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Outline of Talk 

•  Problem Statement 
–  Is JC3IEDM sufficient as a language for expressing 
Enemy Courses of Ac2on (ECOA) narra2ves?   

–  If so, what are the seman2cs for temporal 
rela2ons? 

•  Background: ECOAs, JC3IEDM, OWL‐TIME 

•  Represen2ng Temporal Aspects of ECOAs in 
JC3IEDM 

•  Conclusions 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Background: What is an ECOA? 

Associated with each ECOA, there is (are): 
•  Situa?on template which normally consists of a Modified Combined Obstacle Overlay, 

depic2ng the opera2onal environment, together with a doctrinal template or model that 
shows how the enemy would be expected to act in that environment. 

•  Time Phase Lines (TPLs) are placed on the situa2on template to depict the expected progress 
of enemy force movements (such as D+1, D+2, etc.).   

•  A Situa?on Matrix that depicts the expected progress of enemy ac2vity across 2me in a 
spreadsheet format may also be used,  especially in land‐centric opera2ons.   

•  An ECOA Narra?ve Descrip?on accompanies the situa2on template and usually addresses 
the earliest 2me the ECOA could be executed, loca2on of the main effort, suppor2ng 
opera2ons, 2me, and phase lines. 

–  Specifies WHO, WHAT, WHEN, WHERE, HOW  

•  Decision Points:  cri2cal decisions that the enemy commander must make during 
implementa2on of the ECOA are described in terms of their loca2on and space as decision 
points.   

•  High Value Target list. 

Normally at least three ECOAs are briefed: two most likely ECOAs and one most 
dangerous. 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Problem Statement 
•  Enemy or Threat Courses of Ac2on are produced during Intelligence 

Prepara2on of the Ba_lefield, during the Military Decision Making 
Process, and as part of the process of Situa2on Development.   

•  Due to the overwhelming amount of informa2on involved in these 
processes and the limited 2me available to intelligence analysts, 
significant efforts are underway to develop computer based tools to 
assist in these processes. 

•  For these to be successful there needs to be a way to formally 
represent Enemy/Threat Courses of Ac2on. 

•  As Courses of Ac2on, ECOAs have (some2mes complex) temporal 
structures and rela2ons. 

•  This paper inves2gates the requirements for and poten2al solu2ons 
to this problem using OWL, elements of JC3IEDM and the OWL 
Time ontology. 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Fusion 2009 Temporal Inference Challenge 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Background: Example ECOA Narra2ve 

 REDLAND ini2ally conducts joint opera2ons to 
disrupt JTF [Joint Task Force] Blue Sword 
forced entry opera2ons, and upon 
establishment of the JTF Blue Sword in 
REDLAND, the REDLAND armed forces 
disperse into small‐unit forma2ons in the 
mountains and ci2es and ini2ate insurgency 
opera2ons to defeat the JTF ground forces. 

‐from US Naval War College Training Document 

Who What When Where How Why 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ECOA Example 

Temporal structure: 1) coalition forces attack, then 2) enemy disperses then  
3) enemy reconsolidates in order to 4) conduct guerilla attacks. 
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Basic JC3IEDM ACTION Structure 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ACTION‐TASK Timing 
•  ac2on‐task‐minimum‐dura2on 
•  ac2on‐task‐es2mated‐dura2on 
•  ac2on‐task‐maximum‐dura2on 
•  ac2on‐task‐planned‐start‐date 
•  ac2on‐task‐planned‐start‐2me 
•  ac2on‐task‐start‐qualifier‐code: a$er, as soon as 
possible, at, before, no later than, not before 

•  ac2on‐task‐planned‐end‐date 
•  ac2on‐task‐planned‐end‐2me 
•  ac2on‐task‐end‐qualifier‐code 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OWL‐Time Class Diagram 
OWL‐Time is an updated version of 
DAML‐Time that permits the 
representa2on of point events, interval 
events and common temporal 
rela2onships using OWL and some 
higher‐level axioms.    

Jerry R. Hobbs and Feng Pan. 2006. 
Time Ontology in OWL. 
h_p://www.w3.org/TR/owl‐2me 

July 7, 2009  VIStology ‐ FUSION '09 ‐ Sea_le, WA  10 



OWL‐Time Proper2es Illustrated 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OWL TIME axioms provide 
ability to make inferences 
concerning JC3IEDM 
Temporal Associa?ons  

In JC3IEDM, events can have 
underspecified start and end 
2mes (e.g. 2 hours aner end of 
another event; or H‐hour + 2; or 
ASAP).  

