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Abstract 

A specification method for business processes is presented, in which not 
only the processes but also the database Integrity constraints are specified 
in Z based on the structnre of an Entity-Relationship data model. The for
mality ofZ facilitates strict reasoning about the correctness of the processes 
with respect to the database integrity constraints. 

In this method, as in VDM, one can proceed towards the correct specifi_ 
cation of a process by checking a series of proof obligations. The precondi tion 
of a process is determined as one attempts to discharge the proof obligations. 

During the specification activity computer support may be useful. The 
requirements for and a prototype of a support tool are also presented. Such 
a tool might be integrated into existing CASE (Computer Aided Software 
Engineering) tools, such as the Information Engineering Fa.cility. 
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Chapter 1 

Introduction 

1.1 Background 

There have been several attempts to apply the Z specification method [Spivey 
92] to the development of business application systems [\Voodcock 92, Karal 
91]. Compared with other formal methods, such as VDM [Jones 86], one 
of the benefits obtained through the Z method is that the precondition of 
business processes can be calculated (rom the overall specifLcation by means 
of the schema calculus. This feature not only allows us to concentrate on 
the heart of the specification before dealing wit h error case analysis. but also 
provides an opportunity to employ logical analysis tools, such as theorem 
provers [Neilson & Prasad 91], in the specification activity. 

On the other hand, there is a well-known and widely-used IIlethod, called 
Entity-Relationship (ER) data IIlodelling [Chen 76], for data analysis and 
database design of business application systems. The ER model gives us 
a specification tool for describing several structures of data to be stored in 
a database. Furthermore, some methodologies with CASE tools, such as 
Information Engineering [Napier 91, Texas Instruments 88]\ regard the ER 
data model as a basis for process description as well as for data specification. 

Meanwhile there have been some attempts to describe certain kinds of 
static business rules in terms of the database (DB) integrity constraints 
[Sanders & Short 92, Nijssen & Halpin 89, Ginbayashi & Hashimoto 91]. 
These trials seem reasonable since there are lots of business rules which 
must not be violated by any process and should be treated as attached to 
data rather than each process. 

Formalizing the ER model nsing Z is a promising approach to making 
formal methods more applicable in industry. Within the Oxford Univer
sity Programming Research Group (PRG) some research has been done 
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2	 CHAPTER 1. INTRODUCTION 

in this area (Josephs & Redmond-Pyle 91a, Josephs & Redmond-Pyle 91b, 
Karal 91]. Compan:~d with procedural specification languages (e.g. SQL), 
one ad"'anrage of using a declarative specification language such as Z is that 
the specification written in it can be completely independent of its imple
mentation. This separation of concerns is important because: 

•	 Manipulation of specification, such as precondition calculation, should 
be done without considering any implementation details. 

•	 Tilere should be plenty of room for choice in implementation and op
timization. 

As the major result of this series of research in PRG. a library of generic Z 
schema.~ has been ublained. which can be used a'i standard schemas in ER 
modelling [Josephs & Redmond-Pyle 91h]. 

1.2 Motivation 

By combining the research results stated in the prereding section, one can 
approach the activity of specifying business a.pplication systems as follows: 

•	 Write a specification of a. system in terms of ER data model, Dn 
integrity constraints and processes. 

•	 Tra.nslate the specification into Z schemas by using a certain set of 
standard schemas. 

•	 Prove the correctness of the specification by means of Z schema ca.l
culation. 

Therf' are two approaches to proving correctness. One is to calculate 
precondition schemas from process schemas and simplify them by logical and 
mathematical reduction laws, such as in [Neilson & Prasad 91]. However, 
this approach may lead us to unnecessarily complicated calculations because 
a process schema must describe all its effects on the entire database even if 
it changes just a small part. 

The other approach is to break down the correctness proof into a number 
of proof obligations according to the structure of the ER data model. Here 
we can proceed towards the correct specification of a process by discharging 
those proof obligations one by one aud strengthening its precondition if 
necessary. Note that the use of proof obligations is also characteristic of 
VDM. 



3 1.3. OVERVIEW 

The purpose of our study is to investigate the validity of the second ap
proach and propose a. reasonable method for finding the correct specification 
of business processes. 

1.3 Overview 

Here is a. brief summary of the remainiIlg chapters and appendices: 

Chapter 2 gives an introductory definition of business processes and an 
overvjew of ER data modelling. 

Chapter 3 introduces a set of slandard Z schemas which express ER model. 
DB integrity constraints and business processes. This is an extension 
of the results obtained in [Josephs & Redmond-Pyle 91a, Josephs & 
Redmond-Pyle 9tb]. 

Chapter 4 explains the struct ured proof obligations for t he correctness of 
business processes with some examples. 

Chapter 5 considers the requirements of a support tool for the specification 
activity based on the rcsu{t~ of OUr research. 

Chapter 6 concludes the report with a summary of our research and some 
suggestions for future work. 

Appendix A shows the syntax of a specification document which asupport 
tool should read. 

Appendix B contains the Orwell source code of the tool prototype. (Or
well is a functional programming lauguag(' [Wadler & Miller 90, Bird 
& Wadler 88J.) 



Chapter 2 

Business Processes and ER 
Data Models 

2.1 What are Business Processes? 

To begin with, let us consider an exa.mple of a. ba.nking system. A typical 
process which is meaningful for people in a bank is a transactiou on a certain 
a.ccount, such as paymeut or withdrawal of a certain amount of money. The 
bankers must keep track of the balance of every account and are necessarily 
very anxious not to pay more money than permitted on each account. In 
other words, they are interested in the data to be stored in their database 
and how to control changes to the data in executing a transaction. They 
are not interested, however, in any implementation details such as a certain 
sequent.ial access to required data in a network database or techniqnes for 
exclusive control on the database. 

As an appropriate tool for specifying the strncture of stored data from 
such a user's point of view, the Entity-RelatioIlship(ER) data model [Chen 
76] has been widely accepted because of both its ease of use and conceptual 
clarity. 

On the other hand, it is only recently that the importance of process 
modelling from the bnsiness point of view has been recognized [Napier 91, 
Texas Instruments 88]. There might be several possible ways of defining a 
business process: 

• a computing process just corresponding to a transaction in a business 
sense. (Business View) 

• the smallest cycle which end users can recognize. (He! View) 
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5 2.2. ER DATA MODEL 

•	 a process which updates a database maintaining integrity constraints 
on the database. (Database Vh~w) 

•	 a data processing component unit of a business funcOon. (Informa.tion 
Engineering View) 

among others. In this dissertation, we shall adopt the third one (i .e. Database 
View) and try to specify such a process in terms of entities and relationships. 

2.2 ER Data Model 

As the ER data model is broadly known, we do not inspect it in detail here 
but illustrate the model by an example adopting the notation in the Infor
mation Engineering Facility (lEr TM) [Texas Instruments 88]. Figure 2.1 
shows an example of a simple ba.nking system . 

• name 
• vip 

I ! 
i 

IsOwnedBy 
CurrentAccount 

CurrentAcconnt I • balance
IsAccount 

• balanceDepositAccount I DepositAccount r· ~epositDate
Is Account • mterest 

Figure 2.1: Example of ER diagram 

In this diagram, the following objects are defined: 

•	 Four entities: Customer, Account. CurrentAccount, DepositAccount. 
(Their attributes, in other words, data items, can be seen near them.) 

•	 Three relationships; IsOwnedBy (between Account alld Customer), 
CurrentAccountIsAccount (between CurrentAccount and Account), 
DepositAccountIsAccount (between DepositAccount and Account). 

The diagram also implies that the following constraints always hold: 

•	 The relationship IsOwnedBy is aone~to--manycorrespondence between 
the current set of all instances of Account and that of Customer. 



6 CHAPTER 2. BUSINESS PROCESSES AND ER DATA MODELS 

•	 The relationship CurrentAccountIsAccount is a one-to-one correspon
dence between the current set of all instances of CurrentAccount and 
that of Account. 

•	 The relationship DepositAccountIsAccount is a one-ta-one correspon
dence between the current set of all instances of DepositAccount and 
that of Account. 

The first constraint, for example, means that each customer may own one or 
more accounts while each account is always owned by exactly one customer. 

Unfortunately, however, such kinds of constraints expressed by the ER 
diagram ran cover only a small portion of business rules. For example, we 
can consider a business rule in the banking system sayiug that 

for every CurrentAccount whose owner is a VIP (represented 
by an attribute vip having the valne yes), its baLance can go 
overdrawn by up to £100. 

This and even more complicated rules ought to be expressed by formal (or 
informal) text accompanying the diagram. In general, these business rnles 
can be expressed by some conditions between several entities and relation
ships and therefore regarded as DB integrity constraints in a "'subsystem" 
[Josephs & Redmond-Pyle 91a] or a ""subject area" [Napier 91, Texas In
struments 88J. For example, the above rule can be captured within Cus
tomerCurrentAccountSubsyst.em as illustrated in Figure 2.2. We will see a 
formal spedfication of this rule in Section 3.2. 

Note that although rEF TM provides the useful notion of 'subtyp~', we 
shall not use it in this dissertation so as to keep things as simple as possible. 
The constraints for a "subtype' must instead be expressed a.'i DB integrity 
constralnts. Also note that we shall not consider many-to-many correspon
dences because a many~to-many correspondence between two entities can 
always be replaced with an additional entity (representing the Cartesian 
product of those two entities) and two one-to-many correspondences as il
Lustrated in Figure 2.3. 

Now, let us consider a business process whkh changes the state of a 
database. Sjnce the database consists of a number of entities a.nd relation
ships, the process is broken down into parallel subprocesses each of which 
acts on an entity or relationship. 

Since each entity is essentially a fil~, i.e. a finite set of records, the 
subprocess on the entity can be implemented by a parallel execution of 
several basic operations, of which there are three kinds: 

• Modify existing records in the file. 
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CustomerCurrentAccountSubsystem 
~ .. - ------- - ---_ ---------- ~_. - ----------------" 

IsOwnedBy 
CurrentAccount 

CurrentAccountIsAccount 

I don: 
___ •• •• ._ .l • __ • 

~ }?~p~_si ~~5=~?~_l1.t_a.: DepositAccQunt 
lsAccount 

Figure 2.2: Example of Subsystem 

• Insert new records in the fJIe. 

• Delete existing records from the file. 

In these operations, two things must be specified: (i) how to id~ntify the 
existjng record(s) to modify or delete using input data. and data stored in 
the database and (2) how to determine the new data of the record(s) to 
modify or insert using input data and data stored in the database. 

For example, a process Withdraw in the banking system would modify 
a certain record in CurrentAccount snch that (1) the record is identified by 
inputting its ID number, CurrentAccountId, and (2) its balance is decreased 
by the inputted amount of money. 

Similarly, subprocesses on relationships also consist of basic operations 
as follows: 

• Modify existing links in the relationship. 

• Insert new links in the relationship. 

• Delete existing liuks from the relationship. 

In summary, the total business process is specified by several snbpro
cesses, each of which is a combination of three kinds of basic operation on 
a certain entity or relationship. 
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IE~Il~FI
 

~
 

III Il2 

Figure 2.3: Resolution of Many-to-Many Correspondence 



Chapter 3 

Formalizing Business 
Processes using Z 

In this chapter a set of standard Z schema.<> which can be used to specify 
business processes is introduced. As Seen in the preceding chapter, a business 
process can be specified with its effects on each component of the ER data 
model. To begin with, therefore, we shall see several stiUldard schema..'l which 
specify each component of the ER data model. Next, schema expressions 
for DB integrity constraints~ the whole database and business processes are 
each considered. 

Note that these standard schemas should be considered as patterns or 
forms used in the activity of specification rather than some sort of fixed, 
complete parts (such as abstract data types). For example, even when two 
different processes affect the same entity, we write two different schemas to 
specify their effects on the entity, although they have th~ same pattern. 

3.1 Translating ER Diagrams into Z 

An ER model consists of many entities and relationships. Each entity ha.s 
several attributes and each occurrence of the entity has a record (i.e. a. tuple 
of its at tribute values). Therefore, it is reasonable to specify each entity with 
two schemas: 

•	 a record schema which specifies the structure of attributes and con
straints on each record . 

•	 a table schema which specifies the set of all existing occurrences (Le. 
the table) and constraints on them (such os volumetric constraints). 

9 
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as in [Josephs & Redmond-Pyle 91a]. 
Here, however, we shall break down these two schemas into six classes 

of schernas for the purpose of using them in constructing proof obligations 
in a uniform way which will be stated in Chapter 4. These six classes are: 

•	 for ea.ch attribute, an attribute schema which specifies the attribute 
and its type. 

•	 for each attribute, an attribute constraint schema which specifies all 
constraints on the attribute, if any. 

•	 a r<'Cord schema which specifies all the attributes possessed by an 
entity. 

•	 a record constraint schema which specifies all constraints on the record, 
lfany. 

•	 a ta.hle schema which specifies all existing occurrences. 

•	 a table constraint schema which specifies all constraints on the table, 
if any. 

Similarl}', we shall describe a relationship with two separate schemas: 

•	 a relationship schema which specifies a partial function from its detail 
entity to its master entity. 

•	 arelationship constraint schema which specifies "cardinali ty constraints" 
[Nijssen & Halpin 89], such as in one-to-one correspondences. and all 
other constraints on the partial function. 

3.1.1 Attributes 

For each entity E and its attribute x of type T, we set up an attribute 
schema and an attribute constraint schema. if there are any constraints on 
z, of the following forms: 

[T] 

C
OfE 

x:T 
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xofEConstraints 

EXOf_E__ 
(constraints) 

For example, if entity DepositAccount has an attribute balance, the value 
of which must be a positive integer, then 

[	 balanceojDepositAccQunt
 
balanee : Z
 

I balanceofDepositAccollntConstroints--------- 
, balanceofDepositAcrount 

balance> 0I 
If DepositAccount has also other attributes depositDate of type Dale 

and interest of type InterestType with no constraints this time, we have 
only one schema. for each: 

[Date, InlerestType] 

[	 depositDateojDepositAccount
 
depositDate : Dale
 

[	 interestojDepositAccQunt
 
interest: Interest Type
 

3.1.2 Records 

For each entity E, we set up a record schema and a. record constraint schema, 
if there are any constraints on each record. of the following forms: 

ERecord _ 

:tofEConstraints (or :tofE if there are no constraints on x) 
yofEConstraints (or yofE if there are no constraints on y) 
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[	 ERecordCo1l8tmints
 
ERecord
 

(constrain t5) 

where x, y" •• are attributes of E. 
For example, if the entity DepositAccount has just three attributes 

balance, depositDate and interest, and if depositDate and interest are in
terdependent, then 

DepositAccountRecord _ 

balanceoJDepositAccountConstmint.s 
depositDateoJDeposilAccount 
interestoJDefJOsitAccoun t 

DepositAccountRecordConstrnints _
 

DepositAccountRecord
 

P( depositDate, interest)
 

where P( depositDate, interest) is a predicate describing the interdependency 
between these two attributes. 

3.1.3 Tables 

For each entity E, we set up a table schema. and a table constraint schema, 
if there are any constraints on the table, of the following forms: 

[EId] 

ETable	 _ 

knownE : F Eld
 
tableE : Eld -++ ERecord
 

knownE:;:: dom tableE
I [V ERecord 1 8ERecord E ran tableE. ERecordConstraints, 

jf there are a.ny constraints on the record} 
I 

[	 ETabteConstmints
 
ETabte
 

(constraints) 
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For example, if the number of all occurrences of DepositAcco1Jnt is lim
ited to MarDepositAcCQunts, then 

[DepoSlitAccQunlld] 

_ DepositAccountTable _ 

knownDepositAccQunt ~ F DepositAccountld 
tableDepositAcCQunt: DepositAccountId -+lo DepositAccountRecord 

knownDepositAceount = dom tableDepositAccQunt 
'rf DepositAccountRecord I
 

8DepositAccountRecord E ran iableDepositAccollnt •
 
DepositAccountRecordConslrninis
 

DepositAccountl'ableConstrninls _I DepositAccountTable 

~knownDepositAccollr£t::; MaxDeposi1.Accounts 

3.1.4 Relationships 

For each relationship R between the detail entity E and the ma~ter entity 
F, we set up a relationship schema and a relationship constraint schema. of 
the following forms: 

[ RRelationship 
R: Eld ~ FId 

RConstraints _ 

RRelationship 
knownE : f EId 
knownF : f Fld 

dam R ~ knownE 
ran R ~ knownF 
(constraints) 

Note that R can always be defined as a pa.rtial function since we omit the 
many-to-many correspondence case as explained in Section 2.2. 
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For example, the relationship IsOwnedBy in Section 2.2 ca.n be spedfied 
as follows: 

IsOwnedByRelationship _ 

[ IsOwnedBy : Accountld -++ Customerld 

IsOwnedByConstraints _ 

lsOwnedByRelationship 
knownAccount : F AccountJd 
JmownCuslomer : F Customerid 

dam Is OwnedBy ::: knownAccount 
ran IsOwnedBy ~ knownCustomer 

We should also note that a cardinality constraint: "each Customer may own 
one or more Accounts" is guaranteed by both the functionality of r<;OwnedBy 
and the first predicate in the constra.int schema while the other cardinalit)· 
constraint: "each Account is always owned by exactly one Customer" is 
guaranteed by both the functionality of IsOwnedBy and the two predicates. 

3.2 Expressing DB Integrity Constraints in Z 

As suggested in Section 2.2, DB integrity constra,jnts can be expressed withi n 
subsystems or "subject areas'". For example, constraints for the 'subtype' 
CurrentAccount of Account can be expressed as follows: 

CurrentAccountlsSubtypeofAccount _ 

Account Table rCurrentAccount Table 
CurrentAccountlsAccountRelalionship 

fableCurrentAccount; (Ji CurrentAccotJntRecord. OAccountRecord) 
~ CurrentAccountlsAccounl; tableAccount 

where it is assumed that CurrentAccountRecord contains all components of 
AccountRecord. 

In general, an integrity constraint on a subject area which consists of 
entities £1, ... , E; and relationships RI , ... , Ri can be expressed in the fol
lowing form: 
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IC _ 

E, Table 

EiTable 
R1 Relationship 

R} Relationship 

(constraints) 

The other example of an integrity constraint about VIP stated in Sec
tion 2.2 can be expressed as follows: 

RuleofVipHasLargeOverdraftLimit _ 

CustomerTable 
Cu rrenlAuount Table 
IsOwnedByRelationship 
euT1"e ritA ccouollsA ceoun tHe laJ. io rlsh ip 

V c : Customerld; a : CUM"€ntAccotmtld I 
C E knownCustomer /\ a E knownCurrentAccount 1\ 

a 1--+ C E CurITntAccountIsAaotmt j IsOumedBy 1\ 

(table Customer c).vip = yes. 
(tab/eCurrentAccQunt a ).balance 2: -100 

3.3 Definition of DB 

Since the database of the system reflects the ER data model, we can define 
the whole database consisting of entities E1 , ••• , En' relationshipsR1 , ... , R m 
and integrity constraints lGI>""' ICI.: with the following form: 

D8 _ 

E 1 TableConstraints (or £1 Table if there ate no constraints on t.he table) 

En TableConstroints (or En Table if there are no constrainls on the table) 

R1 Constraints 

RmConstraints 
IC, 

IC, 
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For example, the database of the banking example is as follows: 

BankingDB _ 

CustomerTabte 
AccounlTable 
CurrentAccounl Table. 
DepositAccountTableConstraints 
biOwnedByConstraints 
CurrentAccountlsAccountConstraints 
DepositAccountlsAccountConstraints 
CurrentAcrountlsSublypeo[AccQunt 
DepositAccounl[sSublypeo!Account 
RuleofVipllasLargeOverdraftLimit 
Ruleo/Non VipHasSmallOL'erdraftLimit 

3.4 Expressing Business Processes in Z 

As we have seen in Section 2.2, an entire process can be broken down into 
parallel subprocesses. each of which updates a certain entity E or a certain 
relationship R. Next, each subprocess is broken down into parallel basic 
operations (Op's) each of which in turn modifies, inserts, or deletes some 
records (or links) in entity E (or relationship R). Furthermore. each basic 
operation on an entity of type 'modify' or 'insert' can be broken down into 
atomic operations, each of which modifies or creates just one value of a 
certain attribute. 

It is worthwhile noticing that the constraints which must be preserved 
by each process and operation vary according to the layer of data and pro
cesses. Each atomic operation on a certain attribute has to preserve the 
constraints of the attrjbute, but may possibly violate other constraints at 
a hjgher level than the attri bu te level. Each basic operation Op on some 
records in a certain entity has to preserve the constraints of the records 
which it tries to modify or insert but may possibly violate the constraints 
of the entity table (such as volumetric constraints) and the DB integrity 
constraints. Each subprocess acting on an entity has to maintain the con
straints of the entity table, and only the entire process has to care about 
the DB integrity constraints. 

