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INTRODUCTION
Technical Field ’

This invention pertains to reverse engineering technology
and more specifically to a method and system of reverse
engineering from a physical data model comprising a relational
or 4GL data model of an existing application into a logical
data model comprising classes and an entity-relationship (E-R)
model of each class, the classes representing the different
types of high-level objects that make up the application.

Background

This invention introduces a novel way of reverse
engineering from a physical data model to a logical data model.
Current techniques of reverse engineering from relational or
4GL data model of an application create a single E-R model that
represents the whole application. - However, an application is
usually about different types of high-level objects, such as

.employees, projects, customers, orders, etc.; each of these

types of objects is called a class. Highlighting these classes
helps a user to easily understand their application especially

or 4G data nodel; of an existing application into a

Thi s i nvention

to

when it is complex. But it is not always ocbvious by looking at

this single ‘E-R model of the whole application what these
classes are and which entities in this single E-R model make up
each of these classes. )

: SUMMARY

This invention provides a method and system in which the
relational or 4GL data model of an application is reverse
engineered first into classes and then into an E-R model for
each class. Tﬁis set of E-R models of classes then represent
the logical data model of the application. In accordance with
the teachings of this invention, it has been determined that
there would be great usefulness in providing such a reverse
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reverse derived semantics to derive classes and their E-R models. 1In
addition, the derived semantics, the classes, and their E-R
models can easily be updated by this method and system when the
database data dictionary or system catalog is chanded.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a main flowchart depicting one embodiment of
a method and structure of deriving classes and their E-R models

in accordance with the teachings of this invention.

Figure 2 is a flowchart depicting one embodiment of a

procedure to extract application semantics from the System
' Catalog or Data Dictionary, suitable for use with the method
and structure of Figure 1.

Figure 3a and 3b form a flowchart depicting one embodiment
of a procedure to identify kernel entities and pure lookup
entities suitable for use in the step of Identlfy Entity Type
of Each File 23 in embodiment of the Figure 2. _

. Figure 4 is a flowchart depicting one.émbodiment of a
procedure to identify characteristic and associative tables
suitable for use in the step of Identify Entity Type of Each
File 23 in the embodiment of Figure 2. '

' Figure 5 is a flowchart depicting one embodlment of a

procedure to reclassify kernel entities into pure lookup

. entitles suitable for use in the step of reclassify certain

) entitles and binary relatlonshlps 24 J.n the embodiment of
Figure 2. '

Figures 6a .and 6b form a flow chart depicting one
embodiment of a procedure to generate Class Definition File A
suitable for use in the step of derive Class Definition in the
embodiment of Figure 1.

Figures 7a and 7b form a flow chart depicting one
embodiment of the Include_Table procedure used by the procedure
shown in Fiqure 6b.
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DETAYIL.ED DESCRIPTION *
Overview
The following describes an embodiment of this invention
for relational database systems using the SQL language
interface. However, it is to be understood that the teachings
of this invention are equally applicable to other database
'systems using a 4GL language interface.
Figure 1 depicts the operation of and interaction between
the following modules:

. Extract Application Semantics
T _ Derive Class Definitions
. Derive E-R Model of Classes
Extract lication Semantics

As shown in Figure 2, in one embodiment Extract
Application Semantlcs procedure 11 includes . £the following

steps.
. Extract Table Definitions
g Derive Binary Relationships
"« _ Classify Binary Relationships
. Identify Entity Type of Each Table
. Reclassify Certain Entities and Binary Relationships

System Catalog or Data Dictionary 10 of an application is
used to extract the necessary semantics of the application for
deriving classes and E-R Model of classes of the application.
Before we describe in detail the steps involved in this module
-let us briefly explain what a system catalog <typically
contains.



and structure of Figure 1. Figure 3a and 3b forma flowhart depicting one
enbodi nent of a procedure to identify kernel entities and pure | ookup
entities..suitable for use in the step of Identify Entity Type of Each File
© 23 incenbodi ment of the Figure 2. Figure 4 is a flowhart depicting one
enbodi ment of a procedure to identify characteristic and associative tables
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in the emmaiudan9<ﬂ9ﬂiqynm9ns of the columns of each application table
as well as the primary and foreign keys, security options,
system options, etc. The following are some of the systen
' catalog tables relevant to certain embodiments of this

invention: -t

a. SYSTABLES: This describes each application table in
the database. Some of its columns are:

. table name or identifier
. table name

. table type

. no of columns it has

b. SYSCOLUMNS: This describes each column of an
application table in the database. Some of its columns are:

. column number

. column name -

-  table identlfiers

. column type i

FERS

C.  SYSCONSTRAINTS: This lists the constraints (i.e. the
primary and foreign Kkeys) placed on _the columns in -each
database table. Each constralnt has. it- owh index an8 each
index is defined by a record in a SYSINDEX table. Some of its
columns are:

. constraint identifier

. constraint name

. table identifier

. constraint type such as primary or foreign

. SYSINDEX table name



Figures 7a and 7b forma flow chart depicting one enbodi nent of the

I ncl udeTabl e procedure used by the procedure shown in Figure 6b. - 3

Figure 8 is a main flowhart depicting one enbodi nent of procedure to

generate Crass Definition File B suit@ble for use in the step of derive

Class Definition in the enbodi nent of” Figure 1. Figures 9a and 9b form a
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listed in the SYSCONSTRAINTS table. Some of the columns of
SYSINDEX are:

. index name

. table identifier

. index type i.e. unique or duplicates’

. a list of column numbers that make up the index.

e. SYSREFERENCES: This tells us the table and its
primary key that a foreign key references. Some of the columns
~"'of the table are:

. constraint identifier

. constraint identifier of primary key it
references '

. table identifier of table it references

Let us also explain the meaning of primary and foreign
keys as mentioned in the SYSCONSTRAINTS system catalog table
above. A primary key is a unique identifier for a table. It
is a column or a combination of columns .of a table whose values
are used to uniquely identify rows of a table such that no two
f;dhsmhave the same'primagy;key-values.' A 'foreign key is a -
column or a combination of columns of a table whose values are
required to match those of the primary key of some other table.
The following example using SQL show how two tables are defined
with,primary.and foreign keys and stored in the system catalog:

CREATE TABLE accounts (
acc_num INTEGER,
acc_type INTEGER,
acc_descr CHAR (20),
PRIMARY KEY (acc_num, acc_type) )

CREATE TABLE sub_accounts (



i nterface. However, it is to be understood that the teachings of this

I nvention are equally applicable to other database systens using a 4G

| anguage interface. Figure 1 .depicts the operation of and interaction

bet weén thé foll owi ng nodul es: * Extract Application Semantics * Derive
Class Definitions * Derive E-R Mod8 of O asses Extract Appli cati on
Semantics As shown subFagor ENEEGER PREMARVOKEYENt Extract Application
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FOREIGN KEY (ref num, ref type) REFERENCES
accounts (acc_num, acc_type))

In this example, the foreign key of the sub_accounts
table, ref num and ref type, references the primary key,
acc_num and acc_type, in the accounts table. When referencing
a primary key in another table, it is not necessary to
explicitly state the primary key columns in that table, since
the default is that primary key columns. For example, the
foreign key of the sub-accounts table above could be stated as:

FOREIGN KEY (ref num, ref type) REFERENCES
accounts

Notice that (acc_num, acc_type) can be omitted.

Egtrgct Table Definition
The Extract Table Definition .module 20 of Figure 2

extracts the table definition of application database tables
contained in System Catalog 10 and stores them in the following

files:
. SYSTABLES
. SYSTABCOLS

SYSTABLES has the followinq fields:

. table name
. entity type

SYSTABCOLS has the following fields:

. table nane
. column name



used to extract the necessary semantics of the application for deriving

cl asses and E-R Model of classes of the application. Before we describe in
detail the steps involved in this nodule let us briefly explain what a
system cat al og typically contains. 4 System catalog 10 is typically made
up of tables just |ike the tables of the application. However, while the
tabl es of the appli column typee (gpgli Eharasten; anumgricysdakedat al og t-abl es
store definitiaqns okeyl keyble gpel i.cation tables including definitions of
the colums of each application table as well as the primary and foreign
keys, security options, $QStédi GRLMBRs 1SeRcNONTKEYf ol | owi ng are sone of the
system cat al og tabl es relrgvaif colamnt dsnueelodsnNppifayy kéySohlyenti on:

/F’ if column is used as foreign key only
/PF’ if column is used as primary and foreign
key

As an example of the key type of SYSTABCOLS, cdnsider two
tables EMPLOYEE and SKILLS as follows:

Table Name Column Name Keys

EMPLOYEE Emp_No Primary key is Emp No

Emp_Name
SKILLS Emp_No Primary key is Emp_No, Skill
Skill Foreign key is Emp No referencing
EMPLOYEE

The keytypes of Emp No and Emp_ Name of EMPLOYEE are P and
O, respectively. '

The.keytypes of Emp No and Skill of SKILLS are PF and P,
respectively.

Derive Binary Relationships
' The DetiVe Binary Relationships module 21 of Figure 2

derives a binary relationship for each foreign key defined in
System Catalog 10. A binary relationship is a linkage between
two tables, an examplewo? which is the following:

Source Table ' Source Column Target Table Target Column
EMPLOYEE Emp_No SKILLS Emp_No

This binarj relationship is derived from a foreign key in
SKILLS table referencing an EMPLOYEE table having Emp No as its

primary key.

Classify Binary Relationships



a.  SYSTABLES: This describes each application table in the database.
Sonme of its columms are: * table nane or identifier * tabl e nane *
table type * no of colums it has b. SYSCCOLUMNS: Thi's descri bes
each ¢olum of an application table in the database. Sonme of its columms
~are: * col um nunber * col um nan8 * table identifiers * col um

type c. SYSChyl ' i L. t riary. and
fgfel gn keys) pl; a(@d&%— %_215 ?:%+tﬁrnﬁeigeéggﬁﬁéégagéég&%ag?eol%e FE%%H 2
const r ai niCYREsifiesnai hdaaranretarionship i intiof ioned 9f theediwrld Gwirg
SYSI NDEX tafpess: Some of its colums are: * constraint identifier

. has_children
. has wards
. has_subtype

Each of these types can be recognized by examining whether
the columns of the foreign key from which a binary relationship
is derived are also used as the primary key of the table
containing this foreign key.

Consider the following table X with a compOSLte primary

key a, b:
Table Column
X ’ a
b
c
- d

If table X has a foreign key, the following represent the
possible cases in which this foreign key could be formed:

Case A: Using some but not all of the primary key
columns, i.e. a or b.

Case B: Using all the primary key columns, i.e. a and b.

Case C: Using none of the primary key columns, i.e. ¢
or d. ’

Case D: Using a combination of some but not all pfimary

' key columns and some noin-primary key columns,

i.e. ac, ad, bc or bd. )

‘'For Case A, if a is the foreign key, the keytype of the

columns of table X is as follows:

Column Keytype
a PF
b : P

c o



constraint nane table identifier * constraint type such as primary or
forei gn SYSI NDEX tabl e nane 5 d.  SYSINDEX: This table describes the

i ndexes in the database, i.e. what colums of a table that are indexed.
Theserare the colums that make up a primary key or a fareign key listed in
t he SYSCONSTRAI NTS table. Sone of thegcolums of SYSINDEX are: index nane *
table identifier * I ndex type i.e. unique or duplicates * a list of

col um nunbers thé’c make up the hdex. e. SYSREFERENCES: This tells us
the table and its

For Case B; the keytype of the columns of table X is as

follows:
Column Keytype
a - PF
b PF
c _ o ’
da o

For Case C, if c is the foreign key, the keytype of the
columns of table X is as follows:

Column Keytype
a P
b P
c F
d -’ o

For Case D, if bc is a foreign key, the keytype of the
columns of -table X is as follows:

Column Keytype
a P
b _ PF
c - F
d (o]

A "has_children” type of binary relationship corresponds
to Case A. An example of Case A is where an EMPLOYEE table has
Emp_No as the primary key and another table called SKILLS which
contains the skills of every employee. The SKILLS table has a
composite primary key comprising Emp_No and Skill and a foreign
key Ehp_No referencing EMPLOYEE. The name "“has_children" is
used because EMPLOYEE is not only related to SKILLS but the
relationship is one where EMPLOYEE considers SKILLS as its
"children". This is because the records of SKILLS can only be
created if their corresponding EMPLOYEE record exists.



prinmary key that a foreign key references. Some of the colums of the table
are: constraint identifier * constraint identifier of primary key it
references table identifier of table it references Let us al so explain the
meani rig of “primary and foreign keys ai mentioned in the SYSCONSTRAI NTS
system catal og table above. A primary Pe ey is a.unique identifier for a

table. It is appohaansabt?peor@ygs@tdpm%rg%emleﬁsﬂlﬁ%B&é/mé/% ues
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The name "has_subtype" is used to classify the binary
relationships between EMPLOYEE and MONTH_RATED EMP and between
EMPLOYEE and DAILY_RATED EMP because both the MONTHLY_ RATED EMP
and DAILY RATED EMP are subtypes of EMPLOYEE. ' )
A "has wards" type of binary felationship corresponds to
Case C. An example of Case C is a CUSTOMER table having
Cust_No as its primary key and another table called INVOICES
having Inv_No as its primary key. INVOICES also has a column
called Cust_No used as a foreign key referencing CUSTOMER. The .
name "has_wards" is used because both tables have their own
unique identity through different primary key but CUSTOMER
could be regarded as a "guardian"- having INVOICES as its
"wards" because INVOICES belong to their respective CUSTOMER.
Case D is partly a "has_children" and partly a "has_wards"
type. However, in this embodiment, we'simply assign it a
“has_yards" type.

Identify Entity Type of Each Table

In Identify Entity Type of Each Table step. 23 of, Figure 2,
an application table is classified as one of the following

types:
. kernel entity
. characteristic'entity
. associative entity

. subtype entity
. pure lookup entity

Kernel entities are entities that have independent
existence; they are "what the database is really all about".
In other words, kernels are entities that are neither
characteristic nor associative, e.g. suppliers, parts,
employees, orders, etc. are all kernel entities. |



acc type I NTEGER, acc descr CHAR (20), PRI MARY KEY (acc num acc type) )
CREATE TABLE sub accounts ( 6 subacc | NTEGER- PRI MARY KEY, refnum | NTEGER
NOT NULL, reftype | NTEGER NOT NULL, subdescr CHAR (20), FOREI GN KEY (ref
num ref type) REFERENCES accounts (acc num acc type)) In this exanple,
the foreign key of the sub accounts thble, refnumand ref type, references
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describe or "characterlze" some other entity. For example, the
file SKILLS which contains the SKILLS an employee has is a
characteristic entity of the EMPLOYEE entity. Characteristic
entities ‘are existence-dependent on the entity they described
which can be kernel, characteristic, or associative.

