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ABSTRACT  
In the western military doctrine the principles of Commander’s Intent (CSI)  and Command 
Intent (CI) is essential concepts that need to be communicated, exchanged and shared to 
facilitate information, knowledge, decision and effects superiority. To achieve better decisions 
and improve tempo, the western military forces has adopted to the NATO Network Enabled 
Capabilities (NNEC) or similar concepts.  Networked Enabled Capabilities is primarily to let 
people network with the overarching process/method  to exercise local initiative within the 
frame of CSI/CI. NEC is enabled by decentralization of authority and responsibility allowing 
subordinate commanders to plan and conduct operations based upon their understanding of the 
local situation.  

However, one can argue that control is lost with subordinates initiative and self-synchronization. 
But, with consistent understanding of CSI/CI together with shared situation awareness the focus 
and direction will be kept and promoted. With coordinated movement amongst participants 
towards a unified whole where individual teams, under comparable situations, are able to act 
and respond equivalent, convergence is established, and effects are delivered that shapes the 
behavior of allies and enemies. 

Thus, the ability to communicate and automatically process Intent, Effects and representations 
of Situational Awareness is then central for the participants. 

This paper presents insights how to create a model, formalization and design that capture Intent 
and Effect to such degree that it can be communicated and automatically processed in traditional 
and network-enabled military organizations Command and Control (C2) systems. 
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1. Introduction 

In the complex operations that military and 
civil organizations are involved in, intent is 
critically important to develop and then 
communicate.  
In the Network Enabled Capabilities 
paradigm, the increased number of 
participating organizations, together with a 
distributed mission space, changes the 
traditional Command and Control methods 
and processes. In this case the Command 
and Control is changed from a hierarchical 
mandating structure towards a Command 
and Control built on self-synchronization 
and subordinates initiative. However, 
current decision making models, and 
Command and Control models do not 
model intent for operations in a 
comprehensive way. The current 
approaches for expressing Intent use a 
substantial ammount of free-text (rendering 
the intent unable to be processed 
effectivility by computational systems) or 
relative rigid structures such as data models 
schemas (limiting the expressiveness of 
Intent).  
A model based on intent is therefore needed 
1) to effectively guide the decision making 
process during complex operations; 2) to 
provide a foundation for developing a new 
generation of decision support tools  for 
“modern” command styles; and 3) to 
support the emerging mission oriented 
business processes of network enabled 
organizations.  
A model is simply put a purposeful 
abstraction of reality.  In order to 
implement the OIEM this paper presents a 
formalism of intent based on computational 
linguistics that is computational tractable.  
The formalism is then used to develop an 
implementation template for decision 
support system components by using an 
Object Orientation paradigm. 

The outline of this paper is Military 
Doctrine Reformation, what is the nature of 
Intent, the Operations Intent and Effects 
Model (OIEM), selected rules of the 
formalism, and selected design elements 
followed by conclusions. 

2. Military Doctrine 
Reformation 

Reformation of military doctrine is a 
continuous endeavor. The ongoing 
reformation of military doctrine, to fit the 
challenges of the 21st century, originates 
from Nikolaj Ogarkov in the early 80’s. 
Ogarakov presented the change in terms of 
extended usage of precision weapons, 
computers and sensors, c.f. [1].  In the end 
of the 80’s the concept was put forward in 
US by Andrew Marshall, where he 
expanded the original Soviet approach, 
which was focused on central Europe and 
on technology, to add doctrine and 
organization. Marshall presented it as the 
Revolution in Military Affairs (RMA) [1]. 
The RMA has then been applied into 
network paradigms by almost every nation 
and alliance and transformed into vision 
documents [2-4] . The core in the 
networking paradigm is networking 
amongst people, processes and technology 
[5]. Networking enables collaboration and 
encourage self-synchronization, where the 
participants together direct and coordinate 
their actions without explicit guidance from 
higher command [6, 7]. The Current 
Command and Control (C2) processes, e.g. 
Military Decision Making Process 
(MDMP) [8], adhere to mission command 
with key enablers such as commander’s 
intent, subordinates initiative, mission 
orders and resource allocation. 
Nevertheless, the increased role of 
collaboration and cooperation challenges 
the traditional C2 processes towards more 
dynamic and self guided processes. 
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Alberts [9] introduce three new key 
concepts for future Command and Control 
namely Agility, Focus, and Convergence. 
Agility is the critical capability that 
organizations need to meet the challenges 
of complexity and uncertainty; Focus 
provides the context and defines the 
purposes of the endeavour; Convergence is 
the goal-seeking process that guides actions 
and effects. Military decision making and 
planning has changed from historically 
being one commander’s work to the current 
approach involving a commander and staff. 
The envisioned next step is that 
commanders and staffs from more than one 
level and from multiple organizations and 
agencies are working collaboratively in 
developing the decisions. In addition 
centres of gravity have changed. These new 
centres of gravity may revolve around 
nationalism, family or clan honour, proving 
one’s manhood or the belief that one is 
ordered to fight perceived enemies of one’s 
religion. Disaggregated forces, such as 
guerrillas, insurgents, and rioters, deny their 
enemies the focal point for their operations. 

Organizations need to have the agility to 
meet challenges of complexity and 
uncertainty [9]. By commanding intent 
independence and improvisation are 
promoted [10], and with  consistent 
understanding of command intent together 
with shared situation awareness the focus 
and direction will be kept [11, 9]. 
Individual teams will then, under 
comparable situations, converge in their 
goal-seeking process to act, respond and 
deliver effects equivalent, shaping the 
behavior of enemies and allies [12, 9]. 

With other words, Agility, Focus and 
Convergence [9] allow command without 
commanders [13, 6]. However, in order to 
networking people, processes and 
technologies are required that grant the 
ability to collect and share information.  

3. Intent 

From the Merriam-Webster dictionary the 
following definition of intent can be found: 

Intent is the state of mind with which an act 
is done and can describe the formulated or 
planned intention. (Merriam-Webster, 
2009) 

Pigeau and McCann [14] state that Intent is 
more than an aim or a purpose; they state 
that Intent contains the aim and purpose 
together with all implications.  Hence, 
Intent is not only to describe an end state 
but it is also a concise expression of the 
purpose of the operation and may also 
include the commander's assessment of the 
adversary commander's intent and an 
assessment of where and how much risk is 
acceptable during the operation. This view 
is supported by the work of Klein [10] 
where Intent is described in seven groups 
and has been enhanced with an eight 
expressing culture and behavior aspects 
[15]. Intent is then defined as follows: 

1. Goal - The purpose of the task (the 
higher-level goals) – It provides the 
big picture of why the missions and 
task are to be executed.  