Consequently, at the record level for instance, we would write a schema 
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I~~~F-
which would be promoted up first to a liubprocess on ETable and then to a 
process on DB, rather than a 6chema 

~~~: 
or 

Op _ 

[ _~ETa_bl_e 
3.4.1 Attribute Level 

For each atomic operation of any process P, we set up one attribute operation 
schema as follows: 
If the operation modifies the value of attribute :l of entity E, then 

ModifyxofEinP _ 

t:.xofE 
(scope in DD) 
(input data) 

(preconditions) 
(how x' is determined) 

If the operation creates the value of attribute x of entity E, then 
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CreatexofEinP _ 

xofE' 
(scope in DB) 
(input data) 

(preconditions) 
(how x' is determined) 

where xo/E is an attribute schema defined as in Section 3.1.1. (scope in DB) 
is a. set of schema references to some schema.s in DB of before-state, which 
are needed to describe (preconditions) and (how x' is determined). (input 
data) is a set of declarations of some global input data which are needed to 
describe (preconditions) and (how x f is determined). 

Note that here we use IolE instead of xofEConstraints. It means that 
these operations have not yet been guaranteed to maintain the constraints 
on x. The next chapter wjIl examine how these operations are proved to 
preserve the constraints (See Section 4.2). 

For example, the process Withdraw in the banking system modifies the 
attribute balance of CurrentAccount by subtracting the inputted amount of 
mone:y from the present value of this attribute, so we have: 

Modifybalanceo/CurrentAccountin 1I'ilhdraw _ 

Llbalanceo/CurrenlAccount 
amount? : N 

balance' = balance - amount? 

3.4.2 Record Level 

For each basic operation of any process P, we set up one record operation 
schema as follows: 
If the operation modifies the record(s) of entity E, then 

ModifyERecordinP _
 

LlERecord
 
(scope in DB)
 
(input data)
 
Modify%ofEinP
 
ModifyyofEinP
 

Modify:ofEinP
 

(preconditions) 
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If the operation inserts the fe-cord(s) of entity E, then 

CreaieERecordinP _ 

ERecord' 
(,cope in DB) 
(input data) 
CreatexofEinP 
CreateyofEinP 

CreatezoJEinP 

(preconditions) 

where ERecord is a record schema defined as in Section 3.1.2. x, y .. ,', z aTe 

attributes of E and ModifyxofEinP •... , ModifyzofEinP, CreatexofEinP, ... , 
CreatezofEinP are attribute operation schemas as defined in the preceding 
section. (scope in DB) is a set of schema ref<'rences to some schemas in DB 
of before-state, which are needed to describe (preconditions). (iopnt data) 
contains some global input data needed to describe (preconditions). 

Also note that here we use ERecord instead of ERecordConstroints. It 
means that these operations have not yet been guaranteed to maintain the 
constraints on the record (See Section 4.3). 

For example, the process Withdraw in the banking system modifies a cer
tain rE>Cord of CurrentAccount which consists of just one attribute balanee, 
so we have: 

ModifyCu rrentAccountRecordin Withdraw _
16.CurrentAccountRecord 
LModijyoolanceojCurTl?ntAccoun/in Withdraw 

3.4.3 Table Level 

For each subprocess on entity E of any process P, we set np one subprocess 
schema as follows: 
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SubprocessonEinP _ 

l'.ETable 
(scope in DB) 
al?, ,a,,?: EId 
~?, ,brn?: EId 
Ct?, .• "q?: Eld 
(other input data) 

(preconditions) 
{Ot?, .. "a,,?} ~ knownE 
disjoint {{ itt?, ... , brn ?}, knownE) 
{Ct?, ... ,q?} ~ knownE 
disjoint ({ 01?,"" an?}, {C1?, ... , q?}} 
knownE' = (knownE \ {Cl?"'" c,,?}) U {b1?, .. " bm?} 
3!:t.ERecord I 01? l---+ 8ERecord E tableE 1\ 

01? l---+ (J ERecord' E tableE' • 
ModifyERecorch inP 

3AERecord I a,,? l---+ 8ERecord E lableE 1\ 

an? l---+ (J ERecord' E tableE' • 
ModifyERecordninP 

3 ERecord' I b1? l---+ (J ERecorcJl E lableE' • 
CreateERecorclt inP 

3 ERecord' I bm? l---+ (J ERecord' E tableE' • 
CreateER.ecordminP 

{al?""'o,,?, ~?, ... ,bm?} -EI tableE':::::; 
{at?, ... , an?, Cl?' ... , q?} .a tableE 

where ETable is a table schema as defined in Section 3.1.3. ModifyERecordtinP, 
... , ModifyERecordn inP are the record operation schemas (as defined in 
the preceding section) which describe how the records associated with the 
ID's, at?, ... , an?, are modified respectively. CreateERecordtinP, ... , 
CreateERecordminP are the record operation schemas (as defined in the pre
ceding section) which describe how the records associated with the ID's, l>t?, 
•.• , bm ?, are created respectively. Cl?, ... , q? are the ill's associated with 
the records to be deleted. (preconditions) is a set of preconditions includiug 
all preconditions obtained in the analysis of its basic operations and atomic 
operatjons. (scope in DB) js a set of schema references to some schemas 
in DB of before-state, which are needed to describe (precondHions). (other 
input data) contains all input data for all the record operation schemas and 
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all the a.ttribute operation schemas, and other global input data needed to 
describe (preconditions). 

Also note that here we use ETable instead of ETableConstrnintEL It 
means that this subprocess has not yet been guaranteed to maintain the 
constraints on the table (See Section 4.4). 

For example, the process Withdraw in the banking system modifies a 
certain record of Current Account of which ID is inputted, so we have: 

I SubproassonCurrentAcCQuntin Withdraw ------- 
I	 6. Cun-entAceountTable 

etd? : CurrentAccountld 
amount?: N 

eid? E knownCurrentAceount
 
knownE' = knownE
 
3 Ll CurrentAccountRecord I
 

eid? 8CufTcntAeeounlRecord E tableCurTentAccounl II 
eid? 8CurreniAceountReconf E tubieCurreniAccou11l'. 

ModifyCurrentAccountRecordin Withdraw <.. 

{eid?} <E:! tableCurrentAccollnt' = 
{eid?} <E:! tableCllrrentAccount 

3.4.4 Relationships 

For each subprocess on relationship R of any process P, we set up one sub
process schema as follows; 

SubprocessonRinP _ 

LlRRelationship 
(scope in DB) 
InplltDataForModifyRinP: Eld -++ Fld
 
InplltDataForlnsertRinP: Eld -++ Fld
 
InputDataForDeleteRinP: f Eld
 

R

(preconditions)
 
dam InputDataForModifyRinP ~ dam R
 
disjoint (dam InputDataForlnsertRinP, dorn R)
 
InputDataForDeleteRinP <;; dom R
 
disjoint (darn InplltDataForlnsertRinP. InputDataForDeleteRinP)
 

J 
~ «(lnputDataForDeleteRinP <E:! R) U
 

InputDataForlnsertRinP) EEl
 

InputDataForModifyRinP
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where E is the detail entity and F is the master entity of R. RRelationship 
is a relationship schema defined as in Section 3.1.4. (scope in DB) is a set of 
schema references to some schemas in DB of before-state, which are needed 
to describe (preconditions). 

Also note that here we use RRelationship instead of RRelationshipCon
stroints. It means that this subprocess has 1I0t yet been guaranteed to 
maintain th.e constraints on the relationship (See Section 4.5). 

For example, the process CreateNewAccount in the banking system would 
insert a JleW link into the relationship IsOwnedBy, so we have: 

Subproces,r;onIsOwnedByinC'reateNeU'Accotltlt _ 
.lIsOwnedByRelationship 
rid? : Customerld 
newaid? : AccountId 

l1ewaid? rt dom IsOwnedBy
 
IsOwnedBy' = IsOwnedBy u {newaid? .- cid?}
 

3.4.5 Business Processes updating DB 

Assume that a business process P affects only entities £1"'" Ei' and re
latjonships Rl , ••. , Rj. Then we can define the substantial part of P by 
specifying Hs effects on El , "', E" Rt , ... , Hj as follows: 

T;:2; Subproce88onE1inP 1\ .. , /\ SubprocessonE;inP 1\ 

SubprocessonR)inP /\ ... /\ SubprocessonHjinP 1\ 

GlobalPreconditionl inP /\ ... /\ GlobalPreconditionl; inP 

where SubprocessonEl inP, ... , SubprocessonEiinP, SubprocessonR1inP, ... , 
and SubprocessonRjinP are subprocess schemas 3.<; defLned in Section 3.4.3, 
3.4.4. GJobaJPreconditionl inP, "', and GlobalPreconditioni; inP describe 
the preconditions which arise not from a particular entity or relationship 
affected by P but from some constraints of relationships unchallged or DB 
integrity constra.ints (See Section 4.6, 4.7). 

?\Ieanwhi!e the entire process P can also be defLned as follows: 

P == !::J. DB 1\ T 1\ (!\olherE =.ETable) /\ (!\otherR =.RRelationship) 

In principle, once the entire process is defined, the precondition of the 
proct'ss can be obtained by Z schema calculation. However, we do not take 
this approach, the reason for which will be stated in the next chapter. 



Chapter 4 

Proof Obligations 

4.1	 Structural Checking I Precondition Calcula
tion 

As o ...erviewed in Section 1.2, there may be two approaches to ensure the 
correctness of the specification of business processes: 

•	 Once the Z specification for the entire process P is obtained. its pre
condition can be calculated by Z schema calculation and simplified 
by logical and mathematical laws. Then we can compare it with the 
desired precondjtion which P should have and can strengthen the spec
ification if necessary (e.g. by adding error handling [\Voodroc.k 92]) . 

•	 As we have se€n in the preceding chapter, the constraints which the 
process P has to preserve are structured and layered corresponding to 
the structure of the ER data model. Therefore we ca.n construct a 
series of proof obligations through which the specification is corrected 
and strengthened by adding some preconditions (in its meaning in 
VDM [Jones 86]) jf necessary. These proof obligations are all of the 
sam€ form: 

I " P " =-(I \ P) ~ I' 

where I and P are a constraint schema and an operation schema re
spectively at the appropriate level. 3U \ P) mea.ns that all compo
nents of I which are not contained in P remain unchanged. 

In the first a.pproach, since the entire process can be defined as follows 
(See Section 3.4.5): 

23 
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P == fiDB 1\ T /\ (l\plherE ::'ETable) /\ (/\olkerR 'E.RRelalionship) 

T == Subproces8onE]inP 1\ ... /\ SubpmcessonE,inP /\ 
SubprocessonRlinP 1\ .•. 1\ SubpmcessonRjinP 1\ 

GlobalP~~onditiofllinP 1\ •.. 1\ GlohaIP1'€('onditionJ: inP. 

we need to calculate pre P. 
However, this calculatjon cannot be broken down since pre (P /\ Q) is 

not equal to (pre P) 1\ (pre Q) in general. In consequence. wp arC' forced to 
manipulate the huge schema P, which seems unduly complicated when only 
a small number of entities and relationships are affected by the process. 

On the contrary, one of the benefits wp can enjoy from the second ap· 
proach, i.e. structural checking, is that this form of proof obligations can he 
broken down in a structuraJ way. 

The fmal proof obligation is: 

DB ~ T ~ S(DB \ T) r DB' 

which means that if a state of DB satisfies all constraints. so does its state 
after the process operates upon part of it (and the rest is left unchanged). 
Since DB is defined as follows (See Section 3.3): 

DB :3 E1 TableConstraints 1\ .•. 1\ En T(.JbleConstmints 1\
 

R1 Com.tminl," 1\ ••. 1\ R m Constraint 1\
 

ICI 1\ ... 1\ ICi;,
 

by Break-down Lemma 1 below, the final proof obligation can be broken 
down into: 

£1 TabieCon8tramts 1\ T 1\ ::::(£1 TabfeConslramts \ T) f- El TableCollslramts' 

En TableConsfraints 1\ T 1\ 3(£" TableConstraints \ T) I- En TabieCon8trainl8' 

R1 Constraints 1\ T 1\ =.( R1 Con8tratnts \ T) f- R1 Constraints' 

RmConstraints 1\ T 1\ 2( RmConstraillts \ T) f- Rm Constramts' 

ICL 1\ T 1\ 3(IC1 \ T) I- Ie{ 

IC, ~ T ~ S(IC, \ T)r IC; 

Furthermore. by Break-down Lemma2 below, these obligations result in: 
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For all E affded by P, 

ETableConstrnints 1\ SubproctssonEinP f- ETabfeConstraints' 

For all R between E and F sllch that one or more among these three are affected b~ 

RConstroints 1\ EfJedonRofP 1\ EffectonEo/P 1\ EffectonFofP f- ReaRs/ramts' 

h EfT R IF {SUbProa.5S0nRinP, if P affects R 
were JjedoR 0 == 3RRelatlOnship, otherwise 

EfT . E IF {Su.bproassonEmP, if P affects E 
Jjectoll 0 == '2ETable, otherwise 

E" F IF {SUbProcessonFmP, if P affects FectoR .u 0 = 3FTable, ot.herwise 

For all Ie containing some entity or relationship which is affected by P, 

Ie 1\ (!\EmIC EfJectonEofP) 1\ (A.RmIC EffedonRoJP) f- Ie' 

h EI'T E fP {Subp'rOCfHonEmP, if P affects Eedonwere JJ 0 = 3ETable, otherwise 

E" R If' {SubPrOCfssonRinP, if P affects R 
JJecton 0 == 2RRelatioruhlp, otherwige 

In the following sections, we further break down the obligations regarding 
to eutity tables according to the layer structure of attributes. records and 
tables. 

Break-down Lemma 1 Let It and h be constraint schemas both of which 
an operation schema P must preserve. Then, if we can prove 

J. A P A =:( h \ P) ~ Ii and
 
I, A P A =:(1, \ P) ~ Ij.
 

then we can prove 

(I, A 1,) A P A =:((£, A I,) \ P) ~ I{ A Ij. 

Break-down Lemma 2 Let f be a constmint schema which an operation 
schema P must preseroe. Let PI be the part of P which satisfies P I- PI and 
[ \ P = I \ PI (i.e. the part within I). Then, if we can prove 

I A P, A =:(1 \ P,) ~ t. 

then we can prove 

I A P A =:(1 \ P) ~ I'. 
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The proof of each lemma is obviolls. 
Another benefit from structural checking compared with precondition 

calculation is its ability to deal with nondeterminism properly. For example. 
assume that I and P are the following: 

ez 
x> 0 

e: z 
Zl ::; 1 V Xl = -1 

In this case, on the one hand, the proof obligation degenerates into 

P I- I' 

since P does not refer to any component of I and neither does I'. Obviously 
this proof obligation is not satisfied. 

On the other hand, precondition calculation in Z leads us to 

pre (P A tJ.I) 

x:z 

x> 0 
:3 x' : Z 1 x' > 0 • x' = 1 V x' = -1 

~ 

I x: Z
 
x>o
 

and it might be concluded that P is correct. 
Consequently, as far as the correctness of a specification is concerned, 

constraints have to be checked (as in VDM), rather than assuming a suffi
ciently strong precondition is intended (as in Z). 
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4.2 Attribute Level 

As we have seen in Section 3.4.1, an operation schema at the lowest level is 
of the foHowing forms: 

ModifYzofEinP _ 

t>zofE 
(scope in DB) 
(input data) 

(preconditions) 
(how x' is determined) 

Ct·eatexo/EinP' _ 

xolE' 
(scope in DB) 
(input da.ta.) 

(preconditions) 
(how Xl is determined) 

The proof obligation for each of these operations is: 

xo/EConstraints 1\ Modif1JxofEinP f-- xnjEConstrainl.s' 

Cr'eatexo/EinP l- xo/EConstraints' 

only when xo/EConst.raints exists. 
If the proof obligation cannot be discharged, it is necessa.ry to add some 

preconditions (and possibly extend t.he scope in DB) to the operation schema 
so that the proof obligation becomes provable this time. 

For example, the process CrealeNewDepositAccount in the banking sys
tem inserts a new record in DepositAccount. The value of the attribute 
balance of the record is determined to be equa,l to the inputted da.ta amount?, 
so we have: 

Createbalanceo/DepositAccountinCreateNewDe]XJsitAccount _
 
balanceo/DeposilAccount'
 
amount? : N
 

balance' :::: amount? 
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Since the attribute balance of DepositAcc:ount has a constraint schema 
balanceofDepositAccountConstrnints which describes "balance > 0" as in 
S€ction 3.1.1, we have a proof obligation: 

CreaJebalanceofDepositAccQuntinCreateNetJ.IDepositAccQunt 
I- balanceofDepositAccountConstrnints' 

Comparing the schemas on both sides, it becomes clear that the proof obli
gation cannot be proved unless the precondition: "'amount? > 0" is added to 
the left hand side. Consequently, we must strengthen the operation schema 
as follows: 

CreatebalanceofDeposilAccQuntinCrealeNewDepositAccQunl ~ 

balanceofDepositAccountJ 

amount? : N 

amounl? > 0
 
bQlance' ::::: amount?
 

4.3 Record Level 

As we have seen in Section 3.4.2, an operation schema at th(' record level 
takes one of the following forms: 

ModifyEReeordinP _ 

6.ERecord 
(scope in DB)
 
(input data)
 
ModifyxofEinP
 
ModifyyofEinP
 

ModifyzofEinP 

(preconditions) 
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CreateERecordinP _ 

ERecord' 
{scope in DB) 
(input data.) 
Createxo/EinP 
Createyo/EinP 

Create.:ofEinP 

(preconditions) 

Note that once all the proof obligations for its a.tomic operations (i.e. Modi
fyxofEinP~ "" ModlfyzofEinP, Crealexo/EinP, ... , C'reatezo/EinP) have 
beeu checked as in the preceding section, ERecord' is guara.nteed since 
ERecord contains all constraints just at attribute level. 

The proof obligation for each of these operations is: 

ERecordConstroints 1\ ModifyERecordinP l- ERecordConstroints' 

CreateERecordinP!- ERecordConslroints' 

only when EReeordConstraints exists. 
We may have to add some preconditions to the operation schema if the 

proof obligation cannot be proved. 
For example, the process CreaieNewDepositAccount in the banking sys

tem inserts a new record in DepositAccount. We assume that all its atomic 
operations have already been guaranteed to preserve their constraints. Then 
the operation at the record level is as follows: 

CreateDeposilAccounlRecordinCreufeNewDeposilAccount__ 
DepositAccountRecord' 
Cr€otebolanceojDepositAccountinCT'f3aleNewDepositAccount 
CreatedepositDateojDepositAccountinCr'f3rlteNewDepositlkcount 
CreateinterestojDepositAccountinCreateNewDepositAccount 