Dura2on can be encoded as a min‐
max range with an expected 
value, or projected via a 
comple2on ra2o. 

JC3IEDM also allows rela2onship 
based on comple2on ra2os: 
Ac2on A begins … before/aner 
Ac2on B is 1/3 completed. 

OWL‐TIME can provide seman2cs 
of much of these basic JC3IEDM 
temporal rela2ons 

Start asapen 

Start ASAP  End ASAP 

Start 2 hours aner e1 

Dura2on 1 to 3 hours 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Coalition Attack

Enemy Disbursing Enemy Consolidating Enemy Disrupting

intContains

T1

intMeetsintAfter

intAfter

timebegins

Coalition Attack

Enemy Disbursing Enemy Consolidating Enemy Disrupting

ObjectAction

T1

SubjectAction
StartsAndEndsDuring

timePlannedStart

Temp
Assoc

TemporalAssociationCategory

Temporal Rela2ons in OWL‐TIME 
and JC3IEDM 

OWL-TIME 

JC3IEDM 
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JC3IEDM/OWL‐Time Equivalents 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JC3IEDM OWL Time 

Starts at and ends at the same time 
as 

begins(SA) = begins(OA) 
and 

ends(SA)=ends(OA) 

Ends after end of after(ends(SA),ends(OA)) Starts at the same time and ends 
after 

begins(SA) = begins(OA) 
and 

after(ends(SA),ends(OA)) 

Ends after start after(ends(SA),begins(OA)) Starts before and ends before end 
of intOverlaps(SA,OA) 

Ends no earlier than after end of 
after(ends(SA),ends(OA)) 

or 
ends(SA) = ends(OA) 

Starts during & ends after intOverlaps(OA,SA) 

Ends no earlier than after start of 
after(ends(SA),begins(OA)) 

or 
ends(SA) = starts(OA) 

Starts during & ends at same time 
as 

intDuring(SA,OA) 
and 

ends(SA) = ends(OA) 

Ends no later than after end of 
before(ends(SA),ends(OA)) 

or 
ends(SA) = ends(OA) 

Starts no earlier than after end of 
after(begins(SA),ends(OA)) 

or 
begins(SA) = ends(OA) 

Starts after end of after(begins(SA),ends(OA)) Starts no earlier than after start of 
after(begins(SA),begins(OA)) 

Or 
begins(SA) = begins(OA) 

Starts after start of after(begins(SA),begins(OA)) Starts no later than after end of 
before(begins(SA),ends(OA)) 

or 
begins(SA) = ends(OA) 

Ends no later than after end of 
before(ends(SA),ends(OA)) 

or 
ends(SA) = ends(OA) 

Ends no later than after end of 
before(ends(SA),ends(OA)) 

or 
ends(SA) = ends(OA) 



Conclusions 
1.  Represen2ng temporal aspects of ECOAs requires the ability to specify  

1) point events; 2) interval events; 3) events with par2ally constrained 2me of occurrence; 
4) events that occur in sequence; 5) events that occur in parallel; and 

6) events that are dependent upon other events occur prior to their own occurrence.   

2.  A formal representa2on should be grounded in formal ontology and that OWL is a strong 
candidate as an ontology language for this purpose.   

3.  In addi2on, OWL Time is a formal OWL ontology that captures the essence of Allen’s interval 
calculus  and  provides  the  representa2on  power  required  for  represen2ng  the  temporal 
elements  we’ve  encountered  in  our  sample  of  ECOAs  and  is  capable  of  expressing  the 
temporal rela2onships that are part of the JC3IEDM data model. 

4.  While  the OWL‐Time ontology  goes  a  long way  towards  providing  a  basis  reasoning  about 
2me  it  does  not  afford  a  complete  solu2on  as  it  does  not  address  the  problems  of 
represen2ng uncertain2es regarding the accuracy and precision of 2mes, nor does it a_empt 
to align itself with a command and control language such as JC3IEDM. 

5.  We  have  auto‐translated  JC3IEDM  into  OWL;  reasoning  with  JC3IEDM  is  theore2cally 
possible. 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Thank You! 

Ques2ons? 

Mitch Kokar: mkokar@ece.neu.edu  

Gerald Powell: Gerald.M.Powell@us.army.mil  

Chris Matheus: cmatheus@vistology.com  

Brian Ulicny: bulicny@vistology.com 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