An associative entity is an entity whose function is to
represent a many-to-many (or many-to-many-to-many, etc.)
relationship among two or more other entities. For ‘example, a
shipment is an association between a supplier and a part. The
entities associated may each be kernel, characteristic, or
associative.

A subtype is a specialization of its supertype. As
described earlier, MONTHLY _RATED_EMP and DAILY_RATED EMP are :
examples of subtypes of EMPLOYEE. -

Lastly, we have entities that look like kernel entities
but should not be classified as such because their purpose is
solely for lookup of code description.

Figures 3a and 3b describes one embodiment of a procedure
to identify kernel and pure lookup entities suitable for use in
the step-of Identify Entity Type of Each Table 23 in the
embodiment of Figure 2. It first identifies those tables whose
primary key columns are of ‘P’ keytype only. These tables are
either kernel or pure lookup entities. To disﬁinguish between
the two, the procedure of Figure 3 uses the foliowiné'rule:

1) IF such a table has no "children" or subtype, i.e. it
is not a source table in any "has_children" or
*has-subtype" binary relationship; and

2) IF it is not a "ward", i.e., it is not a target table
in any "has_wards" binary relatlonshlp,

- 3) THEN it is a pure lookup entity;

4) OTHERWISE, it is a kernel entity.

Figure 4 describes one embodiment of a procedure to
identify characteristic and associative entities suitable for
use in the step of Identify Entity Type of Each Table 23 in the
embodiment of Figure 2. It uses the following rule:



explicitly state the primary key colums in that table, since the defaul t

Is that primary key col umms. For exanple, the foreign key of

t-he

sub-accounts tabl e above could be stated as: FOREI GN KEY (ref num
ref type) REFERENCES accounts Notice that (acc num acc type) can be

“omitted. Extract Table Definition Thel@xtract Table Definition

nodul e

of Figure 2 ext{act sy dagfilef appbhpit m6PeOfhaP iriceibison dargbaseilables

contained in SystemTatal og, 10 and stores themin the follown

SYSTABLES * SysTAHws siEiddventPraary hrelatienships; oLHEN

files: *
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entity type SYSTABCQésdowtative fentiwyng fields: * tabl e nane

2) IF it appears only once, THEN it is a characteristic
entity.

Subtype entities are easily identified as they are the
target files in "has_subtype" binary relationships.

Reclassify Certain Entities and Binary Relationships
Even though we have earlier identified some tables as

kernel entities, in one embodiment some of these kernel
entities are reclassified as pure lookup entities. Consider

for example a Kernel entity EMPLOYEE having an associative .

entity LANGUAGE_SPOKEN whose other kernel entity is LANGUAGE.
LANGUAGE_SPOKEN has two columhs, namely a foreign key called
Emp No referencing EMPLOYEE and another foreign key called
Language_Code referencing LANGUAGE. The LANGUAGE table has
only two columns, namely Language_ Code as its primary key and
a non-key column 9a11e@ﬂLanguage;Desc. Even though we earlier
identified = LANGUAGE. - as - a kerpel entity as it |has
LANGUAGE_SPOKEN as its "children", in this embodiment LANGUAGE
is reclassified as a pure lookup entity since it is used solely
by the LANGUAGE_SPOKEN tible-ﬁb:obtain thé description of the
Language_Code. ‘1 ' - ' '
S Figure 5 describes one embodiment of a proéedure to
identify these kernel entities and modify them to pure lookup
entities, suitable for use in the step of Reclassify Certain
Entities and Binary Relationéhips 24 in the embodiment of
Figure 2. It uses the following rule to do this: |
1) IF a kernel entity has only associative entities and
no characteristic entities; and
2) IF it is not a target table in any "has_ward" binary
relationships; _
3) THEN modify the kernel entity into a pure lookup
entity and the associative entities of this kernel
entity into characteristic entities. Alsd, modify

20



col um nane 7 * colum type (e.g. character, nunmeric, date) * key
type, i.e.: 'O if-colum is a non-key '"P" if colum is used as primary key
only "F' if colum is used as foreign key only "PF if colum is used as
pri marey and foreign key As an exanple of the key type of SYSTABCOLS,

consi der two tables EMPLOYEE and SKI LL8 as follows: Table Name Col urm Nane

Keys EMPLOYEE EMPER® associativdBént eled o B Nacdehe N it Linto

. NO, i | . R . ca
Enp No Prlnarghggfcéé}fggkc ené%%{es if the associative entities

has only one other entity that associates it.

Next, we access all those "has_children" and "has_wards"
binary relationships whose source table is one of these'pure
lookup entities. We then modify them into a new type called
"inverse_of_ pure lookup" type. We use the word "inverse" as
the lookup direction is not from source table to.tdfget table
but the reverse, i.e. from target table to source table.

For every binary relationship in Binary Relationship File “
13, an inverse is also created and stored in the Binary
Relationship File. For a "has-children" or "has-wards" type,

the inverse is called "inverse of_has_children" or .
"inverse_of_has_wards", respectively. For an
"inverse of pure_ lookup" type the inverse is called

"pure_lookup".

Derive Class Definition 14

This module generates a definition of a class for each
kernel entity in the database and stores this definition in a
Class Definition File (CDF). )

A elass is-a'ciﬁster of tables whose structure is a tree.
The root of the tree is a kernel entity which defines the core
attributes of the class. The tree has the following main

branches: .
(1) a branch for each of the subtypes of the root
kernel entity
(ii) a branch for each of the "wards" of the root
kernel entity |
(iii) a branch for each of the characteristic
entities of the root kernel entity

(iv) a branch for each of the associative entities

' of the root kernel entity

These branches are derived using the "has_subtype",
"has_wards" and "has_children" binary relationships with the
root kernel entity being the source table.



Skil Foreign key is Enp_No referenci ng EVPLOYEE The keytypes of
Enp_No and Enp_Nanme of EMPLOYEE are P and O, respectively. The keytypes of
Enp No and Skill of SKILLS are PF and P, respectively. Derive Binary

Rel atironshirps The Derive Binary Relat'gnships nmodul e 21 of Figure 2 derives
a binary relationship for each foreign key defined in System Catal og 10. A
bi nary rel ati orEdglp ofs the aboxgeshbtypen tharactéristibo andgesoaifatidveh is
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Relatlankgéﬁ;characteristic or associative entities and so forth. These
branches are derived using the "has_children" binary
relationships with the target files of these binary
relationships forming the new branches. The procedure of
Figure 6A and 6B together with the sub-procedure Include_Table
of Figure 7a and 7b are used to derive the above branches which
are then stored as a set of lists in Class Definition File A
(CDF A). An example of a list is:

Table = EMPLOYEE

Column = Emp_No

Table = BILLINGS

Column = Emp_No

BR Type = "has_children"

Column = Proj_No

Table - = PROJECTS

Column = Proj_No

BR Type = “inverse_of_has_children"

This - list  contains a table EMPLOYEE linked to a table
BILLINGS which is linked to table PROJECTS. The binary
relationship (BR) type from .EMPLOYEE to BILLINGS is

- "has_children" using the column Emp_No from both tables and the
BR type from BILLINGS to PROJECTS is “inversé_of_has_ghildren"
using the column Proj_No from both tables.

Let us now describe how a list in CDF A is produced using
this procedure. It starts by initializing a list to the first
kernel entity in SYSTABLES. This kernel entity forms the root
kernel entity of a class to be'generated.— Next it looks for a
subtype entity of this kernel entity using a sorted SYSTABLES
file and the Binary Relationships File 13. This file has been
sorted in descending order of subtypes, kernels, associatives,
characteristics and pure lookups. If one subtype entity is
found, it is added to the list together with the name of the
corresponding binary relationship type which in this case is -
"has_subtype" and the names of the columns used. It then calls



8 The C assify Binary Rel ationships nodule 22 of Figure 2 classifies a
binary relationship into one of the follow ng types: * haschil dren *
has wards * has subtype Each of these types can be recogni zed by
exan ni ng whet her the columms of the foreign key fromwhich a binary
rel ationship is derived are al so used agg he prinmary key of the table

contai ni noph 1) SedioLit Gl ﬁﬁm&@rﬁmﬁe | U1 d P01 Fididd 7a and

conposite yrlnary
to fin assoc1at1ve and characterlstlc entities of the

subtype entity. If a characteristic entity is found, it is
added to the list together with the name of the corresponding
binary relationship type which in this case is "has_children®
and the names of the columns used. . The sub-procedure
Include_Table is then called again, this time to find other
associative entities or characteristic entities of the
characteristic entity. If no such entity can be found the list
is then written to the Class Definition File A (CDF A).

Besides these branches, the tree of a class also has what
we called "lookup" branches originating from each node in the
above branches. These "lookup" branches are derived using the
"inverse of has wards" and "pure_lookup" binary relationships .,
with the node being the source table and the target table
forming new branches. Furthermore, the new branches could also
have their own new "lookup" branches and so forth. These
subsequent "lookup" branches are formed using not only the
"inverse_pf_has_wards" and “"pure_lookup" binary relationships
but also the "inverse of has_children"” binary relationships
with theltarget table forming the new "lookup" branches. The
procedure of Figure 8 together with the sub-procedure
Process _Table of Figure 9a and.9b are used to derive these
branches which are then stored as a set of lists in Class
Definition File B (CDF B)

Let us describe how a 11st in CDF B is produced using this
procedure of Figure 8. It starts by reading in the first
record of CDF A. A list is then initialized to the first table
in this CDF A record. A check is made to see if this taﬁlé has .
been processed before. Since it is not, the  sub-procedure
Process_Tabie as depicted in Figure 9a and 9b is then called to
‘look for a "lookup" table for this table. If there is such a
table, it is added to the list together with the corresponding
binary relationship type and the sub-procedure is called again.
If no further "lookup" table can be found, the list is written
to CDF B. |

Let us now apply the above procedures on the personnel
system below to generate the classes for this system.



o d'If_tabIe X has a foreign key, the follow ng represent the possible
cases in which this foreign key could be forned: Case A Usi ng sone but

not all of the primary key colums, i.e. a or b. Case B: Using all the
primary key colums, i.e. a and b. Case C Usi ng none of the primary key
colums, i.e. ¢ or d. Case D Usi ng 18 conbi nati on of sone but not all
prinmary key colums and some non-primary key colums, i.e. ac, ad, bc or
bd. For Castabde if a i colummsforei gkeksy, the keytype of the col ums of
table X is as follows: Columm Keytype a PF b
P c EMPLOYER,) Emp_No Primary” ki is Emp_No
Emp Name
Branch_No Foreign key is Branch_No referencing BRANCH
Race_Code
Address
MANAGER Emp_No Primary key is Emp_Nb .
Co_Car_No Foreign key is Emp No referencing EMPLOYEE
NON_MANAGER Emp_No Primary key is Emp_No
' Union_M No Foreign key is Emp_No referencing EMPLOYEE
BRANCH Branch_No Primary key is Branch No
Branch_Name
Country No Foreign key is Country_No referencing COUNTRY
RACE_CODE Race_Code Primary key is Race_Code
Race_Desc
SKILLS Emp_No Primary key is Emp. No, Skill
skill Foreign key is Emp_No referencing EMPLOYEE
PROJECT Proj_No Primary key is Proj_No
Proj_Name .
Cust_No Foreign key is Cust_No referencing EMPLOYEE
- BILLINGS Emp_No Primary key is Emp_No_Proj_No
Proj_No Foreign key is Emp_No referencing EMPLOYEE
Month Foreign key is Emp No referencing PROJECT
Amount
CUSTOMER Cust_No Primary key is Cust_No
Cust_Name
EXPENSES Branch_No Primarf key is Branch_No, Month
Mbnqp"- Foreign key is Branch_No referencing BRANCH
Adv_Exp- ' .
Pers_Exp
COUNTRY Country_ No Primary key is Country No

Country_Name



9 d 0 For Case B, the keytype of the colums of table X is as

follows: Colum

0d O For Case C, if c is the foreign key,

Keytype a

columms of ‘table X is as follows: Columm

Pc F

17

PF b

PF c

t he keytype of the

Keytype a

Using Extract Application Semantics module 11 of Figure 1,
the following binary relationships are derived:

Source Table
EMPLOYEE
EMPLOYEE
EMPLOYEE
EMPLOYEE
BRANCH
BRANCH
COUNTRY
RACE_CODE
PROJECT
CUSTOMER

Also, the entity type of each

- follows:

Table
EMPLOYEE
MANAGER
NON-MANAGER
BRANCH

" RACE__CODE
SKILLS
PROJECT
BILLINGS
CUSTOMER
EXPENSES
COUNTRY

Source Column Target Table

Emp_No SKILLS
Emp_No BILLINGS
Emp_No MANAGER
Emp_No NON_MANAGER
Branch_No EMPLOYEE
Branch No = EXPENSES
Country_ No BRANCH
Race_Code EMPLOYEE
Proj_No BILLINGS
Cust_No PROJECT

Entity Type .

Kernel

Subtype
Subtype

Kernel

Pure Lookup
Characteristic
Kernel
Associative
Pure Lookup
Characteristic
Pure Lookup

Target Column Type

Emp_No
Emp_No'
Emp No
Emp No
Branch_No
Branch_No
Country_ No
Race_Code
Proj_No
Cust_No

has_children
has_children
has_subtype
has_subtype
has_Ward

' has;children
inv. of pure lookup
inv. of pure lookup
has_children
inv. of pure lookup

table in SYSTABLES is as

Short Name of Table

K1
S1
82
K2
L1
Cl

K3
A1

L2
Cc2
L3

Let us first anp;ygtﬁg]exemplary_précedure of Figures 6a
and 6b on the personnel skstem example. As shown in Figure 6a,
it first initializes a list to the first kernel entity in the
This means it is going. to
generate Class Definition File (CDF) A for the EMPLOYEE class.
Next it uses a sorted SYSTABLES and Binary Relationship File 13
to find other entities to add to this 1list. The sorted
SYSTABLES contains tables in descending order of subtypes,

SYSTABLES, which is EMPLOYEE (K1).

