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Main BioUML concepts and ideas

* Plug-in based architecture (Eclipse platform runtime from
IBM company).

* Visual modeling
o Meta model — problem domain neutral level of
abstraction that describes system as
compartmentalized graph
o Diagram type concept — formally defines graphical
notation and provides its incorporation into BioUML
workbench.

o Automated code generation for model simulation.
 Module concept - allows developer to incorporate

databases on biological pathways into BioUML workbench
taking into account database peculiarities.



Standard module GeneNet module
Database Diagram types
T - Semantic map KEGG/pathways
Datab dapt - Pathway module
alabase adapter - Pathway simulation
1 TRANSPATH
Java objects module
Gene Protein Query engine
SBML module
Diagram
Meta model view part
Graph structure ModuleType DiagramType Diagram
-diagram types -semantic controller editor part
-data categories -diagram view builder
Executable model -query engine -diagram filter —*
Diagram
— editor
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Eclipse platform runtime

Workbench Ul

Y

Y Y _

Analysis
tools

Simulation Other Perspectives
tools tools

Views, Menus,
editors toolbars, etc.




Example:
system from two chemical reactions

-k1[A] k1[A -k2[B] K2[B
A []O [A] B []O [B] C
100 R1 0 R2 0

k1 - reaction rate for R1
k2 — reaction rate for R2

Corresponding mathematical model:
dA

— —k1[A]
At
DB _ [ A]— k2[ B]
dt
dC

—— = k2[B]



Meta-model: example of formal description of
system from two chemical reactions

k1[A] k1[A]

-k2[B] k2[B]

A B C
100 R1 0 R2 0
ID A ID R1 ID B ID R2 ID C
cc .. A->B cc .. B->C cc ..

//

2 - B 8 .=

//

//

//

//

100 —k1[A]

K1[A] 0

k2[B]

k2[B] ©

Description of system
components in the
database

System structure is
described as a graph

Mathematical model
of the system



Suggested approach can be applied for modeling
\}viological systems using:
— Systems of ordinary differential equations
V_ Systems of algebra-differential equations
— State and transition diagrams
V_ Hybrid models
— Boolean and logical networks
— Petri nets
— Markov chains
— Stochastic models
— Cellular automates
— 1D PDE models (blood flow)

Current limitations

— Spatial models
— PDE



Reconstruction and formal description of
biological systems using different diagram types

Formality,
details

1. Semantic network

l

<€ Semi structured
data

2. Pathway diagram
(semantic network +

gene network or metabolic pathway)

l

Structured data

l

3. Metabolic pathway 3. Gene network 1(—-

(reactions and

L

its components)

4. Pathway simulation
(mathematical model)

Kinetic data
<€ (kinetic laws, constants,

initial values



a hew approach for formal description

Biopath (BMOND)
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and simulation of biological systems
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Summary

Recanstnaction of complex biobgical systems from a oy
amowrt of experimerdal data regums a formal approach for
desaiption ;d smaltion of bickbgical patways an differerd.
logical leek. BiaWEMOND (Biobgical MDdek ah¥
Dixgrams ) dadbasenms dareloped for formalized desariptio
md smaltion of bilogial sytems whZ o nee
tedwokgis BN, awd  BemBokmr. Al
BipaWEMOND data cabe dimided ¥do 4 major blocks:
regalation of eubaryotic cell grcle and cacer, NFyB pateray
and rdlammatian, myzleosomal regultion of Zere epressiz,
ad hman aterial hypetasian. BiandWBEMOND catakes
lnhsto relndbnlogtaldnbnss xd lierabore references.
wih Curlong, datbase
ﬂfmp}a’mmm) - 2 spedalized daabase on cell
cycle regalation.

Goals
#to desabe formally smachre ad fimdtimdig of complex
biokgial systeme ad processes ondiffererd ogical larek as
a setof complemertary diagams;
#to pmride formal desaiptim of main pmperties of
biokgial componats (gavs, proteins, abstaces, dwmical
reactiare Jthat am comporerts of thise processes;
#to simalate beéharior of these processes or their pats to
vahdate that we wdectwrd man poncpls of their
imcticire:
#to proride wer kderface for BigpavBMOND acces and
ediirg thaoug the Btemet,

*Contacts: fedorcabiouml.org
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timulus activating NF-kappaB

(semantic network, ontology)

Short-wavelength UV light
\

Bacterial proteins
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Function of human DNA methyltransferases

(pathway diagram)

de novo MT

O

DNMT3ach)
~

O

DNMT3b(h)
/

N 7
Invalved in establishment of
new DNA methylation
patterns during development.

