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Organizational Semiotics is the branch of Semiotics that studies the application 
of the Theory of Signs in organizational contexts. Organizations are based 
upon co-coordinated patterns of behavior, including social norms. To achieve 
the required efficacy, an organization may use both norms and communication 
to co-ordinate the different agents involved in organizational behavior. The 
formalization of normative agelll behavior can be done using Deontic Agency 
Logic. The implementation can be done using agent-oriented programming. 
We propose to combine Ontology Charts, Norm Analysis, Deontic Agency 
Logic and Agent-Oriented Programming in order to create normative agent
based models of the structure and the dynamics of Virtual Enterprises (VE). 
This approach seems to be more resistant to organizationaL change than pure 
technology·oriented approaches. 

1. INTRODUCTION 

Organizational Semiotics is the branch of Semiotics that studies the application of 
the Theory of Signs in organizational contexts. The underlying philosophical 
perspective of this approach to organizational modeling is essentially social 
constructivism focused on resolving semantic problems. Semantic patterns and 
social norms are some of the concepts that are represented using organizational 
semiotics methods. The formalization of these concepts can be made using a modal 
logic that combines the normative ought-to-be operator with an agency operator. 
The result is a deontic agency logic, which can be partially implemented using an 
agent-oriented programming paradigm. 

Organizations are based upon co-coordinated patterns of behavior. To achieve 
the required efficacy, an organization may use both norms and communication to 
co-ordinate the different agents involved in organizational behavior. An efficient 
organization needs also to be partially automated. However, it is difficult to ensure 
that all the concerned parties understand the domain of discourse and agree on the 
formal representation that supports the technical part of an organizational 
information system. This problem highlights the importance of using a social 
constructivist perspective in the design of organizational information systems, which 
is often completely overlooked by traditional software engineering methodologies. 
A solution for this problem has been proposed by Stamper (1996) in the form of 
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Ontology Charts that describe the semantics of a domain in a formal yet 
understandable way for all stakeholders to agree on the meaning of the terms and 
relationships used in the organizational information system. 

Our perspective is that a social view on system requirements, and the use of 
formal models where the responsibility of agents is explicit, is at least as 
fundamental for the success of an organizational information system as the adequate 
software implementation; therefore it seems to us that the combination of Ontology 
Charts and Norm Analysis with Deontic Agency logic and Agent-oriented 
programming could be the key to a new methodology for developing successful 
organizational information systems. 

2. ORGANIZATIONAL SEMIOTICS 

2.1. Sign: an Agentive Foundation for Virtual Enterprise Ontology 

One of the concerns of semiotics is precisely to say whether and how we use signs to 
refer to something. However, there is another question that is: what induces us to 
produce signs? This question cannot be avoided ontogenetically, as we experience it 
in our day-to-day experience. Structural semiotics has however never addressed it: 
the various languages are considered as systems that are already constituted (and 
synchronically analysable) the moment speakers express themselves. 

The first researcher who made this question the very foundation of his theory -
semiotic, cognitive and metaphysical - was Peirce (see his collected works: 1931-
1958). The reason and process by which we produce and understand signs is from 
where the problem of being arises, i.e. it makes it necessary to clarify our ontology. 
In this respect we agree with Heidegger (1962): the problem of being is posed only 
to those thrown into being-there, into the Dasein, of which our disposition both to 
notice that something is there and to talk about it is a part. Heidegger postulates that 
knowledge of the world can only be acquired by being there, in an active role. Peirce 
also advocates the activity principle as foundational: he suggested that the 
recognition of things in the world is made by a process that he designated as 
semiosis. This process is actually an interpretation process by which someone 
creates in his mind a representation of some object in the world. 

The classical definition of a sign "aliquid stat pro aliquo" was modified by 
Peirce, who expanded it into "a sign is something which stands to somebody for 
something in some respect or capacity". Peirce's definition emphasizes that a sign 
has at least three aspects: Some physical representation, something to which this 
refers or alludes and somebody able to interpret this relationship and form a concept. 
A concept, as much a percept (see below), is a mental notion that is formed in an 
interpreter's mind. These elements constitute what is usually called the 
representational triangle, as shown in figure 1. 
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Interpretant (concept) 

Sign (word) Referent (object) 

Figure 1 - Peirce's representational triangle 

2.2 Information and Signs: the Semiotics Ladder 

Traditionally, semiotics has been studied in three separate but strongly 
interconnected dimensions, reflecting the philosophical roots of the subject, which 
Morris (1946) designated as syntactics, semantics, and pragmatics. 

