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ECOAs can be thought of as the first step in a plan for
future enemy actions. Alternatively, one can think of each
ECOA as a specific layout of the enemy's chess pieces (i.c.
units). However, the board is only partially observable, so
many possible board layouts must be considered based on
the little you can directly observe or indirectly guess.

System Description
There are several steps by which Weasel generates the

most likely enemy COAs, as shown in Figure 4. Each of
these steps will be described below.

Enemy FCOA 2
Intelligence Specificati
pecl 1ca ion ECOA 3
Hypotheses Constraint ECOA fo)
E— Assumptlons Based Editor —
and ECOA
Constraints Generator

Figure 4: A System diagram of Weasel's components.

Weasel uses several types of intelligence hypotheses as
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inputs to constrain enemy position. These hypotheses may
be generated by the analyst from intelligence reports, or in
this case, by a decision support tool called CoRaven.
CoRaven wuses a belief network to compute the
probabilities of various hypotheses from intelligence
reports (in the form of SALUTE messages), and then it
visually displays its conclusions.  Figure 5 shows the
display of one type of intelligence hypothesis: depth of the
enemy defense. The depth of defense indicates how far
west the enemy has penetrated from their starting point,
which in this example is near LDT 5. Thus, there are 4
hypotheses under current consideration which are: the
enemy has penetrated as far as LDT1, LDT2, LDT3 or
LDT4. The color of each LDT indicates the probability of
each hypothesis, where black is less than a 5 % probability.
As the probability increases, the LDT becomes brighter
(whiter).

CoRaven computes these probabilities based on current
intelligence reports.  Each report is shown as a small
symbol on the map in Figure 5. The black symbols
indicate places where intelligence observations have been
made, and nothing of interest was seen, while the gray (or
red in the color version) symbols indicate observations of
enemy activity. As new observations are reported, the
intensities (i.e. probabilities) of the LDTs shift. In this
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Figure 5: Partial results from Co-Raven's intelligence analysis.
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Figure 6: Weasel's Interface for Specifying Enemy Constraints and Assumptions

example, the depth of enemy defense is most likely at
LDT3, indicated by LDT3's light color. LDT4 is a close
second.  The analyst can choose how many of these
hypotheses to consider. In our example we will focus on
the assumption that the enemy has penetrated to LDT3.

Additional intelligence hypotheses (not shown) address the
question "Where is the main defense?" In this example,
reports cumulatively indicate that the main defense is most
probably in the southern AA, Axis Red. This is also given
as a constraint to Weasel.

Specification of Assumption and Constraints. Further
information which the analyst must specify is: the enemy
mission: attack or defend; the size and composition of the
enemy forces (battalion, company, platoon, etc) and
assumed rules of enemy behavior. Figure 6 shows that,
for our example, the analyst has specified the enemy
mission as "defense." The enemy unit under consideration
is an armor battalion. The analyst further assumes that the
battalion is composed of the sub-units shown as red
diamonds in the lower left of Figure 6.
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Three "soft" rules of enemy behavior are shown in the
lower right of Figure 3: "Do not leave a Defense Unit alone
in an avenue of approach (AA)," "Do not leave a delay unit
alone on an AA," and "Cover all avenues of approach"
(with defending units). These are rules which the enemy
may or may not follow when planning their COAs. The
user can state his or her assumptions about whether or not
the enemy will follow these rules by checking (or not
checking) the boxes next to the rules. Checking a box
turns that rule on. Un-checking it turns the rule off. In the
example in Figure 6, the user has chosen assume that the
enemy might leave a defense unit alone on an AA, but will
not leave a delay unit alone, and will cover all AAs.
Weasel's planner uses the checked rules as constraints
when constructing enemy COAs.

Additionally, there are "hard" rules of behavior which the
enemy will (almost) always follow. These rules are shown
in Figure 7. For example, "The leading unit in an AA must
be a delay or defense unit." The rules are divided into two
sets which apply respectively to enemy offensive (attack),
and defensive maneuvers.  The rules in Figure 7 are
treated as hard constraints because they represent either
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Hard constraints for defending ECOAs;

Possible mission for a unit is delay, defend or reserve.