2. End-State - The objective of the 
task (an image of the desired 
outcome) – It provides a picture of 
the End-State.  

3. Sequence - The sequence of steps 
in the plan – This is the plan that 
describes what do in general terms. 
Courses of Action/Effect 
(COA/COE) 

4. State - The reasoning behind the 
plan, what information was 
available, who was making the 
decisions, under what time pressure 
and similar circumstances. The 
rationale for the plan. 

5. Key Decisions - The key decisions 
that may have to be made – Since 
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there are a large amount of 
uncertainty the COAs that forms 
the plan may overlap and be 
executed in parallel or in other 
order, some COAs have higher 
priority than others and so forth. To 
provide guidance in how to choose 
if necessary.  

6. Antigoals – Antigoals describes 
things that the Commander and 
Staff do not want to happen. 
Antigoals are meaningful when to 
clarify the alternatives of 
COAs/COEs, i.e. unwanted 
outcomes. 

7. Constraints – Constraints and other 
considerations that should be taken 
into account and spawns over the 
whole range from policy too 
weather and terrain.  

8. Expressives – Expressives [15] is 
expanding the constraints section to 
pinpoint cultural and doctrinal 
behaviors. What cultural and 
doctrinal aspects will influence the 
execution of the actions by a 
specific participant?  

Pigeau and McCann [16] introduces that 
intent consists of an explicit part and an 
implicit part.  

Explicit Intent  is publicly stated for all the 
Head Quarter (HQ) staff and subordinates 
to perceive, think about, and act upon. The 
explicit intent is either vocalized (i.e. made 
publicly) in doctrine, orders, statements or 
can be derived from questions and answers. 
Theoretically, each staff and subordinate 
member should be able to reiterate the 
commander’s intent at any point during the 
process 

Implicit intent is un-vocalized 
expectations that the commander and all 
team members have. The implicit intent is 
developed over a longer time, prior to the 
mission, and consists in the style of how the 
commander is conducting the operations 

with respect to experience, risk willing, use 
of power and force, diplomacy, ethics, 
social values, moral, norms, creativity and 
unorthodox behavior and the concepts, 
policies, laws and doctrine agreed to by 
military, civil, organizations, agencies, 
nations and coalitions. 

Commander’s Intent  [8] (CSI) plays a 
central role in military decision making and 
planning. CSI acts as a basis for staffs and 
subordinates to develop their own plans and 
orders to transform thought into action, 
while maintaining the overall intention of 
their commander. CSI is an intent 
describing military focused operations and 
it is a publicly stated description of the end-
state as it relates to forces (entities, people) 
and terrain, the purpose of the operation, 
and key tasks to accomplish. It is developed 
by a small group, e.g. staff, and a 
commander. 

Common Intent [17] is an intent that is 
shared and understood by all participants, 
i.e. there is no discrepancy between the 
intent of participating humans. Common 
Intent is an idealized view of intent. 

Command Intent [6, 15, 17-19]  (CI) is a 
practical view of common intent, meaning 
that it is not plausible to expect that all 
individuals during a whole mission in all 
situations will share the same intent. CI will 
be developed for specific parts of missions 
and shared amongst the participants. To 
establish CI the involvement of all 
participants is necessary, e.g. compare with 
football or soccer teams where the overall 
intent is formalized by coaches in 
collaboration with the players and where 
each player knows what the other players’ 
intentions are. 
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4. Operations Intent and 
Effects Model 

When surveying decision making theory 
and the field of Normative, Descriptive and 
Prescriptive Decision Making models and 
process, [20-23] , they all can be 
generalized to be goal-oriented in that there 
is something that needs to be achieved. In 
order to make decision that leads towards 
the goal information is needed about the 
current situation, and if no such information 
is present a search for information is 
conducted. With the current information as 
a basis, i.e. initial state, decisions can be 
made which result in a decision that is 
internal or external. The internal decisions 
only affect the own system and may or may 
not be affecting the surrounding system 
environment. For an external decision it 
needs to be communicated and is generally 
either a request to some other system to do 
some action or it describes the decision 
made and what it means. 

Figure 1 presents the Operations Intent and 

Effcts Model (OIEM) that relates Intent, 
Decision Making, Orders, Actions and 
Effects as it matters to the world, 
represented and bounded by initial state and 
end state. The model is mainly based upon 
the CSA system by Lagervik and 
Gustavsson [24], the Generic Command 
and Control Process [25] , theOODA-loop 
[26] [c.f. 27], MDMP [8].  

The OIEM is a formalism that includes the 
OODA-loop by introducing an Initial State 
that captures the envisioned output from the 
Observe process, Orient is implicitly 
captured by the different representation 
forms of Goal, Intent, Effects and Actions 
that are used within an orientation process 
and establishing awareness. Decide is 
captured by DM, i.e. Decision Making, 
which is the process of decision making 
carried out by a system or an individual. 
The physical Act is not part of the OIEM 
but the verbalization of what to do is 
conveyed in the Orders.  

Within the author’s work [24] the interface 
between the internal and external world is 
presented, identifying internal information 

Operations Intent and Effects Model
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Figure 1 – Operations Intent and Effects Decision Support Model 
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requirements especially the importance of 
goal to be present for a purposeful system. 
In OIEM Goal is provided to address both 
internal and external goals. Further the 
Initial State contains information regarding 
the system in focus and the environment 
surrounding it. The actor, i.e. someone that 
conducts an action such as organization, 
agency, unit or individual, is implicit in 
OIEM. This is the case since each of the 
instances of OIEM involves some actor. 
Goal is provided or developed by an actor, 
decision making (DM) is conducted by an 
actor, Initial state involves several actors, 
order describes actors, action is conducted 
by actors, effects are caused by the actions 
of actors, effects affect actors, and actors 
can be described in the end-state, therefore 
actors are implicit within OIEM. 

