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ABSTRACT 

In this paper we present how a cross impact matrix may be used in effects-based planning and effects-
based assessment for plan evaluation, plan refinement, generation of alternative plans, and subjective 
assessment of plans and plan elements. The purpose of using a cross impact matrix within the effects-
based planning process is to find inconsistencies and decisive influences within developed plans. The 
cross impact matrix represents the impact between all activities, supporting effects, decisive conditions, 
and military end state of the plan. We develop morphological methods for analyzing activities, evaluating 
and refining plans, and sensitivity based methods using Dempster-Shafer theory to find the decisive 
influences. For the effects-based assessment process we develop a method that takes subjective 
assessments regarding the activities of a plan as inputs. From these assessments and the cross impact 
matrix we calculate assessments for all other plan elements. The method is based on belief functions and 
their combination under a new generalization of the discounting operation. The methods are implemented 
in a Collaboration Synchronization Management Tool (CSMT). 

1 INTRODUCTION 

A cross impact matrix (CIM) [3, 4] can be used for morphological analysis [5] on the operational 
command level by the staff of a joint task force headquarter in an Effects-Based Approach to Operations 
[6] during planning, execution and assessment of an operation. In morphological analysis we break down 
the plan into essential sub-concepts, each concept representing a dimension in the CIM. The purpose of 
using morphological analysis is to find inconsistencies in plans developed within the effects-based 
planning (EBP) [7] process. The CIM consists of all activities (A), supporting effects (SE), decisive 
conditions (DC) and military end state (MES) of the plan. In this paper we use British concepts [8]. It is 
created by a broad working group which must assess how each activity impacts every other activity and 
supporting effect, how each supporting effect impacts every decisive condition (and possibly other 
supporting effects), and how every decisive condition impacts the military end state (and possibly other 
decisive conditions). In this paper we present how a CIM may be used in EBP for plan evaluation, plan 
refinement and generation of alternative plans. We develop methods for analyzing activities and 
evaluating and refining plans within EBP, and develop a subjective method for effects-based assessment 
(EBA) based on Dempster-Shafer theory of belief functions [9−14] and the CIM. 

The cross impact will aid the planning staff to find and exploit synergies by making all identified 
relationships between planned activities and their impact upon the supporting effects, etc. explicit. The 
values entered in the CIM during planning can be continuously updated during execution of the plan as the 
staff increases its knowledge of the current operational environment. Together with other information 
about the operation the explicit values in the CIM can therefore aid decision makers in gaining a more 

                                                      
 Short versions of this study were presented in Stockholm Contributions to Military-Technology 2007 [1] and at the Eleventh 
International Conference on Information Fusion in Cologne, Germany [2]. This work was supported by the FOI research 
project “Real-Time Simulation Supporting Effects-Based Planning”, which is funded by the R&D programme of the Swedish 
Armed Forces. 
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similar understanding of the situation, possibly leading to better decisions. The CIM can also be used 
during assessment of the operation as it should contain the most current view of what impact all 
supporting effects have on the decisive conditions and what impact all decisive conditions have on the 
military end state. 

Accepting human subjective assessments regarding the successful outcome of activities of the plan, we 
can use the impacts between plan elements as described by the CIM to calculate similar subjective 
assessments of all desired supporting effects, decisive conditions and the military end state. Using this 
methodology we get an early assessment of all plan elements during effects-based execution (EBE) and 
may early on observe if activities and desired effects are developing according to plan. By observing the 
change over time of these subjective assessments of effects and conditions as assessments of activities are 
updated, we notice if trends are moving in the right direction as more activities are further executed. 

The methods are implemented in a Collaboration Synchronization Management Tool (CSMT) [15]. 

In Sec. 2 we describe the construction of a CIM and analysis of plan elements using the CIM. We continue 
to analyze and refine alternative plans. In Sec. 3 we develop an algorithm for assessment of plan elements 
using the CIM, and show how this may be used for subjective assessment of all desired effects. Finally, in 
Sec. 4 conclusions are drawn. 

