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Introduction

This documents describes a prototype for formal definition of SBGN graphic notation as XML document.
Formal definition of graphic notation
Graphic notation can be defined formally as XML document. This definition includes:
· properties – formal definition of properties that can be used as properties of nodes and edges (for example, title, multimer, etc.). Definition of property includes:

· name

· type

· short description

· controlled vocabulary (optional)
· node types – definition of node includes:

· name

· icon 

· properties

· view function (JavaScript)
· short description

· edge types – definition of edge includes:

· name

· icon 

· properties

· view function (JavaScript)
· short description

· semantic controller – defines rules for semantic control of diagram integrity. For this purpose it defines following functions:

· canAccept (JavaScript)
· isResizable (JavaScript)
· move (JavaScript)
· Examples – a set of diagrams that can be used as test cases, legend and examples for the graphic notation. DML - Diagram Markup Language – is used for this purpose.
DTD

<!-- Graphic notation v. 0.7.9 -->

<!ELEMENT graphicNotation (properties, nodes, edges?, viewOptions?, semanticController?, viewBuilder?)>

<!-- 

  "version" attribute contains version of the language

  "appVersion" attribute contains version of BioUML that has created this file -->

<!ATTLIST graphicNotation

  version               CDATA       "0.7.9"

  appVersion            CDATA       "0.7.9"

>

<!-- =================================================================== -->

<!-- Properties - definition of properties for all types of diagram      -->

<!-- elements used by the graphic notation.                              -->

<!--                                                                     -->

<!-- Possible property types:                                            -->

<!--  - simple types: boolean, int, double, String                       -->

<!--  - special types: pen, brush, size                                  -->

<!--  - array                                                            -->

<!--  - composite                                                        -->

<!-- =================================================================== -->

<!ELEMENT properties (property*)>

<!ELEMENT property (tags?)>

<!ATTLIST property

  name                  CDATA       #REQUIRED 

  type                  CDATA       #REQUIRED  

  short-description     CDATA       #IMPLIED 

  value                 CDATA        

>

<!ELEMENT tags (tag+)>

<!ELEMENT tag>

<!ATTLIST tag

  name                  CDATA       #REQUIRED 

  value                 CDATA       #IMPLIED 

>

<!ELEMENT propertyRef>

<!ATTLIST propertyRef

  name                  CDATA       #REQUIRED 

  value                 CDATA        

>

<!-- =================================================================== -->

<!-- Nodes and edges                                                     -->

<!-- =================================================================== -->

<!ELEMENT nodes (node+)>

<!ELEMENT node  (propertyRef*)>

<!ATTLIST node

  type                  CDATA       #REQUIRED 

  icon                  CDATA       #IMPLIED 
  isCompartment         CDATA       #IMPLIED

>

<!ELEMENT edges (edge+)>

<!ELEMENT edge  (propertyRef*)>

<!ATTLIST edge

  type                  CDATA       #REQUIRED 

  icon                  CDATA       #IMPLIED 

>

<!-- =================================================================== -->

<!-- ViewOptions, ViewBuilder                                            -->

<!-- =================================================================== -->

<!ELEMENT viewOptions (property*)>

<!ATTLIST viewOptions

>

<!ELEMENT viewBuilder (nodeView*)>

<!ATTLIST viewBuilder

  prototype             CDATA       #REQUIRED 

>

<!ELEMENT nodeView>

<!ATTLIST nodeview

  type                  CDATA       #REQUIRED 

>

<!-- =================================================================== -->

<!-- Semantic controller                                                 -->

<!-- =================================================================== -->

<!ELEMENT semanticController (canAccept?, isResizable?, move?)>

<!ATTLIST semanticController

  prototype             CDATA       #REQUIRED 

>

<!ELEMENT canAccept>

<!ELEMENT isResizable>

<!ELEMENT move>

<!-- =================================================================== -->

<!-- Icons                                                               -->

<!-- =================================================================== -->

<!ELEMENT icons (icon*)>

<!ELEMENT icon>

<!ATTLIST icon

  name                  CDATA       #REQUIRED 

>

<!-- =================================================================== -->

<!-- Examples                                                            -->

<!-- =================================================================== -->

<!ELEMENT examples (example*)>

<!ELEMENT example (diagram)>

<!ATTLIST example

  name                  CDATA       #REQUIRED 

>
Basic software architecture for rendering graphic notation
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Figure 1. Basic software architecture for rendering of biological models according to specified graphic notation and layout information
JavaScript API

to be described
Properties

Multimer
Type: integer
A multimer property is used by macromolecule and simple chemical view functions to describe a non-covalent association of identical entities. If value is more than 1 element is represented by the stacking of two containers.
	Simple chemical with multimer = 2
	Macromolecule with multimer = 3
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Text