The (SAM)2 model [28, 29] describes the 
interaction between systems, e.g. such as 
the ones put forward by Ackoff [30] and 
Bedney and Meister [31] and the ones 
described by the author in Lagervik and 
Gustavsson [24]. The information 
exchanged is about Objects, Situations, 
Impacts, Perceptions, Comprehensions and 
Projections. In the OIEM model this is 
captured in the States, i.e. initial and end. 

In the work by Klein [10] Intent is directly 
applied in OIEM, the recognition primed 
decision making (RPDM) process is within 
the DM in OIEM together with MDMP, 
GOP/OPP, EBAP and IDC2  processes. 

4.1 Intent 

Intent in form of CSI or CI is in OIEM is 
developed in the Decision Making process 
(DM) and is either implicit or explicit. 
Intent in its basic form at least describes the 
End State or can encapsulate the eight 
facets describing purpose, objective, 
sequence, rationale, key decisions, 
antigoals, constraints and expressives. In 
OIEM this is visualized by the arrow from 
DM to Intent and from Intent to End State. 

End State is described by Intent and Intent 
is developed by the DM process.  

4.2 Effects 

Effects encapsualtes the Effects-based 
operations approach and is presented as  the 
causes between actions and effects, 
physical and behavioural as well as direct 
and indirect effects. This is captured in the 
OIEM by linking Actions to Effects by the 
arrow denoted causes, i.e. the action causes 
the effect to occur. A series of effects can 
be considered as the producer of an end-
state. The effect as such can be considered 
as a supportive effect, i.e. moving towards a 
desired end-state, or an unsupportive one, 
i.e. moving away from the desired end-state 
or resulting in an unwanted end-state. In 
both cases the effects produce an end-state. 
The behavioural, physical or functional 
effects can span the whole variety of 
Political, Military, Economic, Social, 
Infrastructure, and Information (PMESII) 
domains.  

4.3 Decision Making (DM) 

DM is to be seen as a container for the 
decision making process of choice. Ackoff 
(1999) put forward that decisions are made 
by purposeful systems, meaning that there 
is a underlying goal for the system to 
pursuit and that there is some sort of 
decision making process that supports to 
achieve the goal. The goal itself can be 
externally delivered, interpreted and 
adopted into the internal system or 
developed internally in the system. The 
decision making process can then be said to 
receive an internally developed (within a 
humans mind or within an organization) or 
externally disseminated goal. The surveyed 
decision making models and processes [20-
23] all have the notion of a goal, that they 
need additional information outside the own 
internal system and either produce an action 
within the own system or by 
communicating it to other systems. 
Furthermore, for a model describing 
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operations intent and effects the choice of  
decision making process should not conflict 
with the modelling of Intent and Effects, 
since they are both  unbound to the decision 
making process of choice. 

The next step according to the surveyed 
decision making processes is to search for/ 
make use of information. In OIEM this is 
captured by the Perceives and Perceived by 
arrows. They capture that the information is 
perceived, comprehended, or projected [32] 
The request for information is not a part in 
the overarching OIEM Figure 1, since the 
focus is on the information objects 
describing Intent and Effects. It is not made 
explicit how the process in developing 
information is exectued.  

4.4 Goal 

Goal in the model describes the external 
request or the order to execute an action, 
task, mission etc. by the system in focus, 
e.g. battalion or individual. The internal 
goals that a system, e.g. battalion or 
individual, develops are also provided via 
the goal arrow to the systems decision 
making process. Lagervik and Gustavsson 
[24] present a Conceptual Situation 
Awareness system combining the adaptive-
learning management system theory [30] 
and orientational activity theory [31] to 
form a coherent synthesis of a system view. 
The centre for the system is goals since 
they affect the whole system. Goals are also 
variable over time meaning that new inputs 
to the process can occur, that’s why the 
goal arrow starts without connection. It 
showcases this flexibility. Further the goals 
are affected by the motivation of the 
evaluative system. In a military setting, the 
goals are delivered in form of a mission 
statement in an OPLAN or OPORD or 
within a CSI/CI statement. 

4.5 Initial State 

Initial State is the state that is/were used 
during the decision making process. It can 

be physical, i.e. describing objects position 
and actions, or cognitive, i.e. describing 
person and systems state of mind, or 
informative, i.e. describing objects, 
environment, person and systems. A state is 
produced by a situation assessment process. 
The Initialization of such process is made 
by the decision making process in the 
search for new or updated information. An 
ongoing state is said to be current, a state 
that has been is said to be previous, and an 
anticipated upcoming state is said to be 
future, e.g. current: the space shuttle is in 
space, previous: it has lift off, future: it will 
dock the space station. Depending of the 
purpose of what a state is describing, states 
also might have different sets and 
granularity of conditions and parameters. 
Thus, an object csn belong to several states 
at the same time. A state is not only 
physical; it also spawns over cognitive 
states, i.e. humans’ state of mind. The 
cognitive state will change over time and 
can range a whole set of attributes, e.g. 
consciousness, political, intention, goals, 
and will. Further, a state can also be 
informative in describing the capability and 
ability, e.g. that the space shuttle is ready to 
lift off, that the space shuttle rocket tanks 
are full, or state of readiness describing to 
which degree a person or system can 
conduct a certain task. 

4.6 End State 

End State is accordingly to Field Manual 
5.0 [33] those conditions that, when 
achieved, accomplish the mission. An End-
State is described by the relationship 
between own forces and opponent forces, 
terrain, other people and organizations. An 
End-State can be visualized by graphics 
overlays, in matrixes or verbalized. An end-
state can spawn from being direct, e.g. 
destroying a bridge, when the bridge is 
destroyed the end-state is reached, to 
abstract, e.g. secure airfield. Also an End-
state can have a varied time span, e.g. for 
how long shall the airfield be protected, and 
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for how long is the end-state valid to 
pursuit. An End-State in an OPORD is 
usually in bullet form and it normally does 
not exceed five sentences. The usage of 
End-State is to enable the subordinates and 
collaboration parties to establish effects in 
the most effective area at the most effective 
time within the scope of the full CSI/CI 
coordinate actions. 

