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Abstract. Organisational Semiotics (OS) uses Ontology Charts (OC) for

requirements representation. This technique that shows affordances and their

ontological dependencies constitutes the essential diagrammatic communication

facility of this theory. On the other hand Diplans diagrams are in a similar way

the main mean of expression of the Theory of Organized Activity (TOA).

Diplans show us bodies and (human) actions and their relationships. Both

theories belong to the socio-technical perspective of information systems

development and were chosen as part of a unification work that includes both.

Regarding UML, it is a de facto standard and it is seen as a powerful and

widely accepted technique for modelling. To represent OC and Diplans with

UML will most benefit the underlying theories by widening their audience and

enabling to use the numerous available tools.

This paper proposes two new UML 2 profiles for representing respectively,

OCs and Diplans. Examples of application of both profiles are shown and an

extended discussion on their creation is made. Our concern is to bring to

discussion the different issues that came forward when metamodelling both

solutions and, consequently, to assess the feasibility of UML for this purpose.

1. Introduction

Modelling plays a major role in the way we perceive, plan and act within a particular

context. Models show us simplifications of the reality, usually by representing and

emphasizing some key elements of this reality. Each theory defines its own reality or

context and has its particular view of the world. The major elements of these theories

are commonly shown in models, thus highlighting their key concepts. In order to

represent these central concepts many theories developed a particular diagrammatic

language where the concepts and their relationships are shown. This is the case of

Organisational Semiotics (OS) which uses Ontology Charts (OC) for modelling

concepts such as affordances and ontological dependencies. A second case, which is

used in this paper, is Diplan that is another diagrammatic language applied by the

Theory of Organized Activity (TOA), to express the concepts of bodies and (human)
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actions and their relationships. These theories were chosen as part of a unifying work

that intends to merge them both. Important gains are obtained by using UML and in

particular UML Profiles instead of those particular kinds of diagrams, examples are:

• A much wider audience will be able to understand and use the diagrams

• A uniform and less ambiguous (formal) way of representing the elements

and their relationships

• The possibility to use the numerous available UML tools

• A possible and easy way to exchange and to include diagrams in

applications as part of the requirements and/or documentation

In this sense this paper presents and proposes two new UML 2 profiles for

representing, respectively OCs and Diplans. Besides the creation of these profiles the

creation process itself happens to be a great challenge and many issues were raised.

So, we intend to report here as well the difficulties and the issues that emerged from

the creation process. We think that many of the problems found will be common to

other researchers, that our solutions will be helpful to them and the issues raised will

contribute to the discussion and to the enhancement and evolution of UML in general

and UML metamodelling in particular.

This paper is organised as follows: section 2 will present the related work, section

3 will be devoted to the necessary theoretical background on TOA and OS, UML

proposed profiles will be shown and exemplified in section 4, section 5 will present

the discussion and rationale for the created profiles and finally, conclusions will be

given in section 6.

2. Related Work

We found a minor number of attempts to use UML within OS. In [LO99] an UML

activity diagram is extended in order to support norm specifications. Norms are not

depicted in OCs but are directly attached to each individual affordance shown in these

charts. OCs doesn’t provide any means to represent these norms and this work is

useful as an extension of OCs. Also [SD03] presented another work related to norms.

In this case use cases are derived from norm analysis. There is a small part of their

work associated with this particular derivation and not much relevant.

A recent paper and the most significant for the use of UML in OS is the paper of

[Bo04] where some heuristic rules for class diagram derivation from OCs are

proposed. Even so, this work just gives some ‘simple’ hints on how to obtain (and

translate) the OC elements into UML elements. Used UML elements were limited to

classes and associations, compositions and generalizations relationships among then.

To the best of our knowledge no other research work tried to apply UML profiles

to produce specialized UML diagrams for expressing OCs. The same is true about

Diplans. In fact there was no other related work which relates UML and TOA.