2 THE CREATION OF THE CROSS IMPACT MATRIX 

The cross impact matrix will initially be created during the planning process. It should be created by a 
working group containing key subject matter experts as required by the type of operation planned. The 
working group will first need to enter all planned activities into the CIM, and it is important that all 
activities are well defined. They will then have to decide which positive or negative impact each activity 
will have on every other activity. It is important to note that even if activity A1 has a positive impact on 
activity A2 then A2 could have a negative impact on A1. In the next step the working group must decide 
what impact all activities have on the supporting effects, what impact all supporting effects have on the 
decisive conditions and what impact the decisive conditions have on the military end state. 

It is important to note that the CIM will not be able to handle the effects of synergy. If the combined effect 
of performing activities A1, A2 and A3 simultaneously is higher than the sum of performing each one 
separately, this can not be modeled within standard CIM analysis. However, it can be managed if A1, A2 
and A3 are combined into one activity with several alternatives. 

The CIM can be introduced in EBP and used for evaluation of the plan and generation of alternative plans. 
The work with CIM in EBP may be conducted using the following tasks. 

2.1 Form a plan 
Before the CIM is constructed, a plan must be formed according to EBP, see Figure 1. A plan is formed 
top-down from the MES, where the MES is broken down into effects and actions that should lead to the 
desired MES. This work is outside the scope of this article. 
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Figure 1: Effects-based planning: MES = military end state, DC = decisive condition,  
SE = supporting effect, A = activity. 

2.2 Construct the CIM based on the plan 
The plan consists of a military end state, decisive conditions, supporting effects and activities. The number 
of these elements is denoted n. Construct a CIM with n-1 rows and n columns. Listing these elements, 
except the military end state, to the left of the CIM and list the elements, including the military end state, 
above the CIM, see Figure 2. The CIM consists of values ranging from -9 to 9, where -9 denotes large 
negative influence, 0 means no influence and 9 denotes high positive influence. For example, an impact 
value of 8, i.e., “high positive influence”, might be assigned between the activity of “securing an area” and 
the activity of “transporting through that area”. How much the element of row i influences the element of 
column j is stored in cell(i, j) in the CIM (for example the activity A2 influence the activity A4 in a positive 
way with a factor 2, but A4 influence A2 in a negative way by a factor of -2). 
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DC1 DC2 SE1 SE2 A1 A2 A3 A4 

DC1 5 0 6 0 0 0 0 0 0 

DC2 8 6 0 0 0 0 0 0 0 

SE1 0 5 2 0 0 0 0 0 0 

SE2 0 5 8 0 0 0 0 0 0 

A1 0 0 0 3 3 0 4 -2 -3 

A2 0 0 0 3 -2 3 0 0 2 

A3 0 0 0 3 6 0 8 0 0 

A4 0 0 0 4 -2 -7 -2 0 0 

Figure 2: The CIM contains military end state, decisive conditions, supporting effects and 
activities (dark gray cells always contain zeros). 

It is important to separate between direct and indirect influence. Only direct influence should be stated in 
the CIM. Also, one should be very careful not to assign any direct influences between two activities if 
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these more properly concern influences between each of the two activities and the supporting effect. 

At this initial stage of the construction of the CIM we include the basic elements of the plan meaning that 
each element usually has only one alternative. Thus, all activities should be performed and all supporting 
effects and decisive conditions should be reached. In Figure 3 an implementation of the CIM is shown. 

 

Figure 3: A complete CIM with activities, supporting effects,  
decisive conditions and military end state. 

2.3 Opportunities: Create new alternatives 
It may be possible to state some alternative decisive conditions, supporting effects or activities. For 
instance, we may have two different activities we have to decide between. They could describe different 
things to do, or they could do the same thing at different times or places. Then we would have two 
different instances of the plan. 