Type: string

A text property is used by unit of information view function to describe a label of this entity.
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Value
Type: string

A value property is used by state variable view function to describe a value of variable.
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Nodes

Unit of information

The representation of a biological entity often conveys some abstract information about its function, that cannot be easily related to its structure, or does not need to. A unit of information can characterize a logical part of a molecule, such as a functional domain (binding domain, catalytic site, promoter etc.), or an information encoded (exon, open reading frame etc.). A unit of information can also carry knowledge about the physical environment, or the specific type of biological entity.

Specification

container:

A unit of information is represented by a rectangle container.

label:

The identification of the unit of information is carried by an unbordered box containing a string of characters. This string contains the information carried by the unit of information optionally prefixed with the type of information (e.g. a controlled vocabulary). The predefined controlled vocabularies are: 

· pc container physical characteristic

· mt state-entity material type

· ct state-entity conceptual type

The characters may be distributed on several lines to improve readability. The center of the label box is superposed to the center of the container box.

auxiliary items:

An unit of information may carry other units of information. Those units of information can characterise for instance subdomains of a conceptual entity (e.g. exons of a gene).

Formal definition

<node icon="icon7" type="unit of information">

<propertyRef name="text" value=""/>

</node>

<nodeView type="unit of information"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(40,20);

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

    pen = options.getDefaultPen();

    var box = new BoxView(pen, brush, 0, 0, d.width, d.height);

    container.add(box);

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

    container.add(title, CompositeView.X_CC | CompositeView.Y_CC);

    return false;

}]]></nodeView>

Comments:
Unit of information has one property “text”
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State variable
Biological entities can often exist under different states that affect their func-tion. Alternative states can be due to post-synthesis modifications. In particular, residues of macro-molecules (amino-acid, nucleoside or glucid residues) can be modified by covalent linkage to other chem-icals. States can also be due to alternative conformations, for instance closed, open or desensitized conformations of a transmembrane channel, active or inactive forms of an enzyme etc. The state of an SBGN object can then be described by the values taken by all its state variables, and the values taken by all the the state variables of all its possible components.

Specification

container:

A state variable is represented by an ellipsoid container. With the exception of the source of an assignment, see section 2.7.2, the state variable long axis is tangent to the border of the glyph representing the entity modified by the state variable.

label:

The identification of an instance of a state variable is carried by one or two unbordered boxes, each containing a string of characters. The characters cannot be distributed on several lines. One box is mandatory, and contains the value of the state variable. Note that the value of a variable may be empty. The empty string is one of the possible values of the variable, and does not mean any value. The second box is optional  and carries the identification of the state variable. This identification should be present if a confusion is possible between several state varibles (e.g. several phosphorylation sites). See below for the regular expression describing this case. Optionally, the identification of the state variable can be located outside the state variable container box. The center of the combination of the boxes located in the container box is superposed to the center of this container box.

auxiliary items:

A state variable does not carry any auxiliary items.

A state variable is not obligatory a boolean. For instance, an ion channel can possess several con-ductance states, a receptor can be inactive, active and desensitized etc. As a consequence, the possible labels are not only the possible values of the variable, but also boolean combinations of these values. If a state variable can adopt five values: unset, A, B, C and D, the following regular expressions can be used:

”A”: the state variable has the value A

”A|B”: the state variable can have the value A or the value B

”!D”: the state variable can have any value but D: the value unset or the value A or the value B or the value C

”*”: the state variable can have any value: the value unset, the value A or the value B or the value C or the value D

””: the state variable can have the value unset. An empty value is not synonymous of “any value”.

Note that a state variable cannot take simultaneously different values. Therefore, the “and” logical operator is meaningless. Similarly, the “|” actually means “xor”.