P b



d - O For Case D, if bc is a foreign key, the keytype of the
colums of table X is as follows: Colum Keytype a Pb

PF c _ Fd - 0 - A "has children" type of
bi nary rel ati onship corresponds to Case A An exanple of Case A is where an
EMPLOYEE tabl e has Enmp No as the prinmdBy key and another table calleg
SKI LLS whi kerneks ai asseaiativess gharqeterishiescand purexleekupsy Thes 4

fg][ne)cr)z Intc ien.géjéewgfﬁg\:é ﬁ‘ﬁ"m 464 %&rml‘aﬁ:_ died sk bhiandiabmAcgnEkethmeNo
: e name "has. chj ren” i us eca L [
‘not only rephumas bexhg 5P Ng Wﬁegpglaﬁ&tﬂ%ibﬁiﬁ@ g stﬁé#%%ﬁsgﬁoségsl >
consi ders Bkstlfsathéhswiittédreo'cDFhAs is because the records of SKILLS
can only be cregfgd, | £¢ teiih 69183 dAInEE Y Bind 22P1id a¥eesSto it,

with the columns being Emp No and the BR type being

"has_subtype", after which it is written to CDF A.

After the subtypes have been processed, the list K1 is
initialized. The procedure then searches for those kernel
entities that are "wards" of Kl1. However, in this example K1
has no "wards" and so there are no such entities to add to the
list. '

Next the procedure searches for associative entities of
K1. K1 has one associative entity, namely BILLINGS (Al), so Al
is added to the list, with the columns being Emp_No and the BR
type being "has_children". Next the procedure includes K3,
which is PROJECTS, in this list since it constitutes the other
entity that associates A1, with the columns being Proj_No and
the BR type being "inverse_ of_has children". This 1list
containing K1, Al, K3 is then written to CDF A.

- After this, the procedure initializes the list to K1 again
and search for characteristic entities of Kl. K1 has one
characteristic entity, namely SKILLS (Cl), so Cl is added to
the list, with the columns being Emp No and the BR'type being
"has children®. This list is written to CDF A.

At this point the CDF A contains the following lists

a list having K1, S1
a list having K1, S2

. a list having K1, A1, K3
a list having Ki, C1

After this, the procedure generates the lists for the next
kernel entity, namely BRANCHES (K2). K2 has no subtype and
associative entities but it has K1 (EMPLOYEE) as its "ward".
This produces the list K2, K1, with the columns being Branch_ No
and the BR type being "has_wards". This list is written to CDF
A. K2 also has C2 (EXPENSES) as its characteristic entity.



10 A "has subtype" type of binary relationship corresponds to Case B. An
exanple of Case Bis where a table called EMPLOYEE has Enp No as its
primary key and two other tables called MONTHLY RATED EMP and DAI LYRATED
EMP edch has a primary key of EnpNo, angga foreign key i's also Enp No

r ef er enci .EMPLOYEE. The nape, "has subt Is used to classify the binary
rel ati onsﬁ?‘ﬂ? BEPéé‘EﬁSEEPECﬁEt% IGB!ITH&E( EbrRrcoHimng (Rfing Branshedoing
DAl LYRATERDP thealBRe btppé tHed ndONThAYRATELIMh®eNd Dfhis RAETD BAP asd

subt ypes . OYEE. "has wards" type of binary relationship corr esponds
to Case C%lﬁr?eg‘x}%glcﬁofl\tase Cis a CUSTOVER table having CustNo as its

primary key andimadilyer thebl bistl fex the/CLItESd handnjasty kisrnad iens- iy, mar y
key. | N\VOhgha 1§ pROFRETE (RBYNis%pt64ubtd! Nadedih RS thdr¥ §HBMSY one

ferenci ng CUSTOVER. The
re lgst, namely

. a list having K3, a1, K1

Since PROJECT has an associative entity' only, which is
BRANCH (Al), with K1 being the other entity that associates A1l.
In this list, the columns for K3 and Al is Proj_No with BR type
being "has_children". The columns for Al and K1 is Emp_No with
the BR type being "inverse of has_children".

Let us next apply the procedure of Figure 8 on the )
personnel system. It uses the lists of CDF A derived earlier
to generate the lists for CDF B. Using the same personnel
system example, it first initializes a list to the first entity
in the first list of CDF A, namely Kl. It then adds to this
list entities that are lookup entities to Kl1. A lookup entity
is a target table in'a "pure_lookup" or "inverse of_ has wards"
binary relationships, with K1 as the source table. K1 looks up
on BRANCH (K2), so K2 is added to the list, with the columns
being Branch_No and the BR type being "inverse of_ has wards" .
Next a check is made on K2 to see if it too has lookﬁp
entities. K2 in fact has one, namely COUNTRY (L3). L3 is
therefore added to the list, with the columns being Country_No
and the BR type being "pure_lookup". At this point tl;e list
contains K1, K2, L3. Since L3 has no lookup entities, this
list is written to the CDF B. Next the procedure returns to K2
to see if K2 has other lookup entities. Since it does not, the
procedure returns to K1. It finds that K1 has another lookup
entity, namely RACE CODE (L1). The list containing K1, L1,
with the columns being Race Code and the BR type being
"pure_ lookup" is then written to CDF B.

The next entity in the first list of CDF A is next
processed. This entity is MANAGER (SI). It, however, does not
have any lookup entities and so it is ignored.
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has been processed earller, and so it is ignored. The next
entity is S2 ' (NON_MANAGER) which has not been processed.
However, it does not have any lookup entities, and so it is
ignored. '

The above procedure is again applied for the néxt list of
CDF A, which contains K1, Al, K3. Since K1 has already been
processed and Al has no lookup entity, no list is produced for
either of them. However, K3 (PROJECT) has a lookup entity,
namely CUSTOMERS (L2). So the list K3, L2 is produced, with
the columns being Cust No and the BR type being "pure_lookup".
It is then written to CDF B. The next list of CDF A is K1, C1.
However, since K1 has already been processed and Cl1 (SKILLS)
has no lookup entities, both are ignored.

The above procedure is applied to the remaining lists in
CDF A. Only one list is produced, containing K2, L3, with the
columns being Country_No and the BR type being "pure lookup".

Besides CDF A and CDF'ﬁ, the Class Definition F11e also
includes CDF C. CDF C contalns a 51ngle list which contalns
all ‘&he pure lookup entities. .

The CDFC for the personnel system example contalns L1, L2,
L3.

Derive E~R Model Of Classes

The Derive E-R Model of classes module 16 of Figure 1 is
used to produce an Entity-Relationship (E-R) model for each
class using CDF A and CDF B and Binary.Relationships File 13.
Many different embodiments of an E-R model can be produced.

The following describes a procedure to produce one
embodiment of an entity-relationship (E-R) model of a class for
all the classes except the class containing the pure lookup
entities. This procedure begins by creating another file
identical to SYSTABCOLS. This duplicate file is called
TEMPTABCOLS. Next, for each “inverss_of_pufe_lookup" binary
relationships in Binary Relationship File 13, it inserts all

having INVO CES as its "wards" because | NVO CES belong to. their
e:CUSTOMER. Case D is partly a "has children"” and partly a "has



In other words, kernels are entities that are neither characteristic nor
associative, e.g. suppliers, parts, enployees, orders, etc. are all .
kernel entities. A characteristic entity is one whose primary purpose is
to describe or "characterize" sone other entity. For exanple, the file
SKILLS which contains the SKILLS an epgl oyee has is a characteristic entity
of the EMPLOYEE entity. Characteristic entities are existence-dependent on
the entitytRPe5OHeRRS| OEJTthAI EAbdgn usEk an Siourseatadles (i ithisrbinary
associ at i e 1 GsIOD) %:td(éi)t?'ﬁids)é balaﬂnsnéft%éﬂm‘i?é‘ %ﬁﬁk:: Q?el dséQ as
represent a nmany-to-jimn Qr .many-t o- -to-many, etc.,) relationshi p anong
two or rmr%o"b)fcﬁger ca{tqqu{ses_m‘g& é&éﬁp%@ﬁ%’%n@q sthe eeipFaiyRirh
bet ween a_mms'mndmctm_mm_ ttarget eoflumnssofisthis ab Hthrp et dresikip nel |
characterigdy€, Pbratd¥fl ¥HAE children", "has_wards" or “"has_subtype"
type of binary relationships in Binary Relationship File 13, it
deletes those columns in TEMPTABCOLS that are used as target
columns in such binary relationships.

The procedure then gradually builds the E-R modél for each
class making use of the resultant TEMPTABCOLS. It first
include all the columns of the root kernel entity of the class
into the E~R model of the class. These columns are obtained
from TEMPTABCOLS. Next it applies the following Decision Table
1 and 2 on the CDF A and CDF B of the class to determine the’
relationship names between two adjacent entities in the class

which are not pure lookup entities.

H== -Decision Table 1 )
H - To define relétionship names between
two adjacent entities in the CDF A lists
Rule ,géom Entity | To Entity | BR _Type, | .-;iRelationship Name
1 K s has_subtype Kisas
2 K é has_wards | K pas‘s
3 | K K hés_wérds K has K’

has_children | X has C

has_children | a. X has Y
b. X and Y have A

(Y is another entity
- that associates A)

H : Decision Table 2

To define relationship names between two adjacent entities
in the CDF B lists

Rule | From Entity | To Entity | BR Type Relationship Name

1 X Cor a inv_of_ has_wards X references C or A




A subtype is a specialization of its supertype. As described earlier,
MONTHLYRATEDEMP and DAl LYRATEDEMP are exanpl es of subtypes of EMPLOYEE.
Lastly, we have entities that |look |ike kernel entities but should not be
cl assified 'as such because their - purpg@g is solely for |ookup of code
descri ption. Frgures 3a and 3b descri one enbodrnent of a procedure to

I dentify lgerrret e pure—topktp—entttres—sut-tabte—for—yseTmrthe—step—of
Identify KntiZy fype 8f Each Tabk e 23 inv_efichaemardenen| K6f beliogas 02K | t
first ide S WIOSE QrJ mary Rey coruarmmg are or P Reytylle
only. Thede thbl gs &€t ther k& nel | Vet BapHALES enf i€t Py refperences K

di sti ngui ben fhe two] th proqedure T F| SEs t e follomrn
rule: 1) h a ct Padt e bas ﬁ% " chi ’In(‘:frb%?ﬁ-?‘ EB’f%QL? Q hiie y
source table In any ren" or as-subtype”™ Dbinary re atlons I p;

and 2)  IF it 3¢ mlt a ‘gnard’ . §epndd, 'S S0BEygR, ! AT OfdracRDE &R, ANV DS

war ds" bi nary reI at 1 onshi p; associative entity

C - characteristic entity
A - associative entity ,
K,k - kernel entities
Y - other entity that associates associative
entity '

For each relationship name identified using the above
Decision Tables, the relationship name and the columns of the
table corresponding to the second entity of the two adjacent
entities that establish this relationship name are included
into the E-R model of the class. The columns included are
obtained from TEMPTABCOLS. This E-R model is then stored in
the E-R Model of Classes. File 17. .

Let us now - apply thls procedure on the personnel system
example. At this stage we know that th1s particular system has
three classes which are derlved from the root kernel entity of
EMPLOYEE, BRANCH and PROJECT. Weé call these three classes:

. ABOUT EMPLOYEE
<. ABOUT BRANCH
. ABOUT PROJECT

Iﬁ”qe.were to apply the procedure we should éet the following
E-R models for the three classes:

ABOUT EMPLOYEE
Emp_No
Emp Name
Race_Code
Race_Desc
Address
<EMPLOYEE belongs to BRANCH>



3) THEN it is a pure | ookup entity; 4) OTHERW SE, it is a kernel
entity. Figure 4 describes one enbodi nent.- of a procedure to identify
characteristic and associative entities suitable for use in the step of

| dentirfy Entity Type of Each Table 23,in the enbodi nent of Figure 2. It
uses the following rule: = 12 1) I'F"a tabl e appears nore than once as a
target file in "has chil §¥E Rigary relationships, THEN it is an
associative entity; 2) |¥—appears only once, THEN it is a
characteristic entity. BmangpeNaneties are easily identified as they are
the target files in "hasesubpdspaio bi nary rel ationships. Reclassify Certain

Entities and Binary Rel ationshifs
Country Name

<EMPLOYEE is a MANAGER>
Co_Car_No
<EMPLOYEE is a NON_MANAGER>
Union_M_No
<EMPLOYEE has PROJECT> :
Proj_No
Proj_Name
Cust_No
Cust_Name
<EMPLOYEE and PROJECT have BILLINGS>
Month
Amount
<EMPLOYEE has SKILLS>
skill |
ABOUT BRANCH
Branch_No
Branch_Name
Country_ No
Country_Name
<BRANCH has EMPLOYEE>
~ Emp_No
"Emp’ Name
Address
Race_Code
Race_Desc
<BRANCH has EXPENSES>
Month
Adv_Exp
Pers_Exp

ABOUT PROJECT
Proj_No
Proj_Name



Even though we have earlier identified sone tables as kernel entities, in
one enbodi nent sone of these kernel entities are reclassified as pure

| ookup entities. Consider for exanple a kernel entity EMPLOYEE havi ng an
associ‘ativé entity. LANGUAGESPCKEN whose ot her kernel entity is LANGUAGE
LANGUAGE SPOKEN has two col ums, nanepy a foreign key called EmpNo

ref erenci ng EMPLOYEE,apdngnot her foreign key call ed LanguageCode
referenci ng LANGUACE. The LANGUACE table has only two col ums, nanely
Language Code as itSUBFiN8M$ key and a non-key col umm cal | ed Language Desc.
Even though we ear| kproJBewt haseBMPLOXEEWCE - as a kernel entity as it
has LANGUAGESPCKEN as itg "children”, in this enbodi ment LANGUAGE i s
reclassified as a pure | Rer oentity since it is used solely by the
LANGUAGE SPOKEN t abl e t oEwpt Namet he descri ption of the Language Code.
Figure 5 describes one eghadi pggk of a procedure to identify these kernel
entities and nodify themto pure | ookup entities, suitable for use in the
step of Reclassify CertaRace_Desc

Address
<EMPLOYEE belongs to BRANCH> ’
Branch_No
Branch_Name
Country No
Country_Name
<PROJECT and EMPLOYEE have BILLINGS>
Month
Amount

Let us now explain how these E-R models are produced when
the procedure is applied. First another file identical to
SYSTABCOLS is created. This file is called TEMPTABCOLS. For
each "inverse_of _j:mre_lookup" binary relationship in the Binary

' Relatiohship File 13, we insert in TEMPTABCOLS at the point
where it corresponds to the target column all the columns of
the source table except the source column itself, e.g., there

" is an "inverse of_pure_lookup" binary relationship as follows.

