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Context
This document provides a summarized narrative of the process we followed when testing the SysML Modeling Methodology described in the main article. It is meant as a companion text to the article, to help validate the contents therein.
This material is not meant for publication in print. At the editor’s discretion, it can be made available online, along with the full IBM Rational Rhapsody model, as support materials for the article.
Modeling The Problem
Step 1 – Key Variables
The concerns mentioned in Section 3 of the main article, The Robin Hood Problem, are repeated here for convenience:
The Sheriff’s growing strength and his probing for weaknesses in Robin’s band;
The size of Robin’s band;
Discipline and vigilance;
Food;
Financial reserves;
The level of unrest and the subsequent removal of the Sheriff from office.

These concerns are implicit in the case text, rather than formally listed as such. Like most of the information contained in this Section, we were able to distil them only after considerably heated discussion amongst ourselves, both as modelers and as proxies for the imaginary Robin Hood and Merry Men constructs. We eventually settled on the following six Key Variables:
K0 Force Balance is the main Variable. We defined it as the relative strength and influence of Robin’s insurgency as compared to that of the Sheriff’s men. Its definition is shown in Figure 1.
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Figure 1: K0 Force Balance cannot be directly observed, but it can be estimated.
Analysis of this variable yielded a large number of contributing factors. For simplicity, we modeled it as a computed variable, and grouped those factors into two Auxiliary Variables, namely total estimated insurgency strength (V00) and total estimated Sheriff’s strength (V01). A more detailed definition of V00 and V01 is presented in Step 3.
K1 Size Of The Band is listed in the case text as both a source of satisfaction and concern for Robin. Its definition is shown in Figure 2.
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Figure 2: The value of K1 Size Of The Band is a simple count of the number of men[footnoteRef:2] in the band at any one point in time. [2:  In medieval England, sexism and gender equality were not concerns.] 

It should be noted that, in the text, there is no explicit way for the band to decrease in size. However, it is reasonable to assume that the Sheriff’s probing actions cause casualties and attrition among the merry men.
K2 Discipline And Vigilance is in decline and getting harder to enforce. At first reading, the text only mentions this in passing, mixed in with other notes regarding the size of the band, so it might appear to be unimportant. However, it started to show up repeatedly in our discussions, and eventually, we chose to model it as a Key Variable. Its definition is shown in Figure 3.
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Figure 3: K2 Discipline and Vigilance cannot be precisely measured, but it can be observed and estimated.
The Use Cases mentioned under the Converges With heading are the same ones that showed up during analysis of K1. This simply denotes that those Use Cases affect more than one Key Variable.
K3 Food Availability derives from the two sources of food mentioned in the text, namely game hunting in the forest and procurement of additional supplies from the outlying villages. It is a growing source of concern, although probably not an immediately pressing problem. Its definition is shown in Figure 4.
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Figure 4: K3 Food Availability can be measured by counting the amount of food available, in terms of how many men it can feed, and dividing it by the number of men in the band.
Given the state of food conservation technology at the time, we chose to model the simplification that all food must be consumed, on average, on the day it is obtained.
K4 Financial Reserves has a somewhat imprecise description in the case text, which directly compares the cost of buying food, an expense account, with the band’s financial reserves, a balance account. We chose to interpret this as meaning that the daily cost of the food is beginning to exceed the band’s average daily revenue. This definitely counts as a pressing problem. Its definition is shown in Figure 5.
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Figure 5: K4 Financial Reserves is measured by simple inspection of the level of reserves.
K5 Unrest is a factor for which Robin’s concern is not as patent in the text as it is for the other variables. We still chose to model it as a Key Variable, for two reasons. One is that it ties directly to Robin’s mental model of his long-term goals, namely the removal of the Sheriff from office due to his failure to deal with that unrest. The second is that the text hints at a strong relationship between unrest and band revenue, through the decline of raidable forest traffic. The definition of this variable is shown in Figure 6.
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Figure 6: K5 Unrest cannot be precisely measured, but it can be observed and estimated.
Step 2 – Key Variable Use Cases
Once all the Key Variables were defined, we lifted the list of Use Cases and Actors mentioned so far and documented them all in Use Case Diagrams. Table 1 summarizes that list.
Table 1: Seven Actors triggering nine Use Cases, plus the passage of time, account for all the possible changes in all of the Dynamic Key Variables.
	Triggering Actor
	Use Case
	Affected Variable

	Robin Hood
	Recruiting
	K1 Size Of The Band

	
	
	K2 Discipline And Vigilance

	
	Raiding
	K5 Unrest

	All Who Come
	Volunteering
	K1 Size Of The Band

	
	
	K2 Discipline And Vigilance

	Sheriff
	Probing For Weaknesses
	K1 Size Of The Band

	Little John
	Enforcing Discipline
	K2 Vigilance And Discipline

	Munch
	Hunting Game
	K3 Food Availability

	
	Buying Food
	K3 Food Availability

	
	
	K4 Financial Reserves

	Scarlock
	Distributing Loot
	K4 Financial Reserves

	Rich Travelers
	Crossing The Forest
	K5 Unrest

	(Passage of time)
	—
	K2 Discipline And Vigilance

	
	