Itis not clear whether

acetylation occurs hefore
or after olygomerization
of histones.

K8 of H4 and K14, K23
H3 are acetylated in D.
melanogaster.

DNMTs

DNMT1 (h)

Involved in NER to
re-estahlish
nucleosome structure.

H3{ace):H4(ace)H3:H4
— N T -

- A

\ —_

\

K8, K14 of H4 and K5, K12
of H3 are acetylated in T.
thermaonphila.

Propagate parental
DNA methylation

P during replication;
cannot he substituted
hy other DNMTs.

DNA polymerase processivity factor
that forms a sliding clamp around
DMA and interacts with a number
other proteins in replicative fork.

hind

CAF1:H3(ace):i—>j:1(_ace):H3:H4:PCNA

PCNA2(H3:H4)

CAF1:H3(ace):H4{ace)H3:H4 HDAC1i2{h)

-

K8, K14, K23, K27 are
acetylated in S. cerevisiae.




The biosynthesis of catecholamines
(metabolic pathway)
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Cell cycle model of mammalian G1/S

transition control with E2F feedback loops
(pathway simulation diagram)
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BioUML framework

File Services Help

sh 88 9C @&
| Modules | Plugins | Services |

@) [A]

[ test:test_state |

Ij modules
©- ] Biopath
©- [ CellML models
©- [ Cyclonet
©- ] GeneNet
©- [ KEGG pathways
@ [ SBML model repository
@ [ Transpath
@ Jtest
©- ] Data
@ [ Diagrams
©- [Jtest_event_1
©- [Jtest_event_2
©- [Jtest_state
©- [ Dictionaries
©- [ Simulation
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3 Semantic Test Suite - Microsoft Internet Explorer S ;

®arn [paeka Bua MsbpanHoe Cepeuc Cnpaeka "l.

O ©- ARG

B aw-Jd B

Aapec: @ http:/{sbml.orgjwiki/Semantic_Test_Suite LI Mepexoa | Ccbinkk

JML Systems Biology Google——
Markup Language

home * contacts * documents * downloads * FAQs * forums * Level 3 * models * news * onlinetools * wiki * workshops

The SBVL Wikl
Semantic Test Suite You can edR these WIki pages rom wihin your

rowser. Click here to learn how.

The semantic test suite is set oftest models with given time series behaviour data. The aims ofthe suite are described in more detail in the

The test suite is downloadable with documentation and test automation scripts in 2 versions one for windows cygwin and the other for unix. Documentation on the general
structure of the test suite, file formats and automation scripts is avaliable separately here

The suite is under development. Atestis either:

= complete - it has times series behaviour data and suppotting documentation
= under development - the model exists but no times series data is avaliahle
= planned - a model to cover more of the specification is required

The suite is currently divided into the following categories:

Basic Reaction Semantic Tests 19 complete tests

Complex Reaction Semantic Tests 6 complete tests

Parameter Scope Semantic Tests 4 complete tests

Discontinuity and Delays Semantic Tests 14 complete tests + 2 planned tests
Compartment and Transport Reaction Semantic Tests 3 tests under development
Stoichiometry Semantic Tests 2 completed Tests

Basic Rule Semantic Tests 16 complete tests

Algehraic Rule Semantic Tests 2 complete tests

DT T [ vereprer



Results of SBML semantic tests

=101x]

®arin  Mpaeka

Bua  WsbBpaHHoe

Cepeuc

Cnpaeka

73 BioUML workbench - validation using SBML Semantic Test Suite - Microsoft Internet Explorer

[/
&

Aapec: I@ http://biouml.orgfsbml_testsjoverview,html

ﬂ Mepexoa |CCbm|<M 22

-l
Stnulation : Successful | Failled | Fxivors CSV | Result | Success | Tune
) Details | Tests )
engine error | differs rate (s)
SEML level 1
Java details 53 49 0 4 0 103' 00 21
E— %o
MATLAB | detals | 53 49 0 4 0 10300 444
0
SEML level 2
Java details 141 120 0 21 0 102,'00 41 .
0
MATLAB | details | 141 120 0 21 | o 103;00 1598
0
|
@] rotoso | |4 WHTepHeT Y/