We calculate consistency and stability for each element of the plan (activities, supporting effects and 
decisive conditions) relative all other elements. When calculating for each row we obtain how much each 
element influences other elements (by column how much it is influenced by other elements). For each row 
we have 

 
AltConsistency Alti( ) impact i j,( )

j
∑=

 (1) 

were  impact i j,( )  is the impact value in the CIM, 
Alti DC1 DC2 SE, , 1 SE2 A1 A2 A3 A4 }, , , , ,{∈

, Figure 4, and 
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AltStability Alti( ) min CV i j,( ) CV j i,( ),[ ]

max CV i j,( ) CV j i,( ),[ ]
-------------------------------------------------------

j
∏=

 (2) 

where the coefficient value CV(i, j) is calculated as 

 

CV i j,( )
impact i j,( ) 1+ , impact i j,( ) 0≥

1
1 impact– i j,( )
----------------------------------- , impact i j,( ) 0<

⎩
⎪
⎨
⎪
⎧

=

. (3) 

For the sake of legibility we present the consistency values normalized and the stability values normalized 
and logarithmized according to 

 
NormAltConsistency Alti( )

AltConsistency Alti( )
Altj j∀{ }

--------------------------------------------------=
. (4) 

and 

 
NormAltStability Alti( ) 9

log10 AltStability Alti( )[ ]
2 Altj j∀{ } 1–[ ]

-----------------------------------------------------------=
. (5) 

 

Figure 4: The figure shows how different activities influence other activities. For example, 
activity A39 influence others strongly positive, while A42 influence some in a positive manner 

(green) and others in a negative way (red). Average in blue. 

In Figure 5 we observe the influence and stability for all activities. 
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Figure 5: Top view contains all elements of the plan. Bottom view contains all activities ranked 
by how much they influence and are influenced by other activities. Circle size correspond to 

instability (large circles implies high instability). 

We may now create new alternatives, mostly alternative activities to realize some supporting effect, but it 
is also possible to consider new alternative supporting effects or decisive conditions to reach the intended 
military end state. For each new alternative it is important to note which activity, supporting effect or 
decisive condition it belongs to, Figure 6. 
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DC11 DC12 

DC2 

SE11 SE12

SE2 

A11 A12 

A2 A3 A4 

DC11 5 0 0 6 0 0 0 0 0 0 0 0 
DC1 

DC12 6 0 0 6 0 0 0 0 0 0 0 0 

DC2 8 6 8 0 0 0 0 0 0 0 0 0 

SE11 0 5 4 2 0 0 0 0 0 0 0 -3 
SE1 

SE12 0 6 3 2 0 0 2 0 0 0 0 2 

SE2 0 5 5 8 0 0 0 0 0 0 0 0 

A11 0 0 0 0 3 8 3 0 0 4 -2 -3 
A1 

A12 0 0 0 0 7 9 1 0 0 2 2 3 

A2 0 0 0 0 3 1 -2 3 1 0 0 2 

A3 0 0 0 0 3 5 6 0 0 8 0 0 

A4 0 0 0 0 4 7 -2 -7 -1 -2 0 0 

Figure 6: The CIM now contains alternatives for many decisive conditions,  
supporting effects and activities. 

These new alternative are introduced into the CIM and all new matrix values must be assigned. After this 
is done new consistency and stabilities can be calculated. This procedure can be repeated until satisfaction 
is reached and a suitable set of alternatives are at hand. If a new alternative gives good consistency and 
stability for some element of the plan this may be found satisfying and work may continue on finding new 
alternatives for other elements. However, if the new alternative gives poor values we must try to find 
further alternatives for the same element. When this process has been repeated until satisfaction is reached 
for all elements of the plan, we have a CIM with several alternatives for many of the activities, supporting 
effects and decisive conditions. 