Stamper (1996) pointed out the importance of studying other technical aspects of 
signs, including the physics of signs, concerning the media in which signs are 
embodied and the hardware involved in their usage, and the empirics of signs, which 
studies statistical properties of sets of signs corresponding to the field of what is 
commonly designated as 'information theory' (Shannon and Weaver, 1949). More 
importantly, Stamper also pointed out the need to account for the social dimension 
of signs, and study the social aspects they are involved in, including the creation, 
modification or termination of commitments and other social relationships. Stamper 
thus expanded semiotics dimensions from three to six (figure 2). 

Human Information 

I SOCIAL WORLD - Commitments, 
contracts, law, culture, ... 

Functions IPRAGMA~CS - inten~io.ns, communication, 
conversations, negotiations, ... 

............................ , ........................ 

I~EMANTICS - meanings, propositions, 
Validity, truth, signification, denotations, ... 

The IT I~YNTACTICS - formal structure,language,logic, 
Platform Data, records, deduction, software, files, ... 

I~MPIRICS - pattern, variety, noise, entropy, 
channel capacity, redundancy, efficiency, codes, ... 

PHYSICAL WORLD - signals, traces, physical distinctions, 

hardware, component density, speed, economics, ... 

Figure 2 - The Semiotics ladder (Stamper, 1973) 
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2.3 Agents + Affordances = Norms: the Basis for VE Coordination 

The theory of affordances, proposed by Gibson (1966) in the field of perception, in 
the psychological domain, claims that an affordance is an invariant that an agent 
identifies in an information-overloaded environment. In this theory objects are no 
longer thought about as things that stand by themselves with a set of properties, but 
as a repertoire of behaviors that are warranted to an agent that uses them. The entity
relationship-attribute confusion vanishes from this perspective (Stamper, 1996). 
Furthermore, the notion of invariant that Gibson introduced to account for a physical 
percept was extended by Stamper to include the invariants that are perceived in a 
social world. The invariants in a social world are social norms. 

Combining the constructivist stance with Gibson's theory of affordances and 
Heidegger's Dasein perspective, we obtain an ontology that views organizations as 
composed by a society of autonomous and responsible agents that, through a 
continuous interpretation process, co-ordinate their activity using a set of social 
norms and communication links, based on the following ontological assumptions 
(Stamper, 1996): 

There is no reality without an agent, and 
The agent constructs reality through its actions 

From these assumptions, it is derived that a norm is a well-formed formula with the 
following structure: 

<norm> ::= <agent-term> <action-term> 
This ties every item of knowledge to an agent, who is, in a sense, responsible for it. 
Instead of an objective truth, there is a concept of truth that corresponds to the set of 
agents' beliefs. Agents are also responsible for the consequences of the beliefs they 
choose to adopt. 
In a business environment, norms are the coordination instrument that establishes 
the expected behavior of the organization, both in a prescriptive and proscriptive 
way, whereas communication is used as a complement to norms, to address 
situations that cannot be handled exclusively by norms. An important class of 
situations is what in software engineering is designated as exceptions, which 
Heidegger (1962) would refer to as break downs, i.e. situations in which objects and 
properties that were taken for granted (ready-to-hand in Heidegger's terminology), 
become present-at-hand, i.e. their existence and understanding becomes relevant to 
achieving our goal. 

With respect to normative knowledge representation, it is noted in (Liu and Dix, 
1997) that any behavioral norm can be formally specified using a standard generic 
pattern, based on the use of deontic operators mediating between agent and action, 
which can be seen as a specialization of ECA (Event-Condition-Action) rules in 
temporal databases. The deontic operator is used to express the normative character 
of these rules. Below is a BNF description: 

Norm ::= Whenever <event> 
If <agent state condition> 

Then <agent> 
Is <deontic operator> 

To do <action> 
Deontic operator ::= obliged I permitted I forbidden 
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2.4 Ontological dependencies: existential, not taxonomic 

Using this ontology, it is possible to specify that certain repertoires of behavior 
(affordances) depend on the existence of other repertoires of behavior. 