Source Table Source Column Targef?Table Target Column
RACE_CODE Rhce_Code EMPLOYEE ~ Race_Code

Theﬁ'columns of source table, hamely RACE_CODE, are
Race_Code and Race_Desc. The procedure inserts only the column
Race Desc (leaving out Race Code as it corresponds to the



Entities and Bi nary Rel ationships 24 in the enbodinent of Figure 2. It
uses the following rule to do this: 1) | F a kernel entity has only
associative entities and no characteristic entities; and 2) |F it is not
a tardet table in any "has ward" binary rel ationships; 3) THEN nodi fy the
kernel entity into a pure | ookup entity 2d the aszC|at|éefent|thgstﬁf
this kernel entity.intqQ characteristic _entities. so, nodi e
associ at i V&S tc%éégmgﬁ ki éaﬁsr—ﬁ@aeeﬁf' i EMPLAYEE of ' BRMRFABGOLS 5 jthats | f

the associthte lantist icfs EMPLOYEE ionEMBTABODLS heddil: associ ates it.
Next, we access all those "has children" and "haswards" binary

rel ati onshi ps whose source table is one of these pure
Emp_No

Emp Name

Branch_Code

Race_Code

Race_Desc

Address : .

Next the procedure deletes those columns in TEMPTABCOLS
that correspond to the target column in "has_children",
"has_wards" and "has_subtype" binary relationships in Binary
Relationship File 13. For example, Branch No of EMPLOYEE in°
the personnel system is a target column in a "has_wards" binary
relationship with BRANCH. This column in the TEMPTABCOLS file
is deleted. _

The resultant TEMPTABCOLS file is then used together with
the following two decision tables earlier described to produce
the above E-R model for each class which is then stored in the
E-R For Classes File 17.

Let us show how the procedure produces the E-R model for
the ABOUT EMPLOYEE class. First all columns of EMPLOYEE (K1)
obtained from TEMPTABCOLS are included into tlie: E-R mbdei of

« thig gilass. Next it reads CDF B to find records having K1 as
.the first table. The first such Fetord is*a list containing
Kl, K2, L3. The next table in this list is BRANCH (K2) which
has a BR type of "inverse_ of_has_wards" with EMPLOYEE (K1). As
Kl and K2 are kernel entities with the BR type "of
"inverse of_has_wards" the procedure applies rule 2 of Decision
Table 2 to derive the following relationship name:

<EMPLOYEE belongs to BRANCH>
. This relationship name together with the columns of BRANCH

obtained from TEMPTABCOLS are then included into the E-R model
of ABOUT EMPLOYEE.



| ookup entities. We then nodify theminto a new type called "inverseof pure
| ookup” type. We use the word "inverse" as the | ookup direction‘is not -
fromsource table to target table but the reverse, i.e. fromtarget table
to source table. For every binary relationship in Binary Relationship File
13, an inverse is also created and stéfed in the Bi nary Rel ationship File.
For a "has- chi | Thentiext thhtewafﬂer Kypin the abovecCBE B recordaiselis.

inverseofgfﬁég tgrf§' lﬁé?ﬁ <f¥&ﬁ§%&E1Q§S Wﬁ%dﬁroceduigsﬁsﬁbkgglit and

For I'nver se nver se IS

"pure_ |ooma5°ceeé$|9@ (F%Qslﬁk$h%|¥¢6ﬁ Hﬁcqfﬁs°ﬁm@@#é3d%ﬁ%*%9e§1aas the
definiti ongdfse €dBES. f @hecebokar N8l a enidt bdﬂtéﬂﬁd&lﬁm@am andowévéLs
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whi ch defipusetheokupeentitybutne prfocédure abgnoredhitiree has the

fol 'ow ng main Because there are no more records in CDF B having K1 as
the first table, the procedure starts to read the CDF A file.
The first record of CDF A is a list containing Ki, 61. Since
S1 is a subtype entity with a BR type of "has subtype" to Ki,
the procedure applies rule 1 of Decision Table 1 to derive the
relationship name:

<EMPLOYEE is a MANAGER>

This relationship naﬁe- together with the columns of
MANAGER obtained from TEMPTABCOLS are then included in the E-R
-model of ABOUT EMPLOYEE class.

Next,. the procedure reads the CDF B file to look for
records containing S1 as the first table. However, there are
no such records. It then proceeds to read in the next record
of CDF A. This record contains K1, S2. Using the same rule as
applied to S1 above, the procedure derives the following
relationship name:

<EMPLOYEE is a NON-MANAGER>

This relationship name together with the columns of NON-
MANAGER obtained from TEMPTABCOLS are then included in the E-R
model of ABOUT EMPLOYEE class. '

The procedure next reads the CDF B file to look for
records containing S2 as the first table. However, there are
no such records. 1t proceeds to read in the next record of
CDF A. This record contains K1, Al, K3. Since Al (BILLINGS)
is an associative entity and K3 (PROJECTS) is the other entity
that associates Al, the procedure first applies rule 5a of
Decision Table 1 using K1 and K3 to derive the following
relationship name:



branches: (i) a branch for each of the subtypes of the r
entity (ii) a branch for each of the "wards" of the root

(rii) a branch. for each of the characteristic entiti
root kernel entity (iv) a branch for each of the associ at
of the root kernel entity These branches are derived using the
"hassubtype", "haswards" and "has childrgn" binary relationsh

root kernel entity being the source table. .-14 Each of the a

characteristip and associative entities could al so have their
whi ch are thei <EMPLOYEE has PROJECTS>

oot ker nel
kernel entity
es of the

ive entities

ps with the
bove subtype, -
own branches

This relationship name together with the columns of
PROJECTS obtained from TEMPTABCOLS are then included in the E-R
model of ABOUT EMPLOYEE class. Next the procedure reads CDF B

file to look for records with K3 as the first table.

There is

one such record, namely K3, L2. However, since L2 (CUSTOMER)

is a pure lookup entity, the record is ignored. The procedure

then applies rule 5b of Decision Table 1 on the current CDF A

record, namely the list containing K1, A1, K3, to derive the

following relationship name:

<EMPLOYEE and PROJECT have BILLINGS>

This relationship name together with columns of
obtained from TEMPTABCOLS are then included in the E-R
ABOUT EMPLOYEE Class.

The procedure next reads the CDF B file to

BILLINGS
model of

look for

records with Al as the first table. However, there is no such
file. It then proceed read in the next CDF A record. This

record contains K1, Cl. Applying rule 4 of Decision

Table 1,

the procedure derives the following relationship name:

<EMPLOYEE has SKILLS>

This relationship name together with the columns of SKILLS
obtained from the TEMPTABCOLS file are then included in the E-R

model of ABOUT EMPLOYEE class.

' The procedure next reads the CDF B file to
records having Cl1 as the first table. However, there
and so it proceeds to read the next CDF A record.

look for
are none
However,

there are no more CDF A records. This ends the E-R model
translation for the ABOUT EMPLOYEE class from its class

definition.

Besides the procedure 3just described, the E-R Model
Translator also has another procedure which creates a class

using CDF C to contain all the pure lookup entities.

For the



characteristic or associative entities. The | atter
characteristic or associative entities could al so have their own
characteristic or associative entities and so forth. These branches are
derived wusing the "has children" Eﬁ&fry rel ati onships with the target
files of these binary rel ationships f I ng the new branches. The

01 i gur 6 T 7o et Seba7 FiLs bhoopdted e RIREE WIF 4R ©

of Figure 7a and 7b are used to derive the \
stored as H&%%* of lists in Cass Definition File A (CDF A). An exanpl e of
alist is: Table = EMPLOYEE Col umm = Enp_No Tabl e =

= = ! chil dren” Col um =
0 LN ol Mapont pongE Bl e 1%,

<RACE_CODE>

Race_Code

Race_Desc

<CUSTOMER>

Cust_No .

Cust_Name

<COUNTRY>

Country_ No

Country_ Name

This completes the description of the Derive E-R Model of
Classes 16, step. '

The invention now being fully described, it will be
apparent to one of ordinary skill in the art that many changes
and modifications can be made thereto without departing from
the spirit or scope of the appended claims.

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the same
extent as if each individual publication or patent application
was specifically and individually indicated to be incorporated
by reference. T



BR Type = "inverse of has children" This |ist contains a table
EMPLOYEE |inked to a table BILLINGS which is |Iinked ttabLﬁ.FEEQEQLéj
The binary relationship (BR) type from EMPLOYEE fﬂUr‘BLLLTNGSSEb& has
children" Using the colum Enp No fro 59both tabl es and t h&XBRACKpe frorfn
children" ust e-corunf—roy No

Bl LLI NGS tﬁmﬂse of h? [
from both describe how a list in COF Ais produced -using

this procedure. It starts by initializing alist to the flrst kernel entity

in SYSTABLES. Hhis Iger F-‘élve‘i-'%te' tgn&gﬁggrmgen% ng yrﬁgof e‘?%é;’f 03_"53 to

b te Next for
ugi ﬂS”Sr 2&% %mles A Pé“&'ﬁélttﬂ(e°§| ﬁaﬁybﬂéeatabhswpgfm$@ usingfa s

file has hedmtsmradd dataleseRs) ﬂﬂ:ﬁtfﬂiﬁﬁlrﬁ{: subtypfesonzerﬂg'ts e entity is

associ atives, characgteristigcs and_pure ups

found, it is added tcao ?éoﬂé? ﬁgfhé?:oﬁlf‘ﬁ fhefHanet of Fﬁﬁ\égoﬂfe S ng
bi nary r ela@pldeation WMmham shild classi is"aakogida) pidtambddEe gENES
of the colaughpseteds £hi& e L4LE tables and said logical data model is

in a form of a tree; and

L

a class generator for reading said relational data
model, for generating said set of classes and for storing said
set of classes in said repository.

2. A reverse engineering system as in claim 1 wherein
said class generator comprises: '
| a semantics extractor to derive a set of binary
relationships and to derive the entity type of each database
table of said relational data model:

a means to derive said set of classes using said set of
binary relétionships and said entity type of each database
table of said database model.

3. A reverse engineering system as in claim 2 wherein
said entity type is selected from a set of entity types which
comprise a kernel entity typé, a subtybé entity type, a
characteristic entity type, an associative entity type or a
pure léokup entity type. |

4. A reverse engineering system as in claim 1 wherein
‘said tree of said class has a root comprising a database table
of kernel entity' type and a plurality of branches each
comprising a linkage of one or more database tables from said
subset of database tables.

5. A reverse engineering system as in claim 2 wherein

said binary relationship comprises a linkage between two tables
in said relational data model in which one table has a

RO O TR O Hlsiiluﬁllﬁmnmd




associ ative and characteristic entities of the su E ¥’JDFFN
characteristic entity is found, it is_added to the 4J|QT hBr with the
nﬁne OL fge correspondi ng blnary rel ad onshlp type which in this casé S
"has children" and t nes s used re
IncIudeTaBPBePglPﬁeﬂrCE?F%39595?¥|éh?ﬁ ?ﬁ?QQ$§|qﬁf<5ﬁ¥§p |£% g&gﬁgg
entiti es Reycbsir theeotherctabletli es of the characteristic entity. If no
such entity can be found the list is then witten to the Cass Definition
File A (CDF A). Besides these branches, the tree of a class also has what
we called "I ookup” BrZeverseoengineering syatak Aot FhaimeSaWberein

branches. sdhgsese i;oqkup aaepcF@él@fﬁoﬁlﬁnye@d@mééweuhaavensaai:bas

wards" angd. "
gur SOKUp“lgbggg %'Sﬁkgni ﬁup“ or "has_subtype" binary

15 on a sub-procedure IncludeTable as depicted in % ?a*and—?b-fﬁ-find

relationships.

7. A reverse engineering system as in claim. 6 wherein
said set of binary relationships further comprises
"inverse_of_has_children", "inverse_of_has_wards",
"pure_ lookup" or "inverse of has_subtype" binary relationships.

8. A reverse engineering system as in claim 6 wherein
said "has_children" binary relationship is one in which the
source table is not a pure lookup entity type and has a one-to-
many relationship with the target table, and the target table
does not have its own independent unique'or primary key. )

9. A reverse engineering system as in claim 7 wherein
said "inverse of_has_children" binary relationship is one in
which the target table is not a pure_lookup entity type and has
a one-to-many relationship with the source table, and the
source table does not have its own independent unique or
primary key. T

10. A reverse engineering system as in claim-6 wherein
sa1d "has_wards" binary relatlonshlp 1s one in which its source
table is not a pure lookup ent1t§ type and has a one-to-many
relationship with its target table, and its target table has
its own independent unique key or primary key.

11. A reverse engineering system as in claim 7 wherein
said "inverse of has_wards" binary relationship is one which
the target table is not a pure lookup entity type and has a
one-to-many relationship with the source table, and the source'
table has its own independent unique or primary key.
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with the node being the source table and the target table
branches Furt hernore, the new branches coul d al so have thej,

"l ookup" branches and so forth. These subsequent "Ibekuaiﬁgzéﬁgﬁéﬁzﬁ£é
formed usi ng not onIy the "inverse of hadl wards" and "pure | ookup™ binary

| at h the "j
\r/metf]1 !tﬁgstialr[);e&% ‘abl OY%Y%%% ?ﬁéfﬁ%%”’ﬁ‘g Eﬁgke% §ﬁcﬁes%‘ﬁ/¥e“ eéroce urJe&l'gfS
Fi gure 8 tssged hthagj Shbthpegulblp\ec‘afecm#baﬂm Tasl ons mgmc@a sl 9b
are used tyfiesd veawesealy a@chaa-ﬂfehshea&%ltafﬁ%ﬁﬁrpedwféhaftet dr é@ts

in Class Definition Fil ﬂﬁé é us describe hogw a list in S
produced e 3R E‘P?)CE etofa ?’ﬁui'-é 8. suptypeaentigy afadhey ??P’f'ﬁ’e
first recttabl¥. COF AL Alist is then initialized to the first table in
this CDF A record. A check is nade to see if this table has been processed
bef ore. Since it is not, the sub-procedure ProcessTable as depicted in
Fi gure 9a and 9@4s;Arm#wex$¢eenqaneenkngosyatemoesupn cdidia fbrwherein

table. If ddyfenifvare8 8f has subtype" binary relationship is one in
which its target table has a one-to-one relationship with its
source table and the source table is a subtype entity of the
target table.