The CIM is now expanded with several alternatives activities, supporting effects and decisive conditions 
(e.g., A12, SE12 and DC12). The alternative activity may for example be a change in timing or intensity of an 
activity in order to improve on the plan. When this is done we may evaluate the plan with different 
alternative activities. 
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2.4 Leverage Points: Decisive influence from activities 
We can calculate which activities that provides a decisive influence on a particular supporting effect, 
decisive condition or on the military end state by performing a sensitivity analysis using Dempster-Shafer 
theory. In this analysis we assume simple frames of discernment for each supporting effect, decisive 
condition and the military end state with only two possible outcomes, Θ AdP AdP¬,{ }=  on each 
hierarchical level of the plan, where AdP means an Adequate Plan. Either the desired supporting effect, 
decisive condition or the military end state is achieved or it is not. The calculation is made by first, for a 

certain activity Ak, calculating the support for the requested 
mSEj

AdP( )
, 

mDCj
AdP( )

 or mMES AdP( )  with 
mAi

AdP( ) 1=
 i∀  and then recalculating the same with 

mAk
AdP( ) 0.99=

 and 
mAi

AdP( ) 1=
 i k≠∀ . Here, 

mAi
AdP¬( ) 0=

 i∀ . By selecting these mass functions as input data we will be able to perform numerical 
differentiation of all supporting effects, decisive conditions and the military end state with respect to each 
individual activity. The value of these derivatives shows the influence of the individual activities on these 
effects, conditions and end state. 

If we are only interested in which activities have a decisive influence on some particular supporting effect 
or decisive condition then we may choose to calculate only these values, but if we are interested in which 
activities have a decisive influence on the plan at large, then we must perform the calculation for the 
military end state level. 

Before combining the mass functions we discount them using the impact values of the CIM. This ensures 
that each activity influences the supporting effect to its proper degree. We have 

 

mAi

αkj X( ):

αkjmAi
AdP( ), X AdP=

αkjmAi
AdP¬( ), X AdP¬=

1 αkjmAi
AdP( ) αkjmAi

AdP¬( )–– , X Θ=
⎩
⎪
⎪
⎨
⎪
⎪
⎧

 (6) 

where the discounting factor 

 
αkj

impact k j,( )
10

---------------------------=
. (7) 

This is a generalization where discounting factors may assume values less than 0, i.e., αkj= {0.9, 0.8, 0.7, 
..., 0.9}. These discounted mass functions are combined using Dempster’s rule. 

For each activity Ak and every supporting effect SEj we can calculate 

 

DecisiveInfluence Ak SEj→( ) mSEj
AdP( )

mAi
AdP( ) 1= i∀

mAi
AdP¬( ) 0= i∀

mSEj
AdP( )

mAk
AdP( ) 0.99=

mAi
AdP( ) 1= i k≠∀

mAi
AdP¬( ) 0= i∀

–

⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

=

 (8) 

 where 
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mSEj

AdP( ) max 0 1 1 impact k j,( )
10

--------------------------- mAk
AdP( )⋅–

k
∏–,

⎩ ⎭
⎨ ⎬
⎧ ⎫=

 (9) 

and 
0 mSEj

AdP( ) 1≤ ≤
. 

We have chosen to cap the value of 
mSEj

AdP( ) 0≥
 and not handle the case where 

mSEj
AdP( ) 0<

. 

By substituting 
mSEj

mDCj
→{ }

 in Eq. (8) we calculate for each activity Ak and each decisive condition DCj 
which influence this activity has on this decisive condition, 

 

DecisiveInfluence Ak DCj→( ) mDCj
AdP( )

mAi
AdP( ) 1= i∀

mAi
AdP¬( ) 0= i∀

mDCj
AdP( )

mAk
AdP( ) 0.99=

mAi
AdP( ) 1= i k≠∀

mAi
AdP¬( ) 0= i∀

–

⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

=

 (10) 

where 

 
mDCj

AdP( ) max 0 1 1 impact k j,( )
10

--------------------------- mSEk
AdP( )⋅–

k
∏–,

⎩ ⎭
⎨ ⎬
⎧ ⎫=

 (11) 

However, most interesting is perhaps the influences the different activities have on the plan at large, i.e., 

the military end state. By substituting 
mSEj

mMES→{ }
 in Eq. (8) we calculate for each activity which 

influence it has on the military end state, DecisiveInfluence Ak MES→( ) . Since we only have one military end 
state we get one value for each activity and may thus rank these by the calculated 