Since DepositAccountRecord ha.s a constraint schema DepositAccountRecord_ 
Constraints which describes "P(depositDate, interest)'" as in Section 3.1.2, 
we have a proof obligation: 

CreateDepositAccountRecordinCreateNewDepositAccount
 
!- DepositAccountRecordConstrainls'
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Comparing the schemas in both sides, it may be concluded tha.t the precondi
tion: "P( today?, interest 7)" is necessa.ry in the left hand side. Consequently, 
we may strengthen the operation schema. as follows: 

CreateDepositAccountRecordinCreateNewDepositAecount __ 
DepositAccountRecord' 
CreatebalancrojDepositAccounlinCrealeNewDepositAccount 
CreatedepositDal.eojDepositAceolJntinCrealeNewDeposilAccount 
CreateinterestofDepositAocountinCreateNewDepositAccount 

P( today?, interest?) 

4.4 Table Level 

As we have seen ill Section 3.4.3, a subprocess schema at the table level is 
of the following forms: 
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Subproces8onEinP _ 

t:J.ETable 
(scope in DB) 
al?," .,a,,?: Eid 
;", .. . ,om?: Eid 
CI?," .,Ci:?: EId 
(other input data) 

(preconditions) 
{al?, ... ,an?} ~ knownE
 
disjoint ({;'?, ... ,bm?},koQwoE)
 
{Cl?"'" q?} ~ knownE
 
disjoint ({Ol?"'" an?}, {c\ 7, ... , q?})
 
k1l0Wr1E';::; (knownE\ {Cl?,···,q?})U {bt?, ... ,bm ?)
 
3 6.ERecord I at? t--o 8ERecord E tableE 1\
 

at? t--o 8ERecord' E table£! _ 

ModljyERecor(lt inP 

3t1ERecord I G 1L ? I-> 8ERecord E tableE 1\ 

an? ..- 8ERecord' E tableE' • 
ModifyERecord"inP 

3 ERecom' I lIt? ...... BERecord' E tableE' • 
CreateERecordJinP 

3 ERecom' I bm ? t-j. fJERecord' E tab/eE' • 
CreateERecordminP 

{Ot?, ... ,a,,?,bt?,··.,bm?} «3 tableE'::: 
{al?, ... ,a,,?,Ct?, ... ,c,,?} "'l tableE 

Note that once a.ll the proof obliga.tions for its atomic opera tions and ba
sic operations (i.e. ModiJyERecordtinP•...• ModiJyERf:cord.. inP. Create
ERecordt inP, ... , CreateERecordminP) have been checked as in Section 4.2, 
4.3, ETable J is guaranteed since ETable contaills all constraints just at at 
tribute level and record leveL 

The proof obligation for this subprocess is: 

ETableConstraints 1\ SubprocessonEinP t- ETableCon.'1troinis' 

only when ETableConstrainls exists. 
We may have to add some preconditions to the subprocess schema if the 

proof obligation cannot be proved. 
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For example, the process CreateNewDepositAccount in the banking sys
tem inserts a. new record in DeposHAccount. \Ve assume that all its atomic 
operations a.nd the basic operation have already been guaranteed to preserve 
their constraints. Then the subprocess at the table level is as follows: 

SubprocessonDepositAccQuntinCreate NewDeposiIAccQunt __ 
LJoDepositAccount Table 
eid? : DepositAccQuntJd 
amount? : N 
today? : Date 
interest? : Interr:stTyl'€ 

amount? > 0 
P( today?, inten:sl?) 
f.id? ¢ knoU'nDepositAccol.ml 
knownDepo,<;itAccQunt' = knownDeposilAccount u {eid?} 
3DepO!.itAccQunlRecord l I 

eid? 1-----+ ODepositAccol.I.ntRecord' E tab/eDepositAccQunf' • 
CreateDepositAccotmtRecordinC7-eateNewDepositAccou.nt 

{eid?} "3 tableDepo8itAccouot' .:::: tableDepositAcroullt 

Note tllat here the preconditions found so far (i.e. amount? > 0 and 
P(today'?, interest'?) appear in the predicate part. 

Since DepositAcrountTable has a constraint schema DepositA crOlmt Table
Constraints which describes "'#knownDepositAccount ..:; MaxDeposilAcrounls" 
as in Section 3.1.3. we have a proof obligation: 

DepositAccount TableConstrnints f\ 

SubprocessonDepositAccountioCreateNewDepositAccouot 
l- DeposilAccountTableConstrnint.<;' 

Compa.ring the schemas in both sides, it may be concluded that the precon
dition: ... #I....nownDepositAccount ..:; MaxDepositAccounts-l" is necessary in 
the left hand side. Consequently, we may strengthen the subprocess schema 
as follows: 
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SubprocessonDe[XJsitAccountinCreaieNewDepositAcCQunt __ 
LlDepositAcCQuntTable 
eid? : DepositAccountld 
amount? : N 
today? : Date 
interest? : Interest Type 

amount? > 0 
P( today?, interest?) 
#knownDepositAceounl ~ MuxDeposiiAccount8 - 1 
eid? rt. knownDepos'jtAccount 
knownDepositAccount' ::; knoumDeposit.Account U {eid?} 
3 DepositAccountRecord' I 

eid? 1--+ ODeposilAccountRecord' E tableDepositAccount'. 
CreateDepo,~itAccountRecordinCreateNewDeptJ.5itAccount 

{eid?} -El tableDeposifAccount' = tableDepo,~itAccount 

4.5 Relationships 

As we have seen in Section 3.4.4, a subprocess schema on a relationship R 
between entltjes E and F is of the following forms: 

SubprocessonRinP _ 

Ill. RReiationship 
(scope in DB) 
InputDataForModifyRinP: Eld -M Fld
 
InputDataForlnsertRinP : Eld __ F Id
 
InputDataForDeleteRinP: f Eld 

(preconditions)
 
dom IriputDataForModifyRinP ~ dom R
 
disjoint (dom InputDataForlm.ertRinP, dom R)
 
InputDataForDeleteRinP ~ dom R
 
disjoint (dom InputDataForlnsertRinP, InputDataForDeleteRinP)
 
R' :::: «(InputDataForDeleteRinp «j R) U
 

InputDataForlnsertRinP) tP
 
Input DataForModifyRinP
 

Note that RRelationship' is aJways guaranteed since RRelaiionship contains 
just (partial) functionality of R. Instead there is always the constraint 
schema RConstrnints. 
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The proof obligation for this subprocess is: 

RCOrl.'itraints 1\ SubprocessonRinP 1\ EffeclonEofP 1\ EjJecf.onFofP 
\- RConstmints' 

SubproctssonEinP, if P affects E
\I,'here EffectonEo/P ={ 

='ETable, otherwise 

Subproces!wnFinP, if P affects F
EffectonFo/P = { 

3FTable, otherwise 

Here the effects on E and F of the process have to be taken into account 
since RConstmint.~ contains the referential integrily and other constraints, 
which can be affected by inserting or deleting some occurrences of E or F. 

If the proof obligation cannot be discharged. we may have to add some 
preconditions to the subprocess schema. 

For example, the process CreatcNewAccount in the banking system in
serts a new link in the relationship IsOwnedBy as in Section 3.4.4: 

i
subProcessonlsOWnedBYinCreateNeWAccount 
~ IsOwnedByRehJtionship 
cid? : Customerld 
newaid? : Accountld 

newaid? 1. dom IsOwnedBy
 
IsOwnedBy' ;:: lsOwnedBy u {newaid? 1-+ cid?}
 

At the same time, the process inserts a new record in Account as follows: 

SubprocessonAccountinCreateNewAccount _ 
LlAccountTable 
newaid? ; Accountld 
amount? : N 

newaid? 1. knownAccount 
knownAccount';:: knownAccount U {newaid?} 
3 AcrountRecord' I 

newaid? 1-+ (J AccountRecord' E tableAccounf' •
 
CreateAccountRecordinCreateNewAccount
 

'I {newaid?} -a tableAccounl' ~ tableAccount 

Here we assume that CreateAccountRecordinCreateNewAccount is de
fined somewhere. We also assume that the entity Customer remains un
changed under this process_ Then the proof obligation is: 
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IsOwnedByConstrnints f\ SubprocessonlsOwnedByinCreateNewAccount f\ 

SubproressonAccountinCreateNewAccount 1\ 3CustomerTable 
f- IsOwnedByConstrnints' 

Comparing the scbema.s in both sides. it may be concluded that the precon
dition: "cid? E knownCustomer" is necessary in the left band side. Conse
quently, we must add not only this precondition but also a schema reference 
CustomerTable as a part of (scope in Dn) to the subprocess schema as 
follows: 

I
Subprocesson/sOwnedByinCreateNewAccount 
.::llsOwnedByRelationship 
CustomerTable 
cid? : Customcrld 
newaid? : Accountld 

cid? E knownCustomer 
newaid? 1. dom IsOumedBy 
IsOwnedBy'::;:; IsOwnedBy u {newaid?...-- cid?} 

4.6 Unchanged Relationships 

As mentioned in the preceding section, the rderential integrity and some 
other constraints in a relationship R between E and F can be affected when 
the process P changes either ETable or FTable. Since they can be affected 
even when R itself remains unchanged, we must h3\'e proof obligations for 
such cases as follows: 

RConstrnints	 A EffectonEofP A EffectonFofP A 3RRelatl:orlship 
f- RConstraints' 

SubprocessonEinP, if P affects E 
where EffectonEofP = { 

:=ETable, otherwise 

SubprocessonFinP, if P affects F 
EffectonFofP = { 

='FTable, otherwise 

If the proof obligation cannot be discharged, we may have to set up some 
global precondition schema GlobalPrecondition as in Section 3.4.5 rather 
than add some predicates to either SubprocessonEinP or SubprocessonFinP 
since the precondition should be attributed to neither E nor F. 

Once such a precondition schema has been established, the proof obli
gation becomes of form: 
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RConstraints 1\ EffectonEofP 1\ ElJectonFofP 1\ 3RRelationship 1\ 

GlobalPrecondilion 
~ RConstraints' 

Otherwise we may find that we have missed some subprocesses of the 
process. In such a case, we must specify those subprocesses and check the 
proof obligations again which could be spoiled by this modifIcation. 

For e:<a.mple, the process CreateNewCustomer in the banking system 
inserts a record in the entity Customer: 

SubprocessonCustomerinCreateNewCustomer _ 
J.CustomerTable 
newcid? : Customerld 
name?: Name 
vip? : YesNo 

nf:'wcid? 1: knownCustomer 
knownCustomer' ::: knownCustomer U {newcid?} 
3 CustomerReeord' I 

newcid? t-- OCustomerRecord' E table Customer' • 
CreateCustomerRecordinCreateNewCustomer 

{newcid?} -E3 table Customer' = table Customer 

Here we assume that CrealeCustomerRecordinCreateNewCustomer is de
fined somewhere. 

Also assume that the relationship IsOwnedBy has the con.. traint: "'the 
number of customers who owns no accounts is limited to 100", i.e. 

IsOwnedByConstraints _ 

IsOwnedByRelationship 
knownAceount : F AccountId 
knownCustomer; F CustomerId 

dom IsOwnedBy = knownAccount 
ran IsOwnedBy ~ knownCustomer 
#(knownCustomer \ ran IsOwnedBy) < 100 

\Ve also assume that the entity Account and the relatjonship IsOwnedBy 
remain unchanged under this process. Then the proof obligation is: 

IsOwnedByConstraints 1\ SubprocessonCustomerinCreateNewCustomer 1\ 

:=:AccountTable 1\ =.IsOwnedByReiationship 
f- IsOwnedByConstrainls' 
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Comparing both sides, it may be conduded that the precondition: 
....#(knownCustorner \ ran IsOwnedBy) ~ 99" is necessary in the left hand 
side. Consequently, we may set up a global precondition schema, such as: 

GlobaIPreconditionl _ 

CustomerTabie 
IsOwnedByReJationship 

#( knownCustomer \ ran IsOwnedBy) < 99 

Now the new proof obligation is: 

IsOwnerlByConstruints 1\ SlJ.bprOCes8oflCu.~tolilerinCrrateNeu'Custome1· 1\ 

=AccountTablf: t\ =.lsOu'nedByRelationship 1\ GlobalPn:conditionl 
f- IsOwnedByCon!,irainls' 

which can be proved, 

4.7 DB Integrity Constraints 

If the process P affects some entity or relationship within a subject area on 
which some DB integrity constraint Ie is specified. it could be violated by 
the process. The proof obligation is as follows: 

Ie !\ (AEin.IC SubprocessonEinP) t\ (ARi7llC Subproces8onRinP) 1\ 

(AolherEin.lC 3ETable) 1\ (AdtherRin.JC 3RRelationsht'p) 
~ IC' 

If the proof obligation cannot be proved, we may have to set up some 
global precondi tion schema GlobalPrecondiliol1 or find some mistake in fhl:' 

specification. 
Once such a precondition schema has been established. the proof obli

gation becomes of form: 

IC 1\ (AEin.IC SubprocessonEinP) 1\ (ARin.lC SubprocessonRinP) !\ 

(AotherEinlC '3ETable)!\ (AotherRin.fC 3RRelationship) 1\ 
GrobalPrecondition 

f- IC' 

For example, the process Withdraw in the ba.nking system modifies a 
record in the entity CurrentAccount as defined in Section 3.4,3: 
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SubprocessonCuN'EntAccountin Withdraw _ 
Ll CUl"T€ntACCQunl Table 

eid? : CurrentAccountld 
amount? : N 

£Oid? E knownCurrentAccQunl 
knownE' .:;;: knownE 
3 d CurrentAccountReroro I 

eid? .- 6CurrentAcCQuntRecorn E tableCurrentJlccount 1\ 

eid? 1--+ 8CurrentAccountReconi' E fableCurrentAccounl' • 
ModifyCurrentAccountRecordin Withdraw 

{tid?} <E:I tubleCurrentAccounl' = 
{eid?} -oS tableCurrenlAccount 

The process may viola.te the DB integrity constraint RuleofVipHasLargeOtTer· 
drajtLimit since it specifies a constraint among Customer, CurrentAc:c:ount, 
IsOwnedBy and CurrentAccountIsAccount as in Section 3.2: 

Ruleo/VipHasLargcOl'erdrafiLimit 
CustomerTable 
Cu1'Tt!ntAccQunt Table 
IsOwnedByRelationship 
CurrentAccountlsAccountRelationship 

Vc : Customerld; a : CurrentAccountld I 
c E knownCustomer 1\ a E knownCurrcntAccouni 1\ 

a 1--+ c E CurrentAccountlsAccount; IsOwnedBy 1\ 

(table Customer c). vip = yes. 
(tableCum:ntAccount a).balance 2: -100 

We assume that the other entity Customer and the two relationships remain 
unchanged under this process. Then the proof obligation is: 

RuleofVipHasLaryeOverdraftLimit 1\
 

SubprocessonCurrentAccountin J-Vithdraw 1\
 

=.CustonterTable 1\ =lsOwnedByReiationship 1\
 

=: Cum:ntAccountlsAccountRefa/ionship
 
f- RuleofVipllasLargeOverdraftLimit l 

Comparing both sides, we ma.y set up a globa.l precondition schema, such 
as: 
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I
GlobalPrv;condition2 _ 

CustomerTable 
CurrentAccount Table 
IsOwnedByRelationship 
CurrentAccountlsAccountReiationship 
eid? : CurrentAcCQuntId 
amotmt?: N 

eid? E knournCurrentAccount 
'tf c : CustomerJd I 

c E knownCustomer 1\ 

eid?,...... c E CurrenlAccQuntlsAccount; h.OumedBy 1\ 

(tableCustomer c ):vip = yes. 
amount? ~ (tableCurrentAccOll'lll eid'?).ufJlance + 100 

Now the new proof obligation is: 

RuleofVipHasLargeOverdrnftLimit 1\ 

S'ubprocessonCurrentAccolmtin Withdraw 1\ 

='CustomerTable 1\ 3IsOwnedByRelationship 1\ 

::::CurrentAccountIsAccountRelationship 1\ GiobalPrccondition2 
I- RuleofVipHasLargeOverdmftLimit' 

which can be proved. 

4.8 Example: Resident Registration System 

In this section, the typical usage of the proof obligations introduced "0 far 
is illustrated with an example of a city office system. This system maintains 
some information on residents who live in the city. The ER data model for 
this system is shown in Figure 4.1. 
Translation of the ER model into Z is as follows: 

Basic Types: 

[Name, Address) 

RelType ::~ Spo"se [ Sibli"91 Child I ... 

Attributes: 

[	 addressofFamily
 
address: Address
 



40 CHAPTER 4. PROOF OlJLIGATlONS 

Represent
• address I Family Householder I. name 

IsMemberof 

• name 
• reltoHouseholdcr 

Figure 4.1: ER diagram for Resident Registration System 

[	 numeojIIo'lJseholder
 
name: Name
 

[	 nameofPerson
 
name: Name
 

[	 reltoNouseholdero/Person
 
reltoHouseholder: RelType
 

Records: 

FamilyRecord _ 

[ addressofFamily 

HouseholderRecord _

I nameo/Householder 

PersonRecord _ 

nameo/Person 
reftoNouseholdero/Person 

Entity Ta.bles: 

[Family/d, Householder/d, Person/d] 
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Family Table _

I known Family : F FamilyId 
tableFamify: Familyld.-++ FamilyRecord 

known Family ==: dom table Family 

HouseholderTable _ 

I knownHo1J.seholder : F HotJ.seholderld 
l!~eHouseholder : Householderld ....... IlousehoiderRecord 

~wnliousfholde1' :::; dom fableHolisehohlcr 

Person Table	 _ 

I	 knownPerMO : F Personld 
table Person : Personld ....... Per.'1onRtconJ 

knownPerson :::: dam lablePerson 

R~lationships: 

RepresfntRelatioTlship 

[Represent: HotJseholderld -H Familyhl 

_ 

RepresentConstraintsI RepreseTltReialionship 

_ 

knownlIouseholder ; f Ilouseholderld 
knolf'TlFamily : F Familyld 

dom Represent::: known Householder 
ran Represent::: knownFamily 
Represent E Householderld ....... Familyld 

Note that this constraints implies that the relationship is a one-to-one cor
respondence. 

IsMemberofRelation8hip ~__ 

[ IsMemberof : Personld -t+ Familyld 
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IsMembero/Constraints _ 

IsMembero/Relationship 
krwwnPerson : F Personld 
krwwnFamily: F Familyld 

dam IsMemberof = knownPerson 
ran IsMemberof 0; knownFamily 

Note that (his constraints implies that the relationship is a. one-to-Jll'wy 
correspondence. 

Besides the ER data model, we consider one integrity constraint as fol
lows: 

DB integrity constraint: 

Ru/eojMonogamy _ 

Person Table 
FamilyTable 
IsMemberofRelationship 

Vfid : FamilyJd I jid E knownFamily _ 

#{pid : Per>onld I 
pid E knownPerson 1\ 

pid ~ ftd E IsMemberof 1\ 

(tablePerson pid).relloHo1tseholder = Spouse} < 

Note that th1s rule says that every householder has a.t most one spouse in 
his or her family. 

DB: 

CilyOfficeDB _ 

IFamilyTabie 
HouseholderTable 
Person Table 
RepresenICons fraints 
IsMemberojConstraints 
RuleojMonogamy 

Now we consider one process in this system as follows: 

Process: Housel'lolderMoveOut 
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This process must update the databast:! appropriately when a householder 
moves out of the city. 

[First Try] 

At first, we would think that this process is realized by just deleting the 
occurrence of Householder, i.e. 

Input Data: hid?: IIouseholderId 

Subprocess on entity: DeleteHouseholder 

_Deletellousehoider _ 

~ lJollseholderTabl£ 
hid? : lIotlseholderld 

hid? E krwwnHouseholder 
knownlIouseholder':: J.:no11l1l11ouseho/der \ {hid?} 
table Householder' = {hid?} 'E3 tableHoweholder 

Here comes the sta.ge where we have to check some proof obligations. At 
first, we get a checklist showing which constra.ints we need to prove to be 
preserved by the process with a flag indicating: whether the obligation has 
