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History of the CBS & work to be undertaken

In 1987 the National Health Service (NHS) Corporate Data Administration
sought and was granted - by the predecessor of the NHS Management
Executive - authority to produce a business model of the NHS. It would start
by developing a business activity model of all NHS activities. The NHS Data
Model would be validated, extended and linked to the activity aspect of the
picture using knowledge drawn from I T projects which the NHS units wished
to undertake on their own account. These projects have become known as
“ Common Basic Specification (CBS) development projects’. [CBS92]

The CBS is a generic model describing the functions the NHS undertakes and the
information required to carry them out. It was formulated from a refined knowledge
gained from the many previous Health Service IT products and serves as the grounding

for good designs for systems that are computer based and systems that are not

The fundamental concepts used in the CBS development programme were
commonality and abstraction. It is important to note that here the context of
commonality is meant as not only the replication of functionality across examples of a
particular type of NHS organisation but the drawing on the similarities between
apparent different tasks. The reader is directed to [CBS92] where an example of thisis
given, taking the activities of a hip replacement and decorating a ward and breaking
them down to show the analogies between them. The conclusion drawn from this
exercise were “ These two activities involve very different skills and resources and yet -

in the general sense - involve smilar business processes.”

The CBS is built around the common business model philosophy of telling you what is
done and not how it is done. It is the activities specific data that brings the genera

NHS mode to life giving context and meaning to a particular model of an NHS



business. The same notions of commonality and abstraction apply to the information

requirements of both tasks.

The CBS was reviewed in 1991 and results showed that, although a small number of
senior managers in the NHS were quite enthusiastic, the mgority of potentia
customers were unconvinced. Following these disappointing results an assessment
board was set up to review the usefulness of the CBS in the number of projects aready
using the CBS. The Assessment Board's report was published on the 15th May 1995
and concludesthat “... the work to date had been valuable and the existing team should
be supported...” 1t recommended that “the building and models of health care should

continue, and the results should be used to underpin a number of IMG initiatives.”

As an extension to this work there has been much discussion of the use of formal
techniques within the CBS, to subject the CBS model to a rigorous formal analysis and
increase the confidence that the modd reflects its intention. There are a variety of
safety constraints within the NHS which the model hopes to satisfy. One such example
of this is managing resources. The information system has been modelled to
automatically manage the availability of resources, to prevent for example patients
being transferred from hospital to hospital trying to locate a scanner. A rigorous formal
analysis would enable the assertion to be made that the solution overcomes these

problems.

The initial exploration of the forma analysis can take one of two possible models.
Either replace the CBS model and specify a new forma model or to develop a forma
description alongside the present model. To date there has been no attempt made at
producing an actual forma version of the specification in a formal specification

language such asVDM-SL or Z.

The work to be undertaken will be to produce aformal model of the CBSin VDM-SL.
Thisincludes the information requirements as well as the business activities. Due to the
size and complexity of the model the work will be an initial “pilot” attempt to produce
a generic representation which can be re-used to build up the full specification. The
objective being to successfully model and validate a small section of the CBS using the



information data model that has been developed and validated and to make some
assertions on the feasbility of producing the full model. This includes thoughts and
consideration about modelling the business activities as well as the advantages and

disadvantages of producing and validating the full model.

The CBS modéd

The CBS modd consists of three volumes :

* Volume 1 - The business activity model
* Volume 2 - The datamode dictionary
* Volume 3 - The datamodel diagrams

As its name suggests Volume 1 [CBSV 1] contains the business activities descriptions.
Volume 2 [CBSV?2] contains the entity type descriptions and Volume 3 [CBSV 3]
givesthe entity relationship diagrams.

The formal model of the CBS follows this structure. The business activities are to be
modelled as operation specifications, the entity types model as the system state and a
set of auxiliary type definitions with invariants and the entity relationship model as a
set of auxiliary functions.

The following section provides some background on the CBS data model. Subsequent
sections report on the forma development of the entity relationship model, the formal
development of the entity types models, an insight as to the strategy of developing the
formal model of the business activities and a discussion on scaling up the complete
model.



The CBS data modd
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FIGURE 5 : EXAMPLE OF THE CBSE-R NOTATION

Figure 5 (from part of the diagram on page 26 of Vol. 3 of CBS) shows the notation
used to represent the CBS entity relationships (ER). It shows the data entity types
SUBJECT and CONCEPT and the relationships between them. The syntax and
semantics of this notation are given below. The formal challenge comes into splitting
the two parts of the notation namely the entity types and the entity relationships and
producing a generic model for each. Using generic reusable definitions of the model is
of paramount importance for scaling up the model as well as being a good example of
“sound software engineering.” These models can be used to build up a sample part of
the, or indeed the full, CBS specification.

Entity relationship model

The CBS model is built around relationships between entity types. The CBS Vol. 3
gives the data model diagram convention. It is based on relationship templates and

combinations of them which are given below.