The leading unit in any A& can be either delay or defend.

Reserve will follow either defend or delay.

Reserve units are never left alone on an A&,

There cannot be more than one defense unit on an AA.

If delay and defend occur on the same A4 then delay will lead.

The missions of units occuring on the same phase line but on different Afs are flexible.

Hear-Mazxim: For levels above company, Als are never left undefended.

Figure 7: Users can view Weasel fixed constraints

definitions which are relatively fixed, or they represent
maneuvers that cannot be easily modified without
endangering the unit or requiring lengthy preparation on
the enemy's part (i.e. training and field exercises). Since
few constraints (rules) in any domain can be said to be
truly fixed, future work will examine whether to make
some of the rules which are currently hard constraints into
user settable constraints. Some of these considerations
include determining who should be allowed to make
changes to relatively hard constraints (e.g. domain
intermediates, experts or only special system maintainers?)
and weighing the utility of adding flexibility (which may
be used infrequently) against the possibility that errors will
be introduced when users accidentally change relatively
hard constraints.

Because these rules considered to be fixed, the user is not
permitted to turn them on or off. However, these rules
have been made available in Weasel's interface for users to
examine should they wish to do so. We feel it is important
to make the rules controlling the planner's behavior

24

accessible to the users, and to express them in the users'
domain vocabulary, thus de-mystifying the software
engine. All too frequently, automated planners and
problem solvers are effectively "black boxes" from the
users' perspective.

Constraint-Based ECOA generator. Once all constraints
and assumptions have been entered, the user can request
that Weasel generate all ECOAs consistent with those
assumptions. The planner is a simple constraint-based
planner that generates all permutations of the resources
consistent with the constraints. Although the planner is not
complex, it is more systematic about generating all
combinations than most humans are, particularly when
there are many combinations.

For this example, there are 6 possible ECOAs shown in
Figure 8, consistent with the assumptions specified. These
ECOAs have been rotated so that they are in the same
orientation as they would appear when displayed on the
terrain shown in Figure 2.

Workshop on Mixed-Initiative Planning and Scheduling 7
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Figure 8: Six ECOAs generated by Weasel which are
consistent with the constraints and assumptions in Figure 6.

ECOA Editor. Once ECOAs have been generated,
analysts can view them in the plan editor (Figure 8). If he
or she is mostly satisfied with the ECOAs but wishes to
change a few of their properties, the enemy units can be
repositioned by dragging and dropping them.
Additionally, specific ECOAs can be selected and viewed
in the context of the terrain as shown in Figure 2.

Changing assumptions, repeating the cycle. An
important part of the annalist's problem solving is to
consider what the enemy might do under a variety of
different assumptions. For example, what might the enemy
do if they decided not to leave a defense unit alone on an
AA, or not to defend all AAs? Weasel's interface allows
users to try different "what-if" scenarios defined by sets of
assumptions and intelligence constraints, and rapidly see
the impact on the likely ECOAs. This is an important
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function of Weasel's interface because it makes a specific
and important task easier.

Next problem solving steps. The analyst's work is not yet
complete even after a satisfactory set of ECOAs have been
developed. They must select a small set of ECOAs (for
computational reasons -- usually between 3 and 6) which
they judge to be most relevant or important. This selected
set of ECOAs will be used while generating friendly COAs
(step 5 in Figure 1) to assess the appropriateness and
possible performance of each FCOA considered.

Evaluation Method

Subjects. Eighteen subjects participated in the experiment
(9 Air Force and 9 Army subjects). All had between 1 and
21 years of experience in the U.S. armed forces. Five
subjects were categorized as experts, and 13 as
intermediates; experts were those having at least 6 years of
military experience on active duty, in the National Guard
or Reserves. Domain novices (those having less than a
year experience with the domain) were not used in the
evaluation because they lacked sufficient knowledge to
perform the task even with Weasel's assistance. The
average length of experience of all 18 subjects was 5.03
years.