4.7 Actions 

Actions are something that areexecuted by 
a system. The system can be technical or 
human controlled and can range from a 
single executer to a whole echelon of 
executers. The basic interpretation is that an 
action causes an effect. Several actions 
together can cause a specific effect and 
sometime a single action causes several 
effects. Actions are described in an order. 
Here the order can be as vivid as an 
OPORD or OPLAN or a verbalization of 
some simple direct action. 

4.8 Orders 

Orders are well rooted in military doctrine, 
and from the military decision making 
processes the output is a WARNO, 
OPLAN, OPORD, or FRAGO (FM 6.0). 
Orders are disseminated to subordinates to 
be executed. For the OIEM the wording 
order is used to encapsulate all four order 
types together with simple direct vocalized 
orders. An OPLAN does not differ that 
much from an OPORD (FM 6.0). The focus 
of the order for OIEM is the first three 
paragraphs Situation, Mission and 
Execution. In situation the objective, 
rationale and constraints all are linked to 
Intent in that: objective (End-State) is 
compared towards initial-state, current-state 
and future-states; and rationale is the 
situation when the order was made, i.e. 
initial-state, since it provides the receiver 
with information on what was known, and 
thereby better understand the intent and 
end-state. Mission is a single paragraph 
describing the higher goal, i.e. internally or 

externally developed. Finally Execution 
conveys Intent, COA/COE, tasks to 
manoeuvre units and tasks to supporting 
units. The purpose of the order is to provide 
coordination of actions to establish effects 
in the most effective area at the most 
effective time to move towards a desired 
End-State. That also is the core of Effect 
Based Operations.  

5. OIEM Formalism 

If intent and effects are to be disseminated 
between machine and humans and are to be 
used in both machine based decision 
making or human based or a combination of 
both, there is a need to be able to express 
intent in such a way that it is human and 
machine interpretable. 

5.1 Current formalisms 

Currently the formalizations of intent and 
effects are shorthanded. The three 
apporaches presented here are JC3IEDM, 
C-BML and C2LG. 

JC3IEDM  ‐  Joint Consultation Command 
and Control Information Exchange Data 
Model [34] and the pre successor 
Command and Control Information 
Exchange Data Model [35] are products of 
the Multilateral Interoperability Programme 
[36]. The MIP has the aim “… to achieve 
international interoperability of Command 
and Control Information Systems (C2IS) at 
all levels from corps to battalion, or lowest 
appropriate level, in order to support 
multinational, combined and joint 
operations and the advancement of 
digitization in the international arena" [36]. 
The C2IEDM and JC3IEDM are the 
products from the analysis of a wide 
spectrum of allied information exchange 
requirements. The data model captures the 
information that combined joint component 
commanders need to exchange.   

However, JC3IEDM do not formalise Intent 
in an unambiguous way in its vocabulary 
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and structure. Intent in JC3IEDM is 
captured in free text. JC3IEDM have basic 
structures to represent effects but can not 
express the casuality and realtions amongst 
effects, actions and intent. JC3IEDM only 
shallowly express other organizations 
actions and effects that take part in 21st 
century missions.  

Coalition battle management Language 
(C-BML) [c.f. 37] [38, 39] is a result of the 
initial work of formulating a standardized 
BML. In September 2004 within the 
Simulation Interoperability Standards 
Organization (SISO) a study group was 
formed to investigate the concept of BML 
and, if it was found suitable, develop a plan 
to develop a C-BML Standard. In the 
recommendation put forward by [38, 39]. 
They present a three tier architecture that is 
based on assessments of the various 
alternatives to implement a C-BML phase 
one specification. The Who, What, Whe,n 
Wher,e and Why (fundamental concept in 
C-BML) is implemented into 5Ws Term 
Subsets. The 5Ws Terms subsets specifies a 
logical C-BML data model as a subset of a 
logical JC3IEDM model.  

However, C-BML does not fomalize Intent 
at all, eventhough it is defined as a key 
attribute of C-BML. C-BML does not 
formalize Effects and the casuality and 
realtions amongst effects, actions and 
intent. Due to the fact that C-BML is thight 
bound to JC3IEDM only shallow 
expressions of other organizations actions 
and effects that take part in 21st century 
missions are present in C-BML. 

C2LG - Command and Control lexical 
Grammar is a way of implementing a BML. 
The C2LG is commonly viewd as the 
Domain Specific Grammar [38, 39]  to be 
used as the foundation for building a C-
BML grammar. Schade and Hieb [40] 
present a computational linguistic approach 
to represent Command and Control 
information. This grammatical 
representation is the foundation for the 
C2LG [41-45, c.f. 40]. A grammar provides 

rules constituting how the lexical elements 
of the language in question can be 
connected and how the meaning of the 
catenation can be derived from the meaning 
of the parts if the parts are connected 
according to the grammar’s rules. In the 
work of C2LG requests have been 
formalized to adapt to collaboration across 
organization and agency boundaries. 

However, C2LG do not fomalize intent to 
the full extent putforward by Klein [10] and 
enhanced by Gustavsson et al [15, 46-48]. 
C2LG do formalize a small set of Intent 
based on the Field Manual 5.0 OPORD 
structures. C2LG does not formalize Effects 
and the casuality and realtions amongst 
effects, actions and intent. C2LG only 
shallowly express other organizations 
actions and effects that take part in 21st 
century missions. Further there is no  
comprehensive formal specification of 
C2LG. 

The tight coupling of C-BML and C2LG to 
JC3IEDM and its inherent doctrinal 
language constraints the expressiveness of 
C-BML and C2LG. This since JC3IEDM 
only shallowly express other than military 
elements, C-BML is tight coupled to 
JC3IEDM vocabulary and structure, and 
C2LG vocabulary is derived from 
JC3IEDM and US fleid manuals and the 
grammar structures reflects the US field 
manuals representation of commander’s 
intent. A BML built on C-BML and C2LG 
provides only a reduced expressiveness in a 
multi-organization collaborative setting.   