already been proved or not. At present, just one constraint among the three 
can be affected. so the checklist is as follows: 

List of Proof Obligations: on Rep,oesentConsfra'inis, -not yet 

The whole expression of this proof obligation and the (partial) expansion of 
each side are as follows: 

RepresentConstroints 1\ DeleteHouseholder 1\
 

=.Family 1\ ='RepresentRelatioliship
 
f- Represen/Constroints'
 

LIIS 

~ 
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~HolJ.seholderTable 

=.Family 
=: RepresentRelalionship 
hid? : Hotlseholderld 

dom Represent =:: knownHouseholder 
ran Represent = knownFamily 
Rtpresent E H01J.seholderld -++ Familyld 
hid? E knownHo1J.seholder 
kTlownHouseholder l 

=:: knownHouseholder \ {hid?} 
lableHousdwlder l 

:::: {hid?} -€ lableHouseholdcr 

RIIS 

~ 

RepresentRelationship' 
knownHou.seholder' : F llol.l.sehoLderld 
knownFamily': F Family/d 

dam Represent' =:: knownHol1seholder' 
ran Represent l 

=:: knownFamify' 
Represent' E Householder/d "_ Family/d 

Here we may find tha.t "dorn Represent' =:: knownHouseholder'" iII RHS 
does not hold since Represent is left unchanged v.,"hile knownHou.seholder is 
changed. To make it correct, it is not sufficient to delete alink in Repr<~sent 

since "ran Represent' =: knownFamiJy1"' does not hold after that a_<; Repre~ent 

is injective. 
We need the following case analysis: 

Case 1 There remain one or more other persons in the famil.v. In tllis case, 
one of them must become the new householder and other persons, if 
any, must change their reltoHo'UsehoJder values. 

Case 2 There is no one else in the family. In this case, the family itself 
must be deleted. 

Here we continue to think a.bont Case 1. 

[Second Try] 
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Inpnt Data:	 hid? : Householderld
 
pid'! : Per80nld (new householder)
 
newrels? : Personld ....... RelType
 

Subprocesses On entities:	 Delete& ModifyPerson
 
ModifyHouseholder
 

I	 ModifyreltoHouseholderofPer,~on 

I	 .3. reltoHouseholdero/Person
 
rel : RelType
 

reltollouseholderl 
:::: rei 

No\.f' that the- variable rel is used as a parameter here since we want to use 
this atomic operation for every person in the family. 

[	 namea/Person Unchanged
 
:::: namea/Person
 

,---- ModifyPersonRecord	 _ 

Do PersonRecoro 
JvfodifyreltoHouseholdero/Person 
namcoJPer8on Unchanged 
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Delfle&ModijyPerson _ 

LlPenonTabJe 
HOlUjeholderTable 
RepresentRelat ionship 
IsMemberofRelationship 
hid? : Householderld 
pid? : Personld 
newrels? : Personld -++ ReiType. 

hid? E knownHouseholder 
pid? E knoWnPtTSOn 
dom newrt:ls? ~ knoll'nPerson 
pid? ~ dom newrds? 
3fid: Familyld I hid? 1-+ jid E Represent. 

pid? ......... fid E lsllfemberoj 1\
 

(\1' pid : Personld I pid E dam ncwret~? •
 
pid ......... fid E lsMemberoj)
 

known Person' :=:: knownPerson \ {pid'!} 
Ypid : Person1d; n:l: RelType I pid 1--0 rei E newrefs? • 

(3 6..PersonRecord I 
pid f) Person Record E tablePerson 1\ 

pid BPersonRecorrF E tablePerson' • 
ModifyPersonRecord) 

dom ne1J.lrels? <EI table Person' = 
(dom newrels? U {pid?}) <EI iablePerson 

Here rei is used as a. para.meter to ModifyPersonRecord. 

ModifynameofHouseholder _ 

6..nameofHouseholder 
Person Table 
pid? : Personld 

pid? E known Person 
name' = (tablePerson pid?).name 

,lfodlfYHouseholderReCOrd 
6.. HouseholderRecord 
ModifynameofHouseholderC
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MQdijyHouseho/der _ 

.6..HouseholderTable 
Person Table 
hid? : Householderld 
pid? : Personld 

hid? E knownHouseholder 
pid? E knownPerson 
knownHousehalder' = knownHouseholder 
3 .6.. HouseholderRecorri I 

hid? ...... 8HousehoiderRecord E tablellousehoider 1\ 

hid? 1--+ 8HousellOlderR€conJl E tablellollseholrln.l • 
ModifyHo1.l.sehoiderRecord 

{hid?} ..-a tableHouseholder' = {hid?} ..-a tableHo/ise/wlder 

Here the precondition and the scope of the atomic operation are collected
 
in this subprocess schema.
 

Since there is no constraint at attribute level nor record level, we have had
 
no proof obligation so far.
 
However, here comes the checklist:
 

List of Proof Obligations: on 
on 

on 

RepresenlConstroints, 
IsMembe7'OjConstraint.s, 
RuleofAtonogamYI 

-not yet 
-not yet 
-not yet 

The first obligation is: 

RepresenlConstraints 1\ ModifyHouseholder 1\ 

=.Family 1\ 3RepresentRelalionship 
1- RepresentConstraints/ 

a.nd it can be proved obviously since knownHolJscholder is unchanged. 

The second obliga.tion is: 

IsMemberofConslraints 1\ De/ete&ModijyPerson 1\ 

2Family 1\ ::::/sMemberofRelalionship 
1- IsMemberofConstraints' 

but "dom IsMembero/' = knownPerson'" in RHS does not hold since ls
Memberofis left uncha.nged while knownPerson IS changed. 
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We may find that it is needed to delete a link in IsMemberof. 

[Third Try] 

We specify the additional subprocess with the rest remaining. 

Input Data.:	 hid? : Householderld
 
pid? : PersonJd (new householder)
 
newrels? : PersonJd -++ RelType
 

Subprocesses on entities:	 Delete&ModifyPerson
 
Modljylfouseholder
 

Subprocess on rela.tionship; DeletelsMembero/Link 

DeletelsMemlxrofLink _ 

~ IsMembero/Relationship 
pid? : PersonJd 

pid? E dom IsMembemf 
IsMemberol' =: {pid?} oE3 IsMemberoj 

Now the checklist becomes as follows: 

List of Proof Obligations: on RepresentConstroints. 
on [sMemb;ro/Consiraints, 
on Ruleo/Monogamy, 

-already OK 
-not yet 
-not yet 

Note that the first obligation is marked OK Since nothing has been changed 
from the second try with respect to this constraint. 

The second obligation is: 

IsMembemfConstrainl.s J\ Delete&ModijyPerson 1\ 

DeleteIsMemberofLink 1\ '3Family 
I- IsMem&erofConstraints' 

This time, it is OK. 

The third obligatjon is: 

RuleojMonogamy 1\ Delete&ModijyPerson 1\ 

DeletelsMem&emjLink J\ '3 Family 
I- RuleojMonogamy' 
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It ca.nnot be proved. We need to set up a global precodition schema here. 

[Fourth TryI 

We specify the a.dditional precodition schema. with the rest remaining. 

Input Data: hid? : HouseholderJd 
pid? : PersonJd (new householder) 
newrels? : Personld ...... RelType 

Subprocesses on entities: Delete&ModifyPerson 
Modifyllouseholder 

Subprocess on relationship: DeletelsAlemberofLink 

Global precondition: Limiton1\iewSpollse 

Limit.onNewSpouse 
Person Table 
RepresentRe/alionship 
IsMemberofRelationship 
hid? : Householderld 
pid? : Personld 
newrels? : PersanJd ...... RelType 

3fid: Familyld I hid? 1--+ fid E Represent. 
#{pid: Person1d; rei: He/Type I 

pid t-+ reI E newrels? 1\ rei = SpOIlU • pid}+ 
#{pid: PersonId I 

pid E JmownPersQn 1\ 

pid ~ fid E IsMemb<rof A 

pid ~ (dom newrels?) U {pid?} A 
(tablePerson pid).rdtoHouseholder = Spouse}:5 1 

Note that this precondition is equivalent to saying that the number of the 
persons whose reltoHouseholder become Spouse is at most one. 

The checklist becomes: 

List of Proof Obliga.tious: on RepresentConstmints, -already OK 
on IsMemberofConstmints, -already OK 
on RuleofMonogamy, -not yet 
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Note that adding some global precondition srhernas does not spoil any proof 
obligations already proved so far. 

The last obligation is: 

Ruleo/Monogamy A Delete&ModifyPerson A 

DeletelsMemberofLink A 3Family A LimitonIlJewSpouse 
f- RuleojMonogamyl 

and it becomes OK. 

Finally, we have tlte whole proceS:-i as follows: 

Huuseholtler.\lotleOut ::::
 
Delete&ModifyPerson A ModlJyllowleholda A
 

DeLetelsMembem/Link A LimitollNewSpouse
 

which has been proved to preserve all constraints in DB. 

Furthermore, the total precondition of this proCi>SS can be shown by collect
ing aU the preconditions obtained so far as follows: 

the precondition of HouseholderMol'eOut 
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OlJsehOlderTable
 

~Per'son Table 
Rep"esentRelationship 
IsMembervfRelationship 
hid? : HouseholderJd 
pid? : Personld 
newt'eJs? : Per!jonld __ RelType 

hid? E knownHouseholder 
pid? E rnownPerson 
dam new7'f:ls? ~ knownPerson 

pid? 4. dam newrels? 
pid? Edam IsMemberof 
3 jid : Familyld I hid? 1--+ jid E Represent. 

pid? 1--+ jid E IsMemberof 1\ 

('r/ pid : Personld I pid E dam newrel,~? • 
pid 1--+ jid E IsMemberof) 

3 fid : Familyld I hid? 1--+ fid E Rep'resent • 
#{pid: PersonId; rei: HelType I 

pid 1--+ reI E ne11"reIs? 1\ rei ::: Spouse. pill}+ 
# {pid : PersonId I 

pid E knownPerson 1\ 

pid 1--+ jid E IsMemberof 1\ 

pid ~ (dOll newrels?) U {pid?} A 

(tablePerson pid).reltoHouseholder:::; Spouse} ~ 1 

We can proceed similarly also in Case 2. 



Chapter 5 

Support Tool 

In this chapter, a computer tool supporting our activity of specifying busi
ness processes h. introduced. Firstly, several requirements for such a. tool 
are discussed, and secondly, an informal specification of its prototype is pro
posed. Finally, an example of execution of the prototype is introduced. The 
Source code of the prototype in the functional programmjng language Orwell 
[Wadler &: Miller 90, Bird & Wadler 88] is shown in Appendix B. 

5.1 Requirements 

Our specification activity consists of the following steps: 

Step 1 We draw an ER diagram to illustrate the ER data model. 

Step 2 Dased on the ER diagram, we specify the following objects in the 
database: 

•	 all entities (with attributes and constraints). 

•	 all relationships (wjth constraints). 

•	 all DB integrity constraints (with subject areas a.nd predicates). 

Step 3 For each business process to be considered, we specify: 

•	 input data a.nd output data. 

•	 basic operations on entities (with update-type, target occurrences, 
preconditions and how to determine the new values of all the at 
tributes). 

52 
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•	 basic operations on relationships (with update-type, target occur
rences, preconditions and new occurrences to which links must be 
made), 

•	 global preconditions (with sCOP<'S and predicates). 

Step 4 For each business process, we check the correctness of the specifi
cation according to tIle proof obligations explained in Chapter 4, i.e. 

•	 checking each basic. operation on an entity (with regard to the 
attribute constraints and record constraints, if any). 

•	 checking each suhprocef;s on an entity, i.e. the collection of aH 
th(' basic operations on the entity (with regard to th(' entit), table 
constraints, if any). 

•	 checking each subprocess on a relationship. i.e. the collection of 
all the basic operations on the relationship (with regard to th(' 
relationship constraints). 

If some constraint is found not to be pr('served, the operation can b~
 

modified by adding appropriate preconditions.
 
Furthermore,
 

•	 checking the other relationship constraints which could be vio
lated. 

•	 checking each DB integrity constraint which could be ~·iolated. 

If some constraint is found not to be preserved, the process can be 
strengthened by adding appropriate global precondition schemas or 
some missing subprocesses may be found. 

Step	 5 Once the correctness of the process is proved, the whole process and 
precondition of the process should be presented iu a suitable form. 

As for Step 1, man)' kinds of CASE tools are available, sHch as IEF TM[Texas 
Instruments 88]. They provide us with a nice graphical interface not only 
for drawing the ER diagrams but also for many other data input and tool 
operations. 

In Step 2 and Step 3. our tool should support such a nice lIser interface 
as the CASE tools have, or provide some file interface to input a specification 
file prepared outside the tool (d. Appendix A). 

For Step 4 and Step 5, OUr tool should have the foHowing facilities: 

•	 general Z schema manipulations: Display, Expand. etc. 
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•	 translation of the procesS' specification based Oil ER model into Z 
schemas. 

•	 assistance for checkiug the proof obligations, such as automatic reduc
tion. 

•	 interactive modification of the process specifica.tion. 

•	 keeping track of both the list of proof obligations and th(' modification 
of the specification during Step 4. 

•	 file interface to output a specification file in an appropriate form. 

Note that it seems rea.sonable to allow the llser to judge whether or not 
each proof obligation is OK. This is because we are often confronted with 
mistakes or flaws in our specification and it is difficult for the fOol to amend 
them alone. Therefore. some kind of rigid theorem prover, such as zedD 
[Neilson & Prasad 91], is not actually required. 

5.2 Specification 

The prototype of our tool has the following functions: 

1. reading a specification file 

•	 command line: readspec filename 

•	 parameters: filename is tILe name of a specification file to be read. 

•	 function: The information on a busines!i process is inputted from 
a te)(t file written in the form described in Appendix A. 

2.	 listing names of all schema.'i 

•	 command line: schemaliat 

•	 parameters: none 

•	 function: The list of names of all schcmas the tool has created so 
far is displayed with sequential numbers in the follOWing form: 

O. (name of schema) 
1. (name of schema) 

(number). (name of schema) 
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For example, 

O. CustomerRecord 
L AccounlRecord 

3. showing the definition of schemas 

•	 command line: view par 

•	 parameters: par must be a.n integC'f indicating a certain schema 
in the list shown by the command schemalist. 

•	 function: The definition of the schema designated by the numb(>f 

paris displayed in its vertical form a.s follows: 

(name of S(hl~ma) 

(dejillltlOtl of schema III raileul form) 

4.	 showing the expanded form of schema.s 

•	 command line: view2 par 

•	 parametNs: par must. bl:' an integer indicating a certain schema 
in the list shown by the command schemalist. 

•	 function: The expanded schema of the schema designated by the 
number par is displayed in its vertical form as follows: 

(name of schema) 

(expanded schema in verhral form) 

5.	 listing the proof obligations 

•	 command line: checklist 

•	 parameters: uone 

•	 function: The list of the proof obligat.ions is displayed with se
quential numbers and flags indicating ,,,,hether each obligation is 

already checked or not as follows: 

O. on (-name of constraints) [by (name of opaath'm)]-(okjiay) 
l. on (name of C01utralllts) [by (name of operation)]-(okflag) 

(number). on (name of eonstrnints) [by (name of operallon)J ~(okflay) 
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For example, 

O. on AccountR.erordConstraints by Creat.eAccountRecord -already OK 
1. on DepositAccounLIsSubtypeofAccount -not yet 

6. expaIlding proof obligations 

• comma,od line: expand par 

•	 pa,rameters: par must be an integer indicating a certain proof 
obligation in the list shown by the command checklist. 

•	 fundion: The definition of the proof obligation desig\lated by 
the number par and the expanded schemas of its both sides are 
displayfJd as follows: 

(definlllOn of proof oblIgation.) 

LIIS 

(erpanJed schema of lefl h(l1ld side in IJcdlCal form) 

RIIS 

(n:pau.de.d schema of right hand side in vertical form) 

7. reducing proof obligations 

•	 command line: reduce par 

•	 parameters; par must be an integer indicating a certain proof 
obligation in the li5t shown by the command checklist. 

•	 function: The list of the declarations and predicates in the ex
panded RIIS which are not. contained in the expanded LHS of the 
proof obliga,tion designated by the number par is displayed with 
5equential numbers in the following form: 

Please check the following declarations and predicates in RHS: 
O. (declarntton) 

(number). (drc/ara/lon)
 
(number). (pred,catr:)
 

(number). (predic(]te) 



57 5.3. EXAMPLE OF EXECUTION 

If the list is empty, only the following message will appear: 

OK, this proof obligation is salisfi~d. 

8. ticking proof obligations 

•	 command line: checkok par 

•	 parameters: par must be an integer indicating a certain proof 
obligation in the list shown by the command checklist. 

•	 function: The proof obligation designated by the number par is 
recorded as already checked. 

5.3 Example of Execution 

Here is a series of interaction of the prototypc in the banking example. The 
specification of the system is written in the text file banking. spec as follows: 

Bankin@; Sy$te. 

DBNaae: BankDS 

Entities: 

Custo.er 
Attributes: 

nue lIilae 
vip YesRo 

Account 
Attributes; 

balance Z 

Curren'U.ccount 
"ttributeB~ 

balancllI Z 

DepositAcCOt.lnt 
Attributes: 

balance: Z 
IttributeConatrainta: 
(0) balance> 0
 

depositDate : Date
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interest : InterestType 
Re~ordConstr.ints: 

(0) P(dapositDate. interest)
 
TableConatrainta:
 
(0)	 • knovnDeposltAccollnt <~ MaxDepositAccount 

Relationships: 

JaOvnedBy : Account -+> Cueto8er 
Type: Optional"anytoDne 
COll.trainta: 
(0)	 .(knoRnCu6tQaer \ ran IsO.nedBy) <- 100 

CurrentAccountIslccount ; Current Account -~> Account 
Type: CptionalOnetoOne 

DepoaitAccountIsAccount : DepositAccount -+> ACCQunt 
Type: OptionalDnetoOne 

DBlntegrityCoRstraints: 

CurrentAccountIsSubtypeoflccount 
ScopeE: CurTentAccount, ACCQunt 
ScopeR: CurrentAccountIsAccount 
Constraints: 
(OJ tableCurrentlccount ; 

(laabda	 CurrentAccountRecord t theta AccountRecord) 