ENTITY TYPE RELATIONSHIPS ENTITY TYPE
Contain%

[ PRESCRIPTION ] [ PRESCRIBED ITEM ]

&— appear on

A prescription must contain one or more prescribed items

A prescribed item must appear on one prescription



GENERAL MED..
PRACTITIONER

] authoriser of—>

777777 [ PRESCRIPTION
FORM

&— authorised by

A GP may be the authoriser of one or more prescription form

A prescription form must be authorised by one GP

PRACTITIONER CLIENT

[ have —>

GENERAL MED. I [ REGISTERED ]

& registerd with

A GP may be the authoriser of one or more registered clients
A registered client must be registered with at least one GP

SUBJECT

[ PERSON ]

[ ORGANISATION ]

The entity types PERSON and ORGANISATION are sub-types of entity type
SUBJECT

C
B

ENTITY TYPE A

Relationships B and C that A has are mutually exclusive

All of the diagrams are built using the convention above in combinations. Note that in

the first three conventions there are the following possible classes of relationship :

Compulsory - Compulsory

Compulsory - Optional

Optional - Compulsory

Optional - Optional




The meaning of the relationship is given by its direction. The Compulsory -
Compulsory is interpreted as mandatory in both directions whereas Optiona -
Compulsory is optiona in the left to right direction and compulsory in the right to left

direction etc.

These relationship classes are combined with one of the “arities’ :

one -to-one

- one - to - many
—— many-to-one
< many - to - many

The forma development will attempt to give a general interpretation of ERM’s in
VDM-SL reflecting this structure.

During the development it was decided that the sub-typing notation is more linked with
the entity type model as opposed to the entity relationship model and therefore was not
included in the ER model. The mutua exclusion notation will be covered in later

sections.
When devel oping the ER model a couple of different solutions were considered.

The first model was based on pairs of finite mappings specifying each direction of the
relationship as afinite mapping between the two entity types tied together with a set of

conditions presented in the invariant clauses.

Formal specification of entity relationships

As the following forma model was rejected in favour of the auxiliary function
definitions,, its syntax or type correctness were not checked using the Toolbox.
Consider the following generic 1 - M relationship :

L~ ] e ]

a—to-Q

b-to-a



The informal interpretation (as given in the CBS) of thismode! is:
“Every B must belong to exactly one A, Every A must own one or more B’'s’

This ER model isrepresented in VDM-SL as a pair of finite mappings -
AB :: a-to-b : map Ato set of B

b-to-a: map Bto A
This must be further constrained by the following invariant clauses -

» For every B obtained from an A you must be able to get back to the A from the B

forall ain set doma-to-b &
forall b in set a-to-b(a) &
b in set domb-to-a and
b-to-a(b) = a

A must own oneor moreB’s
forall a in set doma-to-b &
card a-to-b(a) >0
» Setsintherange of ato-b are digoint

forall bl,b2 in set doma-to-b &
bl <> b2 => bl inter b2 = {}

Giving the model in full :

AB :: a-to-b : map Ato set of B
b-to-a: map Bto A
inv (ab) ==
(forall ain set doma-to-b &
forall b in set a-to-b(a) &

b in set domb-to-a and
b-to-a(b) = a) and
(forall ain set doma-to-b &
card a-to-b(a) >0) and

(forall bl,b2 in set doma-to-b &
bl <> b2 => bl inter b2 = {})

Consider the following generic 1 - M relationship
a-to-p
S
b-to-a
The informal interpretation (as given in the CBS) of thismode! is:

“Every B must belong to exactly one A, Every A must own zero, one or more B’'s’

This ER model isrepresented in VDM-SL as a pair of finite mappings -

AB :: a-to-b : map Ato set of B
b-to-a: map Bto A

These must be further constrained by invariant clauses:

» For every B obtained from an A you must be able to get back to the A from the B



forall ain set doma-to-b &
forall b in set a-to-b(a) &
b in set domb-to-a and
b-to-a(b) = a

» Setsintherange of ato-b aredigoint
forall bl,b2 in set doma-to-b &
bl <> b2 => bl inter b2 = {}

Giving the model in full :

AB :: a-to-b : map Ato set of B
b-to-a: map Bto A

inv (ab) ==
(forall ain set doma-to-b &
forall b in set a-to-b(a) &
b in set domb-to-a and
b-to-a(b) = a) and
(forall bl,b2 in set doma-to-b &
bl <> b2 => bl inter b2 = {})

Consider the following generic M - M relationship

a—to-Q
N L]
b-to-a

The informal interpretation (as givenin CBS) of thismode! is:

“Every B must belongto oneor more A’s, Every A must own one or more B’s’

This ER model isrepresented in VDM-SL as a pair of finite mappings -

AB :: a-to-b : map Ato set of B
b-to-a : map B to set of A

These must be further constrained by invariant clauses:

» For every B obtained from an A you must be able to get back to the A from the B

forall ain set doma-to-b &
forall b in set a-to-b(a) &
b in set domb-to-a and
b-to-a(b) = a

* A must ownoneor moreB’s
forall ain set doma-to-b &
card a-to-b(a) >0
* B must belong to one or more A’s

forall bin set domb-to-a &
card b-to-a(b) >0



Giving the model in full :

AB :: a-to-b : map Ato set of B
b-to-a : map B to set of A

inv (ab) ==
(forall ain set doma-to-b &
forall b in set a-to-b(a) &
b in set domb-to-a and
b-to-a(b) = a) and
(forall ain set doma-to-b &
card a-to-b(a) >0) and
(forall b in set domb-to-a &
card b-to-a(b) >0)
If this model is followed then an exhaustive list of the combinations of the two

mappings in each relation would be required.

