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Abstract 
Command and Control (C2) refers to the process or function of commanding and controlling 
military or civilian units. For most military context C2 is exercised in an adversarial 
environment where two or more forces are fighting against each other. In these situations it 
is desirable to constrain the adversarial forces in order to prevent them from achieving their 
objectives. By maintaining an accurate view of the possible dependencies and couplings 
within the own forces and between the own and adversarial forces, constraints can be 
managed and coordinated.  

The purpose of this thesis is to develop a model that is capable of capturing these 
dependencies and couplings. This model is developed using the Functional Resonance 
Analysis Method (FRAM; Hollnagel, 2004). FRAM builds on the assumption that all parts of 
the system can be described as functional units. These functional units can then be linked 
together to form large systems. The links themselves are defined by how a function may 
affect other functions or in turn be affected by them. This enables the model to incorporate 
complex interactions within the system as well as between two adversarial systems. 

The microworld “Dynamiskt Krigsspel för Experiment” (DKE) was used to develop the 
model. A scenario with two teams battling in this adversarial microworld setting was 
analyzed in detail for this purpose. The developed model uses three different layers, or 
resolutions, of functions to capture all potential couplings between functions. The lowest 
level of functions, called the tactical level, is the physical actions of the units in the 
microworld. The next level, the operational level, concerns the more overarching goals for 
which the tactical functions are used. Last, the strategic level consists of the C2 functions, 
such as data collection, sensemaking and planning. 

The developed model is then applied to the scenario in DKE and shown to be able to 
describe and explain all actions by the two adversary systems as well as the couplings and 
dependencies between them.  
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1 Introduction 
Command and Control (C2) is a term familiar to most personnel in the armed forces. In its 
broadest definition, C2 refers to the process or function of commanding and controlling units 
of armed forces (or even civilian units) in a theatre of operation. The exact definition 
however, is more elusive and I will come back to that in chapter 2.2. It is clear however that 
C2 refers to a form of military decision making that takes place in a complex socio-technical 
system consisting of layers of personnel, machinery and other equipment that need to work 
together in order to carry out their purpose. It is a prime example of a Joint Cognitive System 
(JCS) as defined by Hollnagel & Woods (2005). These military systems have historically been 
very large in terms of the number of people and equipment involved. Therefore the armed 
forces have always maintained a strict hierarchical order with clear definitions of who 
commands who in order to succesfully maintain and manage the system. While this has 
some advantages, such as the ability to manage large number of people, it can also hinder 
the system from functioning optimally. In today’s theatres of operation, the speed of 
information transfer and decision making can be crucial to mission success. Maintaining an 
accurate, up-to-date view of the operating environment, the own forces’ actions as well as 
any adversarial action is more important than ever before. The rigid, hierarchical structure of 
many armed forces may hinder this and delay the decision making and information 
transferal. 

Various solutions to this problem have been suggested and concepts such as “network-
centric” or “agile” C2 are used to describe the system design of tomorrow. This often 
involves cooperation between different branches of the armed forces, such as the Air Force 
and the Army, or even between military and civilian organisations, such as when 
coordinating rescue operations after natural disasters. Such was the case after Hurricane 
Katrina struck New Orleans in 2005. The rescue operation that followed in that case was 
severely hampered by the inability to share information between the various agents 
involved, which is clearly stated several times in the US government’s final report on the 
Hurricane Katrina response (cf. “A Failure of Initiative” 2006). While this was a natural 
disaster and the problems arose coordinating the relief effort, it is just as important in an 
adversarial, war-like anvironment where adversarial forces may hamper or foil efforts. The 
conclusions from “A Failure of Initiative” points toward a core problem of C2 today; how can 
an accurate view of the environment, own and adversarial forces be created and maintained 
in order to coordinate efforts? 

A central aspect of this question is how to model the system, its actions and interaction with 
the environment and adversarial forces. A system in this sense is the collection of functional 
units that operate together toward a common goal in an environment. It can be problematic 
to model a large socio-technical system of this kind but when dealing with a system in an 
adversarial setting there is also an adversary that is actively working against the system and 
tries to constrain and disrupt its workings. An accurate model need therefore not only 
describe the interactions between the parts of the system but between rivaling/adversarial 
systems as well. In addition, for a model to be helpful in aiding the decision making process 
it must also show how various actions enable and constrain the adversary and how the 
adversary in turn may affect the own system. 
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One way of doing this is to develop a model using a systemic analysis method from the CSE 
field called FRAM (cf. Hollnagel, 2004) as a base. FRAM stands for Functional Resonance 
Accident Model and builds on the assumption that systems can be described in terms of 
functional units rather than only on the basis of the structural units. These functions can then 
be linked to large systems where the links themselves are defined by how a function may 
affect other functions or in turn be affected by them. However, FRAM was developed to 
analyze complex systems with regards to accidents. It was not intended to deal with an 
adversarial environment where systems intentionally work against each other. Thus, FRAM 
need to be extended in order to cope with the complexities arising from this difference. This 
thesis aims to contribute to this model extension. 

1.1 Disposition 
The thesis is structured in the following way: First the purpose and scope of this thesis will 
be presented. The core theoretical points and a description of the method used will follow 
and after that the results are presented, which is followed by a discussion and the 
conclusions of this thesis. 

1.2 Purpose 
The main purpose of this study is to;  

− develop a model using FRAM that can be used to describe and model successful and 
unsuccessful performance in an adversarial command and control setting. 

The adversarial C2 setting is a microworld environment where two teams work to achieve 
their own goals while also preventing the adversary (the other team) from achieving their 
goals. The successful and unsuccessful actions will be drawn from the actions performed by 
the operators on either team in relation to the success of effectively and efficiently achieving 
those goals with the resources allotted them. 

By using FRAM, all parts of the system can be defined as functions and relations between 
functions, by which the actions can be described and modelled. Instantiations of one scenario 
played by two teams will be used to connect the functions to actual actions performed and 
provide examples of the principles behind the model. 

The model must be able to separate three different levels of military C2; tactical, operational 
and strategic. The tactical level is the basic military actions performed, such as moving a unit 
from point A to point B. The operational level corresponds to higher level goals, such as 
capturing and securing a road using one or more units that are performing tactical actions. 
The strategic level concerns even higher goals that define the purpose and direction of the 
entire system over the course of a whole scenario. 

Thus the questions this thesis will attempt to answer are the following: 

− Is it possible to use FRAM to develop a model of an adversarial system? 

− Can FRAM capture the different levels necessary in a C2 system? 

− Will the FRAM model be able to describe successful and unsuccessful actions? 
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1.3 Scope 
Försvarshögskolan (FHS; the Swedish National Defence College) conducted an experiment 
using the “Dynamiskt Krigsspel för Experiment” (DKE) microworld simulation where two 
teams of three players each were put in an adversarial situation where they fought a war 
game. The purpose of the war game was to gain control of certain key positions and prevent 
the opponent from doing the same. The data accumulated from this experiment will be used 
and analyzed using FRAM. The analysis will be done by describing the activities in the game 
in terms of FRAM functions and their performance in regard to the aspects of input, output, 
time, resources, preconditions and control. There are four steps described in the FRAM 
framework that are used when analysing a system. In this work only some parts of the first 
three steps will be addressed.  

The first step will result in a defined set of functions that can be performed in the DKE 
simulation; the second step is mainly given from the rules of the microworld and will 
therefore not be performed while the third step will result in a description of potential links 
between the various functions, based on the previous two steps.  

This study will only use one of the scenarios that were recorded in the FHS experiment as 
this will be sufficient to construct a basic framework. The focus will be on the first two levels 
mentioned in the purpose; the tactical and operational levels. This restriction is made 
because the first two levels in and of themselves will be sufficient to develop and 
demonstrate the principle of the model, which is the purpose of this thesis.  

Further, at this point the aim is to create a descriptive and not a predictive model and 
therefore no attempt to predict potential outcomes of functions or specific situations in the 
analyzed scenario will be made. 
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2 Theory 
In this theory section I will outline the basics of FRAM. I will also provide a brief overview of 
C2 as a field of study and define the core concept of “Command and Control”. 

2.1 FRAM 
The Functional Resonance Accident Model, FRAM, was first proposed by Hollnagel in 2004 
(Hollnagel 2004). It is a systemic accident model (Qureshi 2007) that follows the frameworks 
of cognitive science engineering (Hollnagel & Woods 1983) and joint cognitive systems 
(Hollnagel & Woods 2005) and is intended to be used on complex socio-technical systems. It 
attempts to provide an overview of the system on a whole and illustrate the various 
connections and constraints that exist within a system.  

FRAM builds on the assumption that all parts within a system can be described in terms of 
what functions they perform regardless of their actual physical structure. A system is thus a 
collection of functions that work together toward a common goal. This can be something as 
simple as a driver driving his car or as complex as a space shuttle launch. There are four 
principles in FRAM (Hollnagel, Pruchnicki, Woltjer & Etcher 2008); 

1) Both success and failure stem from the same source; adaptation within the systems 
to manage complexity 

2) The systems are only partly predictable and variability is inevitable 

3) The variability of functions may result in unexpected and disproportional 
outcomes 

4) The variability of functions may work to enhance other functions’ variability 
(stochastic resonance) to exceed the normal variability and produce an accident 

 

The name itself, Functional Resonance Accident Model, mirrors the underlying philosophy 
of the fourth principle in FRAM. The idea is that the outcome of functions resonates with 
each other to enhance or reduce the inevitable variability. This is a well known effect, also 
called stochastic resonance, in various natural sciences, such as neuroscience (e.g. Usher & 
Feingold 2000) or physics (e.g. Wiesenfeld, Wellens & Buchleitner 2002; Dykman et al. 1995); 
that in a complex (non-linear) system, noise (or variability) can enhance the coherence within 
certain ranges.  