Scenarios. Subjects were asked to generate ECOAs for 3
different scenarios. Scenario 1 was designed to be
difficult, requiring subjects to generate many possible
ECOAs. Scenario 2 was designed to be relatively easy,
and Scenario 3 was one for which Weasel generated a
"brittle" solution set, in that it was incomplete. Solutions
in which the enemy protected all possible approaches were
not included. = Weasel generated eight ECOAs for
Scenarios 1, two for Scenario 2, and four for Scenario 3.

Solution Methods. Subjects were asked to generate
solutions by three different methods, A, B and C. In
Method A, subjects first generated ECOAs by hand, then
were shown the ECOAs generated by Weasel and asked to
pick between their own solution set and Weasel's. In
Method B, subjects again generated solutions first by hand,
and then were shown Weasel's solutions. However, this
time they could revise their solution set if they so desired.
Examples of revisions include copying one of Weasel's
ECOAs or incorporating elements of it in one of their own.
In Method C, subjects were shown Weasel's solutions first,
and then they were asked to generate their own, which
could include Weasel's ECOAs, or ECOAs based on them.

Design. All subjects solved all scenarios, and applied all
methods. However, to eliminate learning effects, the order
in which subjects saw the scenarios and applied the
methods was counter-balanced. Given that there are 6
permutations of three items, this suggests a 6x6 experiment
requiring 36 subjects. Instead we applied a lattice design
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(Montgomery 1991) which reduced the required subjects
by half (to 18).

Evaluators. Two evaluators assessed the quality of the
ECOA sets generated by the subjects. The evaluators were
selected for their expertise in Army battlefield strategy as
well as their specific knowledge of current battlefield
simulations used in the U.S. Army. One had 9 years U.S.
Army experience, and the other 5 years.

Procedure. First, subjects were given familiarization
training by the experimenter on a computer workstation.
Materials given to subjects included: a scenario instruction
page, three pages each describing the scenario, pen, and a
one-page list of "required" (hard) constraints used by
Weasel to generate ECOAs so that they may understand
the computer's behavior.

Next, subjects were given scenario descriptions and asked
to generate a set of ECOAs appropriate for each of the
three scenarios. An experimenter was present at all times to
answer questions. When a subject finished each scenario,
they were then asked to provide verbal explanations of
their solution choices. Upon completion of all three
scenarios subjects, they completed a short questionnaire.
Lastly, after all subjects had completed all scenarios,
evaluators "scored" all solutions sets (including Weasel's)
for each scenario, where best was 10 and worst was 1.

Results

The first steps in analysis were to check 1) the level of
agreement between the evaluators and 2) whether there
was a significant performance difference between the
intermediate and expert subjects when they generated
ECOAs by hand, without Weasel's assistance. The purpose
of the first check was to assess whether evaluators had
been chosen appropriately, the assumption being that there
is a very low probability that independent evaluators will
produce similar quality rankings for many solutions unless
they have sufficient experience to assess quality. The
purpose of the second check was to assess whether the
division between the intermediates and experts was a
meaningful one. The correlation for scenario 1 was 0.94,
for scenario 2: 0.90 and for scenario 3: 0.99, indicating a
high level of agreement between evaluators. In the second
check, we compared the average quality ranking given by
the evaluators to the intermediate and the expert groups.
An ANOVA indicated that the difference between average
expert and intermediate quality rankings was very
significant, p = 0.001, indicating the experts performed
significantly better than intermediates. Once these two
issues had been established, we investigated the four
questions posed in the introduction:

1. Did use of Weasel improve the quality of ECOAs
generated? Yes. Overall there was a significant
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improvement in quality scores when ECOAs generated
without Weasel's assistance were compared to ECOAs
generated with Weasel's assistance (p = 0.018). Figure 9
shows the average quality scores received by users without
and with Weasel's assistance, as well as the computer's
quality scores. As expected, the quality score on the brittle
scenario (Scenario 3) was very poor.

gomputer ECOA QualityA
A 4 A o)

61— With Weasel . —=

)]
L
7

Average ECOA
Quality Score
7

44 Without Weasel -
\
3 »
2
Scenario 1 Scerario 2 Scerario 3

Figure 9: Ave quality scores received by subjects without and
with Weasel's assistance (where 10 is best and 1 is worst score).