c CurrentAccountIsAccount ; tableAccount 

DepositAccountraSubtypeofAccount : 
ScopeE: DepositAccount, Account 
ScopeR: DepositAccountIsAccount 
Constraints: 
(0)	 tableDepositAccount ; 

(laabda DepositAccountRecord • theta AccountRecord) 
• DepositAccountIsAccount ; tableAccount 

RuleotVip : 
ScopeE: Customer, CurrentAccount 
ScopeR: IsOvnedBy, CurrentAccountIsAccount 
Constraints: 
(0)	 toral1 c:Custo.erld; a:CurrentAccountld ,

• c in knovnCustomer /\
 
a in knownCurrentAccount /\
 
a 1-> c in CurrentAccountIsAccount ; IsOvnedBy /\
 
(tableCustomer <).vip ~ yea.
 
{tableCurrentAccount a).balance >~ -100
 

RuleotlionVip :
 
ScopeE: Cueto.Dr, CurrentA<count
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ScopeR: IaOvnedBy, CurrentAccountIsAccount
 
Const.ra.ints:
 
(0)	 torall c:Custo.erId; a:CurrentAccQWltld 

c in knovnCuatoaer 1\ 
a in knovnCurrenU.ccount /\ 
ill 1-> c in CurrentAccountIsAccount ; ]sOvnedBy 1\ 
(tableCu8to.er c}.vip - no I 
(tableCurrentAccount a).balance >- -10 

Process: 

Withdra'll 

InputData: 
a? : CurrentAccountId 
2UIIount? : Z 

SUbprocessesonEntitiea: 

Withdra'llQnCurrentAccount on CurrentAccount 

InputData:
 
a? : CurrentAccountld
 
aJlQunt? : Z
 

PrecQndit ions: 
(0) a? in knoll'nCurrentAccQunt 

BasicOperations: 

Modify Currenticcount 
Target: a? 
RecQrdOperation: Withdra'llQnCurrentAccountRecord 
InputData: 

a? : CurrentAccountId 
Preconditions: 
(0) a? in kno'llnCurrentAccount 
Ato.icOperations: 
balance by Withdra'llonbalanceofCurrentAccount 

InputData: a.ount? : Z 
Operation: 
(0) balance' • balance - a.ount? 

In this execution, the process Withdra.w is going to be checked. 

? run tool 

readspec filena.e/scheaa1ist/view n~/Yiev2 nu./ 
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checklist/expand nua/reduc~ nua/checkQk nua/end -) readspee banking.8pec 

Teadspec filena.e/acheaalist/viev nua/viev2 nual 
checklist/expand nua/reduce nua/cbeckot nlla/end 2) scheaaliat 

O. naaeofCuato_r 
1. 1I'ipotCwta.er 
2. CustoaerRecord 
3. CUsto.erTable 
4. balanceofAccount 
5, Accol1lltRllcord 
6. Accol1llt14ble 
7. balanceofCurrentAccount 
8. CurrentAccountRecord 
9. CurrentAccountTable 
10. balanceofDepositAccount 
11. balanceofDepositAccoUlltCoDstcaints 
12. depositOateofDeposi tAccount 
13. interestofDepositAccount 
14. DepositAccountRecord 
15. DepositAccountRecordCoDBtraintB 
16. Depo81tAccountTable 
17. DepositAccountTableCoDstraints 
18. IsOvnedByRelatioDship 
19. IsO'illedByCoDstraints 
20. CurrentAccountIsAccountRelstionship 
21. CurrentAccountIsAccountConstraint~ 

22. DepositAccountIsAccountRelationship 
23. DepositAccountIaAccountConstrainta 
24. CurrentAccountIaSubtypeofAccount 
25. DepositAccountIaSubtypeofAccount 
26. RuleofYip 
27. RuleofHonYip 
28. BantDB 
29. liithdrallonbalanceofCurrentAccount 
30. liithdrallonCurrentAccountRecord 
31. liithdrallonCurrentAccount 

readspec filen~e/sche.alist/yiellnu./vieIl2 nu./ 
checklist/expand nu./reduce nua/checkok num/end -) view 31 

liithdravonCurrentAccount 

I Delta CurrentAccountTable 
I a? CurrentAccountld 
I UO\U.lt? : Z 

1---------------
I a? in knovnCurrentAccount 
I knovnCurrentAccount' - knovnCurrentAccount 
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I exists Delta Current Account Record I
 
I a? 1-> theta Ci4"rentAccountRecord in tableCUrrentAccount 1\
 
I a? 1-> theta CurrentAccountRecord' in tableCurrentAccount' •
 
I IIi thdra'll'onCurrentAccountRecord
 
I { a? } «I tableCurrentAccount' • {a? } «I tableCurrentAcca~t
 

readspec filen~e/8cb8aalist/Yie.nua/vie'll'2 nual
 
~ecklist/expand nua/reduce nua/cbeckok Dum/end -> viev2 31
 

lIithdra'll'onCurrentAccount 

I InownCurrentAccount : F CurrentAccountld
 
I tableCurrentAccount ; CurrentAccountld -+> CurrentAccountRecord
 
I knovnCurrentAccount' : F CurrentAccountld
 
I tableCurrentAccount' : CurrentAccountld -+> CurrentAccountRecord
 
I a? : CurrentAccountld
 
I a-ount? : Z
 
1---------------
I kno'll'nCurrentAccount s do~ tableCurrentAccount
 
I knovnCurrentAccount' • do. tableCurrentAccount'
 
I a? in knovnCurrentAccount
 
I knownCurrentAccount' • knovnCurrentAccount
 
I exists Delta CurrentAcco~tRecord I
 
I a? 1-> theta CurrentAccountRecord in tableCurrentAccount /\
 
I a? 1-> theta CurrentAccountRecord' in tableCurrentAccount'
 
t WithdravonCurrentAccountRecord
 
I { a? } «I tableCurrentAccount' • { a? ) «I tableCurrentAccount
 

readspec filenaae/sche.alist/yiew nu./viev2 num/ 
checklist/expand nUA/reduce num/checkok nu./end ~> checklist 

O. on CurrentAccountIsAccountConstraints -not yet 
1. on CurrentAccountIsSubtypeofAccount -not yet 
2. on RuleofVip -not yet 
3. on RuleofRonVip -not yet 

Here we learn that these four are the constraints which could be violated by 
the process Withdraw. The first proof obligation is going to be expanded 
and checked. 

readspec 1ilenaae/sche.alist/yiev nu./viev2 num/
 
checklist/expand nu./reduce nqa/checkok nu./end _> expand 0
 

CurrentAccountIsAccountConstraints /\
 
Ii CurrentAccountIsAccountRelationship /\
 



--
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-• 

5: 
• 

I;; 
~

 
~

 



63 5.3. EXAMPLE OF EXECUTION 

readspec 1ilenaae/scbe.alist/viev nualviev2 nual 
checklist/expand nu./reduce nualcheckok Rum/end ~> reduce 0 

Please check the following declarations and predicates in RHS: 

O. do. CurrentAccountIsAccount' • knOVDCurcentAccount' 
1. ran CurrentAccountIsAccount' subseteq knovnAccount' 
2. CurrentAccountIsAccount' in CurrentAccountld >+> Accountld 

Sjnce all of these three predicates can be deduced from LUS here, the obli~ 

gation is 0 K. 

readspec filen~eJsche.alist/Yievnum/viev2 nua/ 
checklist/expand nua/reduce num/checkok num/end ~> checkok 0 

readspec filename/scheaali9t/viev nua/viev2 num/ 
checklist/expand nua/raduce nua/checkok num/end ~> checklist 

O. on CurrentAccountIsAccountConstraints -already OK 
1. on CurrentAccountIsSubtypeofAccount -not yo< 
2. on RuleofVip -not yet 
3. on Ruleof'onVip -not yet 

The next proof obHgation is going to be checked. 

r~adspec filenaae/sche.ali8t/viev nua/viev2 num/
 
checklist/expand n~/reduce nua/checkok nu-/end -> expand 1
 

CurrentlccountIsSubtypeoflccount /\
 
VithdrawonCurrentlccount /\
 
Xi lccountTable /\
 
Xi CurrentlccountIsAccountRelationship
 

1- CurrentAccountIsSubtypeofAccount' 

LRS 

knovnCurrentAccount : F CurrentAccountld
 
tableCurrentAccount : CurrentAccountld -+> CurrentlccountRecord
 
knownAccount : F Accountld
 
tabl~Account : Accountld -+> AccountRecord
 
Curr.ntAccountIsAccount : CurrentAccountld -+> Accountld
 
knovnCurrentAccount' : F CurrentAccountld
 
tabl.CurrentAccount' : CurrentAccountld -+> CurrentlccountRecord
 
a? : CurrentAccountld
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8AQunt? : Z 

ItnQvnACCOUDt' : F Accountld
 
tableAccoUDt' : Accountld -+> AccountRecord
 
CurrentAccountlsAccount' : CurrentAccountld -+> iccountld
 

knovnCurrentAccount • do. tableCurrentAccount
 
knovnAccownt • do. tableAccount
 
tableCurrentAccount ; (lambda CurrentAccountRecord I
 

theta AccountRecord) • CurrentAccountIsAccount ; table Account
 
knovnCurrentAccount' • do. tableCurrentAccount'
 
a? in knovnCurrentAccount
 
knovnCurrentAccount> • knovnCurrentAccount
 
exiets Delta CurrentAccountRecord I
 

a? 1-> theta CurrentAccountRecord in tableCurrentAccount /\ 
a? [-> theta CurrentAccountRecord' in tableCurrentAccount' t 
WithdravonCurrenticcountRecord 

{ a? } «I tableCurrenticcount' { a? } «I tableCurrentAccountE 

knounAccount' • do. tableAccount'
 
kno~nJccount' = knovnAccount
 
tableAccount' ~ tableAccount
 
CurrenticcountIsAccount' • CurrentAccountIsAccount
 

RHS 

I knovnCurrentAccount' : F CurrentAccountId 
I tableCurrentAccount' : CurrentAccountId -+) CurrentAccountRecord 
I knovnAccount' : F Accountld 
I tableAccount' : Accountld -+> AccountRecord 
I CurrentAccountIsAccount' : CurrentAccountId -+> AccountId 

1---------------
I knovnCurrentAccount' - do. tableCurrentAccount'
 
I knovniccount' - do. tableAccount'
 
1 tableCurrentAccount' ; (la.bda CurrentAccountRecord 0
 
I theta AccountRecord) = CurrentAccountIsAccount' tableAccount'
 

readspec filename/scheaalist/viev nua/viev2 num/
 
checklist/expand num/reduce nua/checkok nua/end ~> reduce
 

Please check the tollowing declarations and predicates in RHS:
 

O.	 tableCurrentAccount' ; (laabda CurrentAccountRecord • 
theta AccountRecord) • CurrentAccountIsAccount' ; tableAccount' 

Note that the first two predicates in RHS haw:? been eliminated by the com
mand reduce since they appear in LHS just as they are. 

In order to make the last one true, however, we find that another subpro~ 
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cess (on Account) is needed. The following specificatjon of the subprocess 
WithdrawonAccount js added to banking. spec with 'Already Checked' data 
and we have the new file banlting2. spec: 

li'ithdravonAc:count on Ac<:ount 

ScopeE: CurrentAccount
 
ScopeR: eurrentAcco~tI8Account
 

!nputOata:
 
a? : CurrentAccountId
 
aaount? : Z
 

PreconditioTUl: 
(0) a? in knownCurrentAccount 

BaaicOperatione: 

"odify Account
 
Targ'l!t: (CurrentAccountIsAccount a?)
 
RecordOperation: li'ithdravonAccountRecord
 
ScopeE: CurrentAccount
 
ScopeR: CurrentAccountIsAccount
 
InputOata:
 

a? : CurrentAccountld 
Preconditio!Ul: 
(0) a? in knovnCurrentAccount 
AtoaicOperationa: 
balance by li'ithdravonbalanceofAccount 

InputData: amount? : Z 
Operation: 
(0) balance' ,. balance - aaoWlt? 

AlreadyChed:ed: 
on CurrentAccountIsAccoWltConstraints 

The new specification is checked as follows: 

readspec filename/sche.alist/vie8 nu./vie82 nu./
 
checklist/expand nua/reduce nua/checkok nu./end :> readspec baniing2.spec
 

readspec filenaae/sche.alist/vie8 nu./viea2 nu./
 
checklist/expand nua/reduce nua/checkok nu./end -> checklist
 

O. on !e08nedByConstraints -not yet 
t. on CurrentAccountI&AccountConstraints -already 01 
2. on DepositAccountIsAccoWltConstraints -not yet 
3. on CurrentAccountIsSubtypeofAccount -not y.t 
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4. on De~sitAccountIsSubtypeoflccount -not yet 
S. on RuleofVip -not yet 
6. on RuleoflonVip -not yet 

Note that two additional obligations ha.ve appeared because of the neW sub
process on Account. 

readspec filenaae/scb/ilaalistlviev nua/viev2 nual 
cbectlist/upand nUJl/reduce nualchectoll RUJl/end w) el.pand 3 

CurrentAccountIsSubtypeofAccount 1\ 
Vitbdravoniccount 1\ 
VithdravonCurrentAccount 1\ 
Xi CurrentAccountIBAccountRelatioRship 

1- CurrentAccountI~SubtypeofAccount' 

LNS 

I knovnAccount : F AccountId 
I tableAccount : AccountId -+> AccountRecord 
I knovnCurrentAccount : F CurrentAccountld 
I tableCurrentAccount : CurrentAccountJd -+> CurrentAccountRecord 
I CurrentAccountIsAccount : CurrentAccountid -+> AccountId 
I knovnAccount' : F Accountld 
I tableAccount' : AccountId -+> !ccountRecord 
I a? : CurrentAccountld 
I a.ount? : Z 
I knovnCurrentAccoUht' : F Current!ccountId 
I tableOUrrentAccoUht' : Current!ccoUhtId -+> CurrentAccountRecord 
I CurrentAccoUhtIaAccount' : CurrentAccountId -+> lccountJd 

1------,--------
1 knovnlccount • do. tableAccount 
I knovnCurrentAccoUht • do. tableCurrentAccoUht 
I tableGurrentAccoUht : (l~bda CurrentAccountRecord • 
I theta ACCOUhtRecord) ~ CurrentAccountlalccount j tableAccount 
1 knovnAccount' • do. tableAccount' 
I a? in knoanCurrentAccount 
I ltnovnAccount' .. ImovnAccount 
1 exists Delta AccoUhtRecord 1 
I (CurrentAccountlaAccount a?) 1-> theta AccountRecord in t~bleAccoUht 1\ 
I (CurrentlccountIsAccount a?) 1-> theta lccountRecord' in tableAccount' • 
I WithdravonAccountRecord 
I { (Current Account Is Account a?) } «I tablelccount' = { (CurrentAccountIsAccoun 
t a?) } «I tableAccoUht 
1 knovnCurrentAccoUht' • do. tableCurrentAccount' 
I knovneurrentAccount' • knovnCurrentAccount 
I exists Delta CurrentAccoUhtRecord I 
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a? 1-> theta CurrentAccountRecord in tableCurrentAccount 1\ 
a? 1-> theta CurrentAccountRecord' in tableCurrentAccount' • 
Withdra.onCurrentAccountRecord 

{ a? } «I tableCurreotAccount' • { a? } «I tableCurrentAccount
 
CurrentAccountIsAccount' - CurrentAccountlsAccount
 

RHS 

I knovnAccount' : F Accountld
 
I tableAccount' : Accountld -+> AccountRecord
 
I tnovnCurrentAccount' : F CurrentAccountId
 
I tableCurrentAccount' : CurrentAccountId -+> CurrenticcountRecord
 
I CurrentAccountIsAccount' : CurrentAccountld -+> lccountld
 
1---------------
I knovnAccount' • do. tableAccount'
 
I knovnCurrentAccount' - do~ tableCurrentAccount'
 
J tableCurrentAccount' ; (la.bda CurrentAccountRecord •
 
t theta AccountRecord) • CurrentAccountI£Account' tableAccount'
 

readspec filena.e/scheaalist/view nua/viev2 nu./ 
checklist/expand nua/reduce nua/checkok nu./end -> reduce 3 

Please check the follow ins declarations and predicates in RHS: 

o.	 tableCurrentAccount' ; (la.bda CurrentAccountRecord , 
theta AccountRecord) • CurrentAccountIsAccount' ; tableAccount' 

Now we can deduce this from LHS and tick the obligation No.3. 

readspec filena.e/scheaalist/view nua/viev2 nua/ 
checklist/expand nua/reduce nua/checkok nua/end -> checkok 3 

Similarly, we can proceed towards the correct specification of Withdraw by 
checking the remaining proof obligations. although we stop here. 

readspec filenaae/scheaalist/view nu./viev2 nua/ 
checklist/eIpand nua/reduce nua/checkok nua/end ~> end 

(125.28 + 2.20 CPU seconds, 183876 reductions, 916444 cells) 

7 



Chapter 6 

Conclusion 

In this chapter, after summarizing the result of our work in the area of busi
ness process specification, some remaining problems and several directions 
for future work are proposed. 

6.1 Summary 

Business processes can be specified in Z based on the structure of an Entity
Relationship (Eft) data model. The purpose! is to make the specification not 
only formal enough to reason rigorously about. but also declarative and so 
simpler to understand. 

The interdependency among three things (the database integrity con
5tra.int~, the business process and its precondition) has been explored. One 
approach to making the interdependency clear is to obtain the precondi
tion of the process from the other two by schema calculation in Z. This 
seems quite simple and attractive in explaining the interdependency. Unfor
tunately, however, some weakness attached to the precondition calculation 
have been recognized (See Section 4.1). We take another approach in which 
the precondition is dealt with in a VDM~like manner, i.e. a precondition 
which has been found is written explicitly in the process specification so as 
to fulfil a proof obligation. 

As a consequence, a much better way of doing the specification activity 
has been found and a support tool for the activity has been desigued. 

More precisely, the results of our work are as follows: 

• A specification	 method for business processes has been proposed, in 
which a business process is specified as a collection of basic operations 
of three types (Le. Modify, Insert or Delete) on en ti ty records or 
relationship links in an ER data model. 
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•	 A method for translating the process specification into Z has been 
proposed, which rnake5 the specification more formal and uncovers 

some hidden consequences. 

•	 A method for ensuring the correctness of the specification has been 
proposed, in which we can proceed towards the correct specification 
finding preconditions by checking a series of proof obligations in a 
bottom-up manner. 

•	 A support tool for the specification activity has been proposed, a pro
totype of which has been developed. 

6.2 Remaining Problems 

6.2.1 HeI Consideration 

So far we have ignored the existence of Human Comput.er Interaction (HeI) 
ill the business processes. However, even in the business application domain, 
it is likely to be necessa,ry for us to spedfy the Hel in an appropriate manner. 

For example, the process HouseholderMoveOut in the city office system 
in Section 4.8 is specified to get a Personld as input data because the ne\v 
householder must be specified. However, we seldom input such an In number 
directly partly because it is troublesome and partly because we do not (and 
need not) know the ID number in some cases. Instead, H is more likely 
that firstly the system would show the list of persons in his/her family, and 
then we would choose one person from the list by inputting the associated 
number or clicking on a mouse. 

One jdea in taking the HCr into account is to separate two concerns: the 
declarative specification and some specification for the dynamic behaviour 
of the system including HCI. We can regard the declarative specification as 
a total set of requirements and break down the set into some subsets, each 
of which specifies the effect of operation during each interaction cycle. 

In order to describe the dynamic beha,viour. we need some appropriate 
specification tool besides Z. 

6.2.2 Output Consideration 

We have also ignored the output processes of business systems. To specify 
the output processes, we must investigate the following problems: 

•	 Periodical and/or statistical processing 

•	 Triggers for such processes 
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• Requirements on some sequential order of output data 

etc. 

6.3 Future Works 

6.3.1 Code Generation 

If our specification method is both powerful enough to express most kinds of 