Thus, JC3IEDM, C-BML and C2LG are in 
their current form not suiteable to express 
intent and effects together with the 
casuality and realtions amongst effects, 
actions and intent. The current architecture 
of C-BML and C2LG with their close 
connection to JC3IEDM and US field 
manuals is not suiteable to model and 
represent mutli-organizational command 
and control information. 
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5.2 The OIEM Approach 

The OIEM formalism is rooted in the BML 
work [49, 50, 39, 38, 51, 37], adhere to 
ontology thoughts [52-55] and is inspired 
by the Command and Control Lexical 
Grammar (C2LG) [41, 40, 42, 44, 45, 54, 
43]. Whilst the OIEM approach should be 
generic C2LG is focused on tasks and 
reports with a strong connection to both 
JC3IEDM [63]  and the task to maneuver 
units section in a US OPORD. Further the 
C2LG does not provide a coherent 
formalization of Command Intent and 
Effects. The OIEM Formalism is a generic 
formalism for western military forces, i.e. it 
is not attached to a specific vocabulary or 
specific doctrinal representation, and 
presents a coherent formalization of 
Command Intent and Effects. 

The formalism is using Lexical Functional 
Grammar (LFG) [56] as the formalism of 
choice. The three words of LFG 
characterizes the language: Lexical means 
that structural information is stored in the 
lexicon, in particular verb frames, e.g. 
words; Functional refers to subject and 
objects and how they are grouped together 
by attribute-value matrices, i.e. how the 
lexicals are to be used in context; and 
Grammar how the structure of the language 
is built. The LFG determines how to 
calculate C-structures, F-Structures and A-
structures from expressions. A C-Structure 
shows the phrase structure of an expression. 
The F-Structure declares the grammatical 
functional behavior of the lexicals. The A-
structure exhibits the semantical 
interpretation.  

The OIEM Formalism separates between 
OIEM rules, Vocabulary rules, and 
Supporting rules. OIEM rules convey the 
OIEMs constituents such as Intent and 
Effects. Vocabulary rules consist of the 
vocabulary lexicon and are expressing 
Military Doctrinal, General, OIEM specifi 
and character types. Supporting rules 

consists of geographical, types, identifiers 
and date and time.  

 

The OIEM grammar G is defined as a 
quadruple, G = {S, N, Σ, P}, where S is the 
starting symbol, N is a finite set of non-
terminal symbols, Σ is a finite set of 
terminal symbols (the lexicon), and P is a 
finite set of production rules. A production 
rule expands a sequence of symbols taken 
from the union of N and Σ to another 
sequence of symbols taken from the union 
of N and Σ. The only restriction is that the 
left-hand side of a rule must contain at least 
one non-terminal symbol. The language 
generated by G, L (G), is the set of all 
sequences of symbols from Σ which can be 
produced by applying the rules of P, 
starting from S, c.f. [41].  

The overall notation for the production 
rules are: (Rule Number) Non-Terminal  
Categorization-Terminals Terminals 
Terminals-place-holder Non-Terminals 
[{external specification}] // additional 
comments 

Only general terms and Intent and Effcts 
are presented here for the full formalism is 
available at the OIEM website [19] and 
further presented in [48]. 

5.2.1 General Terms 

The basic for the formalism is the 5Ws 
(Who, What, When, Where, Why) as 
addressed in Carey et al. [52] and 
defined also as the basis for C-BML. 
WHO: The “Who” declares what types of 
force or unit and in its widest form an 
object which can describe an individual, 
group of individuals, equipment, instances, 
or environment, such as terrain features and 
weather etc.  

(1.101) Who  Actor | Nature   

Actor is a system that is human based, 
meaning that the system is a human, is 
directly controlled by a human or indirectly 
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affected by a human using some system. 
Nature is non human operated, controlled or 
initialized environmental objects and 
features including animals.  

An Actor can be expanded to the role of the 
actor and is defined as follows:  

(1.102) Actor  (ID | Unit<ID> | {Unit 
Type} | {Equipment Type} | Unknown)  

An Actor is identified by a name or 
identification, by the unit, by type of the 
unit, or by the type of equipment. Also, if 
there is no identification, it can be set to 
“unknown”. The purpose of that possible 
expansion is to allow a placeholder. In 
particular, when preparing a plan, giving 
order or ask for a request the exact units 
may not be known or that just the types of 
unit or equipment are known.  

A Commander, Requester, Executer, 
Reporter, Sender, Receiver are all roles of 
an actor and are following the same 
structure as commander (1.103). 

 (1.103) Commander  commander Actor  

A Unit is described by identification, call 
sign, unit organizational structure, under 
command by other units, commands unit, 
has resources, has equipment and has 
capabilities.  

(1.109) Unit  unit [ID] [{Call Sign}] 
[{belongs to} Unit] [{under command by} 
Unit] [commands Unit] [has Resources] 
[has Equipment] [has Capability Degree]* 
[Side] 

Something that is affected expands to a 
Who, rule 1.101 above, and can then be 
expanded accordingly to Actor and Nature.  

 (8.04) Affected  Who 

WHAT: describes what is about to happen, 
what is happening, what has happened and 
the effects of the actions. Further a What 
then can be considered to describe a state. 
State in its basic form denotes actions and 
the effects from actions. Actions denote a 
set of acts of some sort. Generally a What is 

heavily rooted in doctrine and is therefore 
domain specific, meaning that effect verbs 
as well as action verbs are domain specific 
and need to be derived from the operational 
doctrinal language. 

(1.201) What  (Action | Effect | State)*  

Actions are further described in the actions 
section below. 

WHEN: describes the timing and can be 
absolute, abstract or relative. An absolute 
time is a specific time stamp, e.g. 2009-11-
30T01:0000Z (in ISO 8601 format referring 
to Coordinated Universal Time (UTC) [57]. 
An abstract time is a time that is relative to 
a specified time symbol, e.g. K-5minutes 
meaning five minutes before time defined 
by K. A relative time is a time that is 
relative to an absolute time, abstract time or 
an event. Event is the noticed effect from an 
action and is in OIEM described by a What. 
A relative time is prefixed by a temporal 
qualifier, e.g. after, before, during etc. 

The basic When phrase structure is then 
defined as follows: 

(1.301) When  {Absolute Time} | 
{Abstract Time} | {Relative Time} 

Start When is defined by a temporal term 
identifying different start attributes such as 
before, after, at, etc. followed by absolute 
time, abstract time or an event encapsulated 
in a What. Further a more complex timing 
can be used to synchronize with events, i.e. 
What, such as ‘starts at and ends at the 
same time as’. The first is captured in 
Temporal Term and the later in Temporal 
Term Start. 