	K5 Unrest


Step 3 – Auxiliary Variables – Part I
The definition of K0 Force Balance calls for the definition of two Auxiliary Variables:
V00 Insurgency Strength represents an aggregation of all the factors that contribute to the effectiveness of Robin’s Merry Men. We introduced this Variable solely for the convenience of simplifying the formula for K0 Force Balance. Its definition is shown in Figure 7.
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Figure 7: V00 Insurgency Strength is composed of many diverse factors.
The definitions for V02, V03, V04 and V05 are show in Figures 9 through 12.
V01 Sheriff Strength represents an aggregation of the factors that contribute to the effectiveness of the Sheriff’s forces with regard to combatting the Merry Men. Its definition is shown in Figure 8.
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Figure 8: V01 Sheriff Strength has a simpler model than Insurgency Strength.
The definitions for V06 and V07 are shown in Figures 13 and 14.
[image: ]
Figure 9: The Merry Men are top notch archers. Even the new volunteers can be trained, given time.
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Figure 10: Larger groups are harder to maneuver and hide.
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Figure 11: The more the band knows about the Sheriff's movements, the easier it is to stay out of his way.
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Figure 12: The villagers and townspeople help out, with information, supplies and refuge.
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Figure 13: The Sheriff is getting better organized, which means it's easier for him to get reinforcements.
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Figure 14: As the Sheriff harasses the band, he gains insight into their habits and attitudes.
Step 4 – Auxiliary Variable Use Cases – Part I
The new Auxiliary Variables introduced a series of new Actors and Use Cases, listed in Table 2, as well as new Use Cases for existing Actors, listed in Table 3. Some of the Use Cases defined for the Key Variables were also found to have an impact on some of the new Variables, as summarized in Table 4.
Table 2: The two new Actors affect intelligence gathering on both sides.
	Triggering Actor
	Use Case
	Affected Variable

	Will Scarlett
	Scouting
	V04 Band Intelligence

	Villagers
	Snitching
	V07 Sheriff Intelligence


Table 3: Two previously defined Actors have further Use Cases modeled under them.
	Triggering Actor
	Use Case
	Affected Variable

	Little John
	Training
	V02 Archery Skill

	Sheriff
	Persecuting
	V05 Popular Support

	
	Obtaining Reinforcements
	V06 Size Of Sheriff Forces


Table 4: Several previously defined Use Cases affect the newly defined Auxiliary Variables.
	Triggering Actor
	Use Case
	Affected Variable

	Robin Hood
	Recruiting
	V02 Archery Skill

	
	Raiding
	V05 Popular Support

	All Who Come
	Volunteering
	V02 Archery Skill

	Sheriff
	Probing For Weaknesses
	V06 Size Of Sheriff Forces

	
	
	V07 Sheriff Intelligence

	Scarlock
	Distributing Loot
	V05 Popular Support

	(Passage of time)
	—
	V04 Band Intelligence

	
	
	V05 Popular Support

	
	
	V07 Sheriff Intelligence


Step 5 – Sequences – Part I
As no new Variables were pending definition at this time, we started to build the Sequences for the Use Cases already defined.
We did not build these Sequences in any particular order. Rather, we built and refined them as a whole, jumping to one or the other to clarify details and make sure they were all consistent with each other and with the Variable and Use Case definitions. We present the final results here in arbitrary order.
Regarding Recruiting, according to the case text, during the early days, Robin sought out men with grievances and a strong sense of justice. From these men, he formed the core of the band. Figure 15 lays out the corresponding sequence.
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Figure 15: New recruits join the band as quickly as Robin can find them.
The figure tells the following story:
Robin decides to recruit based on the current size of the band;
As each recruit joins the band, its size simply increases by one;
The new recruit dilutes the band's average level of discipline and vigilance. The magnitude of this effect depends on the band's current size and current level of discipline;
The new recruit also dilutes the band's average level of skill. The magnitude of this effect depends on the band's current size and current average skill.
Regarding Volunteering, as the band's notoriety grew, people started to come in, wanting to join the band, and Robin accepted all who came. The corresponding sequence is laid out in Figure 16.
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Figure 16: Volunteers are allowed to join just by showing up.
The figure tells the following story:
People all over the realm decide to volunteer according to the band's notoriety (which they somehow gauge from the level of unrest), the level of food availability and the existence of band casualties;
As each volunteer joins the band, its size simply increases by one;
The new volunteers dilute the band's average level of discipline and vigilance, like the recruits did before. The magnitude of this effect depends on the band's current size and current level of discipline;
The new volunteers also dilute the band's average level of skill, again like the recruits did. The magnitude of this effect depends on the band's current size and current average skill.
Regarding Enforcing Discipline, all we get from the text is that Little John is responsible for enforcing it. We settled on a rather simple model, as laid out in Figure 17.
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Figure 17: Little John is a stickler for discipline.
The figure tells a very simple story:
Little John enforces discipline constantly;
The effectiveness of his actions depends on the size of the band;
Left to its own devices, discipline degrades over time.
Regarding Training, the story is very similar. The text tells us only that Little John is in charge of it, and we settled on the simple model laid out in Figure 18.
[image: ]
Figure 18: Little John keeps a tight training schedule.
The figure tells an even simpler story:
Little John trains constantly;
The effectiveness of his training depends on the size of the band.
It should be noted that, while unused skills do decay in time, the spans of time over which that usually happens are much larger than the ones considered in the scope of the problem. As such, we chose to skip the modeling of this phenomenon entirely.
Regarding Scouting, we don't know much more than we do about Discipline or Training. All that the text tells us is that Will Scarlett is responsible for it. The model we settled on is laid out in Figure 19.
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Figure 19: Will Scarlett is responsible for keeping tabs on the Sheriff's men.
The figure tells the following story:
Will Scarlett is constantly scouting;
The effectiveness of his actions depends on the number of troops he has to keep track of, and on the help he gets from the rumor mill;
The band’s intelligence naturally degrades over time and must be constantly updated.
Regarding Snitching, it's a concept that isn't even mentioned in the case text. However, it makes several appearances in a number of films and books on Robin Hood, and so we decided to include it in the model. Its Sequence is laid out in Figure 20.
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Figure 20: The Sheriff is a cautious individual.
The figure tells the following story:
If the level of popular support allows it, a percentage of the population will be willing to sell out whatever information they have on Robin Hood;
The effectiveness of these snitching actions depends on the Sheriff being able to obtain corroborating information, which also depends on the level of popular support.
Regarding Persecuting, this is also something that does not show up in the case text, but has ample representation in the lore. Its Sequence is laid out in Figure 21.
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Figure 21: The Sheriff is also a vindictive individual.
The figure tells the following story:
The Sheriff, pressured by the levels of unrest and motivated by the populace's apparent support of Robin Hood, decides to take his frustrations out on them;
The populace responds with fear, by withdrawing part of their support.
Regarding Probing For Weaknesses, the increasing level of unrest pressures the Sheriff into dealing with the problem, somehow. His first action is to start harassing the band. Figure 22 lays out the corresponding sequence.
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Figure 22: The scale and effectiveness of the Sheriff's probing depend on his estimation of the band's size.
The figure tells the following story:
The intensity with which the Sheriff harasses the band depends on his comparison of his forces with his estimation of the band size, as well as the level of casualties incurred and inflicted in recent probing actions;
The effectiveness of the probing actions depends on the force balance;
Probing actions provide insights which drive up his level of intelligence;
Probing actions also cause casualties and attrition both among his own forces and in the band;
Lastly, the Sheriff's intelligence degrades over time.
This Sequence prompted us to create the new Auxiliary Variable V08 Estimated Band Size, which is defined in Step 6.
Step 6 – Auxiliary Variables – Part II
V08 Estimated Band Size was created to capture the criteria behind the Sheriff's probing actions. Even while working with constructs, we always operated under the context of Robin’s mental model of how the Sheriff operates. Had this been a real consulting engagement, we would not have had access to the Sheriff at all. The Variable’s definition is shown in Figure 23.
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Figure 23: The Sheriff estimates the band size based on information regarding raids and information regarding clandestine food purchases.
The definition of this Variable introduced one new Use Case and a new effect for two existing Use Cases, as shown in Table 5.
Table 5: V08 Estimated Band Size is affected by a mix of old and new Use Cases, but did not introduce any new Actors.
	Triggering Actor
	Use Case
	Notes