Regarding UML profiles much work has been done and we will point some

references afterwards when appropriate.
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3. Ontology Charts and Diplans Theoretical Background

3.1. Organisational Semiotics and Ontology Charts

OS applies Semiotics to the study of business systems and organisations. Within OS

the work of Ronald Stamper is the most advanced and influential and is the one

usually referred as OS in general while denoting Stamper’s particular theory and view

(see for example [St73], [St96], [St00] and [Li00]). OC is the diagrammatic language

used in Stamper’s OS and is the outcome of applying the method of Semantic

Analysis (SAM) to an organisational problem. OCs are mainly used for organisational

requirements offering a precise and stable view. Affordances and Ontological

dependencies are the key elements depicted in these charts. Affordances are the

invariants of the environment and represent patterns of behaviour afforded by some

agent. As an example, a cup may be considered an affordance because it affords

drinking, holding liquids, throwing it, and other actions (or patterns of behaviour).

Ontological dependencies (OD) are existential dependencies between affordances

where some affordances cannot exist without the existence of others. For example

swimming is not possible without being immersed in water. The swimming affordance

requires the existence of both a water affordance and an immersed agent affordance.

Agents and affordances are represented as nodes in OCs, while ODs are the lines

connecting these nodes. Agents and affordances allow specific/generic relationships

between them. Also ontological dependencies can model existential relationships

between a whole and a part. Affordances can be substantive, representing here-and-

now or semiological, standing for other affordances. On the other hand agents can

have roles in the scope of an OD. Affordances can also be Universal or Particular

corresponding to a concept similar to respectively type and instances. Time is also

present in OCs – leftmost affordances must exist before affordances on the right side

to exist. Last elements represented in OCs are determiners which generalize the
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Fig. 1. An Ontology Chart of a grocery shop (proposed by Ronald Stamper)
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concept of a measurement. For example size is a determiner of a coat affordance

permitting to reduce the scope of the total of possible coats. An example of an

Ontology Chart is given in Figure 1.

3.2. The Theory of Organized Activity and Diplans

The DIPLAN language, which is described in [Ho88], is the diagrammatic language

used by the Theory of Organized Activity - TOA [Ho97]. This language was

developed from Petri Nets and permits simulation and action sequence analysis. A

Diplan show us in a graphical form an (human) activity. This activity is seen by TOA

as the fundamental element of every organisation or business system. Within each

activity or in a Diplan we have actions, bodies and their relationships. An action in

TOA corresponds to the unit of human effort, whereas bodies represent material or

physical units. The only type of action described in a Diplan is the human action.

Actions are doubly performed by a person and by an Organizational Entity that this

person represents (for example an organisation, a committee, a president, etc.).

Actions and bodies are related by involvement: every action involves at least one

body; every body is involved in at least one action. Diplans can show us different

types of involvement (or relationships) between actions and bodies, namely creation,

destruction, support, use, state change and definition. Bodies, and only bodies, can

have states which can also be shown in the diagrams. An example of a Diplan is

shown in figure 2 together with the explanation of the diagram elements.

Fig. 2. A DIPLAN of a grocery shop activity
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4. UML Profiles for Ontology Charts and Diplans

4.1. The OS UML Profile

The UML profile metamodel created for OC is depicted in figure 3. The stereotypes

and constraints defined for this profile are detailed in table 1. Besides these UML

extensions a particular diagram – the OC Diagram – was created in order to represent

a standard OC with UML. Discussion of the creation of this profile is made in the

next section.

Table 1. OS profile stereotype definitions
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Fig. 3. OS Profile metamodel

195



 !"# 7#"3'0'53+!0
6!1# /0!11 ,--.(/")0&
2#1+(34.3'* , #'&02"! =2)/ .- "--.(/")0& (&'(&#&)*2)5 " #'&&0+ "0*1
/'*1.(!3*.1 ::::::

 '.#1 ,!#. /&#0(24&/ "# " #&32.*20 #25)> #.3&*+2)5 *+"* #*")/# -.( ").*+&( *+2)5? ).*
*+& "0*6"! *+2)51

 !"# 7891.!*.3:#
6!1# /0!11 ,--.(/")0&
2#1+(34.3'* %&'(&#&)*# *+& 0.33.) "--.(/")0&? <+20+ 2# /2--&(&)* -(.3 ") ,5&)* .( "

#&32.!.520"! "--.(/")0&
/'*1.(!3*.1 ::::::

 !"# ;*.'0'53+!0
,-.#*)#) /0!11 9&'&)/&)08  '.!.3'*
2#1+(34.3'* ,) ;)*.!.520"! (&!"*2.)#+2' 2# " 42)"(8 /&'&)/&)08

