






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix TV. UML

written between brackets. A diamond is used to state that a condition has to be taken
with the possible paths flowing out of it. Concurrency is represented with a solid bold
line perpendicular to the transition with the paths coming out of it. The same kind of
line is used to merge the concurrent paths together. Activity’s input and output can be
specified using small boxes over the transition. In addition, any activity process should
be able to send signals to other processes; this is indicated by a convex polygon for the
transmission event, and a concave polygon for the reception event.

We display here a simplified activity diagram representing the process of launching
the Make-2D-DB II tool. This part schematises, for illustration purpose, the checking of
the provided data (if any), the integration of some external data, and the construction of
the relational 2-DE database:

An activity diagram can easily be made hybrid by incorporating elements from other
diagrams. For example, it can incorporate actors to show who does what, or objects that
perform some operations.
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We find it suitable to incorporate some standard flowchart elements within an activity
diagram, even though flowchart elements are not UML elements. This will offer a
much expressive visualisation of the activity details:

Connectar

D‘ﬁﬁ~
&

Server Machine

Internal Disk Database
Storage

Seqguential Access Sl

Before concluding this appendix, it is important to insist on the fact that this
summary was not intended to exhaustively depict UML notations. We have for
example skipped all dynamic and time-dependent representations, e.g., state and

sequence diagrams. Our intention was only to portray the elements that we will be
using throughout this document.
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APPENDIX V. RELATIONAL DATABASES

And the PostgreSQL ORDBMS

Relational databases

To present the relational model, relational databases and the SQL
language is beyond the scope of the present document. There are many
printed publications and Web tutorials covering these subjects, and the
reader is welcome to consult them for more details. This appendix intends to
summarise some of the terms that we are using throughout this manuscript,
and to present some of the aspects of PostgreSQL, the database management
system we have adopted for our project.

A database can be assimilated to a collection of related files. How those
files are related depends on the model used. Early models relating files
included the hierarchical model (a parent/child relation between files), and
the network model (an owner and member relation). The relational database
model was invented in 1970 by Codd' (Codd 1970). This was a significant
advance, as it allowed files to be related by means of a common field. To be
related a pair of files only needs to have in common one or several fields and
that makes the model extremely flexible.

Relational databases are built in a Relational Database Management
System: RDBMS. The most common definition of a RDBMS is a system
that presents a view of data as a collection of rows and columns not based
strictly on relational theory. The majority of popular RDBMS products do
not necessarily implement all of Codd's 12 rules. Almost all RDBMS
employ SQL, the Structured Query Language, as their query language. SQL
is based on relational algebra. It is an ANSI and ISO standardised computer
language used to create, retrieve, update and delete data from relational
databases. An introduction to SQL is available at the w3schools Web site”.

! http://en.wikipedia.org/wiki/Relational_database
2 http:/ /www.w3schools.com/sql/default.asp
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Components

Strictly speaking, a relational database is a set of relations, commonly
known as tables, in addition to other items that help to organise and structure
the data.

Relations or tables

A relation, represented by a table, is defined to be a set of tuples (a finite
and ordered sequence of distinct objects) having all the same attributes. A
table is therefore organised in rows and columns, like in the following

example (Table Spot).
, At utes(colu\,
tuples
(rc},jws) 'flble spotlD | pl Mw | identified | identifiedProtein
x opot (serial) | (float) | (int) | (boolean) (varchar)
tuple 100 5.50 | 22300 True P12345
1
tuple 101 6.50 | 32500 False Null
2
tuple 102 7.89 | 40000 True P34567
3
tuple
n

In a relational database all data is actually stored as relations. The term
relavar is the “relation variable” which is physically schematised by a table.
Some relvars do not have their data stored in them but are the outcome of the
application of relational operations to other relvars. These relavars are then
called “derived relavars”, or simply views. At a certain level, derived relvars
are not strictly considered as part of the relational model.

Constraints

Restrictions on the kinds of data that can be stored in the relation are
called constraints. They are formally defined in the form of expressions that
result in a boolean value.

Data domain

Data domain may be considered as a constraint, in the sense that it defines
the set of possible values for a given attribute. In the Spot table, the p/ float
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attribute should be limited to the numeric data domain between 0.00 and
14.00 not included, and Mw should be only positive.