Formal definition

<node icon="icon8" type="variable">

<propertyRef name="value" value=""/>

</node>

<nodeView type="variable"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(40,20);

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

    pen = options.getDefaultPen();

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

    container.add(ellipse);

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

    container.add(title, CompositeView.X_CC | CompositeView.Y_CC); 

    return false; 

}]]></nodeView>
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Tag
A tag is a named handle, or reference, to another SEN or container. Tags can be used to clone a SEN. A given SEN cannot be present twice in an SBGN diagram. Such a constraint can make the diagrams very confused. For instance, a simple chemical like ATP is involved in thousands of cellular reactions. Linking all those reactions to a given simple chemical ATP would render a graph unreadable. However, several SENs or CNs connected to tags with the same name actually represent the same entity. Therefore one could create as many simple chemical ATP as necesary (named differently) and link them to a tag called ATP. Tags can be used to identify elements in different SBGN diagrams. A map creator (for instance a pathway database) could decide to attach the simple chemicals representing ATP in the different map to an ATP tag. Finally tags are used to materialise the ports on modules.

Specification

container:

A tag is represented by a rectangle fused to an empty arrowhead. The symbol should only be linked to one and only one edge (i.e. reference only one SEN or container).

label:

The identification of the tag may be carried by an unbordered box containing a string of characters. The characters may be distributed on several lines to improve readability, although this is not mandatory. The label box has to be attached to the center of the container box.

auxiliary items:

A tag does not carry any auxiliary items.

Formal definition

<node icon="icon1" type="tag"/>

<nodeView type="tag"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(70,40);

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

    pen = options.getDefaultPen();

    var x = new Array (0,d.width-25,d.width,d.width-25,0); 

    var y = new Array (0,0,d.height/2,d.height,d.height); 

    var polygon = new PolygonView(pen, brush, x, y);  

    container.add(polygon); 

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

    container.add(title, CompositeView.X_CC | CompositeView.Y_CC); 

    return false; 

}]]></nodeView>
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Source-sink
It is sometimes necessary to represent the creation of an entity or a state from an unspecified source, that is, from something one does not need, or wish, to precise. For instance, when we represent the production of a protein, we may not wish to represent the metabolites (amino-acids, sugars etc.) and energy involved. Similarly, one can need to express the destruction of an entity or state, its disappearance to a sink. An edge cannot possess dangling ends, since it could be mistaken to target another node. Therefore one needs to explicitely represent this general pool of matter and energy. The common usage to represent those source and sink is to use the mathematical symbol “empty set”. It is important to note that this symbol does not actually represent the absence of everything, the void, but the fact that these source or sink are conceptualy outside the scope of the graph.

This symbol is really meant to be used to represent creation or degradation. It is not supposed to be used to represent the import or export of a pool outside the physical boundaries of a model or a map.

Specification

container:

An source/sink is represented by a glyph “empty set”, that is a circle crossed by a bar linking the

upper-right and lower-left corner of the enclosing square. The symbol should only be linked to one

and only one edge.

label:

An source/sink does not carry any label.

auxiliary items:

An source/sink does not carry any auxiliary items.


Formal definition

<node icon="icon0" type="source-sink"/>

<nodeView type="source-sink"><![CDATA[function f(container, node, options, g)

{ 

            var d, pen, brush;

            d = new Dimension(40,40);

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

            pen = options.getDefaultPen();

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

            var x = new Array (3,d.width-3);

            var y = new Array (d.height+3,-3);

            var polygon = new PolygonView(pen, null, x, y); 

            container.add(ellipse);

            container.add(polygon);

            return false; 

}]]></nodeView>
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Unspecified entry
It happens that the type of an entity involved in a process is not known, or irrelevant. This can be the case if its existence has been inferred indirectly, or if the entity is a commodity created for the needs of a model. The unspecified entity glyph should be used in those situations.

Specification

container:

An unspecified entity is represented by an ellipsoid container.

label:

The identification of the unspecified entity may be carried by an unbordered box containing a string of characters. The characters may be distributed on several lines to improve readability, although this is not mandatory. The label box has to be attached to the center of the container box.

auxiliary items:

An unspecified entity does not carry any auxiliary items.

Formal definition

<node icon="icon2" type="unspecified entity"/>
<nodeView type="unspecified entity"><![CDATA[function f(container, node, options, g)

{ 

    var d, pen, brush;

    d = new Dimension(70,40);

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

    pen = options.getDefaultPen();

    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); 

    return false; 

}]]></nodeView>
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Simple chemical
A simple chemical is defined by opposition to the macromolecule, as a chemical compound that is not formed by the covalent linking of pseudo-identical residues. Examples of simple chemicals are: an atom, a monoatomic ion, a salt, a radical, a solid metal, a crystal etc.

