Institute of Systems ﬂfofw

T [user guide] >



Contents

B I g Lol T« LT oL oo o SRR 5
B R Y (= U= g Lo T L= 17 o o PR 6
B =Y = T g T Yo = P 7
1. 3. DA By P i s 8
B Y 10 1V E- 1oL I CY e 11 T 11
B B - T 1] PRSI 11
B T T Y- e I =T o To 1 o U= TP 12
B = 101U =0T T 17
B T T o] =TT = e =1 o =P 19
1.9, ArChItECTUIE OVEIVIEW ... i ittt e e e et e et et e et e et e et e et e e ea e en e e e e eanaeanaeannns 21

2. Installation and configuration .....................ooooi i ———— 24
0 P N 11 = ] = T o PP 24
WU} o R 2 | e 26
B TR o T = == 32

3. DAtAb@sESs .........cooiiiiiicceie e — e e e e r—— et e e e ane e e e e nneeeeeaneeeenann 33
B A V=TT =T =T 34
3.2, Load database di@log .........cc.iuiiiieii e 35
3.3, IMPOrt dat@base ........couiiiiiii e aa 39

B B B Ny = e e SRR 40
B 11 =] o o 42
30410 Add BIBMENT i e 43
e 11 I g Lo [ SRR 43
3.4.3. EXport search resuUlt | ... . e 44

I 0 T e = T 0 T V7 o T 45
L S} =T o To F= e e L= o | =T a o V4 o 1= LR 45
- 1 PP 45

LI 0 T T e =T 0 g T = Ve T U 46
T B =T o1 L I £ o U P 47
0 S (] o N T 1Y 1V 47
D 3. APDIY LAY OUL L 47
Tt Y oo TU 47
T o1 o o 3o T [ PP 47
5.6. Graph [ayout algorithms .. ... i e e e aaaas 49
D7 Pa WY LAY OUR T L e e s 50

www.biosoft.ru



LS = AV 1 of T o 1 51
LS I Tt o T T P 51
6.2. Custom functions and host ODJECES ... ... e e e e e e 51
(G TN 1= 1= 1S 1 o] ol =1 o 52
R N £ V2= T o e T ol o T=T o 53
6.5, SBW JavaScript hOSt 0Dt .. e e e 54

2 2 1T 2T 2T T o ST 56
2% S @ o) =T ol o 4 T= o T Yo £ 56
7.2, R GIaPNIC SUP PO T e e 58
G TR S o =T o o= o N 60
7.4, USING R SCHPE AIirCHIY .. . ettt et e e e e et e e e e e b et et e e ea e enenen 61

8. Graphic Notation @ditor ............... ... e e asssassasasssssssssnsnsnsssssssnsnsnnnenens 63
8.1. Formal definition of graphic NOTatioN ... ... e e e 64

8.1.1. SBGN example - simple chemical ... .. ... ... ... 65
8.1.2. SBGN example - MacromoIECUIR | .. ... .. ..ottt e e 66

9. ANANYSIS MEENOMAS ...........coiiiieeeeeeeeee e ettt e e s s e e e e e e e reeesssse e e s e s s aa i era st s eeersanaannssaseeerersnnnannnnns 69

LS TR @ o Yo 2= o o 69
9.1.1. Optimization dOCUMENT L. e 69
9.1.2. Optimization MENOAS ... ... ... . it e e e e e e e e e e 72
9.1.3. FitliNg Paramelers . ... i 77
9.1.4. Parameter CONSLIaiNtS | .. . .. ...t 78
9.1.5. Experimental data ... ... ... e 79
9.1.6. OptiMIzZation di@gram ... ... ... ..iiiiiiiiiie ettt e e ettt e e e e e e et e e e e e e e e et e e e e e e e e e aneeees 80

10. GENOME DFOWSEE ...t e e e e e e s s e e ns e e e e e e s e e e anseeeeeseesa s snsneeeeeeesanssnnnnneees 82
O S o o [Tt PP 83
10,2, REGIONS L.ttt ettt et et e e e ettt a et h et ah e ea e en e e e e e eaa e 83
B0 T I =T PRSPPI 83
B Y P 84

B A 3 LT ) e o 85
1 P O =T PRSP 93
B A o To T g g =T e R o T ol PRSP 93
103 VO D E 93
B O L U PSPPSR 94

B 17201 0 1 ¥ T'a T T o 97
B I T ] E oo o =T = PP 97
B A S O | I =1 o] =P 98

www.biosoft.ru



13.

14.

15.

16.

Reproducible research .................ooo oo 101
G J0 P o ) =t = 101
13.2. Workflow and researCh di@grams ... . .....ciiuiuieie it e e et e ettt e e e neaas 101
G TG B =T o] o) =Tl e L= [ o 104
L« X 2 107
2=t =T =T 3 Lot 108
AcCkNOWIEdgemENTS .............oooiiieecii e e e e aaa e reeerennanns 109

www.biosoft.ru



1 Introduction

'We now have unprecedented ability to collect data about nature but
there is now a crisis developing in biology, in that completely
unstructured information does not enhance understanding. We need
a framework to put all of this knowledge and data into - that is going
to be the problem in biology.

We've reached the stage where we can't talk to each other - we've all
become highly specialized. We need a framework, a framework
where people can come back to us and say, 'Yes, I understand.’
Driving toward that framework is really the big challenge.’

Sydney Brenner

Webelieve that BioUML - Biological Universal Modeling Language - is a step in this direction. It is imagined as a
language to write a "book of life". We hope that BioUML will be a platform for building virtual cell and

virtual human.

From the user's perspective BioUML workbench is integrated environment that spans the comprehensive range of
capabilities including access to databases with experimental data, tools for formalized description of biological
systems structure and functioning, as well as tools for their visualization, simulation, parameters fitting and analyses

(Figure 1.1).
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Figure 1.1. BioUML workbench - example of cell cycle model visualisation and simulation.

Below we will briefly consider main concepts and possibilities of BioUML workbench.

1.1 Visual modelling

Reconstruction of complex biological systems from a huge amount of experimental data requires a formal language
that can be easily understood both by human and computer.

It is known that graphical depiction of complex system is the most suitable way of understanding ofits structure by
human. Graphical notation allows human to completely and formally specify model so computer programs can
analyze the model and simulate its behavior (Lee, 2001).

This approach is widely used inengineering and computer science. Some examples are:
e MATLAB/Simulink (http://www.mathworks.com)
e AnyLogic (http://www xjtek.com) -muli-method simulation software
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e UML (http://www.omg.org/uml/) - the mostknown graphical language for computerscience.

BioUML workbench adopts visual modeling approach for formal description and simulation of complex biological
systems (Figure 1.2). Another distinctive feature of BioUML workbench is tight integration with databases on
biological pathways, query engine allows user to find interacting components of the system and show results as an
editable graph.

‘ Biological databases ‘

‘ Data search and retrieving ‘

l

Formal description of structure of
biological system

'

Visual modeling

Automated code generation for model
simulation of model behavior

/
[WATLAS code|
1

Simulation using MATLAB. Java simulation plug-in.

JMatLink allows to BioUML Contains ODE solvers ported
workbench to start MATLAB and from odeTodava and methods

retrieve simulations results for hybrid models support.

Figure 1.2. Data flow in BloUML workbench.

1.2 Meta model

The core of BioUML is ameta-model. It provides an abstract layer (compartmentalized attributed graph) for
comprehensive formal description of wide range of biological and other complex systems. Content of databases on
biological pathways, SBML (Hucka M. et al., 2003)and CelIML(Lloyd C.M. etal., 2004) models, as well as
biological pathways in BioPAX format can be expressed in terms of the meta model and used by BioUML
workbench.

This formal description can be used both for visual depiction and editing of biological system structure and for
automated code generation to simulate amodel behavior.

Meta-model is problem domain neutral and splits the system description into 3 interconnected levels:
1. graphstructure - the system structure is described as compartmentalized graph;
2. database level - each graph element can contain reference to some database object;

3. mathematical model - any graph element can be element of mathematical model.
BioUML supports following mathematical elements: variable, formula, equation, event, state and transition.

Figure 1.3 demonstrates how this approachis applied for modeling system consisting from two consecutive chemical
reactions. Here graphnodes representing chemical substances are considered as variables and corresponding graph
edges containrightparts of corresponding differential equations. Using this information BioUML workbench can
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generate MATLAB or Java code formodel simulation.
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Figure 1.3. System from two consecutive chemical reactions (a), its formal description using three metamodel levels
(b), and corresponding mathematical model (¢), that can be generated automatically for system simulations.

Special BloUML diagrams markup language (DML)is developedto store BloUML metamodelinstance in XML
format. Diagram descriptionis divided into two parts:

1) graphstructure - itdescribes location of diagram elements and contains references to associated with them
database objects;

2) executable model - stores mathematical model associated with graph.
Detailed description of DML format is available at http://www.biouml.org/dml.shtml

1.3 Diagram type

Totakeinto accountdifferent diagram types and problem domain specificity we have introduced the diagram type
concept.

Diagramtypedefines:
o types of biological components and their interactions that can be shown on the diagram;

o diagram view builder—it generates view (image) for each graph element taking into account the problem domain
peculiarities. For example, biological pathway diagram view builder displays proteins as circles, genes as
rectangles and substances as squares;

o semantic controller - provides semantic integrity of the diagram during its editing. It takes into account problem
domain constraints, for example if some substance is removed on biological pathway diagram, all related reactions
should be removed too.
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Diagram type can be defined (created) by two ways:

1. programmatically - as Java class implementing special interface. There are 5 predefined diagram types that allows
to describe complex biological systems on cellular level with different level of details and formality;

2. declaratively - as XML document. BioUML workbench provides Graphic Notation Editor that allows advanced
user to create and edit diagram types. By this way diagram types for SBGN (Le Novere et al, 2009) and KEGG/
Pathways database were created (Figure 1.4).

BioUML workbench provides 3 main diagram types for modeling metabolic pathways, signal transduction pathways
and gene networks:

1. Semantic network - this diagram type is used to describe semantic relationships between system components,
system states, and related problem domain concepts. This diagram type is also convenient as overview.

2. Pathway - is used for formalized description of biological pathway structure (metabolic pathway or gene network).

3. Pathway simulation - is extension of pathway, where variables are associated with graph nodes and differential
equations with graph edges. This allows to BioUML workbench automatically generate mathematical model of the
system and simulate its dynamics.

4. See also:

e Chapter Diagram types
e Chapter Graphic Notation Editor
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Figure 1.4. Example of diagram generated by BioUML workbench using KEGG graphic notation.
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1.4 Simulation engine

BioUML workbench provides two alternative simulation engines:

1)Javasimulation engine - itautomatically generates and compiles Java code on the base of visual model (diagram)
ofabiological system. For simulation we have adopted odeToJava library (Patterson and Spiteri, 2003) that
provides methods for numerical solutions both stiffand non-stiff systems of ODEs. For solving algebraic equations
Newtonsolverisused.

2) MATLAB simulation engine - workbench automatically generates code for MATLAB and invokes MATLAB
engine to simulate amodel behaviourusing JMatlink library ( http:/www.held-mueller.de/JMatLink/).

Main parts of simulation engine are: code generator, formulas processor, algebraic equations solver and results writer.
BioUML provides powerful formula processor that parses text and MathML expressions, resultis presented as
syntax tree and used by formatters to generate corresponding Java or Matlab code (Figure 1.5).

SBML level 1 ‘ BioUML models

models (DML format)
semL 14 oML diagram
reader J A N reader

‘ linear formula syntax ‘

. A
linear parser| linear formatter

! MATLAB
MA TLAB> code
Syntax tree formatter
Y Java
A formatter 7| Java
MathML MathML code
parser], formatter
Math ML
(CellML subset)
A 3
CelliML SBML 2
reader‘ , v reader
CellML SBEML level 2
models models

Figure 1.5. Parsingand conversions of mathematical expressions by simulation engine.

Both simulations engines pass SBML semantic test suite that provides a set of valid SBML models with a simulated time
course data (Finney, etal.,2004). Testdetails are available at: http:/www.biouml.org/sbml tests/overview.html.

BioUML workbench versionis able to simulate all 150 SBML models from BioModlels database (release 9).
According to our metrics now BioUML is the best simulator for SBML models. Testdetails are available at: http:/
www.biouml.ore/biomodels.shtml

1.5 Database
Modeling ofbiological systems requires close integration with experimental data. The distinctive feature of BloUML
workbench is tight integration with biological databases. For this purpose we introduce the database type concept.

11
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The database type defines defines:

e datatypes(gene, protein, RNA, substance, reaction, etc.) that are stored in the database;

e mapping of the database content into diagram elements and diagram types that can be used with the database;
e diagram types that can be used to present the database content as a set of diagrams.

e query engine to find interacting components of the system. Search results can be shown as graph and edited by
user.

Databases can be installed locally or can be accessed via Internet from BioUML server.

See also

Chapter Databases
BioUML server

1.6 Search engine
BioUML workbench provides 3 types of search engine for working with databases:

o datasearch (filter) - this search engine maps database content into Java objects and filters these Java objects
according filtering condition for each property, forexample name="TP53".

o fulltextsearch - the search engine uses Lucene full text search engine. For this purpose the database content is also
mapped into Java objects and then these Java objects are indexed by Lucene. Due to index usage this search
engine is much faster then data search using filters.

e graphsearch - this search engine finds interacting pathway components and displays result as an editable graph.

Data search (filter)

Thisis default search engine thatis available for any database.The search engine maps database into Java objects and
filters these Java objects according filtering condition for each property, for example: field Complete name contains
‘acid' (Figure 1.6). Regular expressions can be used for text values. This search engine works quite slowly because it
scans all database objects of corresponding type (for example, gene, protein or substance).

12
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Figure 1.6. Datasearch dialog for KEGG/Compound, left pane - search results, top right pane - filtering conditions,
bottomright pane - detailed description of substance selected in the table.

Full text search
This search engine uses Lucene full text search engine - http://lucene.apache.org/

Algorithm:
¢ the database content is mapped into Java objects;

e cachJavaobject corresponds to Lucene document, object properties correspond to document fields.
Administrator can specify what data types and properties will be indexed by Lucene;

e user query is parsed and executed by Lucene. Search results is set of identifiers for database objects and values of
indexed fields.

e searchresults can be shown as atable.

BioUML workbench provides following interface for working with full text search engine:
1. Fulltextsearchdialog(Figure 1.7)
2. Fulltextsearchtab (Figure 1.8)
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12 | datgbases/KT CO3752 D-Glucosam 2-Amino-2-¢ D-Glucosaminic 1.0
13 | databazes/T CO3740  L-gatrima-G1(5-L-Ghtarn 1.a Qe
14 | databazesBd CO3656 (S)-5-Aming (5)-5-Aming 1.a
15 | databasesAT CO3668  2-Hydroxydi 2-Hydrosgrd 1.0 =
16 | databases/T C03664  2.4-Dichloro 2.4-Dichloro 2,4-D 1.0 Substance
17 | databases/KE CO3665  2-Aminnisob 2-Amino-2-1. 1.0 ID: 04843
18 | datgbases/KT CO3678  4-Amino-3-k 4-Amino-3-F gamma-Amino-beta-hydroxybutyric 1.0 TI:
19 | databasesT COIG680  4-Itnidazolor 4-Imidazolor 4,5-Dihydro-4-oxo-5-imidazoleprog 1.0 (52,9E, 142 -(8xi 11=1,125%-8,11,12- Trihydroxyicd =
_20 | databaszesB3 CO4785 (9Z,11E,14Z 13(5)-HPOT (9Z,11E,142)-(135)-Hydroperoxyo 1.0 NM:
21 | databases/KI C04799  Colominate Colominic 1.0 (52,9E,142)-(8xi. 1 1=, 125)-8,11,12- Trihydroxyico
22 | databases/KIE C04742 (1583-15-Hy (158)-15-Hy (52,82,112,13E)-(158)-15-Hydrox 1.0 FM: C20H3405
23 | databases/KE C04717 (92, 11E)-(17(92,11E)-( 17 13(%)-HPODE, 138-Hydroperoxy-9 1.0 g iiﬁi’;ﬂl’dﬁnl‘f&r b ents DormrcicPeaarte g
24 | databases/KE C10403  Butanoic ach Supinine  (2,3,5,7a-tetrahydro- 1H-pyrrolizin- 1.0 DR: [Los mme;:n - d_wpe_Daﬁ;?eRef;mfe; @
25 | databasesI C10434  5-0-Caffeoy 5-0-Caffeoy 1.0 Datzabase reference:
26 | databases I C10431 Caffeic Caffeic 1.0 DN: :DMET
_27 | databases/KE C10432  1-Caffeoyl-4 1-Caffeoyl-4 1.0 ID: BO45965
i databazes I C10437 Chicoric Chicoric 1.a Database reference: =
29 | databases®T C10438 Benzeneacry Cinnamic 1.0 <] | ] |
30 | databases/KE C10446 Diferulic Diiferulic 1.a = I MEEI_IU‘

Figure 1.7. Fulltextsearch dialog for KEGG/Compound, left pane - search results, top right pane - search
conditions, bottomright pane - detailed description of substance selected in the table.
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NM: alpha-D-Glucose S | databases/KEGG/Datah C04834 acid (2E,6E)-(10R,11533-10, (2E,6E)-(10F,1153-10,11.0
P|“M= C6H1206 | | lZ 6 | datahases/KEGG/Datah CO4805 5- Hydroxyacosatetram 5(5) -HETE 5- HETE(ﬁE 8Z,112,14: 1.0 L
1 4 ey, PP s s h
I View | Edit [ Editors / Description )'{ References )'{ Microarray , Text search / Hemodynamlcs )'{ Appllcatlon Log )'{ Cllpboard )'{ Layouter pane )'{ Javascript )'{ Search Ilnknat:I)'r Skin

Figure 1.8. Full textsearch tab for KEGG/Ligand database, Compound table(bottom right pane).