The second, more compact, model was based on restricted binary relations
representing the relation types :

* Oneto one compulsory

* Oneto one optional

* Oneto many compulsory

* Oneto many optiona
Since an entity relation consists of two linked relations (one in each direction), using
these four functions any combination could be achieved. The relationship would then
be modelled as two sets of entities and a set of ordered pairs of entities from the
Cartesian product of the entity sets. The functions would be called with the three sets

to characterise the properties of the particular relation class.

oo

Could be represented as a single relation, one to one compulsory in the left to right

direction and one to many optional in the right to left direction rather than separating

into two mappings.



Formal specifications of functions

Each class of relation is represented by a function taking the two entity sets and a set
of pairs of entities present in the relation. Note each of the relation classes represents

one direction of the relation.

Consider the 1 - M compulsory relation

The diagram’sformal semanticsisgiven by :

OneManyConp : set of X * set of Y * set of (X*Y) -> bool
OneManyConp( xs, ys,rel) ==
forall x in set xs &
card {y | y in set ys
& mk_(x,y) in set rel} >= 1,

Consider the 1 - M optional relation

The diagram’sformal semanticsisgiven by :

OneManyOpt : set of X * set of Y * set of (X*Y) -> bool
OneManyOpt (xs, ys,rel) == true;

(As the relationship allows there to be either none, one, or many

pairs then nothing needs to be satisfied concerning the conditions of
the relation in that direction.)

Consider the 1 - 1 compulsory relation

The diagram’sformal semanticsisgiven by :

OneneConp : set of X * set of Y * set of (X*Y) -> bool
OneOneConp( xs, ys,rel) ==
forall x in set xs &
card {y | yin set ys &
nk_(x,y) in set rel} = 1;

Consider the 1 - 1 optional relation

The diagram’sformal semanticsisgiven by :
OneOneOpt : set of X * set of Y * set of (X*Y) -> bool
OheOneOpt (xs, ys, rel) ==

forall x in set xs &

card {y | yin set ys &
nk_(x,y) in set rel} <= 1;

The advantage of this approach are:
» amore compact specification due to the code required to specify another relation

only requiring calling two of the functions,



* no repetition of invariant for each relation in the diagram as is required given the
first model.

Asthe objective of the model was its inherent generic properties the second model was

chosen as it better satisfied thisinformal requirement.

Development of the formal ER model

The definitions above use arbitrary X, Y entity types. To record this genericity
formally in VDM-SL polymor phic definitions are used, permitting re-use across al

relations.

The following formal definitions of the classes of relationship are taken from the
previous function definitions and presented formally in the polymorphic form. Here the

@d1, @el2 and @€l 3 are type variables.

OneManyConp[ @l 1, @l 2] : set of @l1 * set of @l2 * set of
(@l 1*@l 2) -> bool
OneManyConp( xs, ys,rel) ==
forall x in set xs &
card {y | yin set ys &
nk_(x,y) in set rel} >= 1,

OneManyOpt [ @1 1, @l 2] : set of @l 1 * set of @l2 * set of
(el 1*@l2) -> bool
OneManyOpt (xs, ys,rel) == true;

OheneComp[ @1 1, @l 2] : set of @l 1 * set of @l2 * set of
(@l 1*@l 2) -> bool
OneOneConp(xs, ys,rel) ==
forall x in set xs &
card {y | yin set ys &
nk_(x,y) in set rel} = 1;

OneneOpt[ @1 1, @1 2] : set of @l1 * set of @l2 * set of (@l 1*@l 2)
->  bool
OneOnept (xs, ys, rel) ==
forall x in set xs &
card {y | yin set ys &
nk_(x,y) in set rel} <= 1,

During the validation of the polymorphic functions an interesting point was raised
concerning the contents of the relation (the set of entity pairs). The function checked
that the relevant conditions for a particular type of relation class held for a particular
set of pairs of entities. The problem was that the function did not check for pairs which

wereinvalid. Here “invalid’ means a pair containing two entities from the same set or a



pair containing one or both entities from neither set. As the set of pairs would initialy
be empty and pairs would only be added through an operation specification which
respects the relation’s conditions then this it could be mathematically proved that this
situation could never occur. As the model being specified was generic and to limit the
relation so that it does not contain junk ( where junk here is taken to be invaid pairs
of entity types) it was decided to produce another function to check the vaidity of the
set of pairs. This, as before, had to be polymorphic.

The Valid function was to take the two entity sets and the set of ordered pairs and
check that each pair in the entity pair set contained an entity from the first entity set in

the first position and an entity from the second entity set in the second position.
Valid[@l 1, @l 2] : set of @l1 * set of @2 * set of (@l 1*@l 2)
-> bool
Val id(xs,ys,rel) ==
forall nmk (x,y) in set rel &
X in set xs and y in set ys;

It was at this stage that the mutual exclusion relation convention was modelled, also by

acondition recorded as a polymorphic function.