Imagine that there is a certain allowed span of operation that can be considered safe, a so 
called safe envelope. The variability of the output of a given function will normally move 
within this safe envelope, but in combination with the variability of other functions they may 
work together to produce a functional resonance that will exceed the safe envelope and cause 
an accident.  

This also mean that an accident, according to FRAM, need not be the result of extraordinary 
events, but can be the output of several events that in themselves are within the boundaries 
of the safe envelope. This also carries the implication that one cannot look at individual 
components to understand this type of complex accident in complex socio-technical systems. 
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In order to evaluate systems and use FRAM, a method has been developed. It has been used 
in a variety of domains such as aviation (Woltjer 2007) and economics (Sundström & 
Hollnagel 2004). The method consists of four steps. 

The first step “identifies essential system functions” (Woltjer 2008). It might however be 
more appropriate to use the word “define” rather than “identify”, as is done in Woltjer, 
Smith & Hollnagel (2006). The functions of the system in question may be constructed in 
many ways by different investigators with different purposes. This should be seen as a 
positive feature of FRAM; it allows the method to be applied in a wide variety of domains. 
There are however procedures for how to describe the various functions. Each function is 
described using different aspects; Input, Output, Preconditions, Control, Time and 
Resources. (Hollnagel 2004) 

− Input is what the function uses, transforms or that which starts the function. 

− Output is the output of the function, the transformed input. 

− Preconditions are conditions that must exist or be fulfilled before the function can 
start. 

− Control is that which supervises or adjusts the function, or how the function is 
monitored or controlled. 

− Time is everything that influences the time availability of a function, such as 
performance time. 

− Resources are that which the function needs or consumes. 

 
All functions that are part of the system to be analyzed are described using these six 
functions. This later allows for connections and couplings between functions, such that one 
function’s output can be the input to any aspects of another function. 

Step two is to characterize the variability of the functions using eleven pre-defined Common 
Performance Conditions (CPCs). There are eleven CPCs in total and by in turn considering 
the various CPCs for each function, sources of variability can be identified. This step relies on 
the context of the system, both internal and external. 

The third step is to define the functional resonance that can arise from the potential 
connections and couplings of functions. This is the step where the functions are coupled 
through the six aspects described in step one. For instance, the output of one function may 
fulfil the precondition of another, produce a resource needed or be the input to that function. 
Further, functions may share connections on control (meaning they share at least one aspect 
of control, such as the same operator or following the same regulations) or be connected 
output to time (the performance of one function affects the time of another). This can be 
illustrated graphically by using the following representation of a function:  
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Figure 1 A FRAM function representation. 

When these various connections are identified, they are combined with the results of step 
two to highlight the potential for variability to spread and amplify through the system. This 
variability has the potential to develop into accidents (Woltjer & Hollnagel 2007; Woltjer & 
Hollnagel 2008). If one function has couplings that vary, due to one or more of the CPCs, 
then that function may have a greater than normal variability in its output. This could result 
in an accident, despite the fact that each one of the previous functions are operating within 
their safety margins. 

Step 4 is to identify barriers for this variability and monitor functions. Barriers can be 
physical, functional, symbolic, or incorporeal (or a combination of any of these forms) 
(Hollnagel 2004). The purpose of the barriers is to dampen or decrease the variability of the 
system functions, as well as to monitor the functions. 

2.2 Command & Control 
Command and control (C2) is a term widely used in military organisation and in research on 
military organisations. However, as several authors have noted (e.g. Lawson 1981; Pigeau & 
McCann 2002; Hansberger, Schreiber, & Spain 2008; Andriole & Halpin 1986) there are just 
about as many definitions of the term as there are people using it. This could prove very 
problematic in C2 research. An example of the problems can be shown by an attempt to 
define C2 using various NATO documentations. NATO straightforwardly defines C2 as: 

“The Organisation, Process, Procedures and Systems necessary to allow timely political and military 
decisionmaking and to enable military commanders to direct and control military forces.” 

(NATO 1996 as quoted in NATO Code Of Best Practice for C2 Assessment, 2002, p. 2) 

However, this definition uses the word “control” to define “command and control”. It is also 
very broad in the sense that C2 includes organisation, process, procedures and systems in its 
definition. Systems are further defined to mean “headquarters facilities, communications, 
information systems, and sensors and warning installations”. Other NATO standards for 
defining the term C2 can be found, e.g. in Allied Joint Publication 3.2 (AJP-3.2): 

“The process through which a commander exercises command (whether full or operational or 
tactical command) or operational or tactical control to organize, direct and coordinate the 
activities of the forces allocated to him” 

(Nato AJP-3.2, n.d., Lexicon-8, italics in original) 

This definition is again circular in its use of “command” and “control”. The same document 
specifies “command” as: 
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“The authority vested in an individual of the armed forces for the direction, coordination and control 
of military forces”  

(ibid. Lexicon-8) 

Again, the definition of “command” alone uses “control”. Control on its own is defined as: 

“That authority exercised by a commander over part of the activities of subordinate organizations, or 
other organizations not normally under his command, which encompasses the responsibility for 
implementing orders or directives.” 

(ibid, Lexicon-9) 

It would appear that “command” is “authority vested” in a commander while control is the 
“authority exercised” by that commander. Further the authority vested is for a specific 
purpose; “the direction, coordination and control of military forces” (emphasis added). C2 is 
thus, according to this document, the process through which this authority (that is vested) is 
exercised or the process through which control is exercised, to organize, direct and 
coordinate the activities of subordinate forces. Control, as noted before, is the “authority 
exercised”, which makes the exercise of control a somewhat problematic statement. This 
problem of redundant and circular definitions by NATO has also been noted by others, (cf. 
Pigeau & McCann 2002; Foster 1988). 

Other definitions or classifications of “command and control” (or C2) are “weapons control 
via communication technology” or “communications technology” (Andriole & Halpin, 1986, 
pp. 762), and “distributed supervisory control systems” (Shattuck & Woods, 2000, pp. 1). 
Definitions of “command” and “control” respectively however range from “Command is a 
legal and behavioral term referring to a designated individual leader’s responsibility and 
accountability for everything the leader’s unit of command does and does not do” 
(Czarnecki, 2008, pp. 1) and “control is a regulatory and scientific term denoting the ability to 
manage that which is commanded” (ibid., pp. 1) to “command: the creative expression of 
human will necessary to accomplish the mission” and “control: those structures and 
processes devised by command to enable it and manage risk” (Pigeau & McCann, 2002, pp 
56). This confusion over definitions is not surprising given that the field on which it applies, 
military endevaours, is in a state of constant change. 

One way of dealing with this confusion is to argue that one of the terms (or both) should be 
dismissed (e.g. control, cf. Czarnecki 2008); another is to attempt to extend the C2 concept 
into e.g. C3, C4I, C4ISR, C4ISTAR1

                                                   
1 The acronyms stand for Command, Control and Communications (C3), Command, Control, 
Communications, Computers, and Intelligence (C4I), Command, Control, Communications, Computers, 
Intelligence, Surveillance, and Reconnaissance (C4ISR), Command, Control, Communications, Computers, 
Intelligence, Surveillance, Targeting Acquisition and Reconnaissance (C4ISTAR) 

, similar acronyms (e.g. IDC2; Josefsson & Marklund 2008) 
or terminology such as “battle command” that includes more aspects that allows for greater 
precision in definitions and usage. Attempts are also made to connect C2 to other established 
theories or concepts, such as Hutchins “distributed cognitive framework” (Hutchins 1995 as 
used in Hansberger et al. 2008), sensemaking (Ntuen, 2008), Perrows four-quadrant 
taxonomy of control (Perrow 1986 as used in Czarnecki 2008) or to see C2 systems in terms of 
their design (Brehmer 2008). 
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It is clear that “command and control” (C2) means something other than just a combination 
of “command” and “control” (cf. Pigeau & McCann, 2002). Further, C2 is some form of 
process, potentially for making (military) decisions concerning plans or future actions 
(potenitally) involving other (subordinate) units, but most likely not limited to this. For the 
purposes of this work, C2 is defined, with the problems highlighted in this section in mind, 
using a slightly modified version of the NATO standard as: 

“The Process and Procedures necessary to allow timely military decision-making and to 
enable military commanders to direct and control military forces.” 

This definition captures what is important in this type of microworlds and for the purposes of 
this type of study and should not be seen as a general, or problem free, definition. 

2.3 Microworlds 
In this study a computer-based microworld is used in order to take a first step toward 
developing the C2 model. Microworlds are controlled, rule-governed software environments 
where all variables can be controlled through design and implementation. Microworlds are 
useful tools in research in various fields, e.g. artificial intelligence or psychology, and can be 
anything from the simplest text based environment to advanced simulators with advanced 
graphics and realistic physics engines.  

