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0 Analysis. The system state must be identified and the possible lines of action
must be specified.

o Advice. The alternatives for action must be evaluated.

0 Accomplishment and approval. The chosen line of action must be executed and

the execution must be monitared.

0 Acknowledgement. Finally, the results of the chosen line of action must be
checked to see whether the imended goal state was reached.

The architecture of GRADIENT (shown in Figure 2), provides for a separation of
functions within the system which can be related 10 the above mentioned categories.

0 Alarm. Process failure detection and indication is achieved through the expert
system module QRES.

0 M"{Jﬁs' The analysis is supported bv a module for state-based diagnosis
(CAUSES) and a module for synthesis of operating procedures ( PSES).

0 Advice. The main support for advice is given by a module for consequence
prediction (IMPACT).

0 Accomplishment. The actual execution of the procedure is monitored through an

operator response evaluation system (RESQ). The execution may be guided by
the dialogue system (DIS).

0 Acknowledgement. The presentation of information, for this as well as for the
other functions, is achieved through a presentation system (PRES) together with
a graphical expert system (GES), abie to dvnamically hone the organisation of
graphical display for PRES.

The overall job of handling the operator input and output is addressed by the
presentation system (PRES), while dialogue control and content are derived from a
dedicated dialogue system (DIS).

Insert Figure 2 about here

The rest of the paper will describe the combined roles of the GRADIENT dialogue
svstem (DIS) uand the response evaluation system (RESQ) in the support of operator
monitoringmand procedure execution, in particular the complementary roles of RESQ
and DIS. This serves both to clarify the available scope for operator support and to

underline the advantages of GRADIENTs policy of functional separation.
il The Dialogue System (DI1S)
The architecture of DIS contains several components which combine to produce the

concurrent knowledge-based dialogue facility required in GRADIENT (illustrated in
Figure 3)

Insert Figure 3 about here
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0 The Inter-Module Communication Handler has a generic functionality which is
also found in other GRADIENT modules. Primanily, its role is to handle the

sequencing of input and output between the Dialogue System and other
GRADIENT modules. R =

0 Dialogue Assistants serve as controllers for instances of dialogue support
directed at the operator. or for handling interaction with other RADFEN‘I'
modules. These programs effect all their actions through the Dialogue
Knowledge Base. Events, which initiate Dialogue Assistants, are also directed
through this knowledge base. Dialogue Assistants consist of networks which
represent the features of interaction reguired for particular dialogue tasks. Such
tl%sg&s)wﬂl relate to operator objectives for action on the process (cf. Aly & Weir,

TO7 ).

A special Dialogue Assistant, the General Purpose Assistant (GPA), acts as a
monitor for other Dialogue Assistants and the Q sub-system, The principal
role of the GPA is 10 act as a clearing house for operator actions relayed from
the Presentation System. In normal operation, individual Dialogue Assistants will
pass through states where they expect to receive acknowledgements of relevani
operator actions. Thus, at any time, several Dialogue Assistants will be “listening’
for one or other of a small range of possible operator responses. Rather than
relay such information directly from the Presentation System to specific Dialogue
Assistants, all operator input is monitored by the GPA, which is kept advised of
current operator action “interests” held by active Dialogue Assistants. The GPA
then stijgnals receipt of the operator action to the interested Dialogue Assistant(s).
Should more than one Dialogue Assistant be awaiting the same operator action,
this will be appreciated by the GPA, which is in a position to advise all interested
parties of any relevant events.

0 The Dialogue Knowledge Base serves both as a repository of knowledge derived
from other GRADIENT modules and provides a distribution point both for this
knowledge and for the actions of the Dialogue Assistants.

32 Response Evaluation System (RESQ}

The principal role of RESQ is to provide a monitoring and alarm facility which responds
to operator actions. This is achieved through the following module structure (illustrated
in Figure 4):

|
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Insert Figure 4 about here ;)

0 The Plan Recogniser processes input from the operator, creates an entry in an
action log, and produces a plan graph representing this action. The Plan
Recogniser controls the matching of this graph to graphs which represent
currently incomplete plans. When all matches for this action are found, the
action’s set of possible explanauons (a structure coniaining all possible
interpretations of the current action in light of previous actions) are passed to the
Plan Evaluator. The Plan Recogniser uses the Plan Library to identify which

lans the operator’s action may be part of. If no path from the action to a high
ﬁtvcl goal is found, then the action must be erroneous. In this case, the action is
passed to the Error Handler.