2. Did use of Weasel change intermediates' performance
more than experts”? Yes. It improved intermediates'
quality scores significantly (p = 0.0002), but did not
significantly change experts' quality scores (p = 0.251).
Furthermore,  differences  between  experts and
intermediates were leveled when both groups used Weasel;
there was no significant difference between intermediate
and expert quality scores when using Weasel (p = 0.366).
This implies that use of Weasel elevates intermediates'
ECOA quality to closer to the level of experts.

3. Did ECOA quality decline when Weasel exhibits brittle
behavior? No. For scenario 3, there was no significant
difference in the quality of ECOAs generated without or
with Weasel's assistance (p = 0.51). In fact, ECOA quality
scores increased on average for all scenarios when users
employed Weasel's assistance. However, closer
examination of individual subjects performances revels
that there is more to the story. When using Weasel's
assistance on Scenario 3, more subjects' (three out of 18)
tended to repeat the mistake made by Weasel on Scenario 3
(i.e. omission of ECOAs that "cover" all avenues of
approach). Furthermore, three of the five who made the
omission were experts. In contrast, only one subject (an
intermediate) made this same mistake when producing
solutions manually. This implies that use of Weasel may
have "biased" some users towards flawed solution sets
when it exhibited brittle behavior, just as FTP biased users
towards unnecessarily risky solutions when it exhibited
brittle behavior.

4. Did presentation order change users' the tendency to

repeat Weasel's mistakes? In Smith, McCoy and Layton's
study of FPT, they reduced the tendency of users to adapt
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the computer's flawed solutions by delaying presentation of
the computer's solution until they had explored the problem
on their own. However, we did not find a similar effect in
this domain. Of the five users who "copied" the
computer's mistake on Scenario 3, four generated their own
solutions first and only one saw Weasel's solutions first.

Future Work

This work represents a positive start in the right
direction. However, we are not going to declare victory
yet; there is still much maturation of Weasel that needs to
occur (through further development and evaluation) before
Weasel can be installed and assessed in the context of a
daily work environment. Many issues still need to be
investigated and incorporated into system designs. For
example, does explicit display of the ECOA generators'
fixed constraints allow users to better understand Weasel's
behavior, results and limitations? Or do they persist in
ascribing highly-nuanced human-like reasoning to the
computer, possibly leading to failure to recognize brittle
behavior. To what extent does allowing users to
manipulate Weasel's soft constraints increase its utility, or
decrease its usability? Would allowing users to control
more constraints add to Weasel's utility or is there a point
where the added complexity of the interface becomes more
of a burden than a help to users?

Discussion and Conclusion

We have first examined what we view as the most
important "bottom-line" issue: does Weasel improve
decision making performance, and if so, for what users?
Results show that Weasel results in solution quality gains
for users with an intermediate level of domain experience
(i.e., 1 il 6 years). Based on this result we see potential for
use of Weasel in providing practice and training for
analysts with an intermediate level of domain experience.
However, with supervision from domain experts and with
training on how to interpret Weasel's results; users of
Weasel, and probably most MIPAS systems, should be
trained to regard them as sometimes fallible suggestion
generators rather than as oracles, just as they should regard
their human counterparts. How successful this training is
likely to be is yet another question: will it always be an
uphill battle to prevent users from inappropriately
regarding computer systems as infallible oracles?

Weasel may also provide benefits to domain experts, for
example by reducing the number of times they are
"surprised" by unexpected enemy actions. However,
further evaluations are needed to determine what, if any
benefits domain experts may derive. Lastly, when Weasel
exhibited brittle behavior, it still resulted in an average
solution quality increase, not a decrease as in the Layton, et
al. experiment with FTP. We conclude from this that not
all brittle solutions are created equal; the brittle solution
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examined in the Weasel study was an incomplete solution
set. The one examined in the FTP study was a risky point
solution.  The latter may be a more dangerous form of
brittleness than the former.