A microworld is often used as an alternative to the field or the laboratory setting. According 
to Brehmer & Dörner (1993), there is a problem of complexity that can be aided with the use 
of a microworld. While a laboratory setting might be a very controlled, and thus non-
complex, environment, it is problematic in terms of representativeness and generalization. 
The field experiment however, while rich in ecological validity, has too much complexity so 
that the conclusions drawn can rarely be validated. A microworld can have high complexity, 
but it is ultimately designed and to an extent controlled by the designer of the experiment. 
Even though, in most cases, specific interactions between subjects and the microworld 
cannot be recreated as it is a product of the subject interacting with the microworld, all 
subjects can be exposed to the same complex situation in a controlled manner. The 
complexity is one of three characteristic that all microworlds share (Brehmer & Dörner 1993). 
More specifically, all microworlds are: 

− Complex 

− Dynamic 

− Opaque 

The complexity stems from the number of goals and possibilities of interaction between the 
various processes. They are dynamic as they change and evolve over time in response to the 
interaction with the user, and they are opaque because the rules governing the microworld 
are hidden from the user to some extent. As the microworld represents a complex 
environment with some form of system inside it that the user can control, they can be used to 
study how the user controls that system. That is, the existing system provided by the 
microworld plus the user is, in terms of CSE, a joint cognitive system acting in a complex 
environment that is also provided by the microworld. As Brehmer and Dörner (1993) point 
out, the aim of the research must therefore be “the functioning of the total system consisting of 
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the subject and the simulation” (ibid., p. 177, italics in original). This is in line with the purpose 
of this thesis which aims to use FRAM to develop a model of actions in an adversarial, C2, 
setting. FRAM, as explained previously, was developed in order to analyze complex systems 
consisting of several interacting functions. The microworld used in this research was DKE, 
which is described further below. 

2.3.1 DKE 
Dynamiskt Krigsspel för Experiment (DKE) [eng. Dynamic War Game for Experiments] is a 
microworld simulator for war games. 

As a microworld, DKE is a very controlled environment. The game only allows certain 
functions to be performed and can also be restricted in time. The game also keeps track of 
and regulates all changes in the units’ statistics. There are two types of units; Artillery and 
Armoured units. Each team has 6 Artillery units (3 in each subdivision) and 24 Armoured 
units (12 in each subdivision). The units differ in their basic variables and in what actions 
they can perform in the game. The basic variables of the units are the following: 

Table 1 Unit Types and Variables 

Unit Type Attack Armour Artillery Stamina 
Armoured 10 6 0 6 
Artillery 0 4 12 4 

 

In order; the Attack strength is used as a form of base measurement when units fight, 
Armour level is used to decide the protection of the unit when fighting, Artillery level is 
used to determine the outcome when Artillery units fire over long distances, Stamina has a 
general effect on fighting and artillery fire while Movement Type affects how the units move. 
The Protective Factor is another variable used in determining the outcome of a fight. 

Artillery units, unlike Armoured units, do not have an Attack strength. This does not mean 
that they cannot win a battle if engaged in close combat, only that they are at a disadvantage. 
Artillery units are also lacking somewhat in Armor level and Stamina and they also have a 
lower Protective Factor. This is to simulate that an Artillery unit is at a severe disadvantage 
when confronted with an Armoured unit in close combat. However, Artillery units do have 
high Artillery level while the Armoured units lack this completely. That means that Artillery 
units are the only units in the game able to fire a ranged, long distance attack simulating real 
world artillery fire. 

While Table 1 show the starting numbers, some of these variables may vary during the game 
as a result of the fights, artillery fire and recovery that the units are involved in. The variables 
that vary during the game are Attack strength, Armour level, Artillery level and Stamina. All 
units also start with 100 each of Fuel and Ammunition. Those resources are consumed when 
a unit moves over the map and engages in fights but can be raised again by ordering the unit 
to recover. 
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Figure 2 Blue Commanders view of the DKE interface. Commanders see their own side’s units 

and objects within visibility range. The map (terrain and vegetation) can be seen by all. 

2.3.2 Scenario 
The DKE scenario had two three-people teams play a war game where the goal was to secure 
a number of key positions and prevent the opposing team from doing the same. One person 
in each team was assigned the “Commander” (C) role. The commander did not control any 
forces directly but rather led the two other team members as their superior officer. The two 
remaining team members, A and B, each controlled a number of units, e.g. blue and light 
blue for the blue team and red and light red for the red team. The operator in C-role could 
observe both forces on the own team, while A and B only could see their own forces and not 
each others. The game time for the scenarios used was 30 minutes. After this time, a winner 
was declared based on three criteria; 

1) Control of at least one bridge 

2) Control of a road between the bridge and headquarter 

3) Prevention of the opposing team to fulfil requirements 1 and/or 2 
 
The goal of the scenario was thus to capture at least one of four bridges (Flodstad, Södra 
Bron, Flodbyn or Norra Bron) spanning the central river on the map, as well as securing a 
road from that bridge to the own headquarter. The headquarters of each team was marked 
with this symbol:   
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A road was secured by moving a unit over it, which changed the ownership of the road to 
that of the team. If an enemy unit moved over any part of the road and with that changing 
the ownership of that part to the enemy team, the road was no longer considered secure. It 
was thus possible to “raid” the opponents already secured roads by sending a single unit to 
move across them, possibly even without the opponent noticing. This is a tactic that will be 
further explained in later chapters. 

A bridge was secured in the same manner as a road, with the two bridge 
heads marked by a symbol similar to that of the headquarters of each team 
(a round wheel with a cross). By controlling the two bridge heads and the 
road in between them, the bridge was secured. If one team held one 
bridgehead and the other team held the second bridgehead neither team would be counted 
as owner of the bridge. 

Further, the goal of the scenario was to prevent the opposing team to achieve the goal of 
securing a bridge. If both, or neither, team captured a bridge and secured a road to their own 
headquarter, the game ended in a draw. If only one team was successful, that team won the 
game. It is important to notice that in order to achieve the goal and halt the other team, it was 
necessary to move and fight with the units on the team. However, the actual outcome of the 
battles (e.g. a number of enemy or own units destroyed) did not matter per se in the outcome 
of the game, even though it indirectly may affect the continued strategies employed by the 
teams. 

 
Figure 3 Map used in DKE. The numbers have been added for the purpose of analyzing the 

scenarios in order to create a system of naming roads, fields, etc. 
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3 Method 
The data used in this thesis were recorded by FHS in an earlier experiment using DKE. The 
data from that study was used and analyzed using FRAM in order to develop a model 
capable of capturing all actions in the game. 

3.1 Data collection 
Two teams were set up to play the scenario described under section 2.3.2 Scenario. The two 
teams of three were seated with one computer per person. The two teams were separated in 
space, and the team members were separated by screens so that they could not see each 
others monitors although they could communicate verbally without difficulties. The team 
members wore headsets with microphones that were used to record the communication. 

The data from the study were collected in the form of re-playable log files that showed the 
actions of participants in the war game. The log files could be replayed viewing red or blue 
side from either the commander or subordinate perspective.  

This logged material was “transcribed” using defined FRAM-functions. That is, the actions of 
the units in the game were transcribed into a table that covered all the variables of that action 
in terms of the function description. Further, these functions were modified from the data 
obtained from the games in an iterative process to refine the definitions, creating new 
functions when needed in order to construct a model that could adequately describe all 
events in the game.  

To find the FRAM-modules, one may start with the top-level goal, which could translate into 
the top-level function, or one may start with any function and move on to related functions. 
Typically, the goal in command and control is to get some sort of process under control, such 
as a progressing fire, a crowd of panicking people, a spreading oil spill, or a moving 
adversarial military force. This translates into the top-level function of, for example, 
capturing a bridge or defeating the adversary. From there on, the functions that are 
necessary or otherwise related to the input of the function — its timing, control, required 
resources, and preconditions — determine the other functions in the model of a task. 

Functions are presented in the format outlined in Table 2, and visualized by using the 
hexagonal representation illustrated in Figure 1.  

Subsequent steps in FRAM continue by describing function performance, identifying 
dependencies/couplings among functions (steps 2 and 4 are not performed in this work, cf. 
Hollnagel, 2004). The output of the functional description is a list of functions each with their 
six aspects. Functions may be coupled via their aspects. For example, the output of one 
function may be an input to another function, or provide a resource, fulfill a pre-condition, 
or enforce a control or time constraint. The couplings between functions are found by 
analyzing and identifying common or related aspects. 
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Table 2 Function description template 

Function Name Description Essential Variables 

Input 
What is transformed during function 
performance to produce the output 

Essential variables that describe 
the input 

Output 
What is produced by a function, described as a 
changed state after successful function 
performance 

Essential variables that change 
state when output is produced 

Preconditions 
Conditions (states) that must be fulfilled at the 
start of or during function performance 

Essential variables that describe 
preconditions 

Resources What is needed and used to process input 
Essential variables that change 
state as resources are used 

Time 
Time aspects, including time needed and time 
available to perform a function 

Essential variables that describe 
time aspects 

Control 
What supervises, steers, controls, plans, or 
adjusts function performance, such as 
deciding when a function should be performed 

Essential variables that describe 
controls 

 

One of the scenarios that were recorded by the Swedish National Defence College, Scenario 
1, was analyzed in minute detail where all tactical and operational functions of every single 
unit during all 30 minutes of game time were recorded in large tables. This was the 
foundational data used in developing the model, defining functions and the connections 
between functions. 3 other scenarios were analyzed at the operational level in order to verify 
the functions. 

