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*K.'L9* #� Consider a poor country where there is an ongo-
ing civil war. The civilians that have lost their homes are sheltered
in a civil camp. The Red Cross aims to send medicines, medical
equipment and doctors to the camp. However, there is a possibil-
ity of being attacked by armed groups on the road. In this context,
it is critical to conduct a surveillance task that monitors the road
to the camp and informs the authorities about the possible threats.
For this purpose, an agent responsible for the “surveillance” task
decides to deploy five Unmanned Aerial Vehicles (UAVs) with op-
tical cameras, i.e., five Global Hawks with EOCameras. Half-way
through the “surveillance” task, part of the road between moun-
tains has been covered by fog. Two UAVs responsible for moni-
toring this part immediately become useless, because the attached
optical sensors cannot be used to sense activities under fog. In or-
der to successfully complete the task, new UAVs with the necessary
equipment should be allocated immediately. Using the new con-
straints, the task agent decides to deploy Global Hawks equipped
with SAR, where SAR is a radar sensor that can be used to detect
activities under fog. The agent immediately allocates the nearest
available Global Hawks with SAR sensors to resume the task in the
foggy area.
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Figure 1: A composite task example for monitoring effects of
global warming (composite tasks are represented using rectan-
gles while atomic tasks are represented using ellipses).
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Figure 2: A partial scenario for Global Warming Monitoring task of Figure 1.
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Figure 4: Abstract task example.
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Figure 3: Combination of OWL-S’s process ontology and ISTAR ontology.

� high altitude ����
������ 
� ������ ������� ��
� ���� �
		 �� ����
����� 
� � �����
��� ����� (����� ������� ��� ��� �����
		����
�
		 �� ����
�� �� ���
�� ��� �
���� 1���� ���� ��
� ��� �� ���
�
��	� �����	� ��� 
������ �
�
� ��� �� ���	� ��������2� Radar
Intelligence 1,.)�:/2 
� ����� � ��� ����
������� � ��� �����
=
���� O ���� ��� ����	�
�� ��� �����
		���� ���� 
������� �	��
�
�� 
�� ��		 ��� � ����
��������
.� ���	�
��� ����� ������
��� ��� ������ ��� ����
������� � �

����� =� ��
� ������� 
� ��� ���
� ��	��� �� ���� � ��� ���
����
� ��	�� $#% � ��������� ��� ��	��
���
�� ������� ������
���
1����� �����
� ��� ������� ���
�
��2 ��� ����
������� 1����� �
��
�	�
���� ��� ����� 
���		
�����2� /���� ��	�� ������� ��� ����
�	 ��
��
� ���	���� ��
�
��	 � ��� ����		 ������

3.2 Resources Required by Tasks
.		���
�� �������� � � ���� ��������� � �		���
�� ��������

� 
�� ��������� /�
� 	���� � ��� �������� ���� �		���
�� ��������
�� � ���� ������ � �		���
�� �������� � �		 � ��� ���
� �����
�
��
� ��� ����� /�������� ��������� �� ��
�	� �����
�� �� ���
����� ��
�� ���
� ������
*��� ���
� ���� ��� ����
�� �
������� ����� � ��������� ���

����� ���� ���
� ���� ��� ���� �
������� ����
�������� '���
���� ��� ���
� ����� ��� ���� ����
������� ���� ����� �� ���
�� � �
��	� ������� ����� �� ���� ������ �
������� ������� �����
���	� �� �		����� ������� � ���� ��� ����
������� � �� ���
�
����� ;� ��� ��� ���� Deployable Configuration 
� ���� � �����
� ��� ��� � ������� ����� ���� �� ���
� ���� ������ )��	���	�
���
�����
� ��� ���
�� ����		� 
� � ���
��
���������� ���
�� �		��� =
���� �� ���� ��� � ����� �
�
� ��� �������� ����&

• ,������ types T = {t1, . . . , tn}
• ,������ capabilities C = {c1, . . . , cm}
• /��� requirements R = {r1, . . . , rp}
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• T = {GlobalHawk, EOCamera, Reaper, DayLightTV }

• C = {LargeAreaCoverage, NightVision , HighResImage}

• R = {HighAltitude , IMINT}
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)*=�:�/� : #� Given a set of requirements R′ ⊆ R with asso-
ciated capability sets σ(R′) = {C′

0, . . . , C
′
q}, a deployable config-

urationDC ⊆ T is a set of types such that, for at least one C′
i, 0 ≤

i ≤ q, C′
i � κ(DC) which means that each capability c′ ∈ C′

i

is semantically subsumed by a capability c ∈ κ(DC). More-
over, for any proper subset of a deployable configuration DCj ⊂
DC, DCj �= DC, there is no C′

i, 0 ≤ i ≤ q, such that C′
i �

κ(DCj).
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*K.'L9* "� Assume that an atomic task has two deployable
configurations: [GlobalHawk, EOCamera] and [Reaper, Daylight
TV], where GlobalHawk and Reaper are autonomous UAVs while
EOCamera and DaylightTV are sensor types. This means that there
are two different ways of executing this task. The first way is to
use only the resource types GlobalHawk and EOCamera. Alterna-
tively, another way is to use only the resource types Reaper and
DaylightTV. The task may select one of these configurations before
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allocating resources. The selection may depend on the utility of
these configurations for the task.