(1.308) {Start When}  {Temporal Term} 
({Absolute Time} | {Abstract Time} | 
What) 

(2.309) {Start When}  {Temporal Term 
Start} What  

WHERE: describes the location according 
to an absolute position, a relative position, 
terrain feature, line, area or volume. An 
absolute location is a specific geographical 
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point, e.g. 58° 23′ 9.95″ N, 13° 52′ 6.22″ E 
in World Geodetic System (WGS84) 
coordinate system. A relative position is a 
location that is relative to an absolute 
position, relative position, an object or 
terrain feature. An object, i.e. Who can be 
an individual, group of individuals, 
equipment, instances. An environmental 
object is a terrain feature, named area, or 
point of interest and is captured within the 
Environment phrase structure of Who.  

(1.401) Where  [ID] (Point | Shape | 
Environment) 

WHY: describes for what purpose each 
force will conduct its part of an operation 
i.e. the reason for accomplishing the task. 
The Why can be individual or common. An 
individual Why describes the reason for the 
own unit, group or individual and a 
common Why describes the reason that is 
shared between other units, groups and 
individuals. Often an individual Why is 
syntactically defined as a single verb [43], 
e.g. destroy, that refers to the order, task, 
mission etc. or a kind of sub clause that 
adds subject into the phrase, e.g. destroy the 
enemy. A common Why references to a 
higher goal, mission, order, intent or effect 
that the ordered or requested task should 
create.  

(1.501) Why  (individual | common) 
[{in order to} | {in accordance with}] 
{Purpose Verb} (Who | What | Goal | Intent 
| {End State} | Order) 

Why is defined by an individual or common 
categorization terminal followed by a 
relational categorization terminal. The 
Purpose Verb is a single verb describing a 
why and is followed by what the Purpose 
Verb refer to, e.g. a Who, What, Goal, 
Intent, End State or an Order. A What 
includes Actions, Effects and State. 

5.2.2 Intent 

Intent consists of eight parts: Goal - The 
purpose of the task; End-State - The 
objective of the task and the only 

mandatory when expressing intent; 
Sequence - The sequence of steps in the 
plan; State - The situation that builds the 
rationale for the plan; Key Decisions - The 
key decisions that may have to be made; 
Antigoals – Antigoals describes things that 
the Commander and Staff do not want to 
happen.; Constraints – Constraints and 
other considerations that should be taken 
into account.; and Expressives – 
Expressives describes cultural and doctrinal 
behaviors.  

(2.01) Intent  [Goal] End-State 
[Sequence] [State] [{Key Decisions}] 
[Antigoals] [Constraints] [Expressives] [ID] 

A goal describes what the effects ought to 
result in, and goal identifies the higher 
intent, i.e. intent from a supreme 
commander or organization. From a 
collaborative cooperative view, goal is the 
unifier of where the organization team is 
heading.  

(2.02) Goal  [Executer] What [When] 
[Where] [Whys] 

End state is a special state that describes the 
wanted outcome. An end state is typically 
an effect over a defined time span. 

(2.03) {End State}  end state State* 

A State is an object’s relation to other 
objects and its environment. A state can 
range physical (position), informative, 
cognitive and social. From the 4Q-model by 
Gustavsson and Hieb [47], expansion of 3Q 
model Hone et al. [58]. A state answers to 
the questions 1) who is where?; 2) what are 
they doing?; 3) what will they do?; and 4) 
What do they want?. State then is an 
assembly of Who, What, When, Where, and 
Why and can be formalized as follows: 

(2.04) State  [ID] ({Physical State} | 
{Cognitive State} | {Status State})*  

(2.05) {Physical State}  [ID] [prediction 
| ground truth] ((Who [What] [When] 
[Where] [Why]) | {Weather State}) 
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A physical state describes an actor or 
weather state. Weather state provides the 
ability to express the type of weather. A 
cognitive state describes abstract thoughts 
such as religious or political beliefs. The 
Categorization Terminal prediction 
indicates if the expressed state is an actual 
state or an assumption/hypothesis of a 
future state. The Categorization Terminal 
ground truth indicates that the expressed 
sate is the truth and is to express 
information amongst simulators. In real 
world all information is perceived and there 
is more or less always an uncertainty 
involved, even if it is said to be a fact.  

(2.06) {Cognitive State}  [ID] 
[prediction | ground truth] Actor 
{Cognitive What} When Where [Why] 

A status state describes the quantity and/or 
quality of a Who or the status of what a 
Who possesses, e.g. material status and 
capability status. 

(2.07) {Status State}  [ID] [prediction | 
ground truth] Who [Possessing] 
(([Quantity] | Quality) | (Quantity | 
[Quality])) [When] [Where]  

(2.10) Possessing  possesses Who | 
Equipment | Capability 

Quantity describes the number of the 
possessing and Quality the status of the 
possessing. 

(1.113) Equipment  [ID] [Number] {Type 
of Equipment} [has Capability Degree]* 

(1.114) Equipment  [ID] {consist of} 
Equipment* 

Type of Equipment is a list of equipment, 
e.g. guns, tanks, shovels, protection gears. 
Capability is described under Effects 
below. 

The generic phrase structure rule for 
Sequence consists of an arbitrary many 
phases.  

(2.13) Sequence  [ID] Phase* 

A Phase is a high level description of 
something that is happening, i.e. a What. 
The phrase consists of the optional 
elements ID, Priority, Actor, Where and 
Why, and a mandatory section of either an 
optional When with a What or an optional 
What with a When. Then a When or What 
can be assigned with out the other or in a 
combination.  

(2.14) Phase  [ID] [Priority] [Actor] 
((What [When]) | ([What] When)) [Where] 
[Why] 

If situations occur during the pursuit of the 
end-state that is too complex or uncertain 
during planning and ordering, the ability to 
provide guidance is captured in key 
decisions. A key decision is formed as if-
then clauses.  