Specification

container:

A simple chemical is represented by a circular container.

label:

The identification of the simple chemical is carried by an unbordered box containing a string of characters. The characters may be distributed on several lines to improve readability, although this is not mandatory. The label box has to be attached to the center of the container box. Note that the label can spill-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 of the simple chemical.

name label SBO term

non-macromolecular ion mt:ion SBO:0000327

non-macromolecular radical mt:rad SBO:0000328

Formal definition

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

<propertyRef name="multimer" value="0"/>

</node>

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

{ 

    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(), g); 

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

         container.add(mcount, CompositeView.X_LL | CompositeView.Y_TT, mPosition); 

    } 

    return false; 

}]]></nodeView>
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Macromolecule
Biological processes involve many different macromolecules that are built upon the covalent linking of pseudo-identical units. Examples are proteins, nucleic acids (RNA, DNA) or polysaccharides (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:

A macromolecule is represented by a round-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 improve readability, although this is not mandatory. The label box has to be attached to the center of the 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 represented by an ellipsoid. The large axis of the ellipsoid is located on the border of the macromolecule container box. The label of the 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.

A macromolecule can also carry one or several units of information. 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 of the border of the compartment.

Formal definition

<node icon="icon4" isCompartment="true" type="macromolecule">

<propertyRef name="multimer" value="0"/>

</node>
<nodeView type="macromolecule"><![CDATA[function f(container, node, options, g) 

{

    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(0.9, 1.0, 0.9));

    pen = options.getDefaultPen();

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

    if(multimer>1)

    {

         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(), g); 

    container.add(title, CompositeView.X_CC | CompositeView.Y_CC); 

    if(multimer>1)

    {

         var mbox = new BoxView(pen, brush, 10, -10, 20, 20); 

         container.add(mbox); 

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

         var mPosition = new Point(15, 2); 

         container.add(mcount, CompositeView.X_LL | CompositeView.Y_TT, mPosition); 

    }

    return false; 

}]]></nodeView>
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Complex nodes
Complex
A complex node represents a biochemical entity composed of other biochemical entities, whether macromolecules, small molecules, multimers, or themselves complexes. Note that in ER, there are no named complexes. Complexes arise from the combination of entities through association.

Specification

container:

A complex possesses its own container box surrounding the juxtaposed container boxes of its com-ponents. This container box is a rectangle with cut-corners (an octogonal box with sides of twodifferent lengths.). The size of the cut-corners are adjusted so that there is no overlap between the container and the components.

label:

The identification of a named complex is carried by a box containing a string of characters. The characters may be distributed on several lines to improve readability, although this is not mandatory. The label box has to be attached to the midway between the border of the complex’s container box and the border of the components’ container boxes.

auxiliary items:

A named complex can carry state variables. The state of a complex is defined by the set of the all its state variable and all the state variables of all its components. variables.

Formal definition

<node icon="icon5" isCompartment="true" type="complex"/>
<nodeView type="complex"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = node.getValue("shapeSize", null);

    if(d.width == 0 && d.height == 0) 

    {

        d.width = 150; 

        d.height = 150;

    }

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

    pen = options.getDefaultPen();

    var x = new Array (20,d.width-20,d.width,d.width,d.width-20,20,0,0); 

    var y = new Array (0,0,20,d.height-20,d.height,d.height,d.height-20,20); 

    var polygon = new PolygonView(pen, brush, x, y);  

    container.add(polygon); 

    return false; 

}]]></nodeView>
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Compartment
In order to describe biochemical and cellular events, it is useful to define the notion of pools. A pool is an ensemble of participants that can be considered identical relatively to the events they are involved into. A compartment is a logical or physical subset of the event space that contains pools.

Specification

container:

A compartment is represented by a surface enclosed in a continuous border or located between continuous borders. These borders should be noticeably thicker than the borders of the SENs. A compartment can take any geometry.

label:

The identification of the compartment is carried by an unbordered box containing a string of characters. The characters can be distributed on several lines to improve readability although this is not mandatory. The label box can be attached anywhere in the container box. Note that the label can spill-over from the container box.

auxiliary items:

A compartment can carry a certain number of units of information, that will add information for instance about the physical environment, such as pH, temperature or voltage. The center of the bounding box of a unit of information is located on the midline of the border of the compartment.