3.2 Developing the model 
In developing a model capable of capturing all actions in the game, steps 1 and 3 as used in a 
FRAM analysis were employed, while steps 2 and 4 was not pursued in depth. Step 1 in 
FRAM is to identify and describe essential functions. This was done by having one 
researcher transcribing the functions performed by units in Scenario 1 in an iterative way 
where the functions were defined, modified and refined based on the data from the 
transcription. More specifically, the first step in defining the functions was to describe the 
tactical actions that the game allowed in terms of FRAM functions. As those actions were 
governed by the rules in the microworld they could be defined in minute detail in such a 
way that they were mutually exclusive. That is, the tactical functions, once defined, did not 
require interpretation to be applied to the actions of units in the game. Any action performed 
in the game could be described using the tactical functions. The operational functions 
required more interpretation. By first observing commonly occurring actions that were 
performed by the use of various tactical functions, a rough list of the possible operational 
functions could be drafted by a group of researchers. First these functions were described 
broadly in order to capture all the actions operating on the higher, operational level. They 
were then refined in iterative steps to narrow down the definition to capture only a very 
specific type of action. This iterative process allowed for an exhaustive list on the tactical and 
operational level on functions that could be performed in the game to be created. The strict 
definition of functions can be found in Attachment A. 

Step 2 in FRAM aims, as previously mentioned, to characterize the potential variability of 
these functions through common performance conditions. Since the functions were 
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performed in a microworld during a controlled experiment, the potential variability was 
very much controlled. As the C2 system was not to be evaluated in its performance, this step 
was not performed. 

Step 3 is to define the functional resonance based on possible dependencies and couplings 
among functions. The couplings between functions are links between some of the six aspects 
of the functions. This was done on the tactical and operational functions separately by first 
defining all potential couplings between two or more given functions which was done by a 
group of researchers and then analyzing instantiations of scenario 1 in terms of couplings 
between functions, which was performed by one researcher and validated by a second. 
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4 Results 
2Building on our earlier analysis of the DKE environment, on the levels of military activity, 
three categories3

4.1 Tactical functions 

 of functions can be identified. (1) Tactical functions (e.g., move, fight) are 
performed by the units in the simulation, and are observable when data is available. (2) 
Operational functions (e.g., take bridgehead, secure road) are inferred and ascribed to 
groups of units that aim to reach operational objectives and consist of various performances 
of tactical functions. (3) Strategic, or C2, functions (data collection, sensemaking, and 
planning, according to Brehmer, 2007) are general functions that enable the exercise of 
command and control. C2 functions are not directly observable but may be inferred, by 
studying groups of units and the behavior of the commanders that comprise the C2 system 
(e.g., retrieving data, giving orders, discussing tactics).  

Four different Tactical functions were identified: Move, Fight, Artillery Fire and Manage 
Resources. The functions Move and Fight are explained in some detail to exemplify the 
FRAM way of describing functions. Table 3 summarizes the description of the Move function 
in terms of the FRAM function aspects and their essential variables. Note that this is a 
summary and simplification of the full definition of the function, which can be found in 
Attachment A. 

  

                                                   
2 A version of this section appeared in Woltjer, Prytz & Smith 2009. 
3 More categories of functions could be identified, such as strategic functions. Strategies are plans for 
high-level goals that specify operations of the entire team during (large parts of) an entire trial. 
Strategic functions would be a collection of operational functions with a common/joint goal (output). 
As strategic functions are merely another layer above operational functions in the same sense that 
operational supersede tactical functions, strategic functions are not treated here and do not change the 
modeling effort in a conceptual or substantial way.  
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Table 3 Move function 

Move Description Essential Variables 

Input OWNFOR Unit 
OWNFOR.Unit.Position, 
OWNFOR.Unit.TargetPosition 

Output 

WHILE Active :  
OWNFOR Unit’s TacticalStatus is Moving 
OWNFOR Unit Position’s Owner is OWNFOR 
OWNFOR Unit Position is changing 
 
AT FinishingTime : 
OWNFOR Unit’s Position has changed  
OWNFOR Unit Positions’ Owner is OWNFOR 

Coordinate().Owner 
OWNFOR.Unit.Position and 
.TacticalStatus 

Preconditions 
OWNFOR Unit’s TacticalStatus is not Fighting 
OWNFOR Unit’s TacticalStatus is not Firing 
Artillery 

OWNFOR.Unit.TacticalStatus 

Resources OWNFOR Unit’s Fuel OWNFOR.Unit.FuelLevel 

Time 

Performance Time is a function of  
OWNFOR Unit’s Movement Type,  
OWNFOR Unit Position’s Terrain Type, 
OWNFOR Unit’s Fuel Level, and  
OWNFOR Unit Fuel Level’s Speed Constant 

OWNFOR.Unit.MovementType, 
Coordinate().TerrainType, 
OWNFOR.Unit.FuelLevel 

Control Subordinate OWNFOR.RoleAllocation 
 

The Move function takes one unit as input, and while the function is active that unit will 
move towards a specified target position. When a unit moves over a road, city or bridgehead 
position, that particular position changes owner to the owner of the unit. Units can be 
instructed to move following roads, or travel in a straight line through vegetation. The 
function terminates when the unit has reached the target position or when one of the 
preconditions are no longer met. The preconditions for the Move function is that the unit 
cannot be engaged in the Fight or Artillery Fire function. It is thus possible to make the 
opponent’s unit stop by attacking it and therefore forcing it to engage in the Fight function. 
The resource consumed during Move is Fuel. Low fuel level slows the unit down (but 
doesn’t stop it). The speed of the unit is also affected by the type of terrain the unit is moving 
through (e.g., vegetation is slower than road, units stop in water).  

Fight is a tactical function that has an impact on nearly all the other Tactical functions. While 
a unit is engaged in the Fight function it cannot perform any of the other Tactical functions, 
with the exception of Artillery Fire. The input to the Fight function is one of the own units 
and one of the opponents units. To engage in a Fight, either unit simply has to move within 
the fire range (marked by a green circle centered on the unit) with regards to the other unit. 
There are four possible outcome states for each unit performing the Fight function; 
Unchanged, Retreat, Loss or Destroyed. Destroyed means that the unit is destroyed and 
cannot be used in further game play. The other three possible outcomes have various effects 
on resources such as Armor and Position. The outcome state is decided by a combination of 
these resources and a random number. The more units one side is engaging in a fight, the 
more likely it is that the Fight will have a positive outcome for them and a negative one for 
the opponents. A unit can become Disturbed for 50 seconds after being fired upon with 
Artillery, which affects the outcome of a Fight. Fights are initiated by a subordinate within 



 

[17] 

 

the team of commanders, or through an “Auto Defense” mechanism. Table 4 summarizes the 
description of the Fight function in terms of the FRAM function aspects and their essential 
variables.  

Table 4 Fight function 

Fight Description Essential Variables 

Input 
OWNFOR Units 
OPPFOR Units 

OWNFOR.Unit.Position, 
OPPFOR.Unit.Position 

Output 

WHILE Active :   
OWNFOR Unit’s TacticalStatus is Fight, 
 
AT FinishingTime :  
OWNFOR’s and OPPFOR’s Units’ Armor,  
Position, Stamina, Fuel, Ammunition, Attack 
Strength, have possibly changed 
and their Status is possibly Destroyed 

OWNFOR/OPPFOR.Units 
.ArmorLevel, .Position, .Stamina, 
.FuelLevel, .AmmunitionLevel, 
.AttackStrength, . TacticalStatus 

Preconditions 
AT Starting Time & WHILE Active :   
Distance between OWNFOR and OPPFOR Unit 
Positions is within Firerange 

OWNFOR.Unit.Positions,  
OPPFOR.Unit.Positions,  
OWNFOR.Unit.FireRange,   
OPPFOR.Unit.FireRange 

Resources 
OWNFOR Unit’s Ammunition, Fuel, Stamina, 
Armor, Attack Strength 

OWNFOR.Unit.AmmunitionLevel,  
.FuelLevel, .ArmorLevel, 
.Stamina, .AttackStrength 

Time Performance Time is Fight Duration FightDuration ≤ 30 sec. 
Control Subordinate, AutoDefense OWNFOR.RoleAllocation 
 

Artillery Fire is a function that only can be used by Artillery units. It is used to fire on 
opposing units from a longer distance to weaken them by reducing the variables Armor, 
Attack Strength and Stamina or by inflicting the status Disturbed on that unit. A third 
possible outcome state is Unchanged, in which the unit fired upon is not affected. The 
Artillery function is quite similar to Fight, but entails a different fire range, duration, effects, 
and movement possibilities. Several artillery units may be combined for higher damage, and 
several target units can be affected by the one artillery unit. “Automatic Fire” is available 
similar to ”Auto Defense” in Fight4

Given this description of the four tactical functions, interactions between the various tactical 
functions may thus be identified. This is done by examining the potential couplings between 
the six aspects of the functions. Thus, a logical structure of how the tactical functions may be 
interrelated is obtained, as in Figure 4. Some of the connections are described here in further 

.  

Manage Resources is a function performed to regain essential variables Fuel, Ammunition, 
Attack strength, Armour and Stamina. While a unit performs Manage Resources it cannot 
Move or Fight, and if an enemy unit actively engages the unit through Fight it will cause the 
Manage Resources function to end without any recovery for the unit.  

                                                   
4 Note that, due to the recursive manner in which functions are defined in FRAM, the Automatic Fire 
and Auto Defense abilities may be modeled as sub-functions of Artillery Fire and Fight, respectively. 
Here the analysis does not call for such a division, but FRAM allows functions to be split up if the 
purpose of analysis necessitates this. 