4&*<&&) *<. "--.(/")0&# <+&(& *+& /&'&)/&)*
"--.(/")0& 0")).* &@2#* <2*+.6* *+& &@2#*&)0& .-
*+& .*+&(1

/'*1.(!3*1 AB C+2# (&!"*2.)#+2' 0") .)!8 4& "''!2&/ 4&*<&&)
"--.(/")0&#1
DB E* 2# " 42)"(8 (&!"*2.)#+2'1
FB ,) "--.(/")0& 0") .)!8 4& *+& *"(5&* .- "* 3.#*
*<. ;)*.!.520"! /&'&)/&)08 (&!"*2.)#+2'#1

 '.#1 , /.**&/ !2)& 3"8 4& 6#&/ -.( /&'&)/&)02&# .)
#&32.!.520"! "--.(/")0&#1

 !"# <='0#>4!(.
6!1# /0!11 ;)*.!.520"!  '.!.3'*
2#1+(34.3'* ,) ;)*.!.520"! <+.!&:'"(* (&!"*2.)#+2' 2# " 42)"(8

/&'&)/&)08 4&*<&&) *<. "--.(/")0&# <+&(& *+&
/&'&)/&)* "--.(/")0& (&'(&#&)*# *+& '"(* *+"*
0")).* &@2#* <2*+.6* *+& <+.!&1

/'*1.(!3*1 :::::
 '.#1
 !"# ?!08#@A4#

,-.#*)#) /0!11 9"*"C8'&
2#1+(34.3'* G#&/ <2*+ "--.(/")0&# *. &@'(&## 2)-.(3"*2.) "4.6* '(.'&(*2&# ")/H.(

'"("3&*&(#1
%..(398.#1 /&*&(32)&(> I"!6&C8'& JK11AL

, =2)/ .- M6")*2*8 *+"* 2# 2/&)*2-2&/ 48 ") 2)#*")0& .- *+& /&*&(32)&(
#*&(&.*8'&1

/'*1.(!3*.1 C+& /&*&(32)&( "**(246*& 36#* (&-&(&)0& " I"!6&C8'& *. <+20+ *+&
N/&*&(32)&(O #*&(&.*8'& +"# 4&&) "''!2&/1

 '.#1 P*&(&.*8'& 23'.(*&/ ")/ "/"'*&/ -(.3 P8#QR '(.-2!& S;QT? DKKU0 B
 !"# 2#.#("3*#(

6!1# /0!11 I"!6&C8'&
2#1+(34.3'* , =2)/ .- M6")*2*8 *+"* (&'(&#&)*# " 3&"#6(&3&)* /23&)#2.)1 V.( &@"3'!&

#2W&? +&25+*? 7.!63&? 2/&)*2-2&(1
/'*1.(!3*.1 C+& X/&*&(32)&(Y "**(246*& 2)+&(2*&/ -(.3 *+& I"!6&C8'& #*&(&.*8'& 36#* ).*

0.)*"2) ")8 7"!6&1
 '.#1 P*&(&.*8'& 23'.(*&/ ")/ "/"'*&/ -(.3 P8#QR '(.-2!& S;QT? DKKU0B

196



The OC Diagram defined in this profile is a special case of a UML Class

diagram. This diagram is used for showing affordances and their ontological

dependencies. All OC diagrams are provided with an immutable instance

specification of an agent affordance named Society. This instance should be

the root of all ontological dependencies in the diagram where ultimately all

affordances are ontologically dependent on. Because the only kind of

dependency shown in OC diagrams is the ontological dependency it will be

possible (and optional) to omit the stereotype keyword. Another notation rule

is to respect the OC rule that states that all dependencies must be depicted

from left to right. This means that affordances dependent on other affordances

should appear at right of the affordances from which they depend. If the UML

tool adopts and verifies this criterion within OC diagrams then it will be

possible to hide all direction information from the dependency lines.

In figure 4 the example given in figure 1 is reproduced with the OS profile

applied to it.

4.2. The TOA Profile

The Diplan metamodel is given in figure 5 and the description of all created

stereotypes and constraints is presented in table 2. Discussion of this profile will be

given in the next section as well.