Graphsearch
Graph search engine finds interacting pathway components and displays result as an editable graph.

To start the search user should specify start node (for example, protein AP-1 on Figure 1.9) and search conditions:
whattype of interactions should be found and depth of search.

Graph search supports interactive search and incremental graph layout - auser can select any node on the graph (for
example, gene IL-6 on Figure 1.9) and find other biological objects in the database that interact with it. These objects
will be shown in left bottom pane in tabular form. The user can add these nodes and corresponding edges to the
diagram. Graph layout will locate new nodes and edges automatically preserving location of previous diagram
elements (Figure 1.10).
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Figure 1.9. Graphsearchdialog. Top left pane - searchresults that are displayed as an editable graph, top right pane
- search conditions, bottom left pane - results of interactive search for the selected node, bottom right pane - detailed

description of the selected node.
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Figure 1.10. Interactive graph search, here biological objects that interact with gene IL-6 were added.

1.7 BioUML server

BioUML server provides access to databases installed on the server side for BlioUML workbench via the Internet.

When BioUML workbenchis started firsttime Setup wizard (step 3) helps a user to configure connection of
BioUML workbench with BioUML server. Dialog Load databases provides the same functionality.

Security support
BioUML server supports secure access to databases. Server administrator can configure security settings foraccess
to each database installed on the server.
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User inetrface

From auser view point databases installed on the server side (remote databases) look similarly with databases
installed locally and a user can use remote databases by the same way as local databases:

¢ a remote database content can be shown inarepository tree;
e user canadd, edit and remove records from remote database;
e user canopen an editdiagrams from remote database;

e allsearch engines (data search, full text search, graph search) are working with remote databases via special
protocol;

¢ simulation engine can store simulation results and plots inaremote database.

Figure 1.11 demonstrates user interface provided by BioUML workbench for KEGG/Ligand database:

e repository pane (top left) - shows KEGG/Ligand database structure. Yellow icon indicates that KEGG
databaseinstalled on the server and is publicly available, letter 'R' on the icon indicates that database is read only;

o diagram pane (top, right) - shows the diagram for Glycolysis/Gluconeogenesis metabolic pathway;
e objectview (bottom left) - shows description ofa selected node on the diagram or repository tree;

o tab for full text search (bottomright) - shows result of full text search in Compound table with query 'acid'.
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Figure 1.11. User interface provided by BloUML workbench for working with remote database (here KEGG/
Ligand database).

See also:

o Setupwizard (step 3)
e [oad databasesdialog

e Architecture overview

1.8 Solitaire game

Formal description and reconstruction of biological pathways is complex task. To simplify this task we introduced
solitaire game as ametaphor foruser interface (Figure 1.12). Here:

e thedesk—aBioUML diagram

e solitaire game—reconstructed biological pathway

e cards—biological objects (genes, proteins, lipids, etc.)

¢ packsofcards—different biological databases (for example, Ensembl, UniProt, ChEBI, etc)
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Figure 1.12. Solitaire game asametaphor for reconstruction of biological pathways.

To supportthis metaphor BioUML workbench provides following functionality:

different databases—“packs of cards” - (Ensembl, UniProt, ChEBI, IntAct, GeneOntology, Reactome,
BioModels) canbe installed locally or can be available via Internet from BioUML server

convenientuser interface for installation ofthese databases on client side ( Load database dialog). For this purpose
user should specify servertouse and select the databases to be installed.

composite database module—allows to specify what databases will be used for reconstruction. User can create his
own database (“‘sandbox”) where his diagrams and user added information will be stored. Composite database
moduleis described formally using XML. Composite module editor provides user interface forits editing.

whenuseradd some component on adiagram he can select from which database corresponding biological object
will be selected;

full textsearch engine allows to search information in different databases for specified biological object type (gene,
protein, etc.) using several corresponding database simultaneously. Then user can select one or more found objects
and putthem on diagram;

graph search engine allows to find biologically related objects (participating in the same reaction or semantic
relation) in the databases and put them into diagram.

See also:

e BioUML server
e [ oad database dialog
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1.9 Architecture overview

BioUML workbench s a plugin-based application framework that provides its extensibility and possibility of
seamless integration of other tools for systems biology. It consists from an Eclipse platform ( http://www.eclipse.org)
runtime kernel that supports 'plug-ins'and a set of plug-ins that support database access, diagram editing, and
biological systems simulation.

Plug-in based architecture

o Plug-in-isthe smallestunitof BioUML workbench function that can be developed and delivered separately into
BioUML workbench. Plug-ins are coded in Java. A typical plug-in consists of Javacode inaJAR library, some
read-only files, and other resources such as images, message catalogs, native code libraries, etc. A plug-inis
described inan XML manifest file, called plugin.xml. The parsed contents of plug-in manifest files are made
available programmatically through a plug-inregistry API provided by Eclipse runtime.

¢ Extension points are well-defined function points in the system where other plug-ins can contribute functionality.

¢ Extensionisaspecific contributionto an extension point. Plug-ins can define their own extension points, so that
other plug-ins can integrate tightly with them.

Plug-in
Plug-in - plugin.xml Plug-in
- plugin.xml - Java jar files - plugin.xml
- Java jar files - etc.

Eclipse platform runtime

Figure 1.13. Plug-inbased architecture, (0. extensionpoint; =B - extension

Architecture of BioUML workbench

BioUML workbench installation includes aplugins folder where individual plug-ins are deployed. Each plug-inis
installed inits own folderunder the plugins folder. A plug-inis described inan XML manifest file, called plugin.xml,
residing inthe plug-in's folder. The parsed contents of plug-in manifest files are made available programmatically
through aplug-inregistry API provided by Eclipse runtime.
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Figure 1.14. BioUML workbench - architecture overview.

Formal description and modeling of biological systems require coordinated efforts of different group of researchers:
programmers - they should provide computer tools for this task;

problem domain experts - they should specify what and how should be described;

experimenters and annotators - they should describe corresponding data following to these rules;

mathematicians - they should provide methods for models analysis and simulations.

BioUML architecture separates these tasks so they can be effectively solved by corresponding group of researchers
and provides simple contracthow these groups and corresponding software parts should communicate.

Architecture of BioUML server

BioUML serverisJavaapplication thatis started as servlet on J2EE compatible server (we are using Tomcat
server).

Like BioUML workbenchitis also uses Eclipse runtime to manage by plug-ins that provide different services (Figure
1.15). Mainservices provided by BioUML server are:

e database service - provides information about database and secure access to it

e accessservice - provides access to databases (read/write)

e diagramservice - provides protocol to read/write diagram and all diagram elements during one HTTP request
e Luceneservice - provides full text search and its configuration

e queryservice - provides indexed search for a database

BioUML server supports access to different types of databases. Main of them are:
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o relational databases (for example, Ensembl database thatis available as MySQL dump)

o textdatabases (forexampe KEGG/Ligand database)

e XML databases (for example databases in BioPAX or SBML formats)

e databases available viaweb services (forexample SABIO-RK database)

Client
side:

| BioUML workbench |

Server
side:

Servlet container: Tomcat

| BioUML serviet |

Eclipse runtime

Services

‘ Database service ‘

‘ Lucene service ‘

Figure 1.15. Architecture of BioUML server.

Web service SQL Text XML Lucene full text
DC DC bC DC search engine
T T A A
L L 2
remote JDBC
web server I
Relational Text XML
database || database | | database
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2 Installation and configuration

2.1 Installation

Hardware and Software Requirements
Hardware

e PentiumI1500 orhigher.
e 512 MBRAM.
e 50 MB free hard disk drive space.

Software
e Javavirtualmachine-JDK 1.6

Youmay download JDK 6 from Sun Microsystems Inc web site

http://java.sun.com/javase/downloads/?intcmp=1281

BioUML Installer
Youcandownload the latest version of BlioUML workbench from BioUML web site:
http://www .biouml.ore/download.shtml?download

Tostart BioUML workbench installer type in command line:
java-jar BioUML-install-yyyy mm_dd.jar
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http://java.sun.com/javase/downloads/?intcmp=1281
http://www.biouml.org/download.shtml?download

@ IzPack - Installation of BioUML =10 x|

Target Path

Step 1l of 5

[} Select the installation path:

IC:'I,F'ru:ugram Files\BiolML Browse, ., |

[hlade with 1zP ack - http:izpachk.argh

it |

Figure2.1.BioUML installer, step 1.

BioUML installer will guide you through the installation process (Figure 2.1). The installation process is
straightforward and consists from 5 steps:

1. Targetpath - specify adirectory where BioUML workbench will be installed.

2. Selectinstallation packages - here you can see list of BloUML plug-ins to be installed. We recommend to select
all (the defaultbehaviour).

3. Installation - installation progress.

4. Setup shortcuts - allows you to create shortcuts in the Start menu and on the desktop to start BioUML
workbench.

5. InstallationFinished.

Aftersuccessful installation you can start BloUML workbench. BioUML setup wizard will help you to configure
BioUML workbench and install remote databases from BioUML server.

See also

Setup wizard
Updates
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2.2 Setup wizard

Setup wizard will help you to configure BioUML workbench and configure connection with remote databases on
BioUML server.

Setup wizard is started automatically during firstand further runs of BlioUML workbench till youuncheck Show on
startup check box.

Youcanalso start Setup wizard from menu: File>Setup wizard.

The wizard will guide you through 3 steps:

1. Proxy settings (Figure 2.2) - youshould specify HTTP proxy server settings. This is essential if you would like to
work with remote databases from BioUML server and your network is protected by firewall.

B BioUML setup wizard x|
y Step 1 of7
STRBERN
Type proxy properties if necessary
Proxy settings Property | Yalue
Single Sign on |=- Preferences
soLsengs | -0 |
Connect databases | [ Host
Connect DAsS _____ D Part 0
Load project - D Username
Create project
[ Password
[w]Show on skarkup | Mext " Finish || Help |

Figure 2.2. Setup wizard, step 1 - specifying settings for HTTP proxy server.

2. Single Sign On (Figure 2.3) - thismechanismallows you to login into BioUML workbench only once. Then
BioUML workbench will store and use all your logins and passwords for access to protected databases on the
BioUML server. This informationis stored in encrypted form.

Check Use single sign on checkbox ifyouwould like to use single sign on mechanism. After thatyoushould
specifyyour User name and Password. During nextrun BioUML workbench asks you this information forlogin
(Figure2.4).
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EABioUML setup wizard x|

: Step 2 of 7
SW

Proxy settings Use Single Sign on [

Type Single Sign On properties

Single Sigr Cn
S0L settings Create new User:
Connect databases
User name
Canneck Das
Load project Passward

Creake project

Confirm password

[w|Show on startup | Previous " Mexk || Finish " Help |

Figure 2.3. Setup wizard, step 2 - configuring Single Sign On.

x

Enter username and password to
login ar click Cancel otherwise

User name: | |

Password: | |

Figure 2.4. Logindialog, itis shown during starting BlioUML workbench if Single Sign Onisused.

3. SQL settings (Figure 2.5) - allows user to configure SQL connections. SQL connections can be used to save
datainto SQL database (for example, tables)
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EABioUML setup wizard

A

X
Step 3 of 7

Zonfigure available 0L connections

Proxy settings Type: Host: Pork: Database:

Single Sign On |m3-'sql T|||DEE|||‘|IIIS|: "3306 ”demu:uz

SOL settings

Connect databases ~ USermame:|root

Conneck DAS Password: | sees|

Load project
Create project

| Type || Host || Port || Database ||Username
ﬂ mysgl localbiost 3306 demo rook
[w] shiows om startup | Previous || Mexk " Finish ” Help |

Figure2.5. Setup wizard, step 3 - configuring SQL connections.

4. Connectdatabases (Figure 2.6)-helps auserto configure connection of BioUML workbench with BioUML
server for access to remote databases. This step of the wizard provides the same user interface as Load database
dialog where you can find more details.
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B gioUML setup wizard

A0

Proxy settings

Step 4 of 7

Conneck ta server databases

X

Server LRL i : i
Sl 5en O |server.|:||-:|um|.u:urg.SEl,l'I:m:uumI

SQL settings Username |

Connect daktabases

Passwiord |

Connect DAS

Load project

Available databases:

e — | Serverdat.. | Clientdata.. | Availability | Accesstype | Install |
0 |Biomodels Biormodels public read, pro... link
T Biopath Biopath public read, pro... link
T CellML models CellML models public lirk |
3 |chemr ChERT public link n
Z EHMM EHMM public, read anly  link |

Find datahases Install

Messages:

This dialog allows ywou to install database located on BioUML serwver.
Corresponding database will be shown in "Databases" section of repositg
To install database:

1) fill Serwer address, Serwver port

21 press 'Find databases' button

41 select databases to be installed
E) press "Ok" button

3) available databases will be shown "&vailable databases" tal ™

INFO : Datahases are loaded successfully.

INFO : Please check install checkhoxes on databases ywou want Lo inst

INFO : Press 'Install' button when finished. -

< i | ¥
[w]5how on startup | Previous || et " Finish " Help |

Figure2.6. Setup wizard, step 4 - configuring connection with remote databases on a BioUML server.

5. Connect DAS (Figure 2.7) - helps auserto configure connection of BioUML workbench with remote DAS

servers. Seealso: Import DAS
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EABioUML setup wizard x|

y Step 5 of 7
@@% Conneck bo DAS sources

Proxy settings

single Sign On Server URL |htt|:|:,l',l'www.enseml:-l.n:nrg,l'das |v|
S0l sektings Available databases:

Connect databases |Ser.. | Clientdatabase name | Availability |Accesstype | Install |
Connect DAS 0 |&nolis ... Anolis_carolinensis. AnoCarl... read-only lirik: ] =]
Load project I Anolis ... Anolis_carolinensis, AnoCarl,,, read-only lirik kel
Create project 2 |Anolis_... anolis_carolinensis, &AnoCarl... read-only limk, O

T.ﬁ.nnlis_... Anolis_carolinensis, AnoCarl,,, read-only lirk

TEDs_ta... Bos_taurus.Btau_4.0.predic... read-only limk, O

TBDs_ta... Bos_taurus,Brau_4.0.refere, .. read-only lirk O

TEDs_ta... Bos_taurus.Btau_4.0.transc... read-only lirk, ] | |
7 |Bns ta  Fns baurus Brag d 0 bransl  read-ool lirk | hl

Find databases Inskall

Messages:

Select DAS server from the drop-down list = |

or type the TRL marmually and press 'Find databases'.

After that check collections you want to install.

They will appear in 'Databases' tah.

INFO : Databases are loaded successfully.

INFO : Please check install checkboxes on databases you want to inst

INFO : Press 'Install' button when finished.

INFO : Databases are loaded successfully.

INFO : Please check install checkbhoxes on databases you want Lo inst

IMNFO : Press 'Install' button when finished. |

|

1 [ [

[w]Shawe an skartup |F'revin:nus || Mext " Finish || Help|

Figure2.7. Setup wizard, step 5 - configuring connection withremote DAS servers.

