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Abstract 
In case-based reasoning, previous solutions are recalled and 
adapted to fit new problems.  However, for complex 
problems with multiple stakeholders, multiple sources of 
experience should be considered to increase the diversity 
and effectiveness of such solutions.  Here we present the 
approach of robust coherence.  This approach combines two 
seemingly contradictory theories from the philosophy of 
knowledge: coherence and falsification.  Using these two 
theories in concert, robust coherence seeks to justify 
contributions from several agents in a collective context that 
also corresponds to reality.  We also present rob-coh, and 
algorithm which applies robust coherence to multi-agent 
case-based planning.  Using rob-coh, multiple agents can 
suggest actions and goals from experience to address a 
problem, and a prediction of the best option can be made 
based on the robust coherence among these experiences. 

Introduction   

Case-based reasoning solutions provide a way to address 
new problems utilizing the experience of a decision 
making agent (Hammond et al. 1996).  A case, in this 
context, consists of a description of the problem, 
specification of the solution that was utilized, and a record 
of the result of that solution.  However, a complex problem 
often requires the expertise of multiple experience sources, 
each with a different perspective.  This is one characteristic 
of modern and future challenges in military planning 
(Alberts, 2007).  For such problems, multiple experiences 
should be synthesized together to form a collective 
solution. 
 In this paper, we suggest a way to use mechanisms from 
the philosophy of knowledge to collectively form solutions 
using multiple experiences.  These solutions result from 
the combinations of experiences through robust coherence, 
which we will discuss as a synthesis of traditional 
coherence and falsification.  These seemingly 
contradictory theories are applied to describe how various 
elements of different experiences interact.  The interactions 
between these experiences will be represented by 
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constraints, which provide the mathematical basis to select 
elements from the various experiences.  In the following 
sections, we will explain robust coherence itself, an 
algorithm for using robust coherence in case based 
planning called rob-coh, and the implementation of this 
algorithm with future goals for refining the approach. 

Robust Coherence 

In this section we will discuss the notion of robust 
coherence.  Robust coherence involves selecting portions 
of plans from experience in both the collective context of 
the problem and the objective world the problem is 
concerned with.  Under this approach, different agents 
suggest experiences for adaptation.  A set of these 
experiences will be selected based on their coherence in 
the collective view of the problem.  Also, that set of 
experiences will be challenged by critical rationalism to 
maintain correspondence with the dynamic world.  We will 
begin with an explanation of coherence and conclude this 
section with a discussion of critical rationalism and how it 
makes coherence ‘robust’.  

Coherence 
In the philosophy of knowledge, coherent beliefs are 
beliefs that are mutually supportive in an overall context of 
justification.  Coherent beliefs exist in a web, where 
complex interrelationships hold the beliefs together in a 
justificatory ‘package’ (Bonjour, 1976).   
 In Thagard and Verbeurgt (1998), coherence is 
described as a set of constraints between elements in a 
system of beliefs.  Satisfying those constraints establishes 
the coherence of the system.  This is accomplished by 
sorting elements into either an accepted or rejected set, 
based on how the various elements in the system ‘fit 
together’.   
 This approach requires the establishment of both 
positive and negative constraints based on how the 
elements in the system are related to each other.  Certain 
relations between beliefs can be characterized as coherent 
(such as explains, associates, or facilitates), while others 
denote incoherence (such as incompatible, contradictory, 
or inconsistent).  Elements that are related by a coherent 
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relation are positively constrained (belong in the same set), 
while elements related by an incoherent relation are 
negatively constrained (belong in different sets).  Each of 
these constraints has a strength value, which indicates how 
much that constraint contributes to the overall coherence of 
the system. 
 Determining a maximally coherent set of beliefs consists 
of sorting elements into the appropriate set, accepted or 
rejected, based on their constraints.  Positively constrained 
elements are either both accepted or both rejected.  The 
two elements that are positively constrained must be sorted 
into the same set.  Negative constraints are satisfied by 
accepting one or the other element involved.  The two 
elements that are negatively constrained cannot be sorted 
into the same set.  Logically, this is equivalent to treating 
positive constraints as an XNOR operation, and negative 
constraints as an XOR operation.  However, this system 
attempts to maximize constraint satisfaction based on the 
strength of the constraints, which means that not all 
constraints need to be met, just as many as provide the 
highest total contribution to coherence. 
 Coherence can also be used to determine the appropriate 
actions and goals in a situation, an approach called 
deliberative coherence (Thagard & Milligram, 1995).  The 
goal of this approach is to form a plan, consisting of 
actions and goals.  This system is populated with 
facilitation and incompatibility relations that allow the set 
of possible actions and goals to be pruned using coherence. 
We can use this notion of coherence to choose a set of 
actions and goals from experience that will be acceptable 
to use in planning.  Each agent suggests different actions 
and goals to address a problem, and the agents use 
coherence to formulate the best approach in the collective 
endeavor.  In this way, suggested experiences exist in an 
overall context established by the whole group of agents.  
Expertise is exchanged collectively, leading to shared 
understanding of a problem. 
 While this form of coherence may appear to be useful to 
establish justification, there is the danger of forming a 
coherent set of beliefs that does not correspond with the 
reality of a situation.  Generally, this is called the idealism 
objection to coherence.  In deliberative coherence, the 
acceptability of factual beliefs influences the relations in 
the system (Thagard & Milligram, 1995).  In the following 
section, we will address this concern by applying critical 
rationalism as a framework for influencing coherence 
relations.  This will allow a group of agents exchange 
actions and goals from experience that correspond with the 
truth of the world the agents are trying to influence.  

