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Research Context & Motivation

M-lab

Model-driven Software Engineering Laboratory

Faculty of Electrical Engineering e University of Banja Luka

http://m-lab.etf.unibl.org

M-lab long-term research project:
UML-based Reverse Database Engineering

Main project achievement:

http://m-lab.etf.unibl.org:8080/redbul

REDBUL

the first online web-based system for
reverse database engineering which
represents the extracted DB schema by
standard UML class diagram
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Research Context & Motivation

REDBUL (Reverse Engineering of DataBases to UmL)

DMBS: Authentication Database

Windows Authentication w v

MSSQL Server v )
User name Qutput file

Server: name

Password

Extract Schema
Check connection

http://m-lab.etf.unibl.org:8080/redbul
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Research Context & Motivation

Web browser

Client web
application

REDBUL architecture

Apache Tomcat

REDBUL server
MY
user data -
S = | 7 RDBS
user data B olk-- b Um IS extractor
=
(g ®
wn| < »
8 & 3
w S rdbs.uml
rdbs.uml + o 6 > UML CD
Sl | e | Q = | cdm.notation |
rdbs.notation I ayouter
—
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Research Context & Motivation

Pre-existing RDBS extractor (limitations)

— Only two DBMSs supported: Apache Tomcat
MySQL & MS SQL
) ) REDBUL server
— Different set of SQL queries for RDBS —
: user data
extraction for each DBMS - S S rops )
— Non-standardized and non-unified data £ S <---5--slu-r9----l extractor J<" -
icti =le 8
dictionary wl £ 3
=19 2 dbs.uml
8 o raps.um >(
Research objectives 8 S| cdmnotation L UML €D ]
o € - layouter
— Define an approach and implement a —
more flexible RDBS extractor ...
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Data dictionary organization

Different Data dictionary organization in different DBMSs

MySQL

AVG_ROW_LENGTH
DATA_LENGTH
MAX_DATA_LENGTH
INDEX_LENGTH
DATA_FREE
AUTO_INCREMENT
CREATE_TIME
UFDATE_TIME
CHECK_TIME
TABLE_COLLATION
CHECKSUM
CREATE_CFTIONS

TASLE_COMMENT

CONSTRAINT_NAME
TAELE_SCHEMA
TBLE_NANE
COLUMN_NAME

J CONSTRAINT_SCHEMA

COMSTRAINT_MNAME
TABLE_SCHEMA

TABLE_NAME
CONSTRAINT_TYFE
CONSTRAINT_CATALOG

REFERENCED_TABLE_SCHEMA
REFERENCED_TABLE_NAME
REFERENCED_COLUMN_NAME
CONSTRAINT_CATALOG
CONSTRAINT_SCHEMA
TABLE_CATALOG
ORDINAL_FOSITION

| FOSITION_IN_UNIQUE_CONSTRAINT)

S

TR COLOWNE.
TABLE_SCHEMA TABLE_SCHEMA
TABLE_MANE TABLE_MAME
INDEX_NAME COLUMN_NAME
COLUMM_NAME TABLE_CATALOG
TABLE_CATALOG ORDINAL_POSITION
NOMN_UNIQUE COLUMN_DEFAULT
INDEX_SCHEMA IS_NULLABLE
SEQ_IN_INDEX 3"? DATA_TYFE
COLLATION |L|_ CHARACTER_MAXIMUM_LENGTH|
CARDINALITY CHARACTER_OCTET_LENGTH
SUB_PART NUMERIC_PRECISION
PACKED NUMERIC_SCALE 1
NULLABLE CHARACTER_SET_NAME
INDEX_TYPE COLLATION_MAME
COMMENT COLUMMN_TYPE

COLUMN_KEY

EXTRA

PRIVILEGES

COLUMN_COMMENT

SCHEMA_NAME

CATALOG_NAME
CEFAULT_CHARACTER_SET_NAME
DEFAULT_COLLATION_NAME
SOL_PATH

CONSTRAINT_SCHEMA
CONSTRAINT_NAME
CONSTRAINT_CATALOG
UNIQUE_COMETRAINT_CATALOG|
UNIQUE_CONSTRAINT_SCHEMA
UNIQUE_CONSTRAINT_NAME
MATCH_OPTION