14. A reverse engineering system as in claim 6 wherein
said "inverse_ of_ pure_lookup" binary relationship is a binary
relationship whose source table is a pure_lookup entity.

15. A reverse engineering system as in claim 7 wherein
said "pure_lookup" binary relationship is a binary relationship
whose target table is a pure lookup entity.

16. A reverse engineering system as in claim 4 wherein
said class further comprises a set of relationship names each
of which specifies the nature of the relationship between two
adjacent database tables in each branch of said tree of said
class.

17. A reverse engineering system as in claim 16 wherein
said class generator further comprises a means for a user to
modify said relationship names in said set of classes.

18. A reverse engineering method- for an application
database having a plurality of database tables defined using a
relational data model, comprising the steps of:

reading said relational data model;

deriving a set of binary relationships from said
relational data model; '

identifying the entity type of each database table of
said relational data model;

-
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table,

relationshlp type and the sub-procedure is called agng
table can be found, the list is witten to B. LeéEruaceow appl:
gyst em bel ow to Jenerare—the—ctassed

"l ookup"

t he above procedures on the personnel

Is added to the |ist together with the correspentding- bhﬂ&&&-——nm

THIS sEEfurhBelEEN ||

Iy

(or (s, system ol o sst or GLATHg, ot ond EXBESVERIER uinat 0

referenC|$©1<BRﬁﬁCHQQadall@me reliationshipscand SaldErm‘lemj:lfled eRtityry

key is EnppResOouhaireld eacH U£idNcka¥s! IsEP Nogi&i " §RELNGIAIIL QEE,

subset of said database tables and said logical data model is
in a form of a tree.

19. A reverse engineering method as in claim 18 wherein .

said tree of said class has a root comprising a database table
of Kkernel entity type and a plurality of branches each
comprising a linkage of one or more database tables frém said
subset of database tables.

20. A reverse engineering method as in claim 18-whérein
said entity type is selected from a set of entity types which

comprise a kernel entity type, a subtype entity type, a°

characteristic entity type, an associative entity type or a
pure lookup entity type.

21. A reverse engineering method as in claim 18 wherein
said binaryrrelationship_comprises a linkage between two tables
in said ‘relational data model in which one table has a
repeating or foreign key that references the unique or primary
key of the other table. _

22.° A reverse engineering method as in claim-21 wherein
said - sét of binary relatienships. comprises "has_children",
"has wards", "inverse _of pure lookup" or "has subtype" binary
relatlonshlps.

23. A reverse engineering method as in claim 22 wherein
said set of bihary relationships - further comprises
"inverse_of_has_children", *inverse_of_has_wards",
"pﬁre_lookup" or "inverse of_has_subtype" binary relationships.

24. A reverse engineering method as in claim 22 wherein
said "has_children" binary relationship is one in which the
source table is not a pure lookup entity type and has a one-to-

—_—
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NON MANAGER Enp No Primary key is EnpNo Uni ofE=h

O

Is Enp No referenci ng EMPLOYEE BRANCH - Branch 'ﬁﬂSQﬁEHﬁH&SBE&Nl
Branch No Branch Name Country No Foreign key is Co ntryhBEFEﬂ@E@nC|no
COUNTRY RACE CODE Race Code Pr3gmary key is Ra '
SKI LLS Primary key is Enp No, Skl|| Ski |

For ei gn kesany Eﬁaw@nﬁim enttm Ehefaryget GapkesT and t ‘Pr*EﬂINIFt table
Primary k in ﬂa%? [ peeima No

ref erenci % éE§I\/PA:L)6Ot‘ﬁ)(EEA\JS‘BEI E_I NGS Sgent uni-_quélirclg:mrrary kael;y %WErrp No Proj

‘No Proj No Foreign key is Enp hb referenC|ng EMPLOYEE Mbnt h
Foreign key is &p No rejerse cngi i@ rethod JSFOVERIn 23 Glweredn

Pr'”ary'“%élé &¥ %e@gécgfthggnghlldren“ binary relationship is one in
which the target table is not a pure_lookup entity type and has
a one-to-many relationship with the source table, and the
source table does not have its own independent unique or
primary key. '

26. A reverse engineering method as in claim 22 wherein
said "has_wards" binary relationship is one in which its source
table is not a pure lookup entity type and has a one-to-many
relationéhip with its target table, and its target table has
its own independent unique key or primary Kkey. |

27. A reverse engineering method as in claim 23 wherein
said "inverse_of_has wards" binary relationship is one which
the target_table is not a pure lookup entity type and has a
one-to-many relationship with the source table, and the source
table has its own independent unique or primary key.

28. A reverse engineering method as in claim 22 wherein

said "has subtype" binary relationship is one whlch its source

~ table has a one-to-one relationship w1th its target table and
the target table is a subtype entity ‘of the source table.

29. A reverse engineering method as in claim 23 wherein
said "inverse_of_has_subtype" binary relationship is one in
which its targét table has a one-to-one relationship with its
source table ahd the source table is a subtype entity of the
target table. '

30. A reverse engineering method as in claim 22 wherein
said "inverse of_pure_lookup" binary relationship is a binary
relationship whose source table is a pure_lookup entity.

LT —————
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EXPENSES Branch No Primary key is Branch No, Wbiith- anth Y
Foreign key is .Branch No referenci ng BRANCH Adv Exp P r §LExp GBUMHQ%EN H
Country No Primary key is Country No Country Name |L_17 #Rkﬁ&ﬁ@ract,
Applicatioh Semantics nodule 11 of Figare 1, the follomnng brmary

rel ati onshi ps are derived: Source Table Source Col unm Target Table Target
Col um Type EproKEgeverEgpenglneerlngngEgod as 1nEﬁgﬁém 23 whegxein

chi I dren EHEECB§¥5 logﬂﬁp“bblnafy ﬁﬂiéifgﬁéhlp iFPpitary relddiondhli

EMPLOYEE .. has subtype EMPLOY E
Enp No Wh°sﬁo‘aammF<GERbleEﬂrﬁ Ropure 1°E§EPS 6Bt 5¥ - BRANCH Br anchNo
EMPLOYEE Br anchNo has .war d

32. A reverse engineering method as in claim 19 wherein
said class further comprises a set of relationship names each
of which specifies the nature of the relationship between two
adjacent database tables in each branch of said tree of said
class.

33. A reverse engineering method as in claim 32 which
further comprises the step of modifying said relationship names
in said set of classes.

34. A reverse engineering system as in claim 1 which
further comprises a model purifier to alter said relational
data model.

35. A reverse engineering method-as in claim 18 which
further comprises the step of altering said relational data
model.
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BRANCH Branch No EXPENSES Branch No has chil dren CCUNTRY

CountryNo  BRANCH Country No inv. of pure | ookup~™RACE GGDE .
Race Code EMPLOYEE Race Code inv. of pure Iookup ; = HEEM F
No “ BI'LLI NGS Proj No has children CUSTOMER /i i
PROJIECT Cust No inv. of pure | ookup Also, the enfity type of “each-
table in SYSTABLES is as follows: Tablée - Entity Type
Short Nane of Table EMPLOYEE - Ker nel . K1
MANAGER Subt ype S1 NON- MANAGER Subt ype
S2 BRANCH Ker,nel K2 RACE_ CODE
Pure Lookup L1 SKILLS Characteristic
Cl PRQIECT Associ ati ve
A2 CUSTOVER ' L2 EXPENSES
Characteristic
18 Reposinory .
12
Table
Definition
Fils
13
Binary
Relationship
Fis
.
Class
Definiticn
Pl
_‘;“
B-R Model
of
Classes Pile
Figore 1 Main Plowchazt
i This Sheet Has Been Repla
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COUNTRY . Pure Lookup L3 Let U%-—Td r,§._T‘
exenpl ary procedure of Figures 6a and 6b on the personn | sysEé
As shown in Figure 6a, it first initializes a list tot _s
entity in the SYSTABLES, which is EMPLOYEE (K1). This neans it is go‘Tg*T
generate Class Definition File (CDF) A for the EMPLOYEE cl ass. Next it uses
a sorted SYSTABLES and Binary Relationship File 13 to find other entities
to add to this list. The sorted SYSTABLES contains tables in descending
order of subtypes, 18 kernels ives, characteristics and pure

| ookups. The next entity added Sl which is MANAGER with the
col ums bei ng EnpNo and the BR{t hassubtype". This list is then
witten to CDF A. The list is RnitiRaiz gain to Kl and S2 is added to
it . Dictionary

E This Sheet Has Been Re‘placed




wi th the col ums being Errp No and the BR type bei ng "HaS—Subiype
which it is witten to CDF A After the subtypes have éEfS@H@geﬁ§§
list KL is initialized. The procedure éhen sear ches |if or t
.entiti'es that are "wards" of K1. Howevery in this exanpl € R - warjds”
and so there are no such entig add to the list. Next - the procedure

searches for associative enti Eém Kl1. K1 has one associative entity,

namely BILLINGS (Al), sopA—is a¥ded to the list, with the col urms bei ng
Enp_No and the BR type b¢Read SYSEABLES Bleqn" . Next the procedure includes
K3, which is PRAJECTS, in this [§yst since it constitutes the other entity

that associates Al, wt ol UNQS be| ng Proj No and the BR type being
' e mammemkt hen
. re—rmrtret+=zes the i s o K1

"inverse of has chlldr

witten to CDF A Af
Ne entities of KI. K1 hasjone
: S (Cl), so Cl is added to )

agai n and search fo
characteristic entity,

»

Set pointer 1 to point to beginning of Binary Relationship File
Read Binary Relationship Flle using pointer 1

identify table of
-3 |SYSTABLES record as
kemel or pure lookup entity

~3> Increment pointer 1

S'table of SYSTABLES recor
@ target table In “has_chiliren”
binary relationship record?

~ Figure 3a Procedure to identify Kemel Emllos and Pure Look “p
éuhbu
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the list, with the colums being Enp_No and the BR type being "has
children". This list is witten to CDF AL At this point the CDF Acont_,ms
the following lists * alist having K1, S1 * a list havin ,K&./*”SZ

list Rhaving K1, Al, K3 * a |list having K1, Cl1 After X prbeedure\\
(

generates the lists for the next kernel entlty, nanmel y
has no subtype and associative entit but it has KL (}
"ward". This produces the list K2, wi th the col ums Bél ng BranchNo and
the BR type being [;: swwards. This Iwst is witten to COF A K2 also has

C2 (EXPENSES) as i |Sstplatec2:t eointth beginnirgi of Binary RelaflorsBhip Filo| oduces the | i st
K2, C2, with the ¢ afyRelayomhip Ti# king pointer 2

Yes_|identify table of SYSTABLES

| ment
| incre pointer 2 record as pure lookup entity

gtable of SYSTABLES record
source table in “has_children”
binary reiationship record?

Yes

source table in "ha_subtypo
binary relationship record?

fable of SYSTABLES record

target table in “has_wards"
binary relationship record?

identify table of SYSTABLES
record as kemel entity

Figure 3b Procedurs to identify Kemnel Entities ame e Lookiy Gnfihes
(continued from previous page)
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and the BR type being "has_chil dren".

Fi nal
(K3),

ly, the list for the third and | ast kernel entity,
However, there is only one list, na

i s produced.

THVE SHEENHAS BEBR
namelREPRROEDCT S

This list is al

K3, Al, K1'Since PRQIECT has an associ atjve entity only, which is BRANCH

(A,

col ums for
- colums for Al and K1 i
"i nver seof haschi | dren".

mnth K1 being the ¢
K3 and Al is

personnel system

t he |

ists for CDF

i_rimﬂ

BRead mmgomunm

f

initializes a lis

K1.
| ooku

It then adds

RéddhektTocdrd

to tne T¢rst entity

to this entltles that are | ookup entities to K1. A
SICEnd o' hie? ~pure | ookup” or "inverse of haswards”

increment count for Array(target
table of binary relationship)

ntity th associates Al. In this list, the
Mo with BR type being "haschildren”. The

ith the BR type being

pX t apply the procedure of Figure 8 on the

CDF A derived earlier to generate
ersonnel systemexanple, it first
in the first list of COF A nanely

identify table for this

Figure 4 Procedure to identify Characteristic and Associstive Entities
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bi nary rel ati onshi ps,
(K2),

it too has | ookup entities.

with KL as the source.
so K2 is added to the |ist,
BR type being "inverse of has wards"

witht

K2 in fac6 has one,

is therefore added to t ' wth the
BR type being "pure |00 QRTL“ this po
Since L3 has no | ook wies is |

the procedure return
It does not, the prd
| ookup entity, nanely RA
col ums bei ng RaceYe®

witten to CDF B}, The

processed. Tfirg ity i
| ookup entiti so it i

t en

g
sntity type 0

SYSTABLES
1d = kerns

Yes

ReadhSYSTABLES @le

i f K2

(L1). The

'to Kl.

t abl gz==Ki=~l-ooks: tp=0r=BRANCH

he col umg BeBryBTachasENgnd t he
Next a checlf is nBERLAGENX2 to jsee if
o) . L3

col ums being Country No and the
int the list contains K1, K2, L3.
st is witten to the CDF B. Next
has ot her | ookup entities. Since
It finds that K1 has anot her

list containing K1, L1, with the

BH
y i

o leuikasid

<%‘_Qure | ookup"” is then
st of "CDF A is next

GER (SI).
nor ed.

No

It, howdgver, does not have any

Does table of SYSTABLES
rd hsve any characteristic

antities?

No

Does table of SYSTABLES

Yes

rd have any associative

entities?

Yeos

ble of SYSTABLES

target table of any “has_wards”

o

nary relationship records?