Formal definition

<node icon="icon6" isCompartment="true" type="compartment"/>
<nodeView type="compartment"><![CDATA[function f(container, node, options, g) 

{

     var d, pen, brush;

    d = node.getValue("shapeSize", null);

    if(d.width == 0 && d.height == 0) 

    {

        d.width = 150; 

        d.height = 150;

    }

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

    pen = options.getDefaultPen();

    var rect = new RoundRectangle2D.Float(0, 0, d.width, d.height, 40, 15);

    var box = new BoxView(pen, brush, rect); 

    container.add(box); 

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

    var textPosition = new Point((d.width-title.getBounds().width)-5, 2); 

    container.add(title, CompositeView.X_LL | CompositeView.Y_TT, textPosition); 

    return false; 

}]]></nodeView>

</viewBuilder>
	[image: image22.png]LABEL




	
[image: image23.png]Fo





	SBGN specification
	BioUML realization


Transition nodes

Transition
A transition is a process transforming a set of states or entities in another set of states or entities.

Specification

origin

One or several consumption arcs (section 2.4.1) or one or several production arcs.

target

One or several production arcs.

node

A transition is represented by a square box. The arcs linking it to the state/entity nodes are attached to the center of opposite sides. The modulatory arcs point to the other two sides. A transition connected to glyphproduction arcs on opposite sides is a reversible transition.

Formal definition

<node icon="icon13" type="transition"/>
<nodeView type="transition"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(15,15);

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

    pen = options.getDefaultPen();

    var box = new BoxView(pen, brush, 0, 0, d.width, d.height);

    container.add(box);

    return false; 

}]]></nodeView>
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Omitted process
Omitted processes are processes that are known to exist, but are omitted from the diagram for the sake of clarity or parsimony. A single omitted process can represent any number of actual processes. The omitted process is different from a module.

Specification

origin

One or several consumption arcs or one or several production arcs.

target

One or several production arcs.

node

Omitted processes are represented as a transition containing a double slanted NW-SE line separated by an empty space.

Formal definition

<node icon="icon14" type="omitted process"/>

<nodeView type="omitted process"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(15,15);

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

    pen = options.getDefaultPen();

    var box = new BoxView(pen, brush, 0, 0, d.width, d.height);

    container.add(box);

    var x = new Array (3,8); 

    var y = new Array (3,12); 

    var line1 = new PolygonView(pen, brush, x, y);  

    container.add(line1); 

    var x = new Array (8,13); 

    var y = new Array (3,12); 

    var line1 = new PolygonView(pen, brush, x, y);  

    container.add(line1); 

    return false; 

}]]></nodeView>

Uncertain process
Uncertain processes are processes that may not exist. A single uncertain process can represent any number of actual processes.

Specification

origin

One or several consumption arcs or one or several production arcs.

target

One or several production arcs.

node

Uncertain processes are represented as a transition containing a questionmark.

Formal definition

<node icon="icon15" type="uncertain process"/>
<nodeView type="uncertain process"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(15,15);

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

    pen = options.getDefaultPen();

    var box = new BoxView(pen, brush, 0, 0, d.width, d.height);

    container.add(box);

    var title = new TextView("?", options.getNodeTitleFont(), g); 

    container.add(title, CompositeView.X_CC | CompositeView.Y_TT); 

    return false; 

}]]></nodeView>
Association
The association between two SENs represents the non-covalent binding of the biological objects rep-resented by those SENs into a larger complex.

Specification

origin

More than one consumption arcs.

target

One production arc.

node

An association between several entities is represented by a filled disc.

Formal definition

<node icon="icon16" type="association"/>
<nodeView type="association"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(15,15);

    brush = new Brush(new Color(0.0, 0.0, 0.0));

    pen = options.getDefaultPen();

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

    container.add(ellipse);

    return false; 

}]]></nodeView>
Dissociation
The dissociation of a SEN into two SENs represents the rupture of a non-covalent binding between the biological entities represented by those SENs.

Specification

origin

One consumption arc.

target

More than one production arc.

node

A dissociation between several entities is represented by two concentric empty discs. A simple empty disc could be, in some cases, confused with the modulation.

Formal definition

<node icon="icon16" type="dissociation"/>
<nodeView type="dissociation"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(15,15);

    d2 = new Dimension(9,9);

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

    pen = options.getDefaultPen();

    var ellipse1 = new EllipseView(pen, brush, 0, 0, d.width, d.height);

    container.add(ellipse1);

    var ellipse2 = new EllipseView(pen, brush, 3, 3, d2.width, d2.height);

    container.add(ellipse2);

    return false; 

}]]></nodeView>
Connecting arcs

Consumption
Consumption is the arc used to represent the fact that an entity only affects a process, but is not affected by it.