 

[18] 

 

detail, using the function names and first capital letters of function aspects Input, Output, 
Precondition, Resource, Time, and Control: 

For each side, an own Move O (moving within fire range) enables a Fight P (being within fire 
range), as well as an own Move O (moving beyond fire range) disables a Fight P (being 
within fire range). This holds also for one side’s Move O (moving within/beyond fire range) 
and the other side’s Fight P and Artillery Fire P, although these fire ranges are different. 
Move O becomes Fight I as units first move and then fight. Fight O reduces the fuel resource 
R for a later Move. Once fighting, both Fight functions’ I’s are identical, since blue and red 
Fights transform the same units, on either side. These functions also match P’s since both are 
within identical fire range when fighting. The performance time T of both Fights are also 
related.  

 
Figure 4 Interdependencies between tactical functions of both sides (two on left-side red, two on 

right-side blue). Relations are bidirectional unless specified otherwise. Red links indicate the limiting 
aspect of constraint, green links the enabling aspect. 

4.2 Operational functions 
Nine Operational functions were identified: Take (obtaining “ownership” over an object), 
Keep (maintaining ownership), Secure Road (a Take of a road), Join Forces (moving units to 
reinforce other units), Bypass (going behind enemy lines), Place Blockade (placing units to 
block the adversary), Raid (undoing the adversary’s securing of roads by crossing them), 
Hunt (going after an adversary that has succeeded to Bypass), Scout (moving a unit in order 
to extend the viewable area), and Retreat (withdrawing from an object or area towards own 
headquarters in the face of adversary threat). 

The Take <Object> function’s output is that the side performing the function has control over 
all positions that define the Object. When a team is moving one or several units to capture an 
object (a bridgehead or city), with or without fighting enemy units for control, they are 
performing a Take function. Operational functions are decided upon by the command team, 
therefore the control is in the hands of commander and subordinate.  

Operational and tactical functions are related logically in the FRAM description of DKE. An 
operational function, such as Take Bridgehead, may be performed through performing a 
number of its tactical sub-functions, numerous times, sequentially or concurrently. The 
description of operational or tactical functions is a choice of granularity that should be made 
by keeping the purpose of the description in mind. The operational and tactical levels of 
functions are thus different levels of description of the same military activity.  
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Figure 5 illustrates how operational functions may constrain (limit and enable) each other in 
a network of interdependent functions. Some of the connections are described here in further 
detail, using the function names and first capital letters of function aspects Input, Output, 
Precondition, Resource, Time, and Control. 

Table 5 Take function 

Take <Object> Description Essential Variables 
Input OWNFOR Units, Object Object.Type 

Output 

WHILE Active : 
OWNFOR Unit’s Operational Status is Take(Object) 
 
AT FinishingTime :  
All Positions’ Owner in Object is OWNFOR 

OWNFOR.OperationalStatus, 
 
 
Coordinate().Owner 

Preconditions 
AT StartingTime :  
Not all Positions’ Owner in Object is OWNFOR 

Coordinate(Position).Owner 

Resources OWNFOR Units  

Time 

Available Time is (Game Time – (Starting Time + 
Performance Time)), 
 
Performance Time is a function of all Units’  
Move, Fight, Manage Resources, ArtilleryFire 
Performance Times 

GameTime ≤ 30 min, 
StartingTime, 
PerformanceTimes 

Control Commander, Subordinate  
Sub-functions Move, Fight, Manage Resources, ArtilleryFire  
 

 
Figure 5 Interdependencies between operational functions of both sides (two on left-side red, two 

on right-side blue). Relations are bidirectional unless specified otherwise. Red links indicate the 
limiting aspect of constraint, green links the enabling aspect. 

Take I (units, object) shares Keep I (units, object): This means that the two functions may take 
the same object as input, and that the same units may be involved. For example, blue units 
fight red units to keep a bridgehead, while the same red units fight the blue units to take the 
same bridgehead.  
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Take P (one side not owning the object) matches Keep P (the other side owning the object): 
This connection, along with the previous, indicates that the Take and Keep functions can be 
performed simultaneously (and on the same object). Similarly, Take O (one side owning the 
object) disables Keep P (the other side also owning the object). Combining the last two 
relations, Keep O (one side owning the object) enables Take P (the other side not owning the 
object). However, not always are all of these relations valid, since one side can perform a 
Take without that the other side is already present to perform a Keep. The applicability of 
these relations (couplings) depends on actual function performance (see the Example 
instantiation below). 

Keep O (one side owning the object) reduces Take R (the other side’s units and their 
resources), through fighting performed in keep and take on both sides. 

Take O (one side gaining ownership of the object) and failure of Keep O (the other side 
loosing ownership of the object) may initiate Place Blockade P: If the Keep function fails, or 
Take functions succeeds depending on your point of view, then Place Blockade is active. It is 
now what is preventing enemy units from advancing further. This assumes that the blue 
Place Blockade is located close (geographically) to the position where the Take and Keep 
functions are performed (indicating that couplings may be conditional and not always valid). 

Red Take C shares red Place Blockade C, and blue Keep C shares blue Place Blockade C, 
indicating that the same commander may control both functions. While this increases 
flexibility and decreases communication demands, it increases the commander’s attention 
demands. Thus, this link may have positive and negative effects. Similarly, blue Keep O may 
reduce red Place Blockade C, since one side performing a Keep may distract the other side’s 
geographically distant activities. 

Keep T and Take T influence one another: The time to execute a function is a union of all sub-
functions’ performance times. These performance times vary depending on the adversary’s 
performance.  

Keep R excludes Place Blockade R and vice versa: Each side has a limited number of units, so 
assigning a unit to either function excludes that unit from performing the other function. 

These abstract functions take on specific values as they are being performed. In FRAM, 
descriptions of the performance functions at a certain time (interval) are called instantiations 
of functions. The following example will discuss several instantiations during a specific 
period in one of the trials recorded during the experiment. 

4.3 Example instantiations 
In the scenario analyzed there is a difference in tactics between the red side and the blue side. 
While the blue side moved quickly to occupy all four bridges, red focused on amassing a 
large number of units close to one of the bridges, Södra Bron, while sending few if any units 
to the other bridges. The battle that followed at the Södra Bron bridge is presented here in 
detail to illustrate tactical, operational, and command and control functions and 
relationships between these classes of functions.  
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4.3.1 Tactical and operational functions 
In the twelfth minute of the scenario, the red units5

Table 6 Tactical (Move) and operational function instantiation examples. 

 west of Södra Bron, LrStr1-10 & 12 and 
LrArt2, start to move toward Södra Bron in order to take control of it. This is a Take Object 
function. They are using the tactical function Move in order to realize Take Södra Bron. 
However, they are not moving straight toward the bridge, but rather use several short moves 
back and forth with all units which gradually take them closer to the bridge. All of these 
Move function instantiations jointly describe the Take Södra Bron operational function 
instantiation. In response to the red activity, three Light Blue units are sent from Flodstad as 
reinforcements, by performing the Join Forces function by using the tactical function Move. 
LbArt1 moves along the east side of the river while LbStr7 and 9 move on the west side, thus 
emerging behind the red forces. As the red units draw closer, LbStr1 is also sent toward 
Södra Bron and LbArt3 is again pulled back behind the other forces to the east side of Södra 
Bron.  

The excerpt in Table 6 shows some aspects of some of the Move-functions that occur at this 
point and which operational function these constitute. The light red units (e.g. LrStr10) use 
short moves, only a few seconds long, while the light blue units (e.g. LbStr9) use move 
functions that take minutes to cover greater distances. The long move is more efficient as it 
minimizes the downtime and allows the operator to focus on other functions while the units 
are moving. As can be seen in the precondition (Prec.) column for LbStr9 & 10, the Move 
function ends with these units fighting other units, since the units cannot move and fight 
simultaneously, the precondition for Move is unfulfilled. The fight function they initiate is 
shown later. For the Input, the unit ID is shown, for Time the starting and ending time of the 
tactical function performance, for Output the coordinates of the units at the end time, for 
Resources the fuel change. 

Tactical 
Function 
(TF) 

Input 
Unit 

Time  
TF 
Start 

Time  
TF 
End 

Output 
Coordinates 

Prec. 
Res. Fuel 
Start 

Res. Fuel 
End 

Operational 
Function 

Move LbStr9 12:10 16:21 X471 Y436 Fight 70 52 Join Forces 

Move LrStr10 12:11 12:24 X481 Y427  41 40 
Take Södra 
Bron 

Move LbStr7 12:17 16:27 X499 Y435 Fight 72 54 Join Forces 

Move LrStr5 12:24 12:34 X474 Y428  56 55 
Take Södra 
Bron 

Move LrStr10 12:27 12:32 X474 Y428  40 39 
Take Södra 
Bron 

 

Figure 6 shows a close-up of Södra Bron at time 14:26. Several red units (not all visible as 
they cover each other) are facing a few blue units. LbStr9 & 10 (10 is “under” 9) are 
advancing to attack the red units from the south. The pattern of short movements of red 
units continues, and blue sends more and more units to reinforce the bridge. Figure 7 shows 

                                                   
5 Units identifiers used here are composed of three parts: Color (B for Blue, Lb for Light blue, R for 
Red, Lr for Light red), unit type (Str for tank, Art for artillery), and identifying number.  
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the operational functions that are performed at the time of the screenshot, see the rightmost 
column in Table 6.  

4.3.2 Operational, tactical, and opponent’s tactical functions 
At 15:15, LbArt3, an artillery6

Table 7 Artillery Fire function example, light red artillery unit 3, from time 15:15. 

 unit, fires at the red units. Table 7 describes three of the twelve 
red units that are hit by this salvo. LrStr8 is both disturbed (reducing the unit’s ability to 
fight for 50 seconds) and loses 1 point of armor, stamina and attack. LrStr7 is only disturbed 
and LrStr6 is unaffected by the artillery. 