	Rich Travelers
	Giving Wide Berth
	New Use Case

	Robin Hood
	Raiding
	New Effects

	Munch
	Buying Food
	


Step 7 – Sequences – Part II
After V08 Estimated Band Size was defined and its Use Cases documented, we were able to start using it in the relevant Sequences.
Regarding Hunting Game and Buying Food, because the second one follows naturally from the first, we decided to lay them out in the same Sequence, shown in Figure 24.
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Figure 24: Munch buys food only if the hunt didn't bring in enough.
The figure tells the following story:
Munch decides on how much game to hunt according to the band's current size
The results of the game hunt immediately become available food
Munch compares these results with the size of the band to see if there is need to buy additional food
If there is need and there is money available, Munch orders the buying of food
He keeps an eye on previous orders, just to make sure he doesn't over-expend from the financial reserves
The food bought, once paid for, immediately becomes available food
Depending on the current level of popular support, news of bulk food purchases may reach the Sheriff's ears and contribute to his estimation of the band's size.
Regarding Obtaining Reinforcements, the text mentions that the Sheriff is becoming more organized and able to obtain more reinforcements. We chose to interpret this as a causal relationship, meaning that the concept of organization is a political one, rather than a military one. The resulting Sequence is laid out in Figure 25.
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Figure 25: Organization is a political concept.
The figure tells the following story:
The Sheriff aims for a certain power balance when figuring out his need for reinforcements;
He understands that the Barons will need time to assemble troops, so he monitors requests already put in, in order not to make the same request twice;
The amount of reinforcements he actually gets is dependent on his level of political organization;
Obtaining reinforcements expends the Sheriff's political capital.
As expected, this Sequence prompted us to create the new Auxiliary Variable V09 Sheriff Organization, which is defined in Step 8.
Regarding Giving Wide Berth, the text tells us that, after a time, rich merchants and tax collectors started choosing this rather inconvenient option over the more expensive alternative of being robbed while crossing Sherwood Forest. It's a reasonable interpretation that this happened with a certain lag after the level of unrest started climbing. This led us to the Sequence laid out in Figure 26.
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Figure 26: Rich travelers are loath to pick between the lesser of two evils.
The figure tells the following story:
The merchants and tax collectors, as they travel through Sherwood and are exposed to increasing levels of unrest, slowly revise their opinion regarding the best path to take;
As their willingness to cross Sherwood Forest decreases, they start giving the forest a wide berth;
News of these choices helps the Sheriff paint a mental picture of the band's size.
This Sequence prompted us to create the new Auxiliary Variable V10 Forest Traversal, which is also defined in Step 8.
Step 8 – Auxiliary Variables – Part III
V09 Sheriff Organization captures the Sheriff's level of political organization and ability to ask for and receive reinforcements. Its definition is shown in Figure 27.
[image: ]
Figure 27: The Sheriff invests in his political capital so he can spend it to obtain reinforcements.
Again, in a real consulting engagement, this concept would be drawn from Robin Hood's mental model of the Sheriff.
The definition of this Variable introduced a single new Use Case, as well as a new effect for one existing Use Case, as summarized in Table 6.
Table 6: V09 Sheriff Organization is affected by one old and one new Use Case, both triggered by the same Actor.
	Triggering Actor
	Use Case
	Notes