6. Loadproject(Figure2.8) - helps a user to load projects from BioUML server.
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A BioUML setup wizard x|

SHY

Step 6 of 7

Load project from server

Proxy settings

Server URL i : i
e |server.|:m:uum|.u:urg.BIZI,I'I:m:uumI |v|
S0 settings Username | |
Connect databases oo | |
Conneck Das
= Awailable databases:
Load project
Create project |Sewerdata... || Client data... || Ayailability || Access tvpe || Install m
0 |Examples/Micro,,, Microarray public COpY
1 |Exarmples/Cpkim, ., Opkimizakion public Copy O
Find databases Install
I |
Messages:
F

[w|Shiows on skartup

This dialog allows wou Lo install projects located on
Corresponding project will be showm in "Data" section
To install project:
1y £ill Berwer address,
Zl press 'Find databases'
31 awailable projects will be showm

4} select projects to be installed

Serwer port

button

"Awajilahle datahases" tabl

EiolUMNL serwver. |—
of repository ty

El press "Ok" button
IMFO Datakases are loaded successfully.
IMFO Please check install checkboxes on databases you want to inst
INFO Press 'Install' button when finished. -
4| Hi | D
|F'reviu:uus || Mexk " Finish || Help|

Figure 2.8. Setup wizard, step 6 - load projects from BioUML server.

7. Createproject (Figure2.9) - allows to create new research projects.
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EABioUML setup wizard x|

Step 7 of 7

Creake new research project

Proxy setkings

Single Sign On Project name

|my prajeck |
SOL settings
Q - Table implementation |5Q|_ v|
Connect databases
Connect DAS S0L conneckion |r|:n:|t@||:n:a||‘|clst:33|]Eu,l'dE:n'|D v|

Load project | Callection name

Create m
Creake project

Files
Tables

Tracks

0
1

z Diagrams
3

(]

OO &) &I s

Schipks

[w]Shawe an skartup

Figure 2.9. Setup wizard, step 7 - create new projects.

See also:

e BioUML server
e [ oad databasedialog

2.3 Updates

BioUML workbench provides automatic updates of installed plug-ins by newer versions from the specified update
server.
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3 Databases

Modeling ofbiological systems requires close integration with experimental data. The distinctive feature of BioUML
workbench s tightintegration with biological databases.

Databases can be installed locally or can be accessed via Internet from BioUML server. BioUML server supports
secure access to databases. Server administrator can configure security settings for access to each database installed
onthe server. Information where database installed (locally or on the server side) as well as about its availability is
displayed using differenticons (Figure 3.1).

Icon colorindicates where database is installed and its accessibility:
e bluecolor-databaseisinstalled locally, accessible forreading and writing;
¢ yellow -remote public database, accessibility forreading and writing is specified by R and W letters;

¢ red color -remote protected database, user should log-in to get access to the database, accessibility forreading
and writing is specified by R and W letters;

e green color-remote protected database, user successfully logged in, accessibility forreading and writing is
specified by R and W letters;

Table 3.1.
Icons forlocal and remote databases

Local database

local database, available forreading and writing

Remote database
f&l  publicremote database, read only
publicremote database, available for reading and writing

before log-in after log-in
remote public database, requires log-in for writing
@ remoteprotectedread only database, requires log in forreading fEl
remote protected database, requires log in for reading and writing

Figure 3.1. Icons for local and remote databases.

See also:
e BioUML server
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3.1 User interface

User interface for access to databases consists of:
e repository pane that shows the database content (Figure 3.1, top);

e property inspector that shows information about selected node inrepository pane (Figure 3.2, bottom). Property
inspector has 2 tabs:

o view - shows information about selected node in repository pane as HTML text
o edit-allows auser to edit information about selected node

e searchengines- 3 typesof search engine can be used working with databases: data search by filter condition, full
text search and graph search for

¢ Loaddatabase dialog - helps auser to configure connection of BlioUML workbench with BioUML server for
access to remote databases.

See also:

e Searchengine
e | oad database dialog

Repository pane and property inspector
Listofavailable databases is shown inrepository pane intab Databases (Figure 3.1).
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Databases ‘n,lData | Analyses |

|-= databases
-] BMONDZ
vt Biopath
~fr] CheBt
~Fr1 EHMIN

Ensembl

[ [ - - - [ [

e
[}
]

i
&)

m

&

f-E2 .
E Enzyme Text search
E glycan Index editor

E arkhiolog
#-{23 reaction
-3 Diagrams

[y Mew element
A Daka search

o[l LipidMap

- [R] SABLO-RE

- ol SBO

]i Transpath

E}--- Transpath_Demo

- [R] UniProt

2o [EEDes

Data Collection

Name: cotmpound
Size: 15204

i Wig / Edit }.'r Eu:Iilzu:urs).'r

Figure 3.1. Repository pane (top) and property inspector (bottom).

3.2 Load database dialog

Load database dialogs (Figure 3.1) helps auser to configure connection of BioUML workbench with BioUML
server foraccess to remote databases. Setup wizard, step Load databases provides the same user interface.

Fromauser view pointremote databases installed on the server side look similarly with databases installed locally, so
wemay call this process as installation or loading of remote databases.

Toinstall remote databases using Load database dialog:
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1. Selectfrommenu Database > Load databaseitem. Load database dialog will be opened (Figure 3.2).

2. Specify Server URL for connection with BioUML server or you can use default BioUML server.

3. Enter Username and Password for serverauthorization (use blank values for guest connection)

4. Click Find databases button. All databases installed on the specified BioUML server will be shown intable
Available databases.
Thetable columnsare:

Ll Server database name - name of the database on BioUML server

L Clientdatabase name - name of the database how it will be shown in the repository tree. By default database
name on the client side is the same as on the server side, however auser can change it. For example user can
add version of the database or server name as the suffix.

[l Availability - describes the availability of the database:
0 public-databaseispublicly available forreading and writing;
0 public,read only - database is publicly available for reading only;
0 publicread, protected write - database is publicly available for reading, for writing user should log in only;

o

protected - user should log in to read/write information from the database;
0 protected, read only - user should log in to get access to the database, read only

LI Accesstype - either 'link' (database will be linked and accessed remotely) or 'copy' (database will be copied
fromthe server and accessed locally)

5. Togetinformation aboutadatabase:
o selectthe database in the table by clicking on corresponding raw;
0 press Get database Info button;
o information aboutthe database willbe shownin Messages pane (Figure 3.3).

6. Selectin Install column databases to be installed by clicking on corresponding check box.
7. Press Install button. Information about installation process willbe shownin Messages pane.

8. Press Closebuttonto close the dialog after successful installation of remote databases.

Notes:
1. The database canbe installed only once. If you will select the same database to be installed again the it will be

skipped and corresponding message will be shown in Messages pane, for example:
WARN : Database with the same name already exists ('ChEBI')

2. Some databases (complex databases) include information from other databases. During the installation BioUML
workbench automatically checks such dependencies and suggests to install required databases (Figure 3.4). Press
Okbutton to install required databases too.
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3. Some databases may require additional plug-ins thatare not included into default distributive of BloUML
workbench.
Publicversion of BioUML workbench do notinclude plug-ins for following databases:

[ TRANSPATH;
Ll GeneNet.

See also:
e BioUML server
e Setup wizard
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x

r bioumnl, org: S0/ biournl

Usernarme | |

Password | |

Available databases:

Messages:

This dialog allows ywou to install database laocated on BioUML serwver.
Corresponding database will be shown in "Databases" section of repository tree.
To install database:

1) £fill Serwver address, Serwver port

Zl press 'Find databases' button

3) awvailable databases will be shown "Available databases" table

4) select databases to be installed

L) press "Ok" button

Close

Figure3.2. Load database dialog.

INFO :

Database: Biopath

Version: 0.8.5

Upadate: 05.02.2009

Availability: public read, protected write
Description: Test description for Biopath database

Statistics:
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Data:

cell: 84

compartment: 220

concept: 2388
gene: 442

literature: 1533

protein: 3561

reaction: 4838
relation: 25008

rna: 38

substance: 4894

Diagrams: 555

Dictionaries:

database info:
relation type:
species: 9

unit: 2

Simulation: 2

30
2

Figure 3.3. Example of information about the database that is shown in Messages pane.

Figure 3.4. Dialog that shows dependency ofinstalled database from others.

Meed external databases

]

@ For correct work of this database you should also load databases:

# ChEEI
#® Ensembl
& LniPrat
L _meia

[ ok

| | Cancel

3.3 Import database

BioUML extensions provides database import from external sources, such as BioPAX, OBO files or external DAS-

SCrver.
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BEEEE  Diagram  Help

Mew simple database Ctrl-p
Mew composite database 1
Load database L

(¥ Import BioPax
(¥ Import OBO

¢ Import DAS
% Import Transpath

Figure 3.7. Importexternal database menu.

Supported source types:
e ImportDAS (providedby DAS plugin)

3.3.1 Import DAS
ImportDAS action allows to create new database based on external DAS-server data.

NOTE: Before DAS importing check your proxy server settings in BioUML Preferences dialog

InImport DAS dialog enter DAS server name and press Find databases... button. The listofavailable DAS sorces
willbe shown intable below (Figure 3.8)
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Server LIRL |htl:|:|:,l',l'www.enseml:ul.-:urg,l'das |v|
Available databases:
| Severdatab.. ||Clientdataba.. | Availability | Accesstype || Install |
i Gasterosteus acy,,, Gaskerosteus_acu,,, read-only lirk N |~ |
76 | Gorilla_aaorilla.gor... Gorila_garila,gar,.. read-only lirik [
E Gorilla_gorilla,gor,.. Gorilla_gorilla,gar,,. read-only limk N
78 |Gorilla_aaorilla.gor... Gorila_garila,gar,.. read-only lirik [
E Gorilla_gorilla,gor,.. Gorilla_gorilla,gar,,. read-only limk [ —
80 |Homo_sapiens.GR.. . Homo_sapiens. &R, ., read-only lirik [ m
? Homo_sapiens. &R, ., Homo_sapiens,GR.,.. read-only limk [
E Homo_sapiens. @R, .. Homo_sapiens. @R, read-only link. O
E Homo_sapiens. &R, ., Homo_sapiens,GR.,.. read-only limk [
? Homo_sapiens. GR... Homo_sapiens.GR... read-only link. O
E Homo_sapiens, &R, ., Homo_sapiens,GR.,.. read-only limk
ELDxnanta_aFrica... Loxodonta_africa... read-only link. N =
| |
Messages:

INFO
INFO
INFO

Databases are loaded successfully.
Please check install checkboxes on databases you want to install.
Press 'Install' button when finished.

or type the TRL marmally and press

They will appear in 'Databases’'

Select DAS serwver from the drop-dowm list
'Load!' .

Lfter that check collections ywou want Lo install.

tab.

Close

Figure 3.8. Import DAS dialog.

Youcanselect DAS sources you want to install by checking the checkboxes inthe Install column. Optionally you
canspecify arbitrary name for new database in Client database name column. Youmay read additional database
description by pressing Get database info button while sourceis selected. Finally press Install button to install

selected sources as BioUML databases.

New databases will be created and available from repository tree (Figure 3.9)
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Databases ‘n,lData ', Analyses

|- databases

..... 0

G- ffml Biomodels
EE}--- Biopath

= ffml] DAS_demo
D Sequences

=& 2

excon:Fgenesh
exon:GID

Exon: a5
exaniaWs_H
examaWs_5
exon:@eneFinder
exan:Genscan
exon: SMNAP

Figure3.9. DAS database inrepository tree.

3.4 Text search

Textsearch provides database elements search by indexed element fields. In most case element can be found by
name, title, description and other specific fields.

Search pane atthe bottom of database tree is the simplest way to use search functionality. Select database or its
subcollectionin databases tree, enter search string in search pane text field and click Search button on the search
pane(Figure3.5).

| £ BioUML workbench

M=%
Fle Database Diagram Help
haodDs BHBE EBEHRBEAET @
Databases \Data \Ana\yses \
[ databases
= dels
-1 Diagrams
(23 simulation
-] EHMN
@Ensemb\
cell cycle ” .o}
40 [Elet &8 [pefaut I EEETFY
Search cell cycle in databases /Biomodels
ID: Biomodels = —
. | D || Mame || title ||descnpt.. || statistics ||compon...
Complete name: databases/Biomodels — - =
0 | databases/BiomodelsDiagrams BIOWDO000000003 saml  Goldbeter1991 I components: cell, C, 1|
! | databases/Biomodels/Diagrams BIOMDOO00000004. 2l Goldbeter1 991 W components: cell, C,
2 | datahases/BiomodelsDiagrame BIOWDO000000005 sml  Tysonl991 CefiC:
N I N
4 | databases/BiomodelsDiagrams BIOWDO000000007 saml  Nowak1997_CellC components: Cell, Cdc
S | databases/BiomodelsDiagrams BIOKWDO000000008 sl BIOKDA0000000 components: Cell, C,
& | databases/BiomodelsDiagrams BIOWDO000000012 =l Flowitz2000_Rept components: cell, PX,
7| databases/BiomodelsDiagrame BIOWDO000000015 :ml  Curtol998_purine comnponents: cell, ATP
§ | databases/BiomodelsDiagrams BIOWDO000000018 =ml  Wlorrison1 989 _Fo components: DHFR fsyt
L 4 i ]
view | Edic [ Editars [ Application Log ; Search results / Javasaript [

Figure 3.5. Usingsearch pane.
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Theresults will be able from Search results view partatright bottom part of BlioUML application.

Search results actions.
Searchresults view part provides some actions which are able from its toolbar.

e Addelement
e Fullmode

e Exportsearchresult

3.4.1 Add element

Add new element on the diagram actionisable if current opened document is diagram. Selectelement in search
resulttableand click Add new element on the diagram action. After thatcheck the location ofthe new elementon
the diagram by mouse left click. If diagram supports this type of elements you'll see new element on the diagram or
errormessage otherwise.

3.4.2 Full mode
Set full mode of search result table. Click one more time to return to compact mode.

Simple mode
The height of each row is fixed. The table is compact but some text is hidden.

|+ ]

Search cell cycle in databases /Biomodels/Diagrams
[ D | Name | title | | statistics |compon.. | __child. | __dbRefs

0 | databases/Biomodels/Diagrams/ BIOKMDOOOO000003. zml Goldbeter1 991 Winvi corponents: cell, C, W, Zeell, C, IV, 2 hitp/fararar. ebi.ac.lﬂdmter;;
_ 1 | databases/Biomodels/Diagrarns/ BIOMDOOOOO00004 zml Goldbeter1 991 NWinhyi components: cell, C, b, Teell, C, I, I hitp/fwrara. e‘rJi.ac.u‘l«;-’jntf:t";i
2 | databases/Biomodels/Diagrams/ BIOKMDOOOOO000005 zml Tysonl®91 CellCycle
3 | databases/BiomodelsTiagrams/ BIOWMD 0000000006 zml Tysonl 391 CellCycle
4

_ % | databazes/Biomodels/Diagrams/ BIOWD0000000007 sanl MNowvak1997_CellCycle components: Cell, Cdel3 Cell, Cdcl3 hitp/fwww uniprot. org/. P

9 | databases/Biomodels/Diagrams/ BIOKMDOOOO00000E zml BIOKMDO000000008 = cotnponents: Cell, C, W, . Cell, C, W, http/Awrarsr ebi ac ulofintery

& | databases/Biomodels/Diagrams/ BIOKMDOOOO00001 2 xml Flowitz2000 Repressi cotnponents: cell, P, PY cell, PX, PY hitp/fwrarwe. ncb nlm nih g |
Ambmn S m el 2] 2 AT SRTORIO0O000001 ramn]  Taaab s IO dmaamian oo Tt Lr.arr | | TO ~all T Jndtsn - S, e s e dan >

0l [

Figure 3.6(a). Simplemode of Search results pane.

Full mode

The heightof each row is enough for cell content.
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e[ &]

search cell cycle in databases,/Biomodels/Diagrams

| D || MName ||

title

description

|| statistics

||cnmp0n... ||_chi|d... ||_dbRE

databases/Bu BIOKD000C Goldbeter] 9!