Unit 
Operational 
Function 

Tactical 
Function 

Target 
Target state 
change 

Armor 
(change) 

Stamina 
(change) 

Attack 
(change) 

LbArt3 
Keep Södra 
Bron 

Artillery Fire LrStr8 Disturbed, Loss 5 (-1) 5 (-1) 9 (-1) 

LbArt3 
Keep Södra 
Bron 

Artillery Fire LrStr7 Disturbed 6 (0) 6 (0) 10 (0) 

LbArt3 
Keep Södra 
Bron 

Artillery Fire LrStr6 Unchanged 6 (0) 6 (0) 10 (0) 

 

 

 
Figure 6 Screenshot close-up of Södra Bron at time 14:26. Red artillery 2 and light red tank 12, 

light blue tank 9, artillery 3, and tank 6, are visible. 

                                                   
6 In the screenshots of DKE, artillery units are indicated by their number and a block, e.g. 3□. Tanks 
are indicated only by their number. 
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Figure 7 Screenshot close-up of Södra Bron at time 14:26, with superimposed the operational 

functions that are being performed. The figure sketches limiting and enabling interdependencies 
between functions. 

The Light Blue units on the western side of Södra Bron, LbStr4 & 5, meet the advancing red 
units and several instances of the Fight function occur during the next minutes (starting at 
16:01). The blue units, often outnumbered 1 to 8, are forced to retreat or be destroyed. The 
red side does not advance fast despite this, as they continue their small moves to the east. As 
the red side is moving slowly, the Light Blue commander sends his own units to 
counterattack them, despite the disadvantage in numbers, in order to slow them further. 
LbStr2 & 11 are also sent as additional reinforcements as well as BStr4. LbStr7 & 9 encounter 
only RStr12 and RArt2 & 3 as they are attacking the rear of the red forces, but still lose their 
Fights and are destroyed. At about 20 minutes into the scenario, LrStr1-10 & 12, RStr2, 4 & 11 
and RArt2 & 3 (16 units) are facing LbStr1, 4, 6 & 7 and LbArt1 (5 units) at Södra Bron.  

Table 8 shows some of the fight functions initiated during the battle of Södra Bron. Blue units 
are attempting to keep control of the bridge (i.e. performing the Keep function), while the red 
units are trying to gain control (i.e. performing the Take function). This example illustrates 
the interaction and the attempted exercise of constraints of both sides on the other’s 
functions. It also shows the intermingled fashion in which tactical functions attempt to 
constrain opponent tactical functions: LrArt2 attacks LbStr6, but LbStr6 in turn attacks many 
other units besides LrArt2.  

Table 8 Some of the fight functions during the battle of Södra Bron, from time 18:37. 

Time 
Start 

Time 
End Unit 

Operational 
Function 

Tactical 
Function Opponent 

18:37 19:07 LrArt2 Take Södra Bron Fight LbStr6 
18:37 19:07 LbStr1 Keep Södra Bron Fight LrArt2, LrStr1, LrStr3, LrStr12 
18:40 19:10 LrStr9 Take Södra Bron Fight LbArt3 
18:40 19:10 LbArt3 Keep Södra Bron Fight LrStr5, LrStr9 
18:41 19:11 LbStr6 Keep Södra Bron Fight LrStr1, LrStr8, LrStr10, LrStr6, LrArt2 
18:50 19:20 RArt2 Take Södra Bron Fight LbStr9, LbStr7 

 

Figure 8 shows couplings between operational functions of both sides imposed on a 
screenshot of the game at time 19:11. Blue is controlling all bridges (using various 
instantiations of the Keep function) and red is focusing on a single bridge with a Take 
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function. The red Take O is connected to the blue Keep P, and vice versa, as described above. 
Blue is sending more units to that bridge using the Join Forces (JF) function. The JF functions 
are connected with an enabling link to the Take functions which these units are aimed to 
support, and with a limiting link to the Keep functions which they are sent from. At the top 
of the image, blue is trying to force its way through the red units using a Bypass versus the 
red Place Blockade. A red unit has slipped past the majority of the blue forces using Bypass, 
but is hunted by a blue unit. The red Place Blockade in the lower left may seem redundant 
(as well as the blue Place Blockade in the lower right), as no units are attempting to Bypass. 
However, since the operators’ field of vision is limited, they cannot know for certain if there 
is an enemy unit attempting to Bypass or not, and the commanders thus prepare for this 
possibility. 

 
Figure 8 Examples of links between operational functions, at time 19:11. 
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5 Discussion 
Under 5.1 Extensions of FRAM I will focus on what made this work a development of a 
model rather than an application of an already existing model. The contributions of this 
work extended the FRAM framework in two substantial ways; the first is that it allows for 
several layers of functions with different resolutions of analysis and the second is that it 
permits systems in adversarial settings to be analyzed. This makes it a development of a 
model rather than an application. Following is 5.2 Method where the choice of using a 
microworld and its implications are discussed, as well as touch upon the robustness of the 
model in terms of how the interpretation of functions were made. As the microworld is more 
controlled and allows more exact data to be collected, it was preferred over a field study. The 
detailed data also allowed for stringent function definitions, which permitted consistent 
interpretations of said functions. Last under 5.2 is a brief discussion concerning the potential 
for an automated coding process.  

5.1 Extensions of FRAM 
While it on the surface may appear that this is more of an application of a model (FRAM) 
rather than developing a new model based on FRAM, there are some essential differences. 
The first is that layers of functions co-exist in the analyzed C2 system. One way of looking at 
this is as if the systems were analyzed using different resolutions. One is a minute, detail-
oriented analysis that contains all the tactical functions and one a broader analysis aimed at 
the big picture that contains all the operational functions. FRAM, as it has been used up until 
this point, does not support this way of thinking very well. The largest issue was how the 
tactical and operational level was related; how did they link into each other? One alternative 
would be that the higher-level functions are linked through the “control”-aspect to the 
lower-level functions, as an abstract order from the highest commander works it way down 
the hierarchy and is translated into specific orders appropriate for each level in the hierarchy. 
This corresponds to the traditional view on how military structures work. However, it is not 
unknown that initiatives are taken in all levels of a C2 system. Thus, an action could be 
undertaken without direct orders from the hierarchical level above. Therefore this way of 
thinking about links between levels is not very useful. Another way of looking at the 
relationship between tactical and operational functions is that the former forms the latter. An 
operational function has sub-functions in its definition. By using the functions Move, Fight, 
Artillery Fire and Manage Resources the units are in fact performing higher level functions. 
This way of thinking was used in the development of the model. 

Another major difference is that FRAM was not developed to deal with adversarial settings 
where parties actively work against each other toward mutually exclusive goals. FRAM was 
built to analyze the variability inside a system, taking into account a number of Common 
Performance Conditions. In this adversarial setting, the functions used by the other team 
directly influences the variability within the own system. The systems constrain but also 
enable themselves and each other. FRAM is an accident model and was built in order to 
analyze accidents. A typical, yet simple, definition of an accident is “an unexpected event 
with an undesired outcome”. However, in an adversarial world this is not always a good 
definition for an accident. The definition captures events that are caused with intent by 
another agent intent on doing harm, yet the models relying on this definition would not be 
able to differentiate this from an accident. A real world example would be the 9/11 WTC 
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attacks, which was an unexpected event with an undesired outcome but it was certainly not 
an accident. In our microworld study the two teams had the explicit goal to work against the 
other team. Their intent was to cause disruptions by constraining the other team’s functions. 
This important aspect could be incorporated in a modified and extended FRAM model 
through the links between functions.  

5.2 Methodological Issues 
Command and Control situations are unfortunately often inherently chaotic and involve 
large structures with many subsystems and environmental factors influencing them which 
make studying them problematic. As previously stated, a microworld was chosen in order to 
work with modelling a C2-system. In doing so, the environment and workings of systems 
could be defined and controlled in minute detail. While this allowed for an easier and more 
exhaustive development of the model it is not without problems. In simplifying the 
environment and the systems themselves, important characteristics of real-world problems 
are invariably lost. Therefore, translating the findings in a microworld to the real world 
necessitates a careful interpretation. As stated in the theory chapter, the microworld often 
serves as a bridge between the controlled experiment and the field study. Therefore this 
study could be seen as a first step toward a model that can be applied in the real world.  

The data from the re-playable log files were “transcribed” into a specified format. As with all 
cases where information is transferred in this matter there is an issue concerning the 
interpretation of the data. The re-playable log files showed like a movie what happened, e.g. 
how units moved and how their basic variables changed over time. This information was the 
base for the tactical functions. At this level there was no interpretation from the transcribing 
researcher. Each function at the tactical level corresponds to a specific action in the DKE 
environment. However, at the operational level there is more interpretation. This is in part 
because the operational functions contain a purpose in a way the tactical functions do not. A 
Move function does not need a purpose per se; if any unit U moves from any point P in the 
environment it has used the function Move. The purpose and aim of that Move function exist 
on the Operational level. An operator that sets a number of units moving from one point to 
the other may have the intention of capturing a bridge and is therefore using the Move 
function, followed by other tactical functions. All these tactical functions aim for the same 
purpose; capturing a bridge or in other terms to perform the Take <Bridge> function. The 
problem of transcribing the “correct” function required interpretation to solve. However, 
thanks to strict definitions of the functions and the use of recorded communication between 
members of the teams, there were no disagreements between the researchers on the 
interpretation of the transcription. 