user's requirement and formal enough to manipulate mechanically, we might 
also wish for program code to be generated from its specification. 

Moreover, since the precondition of a business proce8oS can easily be ob
tained hi" our method as explained in Chapter 4, it seems more feasible to 
generate a code, of the form: 

IF (Precondition) THEN (AilOp€rations) ELSE (ErrorHandiing) 

In fact, however, there are lots of implementation details which we have 
to decide in implementing business systerns. Therefore, it is important to 
identify which part of the system can be generated and which part ca.nnot. 

One interesting problem in code genera.tion is how to serialize the sub· 
processes of a certain process. 

As we have seen so far, a business process is specified as a set of several 
parallel subprocesses. When these subprocesses can be executed in parallel, 
there might be no problem. However, in the case when we try to implement 
them in some procedural language, the problem of serializing arises. 

Aetnally, there is a possibility that one subprocess refers to many records 
in a database while another subprocess happens to refer to almost the same 
set of records. In such a case, it is obviously better to mix these two subpro
cesses so that they can share the data, the procedure to search the data and 
the time in searching. In other words. there is alot of room for optimization 
in serializing subprocesses. 

Fortunately, an algorithm to compile nonprocedural specifications into 
procedural programs js known [Prywes &: Pnueli 83J. \Ve can hope that 
the same algorithm can be applied also to the present problem with slight 
modificatjon. 

One thing that we must notice is the fact that in our specification of 
subprocesses in Z the declaration part of schemas may contain sufficient 
information for a, compiler or a human to analyze the optimization of the 
database accesses without considering the predicate part of the schemas. 
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6.3.2 Animation of Specification 

Even jf code generation for a. real system might be too difficult a challenge, 
it is perfectly possible to generate the Source code for an animation tool by 
which the user ca.n check whether the specifica.tion is desira.ble or nol if our 
specifica.tion method js powerful enough to express any requirement for such 
a.n a.nima.tion tool. In other words. we ma.y ha.ve a. tool generator. 

One interesting theme here is to find whether it is possible or not to 
specify the tool generator itself in our specification method. If it is possible, 
the tool generator can generate itself. Furthermore, we may expect the tool 
generator to generate even a. better one than itself! 
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Appendix	 A 

Syntax	 of Specification Files 

The notation used	 to describe the s.vntax is as follows: 

nontaminal non terminal
 
"literal" literal
 
[pattern] optional
 
(pattern) zero or more repetitions
 

Syntax 

In the syntax below, any specific literal. word, iel, item, or comma_list must 
be separated from others by one or mOrc blank spaces. A blank space is a 
space, tab or newline character. 

$pec --+ commetlt	 "DBHam@:" db_spec
 
"Process:" pr_sper
 

comment _(word) 

db-spec -- dbrlame	 "Entities:" willies
 

["Relationships:" rdatwtl.shlpS]
 
[uDBlntegri tyConstrainta:" Integritles]
 

dbrwme -.. Id 

entihes	 ---- en/zly (entity) 

entity ~	 ent,ly_nlw1f "Attributes:" attnb·utes 
["RecordConstraints:" recoTYLconstraints] 
["TableCoustrainta:" table_constraints] 

_ ,d
fnilly_nam(; 

atlnbutes	 ........ attrlbu~f; lattnbute)
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attribute ~ aUnbn/e_name":" aHn'bute_type 
["A t tribut eCons traints:" attr.bute_ionslra,nts] 

attribute_name ~ id 

aH7-ibute_type ...... erpre,ulon 

attribute_constraints ...... predicates 

record_constraints _ predicates 

table_constraints -- predtcates 

prcdicates predicate Iprtd,Calel 

predicate iltm erpresslOn 

erpresslOn _ word fword) 

relationships ...... relatIOnship IrelallOllsnip) 

relationship relationship_name ":" detail_name "-+>" master_name 
"Type:" correspondence_type 
["Constraints:" constraints] 

relationship_name ...... id 

defal'-name ...... id 

master_name ...... td 

correspondence_type -- "One toOne" I "OnetoOptionalOne" I 
"OptionalOnetoOne" I "Opt ionalOnetoOpt ionalOne" 
"Ma.nytoOne" I "ManytoOptionalOne" I 
"Opt ionalManytoOne" I "OptionalManytoOptionalOne" 

mtegritles ...... mtegrlty (integrity) 

integrity __ zntegnly_name":" 
["ScopeE:" entlly_name_llS!] 
I ''ScopeR:'' reJaflollsn:p_name_lt ...,t] 
·'Constraints:" con5/ramt5 

wtegrity_name ...... Id 

cntity_name_Jist ...... comma_lut Icomrrw_list I 
relationship_name_llst.-.. comma-l,sl Icomma_llstl 

pr_spec	 prname 
["InputData:'" 'npuLdata_llst] 
["SubproceaseaonEntities:" sublH"ocessesonE] 
["SubprocesaesonRelationships:" subpro('e5.~e.~onRJ 

["GlobalPrecondi tions:" globaLprecondltlOns] 
I"UreadyCbecked:" already_checked] 
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prnarne -id 

mpuLdata-lillt - input-data linpuLdata) 

inpuLdata _ variable_name ":" variable_type 

variablt_narne _ id 

variablf_type _ exp~ssion 

lJUbprocessesonE _	 suhprocessonE IsuhprocessonEI 

subprocessonE _	 suhproCt'.ss_name "on" entity_name
 

["ScopeE:" entity_name_lut]
 
["ScopeR:" relalionship_name_listJ
 

["InputData:" inpuLdala_fist]
 
["Preconditiotl,s:" precondttio1lS]
 
"BasicOperatiolls:" basic_cps_onE
 

subprocess_name _	 rd 

precondition!! _	 predicates 

ba.~IC_ops_onE - haslc_op_onE (baslc_op_alIE) 

baslc_op_onE _ update_type enhtY_llame 

(inter/ace] 
"Target:" targeLrecord 
["RecordOperation:" recorrLop1 

update_type _ "Modify" I "Insert" I "Delete" 

inlerface - expreSSllJn 

targeLrecord - expresSIOn 

recorrLop	 record_op_name
 

["ScopeE:" entity_name_lull
 
["ScopeR:" relaliollshJp_name_list]
 
["InputData:" illput-data_list]
 
["Preconditions; '< preconditlOllsJ
 
"AtomicOperations:" atomlc_ops_onE
 

nxord_op_name -. id 

atomic_ops_onE -- aJomic-op_onE latomlc-op_onE) 

atomic_op_onE	 attrihute_namt "by" atomic_op_name
 

["ScopeE:" entity_name_list]
 
[UScopeR:" relatiollship_name-list]
 
["InputData:" input-datO-llst]
 
["Preconditions:" preconditions]
 
"Operation:" predicates
 

atomic_op_name __ ld 
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sbbprocesafsonR --> subproces8onR Isu6processonRI 

subprocessonR -.	 snbproCfJl8_name "on" relationship_name
 
["ScopaE:" entity_namcli8t]
 
["StopeR:" relaiionship_name-list)
 
["InputData:" input-data_listJ
 
["Preconditiona:" precondItions]
 
"BasicOpera.tiona;" basic_ops_onR
 

ba8ic_ops_onR _ basic_op_onR Ibasie-op_onRI 

basic_op_onR _	 update-type rflatlonship_name 
"DataforUpdat8:" data_for_updale
 

data_for_update __ expression
 

globaI_precondition8 ~ globaLpreconditlo'l Ig/o6aLpreconditioll) 

globaLprecondition - precondition_name "::"
 
("ScopeE:" entity_name-fist]
 
["StopeR:" relatlonshlp_name_Jist]
 
["InputData :" input-data-/ist]
 
"Preconditions:" precondilioRa
 

preconditIOn_name	 -. id 

already_checked _ checked_constraint Iched:ed_constraintl
 

checked_constraint ~ "on" cOllstraznt_name
 
["by" operation_name] 

constrainLname _ Id 

operation_name _ id 

Lexical Grammar 

Within word, item, comma_list. or id below. any literal, letter. digit, or 
noLblank_space_char must not be separated by any blank spaces. 

word _ noLblank_spacLchar InoLblank_spacLchar) 

item _ .. (" digi~ Idigitl "Y 

comma_list - id I"," idl (","] 

id ...... letter Ild~er I digit I "-" I 



Appendix B 

Orwell Source Code 

Syabols for Z Rotation (These can be changed if necessary.) 

> syabolForfinite_set '" "F" 
) syabolFo~eabership_op ... "in" 
> syabolFarset_union .. "cup" 
) sy.bolforspot .. "f" 
) ByabolFo~aplet .. "1->" 
> syabolForpartial_function ., "-+>" 
) llyabolForpartial_injection .. h>+>" 
) syabolFordoa_anti_cestriction .. "« I" 

Rule for naming Z ache.as (These can be changed if necessary.) 

> .akeAttrSche.aJ~e sntityHaae attributeName 
> .. attributeNaae ++ "of" ++ entityHaae 

> aateAttrConstsScheaalaae entity»aae attributeNaml!! 
> • aateAttrScheaaJUle entityNaae attributeXaae +-+ "Constraints" 

) aakellecordScheaaJaae entityllame .. ent i t11aae ++ "Record" 

> aakeRecordConetsScheaaHaae entit11aae 
> .. aa.keRecordScheaalu.e entitylfa.e ++ "Constraints" 

> .akeldWaJle entityla.e '" entityNu.e ++ "Id" 

> .aleKnovnllaJIe entitylfa.e .. "mown" ++ entitylfu.e 

> aakerabIeN_e entityl_e .. "tillble" ++ entitylfaae 

> .a.keTableSche.aIfUie entitylfu.a .. entitylfu.a ++ "Tabla" 

> .akeTableConstsSche.alu.e entitylfaJIe 

78 
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) ••aieTableScheaalaae entitylaae ++ "Conatraint~" 

) aakeRella.e relationahipNaae - relationehipKaae 

) .ali:eRl:llSch_alaae relationehiplaJIe • relationsh1pllue ++ "Relationship" 

> aueRelCQnstsScheaalaae relatioDBhiplue • relationahipllue ++ "Constraints" 

> aali:eIntegSche.aJaae integritylaae • integrityKaae 

Data structure 

Coaaon data structure 

> lIord =- [char) 
> naaeType -= lIord 
> expressionType -= [aord] 
> typeType =- eIpressionType 
) predicateType ~. expressionType 

Global sate 

> state c~ (dbST, prST, BeST, <:151) 

> initialstate - (dbO. prO, seO, cl0) 

Data on DB 

) dbST.~ (dbnaaeST. entitiesST, relationshipsST. integritiesST) 

> dbnaaeST """ DillieType 
> entitiesST -- [(naaeType. eotityOata)] 
> entityData ~. (attributesType. recordConstsType. tableCoDstsType) 
> attributesType -- [(naaeType. typeType. constraintaType)] 
> recordConstsType .. constraintsType 
> tableConBtsType .~ constraintsType 
> constraintsType .~ [predicateType] 

> relationahipsST _. [(naaeType. relationBhipData)] 
> relationshipData .- (detail£ntityKaaeType ••asterEntityXa.eType. 
> correspondenceType. constraintsType) 
> detailEntityRaaeType =. naaeType 
> .asterEntityBaaeType .~ na.eType 
> correapondenceType ::- OnetoOne I OptionalOnetoOne I OnetoOptionalOne 
> OptionalOnetoOptionalOne I ManytoOne I 
> OptionalKanytoOne I ManytoOptionalOne I 
> OptionalKanytoOptionalOne 

> integritiesST •• [(naaeType, integrityData)] 
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:. integrityData .. (scopeEType. 8copeRType, cODstraintsType)
 
:. BcopeEType - (nBaeType]
 
:. scopeRType" [nu.Type)
 

> dbO .. ("", D, n, 0) 

Data on Process 

> prST  (prnaaeType. inputDataType, subprocessesonEST. 8ubprocessesonRST. 
> glob~PreconditionsST• .IreadyCheckedST) 

> pm_eType -. D••Type
 
> inputDatafype - (naaeType, typeType))
 
> sUbprocessesonEST •• [(naaeType, eUbprocesBonEData)]
 
> 8ubprocessonEData •• (entityWa.eType. BcopeEType, scopeRType. inputDataType,
 
> preconditionsType. [basicOperationonEType])
 
:. entityHa.eType nueType
_2 

> preconditioneType •• [predicateTYpeJ
 
> basicOperationonEType •• (updateType, interfaceType. targetType.
 
> (recordOperationType])
 
> updateTyp8 ::- Modify I tnsert I Delete
 
> inter1a,eType •• expreseionType
 
> targetType 2m e~pre8sionType
 

> recordDperationType •• (naaeType, scopeEType. scopeRType. inputDataType.
 
> preconditionsType, atoaicOperationsST)
 
> ato.icDperationsST .. (attributQRaaeTypB, naaeType. ato~icOperationType)]
 

> attributeRaaeType •• naaeType
 
> atoaicDperationType .. (scopeEType. scopeRType. inputDataType,
 
> preconditionsType. operationType)
 
> operationType - [ex.preesionType)
 

> subprQcessesonRST •• [(naaeType. eubproceeeonRData») 
> subproces8onRData •• (relationahiplaaeType, scopeEType, ecopeRType. 
> inputDataType, preconditionsType, 
> [baeicOperationonRType) 
> relationshipBaaeType •• naaeType 
> baeicOperationonRType .a (updateType. dataForUpdateType) 
> dataForUpdateType •• expressionType 

> globalPreconditionsST •• [(naaeType, globalPreconditionData)] 
> globalPreconditionData - (scopeEType, ecopeRType, inputDataType. 
> preconditioneType) 

> alreadyCheckedST ~ [(constraintl~eType. [operationlaaeType)] 
> constraintla.eType .2 nameType 
> optrationlaaeType •• naaeType 

> prO' ("'''. O. D. [J. [J. 0> 

Data on Scheaas 
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) 8eST -- (sche.aliatST. 8~pandedSche.ali8tST) 

) sche.aalis'tST - [(na-eTyp8. 8cheaaType)]
 
) sche.aaType . (inclType. declType, predType)
 
) inclType "'" [scheaaRefType)
 
) sche.aRefType .. (dellaType, naaeType, pri.eType)
 
) declType [(naaeType, t)'JWIType)]
 
) predType [prediclllteType]
 

) expandedScheaalistST •• [(naaeType. ache_.Type)] 

> dehaType ::2 Delta Ii I JoDella 
> pri_eType ::- Pri.e taPri.e 

> seD" ([]. []) 

Data on Checklist 

> ciST ~.. [proofObligationDataJ 

) proofObligationData •• (constraintNaaeType, [operationH~eType]. 

) [schemaRefTypeJ. okflagType) 

) okflagType ::- Ok I lotyet 

>clO-[] 

Function 

ReadSpec 

) readSpec f ilenaae
 
) .. (db. pr, se, c1)
 
) where (db, prJ .. (parser. scanner> (fHein filen..e)
 
) sc-([],[])
 
) cl-(] 

Syntax Analyser 

> scanner :: [char] -) [vord] 

) acanner" filter (-.[]) foldr (breaionBet [' '\n', '\t']) [0] 

) breakonset a5 x xss • [[]] ++ xss, if x Sin as 
) • [[x] ++ hd :l:5s] ++ tl ](515, otherwise 

) parseonset as ~ filter (-.[]) . foldr (breakonset as) [[]] 
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> breakoneeq (ue. [) x 
> .. (iDit UIB ++ [last us ++ [x]]. []) 

> breuoDseq (:1:88. (a:as» 1 
> .. (xes ++ [OJ, as), if]l." a 
> ., (init xes .,.+ [last xee ++ (x)). (a: as». o'thervise 

> pareeonseq ae .. fat . f oldl breakonseq ([ [)]. as) 

> plU"BEloncoaaa_liet .. filter (--[» . foldr (breakon '. 'J [[)) . 
> .aieliet "." 

X> par88onco_&-1iet .. filter (~.[]) . foldr (breakon '.') ((]] . cancat 

> breakonn n (] .. [J
 
> breakohn n ('II':ve) .. take n ('11':'11'9) breakonn n (drop n ('II':vs»
 

> parsedd eq VB
 

> "' (hd ('II'BS!O), vss!I)
 
> I 1188 <- breakorul 2 (trans (foldr (breatoD eq) [[J] lIS»)
 
> where trans [id1, lieU] .. [idt. liett]
 
> trans (idl:!ist1::n:xss) '" idl:init listl:trans ([last list1]:l:s:2:89)
 

> breakonitelll I I88 .. [[]] ++ ISS, if itellfon I 
> .. [[I] ++ hd xss] ++ tl X88. otherviee 

> ite.fon- x .. (.x >.. 3 1 hd ]I. .. '(' t last x .. ')' * all iadigit Ctl (ini't x») 

> isdiglt P '" ('0' <'" P 1 P <- '9') 

> pars~onitem filter (-.(]) . foldr br~akonite. [[]]d 

> breakonseq2 (xss, as) x 
> • (xss ++ [[x]], tl (dropwhile ( •• x) aa», if x tin as 
> .. (init xss ++ {last xss ++ [x]], as), otherwise 

> parseonlabel all '" filter C .. []) . fat foldl breutmseq2 ([[J] , as) 

> pareeaftsrlabel label postparser vss 
> d [], if ·(label tin (map hd vss») 
> '" postparser (tl (hd [ws2 I w82 <- wes: hd 1Is2 I abel]»), otherwise 

ParSli!r 

> parser 1IS • (parse_db (vss ! 1),
 

> parse_pr (ves ! 2»)
 
> 1Ihere 1ISS .. parsBons&q ["DBllaJle:", "Process:"] 1Ia
 

> parse_db vs • (dbnaJIe, entities, relationships, integrities)
 
> where vss" parseonlabel ["Entities:", "Relationships:".
 
> "DBlntegrityCoNitraints: n] va
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, dhnaa@ • hd VB , entities .. parseafterlabel "Entities:" parse_entities wss , relationships - parseafterlabel "Relationships:", parss_relationships wee , intetj:rities .. parseafterlabel "DBIntegrityConstraints:", parse_integrities wss 

) parse_ent ities va • [(name, parsB_antityData &,82) I 
) (name. &,82) <- parsedef "Attributes:" VB] 

> parsB_entityData WB • (parse_sttributes (W8B ! 0),
 
> recordConats.
 
> tableConats)
 
> where "IlSS = parseonlabel ["Recordeonstramts;". "TableConstraints: "J liB
 
> recordConsts .. parseafterlabel "RecordConstraints:"
 

> parse_predicates WBB
 

> tableConsts "' parseatterlabel "TableConstraints:"
 
> pars8_predicates vss
 

> parse_attributes VB .. [parse_attribute name vs2 I , (name, "s2) <- parsedef ":" 11'8] 

> pars8_attribute naae va a (name, type, attrConats) 
> where vas· paraeonset ["ittributeConstrainttl:"] vs 
> type • VS9 ~ 0 
> attrConsta = 0, if • vss <- 1 
> parae_predicatea (vas! 1), otherviseEO 

> parse_predicatea • paraeonitea 

> parse_relationships V9 • [(name, parge_rslationshipOata vs2)1 
> (nails, "s2) <- paraedef ":" va] 

> parse_relationahipOata va ~ (detail. maater, corType, consts) 
> where vaa • parseonaeq [aYJIboIForpartial_fU1lction, 
> "Type:", "Constrainta:"] vs
 
> detail" hd (wss ! 0)
 
> .aster .. hd (vss ! 1)
 
> corType ., OnetoOne, if hd (vss ! 2) = "One toOne" 
> .. OptionalOnstoOne, if hd (vss ! 2) ~ "OptionaIOnetoOne" 
> .. OnetoOptionalOne, if hd (vss ! 2) .. "OnetoOptionaIOne" 
> .. OptionalOnstoOptionalOne, 
> if hd (vss ! 2) '" "OptionaIOnetoOptionalOne" 
> .. PlanytoOns. if hd ("ss ! 2) .. "PlanytoOne" 
> • OptionalPllanytoOne, if hd (vsa ! 2) .. "OptionaIPlanytoDne" 
> PlanytoOptionalOne, if hd (vsa ~ 2) .. "PlanytoOptionalOne"EO 

> .. OptionalPllanytoOptionalOne, 
> if hd (vss ! 2) "OptionaIPlanytDOptionaIOne"0= 

> conats [], if' "a8 <= 30= 

> .. parse_predicatea (vas! 3), othervise 
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> parse_integrities va • [(naae. pare8_integrityData 1'82)1 
> (nails. ve2) <- pare8def ";" va] 

> pars8_inugrityData '11'8 • (scapeE, BeapeR. conlta) 
> where 1'88 • parseonlabel ["Sc.opeE:", "ScopeR:". "Constraints: "] VI!! 
> ecopeE. paraeafterlabel "ScapaE:" pU"s8onco..a_list 1188 

> BeopeR • parssafterlabel "ScopeR:" pllreeonco..a_liat 'US8 

> COlUlts. parseafterlabel "Constraints:" pars8_pt"edicate6 '1'88 

> parS8_pr 11'8" (prnaae. inputData. lllubprsonE. BubprsonR. globalPres. alreadyCh) 
> 'lihere V88 • par8li1lmlabel ["InputData:". "Subproc8s8eeonEntities:". 
