with an errjor] nessage, as 1]l lJjustrated i.n block 280. tT the delete
rule for the theld peatﬂanuvaqgei $ hot Set Null, the procedure passes to
bl ock 272 for thg determni nation pf[whetRBér or not the delete rule of the
dependent arc an¢l the mar el afe different. If the delete rules are
different, the prot s with an error nessage, as illustrated

in block 280. In the event the def'ete rules of the marked arc and the
dependent arc are not different the procedure passes to block 282.
Block 282 {diisbnAhh hPBARNAISFBR MAINTIINIRY REFERENTIAR INTRARIFP (NS
WITHIN A RELATIONAL DATABASE IN A DATA PROCESSING SYSTEM

ABSTRACT

The invention relates to a method for determining the validity of a new referential
constraint brought about by the creation or alteration of a selected data table within a relatiénal
data base, in a data processing system, having a plurality of related data tables, characterised
by the steps of identifying which of the plurality of related data tables will be affected by the

existence of the new referential constraint, and verifying the validity of it.

The invention also relates to apparatus for determining the validity of a new referential
constraint brought about by the creation or alt_eratidn of a selected data table within a relational
database (14), in a data processing system .(8), having a Plurality of related data tables, and
means (14, 18) for identifying which of the plurality of related data tables will be affected by
the existence of the new referential constrai_nt, and means for verifying the validity of it.

Fig. 1
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ttherein reveal s £ Al RYEND SHike node is not the node forijthe o Ct

table, the proc ~pl pck 274 for the determ nat ddatef..= gmar ..........
or- not the new a Cascade delete rule. *

constrai nt doesjn Jasfcade del'ete rule, the procedure passes to

bl ock 282. Bl oc ds Jt he .obtaining of the next constraint in

whi ch thi's tabl 6 In the event the new

constraint utili ses a Cascade ete rule, block 276 illustrates the

det.erm nati on of whether or not the delete rules for the dependent arc and
the parent arc are both Set Null. If so, the procedure exits wth an
error nmessage, sFiib‘Inwst rlat éd ian lpiotdri2B0. rebrédwmitdeist e orul gs @icd he
dependent r@h a r €00 th Set Null, the procedure

passes to b OEEQ% ?8 e%’g?cﬁxh nggl%rngg‘ RR2E HS B5r dﬁfﬁ“&’ﬁg TR &%

rul es implemented,

Figure 2 is a pictorial representation of a plurality of
data tables which may be utilised tc illustrate the interrelation of
such data tables,

Figures 3a, 3b, and 3¢ together depict a logic flow chart
- ;llustrating_?hefgrrapggmqgt to be desg¢ribed which may be utilised- - -

to verify that referential integrity will be maintained after the

addition of a proposed new referential constraint,

Figure 4 depicts a logic flow chart illustrating the
manner in which selected dependent tables are added to a database
model, |

Figure 5 depicts a logic flow chart illustrating the
manner in which selected parent tables are added to a database

model,

Figures 6a and 6b together depict a logic fléw chart
illustrating the manner in which selected additional constraints are

added to a database model, and

Figure 7 depicts a logic flow chart which illustrates the

manner in which a plurality of delete connections within an

abbreviated - database model nmay be examined to verify that

referential integrity will be raintained jin the relational database.

With reference now to Figure 1, there is depicted a

pictorial representation of a data processing system 8 which may be

utilised to implement the arrangement described below. As may be

seer, data processing system 8 includes a plurality of networks,
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yukes are differe fre—procledure exits with an error 1 ssag ,Céamlhm
n e F AGERt v
L AE"sa

Il lustrated in bl pc 280&!‘1 il'&;z evient the del ete rul es for| tie d&p
arc and the paren{ 4rc 4nll e} the procedure returns TO DIOCK 282
which illustratesjtljie_obtalininpng—o he nsxt constraint on which this table

I s a dependent. CLAI V5

key within employee data table 58 and a primary data key within division data table
48. In addition, department number listed within column 66 of employee data table
58, is a foreign data key which must also be located within column 42 of department

data table 40 in order for referential integrity to be maintained.

A further aspect of related data tables may be illustrated with respect to
| employee data table 58. Employee number, as listed in column 62, is a primary
data key of employee data table 58. Manager employee number, as illustrated in

- column 70 of en_jployee data _g_abl_e 38 is therefore a foreign-data key and in order for . -

a manager employee number to be valid it must also appear within column 62, the

employee number primary data key in employee data table 58.
This type of relationship is referred to as self-referencing.