Specification

origin

Any SEN.

target

Any transition node, logical operator, or module.

end-points

No particular symbol is used to represent a source.
Formal definition

<edge icon="icon18" type="consumption"/>
<nodeView type="consumption"><![CDATA[function f(container, edge, inPoint, outPoint, options, g)

{

    var pen, brush;

    brush = new Brush(new Color(0.0, 0.0, 0.0));

    pen = options.getDefaultPen();

    var arrow = new ArrowView(pen, brush, inPoint.x, inPoint.y, outPoint.x, outPoint.y, 0, 0);

    container.add(arrow);

    return false;

}]]></nodeView>
Production
Production is the arc used to represent the fact that an entity is produced by a process. In the case of a reversible transition, the production arc also acts as a consumption arc.

Specification

origin

Any transition node, or module.

target

Any SEN.

end-points

The target extremity of a production carries a filled arrowhead.
Formal definition

<edge icon="icon19" type="production"/>
<nodeView type="production"><![CDATA[function f(container, edge, inPoint, outPoint, options, g)

{

    var pen, brush;

    brush = new Brush(new Color(0.0, 0.0, 0.0));

    pen = options.getDefaultPen();

    var arrow = new ArrowView(pen, brush, inPoint.x, inPoint.y, outPoint.x, outPoint.y, null, ArrowView.createTriangleTip(pen, brush, 15, 5));

    container.add(arrow);

    return false;

}]]></nodeView>
Modulation
A modulation affects the flux of a process represented by the target transition. Such a modulation can affect the process positively or negatively, or even both ways depending on the conditions, for instance the concentration of the intervening participants. A modulation can also be used when one does not know the precise direction of the effect.

Specification

origin

Any SEN or any logical operator.

target

Any transition node.

end-points

The target extremity of a modulation carries an empty diamond.

Formal definition

<edge icon="icon20" type="modulation"/>
<nodeView type="modulation"><![CDATA[function f(container, edge, inPoint, outPoint, options, g)

{

    var pen, brush;

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

    pen = options.getDefaultPen();

    var arrow = new ArrowView(pen, brush, inPoint.x, inPoint.y, outPoint.x, outPoint.y, null, ArrowView.createDiamondTip(pen, brush, 5, 10, 5));

    container.add(arrow);

    return false;

}]]></nodeView>
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Stimulation
A stimulation affects positively the flux of a process represented by the target transition. This stimulation can be for instance a catalysis or a positive allosteric regulation. Note that catalysis exists independently in SBGN.

Specification

origin

Any SEN or any logical operator.

target

Any transition node.

end point

The target extremity of a stimulation carries an empty arrowhead.

Formal definition

<edge icon="icon21" type="stimulation"/>
<nodeView type="stimulation"><![CDATA[function f(container, edge, inPoint, outPoint, options, g)

{

    var pen, brush;

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

    pen = options.getDefaultPen();

    var arrow = new ArrowView(pen, brush,inPoint.x, inPoint.y, outPoint.x, outPoint.y, null, ArrowView.createTriangleTip(pen, brush, 15, 5));

    container.add(arrow);

    return false;

}]]></nodeView>
Catalysis
A catalysis is a particular case of stimulation, where the effector affects positively the flux of a process represented by the target transition. The positive effect on the transition is due to the lowering of the activation energy of a reaction.

Specification

origin

Any SEN or any logical operator.

target

Any transition node.

node

The target extremity of a catalysis carries an empty circle.

Formal definition

<edge icon="icon22" type="catalysis"/>
<nodeView type="catalysis"><![CDATA[function f(container, edge, inPoint, outPoint, options, g)

{

    var pen, brush;

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

    pen = options.getDefaultPen();

    var arrow = new ArrowView(pen, brush, inPoint.x, inPoint.y, outPoint.x, outPoint.y, null, ArrowView.createEllipseTip(pen, brush, 6));

    container.add(arrow);

    return false;

}]]></nodeView>
Inhibition
An inhibition affects negatively the flux of a process represented by the target transition. This inhibition can be for instance a competitive inhibition or an allosteric inhibition.

Specification

origin

Any SEN or any logical operator.

target

Any transition node.

node

The target extremity of an inhibition carries a bar perpendicular to the arc.