Defined values and uniqueness

Some attributes should be defined, meaning that they should be given a
value; a Null value being an undefined value, constraining an attribute to be
defined is represented by the constraint {Not Null}. For example, Mw in the
Spot table has a {Not Null} constraint. At the same time, some other
attributes, if defined, should be unique in their relation; this is represented
by the constraint {Unique}. A gene alias for example should be unique in a
Gene relation but does not have the {Not Null} constraint. Whenever an
attribute has both constraints, it falls in what is known to be a primary key.

Keys

A key i1s a kind of constraint that implies that a tuple, or part of the
information it contains, is not duplicated in a table. This is achieved in a
relational database using a Primary Key constraint {PK}. In the Spot Table,
spotID is indeed a primary key. Each spot (a tuple) must have a defined and
unique value for this attribute. A primary key may also be composed of
several attributes, each of them having to be defined. Only the combination
of these attributes has to be unique. In a Person relation, where we may
define two attributes firstName and FamilyName, a primary key would be
the combination of both the two attributes. Several people may be of the
same family, and several people may share the same first name as well, but
two persons should never have exactly the same first name and family
names.

Foreign keys

A Foreign Key {FK} is a reference to a primary key in another table. The
referencing tuple has, as part of its attributes, the same value(s) of a key in
the referenced tuple. Foreign keys may reference defined {Unique}
attributes as well as {PK} attributes.

More constraints

In the Spot table, Mw must be a positive value, which is expressed by
{Check: Mw > 0}. We have also intentionally included the attribute
identified, which tells if a spot has been identified or not. It seems logical
that a non-identified spot should not present any protein in its
identifiedProtein attribute. We can express such a constraint by the boolean
expression: {Check: identified is True OR (identified is False AND
identifiedProtein is Null)}. Constraints may contain also functions,
procedures or operations in the boolean expression. If, instead of the
attribute identified, there was a function that returns a boolean value telling
whether or not a spot has been identified, we would employ a constraint of
the form {Check: hasBeenldentified(spotID) is True OR identifiedProtein is
Null}.
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Rules, stored procedures and triggers

A rule in a database is a way to rewrite some specific SQL queries, or to
automatically add some additional SQL instructions to an initial one. An
example would be to automatically switch a flag attribute to ON whenever
some relevant information has been modified. The switch of an
annotationChanged attribute to ON within an EntryVersion tuple whenever
some specific annotations found in other tables and related to the Entry tuple
are modified represents a concrete illustration of a rule.

Stored procedures are executable code associated with the database. The
RDBMS may offer the possibility to perform some “complex” operations
using one or several programming languages or scripts. Procedures are
assimilated to functions. They may operate with some specific input
parameters and they always return a value of a definite data type. Stored
procedures may perform many kinds of common operations, among which:

= Simple control operations, e.g., hasBeenldentified(spotID) : boolean
= Statistical operations, e.g., numberOfldentifiedSpots() : int

= Select operations, e.g., selectAllldentifiedSpotsSinceDate(Date)
record/table

» Update operations, e.g., updateProteinEntryView(accessionNumber) :
boolean

Besides, a procedure may execute another procedure, and may even generate
and compile code for new procedures.

Triggers are activation processes that are associated with some function
or procedure and that are “fired” before or after a specific operation is
attempted on a tuple. In insert, update or delete operations, triggers can “see”
any potential old and new attribute value, which is very convenient when
having to perform some special operations depending on data substance. For
example, we may want to fire a trigger associated with a function, which
increments a protein entry version by 1, if, and only if, some specific
attributes are modified and that their new values are different from the initial
ones.

Indexes and sequences

Indexes, based on one or several attributes, are used to improve
performance when accessing tables. They help to reduce the scanned subset
of tuples. Although it is the optimiser - the process responsible for setting up
the best query plan to adopt — that decides whether to use a relational index
to access data, it is up to the database manager to build up the appropriate
indexes that will improve performance. RDBMS provide different indexing
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methods, among which the B-tree (a tree data structure) and the hash table
(keys/values association) methods.

Sequence objects are special single-row tables that help to generate
automatically ordered attributes’ values. Sequences are usually used to
generate unique sequential identifiers for a table’s rows. The special integer
data type serial, used above with spotID, is an example of the use of a
sequence to generate automatic identifiers.

PostgreSQL

To physically realise and manage our data model, we needed a stable
database management system that offers extended capabilities in
implementing stored procedures, and in using slightly complex data types.
Besides, the system had to be free of charge, our main condition in the
choice of the component.