	Sheriff
	Organizing
	New Use Case

	
	Obtaining Reinforcements
	New Effect


V10 Forest Traversal represents the Rich Travelers’ willingness to cross Sherwood Forest giving the recent levels of unrest. Its definition is shown in Figure 28.
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Figure 28: Rich travelers eventually heed the signs of unrest, as their wallets compel them more and more.
The definition of this Variable introduced no new Use Cases, as all that it does is track K5 Unrest, with lag.
Step 9 – Sequences – Part III
Like we had done for V08 Estimated Band Size before, after we defined V09 Sheriff Organization and V10 Forest Traversal, as well as their Use Cases, we were able to start using them in the relevant Sequences.
Regarding Organizing, all that the text says is that the Sheriff was doing it. We settled on the model shown in Figure 29.
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Figure 29: The Sheriff is pressured into organizing himself by the level of unrest.
The figure tells the following simple story:
The level of unrest pressures the Sheriff into investing in his level of political organization;
His actions are generally met with success.
Regarding Crossing The Forest, Raiding and Distributing Loot, they all chain together, so they were all modeled in the same Sequence, presented in Figure 30.
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Figure 30: As rich travelers cross the forest, the band raids them, which yields loot to be divided between the band and the poor villagers of the area.

The figure tells the following story:
The rich travelers’ willingness to cross the forest converges to the level of unrest, as stated in the Variable's definition;
Based on this level of willingness, the rich travelers decide whether to cross the forest;
As they decide to do so, their plans become available for Will Scarlett to collect. This is a new Use Case;
In possession of travel plans, Robin raids as much as the current band size will allow;
Raiding increases both the level of unrest and the level of popular support;
The raided amount contributes to the Sheriff's estimation of the band size;
It also becomes available to Scarlock as distributable loot;
Any rich merchandise that successfully travels through the forest without being raided contributes to decrease the level of unrest;
As Scarlock distributes the loot, this causes the level of popular support to rise further
Loot that is not distributed contributes to the financial reserves;
Left to their own devices, unrest decreases on its own and popular support converges to a median value.
Regarding the new Collecting Travel Plans Use Case, the text says that Will Scarlett is in charge of it. Rather than modeling this concept as yet another Auxiliary Variable, we simply chose to insert the Use Case into the chain, between Crossing The Forest and Raiding, as also shown in Figure 30.
The relevant parts of the figure tell the following simple story:
Will Scarlett is constantly on the lookout for travel plans;
These become available as the rich travelers decide to cross the forest;
Will's effectiveness in obtaining these plans is dependent on the current insurgency strength;
All captured plans are immediately forwarded to Robin for raid planning.
After laying out this sequence, we revisited the whole of the model so far, to make sure all the Variables were used and all the Actors and Use Cases had all their inputs and outputs accounted for. Once we were satisfied that everything was consistent, we created the simulation context allocation Block Definition Diagrams, then moved on to the quantitative aspects of the model.
Step 10 – Actor Parametrics
First, we tackled the modeling of the Actors’ decisions to trigger the Use Cases. Again, we did not define these in any particular order. Rather, we reviewed them in batches, jumping to one or the other to clarify details and make sure they were all consistent with each other and with the Sequence definitions.
As each triggering equation was defined, we added constant parameters to the model, as needed. Whenever we detected a parameter that applied to more than one Actor, we promoted it to a Global Constant. Table 7 shows the list of Global Constants that ended up in the model.
Table 7: Global Constants are used in more than one place in the model.
	Name
	Meaning

	G1 Cost Of Food
	How many man-days of food does one ounce of sterling silver buy

	G2 Nominal Garrison Size
	A calibration constant related to Scouting and Band Intelligence, used to obtain a dimensionless scale factor proportional to the size of the Sheriff’s forces.

	G3 Forest Capacity
	How many men can hunting in the forest feed completely, without requiring the purchase of additional food


All triggering equations were modeled in SysML Parametric Diagrams, one per Actor. Table 8 summarizes the list of equations. Figure 31 shows the Actor Parametric Diagram for the Rich Travelers as an example.
Table 8: Each Actor’s average behavior is modeled by an analytical expression.
	Actor
	Use Case
	Equation
	Notes

