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Abstract. I-X is a research programme with a number of different aspects intended to create a well-founded approach to allow humans and computer systems to cooperate in the creation or modification of some product such as a design, physical entity or plan - i.e. it supports cooperative synthesis tasks. The IX approach involves the use of shared models for task-directed cooperation between human and computer agents who are jointly exploring (via some, perhaps dynamically determined, process) a range of alternative options for the
synthesis of an artifact such as a design or a plan (termed a product). The <I-NC-A> (Issues - Nodes - Constraints - Annotations) ontology is used to represent
a specific artifact as a set of constraints on the space of all possible artifacts in
an application domain. It can be used to describe the requirements or specification to be achieved and the emerging description of the artifact itself. It can
also describe the (perhaps dynamically generated) processes involved. I-X and
|<I-N-C-A> have been applied to Coalition Task Support.

1 Introduction
I-X is a research programme with a number of different aspects intended to create a
well-founded approach to allow humans and computer systems to cooperate in the
creation or modification of some product or products such as documents, plans, designs or physical entities - i.e., it supports mixed-initiative synthesis tasks.
The I-X research draws on earlier work on Nonlin (Tate, 1977), O-Plan (Currie and
Tate, 1991; Tate, 1995; Tate et. al., 1998; Tate et. al., 2000b, Levine et. al. 2000),
Optimum-AIV (Aarup, 1994, Tate, 1996b), <I-N-OVA> (Tate, 1996; 2000a) and the
Enterprise Project (Fraser and Tate, 1995; Uschold, et. al., 1998; Stader, 1996) but
seeks to make the framework generic and to clarify terminology, simplify the approach taken, and increase re-usability and applicability of the core ideas.
The I-X research programme includes the following threads or work areas:
1.

I-Core, which is the core modular systems integration architecture.

2.

<I-N-C-A>, which is an underlying ontology for synthesised artifacts.

3.

I-P2, which are I-X Process Panels used to support user tasks and cooperation.

4.

I-Plan, which is the I-X Planning System. This is also used within I-P2 and
other applications as it provides generic facilities for supporting planning,
process refinement, dynamic response to changing needs, etc.

5.

I-DE, which is the I-X Domain Editor. This is itself an I-X application but is
also used to create and maintain the domain models, including especially the
process models and activity specifications used throughout I-X systems.

6.

I-Views, which are viewers for processes and products, and which are employed in other applications of I-X. I-Views can be for a wide range of modalities of interface and types of user.

7.

I-Faces, which are underlying support utilities to allow for the creation of
user interfaces, inter-agent communications and repository access.

8.

I-X Applications of the above threads in a variety of areas depending on our
current collaborations. These include:
• Coalition Operations (CoAX, CoSAR-TS)
• Emergency and Unusual Procedure Assistance (I-Rescue)
• Help Desk Support (I-Help)
• Multi-Perspective Knowledge Modelling and Management (I-AKT)
• Natural Language Presentations of Procedures and Plans (I-Tell)
• Collaborative meeting and task support (I-Room, CoAKTinG).

9.

I-X Technology Transfer, including work on standards committees.

2 I-X Approach
The I-X approach involves the use of shared models for task-directed cooperation
between human and computer agents who are jointly exploring (via some predefined
or dynamically created process) a range of alternative options for the synthesis of one
or more artifacts such as a design or a plan (termed a product).
An I-X system or agent has two cycles:
•
•

Handle Issues (leading to the addition of Nodes especially, but also potentially further Issues, Constraints and Annotations)
Respect Domain Constraints

An I-X system or agent carries out a (perhaps dynamically determined) process
that leads to the production of (one or more alternative options for) a synthesised
artifact.
I-X also involves a modular systems integration architecture that strongly parallels
and supports the abstract view described. This is a Model - Viewer - Controller style
of architecture. Plug-in components for Issue Handlers, Constraint Managers, I/O
Handlers and Viewers allow for specific I-X systems to be created using this abstract
architecture. More detail is available at the I-X web site - http://i-x.info.