DecisiveInfluence Ak MES→( ) mDCj
AdP( )

mAi
AdP( ) 1= i∀

mAi
AdP¬( ) 0= i∀

mDCj
AdP( )

mAk
AdP( ) 0.99=

mAi
AdP( ) 1= i k≠∀

mAi
AdP¬( ) 0= i∀

–

⎩ ⎭
⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪
⎪ ⎪
⎧ ⎫

=

 (12) 

where 

 
mMES AdP( ) max 0 1 1 impact k j,( )

10
--------------------------- mDCk

AdP( )⋅–
k

∏–,
⎩ ⎭
⎨ ⎬
⎧ ⎫=

. (13) 

These calculations can be made both with the initial CIM where each activity has only one alternative and 
with the later CIM where some activities have two or more alternatives. If the calculations are made for 
the later CIM then we must carry out the calculation separately for each alternative i, e.g., for activity Ak 
and military end state 

 i.∀ DecisiveInfluence Aki MES→( )  (14) 

after which the decisive influence by activity Ak on the military end state is calculated as 
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 DecisiveInfluence Ak MES→( ) max i DecisiveInfluence Aki MES→( ){ }.=  (15) 

An example of decisive influence on the military end state is shown in Figure 7. 

 

Figure 7: Leverage points show the impact of success of each activity on the success of the 
military end state. Activities A21, A22, A40 and A41 have high impact. 

2.5 Plan refinement 
We may now evaluate the current plan and propose incremental changes to the plan by performing a CIM 
analysis, or make a complete CIM analysis to obtain the optimal plan according to the given CIM. These 
alternative modes of procedure are based on the same analysis and only represent different ways to sort 
evaluated instances (I) of the plan. In each mode of procedure a complete CIM analysis is performed. 

The evaluation is performed by calculating consistency and stability for each possible instance of the plan, 
according to 
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Consistency I( ) impact i j,( )

j I∈
∑

i I∈
∑=

 (16) 

and 

 

Stability I( ) min CV i j,( ) CV j i,( ),[ ]
max CV i j,( ) CV j i,( ),[ ]
-------------------------------------------------------

j I∈

j i>

∏
i I∈
∏=

 (17) 

In Figure 8 the eight alternative plans of Figure 6 are evaluated by consistency and stability1. 

 DC1 DC2 SE1 SE2 A1 A2 A3 A4 Con Sta 

Plan 1 DC11 DC2 SE11 SE2 A11 A2 A3 A4 63 -3,43 

Plan 2 DC11 DC2 SE11 SE2 A12 A2 A3 A4 77 -3,47 

Plan 3 DC11 DC2 SE12 SE2 A11 A2 A3 A4 79 -3,44 

Plan 4 DC11 DC2 SE12 SE2 A12 A2 A3 A4 90 -3,34 

Plan 5 DC12 DC2 SE11 SE2 A11 A2 A3 A4 65 -3,45 

Plan 6 DC12 DC2 SE11 SE2 A12 A2 A3 A4 79 -3,50 

Plan 7 DC12 DC2 SE12 SE2 A11 A2 A3 A4 79 -3,30 

Plan 8 DC12 DC2 SE12 SE2 A12 A2 A3 A4 90 -3,20 

Figure 8: A list over the plans with consistency (Con) and stability (Sta) values. Both plan 4 and 
plan 8 have high consistency (= 90). However, plan 8 has the higher stability, making this the 

preferred plan. [The stability values are logarithmized and normalized (≤ 0,00); The elements are 
from the CIM in Figure 6]. 

3 ASSESSMENT OF PLAN ELEMENTS 

The CIM is a model of influence between elements of the plan. In assessment, our interest is on the impact 
between activities on the lowest level and supporting effects on the next level, and so forth. We receive 
subjective assessments regarding activities as user input. These are in the form of basic belief assignments 
(bbas) that express support for and against the success of that activity, encoded as AdP and ¬AdP, 
respectively. 