C
B

ENTITY TYPE A

This notation is informaly interpreted (as given in CBS) that any entities participating
in the A-C relation are not alowed to participate in the A-B relation. More formally
the subset of A participating in the A-C relation and the subset of A participating in the
A-B relation are digoint. To check for this property it is necessary to extract the A
entities from the set of A-C pairs set and the A entities from the A-B pairs set and then

ensure that the two sets are digoint.

Extracting the first half of a relation (or set of pairs) is analogous to the domain of a
map. Therefore it was decided to specify a domain function Dom which could then be
used by another function Mutex to check that the relations were mutualy exclusive.

Note the Dom function is not supplied in VDM-SL for relations other than finite
mappings.

The functions Dom and Mutex are modelled formally as



Donf @l 1, @l 2] : set of @l1 * set of @2 * set of (@l 1*@l 2)
-> set of (@l1)
Donm(rel) ==

{t1 ] t1linset @Il &

exists t2 in set @l 2 &
nk_(t1,t2) in set rel};

Mitex[ @l 1, @l 2, @l 3] : set of @l 1 * set of @2 * set of @3 *
set of (@l l1*@l2) * set of (@l 1*@l 3) -> bool
Mut ex(xs, ys, zs, one, two) ==
Dom @l 1, @l 2, @l 3] (xs,ys,one) inter
Dom @l 1, @l 3] (xs, zs,tw) = {}
During validation of an example entity model it was noted that in order to use the
polymorphic relation class functions to model the second half of the relation, the set of
ordered entity tuples would have to reversed. Therefore a polymorphic Inverse

function was specified.

Inverse[@l 1, @1 2] : set of @l1 * set of @l2 * set of (@l 1*@l 2)
-> set of (@l 2*@l 1)
I nverse(xs,ys,rel) ==
{ mk (y,x) | xin set xs,y in set ys &
nk_(x,y) in set rel}

Having successfully validated these addition polymorphic function (see validation
Section) our first CBS objective had been successfully achieved. A generic model of
the entity relationships had been specified. Now given the entity type model any CBS
diagram can be formally modelled.

Entity Types modél

The entity type descriptions are presented in volume 2 of the CBS:

1. Theentity type name.

2. The name of the supertype of the entity type (if any).

3. A short textual definition of the entity type.

4. Following the heading “Comments’, some notes and examples to aid in

understanding the entity type and its purposes.

o

A list of the subtypes of the entity type, if any.

6. A list of the relationships involving the entity type. A “K” before the relationship
showsthat it is part of the primary key of the entity type, together with any smilarly
marked relationships or attribute types. An “O” before the relationship shows that
the relationship is optional.



7. A ligt of the attribute types of the entity type, if any. Note that the relationships
define what would be the attribute types required for the foreign keys, and so these
are not included. A “K” preceding the attribute type name denotes the attribute type
is part of the primary key of the entity type, together with any other smilarly
marked attribute types or relationships. An “O” before the attribute type name
denotes that the attribute type is optional.

Consider the entity type SUBJECT TY PE (an example from CBSVol. 2) :
SUBJECT TYPE
A classifier of a SUBJECT
Comments:
Examples would include ‘patient’, ‘client’, ‘medical employee’.
Subtypes of this entity type are :
ORGANISATION TYPE
INCIDENT TYPE
COMMUNICATION TYPE
Each SUBJECT TYPE
may be existing to invoke one or more SUBJECT RELATIONSHIP RULE SETS
may be existing to invoke one or more INTER RESOURCE LEVEL RULE SETS
may be existing to invoke one or more SERVICE SUBJECT RULE SETS
may be a subject type possessing the characteristics of one or more
CHARACTERISTICS FOR SUBJECT TYPES
may be the context for evaluation of one or more RESOURCE LEVEL RULES
may be the subject of one or more INTER RESOURCE LEVEL RULES
may be the classifier of one or more SUBJECTS

Attribute types of this entity type are:

Attribute Type Name Domain name Format
K SUBJECT TYPE IDENTIFIER IDENTIFIER CHAR

An important point which requires clarification from a CBS IMG representative was
the sub-typing system employed in the CBS. The sub-typing is not compulsory, that is
to say that a type may contain either one or none of it subtypes. Sub-typing can be
thought of as a kind of inheritance although entity types can be instantiated and giving

meaning through arelation as shown later in the chapter.



The entity being used for the developments of the model was the SUBJECT entity
type. Sub-typing is used frequently within the CBS entity type model and it is for this
reason that sub-typing is being included in this part of the model as opposed to the ER
model. While the full SUBJECT entity type list including al of its subtypes was being
generated it was observed that a number of types contained a unique key, namely an
identifier for that data type. It was at this point that, with hindsight into modelling

these data types, a couple of different models were to be considered.

Each model in turn would be provisionaly developed, analysing its advantages and
disadvantages when applied in the context of the system state.

Consider the SUBJECT entity type:

Thefirst model made use of composite types with an identifier field where relevant.