> "Subproce88seonRelationshipe:". 
> "GlobalPrec.ondi tions:". "AlreadyChecked: ") 1'5 
> prna.lle • hd V8 

> inputData • pareeafterlabel "InputData:" parse_inputData vss 
> 8ubprsonE .. pareeafterlabel "Subproc.esseaonEntities:" 
) pars8_aubproc.essesonE 8S8 
) subpraonR .. paraeafterlabel "SubproceeeeaonRelationahips:" 
) parae_aubproce.8esonR 8a8 
) globalPre3 .. paraeafterlabel "GlobalPreconditiona:" 
) parae-810balPreconditions 8~S 

> alnladyCh '" parseafterlabel "AlreadyChec.ked:" 
> parae_alreadyChec.ked 8SS 

> parS8_1nputData va .. paraedef ":" 8111 

) paree_8ubprocesaeaonE 8S ~ [(na-e, parse_subproceaeonEData 8s2) I 
) (naae, 8e2) <- parsedef "on'" 8S] 

) paree_subproc.eaaonEData 8a - <entitylaae, 8copeE, acopeR, inputD, pres, 
) basicOpe) 

> 8here 8aa .. paraeonlabel ["ScopeE:". "Sc.opeR:", "lnputData:". 
> "Precondi tions:", "BasicOperat ion.a: "] 83 
> entitylaae .. hd 8S 
> scopeE" parseafterlabel "ScopeE:" parseoncoaa_list vss 
> scopeR" parseafterlabel "ScopeR:" paraeonco..a_list 8as 
> inputD .. parseafterlabel "InputData:" parllle_inputData vaa 

> pres'" paraeafterlabel "Preconditionlll:" partle_predicatea 8aa 
> basicOpe .. paraeaHerlabel "BaaicDp4rations:" 
> (parse_balllic.DpaonE entityRaae) 8sa 

) parae_basicDpaonE entityNaae 8S '" (parae_baaiC-OponE update 8821 
> (update, 882) <- paraedef entitylfaae va] 

) parse_basicOpenE update 1It1 .. (parae_update update, 
> interfac.e, target, recordOp) 
> 8here 8sa - paraeonaeq ["Target: ", "RecordDperation: "] liS 
> interface" 8Slll ! 0 
) target .. 8as ! 1 



> re<:ordOp" D. it • lise <- 2 

> .. [parse_recordOp (~B8 ! 2)J. otherviee 

> parBe_update update .. Jlodify, if upda.te • "Modify" 
> .. Insert, if update • "Insert" 
> .. Delete. if update .. "Delete" 

> parae_recordOp 118 .. (nue, scopeE, scopeR. inputO. pres, ato.ic:Ope) 
> IIhere vse .. parseonlab41 ["ScopeE:". "ScopeR.:". "InputData: It. 
> "Preconditions:". "Ato.icOperation8:"] VB 

> nue .. bd 11.8 

> scopeE .. paraea1terlab81 "ScopeE:" parBeonco_a_list ns 
> scopeR." parseafterlabel "ScopeR:" parlleonco_a_list us 

> inputD .. parsea1terlabel "IuputData:" parse_inputData lUIS 

> pres" parsea:tterlabel "Preconditions:" parae_predicates ... 
> ato.ieOp... parseafterlabel "Ato.icOperatioDs:" 

> parse_ata.ieUps IISS 

> parse_ato~icOps 118 .. [parse_ate.jeOp attrName 11821 
> (attrll'aae. '11'82) <- parsede1 "by" 'II's] 

> parse_ato.icOp attrNaae 'II'S .. (attrNaae. naae, 
> (scopeE, scopeR, inputD. pres, ops» 
> where 'II'SS • parseonlabel ["ScopeE:", "ScopeR: tI , "InputData:", 
> "Precondi tiona:", "Operation: tI) V8 

> naPe • hd VB 
> scopeE • parsea1terlabel "ScopeE:" parseonco_a_liet IISS 
> scopeR • parseatterlabel "ScopeR: It parl5eoncoJlllls_list IISS 
> inputO - parseatterlabel "InputData:" paree_inputDatl"'ss 
> pres. parsea1terlabel "Preconditions:" parse_prediclte.ll 'II'es 
> ops - parse<1!lfterlabel "Operation:" parse_predicates IllS 

> parse_$ubprocessesonR ...s = [(naae, parse_subprocessonRData ...s2) 1 
> (nue, v92) <- parsede1 "on" liS] 

> parse_BubprocessonRData 'll'S - (relNa.e, scopeE, scopeR, inputD, pres, 
> bssicOps) 
> Ilhere 'll'SS - parseonlabel [tlScopeE: " , "ScopeR:", "InputData:", 
> "Precondi tions:", "BasieOperations: It] ...s 

> rellfaae .. hd lIa 

> scopeE .. parsea1terlabel "ScopeE:" pareeonco_a_list vss 

> BeepeR • pargea1terlabel "ScopeR.:" parseonco_a.list vss 

> inputD· pi!lI"sea1terlabel "InputData:" parse_input Data vss 
> pres" parseatterlabel "Preeonditions:" parse.predicates vss 
> basieOps" parsea:fterlabel "BasicOperation.e:" 
> (parse_basicDpsonR relNale) vss 

> parse_baBicOpsonR rli!1lue u - (paru_basicOponR update '11'821 
> (update, ve2) <- parsedet rellfaae vs] 
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> parae_basicOponft update 118 • (parse_update update, data1orUpdate) 
> where "S8 • parseoruleq ("Data.lorUpdate: "l V8 
> datalorUpdate .. VB8 ! 1 

> parse_slobalPreconditiona 118" [(na.e, parse_globalPreconditionData '1182)1 
> (nue. 11'82) <- parsedef "::" va] 

> parse_slobalPreconditionData VB .. (scopeE. !leapeR. inputD. pres) 
> where VS8" parseonla.bel ["ScopeE:". "ScopeR:", "InputData:". 
) "Preconditions:") '11'8 
> scopeE • parseafterlabel "ScopeE:" parseonco_a_list 11'88 

> BcopeR • parseafterlabel "ScopeR:" parseonco_a_l iet vas 
) inputD" parseafterlabel "InputData:" parse_inputData II'S8 

) pres" parseafterlabel "Preconditions:" parse_predicates WeE 

> parse_alreadyChecked VB 
> .. [parse_ac 'ils21 
> 'ils2 <- (filter C-[]) . foldr (breakon "on") [(]]) vs] 

> parse_a, vs • (eonstNa.e, opKaae) 
> "here vss • parseonseq ["by"] vs 
> eOIUltRaae .. hd (vss ! 0) 
> opla.e • [], if I vss <
> • [hd (ves ! 1)]. otherwise 

Sehe.a generator 

> generateSehe.as :: state -> state 

> generateSehemaa • generatePr . generateOB , generatelntegrities 
> generateRels . generateEnti ties 

) generateEntities :: state -) state 

) generateEntities (db, pr, (seheaalist, expandedSchemalist). el) 
) .. (db, pr, (seheaalist', expandedScheaalist), el) 
) .here (dbnaae, entities, rels, integs) • db 
) seheaalist' .. eoneat (aap generateEntity entitiee) 

) generateEntity (entNaae, (attrs, reeConsts, tableConsts» 
) .. eoneat [generateAttribute entHa.e attr 1 attr <- at~rs] ++ 
> generateReeord entRaae attrs reeConste ++ 
) generateTable entRaae reeConsts tableConats 

> generateAttribute entRaae (attrHaae. type, attrConsts) 
> • [aakeAttributeSeheaa entHaae (attrMaae, type)] ++ 
> eonsteSeheaa 
> vhere eonstsSeheaa .. O. if attrCoIUlts .. n 
) • [aakeConstraintsScheaa 



> (.akelttrConatsScheaalaae entla.e attrla-e) 
> (aake.lttrScheaaJIUlEl <entlfUle attrlaJIe) 

> attrConsta). otherwise 

) aakeAttributeScheaa entNaae (attr.aae. type) 
) = (scheaalaae. (incl, deel. pred» 
) _hare scheaalUle • aak<e.lttrSchemalaJIEl entBUlEI attrlaJIe 
) incl· 0 
) decl • (attrlfa.e, type)] 
) pred-O 

) aakeConatraintsScheaa nUle baaela.. conate 
> • (scheaaH_e, (incl. deel, pred» 
) where sch<l!llaRaae - nUle 
) incl. [(loDelta, baseNaae, toPri.e)] 
> deel '" [J 
) pred • cORats 

> generateRecord entNaJle attrs recConats 
> = (aa.keRecordScheaa entlfUlEl attrs) 
> CORstsSchella 
> where constsSchema '"' [J. if recCoRsta • [] 
> .. (llakeConstraintsSchella 
> (.akeRecordConstsScheaalaJIEl enU'aJle) 
> (lIlakeRecordSchemaNUlEI entlue) 
) recCoRstS]. otherwise 

> 

> aakeRecordScheaa entlfaae attrs 
) .. (scheuJaae, (incl, decl, pred» 
) IIhere scheaala.e .. aakeRecordScheaala.e entlhUlle 
) inc! • [(NoDelta, 
) attrSchemaorConstsSchema entHa.e attrla.e attrConsts, 
) loPriae) J 

) (attrNaae, type, attrConsts) <- attrs] 
) decl '" [] 
) pred-[] 
) attrSdheaaorConstsScheaa entNaae attrlaae attrConsts 
) • aaie.lttrSchema:la.e entlaae attrlue, if attrConsts .. 0 
) - aakeAttrConstsSche.ala.e entlaae attrlaae, otherlise 

) @enerateTable ent.aae recConsta tableConsta 
) • [aakeTableScheaa entlaae ncConsts] ++ 

) conatsScheaa 
) IIhere constaScheaa • O. if tableConsts • [] 
) • u.akeCoDstraintsScheaa 
) (aakeTableConstsSche.aNaae entlaae) 
) (.akeTableSche.alue entlue) 
) tableConsts]. otherwise 
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> aakeTableScheaa entla.e recConata 
> • (scheaalaae, (incl, declo pred» 
> where achellaiue ••akeTableScheaalaae entNalle 
> incl-O 
> decl • [(.ueltnognJaae entl..e. 
> (syabolFortinite_set ••ateldXaae entN..e] >, 
> (.akeTableNa.e entlue. 
> [.akeIdla.e entla-e, BymbolForpartial_function. 
> recordScheaallaael)] 

> pr'l!d. [[aakeKnovnBaae entla.e. ""'''. "doa". 
> aakeTablelaae entlaae]] ++ 
> predCoIlSts 
> predCoRst8. [], if recConats ~ [] 
> • [("forall". recordSchelllaJiaae, "I". "theta", 

> recordScheaaHaae. syabolFor-.ellberehip_op. "ran". 

> aateTablelaae entNaae, ByabolForepot, 
> .akeRecordCon8t8Sche.~aaeentNaae]], other.lee 
> recordScheaalaa8 ••akeRecordSche.~aaeentlaae 

> generateRe18 :: state -> state 

> generateRels (db, pr, (ache.allet, expandedScheaalist). el) 
> .. (db, pr, (sche.alist', expandedSche.alist), el) 
> where (dbnu.e, entities, reb, integs) "' db 
> sche.alist' • sche.alist ++ 
> concat (.ap generateRel rels) 

> gener~teRel (rellaae, (detaillaae, .asteriaae, corType, reIConsts» 
> ~ (.aieRelationshipSche.a relNaae detailNaae ~asterHame, 

> .ateRelationshipConstsSche.a 
> relNaae detailNaae .asteria-e corType relConsts) 
> 

> .aieRelationshipSche.a rellaae detailNa-e .asterNaae 
> "' {sche.alaae, (inel, deel. pred» 
> where schelllaRu.e ••akeReIScheJtalu.e relia.e 
> incI '" [] 
> decl • ({.ateReINa-e rella.e. 
> [aateldNu.e detaiIMa.e. syabolForpartial_function, 
> .alfeldHu.e .asteri_e)] 
> pred ~ []
 

> aakeRelationshipConstsSche.a relia.e detailMaae .asterNa-e corType relConsts
 
> co {sche.alaae, (incl, decl, pred»
 
> where sche.aWu.e • aakeReICoRstsSche.aia.e relNa-e
 
> incl. [(MoDelta, .ateRelSehe.ala.e reliaae, NoPri.e)]
 
> decl • ({.aieKnovnlaae detaillaae,
 
> (sy.boIForfinite_set, aakeldla.e detaiIWa.e]),
 
> {.aieKnovnla.e .asteria-e,
 
> (sy.bolForfinite_set, .akeldII'a.e .asterlaae])]
 



) pred • (pr~•• predRan] ++ predlnjectivity ++ relGoRsts 
) predDoa • ["doa". aakeRellaae rellfue. opDca. 
) aakelno1JI1laae detaillaae] 
) opDoa • "-". if corType Sin [OnetoOne. OptionalOnetoOne. 
) "anytoOne • Opt ionalllanytoOneJ 
) • "subseteq", otheruis8 
) predRan. ["ran". aall:eRellaae relHaae. opRan. 
) aakeRnovnlame aaeterHaae] 
) opRan. ".". if corType tin [OnetoOne. OnetoOptionalOne. 
) NanytoOne, ManytoOptionalOnel 
) • "subseteq". otberll'ise 
) predInjectivity - [l, if corType Sin UNanytoOne. OptionalManytoOne. 
) ManytoOptionalOne, 
) Op t i on alJlanytoOpt ional One] 
) ([aaEeRellfaae relHage, eymbolFormeabeIship_op, 
) aakeldName detailNaae, 
) symbolForpartial_injection. 
) aakeldHaae masterHaaeJJ. otherwise 

> generateIntegrities :: state -> state 

> generateIntegritiee (db, pr, (ache.aliet. expandedSche.aliet), c]) 
> - (db, pr, (.echellali.et', expandedSchemaliet), cl) 
> "her@ (dbnaae, entities, rele, integs) .. db 
> echemaliet' = echellali.et ++ 

> .ap (ma.telntegrityScheaa echell.alist) integs 

> .a.telntegritySchella echellalist (integNaae. (scopeE. scopeR, integConsts»
 
> .. (sche.a e. (incl, decl, pred»
 
> "here sche.aM e ...akelntegSchellaRalle integNaae
 
> inc! '" inc IE ++ inc!R
 
> inclE • [(NoDelta, tableorGon.ets entNaae, NoPri.e) I
 
> entNaae <- scopeE]
 
> tableorGon.ets entNaae
 
> • .a.teTableSche.a.aae ent.aIIe
 
> inclR .. [(NoDelta, .akeRelSchemaMame relName, NoPrime)
 
> relHaae <- scopeR]
 
> dec! - []
 
> pred • integConsts
 

> lookupSehella sehe.alist eche.alalle
 
> = Bche.aNalle tin [nalle I (nalle, data) <- schemalist]
 

> generateDB :: state -> .etate 

> generateDB (db, pr, (scheaalist. expandedSehellalist), el) 
> - (db, pr, (eche.ali.et·, expandedSehemaliet), (1) 

> vher@ sche.ali.et· • sche.alist ++ 
) [.a.teDBSche.a sehellalist db] 
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> aa.teDBScheu eche.aliat (dbnue, entities, rela, integs)
 
> • (ache.alue, (incl, decl, pred»
 
> where Ilclteaal'a.e • dbnaae
 
> ind .. inclE ++ inclR ++ inclIC
 
> inclE· [(loDelta. tableorConetB entll'aae, lI'oPriae) I
 
> (entll'a.e. data) <- entities]
 
> tableorCanata entNue
 
> .. _a.teTableConetsScheaalue entlue,
 
> ii lookupScheaa ache.aliat
 
> <a.teTableConstsScheaall'a.e entBa.e)
 
> • aa.teTableScheaalue entNue, otherwise
 
> inclR • [(.oDelta, aateRelConstaScheaaHa.e relll'aae. loPriae) I
 
> (relNue, data) <- rele]
 
> lnclIC - [(NoDelta, aakelntegScheaaHue integNa.e. lI'oPrime)
 
> (integll'a.e. data) <- integs]
 
> dec! []
:I 

> pred '" 0 

> generatePr :: atate -> state 

> generatePr (db, pr, (echemaliet. el.pandedScheaaliet). el)
 
> • (db. pr, (ache.aliat'. expandedScheaaliet), cl)
 
> where (prna-e, inputData, subprocessesonE, subprocessesonR,
 
> globalPreconditione, alreadyChecked) ~ pr
 
> schellalist' • schellalist ++
 
> concat (Ilap generateSubprocessonE subprocessesonE) ++
 
> Ilap lIIakeSubprocessonRScheaa subprocessesonR ++
 
> map aakeGlobalPreconditionScheaa globalPreconditions
 

> gener~teSubprocessonE (subprocessNaae, BubprocessData)
 
> ~ concat [generateBasicDponE entla-e basicOp I basicDp <- basicOps] ++
 
> [aakeSubprocessonESche.a subprocessNa-e entHa-e scopeE scopeR
 
> inputD pres basicOps]
 
> where (entlaae, scopeE, scopeR, inputD, pres, basicOps) ~ subprocessData
 

> generateBasicDponE entName (update, inter1ace, target, recordOpData)
 
> B [], it update • Delete
 
> ~ generate~cordOp entlaae update (hd recordOpData), gthervise
 

> generateRecgrdOp entlaae update (recordDplame, scopeE, scopeR, inputD, 
> pres, atg.icOps) 
> ~ [llakeltoaicOpSchella entla-e update atgllicOp I 
> atgllicOp <- atgllicOps) ++ 
> [llakeRecgrdOpSchea.a entla-e update recordOplaile scopeE scopeR 
> inputD pres atg.icOps] 

> aa.teltoaicOpSchu.a entlaae update (attrlalle, atollicOpNaae, atollicOpData) 
> c (scheaala.e, (incl, decl, pred» 
> where (scopeE. scopeR, inputD, pres. ops) • ato.icOpData 



>
>
>
>
>
>
> 

8chemalaae • atomicOpI..e 
inc] • incllttr ++ inclScope 
inclAttr • makeInclDBlta update CmakeAttrSchemalaae entla.e attrName) 
inclScope • makeInclScope ecopeE scopeR 
decI • inputD 
pred • pres ++ ops 

> makeRecordOpScheaa 8ntN~e update recordOp.ame BcopeE BcopeR 
>
>
>
>
>
>
>
>
>
> 

inputD pres ato.ieOps 
- (echeaalaae. (incl, declo pred» 

where	 sche.alaae • recordOpI..e 
incI - incIRec ++ inclScope ++ inclltomicOps 
incIRec z makeInclDelta update CmakeRecordSchemaHaae entllla-e) 

inclScope • makeInclScope BcopeE scopeR 
inclltomicOp6 • [(NoDelta, atomicOpNa.e. NoPri.e) I 

(attrNa.e. atomicOpNaae, data) (- atoJlicOpaJ 
dec I '" inputD 
pred • pres 

> makeInclDelta update Bchemallalle 
> - [(delta, Bche.al~e, prime)] 
> IIhere delta = Delta, if update. "odify 
> • NoDelta, i1 update = Insert 
> priae ~ Priae, if update. Insert 
> = loPrime. if update. Modify 

> aakelnclScope BcopeE scopeR
 
> • [(NoDelta, aakeTableScheaalame ent. NoPrime) lent (- scopeE] ++
 
> [(NoDelta. aateRelScheJIaHaae reI. NoPriae) , rel (- scopeR] 

> aakeSubproceBBonEScheaa sUbprocessName entName BcopeE scopeR 
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> 

inputD pres baeic~ 

• {echeaaNaae. (incl. declo pred) 
where	 scheaalaae • subprocessla-e 

incl ~ inclTable ++ inclScope 
inclTable • [(Delta. a~eTableSchemaNameentNaae. NoPri.e)] 
inclScope • aakeInclScope scopeE BcopeR 
decl • inputD 
pred • pres ++ opForKnovnE ++ opsForTableE ++ unchangedPart 
listofNodifyTargete 

[target I (update. interface. target. data) (- basicOps; 
update = Modify] 

listofInsertTargets 
[target 1 (update. interface, target. data) (- basicOpsj 

update • Insert] 
liatofDeleteTargets 

[target I (update. interface. target. data) (- baaicOps; 
update ~ Delete] 

knownlaae • aakeKnovnNaae entlaae 
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> tabhlue • aakeTableRaae entlaae
 
> ucordS<:h_daae .. .ueRecordScheaala.e li!ntRaae
 
> opForlnovnE
 
> .. [[kaovnllaae++"'''. ".". movnla.,,,]].
 
> if listofInsertTargetll .. [] a listofDeleteTargets .. 0
 
> • [[knovnlaae++"''', "_". "(". knovnlaae, "\\"] ++
 
> aall:aSetExp lietofDeleteTargets ++ [")", syabolForset_llnionJ ++
 
> aakeSatExp lietoflnsertTargets],
 
> it 1 istofIna4ilrtTargets -. [] I: linofDeleteTacgetB - .. []
 
) .. ([knovnJlaae++"'''. ".". tnovnJIaae, "\\"l ++
 
> aakaSetbp lietofDeleteTargets],
 
> if listoflnaertTargets .. [] I: listofDeleteTargete .. []
 
> .. ((knovnl"a-.e++"''', "-", momMae. syabolForset_union] ++
 
> lIakeSetExp lietof InsertTargetsl.
 
> if lietofInsertTarget8 ~_ [] i listofDeleteTargete z []
 
> opsForTableE .. aap (makeDpForTableE entName)
 
> (update, interface, target, recordOpName~
 

> (update. interfa<~. target. re<ordOpData) <- basi<Ops;
 
> update -. Delete; 
> (recordOpWa.e, ecopeE. s<opeR. inputO, pres, atomi<Ops) 

> <- re<ordOpData l 
> aakeOpForTableE entName (update. interface, targ~t. recordOpWa.e) 
> - interfa<e .... 
> ["e:ziete", "Delta". recordSchellaJIa.-e. "r "J .... 
> target _ 

> [sy.bolFol"llaplet. "theta", re<ordS<hellaWa.e.
 
> ey-.bolFo~e.bership_op, tableName. "/\\"] ..+
 
> target ....
 
> [sy:mbolForllaplet. "theta", re<ordS<heaaWa.e"+"'''.
 
> sy-.bolFo~e.bership_op, tableWa.e+""'''.
 
> sy-.bolForepot, recordOplamel. if update - Modify 
> .. interfa<e .... 

> ["exiets", re<ordS<he.aJa.e...."'''. "I "] .... 
> target ·H 

> [ey.boIForllaplet. "theta". recordS<he.all'a.e++"'''. 
> ay-.boIForaellbership_op, tableWa.-e+.... '''. 

> sylibolForspot. recordOpNamel. if update" Insert 
> unchangedPart .. (lhs .... ["_"] .... rhill 

> lhs. [tablelame .... "'''], if listofJlfodifyTargets z (] I: 

> listotInsertTargets .. [] 
> .. aakeSetExp (listofJlfodifyTargets ..+ listofInsertTargets) ..+ 
> [sy-.bolFordo__anti_restriction. tableWame"+" ..,]. otherllise 
> rhs '" [tableRa.ae]. if listofJlfodifyTargets _ [] I: 

> listofDeleteTargets '" [] 
> .. lIakeSetup (lbto1JlfodifyTargets ..+ listofOeleteTargets) ..+ 
> [sy:mbolFordoll_anti_restriction. tableWa.-e]. otherllise 

> .ateSetExp list ["{"] .... hd list .... 
> concat [[", "] .... e I e <- tl list] ..+ 
> ["}"] 



) .akeSubproces80nRScheaa (8ubproce8sla.e, data)
 
) .. (scheaala.@. (incl, decl, pred»
 
> vhere (rslMa.e, 8copeE, Bcop@R, inputD, pres, baeicCps) ~ data
 
> 8che.ala.e .. subprocessla.e
 
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> 

incl .. inclRel ++ inclScop@
 
inclRel .. [(Celta, .akeRelSche.ala.e rellaae, loPriae)]
 
inclScope .. aakelnclScope ecopeE scopeR
 
decl • inputD
 
