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Abstract

The purpose of this paper is to document the semantics and concrete notation of

a model of responsibility employed in the InDeED Project. We have used this model

in several case studies through a variety of inter-related graphical notations. This

document provides a basis for consolidation and further refinement.
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1 Introduction

The notion of ‘responsibility’ is one that is widely used in everyday discourse, but it is

surprisingly difficult to establish a precise definition of the term. For the purposes of the

work described here, we have established the following definition:

A duty, held by some agent, to achieve, maintain or avoid some given state,

subject to conformance with organisational, social and cultural norms.

The term ‘duty’ refers to more than simply a statement that a given task should be

completed (as would be the case for the term ‘goal’), it also encompasses aspects of ac-

countability, authority. Responsibilities are rarely broken down to individual instructions

(for anything but the most trivial of system this would extremely difficult), instead they

represent higher level constructs encompassing a remit for initiative. Initiative is bounded

by professional conduct, from an organisational perspective as well as wider social and

cultural constraints.

Responsibility modelling has been advocated by a number of authors as a suitable

abstraction for modelling, analysis and construction of socio-technical systems [1, 2, 3,

7]. Modelling responsibilities provides an abstraction across a system in terms of the

broad duties which agents are expected to discharge. A responsibility model is a succinct

denotation of the responsibilities associated with some socio-technical system, the agents

which have been assigned responsibilities and the resources which are required or have been

allocated for the discharge of a responsibility. Previously, we have applied responsibility

modelling to a number of case studies in order to develop concepts and notation [4, 3].

This report summarises our current approach to modelling responsibilities by docu-

menting the semantics of a model of responsibility. The paper is a revision of earlier work

on modelling responsibilities described in [6]. Section 2 describes the semantics of the

model which is essentially a typed entity relationship structure. We define the modelling
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semantics using the Z specification language[5], using the CadiZ toolkit[8]. In section 3,

a concrete graphical notation is presented along with its relationship to the underlying

semantics. Finally, Section 4 summaries the research described and outlines the planned

extensions for the work.

2 Semantics

This section describes the semantics of our responsibility modelling language. The language

is described as a typed entity relationship notation, beginning with a CadiZ Z section:

section ResponsibilityNotation parents bagkit

and some basic types:

[AGENT ,RESOURCE ,RESPONSIBILITY ]

2.1 Agents and Agent Structures

An agent is some entity capable of holding a responsibility. This definition implies that

the agent is perceived to hold some autonomy in the discharge of responsibilities.

Examples: Police Officer, Web Server, Board of Directors.

2.1.1 Properties

• Technical agents are explicitly anticipated by the definition of agents, since this is

a useful abstraction for modelling socio-technical systems in which technical agents

are percieved to hold responsibilities.
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Example: An automated boarding pass issuing system at an airport is perceived

to be responsible for issuing boarding passes, and indeed, it is not clear who else (in

the normal case) could be said to be responsible for this

• Agents can be members of groupings of agents termed organisations, which are them-

selves agents. Agents who are modelled as composed of other agents are implicitly

also organisations. However, agents may be denoted as being organisations despite

not being composed of other agents explicitly in a model.

– The denotation of organisations as holding responsibilities is again a useful

abstraction for our purposes.

Example: A police constable is a member of a police force. This responsibility

will in fact be discharged by individual police officers. Organisations provide

a useful abstraction for modelling responsibility assignments. Organisational

agents may be “virtual” in the sense that they are constructions which have no

actual “real” identity. Such constructs are often useful when modelling inter-

organisational responsibilities.

• Agents in the notation are a conflation of the usual agent modelling terms “actor”

and “role”. One agent (an actor) can thus act as another (a role). Implicitly, an

agent is an actor, unless one or more other agents act as it.

Example: Bob Smith can act as a Police Constable. A Police Sergeant can act as

a Evacuation Team Leader.

• Agents who are members of a common organisation can be arranged in subordinate

structures. This is useful when analysing the transfer of responsibilities.
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Example: A police constable is subordinate to a police sergeant.