*K.'L9* @� In stationary wireless sensor networks, the ca-
pabilities of a sensor type may not depend on other sensor types.
For instance, a thermal sensor does not depend on other types of
sensors to sense thermal activity within its range. In this setting,
capabilities provided by sensor types are additive.

*K.'L9* G� In mobile sensor networks, sensors are attached
to platforms such as UAVs, Autonomous Underwater Vehicles (AUVs),
autonomous robots and so on. Hence, they can move within the
region of interest and provide the required sensing information.
Platforms have a pre-defined number of slots onto which partic-
ular kinds of sensors can be attached. There are domain-specific
constraints that determine what platforms can be used with which
sensors to provide a specific capability. For instance, a surveillance
task may require imagery intelligence. This requirement can be
met by sensors that provide the imagery intelligence, however the
task may also need platforms to carry and support those sensors.
Let us assume we have only two types of platforms that provides
constance surveillance capability: GlobalHawk and Reaper. Ad-
ditionally, we have only three types of sensors with imagery intel-
ligence capability: EOCamera, IRCamera, and DaylightTV. Glob-
alHawk can only carry and support sensor types EOCamera and
IRCamera, while Reaper can only mount DaylightTV. As a result,
we can compose only three different deployable configurations for
the task: [GlobalHawk, EOCamera], [GlobalHawk, IRCamera],
and [Reaper, DaylightTV].
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Figure 6: OLP Stack.
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eval(not(G))  :- not(eval(G)).
eval((G1,G2)) :- eval(G1),eval(G2).
eval((G1;G2)) :- eval(G1);eval(G2).
eval((O:G))   :- ontology(O,G).
eval(G)       :- not(complex(G)), (clause(G,B), eval(B);

not(clause(G,_)),call(G)).
complex(G)    :- G=not(_) ; G=(_;_) ; G=(_,_) ; G=(_:_).
ontology(O,G) :- loadFromOntology(O,G),call(O:G).

Figure 7: Simplified Prolog meta-interpretter for OLP.

getConfigurations(Task,Sensors):-
extendSolution(Task,[], Sensors).

extendSolution(T,Prev,Next):-
requireSensor(T,Prev,X),
A=[X|Prev],
extendSolution(T,A,Next).

extendSolution(T,S,S):-
not(requireCapability(T,S,_)).

requireSensor(T,S,X):-
requireCapability(T,S,C),
istar:’Sensor’(X),
istar:’provideCapability’(X,C).

requireCapability(T,S,C):-
istar:’requireCapability’(T,C),
not(provideCapability(S,C)).

provideCapability([Y|Tail],C):-
istar:’provideCapability’(Y,C),!;
provideCapability(Tail,C).

Figure 8: A matchmaking mechanism example, where a de-
ployable configuration is composed of sensor types whose capa-
bilities are additive. The predicate getConfigurations computes
deployable configurations for a specific task.
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getConfigurations(T,[P|S]):-
deployablePlatform(T,P),
extendSolution(T,P,[],S).

deployablePlatform(T,P):-
istar:’Platform’(P),
not((istar:’requireOperationalCapability’(T,C),

not(istar:’provideCapability’(P,C)))).
extendSolution(T,P,Prev,Next):-

requireSensor(T,P,Prev,X),
istar:’mounts’(P,X),
A=[X|Prev],
extendSolution(T,P,A,Next).

extendSolution(T,P,S,S):-
not(requireCapability(T,P,S,_)).

requireSensor(T,P,S,X):-
requireCapability(T,P,S,C),
istar:’Sensor’(X),
istar:’provideCapability’(X,C).

requireCapability(T,P,S,C):-
istar:’requireCapability’(T,C),
not(provideCapability(S,C)),
not(provideCapability([P],C)).

provideCapability([Y|Tail],C):-
istar:’provideCapability’(Y,C),!;
provideCapability(Tail,C).

Figure 9: A matchmaking mechanism example, where a de-
ployable configuration is composed of platform and sensor
types whose capabilities are not additive; instead sensors and
platforms are interdependent.
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Figure 10: Comparison between OLP program of Figure 9 and
exhaustive search algorithm to find deployable configurations.
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TaskAgent_1 votes 1.0 for the DC
{Platform: Nimrod_MR2;    Sensors: [IRCamera, EOCamera]}
Because it meets all operational requirements and 
provides [IRINTCapability, ELECTRO-OPTINTCapability]

TaskAgent_1 votes 0.66 for the DC
{Platform: I_GNAT; Sensors: [SAR, EOCamera]}
Because it meets all operational requirements and 
provides [ELECTRO-OPTINTCapability], but
cannot provide [IRINTCapability]

TaskAgent_1 votes 0.33 for the DC 
{Platform: Predator_A; Sensors: [SAR, TVCamera]}
Because it meets all operational requirements, but
cannot provide [IRINTCapability, ELECTRO-OPTINTCapability]

Figure 11: Some voting examples.

0

200

400

600

800

1000

1200

0 0.02 0.04 0.06 0.08 0.1 0.12
Rac

Nu
mb

er 
of 

req
uir

ed
 re

so
ur

ce
s

Platforms
Sensors

Figure 12: Required resources vs. Rac.
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Figure 13: Changing ratios of executable tasks.
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