Decision support systems, of which MIPAS systems are an
example, can have both positive and negative impacts on
users' performance. The point for readers to take away is
that it is that designers and users of MIPAS systems need
to be aware that even the best designed system will
sometimes exhibit brittle behavior, and both the positive
and negative impacts of such systems must be carefully
weighed in considering how the system should be used.
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Abstract

We argue that as Unmanned Military Vehicles become more
intelligent and capable, and as we attempt to control more of
them with fewer humans in the loop, we need to move
toward a model of delegation of control rather than the
direct control (that is, fine grained control with, generally,
tight and fast control loops) that characterizes much current
practice. We identify and describe five delegation methods
that can serve as building blocks from which to compose
complex and sensitive delegation systems: delegation
through (1) providing goals, (2) providing full or partial
plans, (3) providing negative constraints, (4) providing
positive constraints or stipulations, and (5) providing
priorities or value statements in the form of a policy. We
then describe two implemented delegation architectures that
illustrate the use of some of these delegation methods: a
“playbook” interface for UAV mission planning and a
“policy” interface for optimizing the use of battlefield
communications resources.

UMY Control as Human-Automation
Delegation

While Unmanned Military Vehicles (UMVs—that is, any
unmanned vehicle, whether ground, air, sea, undersea or
space, used for military purposes) hold the promise of
radical change and improvement for a wide range of
military applications they also pose a host of challenging
problems. Chief among these is how to enable a human
operator, who may well be heavily engaged in other tasks
of his or her own (such as exploring a building, maintaining
radio contact with headquarters or even avoiding fire), to
retain sufficient control over the UMV(s) to ensure safe,
efficient and productive outcomes. This problem is, of
course, magnified when the UMVs may be responsible for
the lives of many soldiers or civilians, may be capable of
unleashing lethal force on its own, and when a single
human may be striving to control groups or even swarms of
potentially autonomous and independent actors and may be
concurrently engaged in other, high tempo and criticality
tasks of his or her own.

28

Yet this problem is not completely novel. Humans have
been striving to retain control and produce -efficient
outcomes via the behavior of other autonomous agents for
millennia. It just so happens that those “agents” have been
other humans. Not surprisingly, we have developed many
useful methods for accomplishing these goals, each
customized to a different domain or context of use. When
we have some degree of managerial authority over another
human actor and yet will not be directly commanding
performance of every aspect of a task, we call the
relationship (and the method of commanding task
performance) delegation. Delegation allows the supervisor
to set the agenda either broadly or specifically, but leaves
some authority to the subordinate to decide exactly how to
achieve the commands supplied by the supervisor. Thus, a
delegation relationship between supervisor and subordinate
has many requirements:

1. The supervisor retains overall responsibility for
the outcome of work undertaken by the
supervisor/subordinate team and retains the
authority commensurate with that responsibility.

2. The supervisor has the capability to interact very
flexibly and at multiple levels with the
subordinate. When and if the supervisor wishes to
provide detailed instructions, s/he can; when s/he
wishes to provide only loose guidelines and leave
detailed decision making up to the subordinate,
s/he can do that as well—within the constraints of
the capabilities of the subordinate.

3. To provide useful assistance within the work
domain, the subordinate must have substantial
knowledge about and capabilities within the
domain. The greater these are, the greater the
potential for the supervisor to offload tasks
(including higher level decision making tasks) on
the subordinate.

4. The supervisor must be aware of the subordinate’s
capabilities and limitations and must either not
task the subordinate beyond his/her abilities or
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must provide more explicit instructions and
oversight when there is doubt about those abilities.

5. There must be a “language” or representation
available for the supervisor to task and instruct the
subordinate. This language must (a) be easy to
use, (b) be adaptable to a variety of time and
situational contexts, (c) afford discussing tasks,
goals and constraints (as well as world and
equipment states) directly (as first order objects),
and (d) most importantly, be shared by both the
supervisor and the subordinate(s).

6. The act of delegation will itself define a window
of control authority within which the subordinate
may act. This authority need not be complete
(e.g., checking in with the supervisor before
proceeding with specific actions or resources may
be required), but the greater the authority, the
greater the workload reduction on the supervisor.

Items 4 and 6 together imply that the space of control
authority delegated to automation is flexible—that the
supervisor can choose to delegate more or less “space,” and
more or less authority within that space (that is, range of
control options), to automation. Item 5 implies that the
language available for delegation must make the task of
delegating feasible and robust—enabling, for example, the
provision of detailed instructions on how the supervisor
wants a task to be performed or a simple statement of the
desired goal outcome.