A Simple Mitotic Oscillator

Feference:Goldbeter A (199104 minimal cascade modal for the
mitotic oscillator volving cyelin and ede? kinase, FMAS
38:0107-9111

Web
Feferencehitpwwrer pnas. orgfegi’'content/ghstract/88/20/0107

modifier Iittp:diw
This is 4 Sysbeme Biology Madep Langusge (SBML) file , genersted by MighSEML 2.4 6 ) o p.
(14-Faeoary-2005) 14-Fanare-2005 1832 30 206032, SEML i & fonn of ML, ud most reactionfi_re reaction3_pr GC:00
ML files vl pot display properdy s temet brovser, To view the conterts of reaction3_pr hitp:difw

2L file 1ase the "Page Source or ecpaivalerd Watbon or o broarser.

This rnodel originates from Bioldodels Database: & Database of
Annotated Published Models. It is copyright (o) 2005-2007 The
BiolJdodels Tearn.

For more information see the terms of use

components: cell, C, W, Zcell, T, I, 2 http:ffm_f
reactions 7, reactionl rereactionl: © IPRO0

edges:15

reaction]_re hitpd'w
reaction?_pr reactionl_re P24033
reaction?, r hitp:/fa
reactiond_pr reactant, P35567
reaction?_pr http:dfw
reactiond re reaction? pr GO:00
reaction3, r httpodiw
reactiond_pr reactant, rea GO:00

reaction? _pr reactiond, n3.1.3.1
rule 1, rule product, hittpdfa
reactiond re GO:00
reactiond re hitpdw
reactions, v G000
reactant, bittpdfea
reactions_pr 2.7.10.

<]

reactions fr httn'rf‘m
»

Figure3.6(b). Fullmodeof Search results pane.

3.4.3 Export search result

Exporttableto file. In special dialog you can select format, export columns and rows and set compression mode
(Figure3.6).

~ -
|Z:) Export table
Exporter: |C5'u' "’|
| Column I Export |
o |ID el
T Marne
"2 |tite
T description
T skatistics
E components
6 |__ childMames
"7 |_dbRes -
— — -
From: ||:| |TD= |5Eu
Lse ZIP compression:
Terget File: |C:'I,e><|:u:urt.l:xl: | | |

Figure 3.6. Exportsearchresults table.
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4 Diagram types

See also:
e Diagramtype

e Chapter "Graphic Notation Editor"

4.1 Standard diagram types

BioUML workbench defines 5 standard diagram types that allows a biologist to describe biological pathways
(metabolic pathways, signal transduction pathways and gene networks) on different level of abstraction and with
differentlevel of details (Figure4.1.).

Formalit .
iy, ‘ 1. Semantic network ‘ Semi-structured
details l - data

2. Pathway diagram
(semantic network +
gene network or metabolic pathway)

Structured data
{reactions and
its components)

Y

3. Metabolic pathway | | 4. Gene network |[€—

Y A
5. Pathway simulation
{(mathematical model)

Kinetic data
(kinetic laws, constants,
initial values

A 4

Figure4.1. Reconstruction and formal description of biological systemsusing different diagram types.

4.2 SBGN

Despite having one of the highestratios of graphical to textual information, biology still lacks standard graphical
notations.

Recently Systems Biology Graphical Notation (SBGN), avisual language developed by a community of biochemists,
modelers and computer scientists was suggested (Le Novere etal., 2009).

SBGN consists ofthree complementary languages: Process Diagram, Entity Relationship Diagram, and Activity Flow
Diagram.
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5 Diagram layout

BioUML provides automatically diagram layout feature.
Opendiagram and select Layout view partat the right bottom pane of BioUML application (Figure 5.1).

Layouter - implementation of layoutalgorithm. By default BioUML implements aset of layout algorithm.

[ BN et =dE
Mo  Cotabuse [sagram  Hel
Daox BAL A& ¢c 2 BRAAHRE: ¢
[otsbaies | Data | Anabyses Bacvaiachds | EHOPCOOOO0NCH, ol
= o [ L L e L ——
" & seeesctocnon

-1 BIOMDO0000008 ot
et T T e |
&3 nde_L
G2 e 3 il e =

@

T
EE
ik

-\" P El el &g JCOSEERE
ID: BIOMDI0EMD000 2 Propesty [T e
Tithe: Galdbeber]#91_Nerhi0scil Fupllnact I Lrseriptens ]
Complete pame dstabzenBiomode Disgrame/H ONDO0000004 sard p—— bt
Ries: hesyornil =il dyruervic s ERSa S 14Dt Y ke -] ==
Atiribstes ) ende @ T
ot DMngrmn Typee: Dacueed phugens shend SniTrcemen Typs L2 Y T — X z
] Coire cosfficert 04 (==
] Thewads courk L]
7 Toep current Lot
0] Feihbryouter Iaagonal sthi ayoutor
e B | Eidoes | | Eesonption | Expermends | Aeleerces | Moowrry | dopkostion L | Sewchessits | Ogbosd |..-u "Parameters [ ariables | Wl [ IATLAS | Meaoror | Sewchinked [ Sin |
Figure5.1. Diagramlayout.
Layout toolbar actions:
e Prepare layout
¢ Stoplayout
e Applylayout
e Savelayout
e Expertmode
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Typical usage of layout:
1. Selectlayouter and set preferences (for most case default preferences can be used).

2. Run Preparelayout action. If preview against your expectations run Preparelayout one more time with other
preferences.

3. Run Applylayoutactionto apply the resultto current opened diagram.

Layoutalgorithms:

e Cross cost grid layout

e Fastgridlayout
e Hierarchiclayout

e Forcedirectedlayout

e Orthogonal layout

Pathway layouter -internal instrument for layoutdecoration.

5.1 Prepare layout

Runlayout process with selected preferences for current opened diagram. After complete layouted diagram image
will be shown at the right of Layout view part and Applylayoutactionwill beavailable

5.2 Stop layout

Stop current layout process. This action is usable when layout process is too long. After this action you can run new
layout process with another parameters.

5.3 Apply layout

Apply theresultoflayout process to current opened diagram. Allunmatched diagram elements will notbe replaced.

5.4 Save layout

Move currentdiagram layoutto Layout view part.

5.5 Expert mode

Gotoexpertmode of Layout preferences.

Expertmode allows to setall expert preferences of layout.

Example
Simple and expert preferences mode of Grid layouter
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(]~ [El
Property Walue

B= LayoukerOptions

E-(E Layouter @rid layout

[ ridy 0

[ cridy &0

----- [ Murnber of ikerations 5

----- [ Cooling coefficient 0.4

----- [ Threads court 4

----- D Keep current layvout |:|

- [ Path layouter DiagonalPathLayouker

FigureS.2. Simple preferences mode of Grid layout.
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(]|~ [E]
Properky Walue
s |ayouterOptions
-2 Lavouter iarid lawout
..... [ Grids &0
[ caridy 60
----- [ Mumber of iterations 3
> ----- [ Cooling cosfficient 0.4
----- [ Threads count 4
> ----- D Keep current layvout ]
..... [ Path lavouter DiagonalPathLayouter
> ----- [} Edge crossing cost 300
----- [ Edge node crossing cost =00
----- D Made node crossing cosk 1,000
----- [ strong attraction 4
----- [] Average attraction 3
----- [ weak attraction I
[ Weak repulsion -1
----- [ Average repulsion -1
[ strong repulsion -3

Figure5.3. Expertpreferences mode of Grid layout.

5.6 Graph layout algorithms

Properly drawn biological networks are of great help in the comprehension of their characteristics. In this topic we
giveabriefdescription of some graph layoutalgorithms. This stuff provide us with automatic visualization of different
biological networks clears up their topological architectures and facilitate the understanding of the network functions.

Cross cost grid layout algorithm

Kato, M. et al.(2005) Automatic drawing of biological networks using cross costand subcomponent data. Genome
Inform., 16, 22-31.

This s grid-based algorithm that considers (a) edge-edge crossings, (b) node-edge crossings, (c) node-node
crossings, (d) distances between nodes inits cost function . This algorithm uses a weight matrix representing the
difference between two sequentially obtained layouts for computing the costs, takes a greedy algorithm for searching
locally optimal solutions and simulated annealing for global optimization.

The following parameters of the algorithm mustbe set:
o GridX-positive integer parameter represents horizontal grid step in pixels
e GridY -positive integer parameter represents vertical grid step in pixels

o Number of iteration - positive integer parameter represents number of iterations during same temperature in
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simulatedannealing

e Cooling coefficient - realnumberbetween 0 and 1 represents cooling coefficient of simulated annealing (small
value decrease computation time butleads to quality loss)

e Perturbation threshold - real value parameter between 0 and 1 represents probability of layout perturbation
duringsimulated annealing

e Max distance - positive integer parameter represents maximum repulsive distance expressed in number of grid
steps (if distance between two nodes exceeds Max distance thenthere isnorepulsion between them)

Fast grid layoutalgorithm

Kojima, K. ef al. (2008) Fast grid layoutalgorithm for biological networks with sweep calculation. Bioinformatics.,
24, 1433-1441.

This algorithm has much in common with cross cost grid layout algorithm, described above, the main difference is in
evaluating weight matrix. Fast grid layout algorithm applies for this purpose amethod termed sweep calculation
whichreduce time complexity, making this algorithm faster rather then cross cost grid layout algorithm.

Algorithmuses similarto cross cost grid layout parameters. Some unique features are available:
e Treads count - positive integer parameter for parallel version ofalgorithm
o Keep current layout -if checked then algorithm starts with current layout, else starts with random layout

e Path layouter - parameter determines edge drawing style

Hierarchic layout algorithm

NorthS. C., Woodhull G. (1988) Online Hierarchical Graph Drawing. Lecture Notes In Computer Science., 2265,
232-246.

Algorithm works well on acyclic graphs and other graphs that can be drawn as hierarchies.

Force directed layout algorithm

One of many traditional realizations of force directed algorithms with repulsive forces between allnodes and attractive
forces between nodes which are adjacent. Algorithm is fast but can't properly layout complicated graphs.

Orthogonal layoutalgorithm

This method uses greedy algorithm fornodes arrangement then draws orthogonal paths between them.

5.7 Pathway layouter

Pathway Layouter is internal feature, runs every time when some layout started. Itis used as decorator for other
graph layoutalgorithms to take into account some peculiarities of diagrams (for example all math elements are located
onthetop of diagram), besides itassumes layout of compartments if diagram contains them and selected algorithm
doesnot support this feature.
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6 JavaScript

e Shellmode

e JavaScripttab
e JavaScriptdocuments

6.1 Shell mode

BioUML workbench canbe started in headless using JavaScript shell. This provides a simple way to run scripts in
batchmode oraninteractive environment for exploratory programming.

Use shell.batto start BloUML JavaScript shell.

BioUML JavaScriptshell provides aset of Custom functions and hostobjects. Below you can see an example of
session where user gets element from database using datahostobject:

B C:\WINDOWS\system 3 2\cmd. exe -0 ﬂ

j=» var root = data.get<{'databazes'>;

J=» root_.getHameList{);
Load databaszes, 1 items loaded, time=15%

J=> var de = data.get{"datahasesz-5B0-Data-termns-SBO:0000DDE " > ;

Js» de.getHame{);

S dwEnininininioln}

js» de.getDescriptionC);

Set of relational controlled vocabularies intended to increase the semantic cont
qng of guantitative efforts in Sustems Biology.n

N

6.2 Custom functions and host objects

JavaScript plug-in defines two extension points that allows other plug-ins to expose their functions and objects to
Shellmode , JavaScripttab or JavaScriptdocuments.

ru.biosoft.plugins.javascript.function

This extension pointallows plug-in to contribute its JavaScript functions. This JavaScript functions will be shown in
Analyses/JavaScript/Functions section inrepository tree. Function help will be shown in View/Edit tab when the
functionitem will be selected inrepository tree.
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ru.biosoft.plugins.javascript.hostObject

Using this extension point plug-in can provide access to particular Java objects (host objects) provided by plug-in.
Plug-inhost oblects will be shownin Analyses/JavaScript/Host objects section inrepository tree. Host object
description (help) will be shown in View/Edit tab when the host object item will be selected inrepository tree.

Standard host objects

e R -facade for R usage.

e data - facade for data-manipulations.

o dataFilter - facade for data-filtering.

e microarray - facade for microarray analysis.

¢ sbw - hostobject for SBW integration.

Documentation

Using described above extension points developer can provide description (documentation) for his functions and host
objects.

All functions and host objects for which help descriptionis available will be shown in plug-in tree as children of
JavaScriptplug-in. When corresponding function or host object will be selected, its description will shown in
Property Inspector pane.

Alternatively user cantype function_name or help(function name)and functiondescription will be printedin
JavaScriptshell.

6.3 JavaScript tab

JavaScripttabis part of BloUML workbench, located in bottom left pane. It has the same functionality as Shellmode
and provide command line for JavaScriptinside BlioUML workbench. Also it supportsall Custom functionsandhost

objects

Below you can see an example of JavaScript tab:
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-

|2/ BioUML workbench =)oy

File Datsbase Diagram Help

haos 28586 ERABRE @

Dakabases ', Data * Analyses |

[= analyses

-2 Javadcript

EI Functions

B Host objects
F-C3 R
5
-3 dataFilker
-3 sbw

23 Methods

-3 SBwW

€12 o

js>= war root = data.get("databases"}:

. js> root.getHameList.():

Host object [5E0]

js= var de = data.get ("databases/SB0/fDatasterms/SBO: 0000000") ;

j== de.getHame () ;

3E0: 0000000

js> de.getDescription():

Set of relational controlled wocabularies intended to increase the semantic content of quantitative efforts
in Syatems Biolodgy.h

is- |

i View | Edit [ Editars /| Application Log JavaScript/

6.4 JavaScript documents

JavaScriptdocumentis a special type of data element which represents JavaScript file and allows user to edit, debug
and execute scripts.

Defaultcollection for JavaScriptdocumentsis Data/scripts. You cancreate new documentusingrightclick on
scriptcollectioninrepository and selecting Add script.

Note: thename of script should have suffix js (forexample, test.js)

JavaScriptdocuments supports Custom functions and host objects, so you canuse itin the code.

Toolbar actions

There are special toolbar actions for JavaScript documents in BioUML.:
¢ ExecuteJavaScript- start JavaScript execution until breakpoint or the end will be reached.
¢ Execute selected part of document - start execution of selected part only.

e Execute one line - execute nextline of script. Use this action for debugging.
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¢ Break execution - stop JavaScriptexecution

Debugging

Youcan setor remove breakpoint for line by clicking near line number.

Toview variable value or expression valueuse Context/Watch tab

Example

Below you cansee screenshot of example of using JavaScript documents in BioUML.

- ~
= [~ 1
| £ BiolUML workbench g@
File Database Diagram Help
= =
haodDs EEE Owaemg BRABGEESE @
Databases * Data \nnalyses \ scripts @ kest.js ‘\
B’ data 1 printi example started...”):
m Sequence analysis 2 war dc = data.get("datshazes/SE0/Datasterns")y  f/do - terms collection
D graphic natations 3 ® yar names = dc.getNanelist(): Jdget list of terms names
-3 microarray £ war i:
D microarray results S forii=0; i<names.size(): i++)
[ [ script: 6 {
o D Le 7= war de = de.getinames.get(i)): Alget element by name
8 if (de.getTitle().contains ("FNA™))
E {
10 printide.getName ) +" "+de.getTitle()); //print elements which cintain "BNA™ in title
11 3
12 3
13 print| example finished...™):
14
15
Marne | Walue Expression Walue
. L0 [JawvaPackage com) names. getii) SEC: 0000000
JavaScrlpt [#-data ru.binsoft.access.javascript. Javas... |7
) [}-dataFilter ru.biosoft, access.javascript. Javas...
Name: test.jz : 30791525 nulljterms class=class ru...
g [JavaPackage edu]
[ o
" view [ Edit [ Edters Application Log . ContextfWatch / Javascript / Output/
Line: 7114 Col: 0

6.5 SBW JavaScript host object

SBW plug-inallows customer to explore available SBW modules, their services and methods.

SBW hostobject provides tight integration between SBW and BioUML JavaScript. Customer can write
sophisticated scripts for analyses and simulation of SBML models.

sbw host object functions
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¢ help—prints description ofthe specified SBW object.
Example:
sbw.help ("BROKER”) ;

e list—printslistofall subelements for the specified SBW object, for example code below will print list ofall
methods for NOM service:

Example:
sbw.list ("edu.caltech.NOM/NOM") ;

e getService—returns service object for the specified SBW object. Getting service instance you can invoke any
service method according to its SBW signature string.