Results for Java simulation engine,
SBML level 2semantic tests

23 Summary statistics - Microsoft Internet Explorer =101 x|
®aiin  [paska Bua MsBpadHoe Cepenc  Crpaeka >
Aapec: @ http:/{biouml.orgfsbml_tests/SemanticTests-Java-I2,html ~| Nepexoa | Ccbinkn >
= A
Name Tests | Successfull | Failed | Exrors | Needs | CSV | Result | Time _l
(s) tuning | ervor | differs | (s)
BasicReactions 19 19 0 0 0 0 0 1
ParameterNamespace 4 4 0 0 0 0 0 1
ComplexReactions 6 6 0 0 0 0 0 3
MMathhT, 43 43 0 0 0 0 0 12
BasicRules 16 16 0 0 0 0 0 -
Stoichiometry 2 2 0 0 0 0 0 0
Discontimuty, Time AndDelays 15 14 0 0 0 1 0 4
AloebraicRules 2 2 0 0 0 0 0 0
Functions 6 5 0 0 0 1 0 1
Events 5 - 0 0 0 1 0 1
Compartments 3 3 0 0 0 0 0 2
rulesF orParametersindCompartments | 20 2 0 0 0 18 0 5
4 | Llll
|&] roToso L [ vkreprer 4




3 SBML semantic test - Microsoft Internet Explorer ;Iil
®arn [paeka Bua MsbpanHoe Cepeuc Cnpaeka l.,.
Aapec: @ http: / fvoww, biouml. orgfsbml_testsfdetails{functions-algebraic-rule-Java-I2-details.html LI Mepexoa | Cobinkw

URL
REH

test

model

simulation engine
generated code
results

plots

status

sSimulation time

Test: functions/algebraic-rule/functions-algebraic-rule.test - ok

functions/algebraic-rule/functions-algebraic-rule.test
Xml, diagram, description

Java

functions algebraic rule 1l2.java

table with results

normal, log

ok

0.469 s.

Parameters:

TIME 40

STEPS 100

SPECIES X0 X1 T 51 32
ATOL 1le-10

RTOL 1le-7

ZERO 1l1le-13

Function Definition used in Algebraic Rule Semantic_ Test
tests the use of a function in an algebraic rule

SBML model
Diagram Model description
’E Function Definttions
ID NAME FUNCTION DEFINITION
£ Function[x, v, x + v]
Compartments
ID NAME DIMENSION SIZE UNITS DERIVED UNITS OUTSIDE CONSTANT

DT T [ vereprer



_151x]
®aiin Mpaeka Bua WsbpaHHoe Cepeuc Cnpaeka | ,','
Aapec; @ http: v, biouml. orgfsbml_tests/details/functions-algebraic-rule-Java-12-details. html j Mepexoa | Cebinkn >
Simulation results (legend)