UFDATE_RULE

DELETE_RULE

0

TABLE_MAME

H-----

OWMER, OWNER
TABLE_NAME TABLE_NAME
TAELESPACE_NAME COLUMN_NAME
CLUSTER_MAME DATA_TYPE

10T_NAME DATA_TYPE_MOD

STATUS DATA_TYPE_OWNER
PCT_FREE DATA_LENGTH

PCT_USED DATA_FRECISION
INI_TRANS DATA_SCALE

MAX_TRANS NULLABLE

INITIAL_EXTENT COLUMN_ID
PCT_INCREASE DEFAULT_LENGTH
LOGGING DATA_DEFAULT
BACKED_UF NUM_NULLS

NUM_ROWS NUM_BUCKETS

BLOCKS LAST_ANALYZED
EMFTY_BELOCKS SAMPLE_SizE

AVG_SFACE CHARACTER_SET_NAME
AVG_ROW_LEN CHAR_COL_DECL_LENGTH
INSTANCES DEFAULT_GN_MULL L
| CAacHE ) {entimy_cotum )

OWNER

INDEX_NAME
INDEX_TYFE
TABLE_OWNER
TABLE_NAME
TABLE_TYFE
UNIQUENESS
COMPRESEION
PREFIX_LENGTH
TABLESPACE_NAME|
INI_TRANS
MAX_TRANS
INITIAL_EXTENT
LOGGING
DURATION
GLOBAL_STATS
JOIN_INDEX.

PARTITIONED

H- O<] TABLE_OWHNER

O] CHAR_LENGTH

~-H owner

0

INDEX_CWNER
INDEX_NAME

TABLE_MNAME
COLUMN_NAME
COLUMN_POSITION
COLUMMN_LENGTH

DESCEND

CONSTRAINT_NAME
TABLE_NAME
COLUMMN_MNAME
POSITION

w

OWNER
TEELE_NAME
CONSTRAINT_NAME
CONSTRAINT_TYPE
SEARCH_CONDITION
SEARCH_CONDITION_VC
R_CWNER
R_CONSTRAINT_NAME
DELETE_AULE
STATUS
DEFERREAELE
DEFERRED

VALIDATED
BENERATED

BAD

RELY

LAST_CHAMGE
INDEX_OWNER
INDEX_NAME

INVALID
WIEW_RELATED

ORIGIN_CON_ID

(AT EWS

OWNER
WIEW_NAME
TEXT_LENGTH

TEXT

TEXT_VC
TYPE_TEXT_LENGTH
TYPE_TEXT
OID_TEXT
WIEW_TYPE_OWNER
VIEW_TYPE
READ_CNLY
ORIGIN_CON_ID

Oracle
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Data dictionary organization

Different Data dictionaries = Different SQL queries

TADLES ( ALL_TABLES ) (__ALL_CONSTRAINTS
TABLE_SCHEMA OWNER OWNER
TABLE_NAME TABLE_NAME TABLE_NAME
M ySQL TABLE_CATALOG TABLESPACE_NAME CONSTRAINT_NAME Orac | e
TABLE_TYPE CLUSTER_NAME CONSTRAINT_TYPE
ENGINE IOT_NAME SEARCH_CONDITION
VERSION  TABLE CONSTRAINTEY STATUS SEARCH_CONDITION_VC
ROW_FORMAT PCT_FREE R_OWNER
TABLE_ROWS ?EIEI:‘LSETRSEII—TETFA’;AME PCT_USED R_CONSTRAINT_NAME
AVG ROW LENGTH|, TABLE NAME INI_TRANS DELETE_RULE
DATA_LENGTH — MAX_TRANS STATUS
MAX_DATA_LENGTH ORI TR 2 INITIAL EXTENT  [177==="~ “O<| peFerrEABLE
INDEX_LENGTH (OISR T _SATTALOTE PCT_INCREASE DEFERRED
DATA_FREE GRS SEHELR LOGGING VALIDATED
AUTO_INCREMENT BACKED_UP GENERATED
CREATE_TIME NUM_ROWS BAD
UPDATE_TIME BLOCKS RELY
CHECK TIME EMPTY_BLOCKS LAST CHANGE
TABLE COLLATION AVG_SPACE INDEX_CWNER
CHECKSUM AVG_ROW_LEN INDEX_NAME
CREATE OPTIONS INSTANCES INVALID
TABLE C_OMMENT CACHE VIEW_RELATED
_— D — ORIGIN_CON _ID

SELECT TABLE_NAME SELECT TABLE_NAME

FROM  information_schema.tables FROM all tables

WHERE TABLE_SCHEMA = <userSchema>; WHERE OWNER = <userSchema>;
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Proposed approach