The reader is advised to note that in order to clarify the primary key(s) of each type,
signified by the K in brackets following the type definition, they have been included in
the forma model but do not form part of the syntax of the model in VDM-SL and
would subsequently be omitted. The “key” property would be identified in the

invariant.

This model of the SUBJECT entity is presented as :
types

Increp :: repdate : Date (K)
reptime : Tinme (K)

descrip : [seq of char]
Communi cation :: incr : [Increp]
id: seq of char (K)
text : [seq of char]

daterec : [Date]
datereq : [Date]

I ncident :: id: seq of char (K
dateocc : Date
timeocc : [Tine];

Organisation :: id : seq of char (K)

Person :: id : char (K)

et hni cgroup : [seq of char]
flagsb : [seq of char]
dob : [ Date]

dat edecnot : [Date]
dat edec : [Date]



sex : [seq of char]
countryob: [seq of char]

Subj ect :: type : [Communi cation| | nci dent| Organi sati on| Per son]
subjectid : seq of char (K)
description : [seq of char]
dateintstart : Date

dateend : [Date]
timeintstart : [Tinme]

The optional attributes of the entity type can be identified from the above definitions by
the VDM-SL “optional type’ notation recorded as the attribute type enclosed in
squared brackets ( e.g. [ seq of char]).

The sub-typing of the entity type can be identified from the above definitions by the
VDM-SL “Union type’ notation recorded as the sub-types separated by the vertical
bar character. Due to the sub-typing convention they are also specified as the optional
type (eg. [Communication | Incident | Organisation |

Per son]).

When considering a subject database a condition, given in the invariant on the

database, would have to be respected to allow this unique key property to hold.

The formal semantics of the subject databaseiis:

Dat abase = set of Subject
inv db == not exists pl,p2 in set db &
pl.id = p2.id and pl <> p2

Consider a “lookup function” which returns a subject given a subject identifier.

Recorded formally as:

| ookup : Database * seq of char -> [ Subject]
| ookup(db,ident) == 27?7
The function would have to be implicit, i.e. specified by a post condition characterising

the result.

An alternative model of the entity types uses finite mappings. Due to the inherent
properties of maps, if the identifier was modelled to the subject details as a mapping

then the unigqueness property would automatically hold.

An alternative model of this part of the SUBJECT entity type would be recorded

formally as:



Increpdt :: date : Date
time @ Tine

Increpdetails :: reptime : Tine
descrip : [seq of char]
Increp :: map Increpdate to Increpdetails

Conmid = seq of char
Commdetails :: incr : [Increp]
text : [seq of char]
daterec : [Date]
datereq : [Date]
Conmuni cation :: map Conmid to Commdetails
Incidid = seq of char

Inciddetails :: dateocc : Date
timeocc : [Tine]

Incident :: map Incidid to Inciddetails
Ogid = seq of char
O ganisation = set of Orgid

Personid = seq of char

Persondetails :: ethnicgroup : [seq of char]
flagsb : [seq of char]
dob : [ Date]

dat edecnot : [Date]
dat edec : [Date]
sex : [seq of char]
countryob: [seq of char]
Person :: map Personid to Persondetails
Subj ectid = seq of char
Subj ectdetails :: subid : [Commd | Incidid | Ogid | Personid]
description : [seq of char]
dateintstart : Date

dateend : [Date]
timeintstart : [Tinme]

The sub-typing and optional type notations are modelled in the same way as described
above. Since the domains of the finite mappings, usualy identifiers, must be unique to
respect the semantics of the VDM-SL mapping type the uniqueness property
automatically holds and consequently the ‘K’s' to identify the primary keys have been

omitted from the above definitions.

Again considering a database type, which now would not need an invariant, and a
lookup function presented formally as:
Dat abase = map Subjectid to Subjectdetails

| ookup : Database * seq of char -> [ Subject]
| ookup(db,ident) ==if ident in set domdb



then db(s)
el se nil

This moddl alows the use of an explicit lookup functions, in contrast to the set-based
model.
The second model was preferred due to
» primary keysbeing implicitly specified;
 alowed use of explicit auxiliary functions
was chosen to represent the entity types model. The model was successfully validated

using the Toolbox.

We now had achieved our objectives of developing a generic entity modd (entity
relationship model & entity type model) which followed the software engineering
principles of re-use and could be subsequently scaled up to model any part of the CBS
data model.

4.4 The CBS specification

A diagram was selected (see Figure 6) from page 23 of CBS Vol. 3 which was then
modelled using the technique developed so far. Its forma representation is given in
below.
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FIGURE 6 : PART OF CBS DIAGRAM
The specification was produced and successfully syntax and type checked. It is
presented in full below. Note for validation purposes the entities were only represented

inasimplified form composing if just of their supertype entity type.
CBSsample VDM-SL specification

types

Contractdetail = token;

Pl anni ngt ar get const ruct = token;
Pl anni ngt arget = t oken;