pred .. pres ++ [opForRel]
 
opForRel .. ['akeRli!llaae r@llaae++"''', ,,=,,] ...+ deletelnsertKodifyR
 
deletelns@rtKodifyR .. dehteInsertR, if linoHl'odifyData'" []
 

.. [,,(,,] +... deletelneli!rtR ++ [")"] "''i' 

["(+)"] ...... dataExp listof!'lodifyData, otherwise 
deletelnsertR = deleteR, if lietoflnsertData .. [] 

=- [,,(,,] ++ deleteR +... [")", sY/llbolFol"set_\IIlion] ...+ 
dataExp listoflnsertData. othervise 

deleteR ..	 raall:eRdllaae rellaJlle], if listofDeleteData = L] 
(,,(,,] ++ dataExp listofDeleteData ++ 
(syabolFordoa_anti_restriction, lIall:eRelllaae reilla..e, ,,),,], 

othervise 
listof!'lodifyData '" [dataForUpdate (update, dataForUpd"te) <- basicDps; 

update" !'Iodify] 
listofIll8ertData - [dataForUpdate (update, dataForUpdate) <- baeicOps; 

update" Insert] 
listofDeleteData [dataForUpdate (update, dataForUpdate) <- basi cOps: 

update" Delete] 
dataExp li8t .. hd list, if tl list .. [] 

..	 ["("] ++ hd list ++ 
coneat [[ey.bolForset_union] ++ data I data <- tl list] ++ 
[")"]. othervise 

) aall:eGlobalPreconditionScheaa (na.e, (scapeE, scopeR, inputD, pres»)
 
) .. (echeaalla.e, (incl, decl, pred»
 
) IIhere schemalla.e - naae
 
) incl .. makelnclScope scopeE scopeR
 
> decl .. inputD 
) pred c pres 

Vin 

) view::	 naJlleType -) state -) (char] 

)	 view name (db, pr, (schema, exp), cll 
) - "\n" ...+ na.e ++ "\n-\n" ++ shovSchema (assoc schema naae) 

)	 showSchs.a :: scheaaType -) [char] 

)	 ehollScheaa (incl, decl, pred) 
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> • " -----------------------------------------------------------\n" ... 
> concat [It I ,,++ shollScheaaRef s ++ "\nU I s <- incl] ++ 
> concat [It I "++naae++" : "++shovType type++"\n" I (nue, tyPe) <- decl) ++
 
> centerline ++
 
> concat [It I "++ shollExpinSc.heaa pr ... "\n" 1 pr <- pred] ++
 
> " -----------------------------------------------------------\n"
 
> IiIhere centerline. "I----------------\n", if pred -= [] 

> - '''' othervise 

> shovScheaaRef :: (deltaType. na-eType. primeType) -) [char] 

> aho.Sehe.aRe! (loDelta, n, d) • n. if d - loPriae
 
> • n ++ "'" if d • I'riae
 
> shovSchelllaRef (Delta. n, d) "' "Delta ,,++ shOIi'SchelllaRef (HoDelta. n, d)
 
> shovSche.aRef (Ii, n. d) = "Ii "++ sholi'Sche.llaRef (NoDelta. n. d)
 

> shovType :: typeType -> [char] 

> ehovType type = makeliet " " type 

> shovExpinSchema • shovExp "I" 

> shovExp :: [char] -> expressionTypE -> [char] 

> shovExp hdstr [] .. ""
 
> shovExp hdstr (v:exp)
 
> .. v ++ "\n" ++ hdstr ++ "\t" ++ shovExp hdstr exp,
 
> if v $in [syJlbolrorspot, "I". "1\\"]
 
> '" v ++ " " ++ aholi'Exp hdstr exp, otherwise
 

Viev2 

> vin2 :: nameTypE -> state -> ([char]. state) 

> vin2 name (db, pr, (schema. up). (1) 

> '" ("\n" ++ naMe ++ "\n"'\n" ++ shovSchema sc, 
> (db, pr. (schema. exp'). cl» 
> where (sc, exp') • asaocexpand schema exp name 

> as.eocexpand :: acheaalistST -> expandedScheaalistST -> nalieType -> 
> (schuaType, expandedScheaalistST) 

> aS8~cexpand scheaa exp name 
> '" (a88oc exp name, exp). if nalle Sin [nl(n,d) <- exp] 
> • a5socexpScheaa schema exp name (as soc sche.a naae). othervise 

> as,ocexpScheaa sche.a exp name (incl, decl, pred) 
> .. aBsocexpScheaa2 scheaa exp name (incl'. declo pred') 
> where incl' • revsrse incl2 



> (inc12, pred') • expDelta ache.a exp (incl, pred) 

> E1xpDel ta echellla up ([J. pred) • ([]. pred) 
> eJ:pDelta Beheaa 8Xp «s:incl). pred) 
> • (setUnion inc!1 inc12. eetUnion pred1 pred2) 
> .here (inell, pred!) • f lIehe.a eJ:p e 

> (inc12, pred2) - expDelta ache.a exp (incl, pred) 
> f acheaa up (NoDelta. Raile, d) = ([(NoOelh, Raile, d)], 0) 
> f acheaa eJ:p (Delta,DaJl8,d) 
> • ([(lioDelta,nue.NoPriae), OloDelta,nue.PriaeJ], []) 
) f achella exp (Xi, name, d) 
> • ([(loDelta. nue. loPrille), (NoDelta, Raile, Prl.e)]. 

> [[vsr+'+"'''. "-". Yar] I 
> (schellal. expl) (- (assoceJ:pand schema exp naJlle); 
> <incl3, dec13. pred3) (- (achual]; 
> (var,type) (- dec13J) 

> 4s90cexpSchellla2 schema exp name ell, decl, pred) 
> = «D, decl, pred) , addpair (name, ([J. decl, pred» up) 

) assocexpSchema2 schema exp n~e (({d,n,p):incl), decl, pred) 
) • assocexpSche_2 schella exp' name (incl, a6tUnion dec12 decl, 
) setUnion pred2 pred) 
) where (Cincl', decl', pred'), exp') • as>locexpand sche.a eJ:p n 
) dec12 • decl'. if p = li'oPrilie 
> = [(name++"''', t)l(name, t) <- decl']. otherwise 

> pred2 = pred', it p. MoPriRe 

> = Ilap (subst pairs) pred', otherwise 

> pairs'" [(nalle, name++" ''') I (name, t) <- decl'] 

Schellalist 

) achellalist :: state -> [char]
 

) achelllalist (db, pr, (schema, eJ:p), c1)
 
) = "\n" ++ concat (zipwith f ([0 .. ], ache.a»)
 
) whsre f i (nails, data) - ahow i ++ ". " ++ nails ++ "\n"
 

Checklist 

) checklia"t :: state -) [char] 

) checll:list (db, pr, 8C, c1) 
) = "\n" ++ cone-at (zipwith f ([0 .. ], c1) 
) _here f i (constRalle. opMa.e, ache_aReta. okflag) 

) = aholil i ++ ". on " ++ constli'a.e ++ 
> g opla.e ++ "\t" ++ h okflag ++ "\n" 
> g OP'aIIS • "" if opMa.e = 0 
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> • "\tby " ++ hd oplaae, otherllise 
> h oli:flag .. "-already DI". it akflag .. Ok 
) .. "-not J'Ii!t". if okflag .. Hot yet 

Generatil' CheCklist 

> generateChecklist :: state -) state 

> genen:teChecklist (db. pro (scheaaliat. up), el)
 

> = (db, pr, (schellalist. 8%p). el')
 
> lIhere (prnue. inputD. subE, entlR, globalPre!!, ac) pr
K 

> (dbnue. entities, re1a. intega) .. db 
> cl' .. COReat (.ap genCheckonE BubE) ++ 

> concat (Ilap llakeCheckonR BubR) ++ 

> concat (Ilap .akeCheckonUnchangedR rels) ++ 

> coneat <Ilap llakeChecli:onlC integs) 
> genCheCli:onE (subprocesslaae, subprocessData) 
> = genChecli:onE2 BubprocessMame subprocessData 
> genCheckonE2 BUbprocessMaae (entRame. BeopeE. BeopeR, inut, pres, 
> basi cOps) 
> = COReat (map (genChecli:onBasicOp ent.ame) basicOps) ++ 

> 1Ial:<eCheckonTable subprocessJl'aae entNaJle 
> lIakeCh<eckonTable subprocessRaJle entNaJle 
> .. 0, if - (IookupSchella schellalist 
> C.akeTableConstsSchellaHaJle entHaJle» 
> >& [(IIal:eTableConstsSch<ellaNaae entJl'aJle, 
> [subprocessHaae] , 
> [(MoDelta, lIakeTableConstsSche.aNaae entNaJle. HoPrille). 
> (loDelta. subprocessRaJle. RoPrille)], 
> lIakeOkflag 
> (lIal:etableConstsSchellaRaRe entRaae, [subprocessNaJle]»), 
> othervise 
> .akeOkflag pair - Ok. if pair $in ac 
> - lotyet, othervise 
> genCheckonBaeicOp entNaa<e (update, interface, target, recordOp) 
> - D. if update'" Delete 
> • genCheckonRecord entRaae update (hd recordOp). othervise 
> genCheckonRecord entRaJle update (recordOpNaJle, scopeE. scopeR, ifiput. 
> pres. atollicOpa) 
> = cone at (llap (lIal:eCheclr:onAttribute entHaJle update) atollicOps) ++ 

> lIakeCheckonRecord recordOpllue entHaJle update 
> lIakeCheckonRecord recordOpllaae entlue update 
> = [], if - (lookupScheila schellalist 
> (.al:eRecordConstsSchellaNaJle entHaJle» 
> = (lIakeRecordConstsSchella)laJIe entRaJle, 
> [recordOplaae], 
> .akeSchellaaef update (.akeRecordConstsScheaaName entRaae) 
> recordOplaae, 
> lIakeOkflag 
> (llakeRecordConatsSchella)laae entlue, [recordOpJaJle]»]. 



>
>
>
>
>
>
>
>
>
>
>
> 
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
> 

o'thenrise 
aakeScheaaRef update conatla.e oplaae 

•	 [(loDelta. conat.a._, HoPriae),
 
(loDelta. or.a.e, loPriae)]. if update. Modit,
 

• [(loDe1ta. op.a.•• loPeiae)], if update· Insert 
aaieCheckon!ttribute ant.... update Cattr.a.e, ata.jeOpla.e, data) 

•	 D. if ~ (lookupScbua 8cheaaliat
 
CaaieJttrConetaSche-alaae entl..e altrl..e»
 

•	 [(.a.k....ttrConst.Sch....aa. entlfaae attrNaae. 
[atoaicDpli'aae] • 
aa.ke!khellaRef update (.aieAttrConstsScheaaliaae ent.a.e attrNaa.) 

ata.ieaplfaa•• 
aaieOkflag (aaieJttrConstsSch••aHaae entHaae attrRaae, 

[ata.ieOp.a.e]»). othenise 
makeCheckonR (subprocess.aae, subprocessData) 

= aakeCheckonR2 subprocess.aae subprocessData 
aakeCheckonR2 subprocesslaae (relHaae, scopeE. scopeR. input. pres, 

basicOps) 
c [CaaieRelConstsScheaalaae relNaae,
 

[subprocessllaae] ,
 
[(loDelta••akeReIConstsSche.aH~ereIIa.e, loPriae),
 
(loDelta. subprocessla.e, lIoPriae), 
findEffectonE 

(hd [det I (det,.as,cor,consts) <- [as soc rets rellialle]]), 
findEffectonE 

I(hd [.as (det.aas.cor,consts) [assoc rels rellalle]])].<-

•

aakeOkflag (.akeReIConstsSchemala.e reI.aIIe, [subproces5Na.e]»] 
.akeCheckonUnchangedR (rellalle, (detlla.e••as.aIIe. corTfpe. consts» 

[J.	 if rellialle Sin (.ap fst affectedRs) 
[],	 if -(relliame Sin (aap 15t affectedRs» a
 

-(detlaae Sin (aap fst affectedEe» a
 
-(masllame Sin (map 1st affectedEs»
 

• [(.akeReIConstsScbe.a11a11e relllalle. 
n. 
[(NoOelta, .skeReIConstsSchemaN~erellla.e, 1I0Prime). 
(Xi ••akeReISche.a11a11e relNaile. loPri.e). 
findEffectonE detNaile. 
findEffectonE aasllalle] • 

.aieOkflag (aakeReIConstsScheaala.e relllalle, Ell)]. other~ise 

findEtfectonE entlame 
(lioDelta. assoc aflectedEs entlalle, lIoPriae). 

if entlalle Sin (aap fst affectedEB) 
(Xi ••akeTabIeScheaalaile entllalle, lIoPri.e). otheriise 

f indEffectonR reIllaile 
• (loDelta. aSBoC affectedRs relllalle, lIoPriae), 

if rellla.e Sin (aap fst affectedRs)
 
a (Xi. maieRelScheaallaile rellalle. lIoPriae). othervi&e
 

affectedEs • [Cent. nalle)
(nalle, data) <- sUbE;
 
(ent, scopeE. scopeR. input. pres, basicDpa) <- [data]]
 

I 
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> aUectedRs • [(reI, tlue) I
 
> (naae, data) <- subR;
 
> (reI. scopeE. scopeR, input, pres, b~sicOps) (- [data]]
 
> aakeCheckotllC (integlaae. (scopeE. scopeR. canats»
 
> • (CaakelntegScheaaIue integ.aae.
 
> 0,
 
> [CloDelta, aakdntegScheaa..lllaae integlu•• lI'oPriae)] ++
 

> aap findEftectonE scopeE ++
 
> aap findEffectonR scopeR,
 
> aakeOktlag CaakelntegScheaaiaae integlaae. []»],
 

> if (notdisjoint scopeE (aap ht aUectedEa» \I
 
> (notdisjoint BcopeR Caap fst affectedRs»
 
> - []. otherwise
 

Expand Proof ObligatiollB 

> expand :: nna -> state -> ([char]. state) 

> expand i (db, pro (scheaa, 8Xp), el)
 
> • (output, (db. pr, (scheaa, exp), ell).
 
> if ("LHSforProofObligation"++13ho'iJ i) Sin (.ap ht ache.a)
 
> • expand2 i (db. pr, (sch.aa, exp). ell. otherwise
 
> 'here output. "\n" ++ obligation ++
 
> "\nLHS\n-\n"++ .ho'iSche." lhs ++
 
> "\nRHS\n-\n"++ sho'iSche.a rhs
 
> Obligation - .akelist " /\\\n lt (map llhovSchemaRef 8chem"Refs) ++
 
> "\n\tl- ++ const ++ "'\n"
II 

> (const, opla.s, schemaRefs, okllag) • cl ! i
 

> Ihs • assoc SIp ("LHSforProofObligation lt ++8ho'i i)
 

> rhs '" assoc 'lIp ("RlfSforProofObligation"++shov 1)
 

> sxpand2 i (db, pr, (schema, eIpJ, cl)
 
> • (output, (db, pro (sche.a2, exp3) , cl)
 
> llhere output - "\n" ++ obligation ++
 
> "\nLHS\n-\n"++ shovSchellla Ihe2 ++
 
> "\nRHS\n"'\n"++ shovScheaa rhs2
 
> obligation ••akeliet /\ \ \n" (.ap sho'iSchemaRef sche.aRefs) ++
II 

> "\n\tl- " ++ const ++ "'\n"
 
> (const, opla.e, scheaaRefs, okl1ag) • cl ! i
 
> lha - (ache.aRefs, (], (])
 
> rh.s - ([(loDelta, const, Pri.e)], (], (])
 
> sche.a2 - scheaa ++ ("LHSforProotObligation"++sholl i. Ihs) ,
 
> ("RHSforProofObIigation"++shol' i. rhs)]
 
> (lhe2, eIp2) '" assocexpand sch••a2 'lIp
 
> ("LHSforProofObligation"++sholl i)
 
> (rhs2, eIp3) ~ assocexpand schema2 eIp2
 
> ("RHSforProofObligation"++shov i)
 



Reduce 

> reduce:: nu. -> etate -> ([char]. etate) 

> reduc<i! i (db, pro (.chella. up). el)
 

> - (.s8. (db, pr, (schella. exp). cll)
 
> where 1U18 • "\nPlease expand it first. \n",
 
> if -("lJISforProofObligation"++show i) hn (liap fst exp))
 
> • "\n01. this proof obligation is satisfied.\n". if rest. []
 
> - "\nPlease ch<i!ck the follolling declarations " ++
 

> "and predicates in RHS:\n\n" ++
 
> concet (zipllith f ([0,,]. rest)), otherwise
 
> rest - lIap show reatdecl ++ lIap showExpoutSchelia reatpred
 
> reatdecl • aetKinus decl2 decl1
 
> reatpred - eetKinus pred2 pred1
 
> (incll. decl!. pred1) • aBSOc exp ("lHSforProofObligation"++show i)
 
> (incI2. decl2. pred2) • asaoc exp ("RHSforProofObligation"++ahow i)
 
> f j pred - shov j ++ "++ pred ++ "\n"
 

> showEJI;pou'tSchelia - showExp ""
 

Checll:OK 

> checkok :: nu. -> state -> state 

> checkok i (db. pr, sc, cll 
> • (db. (prna.e. inputD. subE. subR. globalP. ac'). se. el') 
> where (pmaae. inputD. BubE. BubR. globalP. ac) = pr 
> el' • take i cl ++ 
> [(const. opla.e. scheliaRefa, Ok)] ++ 
> drop (i + 1) cl 
> (const. oplaae. scheliaRets. okllag) = cl ! i 
> ac' : ac. if (const, opHa.e) Sin ae 
> : ac ++ [(const. opRa.e)]. oth<i!rvise 

Utility 

> notdisjoint :: [a] -> [a] -> bool 

> notdisjoint xs ys • or (liap (lieliber :1:8) ya) 
> where lIe.ber xs y • y Sin xs 

> Btrtonua :: [char] -> nua 

> strtonua = foldl op 0 
> where op n ch - 10 • n + code ch - code '0' 

> lIak<i!list :: [char] -> [[char]] -> [char] 
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> aake1ist C CB - "" if eli .. 0 
> .. foldrl (op cJ ca, othenl'iee 
> ghere op C 81 82 .. a1 ++ C ++ 82 

> ilddpair :; a -) [a) -> [a] 

> addpair J: IS .. [x] ++ IS 

> setUnion :: (aJ -> [a] -> [a] 

> setUnion X6 [] .. IS 

> setUnion 18 (Y:y8) • setUnion IS ya, if Y $in xs 
> .. lIetUnion (1:8++[Y) ya, otherwise 

> setPlinu9 :: [a] -) (a) -> [a] 

> setll:inus [] y8 .. [] 
> setPlinus (1::l:s) ya .. aetPlinuB IS ya, :it x Sin ya 
> : [x] ++ setPlinuB 18 ys, otherllise 

> Bubet :: [(a, a)] -) [a] -> [a) 

> subst [] list .. list
 
> Bubet «x,y) :ps) liBt 8ubst pa (substl (x,y) list)
 

> aubstl (:ll,y) (] .. []
 

> Bubstt (x,y) (C:C8)
 

> .. [y] ++ subst1 (x,y) ca. if x .. c
 

> .. [el ++ aubst1 (x,y) ca, othergiae
 

> aesoc :: [(a, b)] -) a -) b 

> aBBOC [ya x '" hd [ylex', y) <- .r.YS; I' .. x] 

> delete :: a -) [a) -> [a] 

> delete I [] = []
 
> delete I (Y:y8) '"' delete x ys. if Y .. x.
 
> - (y] ++ delete x ys. otherli'ise
 

>
 

"ain 

> co_and 
> ::- End I ReadSpec [char] I Scheaalist I Vieli' naaeType I Vie1l2 naaeType I 

> Checklist , Expand nu. I Reduce nu. I 
> CheckO'; nua I Sholi'db I Shovpr I Sholi'sc I Shovel I 
> lullcad I Errorcad [char] 
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Showdb. Shovpr, Shovec and Shovel are co~ands tor debugging. 

> loop at .. readedit pro.pt (execute st. readcad at) 

> proapt ... n\nreadspec filenue/llc.heaalist/viev n~/vie1l'2 lIla/\n" ++ 

> "checklist/u.pand nua/reducill nua/checkot nualend =) " 

> readcad 8\ z analyse 8\ • words 

) ~alYBe at [] .. lullcad
 
> analyse at [cad] .. End, it cad'" "end"
 
> .. Scbeaalis\. if cad .. "ache.alist"
 
> .. Checklist. if cad "checklist"
 
> .. Shovdb, if cad "sholldb"
 

) .. Showpr. it cad "shollpr"
 

> = Sho'IJsc. if cmd "shovsc"
 
> .. Shollel, if cmd "ahowcl"
 
> • Errorcmd cmd. otherwise
 
> analyse at [cllld. par] '" R-eadSpec par, if cllld • "readapec"
 
> .. Vie" (tobevielled at par). if cmd '" "view"
 
> = lJiu2 (tobevined at par). if cllld = "view2"
 
> = Expand (tobeexpanded par). if c.d = "expand"
 
> = Reduce (tobeexpanded par), if c.d .. "reduce"
 
) = CheckOff. (tobenpanded par). if c.d '" "I:heckok"
 
> .. Errorcmd cad. othenrise
 
> ani!llyse 8\ (cmd:par:pare;xs) = Errorcmd cmd
 

> tobevie'lied (db, pr, (schema, e:tp), (1) :t
 
> '" fst (schema! (strtonu.. :t»
 

> tobee:tpanded :t
 
> = 6trtonu.. :t
 

> e:tecute st End - end
 
> e:tecute st (ReadSpec f ilenaae) 
> '" write "" (loop (generateCheckliat 
> (generateSche.as (readSpec filename»» 
> e:tecute at Sche.alillot - write (achemalillot st) (loop st) 
> execute 8t (View naae) vrite (view nue at) (loop at) 
> execute 8t (View2 naae) • write (fst pa~r) (loop (snd pair» 
> where pair ~ (viev2 name at) 
> execute st Checklist • write (checkliat at) (loop at) 
> execute 8t (Expand i) - write (fst pair) (loop (snd pair» 
> where pair - (expabd i at) 
> e:tecute 8t (Reduce iJ - write (fst pair) (loop (snd pair» 
> where pair - (reduce i at) 
> e~ecute at (CheckOK i) .. write "" (loop (checkok i at» 
> e~ecute st Showdb write (show db) (loop st) 
> where (db, pr, lloC, cl) = st 
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> eXlcute at Shovpr .. write (sho'll' pr) (loop at)
 

> where (db, pro ae, el) ~ at
 
> eIE<:ute at Shovse .. write (Ilho'il' ae) (loop Bt)
 

> where (db. pr, 8e, el) .. at
 
)0 execute at Shovel .. write (show el) (loop at)
 
> wbere (db, pr, se, el) .. at
 
> 8:1:etate at lullcad .. loop at
 
> 8IBtilte at (Errorc.s cad) .. write ("Ths co_and ,PI ++ cad ++ n, is unknovn\n")
 

> (loQp at)
 

> nm tool'"' loop initialstate (keyboard too]) 

> tool'" False 

The follo1l'ings are utility functions in [R.Bird ~ P.Wadler 88): 

> breakoR a .l ,US" [0] ++ J[J!S. if X .. a 

> .. [[x) H hd xss] ++ tl XSi:l, otherviae 

> word!" filter (-. (]). foldr (brea1:on ' ') [[]] 

X> read lIIsg g input. asg ++ line ++ "\n" ++ g line input2 

X> where line = before '\n' input 
X> input2 .. after '\n' input 

> before x tuevhile ( •• x) 

> after", '"' tl . dropvhile (-. x) 

> wri te Isg g input. IIsg ++ g input 

> end input. 

Readedit (for the use of Backspace in cOllllland line) 

> readedlt II.sg g input· Ilsg ++ printline ++ "\n" ++ g input line input2 

> where print line • printbs line 0 

> inputline • fst (inputbs line) 

> line • before '\n' input 

> input2 • after '\n' input 

> printbs :: string -> mm -> string 

> printbs ,," ClllUl .. 

> printbs (c:cs) clan c:printbs cs (clllUl + t). it c = '\b' 
> • "\b \b" ++ printbs cs (clan - t), ifc-'\b'i: clan> 0 

> printbs cs 0, if c. '\b' i: clan. 0 

> inputba: ~ string -> (string. nua) 
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