Formal definition

<edge icon="icon23" type="inhibition"/>
<nodeView type="inhibition"><![CDATA[function f(container, edge, inPoint, outPoint, options, g)

{

    var pen, brush;

    brush = new Brush(new Color(0.0, 0.0, 0.0));

    pen = options.getDefaultPen();

    var arrow = new ArrowView(pen, brush, inPoint.x, inPoint.y, outPoint.x, outPoint.y, null, ArrowView.createDiamondTip(pen, brush, 0,0, 8));

    container.add(arrow);

    return false;

}]]></nodeView>
Logical operators
And
Specification

origin

More than one SEN or logical operator.

target

Modulation, stimulation, catalysis, inhibition or trigger arcs.

node

and is represented by a circle carrying the word “AND”.

Formal definition

<node icon="icon9" type="and"/>
<nodeView type="and"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(30,30);

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

    pen = options.getDefaultPen();

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

    container.add(ellipse);

    var title = new TextView("AND", options.getNodeTitleFont(), g); 

    container.add(title, CompositeView.X_CC | CompositeView.Y_CC); 

    return false; 

}]]></nodeView>
Or
Specification

origin

More than one SEN or logical operator.

target

Modulation, stimulation, catalysis, inhibition or trigger arcs.

node

or is represented by a circle carrying the word “OR”.

Formal definition

<node icon="icon10" type="or"/>
<nodeView type="a"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(30,30);

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

    pen = options.getDefaultPen();

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

    container.add(ellipse);

    var title = new TextView("OR", options.getNodeTitleFont(), g); 

    container.add(title, CompositeView.X_CC | CompositeView.Y_CC); 

    return false; 

}]]></nodeView>
Not
Specification

origin

One ne SEN or logical operator.

target

One modulation, stimulation, catalysis, inhibition or trigger arcs.

node

not is represented by a circle carrying the word “NOT”.

Formal definition

<node icon="icon12" type="not"/>
<nodeView type="not"><![CDATA[function f(container, node, options, g)

{

    var d, pen, brush;

    d = new Dimension(30,30);

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

    pen = options.getDefaultPen();

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

    container.add(ellipse);

    var title = new TextView("NOT", options.getNodeTitleFont(), g); 

    container.add(title, CompositeView.X_CC | CompositeView.Y_CC); 

    return false; 

}]]></nodeView>

Supplement 1. JavaScript API for graphic primitives
JavaScript API for graphic primitives was defined on the base of ru.biosoft.graphics package.

ru.biosoft.graphics is a Java framework providing an API for painting all graphical elements when visualizing the biological data. 

Main goals when introducing Graphics package were the following:

· Provide an API for drawing useful 2D graphical primitives such as line, polygon, oval, text, ruler etc.

· Provide mechanism for drawing complex images typical comprised form basic elements

· Provide hierarchical mechanism for managing graphical elements of complex images

· Provide mechanism for passing events to/from graphical objects and association of these graphical object with logical components of an application.

This supplement briefly describes main concepts and classes of ru.biosoft.graphics package. 

More information is available at:
http://www.biouml.org/developer/javadoc_together/index.html
http://www.biouml.org/developer/javadoc/
Basic concepts

Graphics package is structurally based on two Design Patterns: MVC and Composite.
MVC consists of three kinds of objects. The Model is the application object, the View is its screen presentation, and the Controller defines the way the user interface reacts to user input. 

The key to the Composite pattern is an abstract class that represents both primitives and their containers. Graphics package is slightly modified to split functionality into 2 interfaces:

· View interface provide methods for drawing

· CompositeView provide methods for container relations

For more discussion on MVC and Composite Design Pattern please refer 

[Gamma 94] Gamma, Erich; Helm, Richard; Johnson, Ralph; and Vlissides, John; Design

Patterns, Reading, MA: Addison-Wesley, 1994.
View

View interface (abstract class in terms of Java) provides methods for drawing as well as some useful methods. This can be imagined as a root of class hierarchy of the Graphics package. Every object that intended to be painted must have another object extending View interface associated with it or must extend View itself. 

public abstract class View

{

    protected Shape  shape    = null;

    protected int    type     = 0;

    protected Object model = null;

    public View(Shape shape); 

    public Object getModel();

    public void setModel(Object model);

    public Rectangle getBounds();

    public void updateBounds(){}

    public boolean intersects(Rectangle rect);

    public void setLocation(int x,int y);

    public void setLocation(Point pt);

    abstract public void move(int x,int y) ;

    public void move(Point offset);

    public boolean isActive();

    public void setActive(boolean isActive)

    public boolean isVisible();

    public void setVisible(boolean isVisible)

    public void paint(Graphics2D g2);

}

The following properties are defined 

· model – represents an object in term of MVC Design Pattern for which this view is created. 