Universal Data
Dictionary Metamodel

Different Data Dictionary
organization in different DBMSs

MysQL  Oracle = ,
~ » 1 _AoreignkeyMetadata

‘ MysQL ‘

Oracle

MSSQL Postgre SQL

"tableMetadata": { |

"tablesTable’
"name": "inl "tableMetadata": {
"columns": "tablesTable": {

"schemall "name": "all_tables",

"tableNar| "columns": {
..” }

"schemaName": “OWNER",
} "tableName": "TABLE_NAME"
IBM DB2 ) : }

MariaDB

XX )

JSON-based metadata
representation

Universal set of SQL query

templates

SELECT <tablesTable.column.tableName>

FROM
WHERE

<tablesTable.name>
<tablesTable.column.schemaName>
= <userSchema>;

SELECT
FROM
WHERE

l MysQL
TABLE_NAME

information_schema.tables
TABLE_SCHEMA = <userSchema>;

SELECT
FROM
WHERE

TABLE_NAME
all tables
OWNER = <userSchema>;

coo Oracle

Concrete SQL queries for

each DBMS
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Data dictionary metamodel / Top level view

ColumnMetadata

1

columnietadata

PrimaryKeyMetadata

primaryKayMetadata| 1

TableMetadata | ¢

tahleMetadata

schemahletadata
SchemaMetadata| 1

ForeignKeyMetadata

1

foreignkKeyMetadata

Databaseletadata 1[ IndexMetadata
- dbmsName:String .
- connectionString:String indexMetadata
IdataTypeMetadata viewhMetadata

DataTypeMetadata

1T ViewMetadata

JSON-based metadata representation

"databaseMetadata"; {
"dbmsName": "name of source DBMS",
“connectionString": "connection string for source DBMS",
"schemaMetadata": {...},
“tableMetadata™ {...},
“columnMetadata”: {...},
"primaryKeyMetadata": {...},
“foreignKeyMetadata": {...},
"indexMetadata": {...},
"viewMetadata": {...},
"dataTypeMetadata™ {...}

"mySQLMetadata": {
"dbmsName": "MySQL",

“connectionString": "jdbc:mysql:/{0}:{1}{2}",

}

"oracleMetadata": {

}

"dbmsName": "Oracle",
"connectionString": "jdbc:oracle:thin:@{0}:{1}/1{2}",
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Data dictionary metamodel / Tables excerpt

System tables containing data

about user tables

Metamodel excerpt

TablesTableColumns
TableMetadata tablesTahle| TablesTable colums
¢ name:Stin @ | - schemaName:String
Ll - tableName:Siring

JSON-based metadata representation

DBMS System tables Columns

MySql INFORMATION_SCHEMA.TABLES ~ TABLE_SCHEMA TABLE_NAME
Oracle ALL_TABLES OWNER, TABLE_NAME

MS SQL INFORMATION_SCHEMA.TABLES ~ TABLE_SCHEMA, TABLE_NAME
MariaDB INFORMATION_SCHEMA.TABLES ~ TABLE_SCHEMA, TABLE_NAME
Postgre SQL  INFORMATION_SCHEMA.TABLES ~ TABLE_SCHEMA, TABLE_NAME
IBM DB2 SYSCAT.TABLES TABSCHEMA, TABNAME
MySQL metadata Oracle metadata

“tableMetadata": {
"tablesTable": {
"name": "information_schema.tables",
“columns": {
"schemaName": “TABLE_SCHEMA",
"tableName": "TABLE_NAME"
}

}
}

"tableMetadata": {
"tablesTable": {
"name": "all_tables",
“columns": {
"schemaName": " OWNER ",
“tableName": "TABLE_NAME"
}
}
}

“tableMetadata": {
"tablesTable": {
"name": "name of table with table metadata",
"columns": {
"schemaName": "name of column with schema name",

"tableName": "name of column with table name"
}

}
}
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Universal queries / Tables excerpt

MySQL
metadata

Universal SQL query template

SELECT <tablesTable
FROM <tablesTable
WHERE <tablesTable

.column.tableName>
.name>
.column.schemaName> = <userSchema>;

Query template
for extraction of
table names

"tableMetadata": {
"tablesTable": {
"name": "information_schema.tables",
"columns": {

"schemaName": "TABLE_SCHEMA",

“tableName": "TABLE_NAME"