Ontology charts emphasize ontological dependencies between affordances. For 
example, an agent A who is experiencing some invariant x, such as being an 
employee, can go on to experience some other kinds of behavior such as being fired. 
This dependency of the existence of one kind of behavior upon another is what is 
called ontological dependency. Figure 3 shows an example of an ontology chart, 
which depicts an organizational framework, in the Polytechnic Institute of Settibal, 
related to book acquisitions. In this diagram we have followed some conventions 
(see below l ; those in squared brackets are optional): 

department 

;/ 

contract ,'-
,-' 

,-,-
,-

,,,-

knows ,. 

~ccept , , 
I 

I , , , , , , , , , , 

Figure 3 - Ontology Chart of the book acquisition process. 

I ONTOLOGY CHART CONVENTIONS: 
a) letter case: lower case for universals; upper case capital for particulars. 
b) arcs: broken dependency arc for semiological antecedent; dotted arc for a universal I particular 

relationship (see an example of the second in figure 9.3). 
c) arc labels: a dot labels an arc of a part-whole antecedent; an ... labels an arc when the antecedent is 

the universal rather than a particular - notice that there are prices for the literary work on a certain 
medium, usually supplied by the publisher, and prices of particular copies of the work. 

d) special signs: # as prefix for a determiner; [one can add a # suffix for an affordance with individual, 
identifiable particulars); arrow points from specific to generic. 

e) constraint: maximum of two antecedents which can have role (relative) names. 
f) other conventions: role names for antecedents in parentheses: e.g. (purchaser); [without role names 

they can be labelled a and b]; [affordances that are human agents, individual or collective, may be 
underlined]; [roles (not relatives) occupied by agents, such as jobs, offices, etc., may be in underlined 
italics]. 
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This graphical representation shows the existing entities and their ontological 
dependencies but not the starting and finishing times of each one of them. The 
dynamics of the organization, established by these start and finish events may be 
determined either by norms or by agents taking responsibility and exercising their 
choices. 

This existential-dependency link introduces the logical property of ontological 
dependency that is not captured by traditional software engineering methods or even 
artificial intelligence knowledge representation methods, which tend to focus on 
taxonomic dependencies, using the so called is-a links. Is-a links are essentially 
class-subclass or class-instance relationships across which more specific entities 
inherit properties from the more general ones; this model that has some problems, 
especially where multiple inheritance is concerned. 

3. AGENCY FORMALIZED 

Organized activity and co-ordination are very close terms, therefore to model 
organizations it becomes very important to consider how agents represent and use 
normative knowledge. In a seminal work, von Wright (1951) demonstrated that the 
important organizational normative notion of 'obligation' cannot be completely 
understood without accounting for its use in agentive sentences, because typical 
obligations are 'obligations-to-do' something. Therefore, we will approach these 
topics in this chapter, discussing both the formal representation of obligations 
(deontic logic) and actions (action logic). 

3.1 The stit Theory 

Belnap (1991), inspired in the work done by Austin (1962) on Speech Act Theory, 
suggested a new class of sentences, whose fundamental syntactic and semantic 
structures are specifically designed to handle sentences describing an action 
performed by an agent making a choice among alternatives, which he called 
'agentives'. The agentive form is composed of two parts: the agent that performs the 
action, and a complement that describes the consequence of the action. The 
canonical form proposed to represent this kind of sentences is [a stit: Q], reading 

.. a sees to it that Q", where a designates an agent and 'Q' a complement. For 
example: [Joe stit: the TV is turned on]. This 2-place operator is quite similar to the 
agent-affordance relationship that constitutes the norm wff «norm> ::= <agent
term> <action-term», one of the cornerstones of organizational semiotics. 

There are however semantic differences: Whilst the semiotics relationship 
defines what an agent is afforded to do (can do), the stit operator defines what the 
agent does. As we describe below, the stit operator can be combined with other 
operators such as the obligation operator to define what the agent ought-to-do 
yielding a modal logical representation of the semiotic normative relationship. 