· active – flag indicating whether this view can accept user input for instance in drag-and-drop logic;

· visible – whether the view should be painted

· bounds – define the surrounding rectangle for this view

Interface provides also several methods:

· paint – most important method responsible for painting of the visual component. All views must somehow (re)define this method in order to be painted

· move – moves a view using absolute coordinates

· setLocation – moves a view to the position relative to its previous position

· intersects ​ -  defines whether this view intersects a rectangle passed as a parameter

The following diagram shows hierarchy of the views 
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CompositeView

CompositeView interface contains methods for organizing visual components into Compostite pattern. 

It is defined as follows:

public class CompositeView extends View

{

public Enumeration getChildren();

public View elementAt(int index);

public int size();

public void insert(View v, int i) throws ArrayIndexOutOfBoundsException;

public void add(View v, int mode);

public void add(View v, int mode, Point insets);

public boolean remove(View v);

…

}

Properties:

children – returns the list of elements in this composite view

Methods:

insert –  inserts visual element into specified position

add – adds visual component with some layouting mechanism

remove – removes specified

Method add performs some basic layout of the components being added using the following algorithm which is chosen via mode parameter

       X_RL

       | ||

       | |--- boundary of new element

       | ---- boundary of minimal rectangle, described all

       |      previous elements

       ------ x or y coordinate

       X - the x coordinate:

        L - left boundary of the object

        C - center of the object

        R - right boundary of the object

       Y - the y coordinate:

        T - top boundary of the object

        C - center of the object

        B - bottom boundary of the object

       Special:

       UN  - don't change the corresponding x or y boundary of new element.

       REL - If this bit is cleared, target coordinates is used from location of view.

For example when you specify Y_BT new components is added below the previous i.e (B)ottom-(T)op.

Primitive Views

The following standard views are typically used for painting complex images being organized in component views. These components typically override paint method to provide customized behavior. 

LineView – primitive for drawing lines;

OvalView – primitive for drawing circles/ovals;

BoxView – primitive for drawing rectangles;

TextView – primitive for drawing text strings;

PolygonView - primitive for drawing polygons

PolylineView – primitive for drawing non-closed polygons

The following classes are CompositeViews
Ruler – used to paint rulers when visualizing maps

ArrowView – used to paint arrow like figures

Resources

In fact, views are relatively high-level components representing some models i.e. an object having application defined logical meaning. In order to perform painting operations in its paint methods View may use the following “helper” classes:

Pen  - logical pen

Brush – logical brush

ColorFont – logical font with color

These classes are in fact provided in order to generate events when view is to be repainted. For instance, when type of the brush in some view is changed the PropertyChangeEvent is generated so paint method of the view can be invoked in order to repaint it.

ViewPane

ViewPane can be imagined as a canvas on which all the drawing occurs. In fact it performs role of a Controller in MVC pattern which is used as a basis for Graphics package. 

ViewPane paints only one Composite View – therefore in order for complex image to drawn it all views must be combined into one CompositeView. 

ViewPane introduces a concept of selection for CompositeView it visualizes. Apparently the purpose of ViewPane is to visualize a set of objects (models) represented by their views and provide a mechanism for a user to perform actions on objects using a view. An object can be selected using for example mouse and then it can be used by application.

ViewPane is defined as follows

public class ViewPane extends JPanel implements ActionListener, RemovablePanel

{

    public CompositeView  getView();

    public void  setView(CompositeView value);

    public View[] getView(Object model)

    ...

    void addSelectedModel(Object model);

    public void setSelectedModel(Object model);

    public Object getSelectedModel();

    public void setSelector(ViewSelector sel);

    ...

}

Properites:

· view – contains the main Composite View which will be displayed by this ViewPane

· selectedModel – an object which was selected by a user (for example interactively by using mouse)

· selector - an object responsible for visual representation of the selected  model. At the moment two types of selectors are provided – BoxSelector which draws a rectangle around selected object and InverseSelector which inverts selected object.

Methods:

· getView – find a view for given model in the CompositeView. In general the same object can represented by multiple views, therefore this method returns an array of views.
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