Thus, upon reference to Figure 2, those ordinarily skilled in the art will
appreciate that a plurality of data tables may be related in a relational database and
that there are many different relationships which may exist between these plurality

of data tables. ' | -

With reference now to Figures 3a, 3b, and 3c, which, when considered in
conjunction, depict a logic flow chart which illustrates a method which may be
utilised to verify that referential integrity between the data tables of a relational data
base will be maintained after the addition of a proposed new referential constraint
according to the inventio_r;. This method begins at block 72. The method disclosed
first examines all relationships for the object table, which is the data iable being
created or altered in-the description of the method, to determine whether or not any

known non-error conditions exist.
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a ‘new referential ¢ gt | about by the creation jpr aIt ;“-ﬁym

of a selected data itable within a felational database havi D&tepk

of related data tablle i dndf%%d| Fonprising the steps of:
i dentifying which off Ltylof rel@ted data tables wll be affected
by the -wexistence ofi-said new referential constraint by creating a nodel of
a selected portion df—sate—+etrattonra dat abase, said nodel including said
sel ected data table; all data tables ependent from said sel ected data
table; all data tabl B geseeddeniber ?%Frﬁr% ¢4 cdependi@piemented by suitable

circuitry and programming (as will be well known to a person skilled

in the art) in the storage device 14, computer 18 and other

components of the cdata processing system illustrated in Figure 1.

The method begins in block 74 (see Figure 3a) where the
"dependent restrict" flag is initiated to indicate if the proposed
referential constraint delete rule is Restrict. Next, block 76
illustrates the setting of the Dependent Cascade flag to "false".
Thereafter, block 78 is utilised to illustrate the obtaining of the
first conmstraint in which the object table is a dependent. Block 80
is next_utlllsed to’ determlne whether or not all cohstraints have
been processed and if not, block 82 illustrates a determination of
whether or not the delete rule for the constreint under

consideration in which the object table is a dependent is Restrict.

If not, block 84 depicts the setting of the Dependent Restrict rule
flag to- “"false".

Next, block 86 illustrates the determination of whether or
not the delete rule in the constraint being examined is Cascade and
if so, block 88 depicts the setting of the dependent Cascade flag to
"true". Thereafter, block 90 depicfs the obtaining of the next

constraint in which the object table is a dependent and the process

returns to block 80.

In the event that a determination was made in block 82
that the delete rule in the constraint under consideration was
Restrict, or in block 86 that the delete rule was not Cascade, then
the process also passes to block 90 to obtain the next constraint
for consideration. Aftar examining all constraints in which the
object table is a dependant, as determined by block 80, the process

then passes to block 92 to examine those relationships in which the

object table is a parent.
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agdee delete rule. If not, the process once again exits with an

error message, as depicted in block 130.

In -the event the existing non-self-referencing constraint
does not utilise a Cascade delete rule, as determined in block 126,
or the newly proposed constraint utilises a Cascade delete rule then
the process passes +to block 132; Block 132 illustrates’ a
determination of whether or not the newly propésed constraint is
self-referencing. If so, block 134 depicts the exiting of the
ﬁroééss.ﬁith no error indicated. The foreg01ng-sectlon ‘of the loglc
flow chart has been utilised to determine if there is more than one
self-referencing constraint and their delete rules are not the same,
or the delete rules are Set N&ll, in which case an error condition
must exist. Similarly, if thliere is any other cons{:raint with a
delete rule of Cascade and all self-referencing’ constraints do not
utilise a Cascade delete rule, an error must occur. At this_point,
if the object relationship is a self-referencing constraint no error
will occur and the process need not proceed further. It should be
noted at this point that hereafter only non-se;f-reﬁerencing

constraints will be considered in the-illustrated iogic flow chart.

At this point, the process passes through bloé; 136 into
the portion of the logic flow chart in Figure 3c which illustrates
the creation of a model of a selected poréion-of the database under
consideration which may be examined to determine whether oxr not
referential integrity will be maintained in view of a proposed
creation or alteration of a data table therein. The aforementioned
model may be visualised as a graph in which nodes represent data
tables and arcs represent.the relationships between data tables.
This process begins at block 138 which illustrates the chaining of a
new node for the object table to existing nodes and the marking of
that node. Next, block 140 depicts the calling of the Add

Dependents procedure which is illustrated in Figure 4.
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as det_ermined in block 202, or after

all parent tables have been added to the model, the process passes

to block 214.

constraint in which this table is a dependent.

Block 214 illustrates the obtaining of the next

Thereafter, the:

process returns to block 200 to determine whether or not all

constrainté have been processed. After all such constraints have

been processed, the Add Parents procedure exits, as illustrated -in

block 216.

s

the model by utilising the

Figure 5,

Referring once again to the logic flow chart illustrated

in-Figure -3¢, aftér all necessary parent- tables have been added to-

Add Parents procedure illustrated in

the process returns to block 164. Block 164 illustrates

the obtaining of the next non-se],f-r'eferencing constraint in which

the table under consideration is a dependent.

Referring again to

block 148, aftér ali constraints ‘have been processed the procedure

passes to block 170. Block

next node in the chain.