	All Who Come
	Volunteering
	
	2,3,4

	Little John
	Enforcing Discipline
	
	1

	
	Training
	
	1

	Munch
	Hunting Game
	
	-

	
	Buying Food
	
	5,6,7,8

	Rich Travelers
	Crossing The Forest
	
	9

	
	Giving Wide Berth
	
	9

	Robin Hood
	Recruiting
	
	10,11

	
	Raiding
	
	12,13,14

	Scarlock
	Distributing Loot
	
	15,16

	Villagers
	Snitching
	
	2

	Will Scarlett
	Scouting
	
	1

	
	Collecting Travel Plans
	
	1

	Sheriff
	Persecuting
	
	2,17,18

	
	Organizing
	
	17,19

	
	Obtaining Reinforcements
	
	17,20,21

	
	Probing For Weaknesses
	
	4,17,22


The following notes apply to the equations in Table 8:
1. A constant value of 1 indicates that the Actor is constantly undertaking the Use Case.
2. P0 is a unit conversion and scaling factor. Different P0’s in different equations have different values and different units.
3. Because the various inputs are unrelated, the max function ensures that the equation never takes on a negative value. Negative values have no meaning in triggering equations, as a Use Case cannot be triggered a negative number of times.
4. dK1PFW is the output from Probing For Weaknesses which causes K1 to decrease.
5. The min function ensures that Munch does not buy more food than he can afford.
6. The max function ensures that Munch does not sell excess food, as that is included neither in the Use Case definition nor in the definitions of Food Availability or Financial Reserves.
7. HG is the output from Hunting Game.
8. BF1 is the monitoring of previous instances of Buying Food. As food takes time to arrive, this factor is there to ensure that Munch does not order the same meal twice.
9. P0 is the traveling rate in ounces of sterling silver per unit time.
10. P0 is Robin’s target for the minimum band size.
11. P1 is the fraction of time Robin dedicates to active Recruiting.
12. The min function ensures that Robin does not raid more loot than he knows about.
13. CTP is the output from Collecting Travel Plans.
14. P2 is Robin’s model of how many men it takes to raid one ounce of travelling sterling silver.
15. R is the output from Raiding.
16. P0 is the fixed percentage of loot that is distributed to the poor.
17. P1, P2, P3 and P4 are additional unit conversion and scaling factors.
18. The max function ensures that the equation does not take on a negative value when Popular Support is below the 0.5 neutral mark.
19. The log(2) denominator ensures that the fraction varies between 0 and 1 with K5, making P2 easier to calibrate.
20. OR1 is the monitoring of previous instances of Obtaining Reinforcements. As reinforcements take time to arrive, this factor is there to ensure that the Sheriff does not ask for the same reinforcements twice.
21. The max function ensures that the Sheriff does not send men back, in case he finds himself with more men than he thinks he needs.
22. dV06PFW is the output from Probing For Weaknesses which causes V06 to decrease.
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Figure 31: Rich Travelers have to choose between the convenience of crossing Sherwood Forest or the safety of going the long way around.

Step 11 – Use Case Structures
As the Actors were modeled, we also began to think about the various output equations of the use cases. Sometimes, modeling decisions made for a given Use Case prompted us to revisit its triggering equation, but for the most part, Use Case equations were modeled after the Actor Parametrics were completed.
Again, many equations called for constant parameters to be added to the model, as needed, and whenever we detected a parameter that applied to more than one diagram, we promoted it to a Global Constant.
All output equations were modeled in SysML Parametric Diagrams, one per Use Case. Table 9 summarizes the list of equations. For the meaning of each output, please refer to the respective Sequence Diagram explained in the previous Steps. Figure 32 shows the Use Case Structure Diagram for Probing For Weaknesses as an example.
The various Use Case outputs are named according to the following convention:
If the output causes a Dynamic Variable to increase, it is named after that Variable, prefixed with an i;
If the output causes a Dynamic Variable to decrease, it is named after that Variable, prefixed with an d;
If the output causes a Dynamic Variable to converge to a value, it is named after that Variable, prefixed with an c;
Otherwise, the output is simply named output. If there is more than one, they are numbered output1, output2, etc…
Table 9: Each Use Case output has its own independent analytical expression.
	Use Case
	Output
	Equation
	Notes

	Volunteering
	iK1
	
	1

	
	cK2
	
	3,4

	
	cV02
	
	3,5

	Enforcing Discipline
	iK2
	
	1,2,6

	Training
	iV02
	
	1,2,6

	Hunting Game
	output
	
	7

	Buying Food
	dK4
	
	1

	
	output1
	
	1

	
	output2
	
	8,9

	Crossing The Forest
	output
	
	1

	
	dK5
	
	2,10,11,12

	Giving Wide Berth
	output
	
	1

	Recruiting
	iK1
	
	1

	
	cK2
	
	13,14

	
	cV02
	
	13,15

	Raiding
	output
	
	1

	
	iK5
	
	2,16

	Raiding (cont.)
	iV05
	
	16,17

	Distributing Loot
	iK4
	
	1,11

	
	iV05
	
	1,2

	Snitching
	iV07
	
	1,2

	Scouting
	iV04
	
	1,18

	Collecting Travel Plans
	output
	
	1,2,17,19

	Persecuting
	dV05
	
	1,2

	Organizing
	iV09
	
	1

	Obtaining Reinforcements
	iV06
	
	1

	
	dV09
	
	1,2

	Probing For Weaknesses
	dK1
	
	1,2

	
	dV06
	
	1,17

	
	iV07
	
	20,21


The following notes apply to the equations in Table 9:
1. The value of Create corresponds to the current value of the triggering equation.
2. P0 is a unit conversion and scaling factor. Different P0’s in different equations have different values and different units. In these equations, these factors sometimes show up in the denominator. This is to avoid adding inverse units to the model.
3. outV is the iK1 output from the same instance of Volunteering. The difference in names stems from the fact that these are different Constraint Parameters, belonging to different Constraint Blocks, with different meanings within their Blocks.
4. P0 is the average volunteer level of discipline and vigilance.
5. P1 is the average volunteer level of archery skill.
6. The if function is a limiter to prevent a division by zero.
7. The min function ensures that the forest never yields more food than its capacity, regardless of how much game the hunters want to hunt.
8. outBF1 is output1 from the same instance of Buying Food.
9. P0 is a threshold below which the Sheriff ignores reports of clandestine food purchases.
10. outCTF is the main output from the same instance of Crossing The Forest.
11. outR is the current main output from Raiding.
12. The max function ensures that the equation never takes on a negative value. By convention, increase and decrease outputs are not allowed to be negative, as the semantics which lie beyond the mathematical aspects become ambiguous.
13. outR is the iK1 output from the same instance of Recruiting.
14. P0 is the average recruit level of discipline and vigilance.
15. P1 is the average recruit level of archery skill.
16. outR is the main output from the same instance of Raiding.
17. P1 is another unit conversion and scaling factor.
18. The form  is maximal when x equals y, and converges to zero in a well‑behaved manner as they diverge from one another. This behavior corresponds to a sort of “impedance matching”, whereby scouting is optimal when the Sheriff’s forces are of a size which is optimal for scouting. We arrived at this form by analyzing curves we postulated for the effectiveness of scouting as the size of the scouted force varied, which required extensive heated debate.
19. The form  normalizes the argument to the log function, making it easier to calibrate P0 and P1.
20. P2 is yet another unit conversion and scaling factor.
21. dK1 and dV06 are the other outputs from the same instance of Probing For Weaknesses.
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Figure 32: As the Sheriff sends his troops to harass the band, he gains valuable intel from the after-action casualty reports.