Types of Delegation

We have developed a variety of architectures within which
to support human delegation interactions with automation.
Of particular interest as a core enabling technology is the
“language” or representation for delegation described in
item #5 above. As Klein (1996) points out, without
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successfully sharing an understanding of the tasks, goals
and objectives in a work domain, there can be no
successful communication of intent between actors. We
believe there are five kinds of delegation actions or
delegation methods that should be supported within such a
representation, as described in Table 1 below. Note that
each method forms a building block, and they can be
combined into more effective and flexible composite
delegation interactions. Note also that the subordinate has
a specific responsibility in response to each method, as
articulated below.

In the remainder of this paper, I will described two
delegation architectures we are developing. While neither
system enables all of the types of delegation described
above, and neither is fully implemented yet, collectively
they illustrate the five types of delegation and provide a
rich and highly flexible set of interactions for human-
automation delegation.

Playbook—Delegation of Goals, Plans and
Constraints

The first architecture is based on the metaphor of a sports
team’s playbook. A playbook works because it provides
for rapid communication about goals and plans between a
supervisor (e.g., a coach) and a group of intelligent actors
(the players) who are given the authority to determine how
to act within the constraints inherent in the coach’s play.
Our Playbook architecture supports delegation action types
1-4 in principle and has been implemented in prior
prototypes to include action types 2 and 4.

The basic Playbook system architecture is presented in
Figure 1. The Playbook ‘proper’ consists of a User
Interface (UI) and a constraint propagation planner known
as the Mission Analysis Component (MAC) that
communicate with each other and with the operator via a

Table 1. Five types of delegation.

Supervisor’s Delegation Action

Subordinate’s Responsibility

1.Stipulation of a goal to be achieved—where a goal is
a desired (partial) state of the world.

Achieve the goal(s) if possible (via any means
available), or report if incapable.

2.Stipulation of a plan to be performed—where a plan
is a series of actions, perhaps with sequential or
world state dependencies.

Follow the plan if possible (regardless of
outcome) or report if incapable.

3.Provide constraints in the form of actions or states to
be avoided.

Avoid those states or actions if possible, report
if not.

4.Provide “stipulations” in the form of actions or states
(i.e., sub-goals) to be achieved.

Achieve those states or perform those actions if
possible, report if not.

5.Provide an “optimization function” or “policy” that
enables the subordinate to make informed decisions
about the desirability of various states and actions

Work to optimize value within the
“optimization function” or “policy”.
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Figure 2. General Playbook Architecture.
Shared Task Model. The operator communicates

instructions in the form of desired goals, tasks, partial plans
or constraints, via the Ul, using the task structures of the
shared task model. The MAC is an automated planning
system that understands these instructions and (a) evaluates
them for feasibility and/or (b) expands them to produce
fully executable plans. The MAC may draw on special
purpose planning tools (e.g., an optimizing path planner) to
perform these functions, wrapping them in its task-sensitive
environment. Outside of the tasking interface, but essential
to its use, are two additional components. An Event
Handling component, itself a reactive planning system
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capable of making momentary adjustments during
execution, takes plans from the Playbook. These
instructions are sent to control algorithms that actually
effect behaviors.

Operator interaction with the Playbook can be via a variety
of user interfaces customized to the needs of the work
environment, but operator commands are ultimately
interpreted in terms of the Shared Task Model. To date,
we have developed prototype playbooks for Unmanned
Combat Air Vehicle (UCAV) teams (Miller, Pelican,
Goldman, 2000), and Tactical Mobile Robots (Goldman,
Haigh, Musliner, Pelican, 2000), and prototypes for the
RoboFlag game (Parasuraman, Galster, Squire, Furukawa
and Miller, in press) and for real-time interaction with
teams of heterogeneous UMVs (Miller, Funk, Goldman and
Wu, 2004; Goldman, Miller, Wu, Funk and Meisner,
2005). Below, we provide a description of user interaction
with one playbook interface we developed with Honeywell
Laboratories to illustrate the general concept.