No

Modify entity type of SYSTABLES record
from kemel entity to pure lookup entlly

-

Yeos

Figure S Procedure to Reclassity Kemel Entities into Pure Lookup Entities
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20 As there is no further entities on the first list of COF A the first
entity in the second list of CDF Ais considered for processing. .A checksis
made first to see if this entity has al ready been proge [
entity is*Kl, which has been processed darlier, and s ?ﬁ&?sﬁ@*ﬁl&éeih
next entity is S2 (NONMANAGER) wpich.has not been pro
does not have any | ookup entltle{ss"'m so it is ignored. The above
procedure is again applied for the pext list of CDF A which contains Ki,

e

Gilt
>4
=
.
T
w
o
=

pointing to end

Al, K3. Since Kl -{,, ZINEPSIONY .yaq,g B anins o VS TABLES e BS N0 | ookup entity, no
list is produced f A YATABIES fiid'Gaie ponvPY €' . (IP ECT) has a | ookup
entity, nanely CUS SM=RS O +s produced, with the
col utms bei ng Cust No and t he BR t yp&_ bei ng purel ookup”. It is then witten
to CDOF B. The next list of CDF A¢hSemied ClY“
- Increment pointer 1
N _END
Initialise list = kerne! entity
Y
Set pointer 2 to point to beginning of sorted SYSTABLES file
Read SYSTABLES file using pointer2
' pointer , _
Yes increment pointer 2 <—1

Yes

figure 8a Procedure to generate Class Definition File A
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However, since Kl has already been processed and Cl (Sﬁ__L_J;L:&)..has—; o | ookup
entities, both are ignored. The above procedurg® TS‘ 'I+ +ed;t at ‘EHeli r emai ni ng
lists in COF AL Only one list is produced, cont'ai Ay, m,LS Wlt“ t he

col umhs béing Country No and the BR type being "purelgeﬂqsL—'Besfdes CDF A
and CDF B, the Cass Definition File also includes COF C. CDF C coptsi
single list which contains all the purd | ookup entities. The CDFC
personnel sy¢i exanpl e contains L1, L2, L3. Derive E-R Mddel Q
The Derive E-Y¥Model of classes nodule 4§ of Figure 1 is used t

Entity-Rel ati gqship (E-R) nodel for.€ach SS using CDF A and |
Bi nary RelatTonsths File 13. M\a di fferent ésodi nent,
can be_pT atenty tpe 6h L OV i+ B POE Bimg Yoo
enmbo FNQESYSTABLES recovdi Ly Prkat i 18Rt iable E%EMP of £
cl asses “exgenibtypée ass cont e pletip
No include_Table(is) | |
No
ble of SYSTABLES recor Yes Add table of
a target tabls of a "has_wards” SYSTABLES record, BR
binsry relationship record? type and items to list
' ¥
Wirite list to Cisss
No Definition Fils A
v >
Add table of
> SYSTABLES record,
BR type and items to list
K
Wiite list to Class
Definition File A
s entity type of ¥ —>
SYSTABLES record
§table of SYSTABLES record Add teble of
target table of & "has_chiidren® SYSTABLES record,
binery relstionship record? BR type and items to list
include_Table(is)

Figure b Procedure to generate Class Definition Flie A
(continued from previous page) .

-
Sheet Has Been Reﬂlaced

G



entities. This procedure begins by creating another fi I e identical to

SYSTABCOLS. This duplicate file is called TEMPTAB NER T OFeagH]
" nverse of pure | ookup" binary relationships in Binar ﬁé‘l‘%\?ﬁbnsh?\ﬁ FRiAN: |
13, inserts all 21 the colums of Ythe table used ‘as sodFdd-AEH e in

this bi nary rel ati onshi p except A=h ms, of the table that are used as
source colums into this TEMPTA Mﬂ‘a'f‘b!ﬁqlﬂl nt whi ch corresponds to the
target colums of this binary rela Next, for each "has children”
"haswar ds"” or "has subtype" type'ehrbémnw g atlonshl ps in Binary

Rel ationship File 13, it del etes thosgyrorunmns in TEMPTABCOLS that are used
as target columms in such bina M@WM&QHGS- The procedure then
gradual |y builds the E-R nodel eash~ct-ass~naki ng use of the resultant

TEMPTABCOLS. It first
Read next record <—<_®

Yes

Write list to Class
Definition File A

at this level?

Yeos

Figure 7a Procedure of Include_Table used by proceduré in Figure €b

Sheet Has Been Reﬂlaced :
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include all the colums of the root kernel entity of the class into the E-R
model of. the class. These colums are obtained from TEI\/PTABCCI: Neﬁ\, i

applies the following Decision Table 1 and 2 on the RS i ~of
class*to determ ne the relationship nanes between two! _a_g_em-—e-nt4;|-esJ n.
the class which are not pure |ookup entilQ0es. Decision Table 1 To dg&j
rel ati onshi p nanes between two adj acent entities in the COF A list

From Entity To Entity BR Type Rel ati onship Nane 1

S has s S has
has S 3 ) _ K has K 4 c
has chil dren . 4 has chil dren \

b. X and 35 abie
source table of 8 "has_chiidren”
binary relationship record?

SYSTABLES record, BR
type and ftems to list

Include_Table(list) | |y

entity type o
SYSTABLES record

= gsgociative?

Wirite list to Class
Definlion File A

bie of SYSTABLES record
e target table of a
“has_children” binary

g enty type o
SYSTABLES record
_ehand- 4

Yeos Add table of
> -SYSTABLES record,
" |BRtype and items to list

v o
loghude; Table(lidk)

1

Figure 7b Procedure of include_Table used by procedure ln Figure 6d
(continued from previous page)
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Deci sion Table 2 To define relationship names between two_adj acent entities
in the COF Blists Rule FromEntity To Entity BR Type !L( e

T e
S Ty

THiS SFERE B&SEESN i

Rel ati onshi p Nane X Cor A inv of has wards
22 2 ¢ <K K inv of hagy wards K bellongs fERAgED ]
or A K i NV of hgs-wawds Cor Areferences K4 €or A K
inv of has children C or A 8WARRds to K Legend: X ker nel ,
subtype, characteristic, . Jr associative entity C characteristic
entity A - PRI Cidds Définin [Fié X (COFA) |- kernel entities Y -
ot her entity that ~assocrates—pssoerat+ve
Yeos
End of file? Read next COF A record je—
END No |
Get first table from CDF A record ’
- T
inRialise Ust = first table
Giet next table in COF
A record
Yeos

Process_Table(lis?)
|

Note : flag' is a global variable

Figure 8 Procedure to generate Ciass Definkion File B

\\'
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entity For each relationship nanme identified using the above Deci sion
Tabl es, the relationship name and the colums of the table correspondl n
the second entity of the two adjacent entities that establish-t

rel atfonsHip nane are included into the E-R nodel- of t |G SSIEET HERPEN
col ums I ncl uded are obt ai ned from TEMPTABCOLS. Thi s rmdﬁmh&ﬁfh

to

stored ig= . of Classes File 17. Let us no
procedur nnel system exanpl e. At—t—hi—s~s+age—we—kn9w that this
parti cul oS three' cl asses which are q pe root kernel
entity of "HRANCH and PRQJECT. W ca dasses: *
ABOUT BRANCH ABOUT PRQIECT | f we the procedure
we shou WSWLESNI.CV\A ng E-R nodels for the ABOUT
EMPLOYEE™
Yn Read next record
>
record a source table of a Yes ~SYSTABLES “\Yos
' “has_wards® binary ecord already in
last table In list =
kernel? relationship record?
- |No
No
§ entily type of las Yes
wblein list=
Add table of :
srstames e, |of W ie San | (5
BR type and items to list RS |
Tetiag = 17 >0 >
initialise list =
Yes original list

O | | é

. Figure 8a Procedure for Process_Table used in procedure of Figure 8




EnpNo Enp Nane Race Code Race Desc Address <EMPLOYEE bel ongs t o BRANCH>
23 Branch No BranchNanme Country No Country_ Name <E|\/PLOYEE,J S- &--_Mﬁmﬂi{flib Co
Car No, <EMPLOYEE is a NC]\II\/ANAGER> Uni on M No = SEEN §

13

| reo tableofa 'hls_"
binary relationghip record?

8 table of SYSTABLES record
source table ofa
56 of_puro_lookup" bina

: Add table of
> SYSTABLES record, BR
type and tems 10 list
v

flag <1
v
Process. Table(lis?)

Write list 1o Ciads
Definition File B

—
[ eno

Figure $b Procodun for Pr Table usedin f
(cortinued thom ::\:‘.. b procedure.of Figure 8
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<EMPLOYEE has PRQIECT> Proj_No Proj _Name Cust No Cust Name <EMPLOYEE and

PRQJECT have BI LLI NGS> Month Anmount <EMPLOYEE has SKILLS —%k-r‘:H——A%&ﬂl—.::r,
BRANCH Branch No BranchName CountryNo -Country Nane <BRAN Hb\B\SfE‘MJL@EEE_N '
Enp NO Efp Name [ FREPrAcED |

METHOD- AND SYSTEM' FOR SELECTIVELY_ GROUPING
DATABASE TABLES INTO CLASSES AND
PRESENTING EACH CLASS AS AN E-R MODEL

ABSTRACT

A reverse engineering technology is <capable of
automatically reversing from a physical data model comprising
a relational or 4GL data model of an existing application
database into a logical data model comprising classes and an
entity-relationship (E-R) model of each class, the classes
representing the different types of high-level objects that
make up the application. This logical data model allows users
to have a much clearer understanding of their application
database thereby increasing their productivity and ease .of
maintenance of their existing'applicati_ons. This is made
possible by the method and structure of this invention first
capturing the application semantics from the physical data
model to- provide a set of derived semantics. The derived
semantics are then used to identify classes and derive the
class definitions which are then used to derive the E-R model
of each class. In addition, the derived semantics can be

~ easily updated by the method and structure of this invention
when the physical data model is changed.

ThlS Sheet Has Been Repl

MR




Atldress Race Code Race Desc <BRANCH has EXPENSES> Mont h AdvExp Per s Exp

QUT PRQIECT PI’OJNO PI’OJ Nanme
mp_No |

- SYSTEM CATALOG

1/16

0

OR
DATA DICT!ONARY

11

24 Cust No Cust Nane <PR@UECT has EIVPLOYEE>
. 0 9 APR 1006

PUOoaLT Ll

18 REPOSITORY

TABLE
'DEFINITION
~ FILE

EXTRACT -
APPLICATION

SEMANTICS

BINARY |

-

14
DERIVE

15
CLASS

CLASS
DEFINITION

~ 16
DERIVE

'DEFINITION
FILE

E~R MODEL
OF CLASSES

o FI G

CLASSES FILE

1L

\ ELA'IF:IIEQSHIP l_
'\
4
\°

E-R MODEL |




Enp_Name RaceCode RaceDesc Address <EMPLOYEE .bel ongs to 3. AN
BranchNanme Country_No Country:-Nane <PRQJECT and EMPLOYEE hé'\re

Mont h Ampount Let us now expl ain how these E-R nodel s are ‘,ﬁ)roduced vvhen th_e__

procedure is applied.

- First another file identical
created. This file is call ed-TEMPTABCOLS. For each

'|nverse “of pure Iookup

‘binary relationship in the Binary Rel atlonshlp File 13, we insert in

. TEMPTABCOLS at the point vvhere |t cor

col ums of

10
SYSTEM CATALOG
DATA 'DICTIONARY

OR

\

)

20

EXTRACT TABLE
DEFlNITlON :

'DERNVE BINARY

21

RELATIONSHIP

12

" TABLE

DEFINITION -

FlLE

y 3

22
CLASSIFY

13

- BINARY
RELATIONSHIP
- FILE

'BINARY
RELATIONSHIP

23
~ IDENTIFY

| OF EACH TABLE

ENTITY TYPE [

RECLASSIFY CERTAIN
"ENTITIES AND
BINARY

“RELATIONSHIP

FIG. 2

] |

zchslds to the target col um al | the )



the source table except the source colum itself, e.g., thgreds—an

"Inverse of pure | ookup” binary relationship as foI I ovxs m‘"mf{abj 27 f'«iL’*T -
~ Source Col um Target Table = Target Col utm RACE CODE
"EMPLOYEE 'Race Code The colums of .source table,

are RaceCode -and RaceDesc. The procedure inserts only the :
(leaving out RaceCode as it corresponds to the 25 source col'um) at Race _

"Code of EMPLOYEE of TEMPTABCOLS so tﬁz Eﬁe colums of EMPLOYEE in -
TEMPTABCOLS becone: EnpNo EnpNane Br ﬂ de RaceOode Race Pesc

START
| READ SYSTABLES FILE

_YES.

READ NEXT RECORD|~—1=-(6)

END

DOES TABLE
OF SYSTABLES RECORD
HAVE P AND NO PF KEYS?

NO

| SET POINTER 1 70 POINT TO BEGINNING OF BINARY RELATIONSHIP
FILE. READ BINARY RELATIONSHIP FILE USING POINTER 1

IDENTIFY TABLE OF

| SYSTABLES RECORD

AS KERNEL OR PURE
LOOKUP ENTITY

IS TABLE OF SYSTABLES RECORD
A TARGET TABLE IN “HAS_ CHILDREN"
BINARY RELATIONSHIP RECORD"

INCREMENT |
POINTER 1

‘N0

FIG. 3A



Address Next the procedure deletes those colums in TENPTM\B‘&IGLS At o
correspond to the target colum in "has children" ’$vvar
subtype bi nary rel-ationships in Binary Relationshi p Fil e] £3i¢
- BranchNo of EMPLOYEE i'n the personnel systemis a tar get coFufm‘Tﬁ A=t has
“wards"” binary relationship with BRANCH =~ This colum in the TEMPTABCOLS -
file is deleted. The resultant TEMPTABCOLS file is then used together wth
-the followi ng two decision tables eagl I/qr described-to produce the above
E-R nodel for each class which is thed 'stored inthe E-R For Cl asses File
17. Let us show how the procedure produces the E-R nodel for the ABOUT
EMPLOYEE cl ass. First all ‘col ums of LOYEE (K1) obtained from

TEMPTABCOLS are included into the E- del of this class. Next it reads :

CDF Bto find records having Ki as theffirst table.. The first such recOrd

Fealist oqRERBORFERT, T PORT 1OV BECRINING OF BINARY" RELATIONSHIP "
(5 W T FILE. READ BINARY RELATIONSHIP FILE USING. POINTER 2

IDENTIFY TABLE OF |
| SYSTABLES RECORD

| AS -PURE LOOKUP
- ENTITY |

INCREMENT | _
POINTER 2. |

“IS TABLE OF SYSTABLES RECORD YES

A SOURCE TABLE IN "HAS_CHILDREN"
BINARY RELATIONSHIP RECORD?
NO
IS TABLE OF SYSTABLES RECORD YES

A SOURCE TABLE IN “HAS_SUBTYPE"
: BINARY RELATIONSHIP RECORD?