time %0 X1 T 51 52
10 -1.965279617781012E- |1.0349855076499675E- (0.0 0.0
0.0 1'0 38 27 -2.3592239273284576E- |-5.898059818321144E-
’ 0.0 0.0 16 16
0.8 0.923116346390738 0.003244942591247183 |0.07363871101801513  |0.021039631719432895 |0.052599079298582235
' 0.9231163463556705  |0.0032449424519856452 |0.07363871119237303  |0.02103963176924928  |0.052599079423123196
16 0.852143788%9687263  |0.012289348132997127 |0.13556686289827696  |0.03873338939950771  |0.09683347349876927
’ 0.8521437889127818  |0.012289347901178058 |0.13556686318604017 |0.03873338948172593 |0.09683347370431483
5 4000000000000004 0.7866278610677425 |0.026120450755669 0.18718168817658895 |0.053480482336168284 (0.13370120584042067
’ 0.7866278610050365  |0.026190450491197725 |0.18718168850376582  (0.053480482429647445 |0.13370120607411862
39 0.72614%90370739397 |0.0441187835308001 0.2297321793952605 0.065637765541503 0.16409441385375745
’ 0.72614%0371125509  |0.04411878375374514 |0.22973217913370397  |0.0656377654667729 0.16409441366693228
40 0.6703200460353722 |0.0653461148888%9602 |0.264333839075732 0.07552395402163768 |0.1888098850540942
’ 0.6703200459850173  |0.0653461147583564 0.2643338392566264 0.07552395407332085 |0.18880988518330213
4 200000000000001 0.6187833218057666  |0.08923458793830828 |0.29198202025592535 (0.08342343435883581  |0.20855858589708953
) 0.6187833915689761 |0.08923458707454503  |0.2919820213564789 0.08342343467327981  |0.20855858668319951
5.6000000000000005 0.5712090638486887 |0.11522694757633319  |0.31356398857497847 (0.08958971102142238  |0.22397427755355595
) 0.5712090636578717 |0.11522694698970624 |0.313563989352422 0.08958971124354924  |0.2239742781088731
6.4 0.527292424043448%  |0.1428377509945876 0.3298698249619641 0.09424852141770403  |0.2356213035442601
' 0.527292424188495%  |0.1428377518526681 0.32986982395883596  (0.09424852113109607 |0.23562130282774016
79 0.48675225596108657 |0.17164546691286223  |0.3416022771260515 0.09760065060744327  |0.24400162651860804
) 0.48675225627220386 |0.17164546847960835  |0.3416022752481878 0.09760065007091077  |0.24400162517727692
2.0 0.4493289641191446  |0.20128537771946772  |0.3493856581613881 0.09982447376039656  |0.24956118440099145
' 0.449328964245015 0.20128537851101796  |0.349385657243967 0.09982447349827626  |0.24956118374569067
23 0.41478291167675835 |0.23144320671469854  |0.35377388160854345 |0.10107825188815521  |0.2526956297203876
' 0.4147829106072333  |0.23144320307127406 |0.3537738863214926 0.10107825323471216  |0.2526956330867304 -
I ll\ ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ l/\ MlSAD AN AN T, II\ ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ ll\ AAACTCAOOA AN AATN AANN [I\ FFFFFFFFFFFFFFFFF v
€ DT T [ vmeprer



BioUML modules

BioUML standard module

Databases

Biopath/BMOND (http://biopath.biouml.org)
GeneNet (http://wwwmgs.bionet.nsc.ru)
KEGG/Ligand (http://www.kegg.com)

« TRANSPATH (http://www.biobase.de)

Formats

SBML — Systems Biology Markup Language, level 1, 2

(http:// www.sbml.org)

CellML — Cell Markup Language (http://www.cellml.org)

BioPax — Biological Pathways Exchange (http://www.biopax.org)
GXL - Graph eXchange Language (http://www.gupro.de/GXL)

GinML — extension of GXL for description regulatory networks (http://
gin.univ-mrs.fr/GINsim)

BioNetGen - mathematical models of biological systems from user-
specified rules for biomolecular interactions (http://cellsignaling.lanl.gov/
bionetgen)



£ BioUML workbench

File  Help
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& BioUML workbench
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£ BioUML workbench - (0] x|

File  Help
al B85 2¢ &6 HARE = 9 Udel
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(= modules -
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=} SBML model repository |
[} Diagrams E
#-£3 100Yeast,xml 0
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-3 CellCycle-1991Gal.xml E
-£3 CellCycle-1991Tys-2,xml ;
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C2 Reaction3 CP EmB%Set
0.0 1.0 .

D CellCycle-1991Tys, xml Reattiond Y YP
-3 CellCycle-1997Nov.xml 0o 0.0
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(3 CircClock-1999Lel_periodic,xml
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Motivation

For our routine work we need to extend SBML format to
support:

m Broader range of biological models, including physiological
models

m Models composition

m Multi-scale composite models (for example, model of
bacterial chemotaxis)

m Tight integration with experimental data:

model variation — to reproduce experimental condition we need to
modify model structure (for example for mutations), remove or add
new events or reactions (for example to simulate experimental
conditions)

parameters set, fitted (optimized) parameters

experimental data and observation — we need some format to store
these data

m Storage of simulation results
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Required SBML extensions

m Experiment

Experiment condition
= Model variation
m Parameter set

Observed values
Simulated values
Optimized parameter set

m Model composition

m Multi-scale model composition
m Graphic notation

m Layout information
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Required SBML extensions

m Experiment

Experiment condition
= Model variation
m Parameter set

Observed values
Simulated values
Optimized parameter set

m Model composition

m Multi-scale model composition
m Graphic notation

m Layout information
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Suggestion: agent based approach
for multi-scale model composition

m Agent-based computational approaches
have a natural modular architecture, which
reflects the modular organization of
biological systems.