Contract = token;

statel:: Cdetail : set of Contractdetai
PTconstruct : set of Pl anningtargetconstruct
Ptraget : set of Pl anningtarget
Con : set of Contract
rel cdc : set of (Contractdetail *Contract)
rel cdptc : set of (Contractdetail *Pl anni ngtargetconstruct)
rel cdpt : set of (Contractdetail *Pl anni ngtarget)

inv nk_statel(cds,ptcs,pts,cs,rl,r2,r3) ==

(Valid[ Contractdetail, Contract](cds,cs,rl) and
OneOneConp|[ Contractdetail, Contract] (cds, cs, rl)and
OneOneConp| Contract, Cont ract det ai | ]
(cs, cds, I nverse[ Contractdetail, Contract](cds,cs,rl)))and



(Valid[ Contractdetail, Pl anni ngtarget](cds, pts,r3) and
OneManyOpt [ Contract det ai |, Pl anni ngt arget] (cds, pts, r3)and
OneOneOpt [ Pl anni ngt arget, Contractdetail ]

(pts, cds, Inverse[ Contractdetail, Pl anni ngtarget](cds,pts,r3)))
and

(Vvalid[ Contractdetail, Pl anni ngt arget construct] (cds, ptcs,r2)
and OneManyOpt [ Contractdetail, Pl anni ngt ar get construct]
(cds, ptcs, r2)and
OneOneOpt [ Pl anni ngt ar get construct, Contractdetail]

(ptcs, cds, I nverse[ Contractdetail, Pl anni ngt arget construct]
(cds,ptcs,r2))) and

(Mt ex] Cont ract det ai | , Pl anni ngt ar get construct, Pl anni ngt ar get ]
(cds,ptcs,pts,r2,r3))

functions

OneManyConp[ @l 1, @1 2] : set of @l1 * set of @l2 *
set of(@l1*@l 2) -> bool
OneManyConp( xs, ys,rel) ==
forall x in set xs &
card {y | yin set ys &nk (x,y) in set rel} >= 1;

OneManyOpt [ @1 1, @1 2] : set of @l1 * set of @l2 *
set of (@l l1*@l?2) -> bool
OneManyOpt (xs, ys,rel) == true;

OneneComp[ @1 1, @l 2] : set of @l1 * set of @l2 *
set of (@l 1*@l2) -> bool
OheOneConp( xs, ys,rel) ==
forall x in set xs &
card {y | yin set ys & nk_(x,y) in set rel} = 1,

OneOneOpt[ @l 1, @1 2] : set of @l1 * set of @l2 *
set of (@l l1*@l2) -> bool
OneOneOpt (xs, ys, rel) ==
forall x in set xs &
card {y | yin set ys & nk_(x,y) in set rel} <= 1;

Validi@l 1, @l 2] : set of @l1 * set of @l2 *
set of (@l 1*@l 2) -> bool
Val id(xs,ys,rel) ==
forall nmk (x,y) in set rel & x in set xs and y in set ys;

DomM @l 1, @l 2] : set of @l1 * set of @l2 *set of (@l 1*@l 2)
-> set of (@l1)
Don(xs,ys,rel) ==
{tl ] t1lin set xs &exists t2 in set ys &
nmk_(t1,t2) in set rel};

Mitex[ @l 1, @l 2, @l 3] : set of @l1 * set of @2 * set of @3 *
set of (@l l1*@l?2) * set of (@l 1*@l 3) -> bool
Mut ex(xs, ys, zs, one, two) ==
Donmf @l 1, @l 2] (xs, ys,one) inter Donf @l 1, @l 3] (xs,zs,two) = {};

Inverse[@l 1, @l 2] : set of @l1 * set of @l2 * set of
(@ I*@l 2)
-> set of (@l 2*@l 1)

I nverse(xs,ys,rel) ==
{ mk_(y,x)|[xinsetxsyinsetys& mk (x,y) in set rel}

During the validation of the formal specification of part of diagram an ambiguity in the

CBS moddl was discovered. Where the mutual exclusion notation was used in



conjunction with pair of compulsory one to one relations, then the interpretation of the
individual relationships is quite different. This ambiguity was not directly inherent in
the part being modelled although during the validation this problem became problem

became apparent.

Consider the following example :

N
rel rl
B
A —
N
C
rel r2
—

The two interpretation of the diagram are :

1. Theinformal interpretation of the two entity relationshipsis -
“Every A must berelated to aB and Every A must related to aC”

2. The informd interpretation of the relationships when taken in context with the
mutual exclusion notation is -

“Every A must berelated to aB or a C but not both”

Given these different informal interpretations, further investigation into the semantics

of this notation would have to be carried out.

Through the exercise of modelling a significant part of the CBS the following points

were raised in consideration of scaling up the model to produce the full CBS:

» sinceageneric CBS data model had been developed the scaling up of the CBS was
expected to be alengthy, although relatively smple, task;

* the auxiliary polymorphic functions interpreting the entity relationships would be

better given as a separate VDM-SL module to further enhance ease of re-use.