PostgreSQL1 is an open source ORDBMS (Object-relational Database
Management System) developed at the University of California®>, and
running on all major operating systems. PostgreSQL is not controlled by any
single company, but it relies on a global community of developers and
companies to develop it.

In fact, it would be more correct to consider PostgreSQL as a
conventional RDMBS enhanced with a layer simulating object-oriented
characteristics. These characteristics are:

Object Identifier (OID): each tuple (object) has a unique identifier
within the same table and this identifier is independent from the tuple
content. Tables containing rows have also a table object identifier.

» Inheritance: Tables can be set to inherit attributes and behaviours from
a parent table. Data is then shared between parent and child(ren)
table(s). Yet, some of the constraints are not currently inheritable.

= Complex data types: In addition to the multi-dimensional arrays, users
can create their own complex data types.

= Large objects: PostgresSQL has a facility to store binary large objects,
also known as BLOBs, such as graphical and XML files. Objects are
then manipulated using their OIDs. However, portability of BLOBs
is not supported.

Uhttp:/ /www.postgresql.org/
2 Copyright © 1996 — 2007 PostgreSQL Global Development Group, under the BSD license
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An overview of the main differences between Object-oriented Database
Management Systems (ODBMS) and RDBMS is summarised in the

following table:

Aspect Object-oritented Relational

Data accessibility permanent data stored data

Entities objects (classes) normalised relations

(tables)

Identifiers object identifiers (OID) primary keys

Data structure complex data types atomic attributes

Functionality object behaviour procedures, rules,
(operations, methods) triggers, functions

Modelling object type relational schema

Inter-dependency inheritance, encapsulation,  independence of
polymorphisme relations

Integrity / risky good

concurrency

Speed performance very high average

Specifications’ low high

stability

A few non-commercial ODBMS have been offered only over the last couple
of years. Before this, the non-availability of functional free of charge object-
oriented systems was one of the main reasons why we did not consider the
possibility to adopt an object-oriented database approach for our project.

Adpantages using PostgreSQL

Being reasonably stable, PostgreSQL has a number of significant advantages
- related to our work - when compared to conventional RDBMS (e.g.,
MySQL"):

» It runs stored server-side procedures in more than a dozen
programming languages, including Java, Perl, Python, Ruby, Tcl,
C/C++, and its own PL/pgSQL?, which is a procedural language
similar to Oracle's PL/SQL.

= [t has a rich set of native data types available to users. The most
important are: arbitrary precision numbers, variable-length character
texts, multi-dimensional arrays of any data type (unfortunately with
very limited capabilities to exploit the arrays). It has as well a set of
pseudo-types like the “any” (indicating that a function accepts any

! http:/ /www.mysgl.com/

2 Make2D-DB 1I uses
(http:/ /www.postgresql.org/docs/8.2/interactive/ plpgsql.html)

PL/pgSQL

extensively
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data type), and “record” (for a function to return an unspecified row
type). Users may also add new complex types.

= [t extends standard constraints’ expressions using “{Check boolean
expression}”.

= [t introduces namespaces for objects through schemas’ repartition.

* [t optimises many management features, including user-defined
indexation of tables and ensures integrity with MVCC (multi-version
concurrency control). It also performs statistics for -efficient
execution plans of queries and for garbage collection.

PostgreSQL also offers extended capabilities to work with regular
expressions, which is very convenient in analysing data and in
assembling human readable views.

There are also many library interfaces (APIs) allowing various languages,
both compiled and interpreted, to interface with PostgreSQL. There are
interfaces for Perl (DBI), Java (JDBC), ODBC, Python, Ruby, C, C++ and
PHP to name the most common of them.

A significant drawback, which mainly originates from our extensive use of
server-side procedures, is the need to cope with any specifications’ changes
between PostgreSQL public releases. Adaptations of our code were
sometimes necessary to deal with some of the critical specifications’
changes.

XXXIX






Appendix 171.