Step 12 – Variable Structures
Once all the Actors and Use Cases were modeled, all that remained was to model the structure of the Key and Auxiliary Variables. Again, a few modeling decisions prompted us to revisit some Use Case output equations, but this was rather rare. Almost all Variable equations were modeled after the Use Case Structures were completed.
A few equations still called for constant parameters to be added to the model, and one Variable equation also made use of a Global Constant.
Variable Structures were modeled in SysML Parametric Diagrams, one per Variable. Table 10 summarizes the list of formulas for Computed Variables, while Table 11 summarizes the list of equations for Dynamic Variables. Figures 33 and 34 show the Variable Structure Diagram for V08 Estimated Band Size and V05 Popular Support as examples.
Table 10: A Computed Variable has only a single formula.
	Variable
	Formula
	Notes

	K0 Force Balance
	
	-

	K3 Food Availability
	
	1,2,3

	V00 Insurgency Strength
	
	4,5

	V01 Sheriff Strength
	
	-

	V03 Size Factor
	
	6,7

	V08 Estimated Band Size
	
	2,8,9,10,11


The following notes apply to the equations in Table 10:
1. HG is the current main output from Hunting Game.
2. BF is the current main output from Buying Food.
3. The min function establishes that excess food does not increase the band’s effectiveness.
4. P0 is the Superiority parameter.
5. The degree six polynomials are the result of trial-and-error curve fitting, as described in the main body.
6. P0 is the reference size for a guerrilla band.
7. The rational polynomial is also the result of trial-and-error curve fitting.
8. R is the current main output from Raiding.
9. GWB is the current main output from Giving Wide Berth.
10. P0 and P1 are unit conversion and scaling factors.
11. The max function means that the Sheriff has two independent estimation sources and he simply trusts the larger one, rather than combining them.
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Figure 33: The Sheriff does not cross-validate his sources for estimates of Robin’s band size.
Table 11: Dynamic Variables have Increase, Decrease, Converge and Decay inputs, which are integrated over time.
	Variable
	Aspect
	Equation
	Notes

	K1 Size Of The Band
	Increase (iK1)
	
	8

	
	Decrease (dK1)
	
	6,9

	
	Integrate
	
	1

	K2 Discipline And Vigilance
	Increase (iK2)
	
	2,10

	
	Converge (cK2)
	
	11

	
	Decay (xK2)
	
	4

	
	Integrate
	
	1

	K4 Financial Reserves
	Increase (iK4)
	
	12

	
	Decrease (dK4)
	
	13

	
	Integrate
	
	1

	K5 Unrest
	Increase (iK5)
	
	2,14

	
	Decrease (dK5)
	
	3,15

	
	Decay (xK5)
	
	4

	
	Integrate
	
	1

	V02 Archery Skill
	Increase (iV02)
	
	7,16

	
	Converge (cV02)
	
	11

	
	Integrate
	
	1

	V04 Band Intelligence
	Increase (iV04)
	
	2,17

	
	Decay (xV04)
	
	4

	
	Integrate
	
	1

	V05 Popular Support
	Increase (iV05)
	
	2,12,14

	
	Converge (cV05)
	
	5

	
	Decrease (dV05)
	
	3,18

	
	Integrate
	
	1

	V06 Size Of Sheriff Forces
	Increase (iV06)
	
	19

	
	Decrease (dV06)
	
	6,9

	
	Integrate
	
	1

	V07 Sheriff Intelligence
	Increase (iV07)
	
	2,20

	
	Decay (xV07)
	
	4

	
	Integrate
	
	1

	V09 Sheriff Organization
	Increase (iV09)
	
	2,21

	
	Decrease (dV09)
	
	3,22

	
	Integrate
	
	1

	V10 Forest Traversal
	Converge (cV10)
	