The business activities model

As explained at the beginning of the chapter, the business activities are to be formaly

modelled as operation specifications. One of the components of an operation



specification is the externals clause. This contains an exhaustive list of dl state
components and access rights required for the operation specification to perform its
function. These are specified as read only rd or read and write rw. This property is
analogous to the “Business Activity’s use of entity types’” specified by each business
activity [CBSV1]. Here the CRUD notation is given. CRUD specifies the access
rights required on the entity type by the business activities and are interpreted as :

C - the entity type may be created by the business activity

R - the entity type may be retrieved by the business activity

U - the entity type may be updated by the business activity

D - the entity type may be deleted by the business activity

The analogy is made between read access and the R of CRUD and read write access
and the full range of access types of CRUD whereby an entity is modified by deleting
the old one, creating a new one, and updating the new one. This important analogy
suggests the appropriateness and suitability of the operation specification model being
used to successfully specify the business activities.

Validation

To increase the our confidence that the specification correctly models the behaviour of
the system as we expect we have to formulate a vaidation plan. For CBS the
validation strategy wasto :

Vaidate the entity relationships model

Validate the entity types model

Vaidate the simple CBS data model

Validation of entity relationships model

The validation of the entity relationships model involved the individual validation of
each polymorphic function. As the Valid function is responsible for maintaining the
consistency of the entity set pairs with regards to the entity sets, the proposed
validation plan of the relation class functions ensures the elements in the entity sets and
the elementsin the sets of entity pairs are coherent. The functions were al successfully

syntax and type checked. The types X, Y and Z have been defined as token within the



specification including the functions (see below). The token type giving numeric values

were chosen for simplification reasons during validation.

The function OneM anyComp representing the relation class 1 - M compulsory takes
the two entity sets and the set of pairs of entities as arguments and return a Boolean
result of trueif the set of entity pairs respects the relation class and falseif it does not.
Therefore the validation cases are :
* an empty set of entity pairs; expected result = true
* anon-empty set of entity pairs which respects the relation class;

expected result = true
* anon-empty set of entity pairs which does not respect the relation class

expected result = false

The function OneM anyOpt representing the relation class 1 - M optiona takes the
two entity sets and the set of pairs of entities as arguments. This function aways
returns true due to the properties of a one to many optional relation class as explained
earlier in the chapter. Therefore the validation cases are :

* an empty set of entity pairs; expected result = true

* anon-empty set of entity pairs which respects the relation class;

expected result = true

The function OneOneComp representing the relation class 1 - 1 compulsory takes the
two entity sets and the set of pairs of entities as arguments and return a Boolean result
of trueif the set of entity pairs respects the relation class and false if it does not.
Therefore the validation cases are :
* an empty set of entity pairs; expected result = true
* anon-empty set of entity pairs which respects the relation class;

expected result = true
* anon-empty set of entity pairs which does not respect the relation class,

expected result = false



The function OneOneOpt representing the relation class 1 - 1 optional takes the two
entity sets and the set of pairs of entities as arguments and return a Boolean result of
trueif the set of entity pairs respects the relation class and falseif it does not.
Therefore the validation cases are :
* an empty set of entity pairs; expected result = true
* anon-empty set of entity pairs which respects the relation class;

expected result = true
* anon-empty set of entity pairs which does not respect the relation class,

expected result = false

The function Valid checks the validity of the entity type vales in the set of entity value
pairs. It takes the entity sets and the set of entity pairs and returns true if al the
elementsin the set of entity pairs respect their entity types and fal se otherwise.
Therefore the validation cases are :

* anentity pair which containsinvalid entity types; expected result = false

* anentity pair which contains valid entity types; expected result = true

The function Dom extracts the first element out of al the first element of each tuple in
the entity pair’s set. It takes the entity sets and the set of entity pairs and returns the set
of al the first element of each tuple in the entity pair’s set.

Therefore the validation cases are :

» anempty set of entity pairs; expected result = {}

» anon-empty set of entity pairs; expected result = {1,2}

The function Mutex checks that every element of the entity set which is the domain of

entity type of both relations is only present in one of the relations. It takes the three

entity sets and the two relations as arguments and return true if this condition is

respected and false otherwise.

Therefore the validation cases are :

» two relation which have first entity type elements in common; expected result =
false

* two relation which don’'t have any first entity type elementsin common;



expected result = true

The function Inver se reverses the ordered elements in each tuple in the set of entity

pairs. It takes the two entity sets and the set of entity pairs as input and returns the re-

ordered set of entity pairs.

Therefore the validation cases are :

* anempty set of entity pairs; expected result = {}

* anon-empty set of entity pairs; expected result = {mk_(5,1),mk_(6,2)}

The TOOLBOX function validation statements and actual results are present below. It

was conclude that the polymorphic function had been validated successfully.

OneManyConp

vdne print
true

vdne print
true

vdne print
fal se

OneMany Opt
vdne print
true

vdme print
true

OneOneConp
vdne print
true

vdme print
true

vdne print
fal se

OneOneOpt
vdne print
true

vdne print
true

vdne print
fal se

Valid
vdne print
fal se

vdne print
true

OneManyConp[ X, Y] ({}, {},{})

OneManyConp[ X, Y] ({1}, {2, 3}, {nk_(1,2),nk_(1,3)})

OneManyConmp[ X, Y] ({1, 2}, {3, 4},{nk_(1,3),nk_(1,4)})

OneManyQot [ X, Y] ({}, {},{})

OneManyQpt [ X, Y] ({1}, {2, 3}, {nk_(1,2),nk_(1,3)})