Thereafter,

170 illustrates the obtaining of the

the process passes through

block 172 and returns to block 144 for the determination of whether

or hot all marked nodes have

have been processed the procedure passes to block 166.

been processed. If all marked nodes

Block 166

illustrates the calling of the Add Constraint procedure which is

illustrated in Figures 6a and 6b. Thereafter, the rocess
termihates, as illustrated in block 168.
With reference now to Figures 6a and 6b, the Add

Constraint procedure is illustrated and begins as depicted in block

218, Thereafter, block 220

chain to see if a node exists

of whether or not that node exists is illustrated in block 222.

illustrates the scanning of the node
A determination

If

for the parent table.

the node does not exist, block 224 illustrates the chaining of a new

node for that table to the existing nodes.

this node will not be marked.

It should be noted that

If' a node already exists, as
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will be affectef, [identiTyrng
tabl-es within shiy @ﬂerLWI‘ddb
referential —congt
referential congpt|

| ch of said plurality of qﬁate?ﬂ‘ﬁﬁ{sa

ffected by the existencg mfes
~verphying the validity
aid-identified related data tables within
sai d nodel . 3. An afparatus for determining the validity of a
new referential censtralnt ht about by the creation or alteration of

a sel ected data.tapheti tdvledt ateelRpbAMENt arc is not marked then block

270 illustrates the determination of whether or not the delete rule

for the dependent arc is Set Null. If the delete rule is Set Null,
the process exits with an error message, as illustratéd in block
280. If the delete rule for the the dependent arc is not Set Null,
the procedure passes to block 272 for the determination of whether
or not the delete rule of the dependent arc and the marked arc are
different. If the delete rules are different, the procedure again
exits with an error message, as illustrated in block 280. In the
event the delete rules of the marked arc and the dependent arc are
not different the procedure passes to block 282. Block 282
__ illustrates the obtaining of the next constraint in which this table =~ = -

is a dependent.

‘Referring again to block 266, if the determination
illustrated thereinlreveals that the dependent node is not the node
for the object table, the procedure passes to block 274 for the
determination of whether or not the new constraint utilises a
Cascade delete rule. If the new constraint does not utilise a
Cascade delete rule, the procedure pésses to block 282. Block 282
illustrates_ﬁhe obtaining of the next constraint in which this_table

is a dependent.

In the event the new constraint utilises a Cascadé;delete
rule, block 276 illustrates the determination of whether or not the
delete rules for the dependent arc and the éarent arc are both Set
Null. If so, the procedure exits with an error message, as
illustrated in block 280. If the delete rules of the dependent arc
and the parent arc are not both Set Null, the procedure passes to
block 278 for the determination of whether or not the delete rules )
of the dependent arc and the parent arc are different. If the
delete rules are different then the procedure exits with an error
message, as illustrated in block 280. In the event the delete rules
for the dependent arc and the parent arc are the same, the procedure
returns to block 282 which illustrates the obtaining of the next

constraint on which this table is a dependent.



dat ahase in a data processing systemhaving a plurality of r ﬁQ\éﬁﬁBﬂTSHEET
tabl es, said apparatus conprising: means for identi fy| ng ﬁ\&o@

said plurality of related data tables will be affected by tliepgxi.s¥eho '\g ______ 7
said new referenti'al constraint by creating a nodel of a sel geied partie: —
of said rel ational database, said nodel including said selected dat a tabl e;

all data tables dependent formsaid selegted data table; all data tables
descendant from sai d dependent data tables which are del ete-connected to

said selected table; all data tables which are the parent table for any

data table previously included wth said nodel; and any ancestor data

tabl e having a Cascade rel ationship w_th t abl i i
within sai gﬂ%gbmamtaaﬂ aeferential ﬂxtegrﬁy ’llhe lgr% nu?n e?s 81; related ﬁitX tellbqgsl cl;Jodn%adined

within a relational database and the plurality of relationships which may exist between

.those tables make the verification of the relationships after an attempted modification to
the structure of the database quite difficult. It should therefore be obvious that a need
exists for a method which may be utilised to ascertain efficiently and rapidly whether or
not an attempted modification to the structure of a relational database will allow consistent

referential integrity.

The object of the. present invention is to provide an improved method and
apparatus for maintaining referential integrity within a relational data base in a data
processing system when a data table within the data base is created or altered.

) | _

According to one aspect of the invention there is disclosed a method in a data
processing system for determining the validity of a new referential constraint brought
about by the creation or alteration of a selected data table within a relational database
having a plurality of related data tables, said method comprising the steps of:

identifying which of said plurality of related data tables will be affected by the
existence of said new referential constraint by creéting a model of a selected portion of
said relational database, said model including said selected data table; all data tables
dependent from said selected data table; all data tables descendant from said dependent
data tables which are deiete-connected to said selected table; all data tables which are the
parent table for any data table previously include with said model; and any ancestor data
table having a Cascade relationship with any table previously included within said model;

and

REPLACEMENT SHEET
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upon said identified related data tables within said nodel.
4.