Example:
nom = sbw.getService ("edu.caltech.NOM/NOM") ;
descr = nom.getBuiltinFunctionInfo ("usir") [0];

e loadModel -load SBML model with the given name from the specified BioUML module or file. Toread SBML
model as String for further analyses there is read method.

Example ofload model from the repository:

model = sbw.loadModel ("SBML model reposytory", // module name
"CellCycle-1991Gol.xml"); // model name
nom.loadModel ( model.read() )

Example ofload of model from file:
model = sbw.loadModel ("file'", // should be "file"
"c:/my model.xml"); // model file name
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7 R support

R isanintegrated suite of software facilities for data manipulation, calculation and graphical display ( http://www.r-
project.org).

BioUML supports R scriptby R JavaScripthost object.

R methods

e local - return RObject for locally installed R application using Java R Interface (JRT API). It's the fastest way for
usingR.
Note: R HOME environment variable should be set.

Example:
var rObject = R.local();

e rserve - return RObject for locally installed R application using RServe service. This type of RObjectis more
stable and recommended to use with locally installed R application

Note: [fRServe is notrunning the system will try to run itautomatically, otherwise you should run it manually.

Example:

var rObject = R.rserve();

e connect-return RObject forremote R installation. In this case R should be installed on BioUML server. This
method have two string parameters:

host - address of BioUML server,
port - connection port

Example:

var rObject = R.connect("server.biouml.org", 80);

7.1 RObject methods

Youcan getRObjectusing R facade predefined objectin JavaScript.
EachRObjectobject provides the set of methods:

¢ void newSession() - create new R session, all variables in previous context will be removed.

Example:

r.newSession () ;

¢ void saveSession(String name) - associate current context with name and save it on file system. Context can be
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restored later with openSession function

Example:

r.saveSession ("mySession") ;
¢ void openSession(String name) -remove current R variables and load context from file system by name.

Example:

r.openSession ("mySession") ;
¢ void voidEval(String expression) - evaluate R expression in R environment withoutresultreturning.

Example:
r.voidEval ("a <- 10"); //create variable in R context with integer wvalt

e REXP eval(Stringexpression) - evaluate R expressionin R environment. The parameter of this method is string
with R scriptand itreturns object as aresult of the last R commend.

Example:
var d = rObject.eval ("rnorm(2)"); //return array of double

¢ void assignObject(String varName, Object value) - assign Javascript object to R environment with specified
variablename.

Example:
rObject.assignObject ("a", [1,2,3]1); //add array variable "a" to R envi:

e void help(String expression) - looks for help in R environmentand display itin BioUML environment.

Example:
rObject.help ("data"); //display Data Sets help page from R

Complete example

Hereisacomplete JavaScriptexample of R sessionin BioUML.

var rObject = R.connect ("server.biouml.org", 80); //get remote RObject

print (rObject) ; //print rObject to che

rObject.newSession () ; //clean R context

rObject.voidEval ("x=0;for (i in 1:100) {x = x+i;}); //execute set of commar

var x = rObject.eval ("x"); //get x value from R
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print (x); //print the result to

rObject.saveSession ("testSession"); //save current variabl

Tousex variable value next time you can use script like this:

var rObject = R.connect("server.biouml.org", 80); //get remote RObject
rObject.openSession ("testSession"); //load saved R session
var x = rObject.eval ("x"); //get variable from R
print (x); //print x value to con:

7.2 R graphic support

Graphical facilities are an important and extremely versatile component of the R environment. BioUML supports R
graphic component with rplot JavaScript function:

rplot(RObjectr, String expression)
r - RObject object;

expression - R expression which contains R graphic commands

Theresultofrplot function is Graphic Dialog in workbench version of BioUML and new browser window with
picturein Web version.

Note: prlot will notdisplay aresultin console version of BioUML.

Simple example

Draw simple graphic withrandom values

var rObject = R.rserve(); //get RObject
rplot (rObject, "plot(density (rnorm(100)))"); //execute graphic script
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£ (|| X
File Database Diagram Help
Daods B0 BRIEE: @
finalyses ' —
Databases ' Data ') |£] Graphics
(= databases
- famil 5B0 density.default{x = rnorm(100})
e
[ )
£ o
1)
O
; —
=
= T T T T
2 0 2 4
M=100 Bandwidth=023678
<) ®
js>= war rObject = R.rserve(}:;
Rserve is running.
j=> rplot{rOhject, "plot{density(rnorm{100)})}"}:
i Vigw [ Edit ."Editors/ Application Log JavaScript/
Complex example
Draw 3D graphicusing R preprocessor
r = R.rserve(); //get RObject
#R (rplot (r, R)) //start block of commands

z <- 2 * wvolcano;
x <= 10 * (l:nrow(z));
y <= 10 * (l:ncol(z));

z0 <- min(z) - 20;

z <- rbind(z0, cbind(z0, =z, z0), z0);

X <= c(min(x) - 1le-10, x, max(x) + 1le-10);

y <= c¢(min(y) - 1le-10, vy, max(y) + 1e-10);

fill <- matrix("green3", nr = nrow(z)-1, nc = ncol(z)-1);

fi1l[ , 12 <= c(l,ncol (fill))] <- "gray";
fi1ll1[il <- c¢(l,nrow(fill)) , ] <- "gray";
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par (mar=c(.5,.5,2.5,.5));
120, phi = 15, col = fill, scale = FALSE, axes = FI

persp(x, vy, z, theta

#end //end block of commands
(&) (==
File  Database Diagram Help
= %) Graphics >
- |2 Grap
Damns DAL BEBHEE 9

Databases | Data ' Analyses |
== databases
-] SBO
<§ §> [15F ¥ = K.TServe(y: | -
{R{rploti{r, B}) —
2 <- 2 * vwolcano;
x <- 10 * {l:nrow{z));
¥ <- 10 * {l:ncol{z}}:
z0 <- min{z) - 20;
2 <- rhind{z0, chind{z0,
X =<- c{mn{x} - le-10, x
¥ <- c{mini{y) - le-10, ¥
£ill <- matrix{"greeni" ,
fill[ , i? <- c(1,ncol(f
fill[il <- c{l,nrow{fill}} . ] <- "gray":
par{mar=c{.9,.5,2.5,.9)});
perspix, ¥, z, theta = 120, phi = 15, col = fill, scale = FALSE, axes = FALSE}:;
#end
openning rplet. .. L
" view [ Edit / Editars | Application Log JavaScript/

7.3 R preprocessor

R preprocessorallows youtouse R language directly instead of parameter of JavaScript functions.
R scriptshould be located in special block inside JavaScript which begins from #R(...) and ends with #end

Innexttable possible variants presented with equivalent JavaScript code:

With preprocessor Without preprocessor
r = R.rserve(); r = R.rserve();
#R (r) r.eval("c = rnorm(50)");
c = rnorm(50);
#end
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r = R.rserve():; r = R.rserve():;

#R(r.voidEval (R)) r.voidEval ("c = rnorm(50)");
c = rnorm(50);

#end

r = R.rserve(); r = R.rserve();

#R(rplot (r,R)) rplot(r,"c = rnorm(50);hist(c);");
c = rnorm(50);
hist (c);

#end

7.4 Using R script directly
ExceptRObject functions and R preprocessorin BioUML workbench user can type R commands directlyinR

syntax.

JavaScript pane provides combo box with available types of preprocessors. This preprocessor will be used for all
commands intextarea. Default preprocessor JavaScript doesn't makes any preprocessor operations.

Toadd R preprocessor you should only create RObject. For example,

r = R.rserve ()

Afterthiscommand "R script-r" item will be added to preprocessor list
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| £ BioUML workbench

File  Database Diagram Help

baDs &&5

B A s @

Databases ‘I‘Data i, Analyses b

[ databases
-] SBO

4|®

R script - -
JawaScripk

B> rnormi{l)

-0.34103514711304805
B a <- 10;
10.0
B -
" View | Edit / Editors |

Application Log , JavaScripk /

With R script-r allcommands will be automatically transform from R to JavaScript with robject.
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8 Graphic notation editor

Diagram type (graphic notation) can be defined formally as XML document. Graphic notation editor provides user
friendly interface to editdiagramtypes (Figure 5.1).

Several graphic notations were developed using graphic notation editor:
- SBGN-Systems Biology Graphic Notation (Le Novere etal,2009)
- KEGG notation—shows metabolic pathways like KEGG meatabolic maps.

See also
e Diagramtypes

e Formal definition of graphic notation

e http://www.bioumlnet/demo/Graphic Notations Editor.exe - flashmovie about Graphic Notation Editor

Graphic Notations Editor

=10l x|

File Help

Da®m @a@2¢ @

sbgn(ST).xml 1.". sbgn(ST).xml : complex 1"'.
(= sban(ST).xml

Za] | DEEEEEEDDCEEECOCOEEEEE R
@ Modes -
B3 Edges
G Reactions
- Examples
D complex
B33 modulation
-3 test

D simple

B3 transition
vD transition2
@3 tests

B-C3 test2

@03 test3

-3 ViewOptions
#-(3 Semantic controller
(& Values set

[iFo |

[P0 )

e

function f(container, node, options, q)
{

wvar d, pen, brush;
d = new Dimension(50,50);

Property Yalue

[ Title label4
~o{ Comment
D Size

L[ Attributes

brush = new Brushinew Color(l.0, 0.9, 1.0));
pen = options.getDefaultPen();
wvar multimer = node.getValue("multimer™, 0);

[«]

e = T

[»]

I Javascript Editor /

view , Edit / Editors /

|

I

Javascript Compilation Log ,"

Figure 5.1. Graphic notation editor. Top left pane—graphic notation tree, bottom left pane—properties of selected
object, top right pane—diagram, middle right pane—JavaScript code for drawing selected node type; bottom right
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http://www.biouml.net/demo/Graphic_Notations_Editor.exe

pane—Javascriptlog.

8.1 Formal definition of graphic notation

Graphicnotation can be defined formally as XML document.

Main XML tags and properties are summarized in Table 1. It should be noted that XML document includes
JavaScript function to generate images for nodes and edges.

See also

e http://www.biouml.org/sbgn.shtml - more detailed description of graphic notation concept, XML format and

implementationdetails

e http://www.biouml.org/ sbgn/graphic%20notation.dtd - DTD for XML document that defines graphic notation

e http://www.biouml.org/ sbgn/SBGN%20-%20formal%?20definition.doc —description ofmain concepts and SBGN

implementation
Table 1.
Formal definition of graphic notation as XML document
Graphicnotation Main properties JavaScript Comment
components (XML attributes)
(XML tag)
properties name - formal definitionof
property type properties thatcanbe
shortdescription used as properties of
nodes and edges (for
controlled vocabulary example, title, multimer,
etc.)
nodes name functionto generatenode definition ofnode types
node icon view
properties
shortdescription
edges name function to generate edge definition ofedge types
edge icon view
properties
shortdescription
reactions name functionto generatereaction | definitionofreaction
reactions icon view types
properties
shortdescription
semanticController o canAccept definesrules for semantic

o isResizable

control of diagram
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dml

Graphicnotation Main properties JavaScript Comment
components (XML attributes)
(XML tag)
O move integrity. For this purpose
itdefines corresponding
JavaScript functions.
viewOptions name view options to generate
property type node oredge view
shortdescription
examples a setofdiagrams thatcan

be used as test cases,
legend and examples for
the graphicnotation.
DML - Diagram Markup
Language—isused for
this purpose.

8.1.1 SBGN example - simple chemical

A simple chemical is defined by opposition to the macromolecule, as achemical compound that is not formed by the
covalentlinking of pseudo-identical residues. Examples of simple chemicals are: an atom, amonoatomicion, asalt,a
radical,asolid metal, acrystal etc.

Specification
container:

Asimple chemical is represented by acircular container.

label:

The identification of the simple chemical is carried by an unbordered box containing a string of characters. The
characters may bedistributed on severallines toimprovereadability, although this is notmandatory. The label box
has to beattached tothe center ofthe container box. Note that the label canspill-over from the container box.

auxiliary items:

A simple chemical can carry one or several units of information. A particular unit of information carries the
physical type ofthe simple chemical.

name label SBO term

non-macromolecularionmt:ion SBO:0000327
non-macromolecularradical mt:rad SBO:0000328

SBGN specification

BioUML implementation
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Formal definition

<node icon="icon3" type="simple chemical">

<propertyRef name="multimer" wvalue="0"/>
</node>

<nodeView type="simple chemical"><![CDATA[function f (container, node, options, qg)
{

var d, pen, brush;

d = new Dimension (50,50);

brush = new Brush(new Color (1.0, 0.9, 1.0));

pen = options.getDefaultPen();

var multimer = node.getValue ("multimer", 0);

if (multimer>1)

{
var ellipse = new EllipseView(pen, brush, 5, 5, d.width, d.height);
container.add(ellipse);

}

var ellipse = new EllipseView(pen, brush, 0, 0, d.width, d.height);

container.add(ellipse);

var title = new TextView(node.getValue('title', ''), options.getNodeTitleFont(), g);

container.add(title, CompositeView.X CC | CompositeView.Y CC);

if (multimer>1)

{
var mbox = new BoxView(pen, brush, d.width/2-10, -10, 20, 20);
container.add (mbox) ;

var mcount = new TextView (node.getValue('multimer', '...'), options.
getNodeTitleFont (), qg);

var mPosition = new Point (d.width/2-5, 2);

container.add (mcount, CompositeView.X LL | CompositeView.Y TT, mPosition);

}
return false;
}11></nodeView>

8.1.2 SBGN example - macromolecule

Biological processesinvolve many different macromolecules that are built upon the covalent linking of pseudo-identical
units. Examples are proteins, nucleic acids (RNA, DNA) orpolysaccharides (glycogen, cellulose, starch . . . ). In order
to limit the explosion of symbols to be absorbed by the community, SBGN Level 1 defines only one glyph that
represents a macromolecule. The same glyph is to be used for a protein, a nucleic acid, a complex sugar etc. Further
Levels of SBGN might subclass this concept and propose different glyphs for different types of macromolecules.

Specification
container:
Amacromolecule is represented by around-corner rectangular container.
label:
The identification of the macromolecule is carried by an unbordered box containing a string of characters. The
characters can be distributed on several lines to improvereadability, although this is not mandatory. The label box
has to beattached tothe center ofthe container box. Note that the label can spill-over from the container box.
auxiliary items:
A macromolecule can carry a certain number of state variables, that will add information about its precise state.
The state of a macromolecule is therefore defined as the vector of all the state variables. A state variable is
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represented by anellipsoid. The large axis ofthe ellipsoid is located on the border ofthe macromolecule container
box. The label ofthe state variable (type of characteristic, residue type, residue number) can be optionally written,

either within the macromolecule container box, beside the border of the state variable box, or within the
modificator box itself.

Amacromolecule canalso carry one orseveralunits ofinformation. Those units of information can characterise a
domain, such as a binding site, or an exon. Particular units of information carry the material type of the

macromolecules and the conceptual types of the macromolecules. The center of the bounding box of a unit of
information is located on the midline ofthe border ofthe compartment.

o} [E

LABEL

SBGN specification BioUML realization
Formal definition

<node icon="icon4" isCompartment="true" type="macromolecule">
<propertyRef name="multimer" wvalue="0"/>
</node>

<nodeView type="macromolecule"><![CDATA[function f (container, node, options, qg)
{
var d, pen, brush;
d = node.getValue ("shapeSize", null);
if(d.width == 0 && d.height == 0)
{
d.width = 70;
d.height = 40;
}
brush = new Brush(new Color (0.
pen = options.getDefaultPen();
var multimer = node.getValue ("multimer", 0);
if (multimer>1)

{

9, 1.0, 0.9));

var rect = new RoundRectangle2D.Float(5, 5, d.width, d.height, 20, 20);
var box = new BoxView (pen, brush, rect);
container.add (box) ;

}

var rect = new RoundRectangle2D.Float (0, 0, d.width, d.height, 20, 20);
var box = new BoxView (pen, brush, rect);
container.add (box) ;

var title = new TextView(node.getValue('title', ''), options.getNodeTitleFont(),

container.add(title, CompositeView.X CC | CompositeView.Y CC);
if (multimer>1)

{

g);

var mpbox = new BoxView (pen, brush, 10, -10, 20, 20);
container.add (mbox) ;
var mcount = new TextView (node.getValue('multimer', '...'), options.
getNodeTitleFont (), qg);
var mPosition = new Point (15, 2);
container.add (mcount, CompositeView.X LL | CompositeView.Y TT, mPosition);
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}
return false;
}]11></nodeView>
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9 Analysis Methods

9.1 Optimization

BioUML has the opportunity to estimate the diagram parameters for minimizing a deviation of the diagram simulation
results from the experimental datasets. These datasets represent the result of time courses expressed as exact or
relative values of substance concentrations and can be found in the literature or generated by BioUML. The
optimization plug-in supports some different methods attempting tominimize the objective function, which is the sum of
the squares of'the distances between the simulation results and the experimental dots, taking into account the mean-
square weighted criterion.