2.1.2 Z Notation

Agents

agents : P AGENT

organisations : P AGENT

composedOfAgt : AGENT → P AGENT

canActAs : AGENT → P AGENT

subordinateTo : AGENT × AGENT → P AGENT

organisations ⊆ agents

∀ agent : AGENT • composedOfAgt(agent) 6= ∅

⇒ agent ∈ organisations

∀ agt , org : AGENT •

agt ∈ composedOf (org)⇒ org 6∈ composedOf (agt)

∀ actor , role : AGENT •

actor ∈ canActAs(role)⇒ role 6∈ canActAs(actor)

∀ actor , role : AGENT •

actor ∈ canActAs(role) ∧ (actor ∈ organisations ∨ role ∈ organisations)

⇒ role ∈ organisations ∧ actor ∈ organisations

∀ sub, sup, org : AGENT •

sup ∈ subordinateTo(sub, org)⇒

sup ∈ composedOf (org) ∧ sub ∈ composedOf (org) ∧

sub 6∈ subordinateTo(sup, org)
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2.2 Resources

Resources are passive items which may be provided or expected to be required by the

discharge of responsibilities.

Examples Articles: work tools, power supply, water.

2.2.1 Properties

• Resources are either information that an agent needs to know to discharge a respon-

sibility, or articles that are to be utilised during the discharge of a responsibility.

• Required articles may be either permanently consumed, or consumed during the

discharge a responsibility.

Example: Water reserves are consumed in the extinguishing of a fire. A hose will

be available to extinguish a fire once the current fire has been extinguished.

• Resources may be composed of other resources. Information resources may be com-

posed of other information resources, and articles may be composed of other articles

or information.

Example: A weather warning contains a number of sections describing different

regions. A web server is composed of the hardware and software platform as well as

the information provided to users.
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Resources

articles : RESOURCE

information : RESOURCE

composedOfRce : RESOURCE → P RESOURCE

∀ res1, res2 : RESOURCE •

res2 ∈ composedOf (res1)⇒ res1 6∈ composedOf (res2)

∀ res1, res2 : RESOURCE •

res2 ∈ composedOf (res1) ∧

res2 ∈ information ⇒ res1 ∈ information

2.3 Responsibilities

Responsibilities are the duties to be discharged by agents as described in the introduction.

Example Maintain law and order, save patient’s life, extinguish fire, order processing.

2.3.1 Properties

• Responsibilities may be composed of other responsibilities.

• If two responsibilities include each other in their decomposition they are mutually

dependent.

Example: Search & Rescue and Evacuation during a flooding incident.
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• All agents hold at least one responsibility (the agent’s default responsibility), which

is the composition of all other responsibilities held by the agent.

• Resources may be denoted as being required1 in the discharge of particular respon-

sibilities.

• Where a responsibility is composed of other responsibilities, the resources associated

with it will at least be all those resources associated with the sub-responsibilities.

The agent’s overall responsibility is associated with all the resources that the agent

will require in order to discharge their responsibility.

• An agent may be denoted as having a resource, which implies that the agent requires

the resource to discharge some responsibility.

• If a role is denoted as requiring a resource, then any actor in that role will also require

that resource.

• If a role is denoted as having a resource, then any actor in that role is assumed to

also have the resource.

1Shorthand for “expected” to be required” - the responsibility may still be discharged despite the
resource not being available
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Responsibilities

Agents

Resources

responsibilities : RESPONSIBILITY

composedOfRsp : RESPONSIBILITY → P RESPONSIBILITY

mutualDep : RESPONSIBILITY ↔ RESPONSIBILITY

responsibilitiesOf : AGENT → P RESPONSIBILITY

requiresR : RESPONSIBILITY → P RESOURCE

requiresA : AGENT → P RESOURCE

has : AGENT → P RESOURCE

∀ rbty1, rbty2 : RESPONSIBILITY •

rbty1 ∈ composedOfRsp(rbty2) ∧ rbty2 ∈ composedOfRsp(rbty1)