No‘_

'NO _——""_IS TABLE OF SYSTABLES RECORD
A TARGET TABLE IN "HAS_WARDS"
BINARY RELATIONSHIP RECORD?

YES
_ . - ]
| IDENTIFY TABLE OF SYSTABLES
RECORD AS KERNEL ENTITY

. FG. 3B .C‘-b
' CON“NUED FROM PREVIOUS PAGE



has a BR type of "inverse ofhas wards" with ENPLOYEE (Kll “4@-*@ ARAOSHEOr
are kernel entities wth.the -BR type of "inverseof h t he
-procedure applies rule 2 of Deci sion Table 2 to ‘derive t @af lmdgaﬁ ........
rel ati onshi p name: <EMPLOYEE bel ongs to BRANCH> This rel atic =
together with the colums of BRANCH obtai ned from TEMPTABCOLS are then _
i ncl uded into the E-R nodel of ABOUT YEE. . 26 The next table aftez{-

‘K2 in the above CDF B record is L3. 3SiYnhce L3 is a-pure |ookup entity, th
procedure ignores it and proceeds-to read in the next record of COF B
having KL as the first table. The record is a list containing Ki, L1.
_However, since the next table.in this list, nanely RACE CODE (Ll) 3 a P
| ookup ent|ty, the procedure-ignores it. ‘ '

4A

FIG.

YES

HAS_CHILDREN™?

START
- - ’ .
INITIALIZE ARRAY
“END OF FILE?

RELATIONSHIP OF BINARY
RELATIONSHIP RECORD =

READ. -BINARY RELATIONSHIP FILE
TABLE OF BINARY RELATIONSHIP)

INCREMENT COUNT FOR ARRAY(TARGET |

NO

_[READ NEXT RECORD




Because there are no nmore records in CDF B having KL as .REPLHQ§MEE§@H§ET.

‘the procedure starts to read the CDF A file. The first riecord
l'i st containing KL, 61. Since Sl is a subtype entity wi tthPateBR--type-..of~- hajg.

s .

‘subtype"-to K1, the procedure applies rule 1 of Decision Tabie f to

the rel atignshi p name: <EMPLOYEE is a MANAGER> This rel ationshi p nane

S are then

together wijth the col ums of MANAGER ©o d from TEMPTABCCL
included in the E-R nodel of ABOUT EMPL cl ass. Next, .the
" reads the B file to look for records containing Sl as the

However, thlere are no such records. It then proceeds to read
record of QDF A. This record contains K1, S2. Using the sane
applied to S1 above, the procedure derives the follow ng rel g

br ocedyre -

first t%e.
n e ln _
uY g

[ i onshilp nanef

<EMPLOYEE iJs a NON- MANAGER> Thi s rel ati onshi p nane together w

b |
|90 LA

- .colums of [NON- ] T 1

'IDENTIFY TABLE FOR
THIS RECORD AS
CHARACTERISTIC ENTITY

READ NEXT RECORD

4B

FIG.

HAS .
TABLE BEEN

IDENTIFIED?

READ ARRAY

“END OF ARRAY?

IDENTIFY TABLE FOR
THIS RECORD AS
ASSOCIATIVE ENTITY

END




ABOUT EMPLOYEE cl ass. The procedure. next reads the CDF B ffile t ‘[
r‘ecords containing S2 as the first table. However, there ‘ Daiqo..such............... i
records. It proceeds to read in the next record of CDF A="FRi3§-eeora-w===l
contains Ki, Al, K3. .Since Al (BILLINGS) is an associative entity and K3
(PRQIECTS) is the ot her entity that assgpciates A, the procedure first . .
applies rule 5a of Decision Table 1 UZ% & and K3 to derive the foll ow ng
rel ationship nane: - 27 <EI\/PLOYEE has  PRQJECTS> This rel ationshi p name
together .with the col utms.of PRQJECIS abtai ned from TEMPTABCOLS are then _
included in the E-R m)del of ABOYTSTARLQYEE cl ass.. Next the procedure reads.

MANAGER obt ai ned from TEMPTABCOLS are then included in thE H‘f—ﬂafﬁtbdyggﬁ@ﬁ I B

| READ SYSTABLES FILE

READ NEXT RECORD

END . ' NIO
IS ENTITY TYPE _NO

OF SYSTABLES
_RECORD=KERNEL?

-~DOES TABLE " s B
OF SYSTABLES RECORD | -

_HAVE ANY CHARACTERISTIC
- ENTITIES?

NO
- DOES TABLE _
-OF SYSTABLES- RECORD

" HAVE ANY ASSOCIATIVE
ENTITIES?

‘NO

{ YES
IS TABLE ™~ |
~OF SYSTABLES RECORD A YES L
TARGET TABLE IN_“HAS_WARDS" —>—— -

_ BINARY RELATIONSHIP
RECORD”

s i
" MODIFY -ENTITY TYPE OF SYSTABLES RECORD
FROM KERNEL ENTITY TO PURE LOOKUP ENTITY

FIG. 5




file to look for records wi'th K3 as the first table. Therg hg,o;(@h,&u@h EET
record, namely K3, L2. However, since L2 (CUSTOVER) is aljpure | ookup.
_entity, the record is ignored. The procedure then applies '
Deci sion Table 1 on the -current.  CDF A record, namely the I
K1, Al, K3, to derive the follow ng rel atlonshl p nane: <EMPLOYEE and -
PRQ]ECT have Bl LLI NGS> This relationship name together w-th colums of -
Bl LLI NGS obt ai ned from TEMPTABCCLS aﬁelt-lrﬁn included in the E-R nodel of
ABQUT EMPLOYEE C ass.- The procedure eads the CDF B file to | ook for
records with Al as the first ‘table. r, there is no such file. It then
proceed read in the next CDF A recirSl[ARll’hIs record contains Ki, Cl. S
Applying rule 4 of Deci si.on Tabl e rocedure derives the follow ng

rel ationship -
with the colu

i'ncluded in t eE‘ll-EtiQIﬁ

e -{ oget her

S This relationship nane
kLD A PORTCTO" BECNNINEEOF TSRGRBBES Fipef e then
READ SYSTABLES FILE USING POINTER 1 :

1S "\
“POINTER 1

" INCREMENT | YES

POINTER 1 |

OF FILE?
- END

NO |
| INALIZE LIST = KERNEL ENTITY
SET POINTER 2 TO POINT TO BEGINNING OF SORTED SYSTABLES

~ FILE. READ SYSTABLES FILE USING POINTER 2

| INCREMENT
1 POINTER 2 | _@

YES

SYSTABLES RECORD
BEEN PROCESSED?2

“1S TABLE OF
" SYSTABLES RECORD
‘CONNECTED TO LAST
TABLE IN LIST?

NO

| Associatve FLaG<-0

FIG. sA_' é)




EDLACEM:M SHEET ||

model of ABOUT EMPLOYEE cl ass. The procedure next reads tf szg @9@0 “
| ook for records having Cl1 as the first table. However, t%§f§~ e Non d. il
50 i't proceeds to read the next CDF A record. However, there ar € no-Tore=== .
. CDF Arecords. = This ends the E-R nodel translation for t he ABOUT EMPLOYEE
class fromits class definition. -Besi des the procedure just .described, the
E-R Model Transl ator al so has anot procedure which creates a clasg using
"CDF C to contain all the pure lo ﬂﬁntltles For the 28 personnEI
system exanpl e, this procedure creat es the follow ng cl ass: ABOUT PURE

- LOOKUP ENTI Tl ES <RACHCQ:)EA :
| x5 a b
Opa I =3 e o35l |9«
= Q - Q T
=87 u.om il | mo(ﬂ o
_,(_.JE (13} _lu_|§ l—z
mﬂ:u <t o bl - ol
- <-ui': L—j ' Emt El:
addg| (8] |ed8| |22
Q =
= wl &) <= o]
[72] =z wn :
7]

YES

S TABLE OF
RELATIONSHIP RECORD?
| IS TABLE OF .
SYSTABLES RECORD A TARGET
TABLE OF A " HAS_WARDS" BINARY
RELATIONSHIP RECORD? -

6BA

FIG.

I8 N
ENTITY TYPE OF
=SUBTYPE?

_OF SYSTABLES RECORD

e
i
:
;
i
i
%
i



\
RaceCode RaceDesc <CUSTOMER> CustNo Cust Name <COUNTRY> CoynBE§ LNDEMENTSHEET i
Country_Name This conpl etes the description of the DerivejE-R
step. The invention now being fully described

- Cl asses 16,
apparent. to. one of ordinary skil
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by reference. REPLACEMENT SHEET Date: 22 APR 1997 29 W
1. A reverse engi neering systemfor an application data
d

TRERACGENBIBDSHEET
ase havi a
plurality of database tables defined using a rel ati onal tBatemﬁél,rA%Rngﬁ
conprising: a senmantics extractor to derive a set of bina i i :
and to derive an entity type for each said database table of said .
rel ational data nodel, said entity types, classifying each said database
table in accordance with a predefined & it®ri a; a class generator for
readi ng said set of binary relationships and said entity types, for
generating .a set of S . o S -

[INCLUDE_TABLE(LIST)

STORE ORIGINAL LIST

- | READ SYSTABLES FILE |

YES - ' L
—<END OF FILE? READ NEXT |=—=—(b)
N RECORD | -
| ANY TABLE Ino |
YES CONNECTED TO
_ LAST TABLE IN THE |
ORIGINAL LIST? ~HAS TABLEN YES
. OF SYSTABLES -
| ' RECORD BEEN
PROCESSED?
~|WRITE UIST TO CLASS TNO
" DEFINITION FILE A
- 1§ TABLE™_ |
. " OF SYSTABLES NO
‘ - << RECORD CONNECTED TO >
AN LAST TABLE IN_
~ ASSOCIATIVE “\_ LsT?
FLAG SET AT THIS “NYES
~ 15 -
TABLE OF YES
SYSTABLES RECORD
: | ~~_ ALREADY IN
ASSOCIATIVE FLAG<—0 Lst?
| - INO
[OX

END

i FIG. 7A



- . J—

cl asses, each said class including one or nore of said tabl
‘hi erarchical structure; and an entity-relationship (ER ) :
dgenerating one or nore ER nodels, each ER nodel associ at e Wi'th~dne-or--nor.e .
of said classes. 2- A reverse engineering systemas.in claim Il wherermn

said entity type is selected froma set of entity types which conprise a

kernel entity type, a subtype ent i_tya ﬁa characteristic entity type, an
associ ative entity fype or a pure |'o0Kt [

[ rdm LIS

E57ar PRSI n. a

mydel 9B e @ronggRor

_ ty type. 3. A reverse
. engi neering sys dn Sedn claim1 whe i - ing a
root conprisingje e table of kerngl entity type and a plurality of
branches each c A | i nkage of ong or nore database tables fropsaid :
" subset of «@, b @(ﬁ 4. A rever engi neering systegs pflgiml
wherei n sai 4bi atifonship conpripesja |inkagg bet\/\%rﬁtv\o-t-a-ales in
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30 repeating or foreign key that references the .unique or {PB’E&:Y%@?NBE S
‘t;he other table. 5. A reverse engi neeri ng systemas in claijm 4 [y\geA[éRrﬂggﬁal d. _
set of binary relat | onshi p conprises "haschildren", "has dsis.iAverse

of pure | ookup"” or "has subtype" binary relationships. 6. =AFeverse
engi neering system as inclaim 5 \/\herel nsaid set of bi nary :

relationships. ~further conprises 'iaverse of has chil dren" "inverse
of has wards", "pure |ookup" or "i ndad gel B hassubt ype" bi nary o
Telationships. 7. = A reverse engi neering system as in'claimb5 wherein sai d

"has children" binary relationship is one in which the source table is not
a .pure |l ookup entity type and has a one 1y relationship with the
target table, and the target table - START I ' L . |

READ CLASS DEFINITION FILE A (CDF A)

YES

END OF FILE? S>—~—{READ NEXT COF

A RECORD

END

GET FIRST TABLE FROM CDF' A RECORD

K .
INITIALIZE LIST FIRST TABLE
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RECORD?
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"| CDF A RECORD |

HAS TABLE
BEEN PROCESSED.
 BEFORE?
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FLAG< -0

' |PROCESS__TABLE(LIST)

FIG. 8
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"does not have its own independent unique or primary key. ﬁ
engi neering systemas in claim6 wherein said 0
"Binary relationship is one in which the target table is nptba put

I nverse .of |

.r—\

has §hg

o

A revef

mezaa@

entity type and has a one-to-many rel ati-onship with the sUurcevrable-“aﬁH-f
the source tabl e does not have its own i ndependent uni que or prlnary key

9. - A reverse engineering system asi 42@6 im5 wherein said
i u

bi nary r.el ationship is one in which
entity type -and has a one-to-many rel ationship withits target t abl e,

"has war ds"

its target table has its own i ndependent uni que key or primary key.

reverse engineering systemas in claim6 wherei'n said"

war ds"

'Iookup entity type and has a one—t+e—reafy—ret
and t he sour ce. t abl e has

"~ table,
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Date:22 APR 1997 11. A reverse englneerlng systemas in cj ggd;f 3f€y$p___ i
.said "has subtype" binary relatlonshlp IS one in which itsj sourg MaMIgjhas gi_
a one-to-one relationship with its target table and the ta [able isra... . §
subtype entity of the source table. 12. A reverse eng|neerbgg:§¥§£5ﬂha£=iir
claim6 wherein said "inverse of hassubtype" binary relationship is one in’
which its target table has a one-to- Ietlonship wth its source table
and the sofirce table is a subtype en???&rgf the target table. 13. A reverse
engi neerin systen1as in claim5 wherein said "inverse of pure | ookup”
~binary rel&tionship is a binary relatlonshlp whose source table i's a pure

1 ookup entgty. 14. A reverse engineering systemas in claim6 wherein said

"pur e Iookyp" bi.nary rel ationship is a binary relationship I .
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whose target table is a pure |ookup entity. 15. A reverse ér;ggm_g\emrng-gwn
system as in claim3 wherein said class further conprises set of
r'el ati onshi p nanes. each of Wwhich specifies the nature of th enarh@@gé jéE
bet ween two adj acent -dat abase tables in each branch of. sai totr-He-ghllt:
class. 16. A reverse engineering systemas in claim15 wherein said class
generator .further conpri-ses a meansA{g a user to nodify said rel ationship
nanes in said set of cl ggyes. Dse engi neering nmethod for an _
application database hawsig a plurali ty of dat abase tabl es defined using a
rel ati onal data nodel, nprising the steps of: reading said relati onal

data nodel; deriving a ga&{ of binary relationships fromsaid relational

. data nodel ; |dent|fy| 2 S tlty type of each database table of said .
relational data npeds, TagtEdoe™ &[0 sai d dat abase
table in accordas ' aRgceﬁg

A SOURCE TABLE OF A
“HAS_WARDS" BINARY
RELATIONSHIP

ed criteria,

TYPE OF LAST
TABLE IN LIST =
SUBTYPE?