Critical Rationalism 

It is an old maxim of mine that when you have 
excluded the impossible, whatever remains, however 
improbable, must be the truth (Doyle, 1892). 

 
To address the problem of idealism in coherence, we turn 
to another form of reasoning to help inform coherence as 
an epistemology: a deductive view of truth that seeks to 

refute theories based on inconsistency with evidence.  Karl 
Popper (1963) discusses this method of reasoning as 
critical rationalism.   
 Under critical rationalism, theories are postulated and 
stood to the test of falsification.  In other words, theories 
are considered which are potentially falsifiable, and then 
compared to a set of observations.  If the theory holds up to 
this set, compared to competing theories, it is considered 
the least untrue (rather than most true).  The measure of 
this aspect of truth is known as verisimilitude (Popper, 
1963).  Logically, critical rationalism is based on 
deduction, rather than induction.  This means that 
verisimilitude measures the degree to which a theory is 
able to stand up to criticism based on what it deduces 
should be true. 
 We can use verisimilitude to better inform a coherent set 
of experiences by attempting to locate information that 
refutes some of the aspects of the experiences.  By doing 
this, we establish the degree of false-ness in those 
experiences for facing a current problem, and avoid the 
pitfall of blindly applying experience.  This is what makes 
robust coherence different from ordinary coherence.  
Rather than relying on coherence as the only mechanism of 
justification for beliefs, robust coherence uses falsification 
to establish the ‘anti-justification’ of beliefs. 
 Our approach uses coherence informed by critical 
rationality to create set of coherent, robust experiences 
which address a specific problem.  Falsifying information 
allows us to examine how those experiences’ utility is 
inhibited by facets of the ever-changing world.  In this 
way, critical rationalism can also indicate critical 
conditions in the world, allowing for the discovery of new 
goals.  In the following section, we will examine the 
mechanisms we employ to accomplish a system of robust 
coherence for the task of planning. 

Planning with Robust Coherence: rob-coh 

In this section we will introduce rob-coh, a case-based 
planning approach that applies robust coherence to 
planning.   
 In order for coherence to be established between 
different experiences, relationships must be formed 
between the various actions and goals of these experiences.  
As different planning agents suggest experiences from 
their own case bases, these relationships must be formed in 
a collective context.  Below, we outline mechanisms that 
will enable us to form coherence and incoherence 
relationships between the actions and goals of various 
experiences: 
 
M1. Structure. Actions stored in a case facilitate the met 
goals of that case, and are incompatible with the failed 
goals of that case.  When similar goals are faced, these 
relations are held to the appropriate degree between past 
actions and current goals. 
(a) The degree of strength for these relationships, d, is 

dependent upon the number of actions in the case, a, 

27



and the similarity between the past and current goal, s, 
such that: d=s/a. 

 
M2. Instantiation. Particular details from past actions can 
be adapted to fit the current situation by replacing such 
details from past actions with the most similar detail from 
the current situation. 
 
M3. Effect Transitivity. Information about effects and how 
actions achieve or avoid them can indicate indirect 
relationships to other factors. 
(a) If an action achieves an effect, and a factor requires 

that effect, then the action facilitates that factor. 
(b) If an action avoids an effect, and a factor requires that 

effect, then the action is incompatible with that factor. 
(c) The degree of strength for these relationships, d, is 

dependent upon the degree to which the effect is 
achieved or avoided, e, and the number of factors that 
require that effect, f, such that: d=e/f. 

 
M4. Competition.  If two factors must compete for 
resources in order to be accomplished, then those factors 
are incompatible with each other. 
(a) The degree of strength of this relationship, d, is 

dependant upon the number of factors competing for 
the same resource, r, such that d=1/r. 

 
M5. Reconciliation. If two factors are related to each other 
involving multiple relationships, these relationships can be 
combined into a single relationship. 
(a) For factors related in opposite ways, the strengths can 

be subtracted from each other so only the strongest 
relation remains. 

(b) For factors related in the same way, the strengths can 
be summed to consolidate the relationships into one. 

(c) Remove relations that are reflexive (relate any factor 
to itself).  