	5

	
	Integrate
	
	1


The following notes apply to the equations in Table 11:
1. All Integrate equations are actually of the form , where dt is the implicit time parameter. This was omitted for brevity.
2. The form  in an Increase equation causes the Variable to converge to an upper limit of 1.
3. The form  in a Decrease equation causes the Variable to converge to a lower limit of 0.
4. T is the decay time constant.
5. This Convergence equation is actually a Decay equation that is allowed to take on negative and positive values, as it causes the Variable to converge to a value anywhere in its range, rather than one of the limits. T is the decay time constant.
6. The form  in a Decrease equation prevents the variable from decreasing more than its current value, thus imposing a hard lower limit of 0.
7. The form  in an Increase equation causes the Variable to converge to an upper limit of P0, which, in this particular case, stands for Little John’s level of archery skill.
8. iRe is the increase due to Recruiting and iV is the increase due to Volunteering.
9. dPFW is the decrease due to Probing For Weaknesses.
10. iED is the increase due to Enforcing Discipline.
11. cRe is the convergence due to Recruiting and cV is the convergence due to Volunteering.
12. iDL is the increase due to Distributing Loot.
13. dBF is the decrease due to Buying Food.
14. iRa is the increase due to Raiding.
15. dCTF is the decrease due to Crossing The Forest.
16. iT is the increase due to Training.
17. iSC is the increase due to Scouting.
18. dP is the decrease due to Persecuting.
19. iOR is the increase due to Obtaining Reinforcements.
20. iPFW is the increase due to Probing For Weaknesses and iSn is the increase due to Snitching.
21. iO is the increase due to Organizing.
22. dOR is the decrease due to Obtaining Reinforcements.
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Figure 34: Popular support is fickle.

Finishing Touches
After the SysML modeling was completed, a couple of finishing touches were added to the model, for convenience.
Views
As per the SysML standard, each diagram was added to the structure of the model artifact that owns it. As this makes it rather inconvenient to access the various diagrams, several views were added to the model, containing hyperlinks to diagrams, as navigational aids:
Actor Parametrics links to all the Actor Parametric Diagrams located inside each Actor Simulation Context Block.
Context links to the Simulation Context Allocation Block Definition Diagrams, of which, there are two, one for Actors and one for Use Cases.
Sequence Diagrams links to all the Sequence Diagrams located in their own package. This View was added strictly for completeness.
Use Case Definitions links to all the Use Case Diagrams, which exist at the top level of the Use Cases package. This View was also added mostly for completeness.
Use Case Structures links to all the Use Case Structure Parametric Diagrams located inside each Use Case Simulation Context Block.
Variable Definitions links to all the Variable Definition Diagrams located inside each Variable Block.
Variable Structures links to all the Variable Structure Parametric Diagrams located inside each Variable Block.
Package Diagram
A Package Diagram can serve as a sort of Table of Contents for the model, so we added one to the top level of the model and called it Problem Context. A link to this diagram was also added to the Context View.
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bdd [Block] K1 Size Of The Band [K1 Definition]

Measured

Current BOT: Exponential growth
Desired BOT: Stable at  sustainable size

Increases With:
Recniting (Robin Hood)
Volunteering (All Who Come)

Decreases With:
Probing For Weaknesses (Sherif)
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bdd [Block] K2 Discipline And Vigiance [K2 Definition]

<o
K2 Discipline And Vigilance

Measured in: Dimensionless (0 - 1)
Defined as the average level of orderiiness, attention and readiness by the band's men

Current BOT: Decline
Desired BOT: Stable above 0.75

Increases With:
Enforcing Discipline (Litle John)

Decreases With:
(Time)

Converges With:
Recniting (Robin Hood) - to an average level of recruit vigilance
Volunteering (All Who Come) - to an average level of volunteer vigilance
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bdd [Block] K3 Food Availability [K3 Definition]

<o
K3 Food Availability

Measured in: Dimensionless (0-1)
Defined as the level of food rationing applied because of food shortages, roughly
equivalent to the fraction of people for whom there is food

Current BOT: Beginning to decrease
Desired BOT: Stable at 1

Derived from:
+x= Instantaneous output of use cases of interest
- K1 Size Of The Band

Use cases of interest:
Buying Food (Munch)
Hunting Game (The Men)

Formula:
XK1
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bdd [Block] K4 Financial Reserves [K4 Definition]

o
K4 Financial Reserves

Measured in: Ounces of Sterling Silver (QzAg)

Current BOT: Decline
Desired BOT: Stable at a sustainable level

Increases

Distributing Loot (Scarask)

Decreases With:
Buying Food (Munch)
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'bdd [Block] K5 Unrest [K5 Definition]

<o
KS Unrest

Measured in: Dimensionless (0 - 1)
0: Robin is unknown, not a factor

0.5 State of contention between the two, on equal footing
1 Absolute lawlessness, the sherif is not a factor

Desired BOT: Increasing, until goal completion reached, then stable at 0

Increases With:
Reiding (The Men)

Decreases With:
Crossing The Forest (Rich Travellers) - in the absence of Raiding

(Time)
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bdd [Block] V0D Insurgency Strength V00 Definition]

o
V0O Insurgency Strength

Measured in: Equivalent Number Of Men
Defined as the size of a nominal conventional fighting force that would be equivalent in effectiveness

Current BOT: Increasing
Desired BOT: N/A

Derived from:
+K1 Size Of The Band (Men)
+5 = Superiority

+ oe = Operational Efficiency

+ ee = Environmental Efficiency

Formula:
K1%soe*ee

Super
Afixed parameter representing optimal conditions, obtained by asking about the maximum escort
size raidable with a given band size, under perfect discipline, skill. logistics and support

Operational Efficiency:
+K2 Discipline And Vigilance
+ V02 Archery Skill

+ V03 Size Factor

Formula:
K2*V02* V03

Environmental Efficiency:
+ V04 Band Intelligence

+ V05 Popular Support
+K3 Food Availabilty

Formula:
[3°V04% - 2°V04%6 | *[ V05 - 2°V05%6 | * K3
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bdd [Block] V01 Sheriff Strength [V0 1 Definition]

“Bods
VO1 Sheriff Strength

Measured in: Equivalent Number of Men
Current BOT: Growth
Desired BOT: Stable at 0

Derived from:
+ V06 Size Of Sheriff Forces
+ V07 Sherif Intelligence.