OneOneConp[ X, Y] ({}, {},{})

OneOneComp[ X, Y] ({1, 2}, {3,4},{nk_(1,3),nk_(2,4)})

OneOneComp[ X, Y] ({1, 2}, {3,4},{nk_(1,3),nk_(1,4)})

OneOneQot [ X, Y] ({}, {}.{})

OneOneOpt [ X, Y] ({1, 2},{3,4},{nk_(1,3)})

OneOneOpt [ X, Y] ({1},{2,3},{nmk_(1,2),nk_(1,3)})

Valid[ X Y] ({1}, {3}, {nk_(2,4)})

Valid[ X Y] ({1}, {3}, {nk_(1,3)})



Dom
}/dm}> print DonfX Y] ({1}, {3},{})

}/dm> p;i nt Doni X, Y] ({1, 2,3,4},{5,6,7,8},{nk_(1,5),nk_(2,6)})
1,2

Mut ex
¥dr» print Mutex[ X Y, X ({1},{2},{3},{nk (1,2)},{nk (1,3)})
al se

vdne print Mutex[ X Y, X] ({1,4},{2},{3},{nk_(1,2)},{nk_(4,3)})
true

I nverse
¥dn§ print Inverse[ X YI({},{}.{})
vdrme print Inverse[ X Y] ({1,2,3,4},{5,6,7,8},{nk_(1,5),nk (2,6)})
{ nk_( 51),
nk ( 6,2 ) }

CBS sanp specification
¥dr? print inv_statel(nk statel({1},{2},{3},{4},.{}.{}.{}))

al se
vdme print

inv_statel(nk statel({1,2},{3},{4},{5,6},{nk (1,5),nk (2,6)},
{mk_(1,3),nmk_(2,3)},{}))
fal se
vdme print

inv_statel(mk statel({l 2}, {3},{4},{5,6},{nmk_(1,5),nk (2,6)},
%lggk(l 4),nk_(2,4)}))

vdme print
énx)fg?tel(nk _statel({1,2},{3},{4},{5,6},{nmk_(1,5),nk_(2,6)},{}, {nmk_(

fal se

vdme print
inv_statel(mnmk _statel({1,2},{3},{4},{5,6},{nmk (1,5),nmk (2,6)},{nk (1,3
)}, {nk _(1,4)}))

false

vdme print
inv_statel(nk _statel({1,2},{3},{4},{5,6},{nmk _(1,5),nk (2,6)},{nk (2,3
)1 {nk _(1,4)}))

true

Validation of entity types model

The validation of the entity types model involved the syntax and type checking of the
specification. This was successfully completed.



Validation of sample CBS

The validation of the sample part of the CBS model firstly involved the syntax and type
checking of the specification. This was completed successfully. The second part of the
validation was to use the execution tool of the Toolbox. The model was vaidated by

executing the state invariant.

Thevalidation cases are :

* anentity pairs set breaking the Contractdetail - Contract relation class conditions;
expected result = falsg;

e an entity pars set breaking the Contractdetail - Planningtarget relation class
conditions; expected result = false;

* anentity pairs set breaking the Contractdetail - Planningtargetcontract relation class
conditions; expected result = false;

* anentity pairs set containing “junk”; expected result = falseg;

* an entity set breaking the mutual exclusion; result = false;

» valid sets of entity type and sets of entity pairs,; expected result = true.



Conclusions

A generic formal model which could, in principle, be used to produce any part of the
CBS data model was specified and validated. Although the model did utilise sound
engineering techniques such as code reuse and polymorphism it could have been

further improved by encapsulating the entity relationship functionsin amodule.

Due to the ambiguity presented in the CBS data model confirmation from the IMG
must be sought to clarify precisely which, if necessary, changes need to be made to the
formal data model.

Since a generic CBS data model had been developed the scaling up of the CBS is
expected to be alengthy, although relatively smple, task.

The VDM-SL language features of composite, union, mapping, Cartesian product and
optional types were of great use in the CBS formal specification and of credit to the
language. However it was clearly noted that generic domain and range operators

should be provided over arbitrary Cartesian products, as opposed to solely finite

mappings.

Again some kind of abstract data type or template would have been of great advantage
in modelling the entity types. This would have helped further generically model the
entity types. It was noted that in producing only a small sample part of a CBS entity

diagram the type definitions were quite considerablein size.

Validating of the specification using the dynamic execution is again an inefficient
technique for a specification of even moderate size. This especially comes to light
within the CBS with the complexity of the entity types. The test coverage tool
however, which was not used during the project, could have offered a solution to this

problem.



If the entity relationships were further modelled in a separate module then this could be

re-used since entity relationship approaches are widely used in software engineering.

The proposed approach to modelling business activities is to use operation
specifications to represent business activities. Thisis particularly appropriate due to the
externals clause component which will allow the CRUD attribute access system to be
implicitly captured in the operation specification without the need for explicitly
specifying this requirement.

During the development of the formal model of CBS, meetings and correspondence
with IMG grestly increased the understanding of the information requirements of the
system. Subsequently the formal model captured and better reflected these
requirements thus with the hope of increasing the IMG’s confidence in the forma

specification.
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