m Bacterial chemotaxis model was simulated
by Thierry Emonet and other using agent
based approach.

m Now we try to apply agent based approach
for simulation arterial hypertension.
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AgentCell : A Multi-scale Agent-based Platform
for Bacterial Chemotaxis

Thierry Emonet’”, Charles M. Macal’, Michael J. North?, Charles E.

g Wickersham', Philippe Cluzel’

1 The Institute for Biophysical Dynamics and the James Franck Institute, The University of
Chicago, 5640 S. Ellis Av., Chicago, IL 60637.

2 Center for Complex Adaptive Agent Systems Simulation, Decision and Information Sci-
ences Division, Argonne National Laboratory, 9700 S. Cass Ave., Argonne 1L 60439.

ABSTRACT

Motivation: As experimental approaches in biology shift
from molecular descriptions to systems analysis, it is neces-
sary to develop a computational framework able to describe
simultaneously cellular processes throughout various bio-
logical scales. Our goal is to relate intracellular molecular
events to the phenotype of a single cell and finally to popula-
tion behavior. Agent-based computational approaches have
a natural modular architecture, which reflects the modular
organization of biological systems. We used bacterial
chemotaxis, one of the best-characterized biological sys-
tems. as a test-bed for the development of our computational
framework.

Results: We have developed AGENTCELL, a multi-scale
agent-based simulation platform to model the relationship
between intracellular processes in individual cells and the
behavior of a cellular population. We used the chemotaxis
system of the Escherichia coli bacterium to simulate individ-
ual molecular interactions within single swimming cells. In-

lular signaling pathways. Consequently, even genetically
identical cells can exhibit different behaviors. To investigate
the relationship between population behavior and the par-
ticular phenotype of each individual cell, we need a numeri-
cal approach that combines intracellular biochemistry, sin-
gle cell behavior and population dynamics, all within one
framework. A simulation platform with these features would
allow us to incorporate time- and context-dependency of
signaling pathways (Zhu et al. 2003). These features could
be used to study phenomena such as quorum sensing where
the dynamic coupling between intracellular events and
population dynamics is important (Shapiro 1998).

Most computational models characterize biological sys-
tems at one specific scale of interest: e.g. molecular, cellu-
lar, or inter-cellular. Computational tools such as GEePasi
(Mendes 1993), DBSowve (Goryanin et al, 1999) and
StocHSIM (Morton-Firth 1998, Le Novere and Shimizu
2001) model intracellular biochemical reactions within one
cell. At the whole cell level, there exist more integrative



Agents are “problem solving entities with well-defined boundaries and
interfaces”.

Agents have goals and can determine if their situation becomes better
or worse relative to the fulfillment of these goals.

Agents act on locally available information; global or system-wide
information is not accessible.

The main difference between agents and objects is that agents are
autonomous: they have the ability to control their internal state and
behavior without the direction of a central authority (Wooldridge
1997).

Autonomy decentralizes decision making and therefore greatly simplifies
the implementation of the over whole system’s control. Because each
agent decides by itself when to act and what action to perform, there
is no need for a complex centralized decision making entity.

Agents follow protocols to interact with their environment and to interact
with each other.
Because of their autonomy, agents are free to make run-time decisions

about the scope (with whom to interact) and nature of the
interactions.

Flexibility in the timing, scope and nature of the interactions is one of the
advantages of agent-based.
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Simulation of arterial hypertension

1. Haemodynamic block — graph (vessels as edges, 1D PDE
for blood flow in each vessel).

2. Kidney block - molecular pathways of kidney processes

involved in regulation of arterial blood pressure and water
salt balance.

3. Endocrine regulation block — pathways effects of
hypothalamus, adrenal gland, and atrium hormones on
cardio-vascular system.

4. Nerve activity block - simulating action of sympathetic and
parasympathetic nerve systems affecting renal processes,
blood vessel tone, etc.