Formula:
V06 * V07
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bdd (Block] V02 Archery Skill [V02 Definition]

o
V02 Archery skill

Measured in: Dimensionless (0+ in theory, limited to Little John's skill level in practice)
Defined as the average level of archery skill by the band's men

0: Unable to even knock and aim a bow

1 Nominal level of regular troops

>1: Specialy trained men

Current BOT: Stable at high levels
Desired BOT: Stable at high levels

Increases With:
Training (Little John)

Decreases With:

Converges With:
Recniting (Robin Hood) - to an average level of recruit skill
Volunteering (All Who Come) - to an average level of volunteer skill
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bdd [Block] V03 Size Factor [V03 Definition]

V03 Size Factor

Measured in: Dimensionless (0+)
Defined as representing the difficulty in intra-band communication and band mobilty

2: Maximum level. Band is flid and highly mobile, and there are no losses in communications

1 Nominal level of guerrilla band

<1 Band is starting to struggle under its own weight or beginning to be too conspicuous for stealth operations

Derived from:
-K1 Size Of The Band

+ 50 = Size reference, a parameter that should be calibrated according to half the size of the band after one year, as
per the text (last line, paragraph 4), which will more or less equal the food capacity of the forest (frst line, paragraph 5).

Formul

2/(1+ (KS0p2)

Note: Optimum band size should be around 80, according to
http/globalguerrilas typepad com/globalguerrilas/2004/03/what_is_the_opt htmi
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bdd [Block] V04 Band Inteligence [V04 Definition]

“ods
V04 Band Inteligence

Measured in: Dimensionless (0 - 1)
Defined as the average percentage of sheriff forces for which location and movements are known

Current BOT: Stable, close to 1
Desired BOT: Stable, close to 1

Increases With:
Scouting (Wil Scarlett)

Decreases With:
(Time, in proportion to V06)
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bdd [Block] V05 Popular Support [V05 Definition]

<o
VoS Popular Support.

Measured in: Dimensionless (0 - 1)
Defined as the percentage of population willing to aid the band, as opposed to
the percentage of population wiling to hinder the band

0: Most (or all people would alert the sherif's forces, even without reward

0.5 Neutral. Some will help, some will ignore o fiee. some will hinder

1 Most (or all) people would harbour the men, even at risk to themselves

Current BOT: Stable, significantly above 0.5
Desired BOT: Stable, close to 1

Increases With:
Distributing Loot (Scarlock)
Reiding (Robin Hood)

Decreases With:
Persecuting (Sherif)

Converges With:
(Time) -0 0.5
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bdd [Block] V06 Size Of Sheriff Forces [V06 Definition]

o
V06 Size Of Sheriff Forces

Measured in: Number of Men

Current BOT: Increasing or having recently increased
Desired BOT: Stable at zero

Increases With:
Obtaining Reinforcements (Sheri)

Decreases With:
Probing For Weaknesses (Sherif)
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'bdd [Block] V07 Sheriff Inteligence [V07 Definition]

<o
V07 Sheriff Intelligence

Measured in: Dimensionless (0 - 1)
Defined as the average tactical effectiveness of the Sheris forces

0: The Sheriff has no tactical information at all and is eflectively blind as to where the band is or how to attack them
1: The Sherif has ideal tactical information and can be sure of the effectiveness of his forces in an all-out attack

Current BOT: Close to zero, but increasing
Desired BOT: Stable at zero

Increases With:
Probing For Weaknesses (Sherif)
Snitching (Villagers)

Decreases With:
(Time)
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bdd [Block] V08 Estimated Band Size [V08 Definition]

o
V08 Estimated Band Size

Measured in: Estimated Number Of Men
Determines the Sherifs estimate of the band's size

Current BOT: Increasing
Desired BOT: N/A

Derived from:
+x = Instantaneous output of military use cases
+y = Instantaneous output of logistics use cases
- m = Estimation conversion factor

+ 1= Estimation conversion factor

Military use cases:
Giving Wide Berth (Rich Travellers)
Reiding (Robin Hood)

Logistics use cases:
Buying Food (Munch)

Formula:
MAX(x /m, y /1)
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bdd [Block] V09 Sheriff Organization [V03 Definition]

<o
V09 Sheriff Organization

Measured in: Dimensionless (0 - 1)
‘The Sheriffs personal level of policy organization, including the support
he can effectively ask for and obtain from his political connections

Current BOT: Stable at near to 1
Desired BOT: Stable at zero

Increases With:
Organizing (Sherif)

Decreases With:
Obtaining Reinforcements (Sherif)
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bdd [Block] V10 Forest Traversal [V 10 Definition]

o
V10 Forest Traversal

Measured in: Dimensionless (0-1)
The percentage of raidable loot that will cross the forest.

Current BOT: Decreasing
Desired BOT: Stable at high levels

Increases With:

Decreases With:

Converges With:
(Time) -to the level of (1- K5 Unrest)
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'bdd [Block] K0 Force Balance [KO Definition]

“Bods
Ko Force Balance

Measured in: Dimensionless (0 - 1)
0: Robin and the men arrested or executed

0.5 Equal probabilty of success or falure, given time
1 Sherif deposed or rendered ineffective

Current BOT: Beginning to tum against Robin Hood
Desired BOT: Reaching 1

Derived from:
+ V00 Insurgency Strength
- V01 Sheriff Strength

Formula:
V00 / (V0O + V1)