Implement the following steps to start optimization.

e Create the optimization document.

e Selectthe optimization method and specified its parameters.

e Indicate parameters tofit.

e Create additional parameter constraintsif necessary.

o Specified experimental data.

e Indicate one ofthe available solvers in"Simulation" tab ofthe optimization document.
e Click onthe "Start" button ofthe document "Method" tab.

9.1.1 Optimization document

BioUML allows performing diagram parameters estimation by creation of a special optimization document. This
document is stored asxml-file and combinesall the settings required for the optimization including alist of parameters to
fitindicating the search boundaries, parameters of a selected optimization method, solver settings and the experimental
datalist. When optimization is complete, the resulting parameter values and results of model simulations can be stored
as tables and then plotted. To create a new document select tab "Data" at the top pane ofthe dialog and open folder
"Optimization". Then click the leftmouse button on "documents" folder and chooseitem "New optimization" in the pop-
up menu. Type the name of the document in the resulting input dialog, select the database and the diagram which you
want to operate and press "OK". The existing document can be opened by the double-click. If you want to remove a
document, click the left mouse button on it and selectitem"Remove".
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Another way to create an optimization document is as follows. Selecttab " Analysis" to the left oftab "Data". Find the
optimizationmethods listin the tree under "Methods" ->"Optimization". Click the left mouse button on the method by

which youwantto perform optimization and select "Start optimization" in the pop-up menu.

70

www.biosoft.ru



BinUML workbench

File Database Diagram Help
DaeaBa 845 BRI

Databases | Data Analyses |
1 analyses
IjJavaSEript
B O3 Methods
CJ Creasermarks
1 Data
=R .| Qptimization
|j| Adaptive simulated annealing
D Cellular genetic algorithm
[ Evolution strategy (SRES)
[ GLESOLVE
|j| Particle g
D Cuadrati
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CJ sEw
1 explain

[# start optimization

The working area ofthe optimization documentincludes the three main windows. The first window located in the lower
right corner of the framework is designed to select the optimization options. It includes tabs with optimization method
and diagram parameters, experimental data and solversettings. "Method" tab ofthis window, in particular, contains the
buttons to start and stop optimization, to save the results and to draw the plots for their visual presentation. It also
informs you about the calculation progress and the best (smallest) values found for the objective and penalty functions
up tothistime. To the left ofthis window you can see a shortdescription ofthe chosenoptimization method and links to
the base papers for this method programming. Finally the upperright window is intended to store parameters for fitting.
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T 1D — : |
anneating-time k, T = Fexp(-ck" 7). The |+ Optimization = Experiments | Simulation | Parameters |
View | Edit | Editors | Application Log | Searchresults | Clipboard | JavaScript ]_Sl

9.1.2 Optimization methods

The optimization methods described in this chapter attempt tominimize the objective function which is the sum of the
squares ofthe distances between the diagramsimulation results and the experimental dots. This function is defined as
follows

_ . NN
J=7? i ]Wj (ypred(l’ .]) - yexp(la .])) >
wheretheindexes i and j denote rows and columns in the dataset, YexpeprEsents theknown experimental dataand y

pred isthe corresponding simulated values. The weight W, calculated for each data column by one of the formula w, =
Vx>, w, = (<xj2>)‘ 12 or w,=1/ |<xj2>-<xj><xj>|, where <x> isthe mean value of the points ina trajectory of

experimental dots. Users also are able to individually override these weights.

Minimization ofthe objective function can be performing by one of the following optimization methods.

e Adaptive simulated annealing (ASA)
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e Stochasticrankingevolution strategy (SRES)

o Global optimization using the DIRECT algorithm (GLBSOLVE)
e Quadratic Hill-climbing

e Multi-objective cellular genetic algorithm (MOCell)

e Multi-objective particle swarm optimization (MOPSO)

Comparative characteristics of the methods are given by the following table.

Method References Year Parallel Parameter constraints
ASA [1] 1996 - +
SRES [2] 2000 + +
GLBSOLVE [3],[4] 1999 - -
Hill-climbing [5] 1965 - +
MOCell [6] 2005 + +
MOPSO [7],[8] 1995 + +

Belowisabriefdescription of the methods.

Adaptive simulated annealing (ASA)

Adaptive simulated annealing (ASA) is a global optimization algorithm that relies on randomly importance-sampling
the parameter space [1]. ASA algorithmis developed tostatistically find the best global fit of a nonlinear non-convex
cost-function over a D-dimensional space. It is argued that this algorithm permits an annealing schedule for
"temperature”" 7'decreasingexponentially inannealing-time £,

— 1/D

T= T exp(-ck'P)).
The introduction of re-annealing also permits adaptation to changing sensitivities in the multi-dimensional parameter-
space. This annealing schedule is faster than fast Cauchy annealing, where 7'= T /k, and much faster than Boltzmann
annealing, where 7'= T, /In k.

The following options ofthe algorithm must be set.

e Calculation accuracy is apositive double value to determine the difference between deviation of simulation
result from experimental dataset under parameter values of current calculation step and values of previous
calculation step. The defaultis '1.0E-11".

Stochastic ranking evolution strategy (SRES)

The Evolution Strategy using Stochastic Ranking [2] is a (u A)-ES evolutionary optimization algorithm that uses
stochastic ranking as the constraint handling technique. In the (u A)-ES algorithm, the individual 7 is a set of real-
valued vectors (x, o)) forall i = 1,...,A. The initial population of x is generated according to auniform n-dimensional

probability distribution over the search space S. Let dx be an approximate measure of the expected distance to the
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global optimum, then the initial setting for the "mean step sizes" should be
Fi, J

where o, i denotes the jthcomponent of the vector . We use these initial values as upper bounds on . Following

O =¢x /n”~(L-r)/n" lL=x=r,i=1,.\ j=1,.n,
j i i i

the bubble-sort-like procedure is used to rank the individuals in a population, and the best (highest ranked) p
individuals out of A are selected for the next generation. The truncation levelis setat /A~ 1/7. Variation of strategy
parameters is performed before the modification of objective variables. We generate A new strategy parameters from
p old ones sothat we can usethe A new strategy parameters ingenerating A offspring later. The "mean step sizes" are
updated according tothe log-normalupdaterule: i = 1,...,u; A= 1,....A; j = 1,....n,
I, j(g“) =172 (csh’j(g) +to, j(g)) exp(1N(0,1)+ 1 Nj(O,l))
0y
where N(0,1) is anormally distributed one-dimensional random variable with an expectation of 0 and variance 1 and
k = 1,...,uis anindex generated at random and anew for each ;. The "learning rates" tand tyare set equal to (4n)”
and (2n)”, respectively. Recombination is performed on the self-adaptive parameters before applying the update
rule given by (1). Having varied the strategy parameters, each individual (x, o)), for all i = 1,...,u creates A/p
offspring on average, sothat atotal of Aoffspring are generated
1) — 1
X, j(g+ )= X, j(g) + G, j(g+ )Nj(o’l)-

Recombination is not used in the variation of objective variables. When an offspring is generated outside the
parametric bounds defined by the problem, the mutation (variation) of the objective variable will be retried until the
variable is within its bounds. In order to save computation time, the mutation is retried only ten times and then
ignored, learning the object variable inits original state within the parameter bounds.

The following options ofthe algorithm must be set.

o Number of iterations is a positive integer value to determine the number of iterations the algorithm shall
evolve the population. The defaultis '1750'".

e Population size is a positive integer value to determine the number of individuals that survive after each
iteration. The defaultis '20'".

Global optimization using the DIRECT algorithm (GLBSOLVE)

Adeterministic GO method [3] is aversion of the DIRECT algorithm [4]. The first step in the DIRECT algorithm is
totransform the search space to be the unit hypercube. The function is then sampled at the center-point of'this cube.
Computing the functionvalue at he center-point instead of doing it at the vertices is an advantage when dealing with
problems in higher dimensions. The hypercube is then divided into smaller hyperrectangles whose center-points are
also sampled. Instead ofusing aLipschitz constant when determining the rectangles o samplenext, DIRECT identifies
a set of potentially optimal rectangles in each iteration. All potentially optimal rectangles are further divided into
smaller rectangles whose center-points are sampled. When no Lipschitz constant is used, there is no natural way of
defining convergence (except when the optimal function value is known as in the test problems). Instead, the
procedure described above is performed for apredefinednumber ofiterations. Note thatthis solver does notsupport
parameters constraints.

The following options of the algorithm must be set.
e Number of iterations is a positive integer value to determine the number of iterations the algorithm shall
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divide the hypercube (search space) into smaller hyperrectangles. The defaultis '1500'".
Quadratic Hill-climbing

The gradient method [5] for minimazing general function -H(x), where variable x denotes the column vector of
variables (x ,...,x ). This method rests on maximizing a quadratic approximation to the function H(x) on a suitably
chosen spherical region. Computational technique for maximization take the form of an iterative procedure. The

method is specifically designed to work for functions which are not concave and for starting points which are not
necessarily near amaximum. Let us denote by F'_the vector of first partial derivatives evaluated at x and by S _the

symmetric
(n x n)matrix of secondpartial derivatives evaluated at x. Assume that H(x) admits of a second-order Taylor series
expansion around apoint
a=(a;..a,y
H(x)™ H(a)+ (x - a)F +%(x-a)'S (x- a)

)
where the subscripts indicate the point ofevaluation. The iterative procedure for finding the maximum of the function
is, given point X, at which S and F P are evaluated, to define the next point, X5 a8 the maximum of'the quadratic
approximation (1) on a spherical region centered at X, Ideally, the region should be taken as large as possible
provided that it is small enough that in the region the quadratic approximation is a satisfactory guide to the actual
behavior of the function. The following procedure attempts to approximate this ideal. Twodistinct cases arise:

(a) F 7significantly different from 0. Inthis event we choose anumber
+=A HRIF/|
0]
where A, is the largest eigenvalue of S 7, and Ris a positive parameter determined by the following rule. Let AH be

the actual change in the function due to the proposed Ax and let AQ be the corresponding change in the quadratic
approximation. Let z = AH/AQ. If z = 0, the proposed Ax implies overshooting; it is therefore not accepted, R is
increased by afactor of 4 and anew (S - /) is calculated. If z > 0 and close tounity (in practice, if z is between
0.7 and 1.3) Ris decreased by multiplying R by a factor of 0.4. If z > 2, Ris again increased by a factor of 4. For
other values of z (0 = zq 0.7 and 1.3 = z = 2) the magnitude of the factor multiplying R is determined by linear
interpolation between 0.4 and 4. Wenow take

X, =X, " (S? ual)'lFxp or Xx,,
according to whether o is positive or not. If a = 0 at this point, we generally directly computed the step size
necessary to produce a positive a. This typically saved a number of iterations. Now X is the maximum of the

=x - ST PFP
p x T x

quadratic approximation to the function on aregion Bi ofradius
P -lpp
IS, oDy F 7
with the center at X,

(b) F' 7is sonear 0thatthe length ofthe step taken is within a preset tolerance of 0. Then, if S ? is negative definite,

the process is terminated and X, is accepted asthe location of the maximum. If S 7 is not negative definite, we are at
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asaddlepoint or at the bottom of acylindrical valley. A step is taken along the eigenvector corresponding A, and the

algorithm recycles in the usual manner. One final feature, incorporated for reason of computational efficiency rather
than theoretical elegance, was the introduction of ascalar hp into (2), writing it as
_ -1
X, =X, " hp(Sxp oly FP.
At each step the computation is first performed with hp = 1.Ifthis gives animprovementin H(x), hp ismultiplied by a

constant, whichmagnitude is adecreasing function ofthe absolute value ofthe angle between the current step and the
immediately preceding step. Then the function is examined at the new point so obtained. This process is repeated until
the function declines inwhich event the last step is accepted. It should be noted that these attempts at stretching the
step are relatively cheap since they require only anevaluation ofthe function. Thisis incontrast to changes in o within

eachiterationwhichrequirereinversion of (S ” - a /).

The following options of the algorithm must be set.

e Calculation accuracyisapositive double value to determine the difference between deviation of simulation
result from experimental datasetunder parameter values of current calculation step and values of previous
calculationstep. The defaultis'l.0E-5'".

Multi-objective cellular genetic algorithm (MOCell)

This algorithm [6] based on the cellular model of genetic algorithms. In such model the concept of (small)
neighborhood is intensively used; this means that an individual may only interact with its nearby neighbors in the
breeding loop. The overlapped small neighborhoods of the model help in exploring the search space because the
induced slow diffusion of solutions through the population provides a kind of exploration (diversification), while
exploitation (intensification) takes place inside eachneighborhood by genetic operations. MOCell is an adaptation of
a canonical cellular genetic algorithm to the multi-objective field. It uses an external archive to store the non-
dominated solutions found during the execution of the algorithm. The main feature characterizing MOCell is that a
number of solutions are moved back into the population from the archive after each iteration, replacing randomly
selected existing individuals.

The following options ofthe algorithm must be set.
e [teration limitis amaximum value ofiterations. The defaultis'1500'.

e Population sizeis anumber of the individuals in the population. The defaultis'20'.
Multi-objective particle swarm optimization (MOPSO)

The particle swarm optimization (PSO)algorithm, initially proposed by Kennedy and Eberhart [7], is a direct search
algorithm based on the simulation of the social behavior of birds within a flock. The swarm is typically modeled by
particles in the multidimensional space thathave aposition and avelocity. These particles fly through hyperspace and
have two essential reasoning capabilities: theirmemory oftheir own best position and knowledge ofthe global or their
neighborhood's best. Let x (¢) denote the position of particle p, at time step #. The position of p. is then changed by

adding avelocity v (¢) toits currentposition, i.e.
x(@H=x-1)+ v ().

76

www.biosoft.ru



Let gbest is the position ofthe best particle from the entire swarm and pbest is the position of the neighborhood best
that the particle obtained by communicating with a subset ofthe swarm. Inthis case, velocity equation is given by

vi(t) =w- vi(t B 1) + Clrl (prest B xi(t)) + C2r2(xgbest B xi(t))’

where Wis the inertiaweight, C, and C, are the learning factors (usually defined asconstants), and r|, r, are random

values from the interval [0,1]. Here we used a multiple-objective particle swarm optimizers based on the paper of
Sierra and Coello [8]. This optimizer allows to take into account parametric constraints and uses a crowding factor
for the leaders selection as well as the following mutation operators: an uniform mutation operator, where the
variability range allowed for each decision variable is constant over generations, and a non-uniform mutation
operator, where suchrange decreases overtime. These operators modify the values of the particle decision variables
with a certain probability.

The following options of the algorithm must be set.
o Number of iterationsisamaximum value of iterations. The defaultis'500'".

e Number of particlesisanumber of the particles in a swarm. The defaultis'20'.
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9.1.3 Fitting parameters

Before the optimization will be performed you need to select the parameters to fit. To do this open the tab with the
diagram parameters (variables), select the parameters (variables) which you want to fit, and click the up arrow. The list
ofthe selected parameters appear inthe table located above.

77

www.biosoft.ru



my optimization.xml |

| Mame [|Lower bhound || Yalug [|Upper bound | Local || Units |Comment |
_ 0 ki 0 0.0 a000.0 15000.0 [
L 0.0 1400.0 7a00.0 [
_ 2 k10 0.0 19.85 949.24 []
- 0.0 20.0 100.0 [
~ 4 |¥'compt.B" |00 1.BEO0ATTES.. 8.3028804055. . [v] substance
A~

| Mame | Initial walue || Lnits [Show inplot  |Plotline sp.. || Comment |
0 [time 0.0 [ - -
I 3000.0 [ . a
P [ 1500.0 [ .
3 [k10 19.85 [ .
4 k11 20.0 [ .