INTEGRATED APPROACH FOR SIMULATION

A

Qloaooaoonllo

OF PHYSIOLOGICAL, BIOMECHANICAL, AND 1ISB
MOLECULAR-GENETICAL ASPECTS OF
ARTERIAL HYPERTENSION

‘Fedor A. Kolpakov'2, Ruslan N. Sharipov"2?, Elina A. Biberdorf, Yuriy L. Trakhinin*, Mikhail V. Puzanov'?,

Alexander V. Koshukov'?, Alexander M. Blokhin®, Arkadiy L. Markel’, Ludmila N. Ivanova’®

instRute of Systems Biology, Novosibirsk, Russia;

Design Technoiogical histitute of IXgital Technigues SB RAS, Novosibirsk, Russia;

“mstrute of Oology and Genetics SB RAS, Novosibirsk, Russia;
‘Soboley nsttute of Mizthematics SB RAS, Novosibirsk, Russia

Summary

Arterial hypertereimn (AH) ¥ an importard nisk factor
for developmert of ¢ ardiorasoular diseases, whid caase
a sigrdficard part of death cases k develbped comdmies.
A yommber of models simalativg parts of cardiowasoalar

system ( CVS ) hawe been created of differerd degree of
complacity and precision. We hare been designing a
rewr longtemm model of this system, which is aresult of
phoyrsico-mathematical and biological approaches .

Tasks and Goals

Creationn. of database on  arterial  hypetsnsion
corgaiirg both theoretical and experimerdal data and
its ktegration with temational specialized databases .
2. Inprovemert of theoretical and computatiomal tools
for modeling ofbomman hemodyramics.

3. Design of the modified mathematical model of
rascular tree desaibing homman cardiowascalar system
(CVS) md also models of gene netrrorks of separate
biological processes whdch take part i arterial blood
pressure regulation i romal and hypertasire stae.

*Contacts: fedor@biouml.org
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Resulis

» Arterial hypertereion ¥ a particalar case
of CWVE imdtngemerd. Physiology,
biophersics (hiomechanics ) and molecalar
biology (genetics ) are tighthy related i its
regulation. Smmaltanecwsly we  ame
developivg both  physico-mathematical
ad biobgical componerds of our CWS
model. We make an accert on modeling
ofthe kidney processes becyise tplays a
Tery importart part mediating cordrol of
arterial blood presaure.

*Four maim blocks of the model hare
ben outlined: hasmodymamics,
reguldtion of water-salt balamce by the
kidney, endoaime regulationn and nerre
activiy (sympathetic amd
parasympathetic ).

1. The haemodynamic block has been
designirg on the bask of several
mathematical models. Combnmation of
good tested and effective methods of line
md orthogral sweep (SK. Godumor)
hare also beernsed for caloalatiors.



Suggestion

BioUML team can implement
drafts of SBML specifications as
BioUML plug-ins to test
suggested approaches from
practical view point during
routine work.
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Refined definition of graphic

notation

m Object types
(for example, protein, gene, reaction)

m Object properties
(for example, phosphorilated)

m User defined object properties - layout information
(for example, size, color, location)

m Rules for objects and their properties visualization
m Rules for semantic control of diagram integrity
m Selection, highlighting, filtering
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Formal definition of graphic

notation as XML document and
integration with SBML format

Graphic notation Defined as SBML
components

Object types XML <annotation>
Obyect properties XML <annotation>
User defined properties XML <layout>
Rules for visualization JavaScript

Rules for semantic control | JavaScript

Selection, highlighting JavaScript




Basic software architecture for rendering of
biological models according to specified
graphic notation and layout information

JavaScript
API for
data access

Initial data

Diagram

1

Rendering API

JavaScript API for creating primitives
similar with SBML layout extension

|

Rendering

engine

}

Rules processor

JavaScript

interpreter/compiler
r A =

/

~N

/

N

Model API Notation API Layout API
SBML BioPAX Graphic Layout
notation information




Process Diagrams as a test case

We plan to test our approach on Process Diagrams. This
work will include:

m Formal definition of graphic notation as XML document.
m [ntegration with SBML format.

m Developing of plug-in for BioUML workbench that will
iImplement suggested architecture
BioUML meta-model will be used as Model API and Layout API;
BioUML DiagramType will be used as Graphic notation API;
BioUML graphics library will be used as Rendering API;

BioUML DiagramViewBuilder will be used as prototype for
Rendering Engine.