(2.15) {Key Decisions}  key Decision* 

If a certain state is observed, e.g. the road is 
blocked meaning that the unit can not march 
along a specified route, then some action, order, 
request or change in intent might be needed, e.g. 
take another route, build fortification at current 
position etc.  
(2.16) Decision  if State then (What | 
Order | Request | Intent | Replace) 

Antigoals are the description of unwanted 
outcomes and are a negation of an end state 
or a goal. 

(2.17) Antigoal  Negation ({End State} | 
Goal) 

(12.408) Negation   not  // Conceptually 
describes the absence of something 

Constraint is about other considerations 
typically such as weather and environment 
that should be taken into account and 
typically what effect that might have on the 
stated intent, e.g.  Heavy snow fall, ice 
storm and that the ground is not yet frozen, 
implies those roads are difficult to use, or 
that the roads will freeze. That lakes are 
frozen implies that vehicles can use lakes as 
roads etc. Constraints can also be that the 
area of operations is populated with 
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civilians, that there might be un-organized 
military units etc. that need to be 
emphasized more than just being described 
in the state descriptions. The phrase 
structure rule of constrains contains a 
sequence of constraints.  

A constraint contains an Effect, State or an 
Expressive together with the implied 
consequence. Effect contains the weather 
definitions. 

(2.18) Constraint  (Effect | State | 
Expressive) Consequence 

The consequence is either a state or the 
effect of the environmental state. 

(2.19) Consequence  consequence State | 
Effect  

An expressive is to describe the style, i.e. 
the behavior, of an Actor. Expressives was 
first introduced in [45] and has then been 
revised in [47, 46, 59].   

An expressive consists of the style and a 
degree that defines whether the style is low, 
normal or high. The degree is subjective 
and indicates that there is a deviation, i.e. 
the one using expressives are pinpointing 
towards something of interest. If 
expressives is used to describe the own 
commander or unit the usage is for others to 
understand why “we” will act as “we” do. If 
expressives is conveyed in an order or in an 
intent statement it is considered as guidance 
to the receiver. An expressive statement can 
not be used by its own. In Actions, Effects, 
and Who the ability to use expressives is 
conveyed in the capability part. For Orders 
and Requests Expressives are provided in 
the derived Who’s, Intent, Action and 
Effects. 

(2.20) Expressive  ({Behavior 
Expressive} | {Effect Expressive} | {Action 
Expressive}) Degree  

 (12.203) {Behavior Expressive}  Will | 
Creative | Passive | Aggressive | Passion | 
Unorthodox | Orthodox | {use of power 
and force}  

Degree has a three level structure to 
indicate that the behavior is lower, higher 
or normal with respect to the interpretation 
of the one issuing the degree. 

(12.205) Degree  High | Normal | Low 

5.2.3 Effects 

An effect is said to be caused by an action 
performed by an actor, by the environment 
or as a consequence of an other Effect. An 
effect by itself describes the effect caused 
by an action and can be a single verb 
defining what has happened or can be a full 
state description with ongoing activities. As 
an example an effect can be that a judicial 
system is operational, indicating that there 
are activities that needs to be executed 
continuously or with some interval. The 
basic Effect is formalized as follows: 

(3.01) Effect  effect [Who] [{Effect 
Expressive}] {Effect Verb} [Affected] 
[Capability] [ID] 

The mandatory effect verb is an action verb 
where the future tense has been replaced by 
a present or a past tense, e.g. enabled, 
established, destroyed, denied, and 
disrupted. Then this effect is delivered by 
someone, i.e. Who, and may affect someone 
else, i.e. Affected, and/or a capability.  

(3.11) Effect   [ID] effect {Effect 
Capability} [Actor] 

Effect capability includes an effect 
expressive that denotes a property of the 
effect. It is normally an adjective, such as 
good, credible, effective, without risk, able, 
usable etc.  

(3.03) Capability  {Action Capability} | 
{Effect Capability} | {Behavior Capability} 

(8.05) {Action Capability}  [{Action 
Expressive}] ({Action Verb} | Action) 

(3.05) {Effect Capability}  [{Effect 
Expressive}] ({Effect Verb} | Effect) 

(8.07) {Behavior Capability}  [{Behavior 
Expressive}] [{Behavior verb} | Behavior}] 
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(12.105){Effect Expressive}  good | 
credible | effective | {without risk} | able | 
usable | unable | no | non 

In order to be allow to express a collection 
of effects the following three rules are 
given. 

(3.09) Effect  Effect [and Effect]* 

(3.10) Effect  Effect [with Effect]* 

Then expressions such as ‘Credible 
Taskforce’ and ‘Own forces ensured 
freedom of movement and action’ can be 
expressed and parsed.   

Credible Taskforce: Effect  (3.11) 
{Effect Capability}  {Effect 
Expressive}(credible) 
Effect(Who(Taskforce) {Effect 
Verb}(operational)) 

Own forces ensured freedom of movement 
and action: Effect  (3.01) Who {Effect 
Verb} Capability  Who {Effect Verb} 
{Effect Capability} and {Effect Capability} 

 Who(Own forces) {Effect 
Verb}(ensured) {Effect 
Expressive}(freedom of) {Effect 
Verb}(movement) and {Effect 
Expressive}(freedom of) {Effect 
Verb}(action) 

6. Object oriented Model 

Generally when implementing a software 
based system some kind of programming 
language and software development 
paradigm is used. The main design 
principles for the architecture of the 
implementation are object orientation, 
information centric, and service orientation. 
Object Orientation is selected since it is a 
commonly software development paradigm 
to use. Information Centric architecture is 
choosed since it separates protocol from 
information, providing information to be 
handled without underlying communication 
protocols [c.f. 61, 60, 62]. Service 
Orientation since the implementation is 
separated from function, meaning that a 

service definition lives longer than its 
implementation [c.f. 63, 64].   

The formalism is captured into an object 
oriented class hierarchy so that extensions 
can easily be made and that the grammar 
formalism does not need to have 
implementation specific connections with 
in its own structure, e.g. allowing for 
various parsning and serialization 
implementations. 

In the work of building object oriented 
formalism a set of design rules have been 
developed. The five basic principles that are 
used to capture the formalism into an 
Object Oriented Structure are: 

1. Sequence (and) or multiple usage 
(iteration) are captured by the “has 
a” relation. 

2. Selections (or) are captured by the 
“is a” relation. 

3. Optional constituents are captured 
by beeing a selection between an 
empty or the constituent, i.e. a 
selection (see 1 above). The Class 
implementation is made by an 
abstract class that are the super 
class of an empty class and the 
specific optional constituent. 