We developed the playbook illustrated in Figure 2 to
enable a human leader to create a full or partial mission

UCAV Tactical Planner Honeywell

mission
airfield_denial
ingress strike egress
formation_ingress ad_strike formation_egress
takeoff fly_to_location fly_to_location land

—{ ad_primary_strike }—»

-I do_takeoff |- i ‘ follow_terrain |

” follow_terrain| nd —| do_land I—»

—| ad_suppress_defenses l—»

¥
¥

u7-213 U7-154
Tail: U7-154

¥
¥

U7-143 u7-214

Tail: U7-143
Weapon: JDAMSs
Mission: ad_primary_strike

¥
¥

u7-045 U7 -067

¥
¥

u7-117 U7-078

Finish Plan

Weapon: ECM Pod
Mission: ad_primary_strike

Tail: U7-067
Weapon: HARM
Mission: ad_suppress_defenses

Final Route | Print Schedule

Show Schedule | Abort | Quit |

Figure 1. Prototype Playbook User Interface for UCAV Mission Planning.
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plan for UCAVs. This initial work was intended as a
ground-based tasking interface to be used for a priori
mission planning, but current Playbook work is exploring
interface modifications to enable real-time and in-flight
tasking and task performance monitoring as well.

Figure 2 shows five primary regions of this Playbook UL
The upper half of the screen is a Mission Composition
Space that shows the plan composed thus far. In this area,
the operator can directly manipulate the tasks and
constraints in the plan. The lower left corner of the
interface is an Available Resource Space, currently
presenting the set of aircraft available for use. The lower
right corner contains an interactive Terrain Map of the area
of interest, used to facilitate interactions with significant
geographic information content. The space between these
two lower windows (empty at startup) is a Resource in Use
Space—once resources (e.g., UCAVs, munitions, etc.) are
selected for use, they will be moved here where they can be
interacted with in more detail. Finally, the lower set of
control buttons is always present for interaction. This
includes options such as “Finish Plan” for handing the
partial plan off to the MAC for completion and/or review
and “Show Schedule” for obtaining a Gantt chart timeline
of the activities planned for each actor, etc.

At startup, the Mission Composition Space presents the
three top-level plays (or ‘mission types’) the system
currently knows about: Interdiction, Airfield Denial, and
Suppress Enemy Air Defenses (SEAD). The mission
leader would interact with the Playbook to, first, declare
that the overall mission “play” for the day was, say,
“Airfield Denial.” In principle, the user could define a new
top-level play either by reference to existing play structures
or completely from scratch, but this capability has not been
implemented yet.

This action is an example of type 2 delegation—providing
a specific task for subordinates to perform. But because
this is a very high level task in a hierarchical task network,
the supervisor has left a great deal of freedom to the
subordinates (in this case, the MAC and the UAVs
themselves) to determine exactly how a “Airfield Denial”
mission is to be performed. If this were the only delegation
information the supervisor provided, the subordinates
would be obligated to do their best to perform that action
(an Airfield Denial mission), but would have a great deal of
authority as to how best to accomplish it.

At this point, having been told only that the task for the day
is “Airfield Denial,” a team of trained pilots would have a
very good general picture of the mission they would fly.
Similarly, the tasking interface (via the Shared Task
Model) knows that a typical airfield denial plan consists of
ingress, attack and egress phases and that it may also
contain a suppress air defense task before or in parallel
with the attack task. But just as a leader instructing a
human flight team could not leave the delegation
instructions at a simple ‘Let’s do an Airfield Denial
mission today,” so the operator of the tasking interface is
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required to provide more information. Here, the human
must provide four additional items: a target, a homebase, a
staging and a rendezvous point. Each of these is a
stipulation, or positive constraint, telling the subordinates
that whatever specific plan they come up with to
accomplish the higher level mission must include these
attributes—and thus, they are examples of type 4
delegation interactions. Most of these activities are
geographical in nature and users typically find it easier to
specify them with reference to a terrain map. Hence, by
selecting any of them from the pop up menu, the user
enables direct interaction with the Terrain Map to designate
an appropriate point. Since the Playbook knows what task
and parameter the point is meant to indicate,