3.2 Deontic Agency Logic 

Deontic logic is the logic of obligations (von Wright, 1951). In this logic it is 
possible to express that a proposition ought-to-be the case, i.e. O(wff), where wff is 
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a well-formed-formula. This modal logic can be given a possible-worlds semantics. 
In that case, the world wher~ wff O(wff)Owff is called the ideal world (where all the 
obligations are fulfilled. Other worlds are sub-ideal but it is still possible to use 
deontic logic to reason in these sub-ideal worlds. Aqvist (1984) presented a standard 
system of deontic logic, or SOL as a normal modal logic: 
(KOl) O(rp -::J "') -::J (Oqr::J 0",) The so-called K-axiom 

(KD2) Orp -::J rp The so-called O-axiom 

(KD3) Prp;:.O.rp 
(KD4) F rp ;: .Prp 

Permission is dual of obligation 

Forbidden is the same as not permitted 

(K05) Modus Ponens: (rp,rp -::J "') 0", 

(KD6) a-necessitation: rp OOrp 

Standard deontic logic has some practical problems, being plagued with 
paradoxes (Meyer, 1988). Furthermore, the 0 operator is ambiguous (ought-to-be 
vs. ought-to-do). We suggest that these problems can be solved by making the 
convention that 0 is read as ought-to-be and making the combination of the 0 modal 
operator with the stit agency modal operator, yielding statements such as: 

ora stit: Q] i.e. a ought to see to it that Q 

p[a stit: QJ, i.e. a is permitted to see to it that Q 

F[ a stit: QJ i.e. a is forbidden to see to it that Q 

Although these statements are not agentives (in the technical sense) they are 
quasi-agentive in the sense that, like an agentive, they have the agent as a 
recoverable part of its intension. 

3.3 Example of Application of Deontic Agency Logic to a VE Model 

Let us now consider the organization depicted in figure 4, which represents a 
hierarchy of four agents. The power relationships in this case are the following: a 
has power over p with respect to any service this agent is capable of performing; 
agent P has a similar power over agents rand 8; no other direct power 

relationships are defined - specifically a has no direct power over agents rand 8 . 
Suppose that we want to specify that agent a has the responsibility to provide 

service S. Then a has to fulfill its responsibility by exercising its power over P in 

Figure 4:..4.four agent hierarchy. 

order that it exercise its power over agents r or 8, 
both having the capability to stit S. According to the 
proposed representation, the responsibility of a, from 
the organization perspective, would be the following: 
Ora stit: O[P stit: orr stit: S] v 0[8 stit: Sm 

However, from a 's perspective its duty is 
represented as Ora stit: O[pstit: QJ] where 

Q = S v 3P[xstit : S] , and it is P's duty 

O[P stit: O[r stit: S] v 0[0 stit: SJ]. As we see this 
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representation admits that O[P stit: Q] is replaced by the equivalent disjunctive 

statement: O[r stit: Q] v Orb' stit: Q]. This is acceptable in the situation where 

[r stit: Q] v [8 stit: Q] becomes true, meaning that O[P stit: Q] has been fulfilled. 

However, if -,([y stit: Q] v [8 stit : Q]) then agents y and 8 have violated their 

obligations and in the process they have caused P to violate its own obligation. In 
this case it is debatable whether the equivalence still applies (Santos and Carmo, 
1996). 

4. CONCLUSIONS 

The organizational semiotics perspective provides the means to formalize models of 
virtual organizations, based on ontological dependencies describing the organization 
structure and social norms governing the dynamics of the organization activity. 

The agent concept is central to organizational semiotics, being one of the two 
components of a wff formal syntax. Ontology charts and norms as described in 
organizational semiotics are, however, not easy to translate into a computing device, 
therefore we propose to use deontic agency logic, a combination of deontic logic and 
agency logic, to create formal models that are better suited to automation, based on 
the agent-oriented programming paradigm, although deontic agency logic, being a 
modal (higher-order) logic, presents some computing difficulties; for example, it is 
not possible to use efficient methods used in first-order logic, such as resolution, to 
compute the truth value of an expression. 

The constructivist approach presented here can, however, guide the analyst to 
develop better organization models and gives himlher a powerful tool for 
implementing virtual organizations using a normative agent paradigm. 
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