" SYSTABLES RECORD >
A SOURCE TABLE OF A
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ADD TABLE OF
| SYSTABLES. RECORD,
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1
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PROCESS_TABLE(LIST)
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YES ABLE CONNECTED
N TO LAST TABLE IN THE
ORIGINAL -LIST?

[WRIE UsT T0 class|
DEFINITION FILE B

v
-END

FIG. 9B coNTINUED FROM PREVIOUS PAGE



REPLACEMENT SHEET Date 22 APR 1997 3 2 generating a set _ |
application using said set of binary relationships and s @EPﬂeﬁtHFthHsmT
entity types wherein each said class includes one or norg of saﬂ 3
arranged in a hierarchical structure; and providing one Dater:e..

each ER nodel associated with one or nore of said classes. 18

engi neering nmethod as in claim.17 wherein each said class is a tree having .
a root conprising a database tabl e of kernel entity type and a plurality of

branches,each conpri gigifio hiavareir 268 geLeEeTevERvakRopING es from said
subset of database ta Ies rever se engl neeri n%smi&hod as in claimi17

wherein 2 nmaiaasg_'rnms INTO CLASS
3 'EBE_SL_W_CLM_GMTM&MM
s ) _ ) _
5 -ABSTRACT
6 o .
7 _ A reverse ' eng:l.neerlng technology is capable of -
8 automatlcally reversing from a phys1ca1 data model comprising
9 a relat10na1 or 4GL. data model of an existing application

10 database into a logical data model comprising classes and an
11 entity-relationship (E-R) model of each class, the classes
12 'representlng the dlfferent types of high-level objects that
13 make up the appllcatlon. Thls 1og1cal_data model allows users
14 to have a much clearer understanding of their application
15 database therehy increasing their product1v1ty and ease of
16 maintenance of their existing appllcatlons. Thls is made
17 possible by the method and structure of this invention first
18 capturlng the appllcatlon semantics from the phy51ca1 data
19 model to provide a set of derlved semantics. The derived
20 semantics are then used to identify classes and derive the
21 class definitions which are then used to derive the E-R model
22 of each class. In addltion, the derived semantics can be
23 easily updated by the method and structure ‘of this 1nvent10n
24 when the physical data model is changed.
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said entity type is selected froma set of entity types| &%ICﬁ cbﬁﬁrr§é~a i
kernel entity type, a subtype entity type, a characterlsbh_.&@tn@y fype. ¢gn
associ ative entity type or a pure |ookup entity type. 2 Leieg§§L:::;J
engi neering nethod as in claim17 wherein said binary relationship
conprises a |inkage between two tables in2%id relational data nodel in
which one table has a repeating or foreign key that references the unique

or primary key of the other table. 21. Arev hod as in

claim 20 wherein said set of binary relationsh as chil dren",
“has wards", wHATVES SEL.OTmep exg ookup” or "has ‘! "Il"Egﬂgl eI ati onshi ps.
22. A reverse engineerrng nethod as in clain1 erer set of
binary ‘rel ati onships - further conprises "inverse of has chil dren"

"inverse of has wards", "pure |ookup' or "inverse of hassubtype" blnary
rel ationships. 23 A r%véfreé’@ré‘?‘gl feEginagriBghowse n fo%ai An21ampki@aion

database having a plurality of database tables defined using a
relational data model, comprising:

a semantics extractor to derive a set of binary
relationships and to derive an entity type for each said
database table of said relational data model, said entity types
classifying each said database table in accordance with a

predefined criteria;

o ~a class generator for reading said set of binary
relationships and said entity types, for generating a set of
classes, each said class including one or more of said tables
arranged in a hierarchical structure; and

an entity-relationship (ER) model generator for
generating one or more ER models, each ER model associated with
one or more of said classes.

2. . A reverse engineering system as in claim 1 wherein
said entity type is selected from a set of entity types which
comprise a kernel entity type, a subtype entity type, a
characteristic entity type, an associative entity type or a

"pure lookup entity type.

3. A reverse engineering system as in claim 1 wherein
each said class is a tree having a root comprising a database
table of kernel entity type and a plurality of branches each
compriéing a linkage of one or more database tables from said
subset of database tables.

4. A reverse engineering system as in claim 1 wherein
said binary relationship comprises a linkage between two tables
in said relational data model in which one table has a
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said "has children" binary relationship is one in mhich%ﬁhetsauncetﬁabke i's
not a pure | ookup entity type and has a one-to- Dateﬁ:zz AP UPR71 :
many relationship with the target table, and the target:traid e.does..not.. have
its own independent unique or primary key. 24. A reversé=eagineering method
as in claim22 wherein said "inverse of hayp children" binary relationship
Is one in which the target table is not a pure | ookup entity type and has a
one- t o--nany-rasgartaagskaf%ahgahfefowi&@ LéfdFenlld LHE BOLHES dra e nfdQ8S
not have its own _independent Unique or primary key. 25. A reverse

engi neer i ngkf¥t REdthe PRheFataP3€.-wherein said "has wards" binary
relationship is one in which its source table is not a pure | ookup entity
type and has a oq;-toh

Mrerse engineering system as in claim 4 wherein
said set of binary relationship comprises "has_children",
"has_wards", "inverse of_ pure_lookup" or "has_subtype" binary
relationships. :

| - 6. A reverse engineering system as in claim. 5 wherein
said set of  ©binary relationships further comprises
"inverse_of_has_children", "inverse_of_has_wards",
"pure_lookup" or "inverse_of_hais_subtype" binary relationships.

7. A reverse engineering system as in claim 5 wherein
said "has_children" binary relationship is one in which the
source table is not a pure lookup entity type and has a one-to-
many relationship with the target table, and the target table
does not have its own independent unique or primary key.

8. A reverse engineering system as in claim 6 wherein
said "inverse_ of has children" binary relationship is one in
which the target table is not a pure_lookup entity type and has
a one-to-many relationship with the source table, and the
source table does not have its own independent unique or

primary key.

9. A reverse engineering system as in claim 5 wherein
. said "has_wards" binary relationship is one in which its source
table is not a pure iookup entity type and has a one-to-many
relationship with its target table, and its target table has
its own independent unique key or primary key. '

10. A reverse engineering system as in claim ¢ wherein
said "inverse_of_has_wards" binary relationship is one which
the target table is not a pure lookup entity type and has a
one-to-many relationship with the source table, and the source
table has its own independent unique or primary key.

T
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rel ati onship with| , and its target table |hagetpsoowhy S5
i ndependent uni quLflllﬂJ"ﬂﬂmﬂ"m[mkey 26. A reverse engii.'nz%r' PR ey as
in claim22 wherei i said "i'hvérsé of has wards" binary reﬂa&ﬁgggémekgjyggm
which the target table is not a pure |ookga entity type aigd-has=gss== ===
one-to-many relationship with the source table, and the source table has

its own independddt udi yeversepengingekdng Bystam @srie ehyimebr whgrednhod
as in clai mzigWhenel Bugiibeasi s} YPeTabli BAEKipe! &) | ORENIIA Iwvh w@'ﬁch
its source table has™a oné-to-one relationship with its tagrget, table an

the target PEBFEe| §a§1§u&%eaerﬂﬂ%‘&#%’t%e”%ﬁ%?b‘é"?’ébpe.‘“ . JEs cbarget
engi neeri ngcaPLE08nas the @aigedt2ZaM1ey digh £ aubtygy ess€ity 8AstREbkyhnece

bi nary relaéégfship is one in which its target table has a 6ne-to-one
relationship WTh its source table and the source table is a subtype entity
of the target table. 29. A reverse engineering nethod as in claim?21

wherein said "inygerseaoteRdigel QREHReeRiNG’ Ky stledl AA'SIH Pl #if &' WREYein
said "inverse_of_has_subtype" binary relationship is one in
which its target table has a one-to-one relationship with its
source table and the source table is a éubtype entity of the
target table. '

e

‘\
l
H
|
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13. A reverse engineering system as in claim 5§ wherein
said "inverse_of_ pure_lookup" binary relationship is a binary
relationship whose source table is a pure_lookup entity.

14. A reverse engineering system as in claim 6 wherein
said "pure_lookup" binary relationship is a binary relationship
whose target table is a pure lookup entity.

15. A reverse engineering system as in claim 3 wherein
said class further comprises a set of relationship names each
of which specifies the nature of the relationship between two
adjacent database tables in each branch of said tree of said
class.

16. A reverse engineering system as in claim 15 wherein
said class generator furtheér comprises a means for a user to
modify said relationship names in said set of classes.

17. A reverse engineering method for an application
database having a plurality of database tables defined using a
relational .data model, comprising the steps of:

reading said relational data model;

deriving a set of binary relationships from said
relational data model;

identifying an entity type of each database table of
said relational data model, said entity types classifying each
said database table in accordance with a'predefined criteria,.
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rel ationshi p whose source table is a pure |ookup entity. REPR
SHEET 2 2 APR 1997 Date : 34 30. A reverse engineering PRGdas i elan

22 wherein said pure | ookup" binary relationship is a binary relatlonshlp
whose target table is a pure |lookup entity. 31. A reverse engineering
met hod as in claim 18 wherein said class farther conprises a set of

rel ati onshi p nanes ea n%fra‘e*lhghgsé)é't?'dcf %ﬁaﬁggr 2% ;;,f&f ﬁé q;,* Q@iﬂ

bet ween two adj acent dat abase l'es in eac sal
class. 32. @%ﬂ&/e?%% efigbiBaryn Felaticashdpsn aiidh| %@B‘i mﬁeehlﬁeeéhennty

conpri ses t hgpdsepultdradDili EXERY s9digd d18lsY | DASideHABBE or more of said
tables arranged in a hierarchical structure; and
providing one or more ER models, each ER model

associated with one or more of said classes.

18. A reverse engineering method as in claim 17 wherein
each said class is a tree having a root comprising a database
table of kernel entity type and a plurality of branches each
comprising a linkage of one or more database tables from said
subset of database tables.

19. A reverse engineering method as in claim 17 wherein
said entity type is selected from a set of entity types which
cdmprise a kernel entity type, a subtype entity' type, a
characteristic entity type, an associative entity type or a
pure lookup entity type.

20. A reverse engineering method as in claim 17 wherein
said binary relationship comprises a linkage between two tables
in said relational data model in which one table has a
repeating or foreign key that references the unique or primary
key of the other table.

21. A reverse engineering method as in claim 20 wherein
said set of binary relationships comprises "has_children",
"has_wards", "inverse_of_pure_ lookup" or "has_subtype" binary

relationships.

22. A reverse engineering method as in claim 21 wherein
said set of |binary relationships - further comprises
"inverse_of_has_children", "inverse_of_has_wards",
"pure lookup" or "inverse of_ has_subtype" binary relationships.

23. A reverse engineering method as in claim 21 wherein
said "has_children" binary relationship is one in which the
source table is not a pure lookup entity type and has a one-to-

gy



in said set of classes. 33. A reverse engi neering systen1as Lg ,
whi ch further conprises a nodel purifier to alter said relg |0ﬁ
nodel . 34. A reverse engineering nethod as in claim 17 whi
conprises the step of altering said relational data nndel\

33

many relationship with the target table, and the target table
does not have its own independent unique or primary key.

24. A reverse engineering method as in claim 22 wherein
said "inverse_of has_children" binary relationship is one in
which the target table is not a pure lookup entity type and has
a one-to-many relationship with the source table, and the
source table does not have its own independent unique or

primary key.

25. A reverse engineering method as in claim 21 wherein
said "has_wards" binary relationship is one in which its source
table is not a pure lookup entity type and has a one-to-many

- relationship with its target table, and its target table has
its own independent unique key or primary key.

26. A reverse engineering method as in claim 22 wherein
said "inverse _of has_wards" binary relationship is one which
the target table is not a pure lookup entity type and has a
one-to-many relationship with the source table, and the source
table has its own independent unique or primary key.

27. A reverse ehgineering method as in claim 21 wherein
said "has_subtype" binary relationship is one which its source
table has a one-to-one relationship with its target table and
the target table is a subtype entity of thé source table.

28. A reverse engineering method as in claim 22 wherein
said "inverse of_has_subtype" binary relationship is one in
which its target table has a one-to-one relationship with its
source table and the source table is a subtype entity of the
target table.

29. . A reverse engineering method as in claim 21 wherein

said "inverse_of_ pure lookup" binary relationship is a binary
relationship whose source table is a pure lookup entity.

R
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30. A reverse engineering method as in claim 22 wherein
said pure_lookup" binary relationship is a binary relationship
whose target table is a pure lookup entity.

31. A reverse engineering method as in claim 18 wherein
said class further comprises a set of relationship names each
of which specifies the nature of the relationship between two
adjacent database tables in each branch of said tree of said

class.

32. A reverse engineering method as in claim 31 which
further comprises the step of modifying said relationship names

in said set of classes.

33. A reverse engineering system as in claim 1 which
further comprises a model purifier to alter said relational
data model.

34. A reverse engineering method as in claim 17 which
further comprises the step of altering said relational data

model.
_—
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A reverse engineering technology 1is capable of
automatically reversing from a physical data model comprising
a relational or 4GL data model of an existing application
database into a logical data model comprising classes and an
entity-relationship (E-R) model of each class, the classes
representing the different types of high-level objects that
make up the application. This logical data model allows users
to have a much clearer understanding of their application
- database thereby increasing their productivity and ease of
maintenance of their existing applications. This is made
possible by the method and structure of this invention first
capturing the application semantics from the physical data
model to provide a set of derived semantics. The derived
semantics are then used to identify classes and derive the
class definitions which are then used to derive the E-R model
of each class. In addition, the derived semantics can be
 easily updated by the method and structure of this invention
when the physical data model is changed.