3 <I-N-C-A> Ontology
<I-N-C-A> (Issues - Nodes - Constraints - Annotations) is the basis of the ontology that underpins the I-X approach, and provides the framework for the representation used to describe processes and process products within I-X systems and agents.
The forerunner of <I-N-C-A, <I-N-OVA> (Tate, 1996), when first designed, was
intended to act as a bridge to improve dialogue between a number of communities
working on formal planning theories, practical planning systems and systems engineering process management methodologies. It was intended to support new work
then emerging on automatic manipulation of plans, human communication about
plans, principled and reliable acquisition of plan information, and formal reasoning
about plans. It has since been utilised as the basis for a number of research efforts,
practical applications and emerging international standards for plan and process representations. For some of the history and relationships between earlier work in AI on
plan representations, work from the process and design communities and the standards bodies, and the part that <I-N-OVA> played in this see Tate (1998).
At various stages of the development of the I-X research the typography for rendering <I-N-C-A> has varied as the components have received clarification. <I-NCA> originally stood for Issues, Nodes, Critical and Auxiliary Constraints. The aspect of separating critical (shared communications) constraints from auxiliary (separately managed) constraints is still important within the I-X architecture, but is now
considered a part of managing the "C" (constraints) component. The annotations
were always present in the ontology and can be attached to all components, but the
top level annotations capturing the rationale behind the synthesised product or the
process/plan being described has required more prominence as the work has continued and as mixed-initiative and human communications aspects have become more
important. Hence, the rendering <I-N-C-A> with the extra hyphen now stands for
Issues, Nodes, Constraints and Annotations.
In <I-N-C-A>, both processes and process products are abstractly considered to be
made up of a set of "Issues" which are associated with the processes or process products to represent potential requirements, questions raised as a result of analysis or
critiquing, etc. They also contain "Nodes" (activities in a process, or parts of a physi-

cal product) which may have parts called sub-nodes making up a hierarchical description of the process or product. The nodes are related by a set of detailed "Constraints"
of various kinds. Finally there can be "Annotations" related to the processes or products, which provide rationale, information and other useful descriptions. The I-X
systems integration approach is based on the <I-N-C-A> Model of Synthesised Artifacts that provides it with a simple abstraction that provides an extremely flexible,
extendable and intelligible representation of the processes and process products in IX. It is well suited to communication between human and system agents engaged in
some common task, each possibly taking the initiative over which parts they can
handle at various stages.
3.1 Issues
The issues in the representation may state the outstanding questions to be handled
and can represent unsatisfied objectives, questions raised as a result of analysis, etc.
The I constraints can be thought of as implying potential further constraints which
may have to be added into the design in future in order to address the outstanding
issues. In work on I-X until recently, the issues had a task or activity orientation to
them, being mostly concerned with actionable items referring to the process underway - i.e., actions in the process space. This is now not felt to be appropriate, and we
are adopting the gIBIS orientation of expressing these issues as questions to be considered (Selvin, 1999; Conklin, 2003). This is advocated by the Questions - OptionsCriteria approach (MacLean et. al., 1991) - itself used for rationale capture for plans
and plan scheme libraries in our earlier work (Polyak and Tate, 1998; 1999) and similar to the mapping approaches used in Compendium (Selvin et. al. 2001).
3.2 Nodes
The nodes in the specifications describe components that are to be included in the
design. Nodes can themselves be artifacts that can have their own structure with subnodes and other <I-N-C-A> described refinements associated with them.
The node constraints (these are of the form "include node") in the <I-N-C-A>
model set the space within which an artifact may be further constrained. The "I"
(issues) and "C" constraints restrict the artifacts within that space which are of interest.
Others have recognised the special nature of the inclusion of nodes (or activities)
into a synthesised artifacts (or plan) compared to all the other constraints that may be
described. In the planning domain, Khambhampati and Srivastava (1996) differentiate
Plan Modification Operators into "progressive refinements" which can introduce new
actions into the plan, and "non-progressive refinements" which just partition the
search space with existing sets of actions in the plan. They call the former genuine
planning refinement operators, and think of the latter as providing the scheduling
component.