4. A constituent that has a “is a” 
relation to more than one other 
constituent are modelled by using 
an abstract root class and 
subclasses that has an association to 
the first constituent. The subclass 
acts as a proxy and data is 
exchanged between the subclass 
and the associated element. This 
rational for the design rule is that a 
constituent can be used in several 
places and multiple inherretance 
within OO is unwanted. 

5. Naming of new classes is made by 
the structure rule non-terminals and 
additional reference or sequence 
postfix. Secondly if there is no 
single underlying constituent, the 
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root name and a sequence number 
is used. 

In this paper only Intetn and Goal are 
presented to show how the transistion from 
a LFG gramamr to a OO design can be 
made. With the proposed structure parsers 
and serializers using visitor patterns acan be 
easily applied. 

6.1 Intent 

Intent rule 2.01 expands to an optional 
Goal, a mandatory End State, an optional 
Sequence, an optional Stat, optional Key 
Decisions, optional Antigoals, optional 
Constraints, optional Expressive and an 
optional ID. In the class diagram, Figure 2, 
Intent is captured from the OIEM 
formalism. The optional elements are 
modelled by iusing the “is a” design rules. 

End State is modelled by a “has a” and the 
iteration design rule and is an association to 
State. The categorization terminal in End 
State is modelled by introducing a Terminal 
class containing the oiem specific 
terminals.  

6.2 Goal 

Goal consists of Executer, What, When, 
Where, and Why. Executer is a role of an 
actor and an actor can have multiple roles at 
the same time meaning that executer is a 
role rather than a subclass or a 
generalization of an actor. Actor is either an 
ID, Unit, Unit tyope, Equipment, or is 
Unknown. What is modeled by a multiple 
and then a selection between Action, Effect 
and State. When is a selection between 
Absolute time, Abstract time and realative 
time. Where is an optional ID and a point, 

 
Figure 2 - Intent Class Diagram 
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shape or environmentlat position. Why 
consists of a terminal selection of 
individual or common, a terminal to 
sescribe “in order to” or “in accordance 
with”, Effect verb, an adjectent description 
of Who, What, what goal, what intent, what 
end state, or what order the Effect refers to. 

An expansion into grammar structure 
following the design rules then are: 

(2.02) Goal  [Executer] What [When] 
[Where] [Why*]  

Goal  Actor | What | When | Where | 
Why* 

Actor  Actor_ID | Actor_Unit | 
Actor_UnitType | Actor_Unknown 

What  What_ActionEffectState* 

What_ActionEffectState  What_Action | 
What_Effect | What_State 

When  When_Absolute_Time | 

When_Abstract_Time | 
When_Relative_Time 

Where  Where_ID Where_PSE 

Where_ID  Where_ID_Empty_Ref | 
Where_ID_Ref 

Where_ID_Empty_Ref  Empty 

Where_ID_Ref  ID 

Where_PSE  Where_Point | 
Where_Sphere | Where_Environment 

Why  
Individual_OR_Common_Terminal 
Why_inOrderTo_InAccordanceWith | 
EffectVerb | Why_WWGIWO 

Individual_OR_Common_Terminal  
Terminal(“individual”) | 
Terminal(“common”) 

Why_inOrderTo_InAccordanceWith  
Terminal (“in order to”) |Terminal (“in 

 
Figure 3 – Goal Class Diagram 
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accordance with”) 

Why_WWGIWO  Why_Who | 
Why_What | Why_Goal | Why_Intent | 
Why_ End State | Why_Order 

 

7. Conclusion 

In this paper Operations Intent and Effects 
are modeled, formalized, and presented in a 
Object oriented design so that Intent and 
Effects can be made machine interpretable. 
The OIEM relates Intent, Decision Making, 
Orders, Actions and Effects as it matters to 
the world, represented and bounded by 
initial state and end state. The OIEM This 
based on system theory, decision making 
theory, situational awareness, and military 
decision making to form an operations 
intent centered model. Further, the OIEM 
captures the causality amongst Intent, 
Effects, Actions, Orders and State.  

The OIEM formalism presented is a 
semantic model decoupled from a specific 
vocabulary and specific data model. The 
formalsim is based on Lexical Functional 
Grammar (LFG) that separates structure 
from function. The vocabulary in OIEM is 
doctrine agnostic, meaning that the 
vocabulary for specific actions, effects, 
organizations and structures associated are 
configurable. The OIEM formalism uses a 
three tier vocabulary representation; 1) 
specific doctrinal vocabulary; 2) 
environemental, nature, and time 
vocabulary; and 3) decision support specific 
vocabulary. This makes the OIEM 
formalism configurable to various 
operational domains.  

With the proposed apporach insights in how 
to model, formalize and provide a design 
that capture Intent and Effect to such degree 
that it can be communicated and 

automatically processed in traditional and 
network-enabled military organizations 
Command and Control (C2) systems. 

Compared with JC3IEDM and its free text 
fields the OIEM formalsim provides a 
structure that do not limit the expressions 
with in traditional OPORDs. 

Compared with C-BML the OIEM 
formalism provides mechanism to express 
Intent, Effects, End-State, casuality 
between Effects and Actions that are not 
possible in the current C-BML. 

Compared with C2LG this apporach has it 
foundation in decsion making theory and 
addresses the full expression of Intent and 
Effects, and the casuality and relations 
between Actions, Effects, End-State and 
intent. Further the OIEM formalsim 
specification is publicallly available [19]. 

Compared with JC3IEDM, C-BML and 
C2LG the OIEM model and Formalism is a 
holistic, doctrine agnostic, apporach to 
represent decision making information and 
espacially Intent and Effects. The 
architecture allows that other vocabularies 
and infroamtion data models are used. 
Meaning that a Comprhensice Management 
Language (CML) can be constructed. 

From a modeling and simulation 
perspective, the use of OIEM allows 
simulation systems to receive and execute 
upon information from operational C2 
systems, and to send information to 
operational C2 systems enabling for C2 
training, mission rehearsal and course of 
action analysis [65, 66]. 
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