Fig. 4. An OC diagram using the OS Profile
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Table 2. TOA Profile stereotype definitions
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Fig. 5. TOA Profile metamodel.
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As in the case of the OS profile a new kind of diagram is defined for use with the

TOA profile - the Diplan diagram. This diagram is used to show action, bodies and

their involvement relationships. The involves stereotype may be omitted because all

the association relationships depicted in the Diplan diagrams are of this kind. As

before the example given in figure 2 is reproduced in figure 6 with the TOA profile

applied to it.
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5. Discussion

One of the key reasons to choose UML profiles in this work instead of defining a

complete metamodel for OCs and Diplans representation is the possibility to use

UML tools. Among other benefits these tools allow for model interchange, model

validation and model storage. In this sense UML profile construction becomes an

unavoidable and mandatory process. In order to build these profiles some guidelines

should be followed. (see for example [FV04]). In a general and simple view these

guidelines recommend us to create a specific domain metamodel, to choose from this

metamodel the relevant elements, to extend the appropriate UML metamodel

elements with some of these elements and to define additional constraints and tagged

values (see [Ru05]). Although simple, this process has many issues, difficulties and

compromises when we are metamodeling non object-oriented theories. In the next

sub-sections some of the problems felt will be exposed and discussed. It should be

stated as well that both UML profiles were created using the version 2.1.1 of the

UML superstructure and infrastructure [Om07a], [Om07b].

5.1. The OS profile

Following the guidelines for profile creation drive us to an initial step, which is to

find corresponding UML elements for OC elements. This is straightforward in this

case, the ontological dependency clearly maps to a kind of dependency and the

extension of the UML dependency element become obvious. Regarding affordances

no similar concept exists within UML and the common solution in these cases is to

extend the metaclass “class”. In fact this extension is very well adapted in this case

because it allows the use of the ‘generalization’ relationship for affordances, a notion

that is already present with affordances. Another benefit is the possibility to express

normal affordances as classes corresponding to Universals in OS and specific

affordances as instance specifications corresponding to Particulars. Generalization

can also be used in the metamodel for distinguish the different types of affordances,

namely agents, substantive and semiological affordances.

A first problem appears because we need to express roles in dependency

Fig. 6. A Diplan diagram using the TOA Profile



relationships. The dependency relationship doesn’t allow roles to be associated with

the target and/or source elements. Alternatively, it would be possible to extend the

UML association for the ontological dependency in order to express roles but this

solution would lose its expressive power. In fact, the OS profile was made

considering its intended users, so it was important that obtained models were close to

the UML notation (and semantics). The objective was to increase the number of

people that would understand OC diagrams. Therefore the goal was to be close to the

standard UML semantics and notation and to avoid new notations in this profile.

A second difficulty is: how to express the determiner concept? A determiner is a

generalization of a measurement and it is an affordance as well. In this case it was

modelled as an attribute associated with an affordance. As attributes, determiners

must be ontologically dependent on their classes, thus this relationship becomes

implicit and doesn’t need to be shown. This solution also obliges old OC creators to

understand this new notation.

Concerning the representation of the different types of affordances the solution

makes necessary to use stereotypes to identify each kind. Visually this solution allows

users to better understand the affordances used in a particular model. As been said

before no new notation was given in this case.

A last problem occurs with an interesting rule that is followed when creating

traditional OCs: affordances that depend on other affordances should be on the right

of the affordances on which they depend. Time is introduced according to this rule, all

left affordances exists before right affordances exist. UML has a poor representation

of time and doesn’t provide any spatial information about the elements. Except for a

few cases, it is possible to put an UML element in any place in the model area and not

much concern is made about its position. The solution for tool creators is to consider

this new information in OC diagrams in order to make the rule effective. One more

rule that cannot be formalized in UML is that each OC diagram must have an

affordance instance specification named Society which is the root of ontological

dependencies. These considerations lead to an issue in UML related to diagrams. A

UML diagram is (surprisingly) not seen as a model element and it is created outside

the metamodel. The new OC diagram and its elements is just a group of

recommendations and rules in its application and no formal criteria are adopted for its

definition.