The need for interpretation is an inherent feature of FRAM as the definition of exactly what 
constitutes a function is unclear. Also, as with almost all research dealing with human 
subjects, there must be some form of interpretation however consistent and theoretically 
sound it may be. We cannot directly observe and measure a subject’s thoughts and intentions 
in doing a particular action but have to rely on secondary measurements. However, as stated 
previously, the functions were strictly defined using various logical operators in order to 
prevent inconsistent assigning of functions to the various actions in the game by the 
transcriber. The unfortunate effect of this is that it still relies on a human being transcribing 
the game and applying the functions. The model developed would arguably be more 
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efficient if this process could be automated, as it most likely would cut the time needed and 
maintain high consistency. This is not to say that all levels of analysis could be automated. 
As the functions at the tactical level mapped directly to actions in the microworld an 
automated process could perform an adequate analysis, much as a syntactic analysis can be 
made by automated processes. However, as both the operational (and strategic) level require 
interpretation an automated process would not be as useful. 
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6 Conclusions 
The purpose of this thesis was to develop a model using FRAM that can be used to describe 
and model successful and unsuccessful actions in an adversarial command and control 
setting. This was successfully done through the use of a war game in the DKE microworld. 
The conclusions of this thesis are thus: 

• The FRAM methodology has been successfully extended to allow for the description 
of military activity at the tactical and operational levels and their relationship to 
command and control functions, 

• FRAM’s recursive way of functional modeling is suitable for modeling functions at 
various levels, such as the tactical, operational, and C2 (strategic) levels, 

• Data collected during a war game experimental simulation may be used to develop a 
functional model, and can be organized in a functional manner following the FRAM 
function description, 

• The resulting model could describe successful and unsuccessful actions in the 
adversarial microworld. 

By creating this model, C2 functions can be aided in several ways. As it creates a common 
language among the involved agents regarding the functions involved and the relations 
betweens them it could aid communication and bridge the gap between the tactical and the 
operational level.  

6.1 Future Research 
A further analysis of using FRAM in adversarial setting is desirable. The next step from this 
work would be to develop the third level of functions (strategic) further as well as analyzing 
the communication between commanders and subordinates to tie this to the functions 
performed and C2 in general. Another useful aspect to look into to develop would be the 
ability to use the resulting model to predict the outcome of functions in order to create a 
model that is not only descriptive but also predictive. In order to accomplish this more data 
from the DKE experiment would have to be analyzed. Another potential for future research 
is to apply FRAM to real world military environments in order to further develop and 
evaluate the method. 
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Attachment A 
 

Legend 

Abbreviation, Symbol Description 

WHILE Active : P 
While this function is being performed, statement P is/must be 
true 

AT StartingTime : P 
At the starting time of function performance, statement P 
is/must be true 

AT FinishingTime : P 
At the finishing time of function performance, statement P 
is/must be true 

Coordinate(X) 
Coordinate on the map of the battlefield, where X may specify 
which coordinate it is 

OWNFOR.Unit.Position 

Variable description (from object-oriented programming): In this 
example, OWNFOR means own forces (versus OPPFOR), Unit 
means a Unit (artillery or regular), Position is a variable. The 
whole thus means OWNFOR’s Unit’s Position. 

X & Y X and Y (logical AND) 
X v Y X or Y (logical OR) 
S U Z Union of sets or intervals S and Z 
◊ X Possibly X (from modal logic), (default is “Necessarily”)  
X ∈Z X is an element of a set Z 
X  Y  If X then Y (logical implication) 
Y = f (X) Y is a function of X 
PerformanceTime Time needed for function performance 
AvailableTime Time available for function performance 
GameTime Time to the moment that the game will be ended 
Changed State change completed 
Changing Ongoing state change 

 X (∈Z) : P For all X (that are part of the set Z) statement P is/must be true 

 X (∈Z) : P 
There exists at least one X (that is part of the set Z) statement P 
is/must be true 

Commander 
Commander of the team of one commander and two 
subordinates 

Subordinate 
Subordinate of the team of one commander and two 
subordinates 
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Tactical Functions 
 
 
Fight Description Essential Variables 

Input OWNFOR.Unit, OPPFOR.Unit 
OWNFOR.Unit.Position, 
OPPFOR.Unit.Position 

Output 

(WHILE Active =  
□(OWNFOR.Unit.Status = Fight)), 
 
(AT FinishingTime = 
◊Changed(OWNFOR.Unit.Armor),  
◊Changed(OPPFOR.Unit.Armor),  
◊Changed(OWNFOR.Unit.Position),  
◊Changed(OPPFOR.Unit.Position), 
◊Changed(OWNFOR.Unit.Stamina), 
◊Changed(OPPFOR.Unit.Stamina) 
◊Changed(OWNFOR.Unit.Fuel), 
◊Changed(OPPFOR.Unit.Fuel), 
◊Changed(OWNFOR.Unit.Ammunition), 
◊Changed(OPPFOR.Unit.Ammunition), 
◊Changed(OWNFOR.Unit.AttackStrength), 
◊Changed(OPPFOR.Unit.AttackStrength), 
◊(OWNFOR.Unit.Status = Destroyed), 
◊(OPPFOR.Unit.Status = Destroyed)) 

OWNFOR.Unit.ArmorLevel,  
OPPFOR.Unit.ArmorLevel,  
OWNFOR.Unit.Position,  
OPPFOR.Unit.Position, 
OWNFOR.Unit.Stamina, 
OPPFOR.Unit.Stamina, 
OWNFOR.Unit.FuelLevel, 
OPPFOR.Unit.FuelLevel, 
OWNFOR.Unit.AmmunitionLevel,  
OPPFOR.Unit.AmmunitionLevel,  
OWNFOR.Unit.AttackStrength, 
OPPFOR.Unit.AttackStrength 

Preconditions 

(AT StartingTime & WHILE Active =  
(Coordinate(OWNFOR.Unit.Position), 
(Coordinate(OPPFOR.Unit.Position) < 
(OWNFOR.Unit.Firerange 

OWNFOR.Unit.Positions,  
OPPFOR.Unit.Positions,  
OWNFOR.Unit.FireRange,   
OPPFOR.Unit.FireRange 

Resources 

OWNFOR.Unit.Ammunition,   
OWNFOR.Unit.Fuel, 
OWNFOR.Unit.Stamina, 
OWNFOR.Unit.Armor, 
OWNFOR.Unit.AttackStrength 

OWNFOR.Unit.AmmunitionLevel,  
OWNFOR.Unit.FuelLevel, 
OWNFOR.Unit.ArmorLevel,  
OWNFOR.Unit.Stamina, 
OWNFOR.Unit.AttackStrength 

Time Tp = FightDuration FightDuration <= 30 sec. 
Control Subordinate, AutoDefense OWNFOR.RoleAllocation 
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Move Description Essential Variables 

Input OWNFOR.Unit 
OWNFOR.Unit.Position, 
OWNFOR.Unit.TargetPosition 

Output 

(WHILE Active =  
(OWNFOR.Unit.Status = Moving), 
((Position(OWNFOR.Unit.Position).Owner = 
OWNFOR) & 
(¬Position(OWNFOR.Unit.Position).Owner = 
OPPFOR))), 
Changing(OWNFOR.Unit.Position)), 
 
(AT FinishingTime = 
□Changed(OWNFOR.Unit.Position) OWNFOR.Unit.Position 

Preconditions 
¬(OWNFOR.Unit.Status = Fight) 
¬(OWNFOR.Unit.Status = ArtilleryFire) OWNFOR.Unit.Status 

Resources OWNFOR.Unit.Fuel OWNFOR.Unit.FuelLevel 

Time 

Tp = f (OWNFOR.Unit.MovementType, 
Coordinate(OWNFOR.Unit.Position).TerrainType, 
OWNFOR.Unit.FuelLevel.SpeedConstant, 
OWNFOR.Unit.FuelLevel) 

OWNFOR.Unit.MovementType, 
Coordinate(TerrainType), 
OWNFOR.Unit.FuelLevel 

Control Subordinate OWNFOR.RoleAllocation 
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Artillery Fire Description Essential Variables 
Input OWNFOR.Unit, TargetArea Coordinate(TargetArea) 

Output 

(WHILE Active =  
OPPFOR.Unit :  

(OPPFOR.Unit.Position ∈  
OWNFOR.Unit.TargetArea)  
OPPFOR.Unit.Status = UnderFire 
 
(AT FinishingTime = 
◊Changed(OPPFOR.Unit.Armor), 
◊Changed(OPPFOR.Unit.AttackStrength), 
◊Changed(OPPFOR.Unit.Stamina), 
◊Changed(OPPFOR.Unit.Status)) 

OPPFOR.Unit.ArmorLevel, 
OPPFOR.Unit.AttackStrength, 
OPPFOR.Unit.Stamina, 
OPPFOR.Unit.Status 

Preconditions 

(AT StartingTime=  
(Coordinate(OWNFOR.Unit.Position), 
(Coordinate(OPPFOR.Unit.Position) < 
(OWNFOR.Unit.Firerange 
 
AT StartingTime & WHILE Active = 
OWNFOR.Unit.Status = ArtilleryFire 

OWNFOR.Unit.Status 
OWNFOR.Unit.Position 
OPPFOR.Unit.Position 
OWNFOR.Unit.Firerange 

Resources   

Time 
Tp = (ArtilleryFireDynamics + 
OWNFOR.Unit.ReloadTime) 

ArtilleryFireDynamics = 10 
sec, 
OWNFOR.Unit.ReloadTime = 
40 sec 

Control Subordinate, AutoFireSetting  
 

Manage 
Resources Description Essential Variables 
Input OWNFOR.Unit OWNFOR.Unit.Position 

Output 

(AT FinishingTime = 
◊Changed(OWNFOR.Unit.Ammunition),  
◊Changed(OWNFOR.Unit.Armor),  
◊Changed(OWNFOR.Unit.Fuel), 
◊Changed(OWNFOR.Unit.AttackStreng
th), 
◊Changed(OWNFOR.Unit.Stamina)) 

OWNFOR.Unit.AmmunitionLev
el,  
OWNFOR.Unit.ArmorLevel,  
OWNFOR.Unit.FuelLevel, 
OWNFOR.Unit.Stamina, 
OWNFOR.Unit.AttackStrength 

Preconditions 

(AT StartingTime & WHILE Active = 
¬(OWNFOR.Unit.Status = Move),  
¬(OWNFOR.Unit.Status = Fight)) OWNFOR.Unit.Status 

Resources     

Time 
Tp = OWNFOR.Unit.ReloadTime  
 

OWNFOR.Unit.ReloadTime = 
40 sec. 

