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Implementation of Role—based Command Hierarchy
Model for Actor Cooperation

Jungyoon Kim * Hee-Soo Kim* - Sangjin Lee

Many approaches to agent collaboration have been introduced in military war-games, and those approaches
address methods for simulation entity (actor) collaboration within a team to achieve given goals. To meet fast-
changing battlefield situations, an actor must be loosely coupled with their tasks and be able to take over the role
of other actors if necessary to reflect role handovers occurring in real combat. Achieving these requirements allows
the transfer of tasks assigned one actor to another actor in circumstances when that actor cannot execute its assigned
role, such as when destroyed in action. Tight coupling between an actor and its tasks can prevent role handover in
fast-changing situations. Unfortunately, existing approaches and war-game strictly assign tasks to actors during
design, therefore they prevent the loose coupling. To overcome these shortcomings, our Role-based Command
Hierarchy (ROCH) model dynamically assigns roles to actors based on their situation at runtime. In the model,
“Role” separates actors from their tasks. In this paper, we implement the ROCH model as a component that uses
a publish-subscribe pattern to handle the link between an actor and the roles of its subordinates (other actors).

Key words : Collaboration, Actor, Agent, War-game, Role, Publish-subscribe
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Table 1. Element Naming in Existing Models
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Fig. 1. Tightly coupled missions and seared missions (roles)
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Table 2. Element Naming in Existing Models
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Modeling Elements OneSAF FLAMES VR-Forces CSFA
Actor Actor Entity Unit
Atomic actor Entity Entity Entity
Aggregate actor Unit Aggregate Entity Aggregate Unit

Physical Agent /

Physical model Physical Model

Equipment

Equipment Agent/

Sensor / Actuat -
ensor / Actuator Equipment Model

behavior Agent /

Behavior logic behavior Model Cognition Model Controller behavior Agent
Intra unit

L. Tri Specific interf: Port Tri
communication rigger pecific interface 0l rigger
Int it
et um. . Event Message Message Event
communication
Cooperation behavior Agent Cognition Model Controller Behavior Agent
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< 0—{ Condition

! Expression Expression —
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: T~ RoleTask :
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Sequential Concurrent
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Fig. 5. ROCH Meta Model
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ROCH Framework

Unit A Component Scenario Unit B Component
% A
_ [ superior
Unit
Config. > Config. E -
Plans e of UnitA |=----| ___-~ of Unit B >| e
9 Component e Component ackage
sub. 1 s
! Unit [~
Plans instantiates Org. Info. C.
Capabilities Attribute Values
P e B e e et
'
: Behavior Agent of Unit A o Behgvior Agent of Unit B
' 4. Execute { ' i
! [ Task N H 2. Publish
! | S = = ;
H 6. Manage 1. Subscribe — !
] "
~ 3. Notify \/ 3 '
' 5- Execute ' Role Mng. Role (™ State Mng. s'a'eg"’;@ \'publish/ |
' Sub. O e \subscribe ||
! Plan Lib [:> © _ Unit 1 '
_____ _ T pattern '
: [ D S *- 71 _unit2 : applied |
b , a '
i 1-Unit2 _' )7 Deliver a Task ~—————= \ PP A
i
i
i

Fig. 6. ROCH Framework
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Fig. 8. Simple Scenario for Test and Expected Result

Role : Leader (front unit)
+ Responsibilities : move, support, engage
+ Attributes: CombatPower, Location
+ AssigningCond' : CombatPower > 90
+ WithrawingCond' : CombatPower < 70

Role : FrontWingman (front unit)

isCloseToFire(hostile)

| position == X & !isCloseToFire(hostile)

engage
(hostile)

isCloseToFire(hostile

+ Responsibilities : move, support, engage engage
«+ Attributes: CombatPower, Location (hostile)

+ AssigningCond’ : CombatPower > 90

+ WithrawingCond' : CombatPower < 70
Role : Wingman

« Responsibilities : move, support, engage

«+ Attributes: CombatPower, Location

+ AssigningCond' : CombatPower > 50

+ WithrawingCond' : Leader < 70 == null V

FrontWingman == null

\ position ==X & lisCloseToFire(hostile)

isCloseToFire hosnle
en a
host e

suppo_rt
(front units, x) Je °

position == X & ! isCloseToFire(hostile)

Fig. 9. Role Definition in the Scenario
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Drag a column header and drop it here to group by that column

% z
Behavior execution info

00:02:08.3163679
00:02:08 8153678
00:02:08.8133677
00:02:07 8133105
00:01:01.807"

00:00:59 807

00:00:58.8083636
00:00:58 8073636

FireSupportRequestU

[ ooy R GEDGE M Replanning <TacticalMovementU >

00:00:56 8072492

00:00:55.8071920 [gElaile:IINTNERIT)

00:00:08 8015034
00:00:08.8005034
00:00:07 8034463
00:00:07.3014462

00:00:04.8112752

Fig. 11. Part of Simulation Log for Tank #3
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