5.2. The TOA profile

The TOA profile adopts a different approach from the OS profile; it is oriented

towards a close connection to its original notation. Although the resulting models are

UML models, the appearance will resemble the original Diplan diagrams. Regarding

the main elements represented in Diplans, namely bodies, actions, persons and their

involvement relationships, their translation to associated UML profile elements is not

so straightforward. Bodies are material elements and no similar concept exists in the

UML metamodel except for artifacts but this concept is too much focused on

deployment and software elements and not suited for our goals. Therefore the usual

class extension is the natural solution in this case. As a result involvement is also

naturally expressed as an association extension. The main issue is about the action

concept. There is an action element but it is not a classifier and it cannot be used with
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an association according to the UML metamodel specification. This limitation doesn’t

allow us to express non directed relationships between actions and classes. Even in

object oriented programming it is possible to classify operations (another kind of

actions) and relate them with classes (for example actions can be modifiers, selectors,

etc.) but the expression of these notions is not allowed in a simple way. An additional

(and surprisingly as well) characteristic in the UML metamodel is the absence of a

simple relationship metaclass between elements; this relationship is available for

directed relationships through the dependency relationship but not for non directed

relationships. The only relationship of this type is the association relationship but it is

special because it is a classifier as well, and should relate two classifiers. This

becomes a problem for the representation of the person concept. Naturally this

concept could be expressed using the actor element (which is a classifier) but, in this

case, there are limitations as well given the scope of the association relationship. An

actor cannot be simply associated with a class because it doesn’t have properties (as a

class does) and therefore cannot own an association end. In this case no roles can be

connected with the actor. Any association between an actor and a class must own both

association ends, thus navigation is not possible. This restricts the use of the different

types of involvement. So, the solution was to turn the person concept into a stereotype

using a UML class extension.

Concerning the different types of involvement they are represented using

stereotypes deriving ultimately from the UML association element and keeping the

original notation. Let us just add a note for the person and organizational entity

elements, which possess a body that it is represented as an attribute in the

corresponding stereotype. Also a body is the only element that can have states

according to TOA, this adapts perfectly to the body being a class.

A last difficulty found and not solved in the TOA profile was how to express a

multiple relationship existing in the state change involvement. In the original diagram

it was possible to dissociate the states from a person’s body by connecting the

previous and next states linked to the involvement relationship in the middle of it.

This kind of graphic element is not available in UML and it is not syntactically and

semantically possible to build a similar construct from the available UML elements.

5.3. General Remarks

Different strategies were identified when metamodelling both profiles regarding the

selection of the UML metamodel elements to extend. In the OS profile the approach

was to create a notation close to the traditional UML notation which leads to a

selection of elements whose semantics was close to common UML. The TOA profile

adopted a different criterion: the notation would have to be close to the original

Diplan notation. We think that a third approach that would favour the similarity

(semantics) between both the UML elements and the elements from the considered

theory could also be possible.

Regarding the UML metamodel we found many problems when metamodelling

both profiles. The UML metamodel is designed according to an Object Oriented

approach and it shows many limitation when used to express different domains and

approaches. As an example the limitation found to relate diagrammatically some

UML elements such as classes and actors or classes and actions can be extrapolated to

202



other elements. Also, it lacks a normal relationship between model elements. Another

problem not mentioned before is that the UML metamodel mixes different concerns

in its hierarchy whereas other elements are not even considered. For instance some

metaclasses refer to model elements aspects such as PackageableElement,

NamedElement that are mixed with other aspects while elements such as diagrams,

positioning aspects are not present.

Table 3 - Summary of identified UML issues
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6. Conclusions and future work

In this paper two UML profiles for Ontology Charts and Diplans were introduced.

These profiles will permit the underlying theories, respectively Organisational

Semiotics and the Theory of Organized Activity to use UML tools with several

benefits as follows:

• Possibility to communicate the diagrams to software development teams

and to include them with other diagrams in the same software project

• Interoperability of the diagrams with other model tools

• Consistency and verifiability of the diagrams

• Formalization of the diagrams

Besides these benefits OS in particular will gain with notation normalization. In fact,

as we can observe from different works (for example [St96], [Li00]) different

notations for OCs have been used. When using the OS profile, the associated UML

tool will provide a single notation which should be used by all users, thus leading to a

standard notation.
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Concerning profiles creation this paper has raised different issues, from UML

deficiencies and missing components to different strategies for profile development.

Table 3 summarizes most of the issues found in this process.

This work was part of a research project that has as a goal to create a unified and

fundamental theory for software development that will merge some relevant concepts

of both OS and TOA. Future work will reuse created profiles for the modelling of this

new theory.
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