                                                      
1 Eq. (16) and Eq. (17) were derived through reverse engineering by the author in 1995 (unpublished at the time). 
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3.1 Combining assessments 
In this problem we have the same simple frame of discernment as in Sec. 2, 

 Θ AdP AdP¬,{ }=  (18) 

on each hierarchical level of the plan. 

We have a set of n bbas each with three bodies of evidence, i.e., AdP mi AdP( ),( ){{ , AdP¬ mi AdP¬( ),( ) , 
Θ 1 mi AdP( ) mi AdP¬( )––,( ) } }i 1=

n

, where, e.g., AdP mi AdP( ),( )  is the first body of evidence of the ith bba 
giving support to AdP. Thus, for the ith bba we have, 

 

mi A( )

mi AdP( ), A AdP=

mi AdP¬( ), A AdP¬=

1 mi AdP( ) mi AdP¬( )–– , A Θ=
⎩
⎪
⎪
⎨
⎪
⎪
⎧

=

. (19) 

The CIM contains all information regarding the impact of each activity on all supporting effects. When the 
impact on a particular supporting effect SEj is less than full we discount the bba mi in relation to its degree 
of impact on SEj 

 

mi
αij A( )

αijmi AdP( ), A AdP=

αijmi AdP¬( ), A AdP¬=

1 αijmi AdP( ) αijmi AdP¬( )–– , A Θ=
⎩
⎪
⎪
⎨
⎪
⎪
⎧

=

 (20) 

Combining all mi
αij

, we get 

 

m
mi{ }i 1=

n⊕

αij A( )

K 1 α– i jmi AdP¬( )[ ]
i

∏ 1 αi jmi AdP( ) αi jmi AdP¬( )––[ ]
i

∏–
⎩ ⎭
⎨ ⎬
⎧ ⎫, A AdP=

K 1 α– i jmi AdP( )[ ]
i

∏ 1 αi jmi AdP( ) αi jmi AdP¬( )––[ ]
i

∏–
⎩ ⎭
⎨ ⎬
⎧ ⎫, A AdP¬=

K 1 αijmi AdP( ) αijmi AdP¬( )––[ ]
i

∏ , A Θ=
⎩
⎪
⎪
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎪
⎪
⎧

=

 (21) 

 where 

 
m

mi{ } i 1=
n⊕

α i j AdP( ) m
mi{ } i 1=

n⊕

α ij AdP¬( ) m
mi{ } i 1=

n⊕

αi j Θ( )+ + 1=
. (22) 

Thus, Eq. (21) becomes the subjective assessment of SEj as calculated using the subjective input 
assessments of all activities Ai that impact upon SEj. 

What is calculated for supporting effects from subjective assessment of activities can in a second phase be 
calculated for decisive conditions using the newly calculated assessments of supporting effects. In the 
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same way we can calculate the subjective assessment of the military end state from the assessment of 
decisive conditions. 

3.2 Combining assessments regarding plan elements using the CIM 
At the activities level we have a frame of discernment 

 ΘA AdP AdP¬,{ }=  (23) 

In order to map this onto the problem of combining assessments, Sec. 3.1, we must first generalize the 
discounting operation. 

The discounting operation was introduced to handle the case when the source of some piece of evidence is 
lacking in credibility [11]. The credibility of the source, 0 < α < 1, also became the credibility of the piece 
of evidence. The situation was handled by discounting each supported proposition other than Θ with the 
credibility α and by adding the discounted mass to Θ; 

 

m% A( ) αm A( ), A Θ≠
1 α– αm Θ( ),+ A Θ=

⎩
⎪
⎨
⎪
⎧

=

 (24) 

We generalize the discounting operation by allowing the credibility to take values in the interval 1– α 1<≤ . 

Definition 1. Let m:2Θ 0 1,[ ]→  be a bba where 1– α 1<≤ . Then 

 

m% A( ) αm A( ), A Θ≠
1 α– αm Θ( ),+ A Θ=

⎩
⎪
⎨
⎪
⎧

=

 (25) 

is a generalized discounting of m where m% A( )  is an inverse simple support function (ISSF) [16] whenever 
α < 0. 