A method as claimed in Caim1l characterised by the st epng{eﬂgJAN]SST
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verifying the validity of said new referential constraint only upon said identified

related data tables within said model.

According to another aspect of the invention there is disclosed a method in a data
processing system for determining the validity of a new alteration of a selected data table
within a relational database having a _plurality of related data tables, said method
comprising the steps of:

examining all of the relationships for said selected data table to determine if any
of said plurality of elated data tables will be affected by the existence of said new
referential constraint by creating a model of a selected porﬁon of said relational database,
said model including said selected data table; all data tables dependent from said selected
data table; all data tables descendant from said dependent data tables which are delete-
connected to said selected table; all data tables which are the parent table for any data
table previously included with said model; and any ancestor data table having a Cascade
relationship with any table previously included within said model;

in the event any of said plurality of related data tables will be affected, identifying
which of said plurality of related data tables within said model will be affected by the
existence of said new referential constrain; and

verifying the validity of said new referential constrain only upon said identified

related data tables within said model.

REPLACEMENT SHEET

09 JAN 1997




exanmining all of the relationships for said selected data g BEPLACEM

determne if any related data tables will be affected by t exl sdf&g'gT&ﬁEET
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said new referential constraint; in the event a

rel ated data tables will be affected, identifying which of =1 =Y =Y
data tables will be affected by the existence of said new referential
constraints; and : verifying the lidity of said new referenti al
constraint only upon said identified related data tabl es. 5. Apparatus
for determning the validity of a new referential constraint brought about

by the creation or alteration of a selected data table within a relational

JAN 1937

dat abase (14), in a data processing

According to yet another aspect of the invention there is disclosed apparatus for
determining the validity of a new referential constraint brought about by the creation or
alteration of a selected data table within a relational database in a data processing system
having a plurality of related data tables, said apparatus comprising:

means for identifying which of said plurality of related data tables will be affected
by the existence of said new referential constraint by creating a model of a selected portion
of said relational database, said model including said selected data table; all data tables
dependent form said selected data table; all data tables descendant from said dependent
data tables which are delete-connected to said selected table; all data tables which are the
parent table for any data table previously included with said model; and any ancestor data
table having a Cascade relationship with any table previously included within said model;
and

means for verifying the validity of said new referential constraint only upon said
identified related data tables within said model.

In order that the inveﬁtion may be more readily understood an embodiment will

now be described with reference to the accompanying drawings, in which:
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1. A method in a data processing system for determining the validity of a
new referential constraint brought about by the creation or alteration of a selected data
table within a relational database having a plurality of related data tables, said method
comprising the steps of: |

identifying which of said plurality of related data tables will be affected by the
existence of said new referential constraint by creating a model of a selected portion of
said relational database, said model including said selected data table; all data tables
dependent from said selected data table; all data tables descendant from said dependent
data tables which are delete-connected to said selected table; all data tables which are the
parent table for any data table previously include with said model; and any ancestor data
table having a Cascade relationship with any table previously included within said model;
and |

verifying the validity of said new referential constraint only upon said identified
related data tables within said model.
| 2. . A method in a data processing system for detérmining the validity of a
new alteration of a selected data table within a relational database having a plurality of
related data tables, said method comprising the steps of:

examining all of the relationships for said selected data table to determine if any
of said plurality of elated data tables will be affected by the existence of said new
referential constraint by creating a model of a selected portion of said reiational
database, said model including said selected data table; all data tables dependent from said
selected data table; all data tables descendant from said dependent data tables whiqh are
delete-connected to said selected table; all data tables which are the parent table for any
data table previously included with said mddel; and any ancestor data table having a

Cascade relationship with any table previously included within said model;
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in the event any of said plurality of related data tables will be affected, identifying
which of said plurality of related data tables within said model will be affected by the
existence of said new referential constrain; and

verifying the validity of said new referential constrain only upon said identified
related data tables within said model. |

3. An apparatus for determining the validity of a new referential constraint
brought about by the creation or alteration of a selected data table within a relational
database in a data processing system having a plurality of related data tables, said
apparatus comprising: |

means for identifying which of said plurality of related data tables will be affected
by the existence of said new referential constraint by creating a model of a selected portion
of said relational database, said model including said selected data table; all data tables
dependent form said selected data table; all data tables descendant from said dependent
data tables which are delete-connected to said selected table; all data tables which are the
parent table for any data table previously included with said model; and any ancestor data
table having a Cascade relationship with any table previously included within said model;
and

means for verifying the validity of said new referential constraint only upon said

identified related data tables within said model.