APPENDIX VI. THE INSTALLATION PROCESS

Screenshots / shell captions

Information regarding the tool using the <help> option (a truncated shell caption):

Perl make2db.pl -help
MAKEZ2DB (1) User Contributed Perl Documentation MAKEZ2DB (1)
The Make2D-DB II Package ( version: 2.50.1 / September 2006
Before, launch:
createlang plpgsqgl templatel --pglib "/pgsgl/lib path"
initdb -D [DB path]
postmaster -i -d 1 -D [DB path] > [DB path/server.log] 2>&l &
Execution:
perl make2db.pl -<m> [option]
where option is one of:

config -> Set up the configuration..

check -> Check the syntax and the consistency of your database..

check-report -> Same as 'check', except it does not stop on major

errors..

create -> Create the relational schema for a database from
scratch..

transform -> Combine the 'check', the 'create' and the 'server'
options..

update -> For both updates of the schema structure and the
database..

server -> This option can be used independently if you wish to

host an interface to query others remote databases
without even having your own database. It is also to
be used when some errors are encountered due to
invalid permissions while moving some of the
files to the HTTP server. The script can then be re-
executed with this option to only set up the HTTP
server files.

e.g: ' perl make2db.pl -m transform '

If you want to specify another path for your configuration files to be
read

or written (not the default one),

use the switch '-c' followed by by the new path:
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ex: perl make2db.pl -m config -c your path here

A shortcut to run a default configuration process without any special

choice
perl make2db.pl -m config default
For help (diplays this text):
type 'perl make2db.pl -h' or 'perl make2db.pl --help'
To exit this manuel, press the letter 'g'
AUTHOR

Khaled Mostaguir, khaled.mostaguir@isb-sib.ch

ACKNOWLEDGEMENTS
An evolution of the make2ddb package concepts (Christine Hoogland and
al) .
2006-09-25 perl v5.6.1 MAKE2DB (1)
(END)

Running the tool with the <config> option (a shell caption):

perl make2db.pl -m config

*** Make2D-DB II Package - version: 2.50.1 (04-Sep-2006) ***

[The Configuration File Generator - version: 2.50]
* You are about to set up the configuration files for the Make2DB-DB II tool *
Two files can be set up:
- include.cfg : configuration parameters for the instllation of the database

- 2d_include.pl: configuration parameters for the the WEB server

Please, choose between setting up your configuration files for a new database
installation, or changing the parameters of an already running WEB server:

--> [1] New Installation

--> [2] Changing a Running Server Parameters
--> [3] Generate a new maps' file

--> [4] Exit

2> [1]

* Prepare your configuration files for a new installation *

Please, choose between reading the default setting values from the default
configuration files, provided with the tool, or from your very last personal
configuration files.

You may also configure only a Web portal, to contact other remote interfaces,
without necessarily providing any personal data.

--> [1] Default configuration files

--> [2] Last personal configuration files
--> [3] Configure a Web portal

-—> [4] Exit
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Running the tool with the <transform> option (a shell caption):

perl make2db.pl —m transform
*** Make2D-DB II Package - version: 2.50.1 (04-Sep-2006) ***
--- Date: Mon Oct 15 18:02:39 CEST 2007

Perl version: This is perl, v5.6.1 built for 1i386-linux
Lang: en US.is0885915

System: Linux mordor.expasy.org 2.4.23 #1 Tue Dec 23 09:22:28 CET 2003 1686

[option: -m transform]

--- Database official name: 'Test Database'
--- Database postgreSQL name: 'test database'

Updating the Cross-Reference list from the ExPASy server..
Updating the Swiss-Prot tissue list and aliases from the ExPASy server..

Extracting annotation from maps / from text/xml reports in progress...

No flat file yet. Your data is assumed to be in tabulated (spreadsheet) format

or in Melanie XML generated files.

The following files are being analyzed and translated to build a flat file
ending with a 'spot data' section:

-- /home/world-2dpage/test database/FIGUREL.txt

-- /home/world-2dpage/test database/FIGURE2A.txt

Flat file automatically generated!

Do you want to examine or edit the new generated flat file (to add, for
example, some extra annotations or cross references)?
Type 'yes', otherwise press <RETURN> to continue

Importing mapping methods definition into the new database...
Now checking the flat file structure, syntax and consistency...

**UniProtKB/Swiss-Prot - Swiss-Prot --
...Checking entry P00277
...Checking entry P00350

Connecting to the Newt database to retrieve taxonomy data (please, be
patient) ...
..... Taxonomy Retrieval Performed!

Connecting to the ExPASy SRS server to retrieve external data (please, be
patient) ...

WARNING: one of your UniProtKB accession numbers (P31059 / TaxID=83333) has
been demerged!!

[1] POA7CO; P31059; P97542; [TaxID:83334] {Escherichia coli 0157:H7.}

[2] POA7B9; P31059; P97542; [TaxID:217992] {Escherichia coli 06.}

[3] POA7B8; P31059; P97542; Q2M8M8; [TaxID:83333] {Escherichia coli (strain
K12) .}

assigning the following UniProtKB entry for P31059 => POA7B8
..... SRS Retrieval Performed!