 Within the collective context, a coherence agent 
interprets the actions and goals from these experiences in a 
system of deliberative coherence using the above 
mechanisms.  While this occurs, critic agents use 
information from the world to adjust these relations 
(reflecting falsification).  This falsifying information is 
used to change the coherence system to ‘steer’ it towards a 
set of actions and goals corresponding to truth.  Below is 
the mechanism that allows critic agents to enact this 
change on the coherence system: 
 
M6. Falsification.  If the required and attained effects of an 
element are impossible to attain or undesirable in the world 
the agents are operating in, then that element is falsified, 
making it incoherent with the elements would be otherwise 
related to. 
(a) The degree of strength for these relations, d, is 

dependant upon the degree the effect is falsified in the 
world, f, and the degree to which the effect is required 
or attained by that element, s, such that d=s*f. 

 Once the coherence and critic agents have discovered 
and adjusted relationships amongst the suggested actions 
and goals, a constraint satisfaction algorithm can resolve 
the system to maximize coherence.  Before this is 
accomplished, however, pre-selection occurs to reflect 
important goals in the world.  A description of this 
mechanism is provided below: 
 
M7. Pre-Selection.  If some goals are considered critical to 
success, the constraint satisfaction problem that describes 
the coherence of a decision can include an initial 
suggestion for sorting that includes the desired goals in the 
accepted set. 
 Using these mechanisms, the planning, coherence, and 
critic agents determine a robustly coherent set of actions 
and goals for facing a problem in the world.  The agents 
collaborate with each other using a collective data store.  
This store is where the different options are considered and 
robust coherence is established.  The rob-coh algorithm is 
outlined below: 
 
rob-coh 
 
Input:  A set of current goals. 
   A set of undesired effects. 
Output: A set of actions and goals that are considered 
robustly coherent. 
 
1. Planning Agents receive the set of goals and undesired 

effects and suggest past cases (actions and goals) from 
their unique histories to a collective data store for 
combination. 

2. Coherence Agent discovers relations between actions 
and goals on the data store. 
(a) Determine relations between past actions and 

current goals (Structure). 
(b) Adapt past actions (Instantiation). 
(c) Determine new relations based on effects (Effect 

Transitivity). 
(d) Determine new relations based on competition for 

resources (Competition). 
(e) Remove redundant relationships (Reconciliation). 

3. Critic Agents refine the coherence system to allow for 
action and goal selection. 
(a) Evaluate the coherence system’s correspondence 

with the world (Falsification). 
4. Coherence Agent uses a constraint satisfaction problem 

solver to select robustly coherent actions and goals. 
(a) Provide coherence problem and initial 

propagation queue (Pre-Selection). 
(b) Choose actions and goals based on maximum 

coherence via constraint satisfaction. 
5. Planning Agents receive the robustly coherent actions 

and goals from the collective data store for further 
adaptation and processing.  
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Discussion and Future Work 

Current approaches for synthesizing multiple experiences 
often involve the use of constraint satisfaction to 
understand how experiences interact.  This sometimes 
involves representing cases themselves as constraint 
satisfaction problems (Purvis & Pu, 1995), or using 
constraint satisfaction to order actions within a plan 
(Veloso, 1995).  We will also be using constraint 
satisfaction techniques (more specifically the MiniMax Sat 
algorithm as decribed by Heras, et al. 2008), but will be 
taking a different approach.  In our approach, constraints 
are used to represent the compatibilities and 
incompatibilities of different perspectives. 
 We’ve presented the notion of robust coherence; a 
method of group decision making that seeks a maximally 
coherent decision while corresponding to the dynamic 
world.  By combining seemingly contradictory theories of 
knowledge, robust coherence allows for group decision-
making focused on both consensus and fact.  We’ve also 
applied this approach to a case based planning algorithm 
called rob-coh, and implemented that algorithm to provide 
a test-bed for further research in coherence. 
 While our initial implementation focuses on multi-agent 
planning, the basic approach of robust coherence can be 
applied to a wide variety of knowledge-based domains.  
For example, a robust coherence system can be established 
to discover what theories and observations a collection of 
agents hold in common.  Using this coherent picture of a 
domain, the agents could use the selected theories to 
generate predictive data, adding to the set of observations 
and further refining the coherent theories. 
 Also, our constraint satisfaction algorithm allows us to 
utilize both soft and hard constraints, the inclusion of 
which is also a future research area for our coherence 
approach.  The negative constraints produced by the 
falsification mechanism, for example, could be hard 
constraints instead of soft.  This will enforce 
correspondence with the world, but may make some of our 
coherence systems unsolvable.  Future efforts will test this 
hypothesis. 
 Because the basic approach draws upon ideas from the 
philosophy of knowledge, robust coherence can help 
collaborative partners understand how their epistemic 
processes differ.  Instead of generally disagreeing, different 
stakeholders can use robust coherence to single out 
incompatibilities in reasoning and knowledge and narrow 
the discussion to important issues facing collaborative 
work.  In the future, we will be testing this approach in a 
variety of knowledge-based domains to discover how 
people can better share information collectively in a way 
that they can agree to and corresponds to the dynamic 
world. 
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