Control Subordinate  OWNFOR.RoleAllocation 
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Operational Functions 
 

Take <Object> Description Essential Variables 
Input OWNFOR, Object Object.Type 

Output 

(WHILE Active = 
(OWNFOR.TacticalStatus = Take 
<Object>)) 
 
(AT FinishingTime =  
( Position : ∈ Object : 
Coordinate(Position).Owner = 
OWNFOR)) 

OWNFOR.TacticalStatus, 
Coordinate(Position).Owner 

Preconditions 

(AT StartingTime =  
(  Position ∈ Object & 
¬Coordination(Position).Owner = 
OWNFOR)) Coordinate(Position).Owner 

Resources OWNFOR.Units  

Time 

AvailableTime = (GameTime – 
(StartingTime + PerformanceTime)), 
 
PerformanceTime = (f (  
OWNFOR.Units ( 
OWNFOR.Units.Move U 
OWNFOR.Units.Fight U 
OWNFOR.Units.ManageResources 
U OWNFOR.Units.ArtilleryFire)) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  

Subfunctions 
Move, Fight, Manage Resources, 
ArtilleryFire  
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Keep <Object> Description Essential Variables 
Input OWNFOR, Object Object.Type 

Output 

(WHILE Active =  
(  Position ∈ Object : 
Coordinate(Position).Owner = 
OWNFOR)), 
(OWNFOR.TacticalStatus = Keep 
<Object>) 

OWNFOR.TacticalStatus, 
Coordinate(Position).Owner 

Preconditions 

(WHILE Active =  
(  Position ∈ Object : 
Coordinate(Position).Owner = 
OWNFOR)) Coordinate(Position).Owner 

Resources OWNFOR.Units  

Time 

AvailableTime = (GameTime – 
(StartingTime + PerformanceTime)), 
 
PerformanceTime = (f (  
OWNFOR.Units ( 
OWNFOR.Units.Move U 
OWNFOR.Units.Fight U 
OWNFOR.Units.ManageResources 
U OWNFOR.Units.ArtilleryFire)) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  

Subfunctions 
Move, Fight, Manage Resources, 
ArtilleryFire  

 

Secure 
Road Description Essential Variables 
Input OWNFOR, Road  

Output 

(WHILE Active = 
(OWNFOR.TacticalStatus = Secure Road)) 
 
(AT FinishingTime =  

 Position ∈ Road : 
Coordinate(Position).Owner = OWNFOR)) Coordinate(Position).Owner 

Preconditions 

(AT StartingTime =  
 Position ∈ Road :  

¬Coordinate(Position).Owner = OWNFOR)) Coordinate(Position).Owner 
Resources OWNFOR.Units  

Time 

AvailableTime = (GameTime – (StartingTime + 
PerformanceTime)), 
 
PerformanceTime = (f (  OWNFOR.Units ( 
OWNFOR.Units.Move U OWNFOR.Units.Fight U 
OWNFOR.Units.ManageResources U 
OWNFOR.Units.ArtilleryFire)) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  
Subfunctions Move, Fight, Manage Resources, ArtilleryFire  
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Join Forces Description Essential Variables 
Input OWNFOR.Unit(1), OWNFOR.Unit(2)  

Output 

◊(OWNFOR.Unit(1).TacticalStatus = 
OWNFOR.Unit(2).TacticalStatus) OR 
◊(OWNFOR.Unit(1).Position ≈ 
OWNFOR.Unit(2).Position)  

Preconditions ¬Joint(OWNFOR1, OWNFOR2)  
Resources OWNFOR.Units  

Time 

AvailableTime = (GameTime – (StartingTime 
+ PerformanceTime)), 
 
PerformanceTime = (f (  OWNFOR.Units ( 
OWNFOR.Units.Move U 
OWNFOR.Units.Fight U 
OWNFOR.Units.ManageResources)) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  
Subfunctions Move, Manage Resources, Fight  
 

Bypass Description Essential Variables 

Input OWNFOR, OPPFOR 

OWNFOR.Position, 
OWNFOR.TargetPosition, 
OPPFOR.Position 

Output 

Distance(OWNFOR.Position, 
OWNFOR.TargetPosition) < 
Distance(OPPFOR.Position, 
OWNFOR.TargetPosition) 

OWNFOR.Position, 
OWNFOR.TargetPosition, 
OPPFOR.Position 

Preconditions 

Distance(OWNFOR.Position, 
OWNFOR.Target) > 
Distance(OPPFOR.Position, 
OWNFOR.Target)  

Resources OWNFOR.units  

Time 

AvailableTime = (GameTime – (StartingTime 
+ PerformanceTime)), 
 
PerformanceTime = (f (  OWNFOR.Units ( 
OWNFOR.Units.Move U 
OWNFOR.Units.Fight U 
OWNFOR.Units.ManageResources) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  
Subfunctions Move, Manage Resources, Fight  
 

  



 

[8] 

 

Place Blockade Description Essential Variables 

Input OWNFOR, OPPFOR 

OWNFOR.Position, 
OPPFOR.Position, 
OPPFOR.TargetPosition 

Output 

Distance(OWNFOR.Position, 
OPPFOR.TargetPosition) < 
Distance(OPPFOR.Position, 
OPPFOR.TargetPosition) 

OWNFOR.Position, 
OPPFOR.TargetPosition, 
OPPFOR.Position 

Preconditions 

Distance(OWNFOR.Position, 
OPPFOR.TargetPosition) < 
Distance(OPPFOR.Position, 
OPPFOR.TargetPosition) 

OWNFOR.Position, 
OPPFOR.TargetPosition, 
OPPFOR.Position 

Resources OWNFOR.units  

Time 

AvailableTime = (GameTime – (StartingTime 
+ PerformanceTime)), 
 
PerformanceTime = (f (  OWNFOR.Units ( 
OWNFOR.Units.Move U 
OWNFOR.Units.Fight U 
OWNFOR.Units.ManageResources U 
OWNFOR.Units.ArtilleryFire)) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  
Subfunctions Move, Fight, Manage Resources, ArtilleryFire  
 

Raid Description Essential Variables 
Input OWNFOR, Road  

Output 
 Position ∈ Road : 

 ¬Coordinate(Position).Owner = OPPFOR)  

Preconditions 

(AT StartingTime =  
 Position ∈ Road   

Position(Position).Owner = OPPFOR)), 
Road ∈ 
Road(OPPFOR.TargetBridgeHead, 
OPPFOR.HQ)  

Resources OWNFOR.Units  

Time 

AvailableTime = (GameTime – 
(StartingTime + PerformanceTime)), 
 
PerformanceTime = (f (  OWNFOR.Units 
( 
OWNFOR.Units.Move U 
OWNFOR.Units.Fight U 
OWNFOR.Units.ManageResources U 
OWNFOR.Units.ArtilleryFire)) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  

Subfunctions 
Move, Fight, Manage Resources, 
ArtilleryFire  
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Hunt Description Essential Variables 

Input OWNFOR, OPPFOR 
OWNFOR.Position, 
OPPFOR.Position 

Output 

Distance(OWNFOR.Position, 
OPPFOR.Position) AT FinishingTime ≤ 
Distance(OWNFOR.Position, 
OPPFOR.Position) At StartingTime OR 
OPPFOR.Status = Destroyed  

Preconditions   
Resources OWNFOR.Units  

Time 

AvailableTime = (GameTime – 
(StartingTime + PerformanceTime)), 
 
PerformanceTime = (f (  OWNFOR.Units 
( 
OWNFOR.Units.Move U 
OWNFOR.Units.Fight U 
OWNFOR.Units.ManageResources U 
OWNFOR.Units.ArtilleryFire)) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  

Subfunctions 
Move, Fight, Manage Resources, 
ArtilleryFire  

 

Retreat Description Essential Variables 

Input OWNFOR, OPPFOR 
OWNFOR.Position, 
OPPFOR.Position 

Output 

Distance(OWNFOR.Position, 
OPPFOR.Position) AT FinishingTime ≥ 
Distance(OWNFOR.Position, 
OPPFOR.Position) At StartingTime OR 
OWNFOR.Status ≠ Destroyed  

Preconditions    
Resources OWNFOR.Units  

Time 

AvailableTime = (GameTime – 
(StartingTime + PerformanceTime)), 
 
PerformanceTime = (f (  OWNFOR.Units 
( 
OWNFOR.Units.Move U 
OWNFOR.Units.ManageResources)) 

GameTime = 30 min, 
StartingTime, 
PerformanceTime 

Control Commander, Subordinate  
Subfunctions Move, Manage Resources  
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