Before combining the mass functions we discount them using the impact values of the CIM. This ensures 
that each activity influences the supporting effect to its proper degree. 

For SEj and Ai we have 

 

mAi

αkj A( )

αAiSEj
m

Ai
AdP( ), A AdP=

αAiSEj
m

Ai
AdP¬( ) , A AdP¬=

1 αAiSEj
m

Ai
AdP( ) αAiSEj

m
Ai

AdP¬( )–– , A Θ=
⎩
⎪
⎪
⎪
⎨
⎪
⎪
⎪
⎧

=

 (26) 

 where the discounting factor is defined as 
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αAiSEj

Δ
impact Ai SEj,( )

10
-------------------------------------=

. (27) 

This is a generalization of the discounting operator where discounting factors may assume values less than 
0, i.e., αkj 0,9– 0,8– 0,7– … ,0,9, , ,{ }= . 

We combine all bbas on the activities level and bring the result to the supporting effects level. At the 
supporting effects level we have a similar frame of discernment 

 ΘSE AdP AdP¬,{ }= . (28) 

Using Eq. (21), Eq. (26) and Eq. (27), we define 

mSEj
AdP( ) Δ m

mAi
{ }

i 1=

n⊕

αji AdP( )=

K 1 α– AiSEj
m

Ai
AdP¬( )[ ]

i
∏

⎩
⎨
⎧= 1 αAiSEj

m
Ai

AdP( ) αAiSEj
m

Ai
AdP¬( )––[ ]

⎭
⎬
⎫

i
∏–

K 1
impact Ai SEj,( )

10
-------------------------------------– m

Ai
AdP¬( )

i
∏ 1

impact Ai SEj,( )
10
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and 
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 (30) 

with 
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-------------------------------------m
Ai

AdP¬( )––
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 (31) 

where 
mDCj

AdP( ) mDCj
AdP¬( ) mDCj

Θ( )+ + 1=
. 

In the same way we may calculate the support for decisive conditions, and the military end state. For 
decisive conditions, we have 
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and 
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with 
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SEi
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 (34) 

where 
mDCj

AdP( ) mDCj
AdP¬( ) mDCj

Θ( )+ + 1=
. 

Similarly, for the military end state, we have 
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and 
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with 
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AdP( )
impact DCi MES,( )

10
---------------------------------------------m

DCi
AdP¬( )––

i
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 (37) 

where mMES AdP( ) mME S AdP¬( ) mMES Θ( )+ + 1= . 

With these calculations we have all pieces of a subjective EBA algorithm (Algorithm 1). 
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Algorithm 1: Subjective EBA 

 

• For all SEj  calculate: 
mSEj

AdP( )
, 

mSEj
AdP¬( )

, 
mSEj

Θ( )
 using Eq. (29), Eq. (30), Eq. (31). 

• For all DCj  calculate: 
mDCj

AdP( )
, 

mDCj
AdP¬( )

, 
mDCj

Θ( )
 using Eq. (32), Eq. (33), Eq. (34). 

• Calculate: mMES AdP( ) , mMES AdP¬( ) , mMES Θ( )  using Eq. (35), Eq. (36), Eq. (37). 

• Return all calculated values. 

 

In Figure 9 the calculated values of Algorithm 1 are presented in the upper part labelled “Impact”, together 

with the initial subjective assessments 
mAj

AdP( )
, 

mAj
AdP¬( )

, and 
mAj

Θ( )
 in the lower part labelled 

“Activities” within the CSMT. Obviously, m(AdP) is indicated by green, m(¬AdP) by red and the 
uncommitted m(Θ) by gray. 

 

Figure 9: Subjective effects-based assessment (EBA) in the collaborative synchronization 
management tool (CSMT). 
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In order to further enhance the usability it may be of value to include a diagram of the change over time 
for these assessments. In Figure 10 this is exemplified for the Military End State as calculated by Eq. (35), 
Eq. (36) and Eq. (37) at different times. 