⇒ (rbty1, rbty2) ∈ mutualDep

∀ rbty : RESPONSIBILITY , res : RESOURCE •

∀ srbty ∈ composedOfRsp(rbty) •

res ∈ requiresR(srbty)⇒ res ∈ requiresR(rbty)

∀ agent : AGENT • ∃ rbty : RESPONSIBILITY •

rbty = agentResp(agent) ∧

∀ srbty : RESPONSIBILITY •

srbty ∈ allocatedTo(agent)⇒ srbty ∈ composedOfRsp(rbty)
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∀ agent : AGENT •

requiresR(agentResp(agent)) = requiresA(agent)

∀ agent : AGENT , resource : RESOURCE •

resource ∈ has(agent)

⇒ resource ∈ requiresA(agent)

∀ actor : AGENT , role : AGENT , resource : RESOURCE •

actor ∈ canActAs(role) ∧ resource ∈ requiresA(role)

⇒ resource ∈ requiresA(actor)

∀ actor : AGENT , role : AGENT , resource : RESOURCE •

actor ∈ canActAs(role) ∧ resource ∈ has(role)

⇒ resource ∈ has(actor)

2.4 Responsibility Sharing

Two or more agents may be denoted as holding a common responsibility.

2.4.1 Properties

• Serial denotes that although both hold some responsibility, one agent is a backup for

another agent (the primary) which is typically expected to discharge the responsibility

by themselves. Specification of backups is of use when planning responsibilities.

Backups thus model exceptions, when the normal discharge of a responsibility is

interrupted for some reason. Backups take three possible forms.
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– Unavailable: a backup is specified because the primary agent may not be

available to discharge the responsibility.

Example A backup safety officer may be appointed in an organisation for

when the primary takes holidays. Similarly, a backup web-server may be pre-

pared should the primary suffer a failure.

– Overloaded a backup is specified should the primary be unable to discharge its

responsibility because the workload of the duty exceeds its resources. The pri-

mary continues to discharge the responsibility, but shares this with the backup.

– Escalation denotes that an agent cannot discharge its responsibilities because

its priviledges or authority are insufficient. In such circumstances, escalation

denotes that an agent with greater authority takes over the discharge of the

responsibility.

• In parallel denotes that both responsible agents are required to act in order discharge

a responsibility. The agents will be required to cooperate in order to jointly discharge

the responsibility. Cooperation implies that the responsibility will not be discharged

fully if both agents do not act.

SharedResponsibilities

sharedWith : (AGENT × RESPONSIBILITY )→ P(AGENT × RESPONSIBILITY )
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3 Concrete Syntax

We have developed a concrete graphical syntax of the responsibility modelling semantics

described above, essentially as a typed-entity relationship diagram. Figure 1 summarises

this syntax.
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Figure 1: Concrete graphical responsiblity modelling syntax.
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4 Summary

The purpose of the work described here is to denote a semantics for modelling responsi-

bilities, the agents who hold them and the resources required to discharge them. Several

areas of future work are being undertaken as a result:

4.1 Analysis

We are interested in modelling responsibility structures partly by the desire to analyse

these for potential weaknesses. The development of an explicit model of responsibilities

allows questions to be asked such as which agents in an organisation map to which in an

organisation role. For example, who is the team leader in an evacuation team made up

of police officers? Does the Constable assigned to evacuate a street know which residents

have physical disabilities which need to be managed?

4.2 Dynamic Responsibility Models

The current modelling semantics and notation permits the denotation of responsibilities

from a static perspective. They essentially permit a ‘snapshot’ of the responsibility struc-

ture of a socio-technical system to be denoted from the perspective of one stakeholder.

However, responsibility structures are dynamic entities, with responsibilities re-assigned,

altered an discharge in response to events in the system and environment. A development

of the existing semantics and notation is required to express the changes that can occur to

a responsibility structure.
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