5 |ki_12 3000.0 [] - |
5 lur 13 15001 [1 - =
Optimization | Experiments | Simulation  parameters | ApplicationLog | Variables
Constraints | Searchresults | Clipboard | JavaScript | Searchlinked = SQOL editor

In order to remove unnecessary parameters from the fitting parameters set, select them in the table and click the
down arrow. If you want tochange the initial values of some parameters (variables), enter them in the column "Initial
value" of the table with the diagram parameters (variables). The values of the relevant parameters (variables) are
automatically changed in the fitting parameters table.

Fitting parameters can be specified as local or global to work with experimental data obtained for the different cell
lines. Formore details see Experimental data chapter.

9.1.4 Parameter constraints
Constrained optimization is the minimization of an objective function subject to constraints on the possible values of the
independent variable. Constraints can be either equality or inequality constraints and are specified in the special tab of
the optimization document with time intervals in which they must be fulfilled. During the optimization of diagram
parameters under the given constraints a penalty function is calculated to establish a measure of'their violation and this
function value is strived to the minimum. In the region where constraints are not violated this value is equal to zero. In
ourimplementation the penalty function is determined by the formula
P=7, max(0, gk(x))z,

where x is avector of diagram parameters and variables, and g, (x) g 0 are the parameter constraints.

Constraints can be indicated in the tab "Constraints" of the optimization document. Remember when you write a
constraint you can use only the identifiers of parameters and variables declared in the diagram.
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=

Si

| Caonstraint { Start tirme [ End tirne (| Description
-0 |§"comp1.B" =0 n.a 100.0
1 [ F'compl CA" =5 40.0 s0.0
2 KO =K1 K10 0.0 100.0
3 KL 3=k_4 0.0 100.0

Constraints r Search results ] Cliphoard ] Javascript ] Search linked ] SOL editor
Optimization | Experiments | Simulation = Parameters | ApplicationLog | Variables

To add anew parameters constraint, press the button with the symbol plus on it. To remove some constraints, select
them and press the button with the symbol minus.

9.1.5 Experimental data

Experimental datasets must be the results of time courses expressed as exact or relative values of substance
concentrations and may be comprised of severalfiles eachincluding possibly multiple experiments.

The diagram parameters estimation can not be perform until the experimental data are not set. Optimization
experiments can be process in the "Experimental data" tab. To add a new experiment, press the button with the
symbol plus on it. To define the experiment you canfill the following fields.

e Name. The optimization experiment name (must beunique).

e Diagram experiment. The diagram experiment name, which is specified when you need to fit parameters
of the diagrammodification identified by the diagram experiment. If the value is equal tothe empty string the
fitting is performed for the diagram without changes.

e Data file. The name of the file with experimental data. The data must be stored in folder
BioUML\data resources\Optimization\Experiments.

o Weight method. The weight method to make all trajectories of each variable have similar importance in the
fit. Valid methods for the weight w, calculation are mean: w, = 1/|<x >|, mean square: w, = (<xj2>)'” 2, and

standard deviation: W, = 1/ |<xj2>—<xj><xj>|.

e Experiment type. The type ofexperimental data is time course orsteady state.

e Cell line. The parameter for separation ofthe experiments on the groups. All the fitting parameters declared
aslocal remain global within the same cell line. For the experiments where cell line value is the empty string
all local parameters are independently fitted.

You also need tospecified the array of connections between diagram variables and columns of the experimental data
table. For this purpose fill the table automatically generated in the experiment tab. The following fields must be
identified.

e Experiment parameters. The experimental table column names.
e Diagram parameters. The diagram parameters or variables.

e Type. Thetype ofthe experimental data column: exact value, relative toinitial value orrelative to completion
value.

o Weight. The weight automatically calculated for each data column. It can be changed by the user.
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e
& Diagram experiment: Bentele_exp_01 Weight method: |I'.'Iean square - | Cell line: |SKM 6.4
exp_2 =
— Datafile: Bentele_2004 _exp_ 01 Experiment type: | Time course - |
| Experiment parameters (| Diagrarm parameters { Type { Weight
0 |time | time w || Exact value w 0.0
1 |total p43p41 | p43p41 total v || Relative to completion v... ¥ | 0.675549555675834!
2 |total procaspase-8 |pro8 total ¥ || Relative to initial value ¥ | 1.0
3 |caspase-§ | $"CMP0D219.PRT001974" ~ || Relative to completion ... ¥ | 0.77782306724791 8¢
Optimization Experiments [ Simulation Parameters | Application L
Variables |  Constraints | Search results | Clippoard | JavaScript | Searchlinked |

Toremove some experiments, selectthem and press the button with the symbol minus.

Example of the experimental data file contents

ID Diagram ID

oS

PLATFORM

TITLE Experimental datatitle
DESCRIPTION Experimental data description..

SAMPLES
#1  time; Float; NONE; vl
#2  Substance ID; Float; NONE; v2

PROPERTIES
DATA

0 0.0 0.01
1 50.0 0.36
1

9.1.6 Optimization diagram

Inorderto facilitate the work with all the data used and obtained during the optimization we have developed a special
type of the optimization diagram, where the set of vertices corresponds to the operational data, and the arcs show the
relations between these data elements.
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Experimental data tables

e A \l Optitnization document

lexp_1|  [exp_2]

Fitted parameter values

T . .
m m tor two estimations

|rasu|t_1_mcp_1| |resuli_1_axp_2| |rasull_2_exp_1| |rasu|t_2_axp_2|

- /
T

simulation results for all experiments

After the double click on such diagram elements corresponding documents with experimental data tables, fitted
parameter values orsimulation results plotswill be opened.

The optimization diagram is automatically generated during the optimization document creation and changes. You can
find it in the tree under "Data" -> "Optimization" -> "Diagrams". To open the optimization diagram from the
optimization document click the open button inthe document "Method" tab.

{open the optimzation diagram )

DOCER)

Method: | Adaptive simulated annealing ™

Froperty [ Walue
|3 Method parameters :
[ Diagram databases/BiomodelsiDi...
[ Calculation accuracy 1.0E-11 !
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10 Genome browser

Genome browser is used to display sequences with several tracks like one document. BioUML allows to combine
sequences and tracks from different databases in one document. For example, itis possible to get sequence from

UCSC database and add Ensembl tracks to it.

To create new document select sequence inrepository tree and select Open as projectin context menu. Select

necessary tracks and press OK.
NOTE: tracks from other database is available with Tracks view part later.
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Figure 10.1. Genome browser overview.

View parts

View parts are used to configure document model and view. There are several special view parts for genome

browser:
e Regions

o Sites
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10.1 Project

Project view partallows toview and edit projectdescription.

HEG bliu EEE €
Mormal (Project description
Html

Prewview

Application Log }."' Search resulks }."' Clipboard . Project /."' Reqgions }."' Tracks }."' Sites }."' Javascript ,,"' Search |i|‘|kEI:|)"I

10.2 Regions

Region is the part of sequence. It is possible to use several sequences parts in one document. Regions view part
allows tomanage projectsequences and it's view options.

ElES

| DB ||Beq... ||Stra... ||Fr|:|m || To ||Order ||Vi5i... | Property Yalue | "u'iewuptiu:uns]
ﬂdatal:-a... 1 7 1 540,25, 0 P= Map options ol Notes

=12 Sequence of | |

e PN |

Application Log }."' Search resulks }.'" Clipboard f Project , Regions /."' Tracks }."' Sites ,,"' Javascripk }."' Search |i|‘||=2.EI:|/|"I

10.3 Tracks

Tracks view partallows tomanage tracks for document(add/remove track, set visibility, and display order) and it's
view options and color schemes.
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| sitelD || type || from || to || length || properies
L EMSTOO000435504,., ensGens 14,970 15,037 5 Il
L EMSTOO000423562,., ensGens 14,363 14,825 466
i chri.1.chrl,15120:.,, gcSBase 15,121 20,239 5,119
i EMSTOO000435504,., ensGens 14,363 14,825 466
LENSTDDDDD‘}SESES... ensGEene 13,221 14,411 1,191
i EMSTOO0O0456325,., ensGens 12,613 12,720 105
i EMSTOO000423562,., ensGens 14,970 15,037 5
7 |EMSTOO000456325... ensaens 11,574 12,226 353
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11 Simulation

The process of model simulation and its adjustment can be demonstrated on the example of the cell cycle model
(DGRO068 inBMOND/Biopath; Gardner etal., 1998).

After you opened adiagram-model youwill seethe view like this:
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The upper right part of the window contains the scheme of the model with proteins, biochemical interactions
(arrows) and setinitial values of protein (or something else) concentrations.
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The model consists of variables (protein concentrations), constants (the constants ofincluded biochemical reactions),
and various additional conditions (events, mathematical functions, etc not shown in this model). Values of variables
and constants can be observed inthe menu Variables and Parameters (arange of panels at the bottom of the lower

right part ofthe window), respectively.
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By clicking those menus you will get the list of desirable entities with respective values (as it is shown below for

variables ofthis model).
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l:'l'.-:m:': 'I'L:i;nﬁl_n!:! '--ﬁ-:l I}r_n!d gl b Clidelt :1!'JII| mmqnmmmu_tmm

n‘.mdwi '

Log | S

Mok ity 'I‘h"

| Marme | Initial value ||Buunﬁary:nndrtlnn || Linitg || Show in plot || Plot line spec Comment
0 [4PRTO0037E 0,01 ] dimensionless [l
1 |4PRTOO045Y 0.99 O dimensionless O
2 |4PRTOO0S46 0.2 (| microemalar [
3| 4PRTO00S5E 1.0 | micromalar |
4 |$PRTOOOSE0 0.5 | microenalar [l -
5 |4PRTO00SE2 0.9 | dimensionless
6 |4PRTO00S63 0.1 | dimensionless | -

Description | Experiments | Math edbor | References | Microarray | Fiter |/ Application Log /' Search resuts | Clipboard | Lavout | Parameters |

Variabies | JAVA / MATLAB | JavaScript  Searchinked / Skn /
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The column "Name" contains database IDs ofthe components ofthe model that have to be used in all formulas and
equations describing the dynamics of the concentration changes. Initial values of variables can be changed by clicking
of respective table cell and input of desirable value using keyboard. "Boundary condition" can be used by ticking
respective table cell to fix the concentration of a variable in the process of model simulation. "Units" contains
dimension data. "Show in plot" allows to regulate how many graphs (and variables, respectively) should be
demonstrated during simulation on the plot. The same logic is used for "Parameters" menu (see below).

=

12
13

14

16 |&
17 |wi

18 |vs

I MName

15 | ki

Initial val.. | Unils

0.0
0.1
0.1
0.1
0.1
0.0z
0.3
0.7s
025
0.3
o1
0.0s
0.05
0.1
0.0%
0.z
0.02
o1
0.2

micromalar

First_ceder_rate_constant (1)min)
Firsk_serder_rate_constant (1)min)

First_order_rate_constant (1/min)

dimensionless

First_order_rate_constant (1 min)

First_order_rate_constank

Show in plot | Plotline spec Cormment

Description ;I Experiments __f Math edior References f_: Microarray _-’ Fiker J’ Application Log _-’ search resuts | Clipboard :I Layouk | Parameters !

variables /' Java [ MATLAB [ Javascript [ Searchbnked [ Skin [

Biochemical formulas are one of the important components of the model. You can add them during creation of
biochemical reactions using BioUML tools or add/edit by clicking a dot on an existing arrow (as it is shown on the
example of the reaction number 9) andusing "Edit" menu ofthe lowerleft part ofthe window like it is shown below.
Inthe chapter "Kinetic law" you will see the formula or can add new one if there is no any formula. Newly entered
variables and constants will be added to the respective lists "Variables" and "Parameters" automatically.
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After all values were inputted and all components of the model were confirmed you can go to the menu "Java"
containing tools for adjustment of simulation procedure.
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You will see the window like demonstrated below containing info about predefined parameters of simulation
process:
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b Y

Property Yalus
B= dava simulation enging
[ Cutput dir Jood
[ Initial me 0o
~[] Compistion time 100.0
[7) Time increment 1.0
[ ] #bsolute tolerance 1.0E-8
~[] Relative tolerance L.0E-5
[ solvertame DaormandPrince
] Meeded Bat Simulation [wl
= [ Simudakor options
[ Statistics mode Staks_CFF
L[] stiffress detactian

Descriphbion / Expesiments J' Math editar  Referances [ Microarrzy [ Fiker Application Log [/ Searchiresults [/ Cliphoard / Layout | Parameters [
variables | Java | MATLAE / JavaScrpt | Search linked | Skin |

"Outputdir" —thedestination folder for saving simulation results.

"Initial time" (set 0.0)—here you can choose the time point starting from you will see the results of simulation as
graphs.

"Completion time" —the time period for which you will simulate the changes of protein concentrations, etc. (may be
giveninseconds, minutes, etc according to the dimensionality of constants).

"Time increment" —the delta for time; the less increment the more calculations will be made by asolverto get values
ofvariables (and the graph will be smoother), but itis time consuming. The bigger increment, the faster calculations
and the graph will berough. Default valueis 1.0, youcanuse 0.1, forexample.

"Absolutetolerance" and "Relative tolerance" —these parameters are used to select the time interval for calculations.
"Solvername" —here you canselectasolver for calculations and simulation of results.

"Needed plotsimulation" —ifselected then you will see a plot with simulation results on itin the regime of real time.
After you confirmed all parameters, you can start simulation process by clicking button "Play" (as itis shown below).
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= Java simulstion engine
[ Sutput di
[ Initial tine
] Comphetion tme
[[] Tire increment
[ Bbsolute tolerance
[ Relative tclerance
[ solvertiame
[ Meeded Fiot Sirdation
= (& Simudator options
[ statistics mode
" [ stiffriess detection

Valse

v

Description | Experiments | Math edkor | References /| Micoammay | Fiter | Application Log | Search results | Clipboard | Layout | Parameters |

varisbles [1ava | MATLAE [ JavaScrpt | Searchlinked | Skin |

Innew window youwill see aplot with graphs reflecting changes of variable values intime.

-,

|2/ Gardner et al., 1998. Controlling Cell Cycle Dynamics Using a Reversibly Binding Inhibitor. (DG...
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Gardner et al., 1998. Controlling Cell Cycle Dynamics Using a Reversibly
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92

www.biosoft.ru



Clicking buttons depicted below (red) will allow to save results (calculated values for each time point regarding to
the time increment value) and show the window with plot tomodify output graphs (removeundesirable and so on).

Forsolving ordinary differential equationinitial value problem nextsolvers were applied in BioUML:

 Euler
e Dormand-Prince
¢ JVODE

e RADAUS

11.1 Euler
Explicit Euler method for solving ODE initial value problem. Does not support event location or stiffness detection. In
general, usage ofthis method can not be recommended.

User-provided solver parameters:
e [nitial step. Time step formethod, it does not change while integration.

11.2 Dormand-Prince
Explicit Runge-Kutta scheme known as the Dormand-Prince routine, which is 5th order/4th order, a 7-stage method
that cansolve foran ODE. Italso features stiffness detection and event location. Could only be used for solving ODE

withnon-stiffsystems.

Currently Dormand-Prince method is the default method for solving ODE in MATLAB.

REFERENCES:

Dormand, J. R.; Prince, P.J. (1980), A family of embedded Runge-Kutta formulae, Journal of Computational and
Applied Mathematics 6 (1): 19-26

11.3 JVODE

Java Variable-Coefficient ODE (JVODE) solveris a ported to java version of CVODE - part of a software family
SUNDIALS: SUite of Nonlinear and DIfferential/ALgebraic equation Solvers developed by Lawrence Livermore
National Library. JVODE solves ordinary differential equations initial value problems with either stiff and non-stiff
systems. Itwas refactored from CVODE into one ODE solver and user can specify which integration method will be

used.

JVODE supports events which are given by function g(y,t) satisfying the following conditions:
g(y,t)<0ifeventhasnot happened yet
g(y,t)=01inexactpointofevent
g(y,t)>0afterevent happened.
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User-provided solver parameters:
e [ntegration method. Two linearmultistep implicitmethods are available:
1. Adams - Moulton (recommended fornon-stiffsystems),
2. Backward Differential Formula (recommended for stiff systems).
e [nner linear solver type. Method for solving non-linear equation on each time step. Available methods are:
1. Functionaliterations.
2. Newton iterations (Usinglinear equation system solving and Jacobian approximation).
e Jacobian approximation type. In Newton iterations case user should also define type for Jacobian
approximation:
1. Dense, (recommended)
2. Banded,
3. Diagonal.
User-provided Jacobian is not supported yet.

o Mu, MI. Additional parameters for banded Jacobian approximation only. Note Mu and Ml must be such that: 0 <
Mu,MI<N, where N is system dimension.