MES

Time

100%

0%
 

Figure 10: Subjective assessments over time of Military End State (MES). 

4 CONCLUSIONS 

We have demonstrated that it is possible to evaluate and refine a plan within effects-based planning using 
morphological analysis of the cross impact matrix. Furthermore, we show that we can find the decisive 
influences from activities by using Dempster-Shafer theory and sensitivity analysis. By doing both we can 
find any weaknesses and all strengths of the plan as described by the cross impact matrix before the 
effects-based execution phase. 

We have developed a subjective effects-based assessment method for making subjective assessment of 
plans and plan elements within the effects-based approach to operations. We have shown that such 
subjective assessments can be performed of all supporting effects, decisive conditions and the military end 
state by taking human subjective assessments about activities as input and extending those assessments to 
all other plan elements using a cross impact matrix. 

5 REFERENCES 

[1] Schubert, J., Wallén, M., Walter, J. (2008), Morphological refinement of effect-based planning, in 
Stockholm Contributions to Military-Technology 2007. Swedish National Defence College, 
Stockholm, Sweden, pp. 207−220. 

[2] Schubert, J. (2008), Subjective Effects-Based Assessment, in Proceedings of the Eleventh 
International Conference on Information Fusion, Cologne, Germany, pp. 987−994. 



Analysis and assessment of effects-based plans  

33 - 18 RTO-MP-SAS-081 

 

 

[3] Glenn, J.C., Gordon, T.J. (2003), Futures Research Methodology - Version 2.0. American Council 
for the United Nations University, Washington, DC. 

[4] Gordon, T.J., Hayward, H. (1968), Initial experiments with the cross-impact matrix method of 
forecasting, Futures 1(2):100−116. 

[5] Zwicky, F. (1969), Discovery, invention, research through the morphological approach. Macmillan, 
New York, NY. 

[6] Effects based approach to multinational operations, Concept of operations (CONOPS) with 
implementation procedures. Version 1.0 (for comment) (2006). United States Joint Forces 
Command, Suffolk, VA. 

[7] Smith, E.A. (2006), Complexity, networking, and effects-based approaches to operations. U.S. 
Department of Defense CCRP, Washington, DC. 

[8] Incorporating and extending the UK military effects-based approach. Joint Doctrine Note (2006). 
Development, Concepts and Doctrine Centre (DCDC), Ministry of Defence, Shrivenham, Swindon. 

[9] Dempster, A.P. (1967), Upper and lower probabilities induced by a multivalued mapping, The 
Annals of Mathematical Statistics 38(2):325−339. 

[10] Dempster, A.P. (1968), A generalization of Bayesian inference, Journal of the Royal Statistical 
Society Series B 30(2):205−247. 

[11] Shafer, G. (1976), A Mathematical Theory of Evidence. Princeton University Press, Princeton, NJ. 

[12] Shafer, G. (1990), Perspectives on the theory and practice of belief functions, International Journal 
of Approximate Reasoning 4(5/6):323−362. 

[13] Smets, P., Kennes, R. (1994), The transferable belief model, Artificial Intelligence 66(2):191−234. 

[14] Smets, P. (1999), Practical uses of belief functions, in Proceedings of the Fifteenth Conference on 
Uncertainty in Artificial Intelligence, Stockholm, Sweden, pp. 612−621. 

[15] Hörling, P., Schubert, J., Walter, J. (2009), Collaborative Synchronization Management Tool - A 
User’s Guide. User report, FOI-R--2706--SE. Swedish Defence Research Agency, Stockholm, 
Sweden. [Online]. Available: http://www.foi.se/upload/projects/fusion/FOI-R--2706--SE.pdf 

[16] Smets, P. (1995), The canonical decomposition of a weighted belief, in Proceedings of the 
Fourteenth International Joint Conference on Artificial Intelligence, Montréal, Canada, pp. 
1896−1901. 