}
}
}

"tableMetadata": {
“tablesTable": {
"name": “all_tables",
"columns": {
"schemaName": "OWNER",
"tableName": "TABLE_NAME"

}
}
}

Oracle
metadata

¥

¥

SQL Query

for MySQL | ere

SELECT TABLE_NAME
FROM

SELECT TABLE_NAME

information_schema.tables FROM all tables

TABLE_SCHEMA = <userSchema>; WHERE OWNER = <userSchema>;

SQL Query
for Oracle
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Implementation

DEMS
— =

<

Metadata bundle J

DEMS metadata

Connection params
Metadata

DatabaseSchemaExtractor

<

v

DatabaseConnectionService

java.sgl.Connection :

________________________ -

\ll,' Metadata

java.sgl Connection

QueryBuilder Database

ServiceFactory

i .
; ".;.g a |
1 T 1 R
(70 L
& RZ a8
el | 2 o
g0 (m Bl 1 E
a1 ke |: [
-
L e
TableService
<<Ccreate= -
----------- -2 || CaumnService I

Concept service F

metadata exceprt

PrimaryKeyService I

ForagnkeySevice I

IndexService

Sy
el

EDES elements

ViewService

DataT ypeSenace

Improved
RDBS Extractor service
in REDBUL
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Implementation

REDBUL (Reverse Engineering of DataBases to UmL)

DMBS: Schema name: Username: Service name:
Oracle v

Server: Port: Password: Output file name:

Extract schema

http://m-lab.etf.unibl.org:8081/
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lllustrative example of reverse RDBS engineering

PK(studentid:int)
INDEX_BTREE_PRIMARY(studentid:A)
7K

lstu dent_faculty_
|
|

student_fk

viewstu de"tao, year_student

student
studentid:int
studentname:varchar
studentsurname:varchar K — — —
dateofbirth:date

|
viewstudentsbyyear

studentname:varchar
studentsurname:varchar
dateofbirth:date
year:int

student_faculty

acultyid:int
tudentid:int
ea

PK(studentid:int,facultyid:int,year:int)
student_faculty_student_fk(studentid:int)
student_faculty_faculty_fk(facultyid:int)
INDEX_BTREE_PRIMARY(studentid:A,facultyid:A,year:A)
Ir.DEX_BTREE_stucent_r’acn.lt}'_f'acult;.‘jk(‘a:u“_.'_G:;‘-.)

I
ktudent_faculty_-
|

faculty_fk

univerzitet123 student

v

@ studentid : int

ﬂ £ univerzite
—

@ universityid : int

1127 university

studentname : varchar(50)
universityname : varchar(150)
studentsurname : varchar(50)

@ dateofbirth : date

u O univerzilel 125 student_faculty = faculty

ﬂq univerzitet12
@ facultyid : int @ facultyid : int
@ studentid : int @ facultyname : varchar(150)

@ year : int # universityid : int

g & univerziiet]12% viewstudentsbyyear
studentname : varchar(50)

@ studentsurname : varchar(50)

@ dateofbirth : date

# year - int

viewstudentsbyyear_student_faculty

university

universityid:int

universityname:varchar

PK(universityid:int)
INDEX_BTREE_PRIMARY(universityid:A)

WV
faculty
facultyid:int
facultyname:varchar
universityid:int

PK(facultyid:int)
faculty_university_fk(universityid:int)
INDEX_BTREE_PRIMARY(facultyid:A)
INDEX_BTREE_faculty_university_fk(universityid:A)

Extracted RDBS

Sample source RDBS
(MysQL, http://db4free.net)

(REDBUL, http://m-lab.etf.unibl.org:8081/)

S. Reljic, D. Brdjanin, G. Banjac: Reverse Engineering of Relational Database Schema based on Universal Metadata Queries

15



Conslusion and future work

* |n this paper we presented an approach of reverse RDBS engineering based on
data dictionary metadata and universal meta-queries

* In comparison with existing REDBUL implementation, presented approach has
three main advantages:

Adding support for new DBMSs by extending metadata bundle;
Only one codebase has to be maintained;

There is possibility to implement new way of extraction for any schema element,
and to use it as hybrid solution for specified DBMS.

This solution currently enables extraction of six different DBMSs

* Inthe future we plan to:

Further improve the entire approach;
Further improve the implemented tool.
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Thank you!

Stefan Reljic, Drazen Brdjanin, Goran Banjac
M-lab Research Group @ Faculty of Electrical Engineering
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