Connecting to the ExPASy server to retrieve external links for computable
maps...
..... Computable Maps Retrieval Performed!

Your DataBase file has been checked with success!
You can check the file 'last STDOUT.log' for a detailed report:
' /home/world-2dpage/Make2D-DB II/temp/last STDOUT.test database.log'

Ready to start the 'test database' DataBase Construction and to upload your
data into it.
Press 'RETURN'! (ctrl-C to abort)

XLIIT



Appendix V1. The installation process

The relational database implementation using the <transform> option (a truncated shell caption):

Now Creating your new Database...

Creating a new postgreSQL user named 'select2d' to query the database without
owning it...
< Press 'RETURN' to continue >

SCHEMA CREATION correctly performed!
SCHEMA USAGE correctly granted!

Loading functions...
SET

CREATE FUNCTION
COMMENT

Functions properly uploaded.

Constructing the referential tables...
SET
CREATE SEQUENCE

CREATE TABLE will create implicit sequence "xrefdbparent xrefdbcode seq" for
"serial" column "xrefdbparent.xrefdbcode"

CREATE TABLE / PRIMARY KEY will create implicit index "xrefdb pkey" for table
"xrefdb"

CREATE TABLE / UNIQUE will create implicit index "xrefdb xrefdbname key" for
table "xrefdb"

NOTICE: merging column "xrefdbcode" with inherited definition

CREATE INDEX

CREATE TABLE

COMMENT

Database tables structure properly built.

Adding userstamp and update columns on each table...
NOTICE: merging definition of column "userstamp" for child "xrefdb"

Setting up the log (backup) part...
Log (backup) setting properly built.

Loading triggers...
SET

CREATE FUNCTION
COMMENT

CREATE TRIGGER
COMMENT

Triggers properly uploaded.

** Loading your DATA into the referential tables... **

INFO: wvacuuming "core.tissuesp"

INFO: "tissuesp": found 1148 removable, 1148 nonremovable row versions in 27
pages

INFO: "tissuesp": moved 1120 row versions, truncated 27 to 14 pages

INFO: index "tissuesp pkey" now contains 1148 row versions in 15 pages
-- TissueSP table is being treated...
-- TissueSP table has been filled in

Writing the general database related data to the appropriate table...
Loading done.

Uploading functions to update/alter some internal data related to external
ones...

SET

CREATE FUNCTION

COMMENT

Internal data update functions properly integrated (not yet performed).

Loading full entry view functions and tables (materialized views)...
SET
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CREATE FUNCTION
COMMENT

Full entry views functions and tables properly loaded.

Update Internal Data And Construct VIEWS:

NOTICE: Entry construction in progress...

NOTICE: Analyzing tables...

NOTICE: CREATE TABLE / UNIQUE will create implicit index
"buffer make2db reunit refs referenceid key" for table
"buffer make2db reunit refs"

NOTICE: ...entry P00816 is processed
NOTICE: ...entry P09394 is processed

NOTICE: Full Entries Table has been constructed/updated!

NOTICE: Protein list in progress...

NOTICE: Protein Lists are being now processed for each Map. Please wait!...
NOTICE: ... Protein lists for the different maps are still in progress...
NOTICE: ... FIGUREl is being processed

NOTICE: Data Updates Performed With Success!
Database Internal Data Updated and Views Constructed!

Performing database displayed statistics...
Database statistics performed!

Session information inserted into the 'Make2DDBTool' table.

Updating entry views for version update...
NOTICE: Entry construction in progress...
NOTICE: ...entry P00816 is processed

Database Conversion has been properly performed.

SCHEMA public revoked from PUBLIC.
granting 'select2d' SELECT rights on common.Database

Copying indexes to public schema...
creating index (CREATE UNIQUE INDEX release pkey ON release USING btree
(releasenum, subrelease))

Export To Public Data:

NOTICE: Entry construction in progress...
NOTICE: Analyzing tables...

NOTICE: ...entry P00816 is processed

NOTICE: Full Entries Table has been constructed/updated!
NOTICE: Protein Lists are being now processed for each Map. Please wait!...
NOTICE: ... FIGUREl is being processed

NOTICE: Data Updates Performed With Success!
Database Public Export Performed With Success!

Analyzing Database to ensure optimal performance. Please, be patient as this
may take some time...

Analyze performed with success!

Database Installed!