References

1. P.N.Brown, G.D.Byrne,and A.C. Hundmarsh, VODE, a Variable-Coefficient ODE Solver, SIAM J. Sci. Stat.
Comput., 10 (1989), pp. 1038-1051

2. S.D.Cohen, A.C.Hindmarsh, CVODE, A Stiff/NonstiffODE SolverinC.

11.4 RADAUS

Thisalgorithmis ported for Java from C++ code (lastupdated: Nov 15,2002), written by Blake Ashby (E-mail:
bmashby@stanford.edu) on the base of code RADAUS originally written in FORTRAN (version ofJuly 9, 1996,
latest small correction: January 18,2002) by: E. Hairer and G. Wanner (Universite de Geneve, Dept. de
Mathematiques Ch-1211 Geneve 24, Switzerland, E-mail: ernst.hairer@math.unige.ch, gerhard. wanner@math.
unige.ch)
RADAUS isindetail described in the book:

E. Hairer and G. Wanner, Solving Ordinary Differential

EquationsII. Stiffand Differential-Algebraic Problems.

Springer Series in Computational Mathematics 14,

Springer-Verlag 1991, Second Edition 1996.

This code computes the numerical solution of a differential system of first order ordinary differential equations

y=1(x,y).
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The method used is an implicit Runge-Kuttamethod (RADAU I1A) of order 5 with step size control and continuous
output. (See Section V.8 of Hairer and Wanner). The method is designed to solve stiff systems, for non-stiff systems
itisrationally to use simpler methods (requiring less computational load), e.g. Dormand-Prince.

User-provided solver parameters:

o itoler
itoler = 0: Both rtoler and atoler are scalars. The code keeps, roughly, the local error of y[i] below rtoler*fabs(y[i])+atoler
itoler = 1: Both rtoler and atoler are vectors. The code keeps the local error of y[i] below rtoler[i]*fabs(y[i])+atoler]i].

¢ hinit

Initial step size guess;

For stiff equations with initial transient, h = 1.0/(norm of f'), usually 1.0e-3 or 1.0e-5, is good. This choice is not very
important, the step size is quickly adapted. (if h = 0.0 on input, the code sets h = 1.0e-6).

e hmax
Maximal step size, default (when hmax is set = 0) xend - x.

e nmax
This is the maximal number of allowed steps. The default value is 100000.

e uround
rounding unit, default 1.0e-16.

o safe
The safety factor in step size prediction, default 0.9.

o facl

o facr

Parameters for step size selection the new step size is chosen subject to the restriction 1/facl <= hnew/hold <= 1/facr.
Default values: facl = 5.0, facr = 1.0/8.0

¢ nit
The maximum number of Newton iterations for the solution of the implicit system in each step. The default value is 7.

¢ startn

If startn == 0 the extrapolated collocation solution is taken as starting value for Newton's method. If startn != false zero
starting values are used.

The latter is recommended if Newton's method has difficulties with convergence. (This is the case when nstep is larger than
naccpt + nrejct; see output parameters). Default is startn = false.

e npred

Switch for step size strategy If npred = 1 mod. predictive controller (Gustafsson) If npred = 2 classical step size control
The default value (for npred = 0) is npred = 1.

The choice npred = 1 seems to produce safer results. For simple problems, the choice npred = 2 produces often slightly
faster runs.

e hess
If hess 1= 0, the code transforms the Jacobian matrix to Hessenberg form. This is particularly advantageous for large
systems with full Jacobian. It does not work for banded Jacobian (mljac < n) and not for implicit systems (imas = 1).

o fnewt
Stopping criterion for Newton's method, usually chosen < 1. Smaller values of fnewt make the code slower, but safer.
Default min(0.03, sqrt(rtoler))
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e quoti

e quot2

If quot1 < hnew/hold < quot2, then the step size is not changed. This saves, together with a large thet, lu-decompositions
and

computing time for large systems. for small systems one may have quot1 = 1.0, quot2 = 1.2, for large full systems quot1 =
0.99,

quot2 = 2.0 might be good. Defaults quot1 = 1.0, quot2 = 1.2.

o thet
Decides whether the Jacobian should be recomputed. Increase thet, to 0.1 say, when Jacobian evaluations are costly. for

small systems
thet should be smaller (0.001, say). Negative thet forces the code to compute the Jacobian after every accepted step.
Default 0.001.
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12 SQL support

SQL database is on ofthe type of low-level storage used by BioUML.
Itis possible to work with SQL data via SQL console - special view part for direct SQL manipulations.

SQL based data:
e SQL tables

12.1 SQL console

SQL console allows user to view list of available SQL databases and tables and execute all types of SQL
commands. The results of SELECT queries can be shown as table document or exported to separate table data
element.

SQL consoleisrealized as separate view part of BioUML.

To connectto SQL database of BioUML server user should specify server address and username/password.
NOTE: Inweb editionuser will login to SQL client automatically with current username/password.

b [l &l

kb |ser'u'er.I:ui-:uuml.u:urg:EU.I"Di'I"-"'”l | '|
Username |net2|:|rugl |
Password |m |

Application Log /.'r Search results /.'r Clipboard /.'r JauaSn:ript}" Search linked , 5QL edib:ur/r‘

Figure 12.1. Login form of SQL console.

SQL console consists of four parts:
o query field (top field) - text input field with SQL query

o tables field - listofavailable tables with database prefixes. Double click on tables automatically generates
"SELECT *" query forthistablein query field.

e columnsfield - listofcolumnsinselected table. Double click on column name automatically adds itto current
positionof query field.

o history field - list of last executed commands. Double click on commandreplaces query field withthis
command.
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SQL result 1", SQL result 2 SQL result 5 \".

Page 1 of § Show entries
| D || row_id || SCore || ChangeFold |
1|35 204774 _at 2, 5844287113109785 0.68785328507554555
T 3o 207875 _at 2,2544350197083092 0.59435992216701022
T 33 215168_at 3.56970545448412 1.2188747946694689
T 159 211634 _x_at 2,0446606474545757 0.5406289555023166
T 34 220710_at 3. 5027586646549467 1.1991860015525493
T 158 208068 _x_at 2,19556836043658523 0.57655260365012074

Pl

SELECT * FROM research_p53.table_3% WHERE Score=0

Tables: Columns: Histary:

research_p53.table_34 || Jrow_id SELECT *FROM research_p53.column_info
research_p53.table_35 SELECT *FROM research_p53.data_element
research_p53.table_39 ChangeFald SELECT *FROM research_p53.table_100 limit 3

research_p53.table_41 -
research_p53.table_43 =
research_p53.table_44
research_p53.table_49
research_p53.table_5 |

Columns ).'r Samples ).'r Groups ).'r Filters )."' Application Log ).'r Search results ).'r Clipboard )."' JavaSaipthearm linked , SQL editor !

SELECT * FROM research_p53.table_39

SELECT * FROM research_p53.table_39 WHERE Score =0

Figure 12.2. SQL console with query examples.

SQL console toolbar

o Execute query - execute query from query field and display results as table document if exists.

o Explain query-display query explaininformation as table document. NOTE: explain query isused to optimize
difficult SQL queries.

e Connect to server - show SQL login form.

e Clear query field - remove all from query field.

12.2 SQL tables

There are three different types on tables in BioUML: in-memory tables, file-based tables and SQL-based tables.
SQL-based tables allows user to work with data directly by using SQL console (for example, standard MySQL
command line). All analysis results inresearch projects by default store in SQL-based tables.

The structure oftable in SQL database is the same as structure of table in BioUML.
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Tables @ aaad

Page 1 of 4 | Mext | | Last Show |50 | entries
D Reached_from_set Reachable_tatal Simple_scare Score

1 |G010959 1 22 0,087 0.244

2 |G0109&0 3 17 0,373 0,783

3 |G0i11z24 1 12 0,154 0,287

4 [GO11127 1 19 0.1 0.591

5 |G011141 2 13 0,308 0.561

6 |G011167 1 34 0,057 0221

7 |G011255 1 20 0,093 0.25 -

| 3
Caolumn name Type Description Expression MNature Wisihle

1 (] v

2 |Reached_from_set Inkteger Reached_from_set 1] [ momE ¥

3 |Reachable_tatal Inteqger Reachable_taotal ,ﬁ MONE v

4 | Simple_scare Float Simple_scare ﬁ MNONE v

5 |Score Floak Score él MNONE v

Columns / Samples ! Groups [/ Filkers [/ Application Log / Search results [/ Clipboard [/ JawaScript / Search linked [/ SOL editor

Figure 12.3. SQL table example in BioUML workbench.
Inthisexampletable aaa4 is SQL-based table, it's name in SQL database of research projectis table 67.

mysgl> select * from table 67 limit 10;

GO1095%9 0.0869565
GO1060 m.375
GO11124 0.153846
GO11127 m.1
GO11141 0.307692
GO11167 0.05%71429
GO11255 0.0952381
GO11353 0.0833333
GO11395 m.2
GO11 407 0.153846
+

0.244436
0. 782633
m.286952
0.5%0616
0.561018
n.220928
0.250267
0.5%0616
m.31271
n.286952

+
1
[

+
1
[
1
[
1
1
1
1
1
[
1
[
1
1
1
1
1
[
1
[

+

Figure 12.4. Direct SQL query result for table.

mysgl> explain table 67;

Default

varchar (2552
int<ii>
int<i1>
float

float

row_id
Reached_from_set

Reachabhle_total
Simple_score
Score

e -
- m=
- ==

Figure 12.5. Explainresult for SQL table.
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NOTE: Itis possible touse any SQL console (MySQL console in example above). BioUML providesit'sown SQL
console.
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13 Reproducible research

Reproducibleresearch is the common name for functionality for saving, representing and reproducing of the set of
datamanipulation. BioUML provides special Projects collections and Workflow and research diagrams for this

purpose.

13.1 Projects

Projectisthe group of folders which contains data and history for current research. Before the beginning of new
researchin BioUML itisrecommended to create new project (menu Research -> New projectinworkbench).

Default project structure:

e Data - collection with all imported and result data. Data elements can be group by sub-collections (such as Files,
Tables, Tracks, etc.).

e Diagrams - collection withresearch and workflow diagrams.

¢ Journal-storage foruseractivities history.

There are three different types of user activitiies which are saved to the journal:
e Analysis
e JavaScripts

e SQL requests

All ofthis activities will be stored in journal of current project. Use top toolbar control to select the current project.

Ize journal narnme |Research: default -

Figure 13.1.Journal selector.

13.2 Workflow and research diagrams

Research diagram

Research diagram allows to represent current research steps(actions) and all input and output data on one diagram.
Research diagram can be created by New projectactionin data/<research name>/Diagrams contextmenu.

There are two basic ways to build research diagram:

e Addaction from History tab. In this way all input elements for action will be added automatically or linked with
existsdiagramelements.

e Usetoptoolbar for creating new elements. In this way building process is the same as typical diagram building in
BioUML.
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 [Hypergeom

. |bg_score_masS down| - lhg_score_masS_upl .
| I || Type || Source || Froperties
— ____ L .
18 [2010.07.22_15:45:10 analysis PASS analysis 1
19 |2010.,07, 22 _15:39:00 analysis PA5S analysis
20 |2010.07.22_15:16:53 analysis PASS analysis
21 |2010,07.01_17:15:01 analysis Wenn diagrams

2z ST s Hypergeametrc anabyss [

23 |2010,07.01_10:36:45 analysis Hypergeometric analysis

24 |2010,07.01_10:24:41 analysis CEL normalization | |

Description )."' References . Histary /fll Microarray ).'" Application Log )."' Search results ).'" Clipboard ).'" Layouk )."' Jawascripk )."'
Search linked /." Skin /."' 0L editu:urf

Figure 13.3. Example of research diagram.

Workflow diagram

While the research diagram represents completed research worcflow allows to create scheme for future research and
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execute it. Workflow diagram can be created by New workflow actionin data/<research_name>/Diagrams
contextmenu.

The ways to create workflow are the same as the ways to create research. Special Workflow tab also allows to set
each workflow element properties (such as analysis) and has actions to start or break workflow execution. The status
of workflow execution is visible on diagram by elements colors.

R T T . S e S S SR, SO S S SR
 [ho_score_mass_up|  |ho_score_mass_down
Walue

F
o D ZEL colleckion data/PS3)Data)Files
----- D EL Files | [B] 085E296HEU1 3342 ,.0_120608, CEL, OSSE297HEU133A2.0., .
[ Methaod MASS
e [ Background correction MAS ||
> ----- D Mormalization method quantiles
----- [ PM correction prionly =

Description )."' References . Workflow /fll Hiskory )."' Microarray )."' Application Log ).'" Search results ).'" Clipboard )."' Layouk )."' JawvaScript )."'
Search linked /."' Skin /."' SCL editur}.-‘

Figure 13.4. Example of workflow diagram.
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13.3 Load project dialog
Loadprojectdialog (Figure 13.5) helps auser to configure connection of BlioUML workbench with BioUML server
foraccess toremote researches. Setup wizard, step Load research provides the same user interface.

Researches stored on the server in folders data/Examples, data/Protected and data/Public can be installed to
corresponding folders of BloUML workbench.

Toinstallremoteresearchesusing Load project dialog:

1. Selectfrommenu File > Load projectitem. Load research dialog will be opened (Figure 13.5).
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-

| %) Load Research

Server URL |server.|:uiu:uum|.u:urg:EiEI,."I:uiu:uumI

Username |net2|:|rug

Password |......."."".

Available databases:

|Sewerdataba... || Client databa... || Awailability || Access type || Install
0 |Examples/Optimiza... Optimization public copy [
_1 Protected/Met2Drug  Net2Drug public copy [
z Protected/P53 P53 public copy [

Messages:

INFD
INFD
INFD

This dielog sllows you to instaell researches located on BioUML serwver.
Corresponding research will be shown in "Data"™ section of repository tree.

To install research:

1) £ill Serwver address, Server port
Z2) press 'Find datebases' button
3) ewvaileble datebases will be shown "aAveilable databases™ table
4) select databsses to be installed
5) press "0k button
Detabases are loaded successfully.
Please check install checkboxes on datebases you want to install.

Press "Instell' button when finished.

-

Close

Figure 13.5. Load projectdialog.

2. Specify Server URL for connection with BioUML server or you can use default BioUML server.

3. Enter Username and Password for serverauthorization (use blank values for guest connection)

4. Click Find databases button. Allresearches located on the specified BioUML server will be shown in table
Available databases.
Thetable columnsare:
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LI Server database name - name of the research on BioUML server

L) Client database name - name of the database how it will be shown in the repository tree. By defaultresearch
name on the client side is the same as on the server side.

L) Availability - describes the availability of the research. Currently all researches are marked as publicly available.

LI Access type - either 'link' (research will be linked and accessed remotely) or 'copy' (research will be copied from
the serverand accessed locally)

5. Togetinformationaboutaresearch:
0 selecttheresearchinthetable by clicking on corresponding raw;
0 press Get database info button;
o information abouttheresearch willbe shownin Messages pane (Figure 3.3).

-~

| £ Database info

Database: Net2Drug
Availability: public read, protected write

Figure 13.6. Example of research info.

6. Selectin Install columnresearches to be installed by clicking on corresponding check box.
7. Press Install button. Information aboutinstallation process willbe shownin Messages pane.

8. Press Closebuttonto close the dialog after successful installation of remote researches.

Notes:

1. Everyresearch should have unique name. Ifresearch with the same name already exists, the research from server

will notbe copied and warning message will be shown in Messages pane, for example:
WARN : Research with the same name already exists ('Net2Drug')

Changethe research name in Client database name column, and research will be installed with this name.

See also:
e BioUML server
e Setup wizard
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14 Todo

There are alot of chapters and topics to be written. Below is list of main chapters and topics to be written:

e Introduction
o Main features

e Databases

o a lotoftopics

e Userinterface

e Simulations
¢ SBW

e Microarray

o Statistical analyses

e JavaScript
o functions

e Graphicnotation editor
o userinterface

o JavaScript functions
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