3.3 Constraints
The constraints restrict the relationships between the nodes to describe only those
artifacts within the design space that meet the requirements. The constraints may be
split into "critical constraints" and "auxiliary constraints" depending on whether some
constraint managers (solvers) can return them as "maybe" answers to indicate that the
constraint being added to the model is okay so long as other critical constraints are
imposed by other constraint managers. The maybe answer is expressed as a disjunction of conjunctions of such critical or shared constraints. More details on the
"yes/no/maybe" constraint management approach used in I-X and the earlier O-Plan
systems are available in Tate (1995).
The choice of which constraints are considered critical and which are considered
as auxiliary is itself a decision for an application of I-X and specific decisions on how
to split the management of constraints within such an application. It is not predetermined for all applications. A temporal activity-based planner would normally
have object/variable constraints (equality and inequality of objects) and some temporal constraints (maybe just the simple before{time-point1, time-point-2} constraint) as
the critical constraints. But, in a 3D design or a configuration application object/variable and some other critical constraints (possibly spatial constraints) might be
chosen. It depends on the nature of what is communicated between constraint managers in the application of the I-X architecture.
3.4 Annotations
The annotations add additional human-centric information or design and decision
rationale to the information describing the artifact.
3.5 Observation
If we consider the process of planning as a large constraint satisfaction task, we
may try to model this as a Constraint Satisfaction Problem (CSP) represented by a set
of variables to which we have to give a consistent assignment of values. In this case
we can note that the addition of new nodes ("include node" constraints in <I-N-C-A>)
is the only constraint that can add variables dynamically to the CSP. The Issue (I)
constraints may be separated into two kinds: those that may (directly or indirectly)
add nodes to the product and those that cannot. The "I" constraints that lead to the
inclusion of new nodes are of a different nature in the process to those that cannot.

4 Putting <I-N-C-A> to Use
<I-N-C-A> models are intended to support a number of different uses:

•
•
•
•

for automatic and mixed-initiative generation and manipulation of plans
and other synthesised artifacts and to act as an ontology to underpin such
use;
as a common basis for human and system communication about plans and
other synthesised artifacts;
as a target for principled and reliable acquisition of knowledge about synthesised artifacts such as plans, process models and process product information;
to support formal reasoning about plans and other synthesised artifacts.

These cover both formal and practical requirements and encompass the requirements for use by both human and computer-based planning and design systems.

5 I-X Process Panels
We "deliver" useful functionality based on the <I-N-C-A> ontology via I-X Process Panels (I-P2). These support a user or collaborative users in selecting and carrying out "processes" and creating or modifying "process products". The aim of an I-X
Process Panel (I-P2) is to act as an intelligent workflow support, reporting and messaging "catch all" for its user. It can act in conjunction with other panels for other
users if desired.

Fig. 1. Anatomy of an I-X Process Panel

An I-X Process Panel:
•

Can take requests to:
o Handle an issue
o Perform an activity
o Add a constraint
o Support an annotation

•

Deals with these via:
o Manual (user) activity
o Internal capabilities
o External capabilities (invoke or query/answer)
o Reroute or delegate to other panels or agents (pass)
o Plan and execute a composite of these capabilities (plan or expand)

•

Receives reports and messages and, where possible, interprets them to:
o Understand current status of issues, activities, constraints and
annotations
o Understand current world state, especially status of process products
o Help control the situation
o Improve annotations

•

Copes with partial knowledge and can operate even where little or no prebuilt knowledge of the domain is available.

Fig. 1. CoAX I-X Process Panels

6 Coalition Task Support
I-X and I-X Process Panels (I-P2) concepts have been demonstrated in a number
realistic scenarios such as in Air Campaign Planning (Tate et. al. 1998), Military
Operations in Urban Terrain (Tate, et. al., 2000b), the Coalition Agents eXperiment CoAX (Allsop et. al., 2001; 2002), and Coalition Search and Rescue (CoSAR-TS
Team, 2003). They are being considered for use in a number of future joint and
multi-national forces experiments and demonstrations.

7 Summary
I-X is aimed at supporting a range of collaborative mixed-initiative synthesis tasks such as planning, design and configuration. It is intended to simplify and make more
generic the component boundaries and naming conventions used in the construction
of such systems and seeks to make the concepts more re-usable for a range of such
tasks.
I-X is based on the <I-N-C-A> constraint ontology - a powerful and extremely flexible representation of the products of the synthesis process that an I-X system supports. This represents a product as a set of constraints on the space of all possible
products within the model of the domain that the I-X system has. This ontology relates well to emerging standards for process representation and interchange (e.g. in
PIF, NIST PSL, DARPA SPAR).
Both processes and process products are abstractly considered to be made up of a set
of "Issues" which are associated with the processes or process products and may
represent outstanding questions with respect to the products, unsatisfied requirements,
problems raised as a result of analysis or critiquing, etc. They also contain "Nodes"
(activities in a process, or parts of a process product) which may have parts called
sub-nodes making up a hierarchical description of the process or product. The nodes
are related by a set of detailed "Constraints" of various kinds. Finally there can be
"Annotations" related to the processes or products, which provide rationale, information and other useful descriptions.
I-X and <I-N-C-A> have been utilized in a number of coalition cooperative task support scenarios in which the systems have to respond to dynamic events and changes
of relationships between the agents involved.
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