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NOTE: This is a DRAFT paper written for review by UMUC MSWE 601 students.  The assigned reading of “The Mythical Man-Month” by Frederick P. Brooks inspired it.  The version of Brooks’ paper that appears in our textbook [Dorfman, 1997] is a reprint from Datamation, 1974, which, in turn, is an extract from the book of the same name [Brooks, 1975].

Abstract

Brooks’ Law states: “Adding manpower to a late software project only makes it later.”   This famous remark by Fredrick P. Brooks, Jr. in his classic book “The Mythical Man-Month,” [Brooks, 1975] is, unfortunately, lacking in scientific rigor. The only evidence he provides is anecdotal: “Since software construction is complex, the communications overhead is great.”  Furthermore, his graph illustrating the perverse “bathtub” relationship between men
 and months has axes with no numbers on them.  Never the less, this bit of wisdom has stood the test of time (25 years).  It has done so in the face of software’s new status as an engineering discipline.  No one seriously doubts the general validity of Brooks’ strange graph, despite the advent of higher-level languages, integrated programming environments, object-oriented approaches, and capability maturity models.

However, there is something disturbing about a Law that lacks quantification and has no coherent theory to explain why it must be so.  This paper provides a scientific underpinning, derived from Information and Hierarchy Theory, which allows quantification of Brooks’ Law.   Given this theoretical support, it may be possible to determine when adding more software engineers to a project is likely to delay completion rather than speed it. 

Introduction

According to Fredrick P. Brooks, Jr. [Dorfman, 1997, p351], “… the man-month as a unit for measuring the size of a job is a dangerous and deceptive myth… Men and months are interchangeable commodities only when a task can be partitioned among many workers with no communication among them.” [Italics in original]  See Figure 1.

The best that can be done when worker training and intercommunication is required is a diminishing results trade between men and months, see Figure 2.

For the case of software development, the situation may be even worse than indicated in the previous figure.  The inherent complexity of software, and the need for continual intercommunication between workers, may lead to the situation shown in Figure 3, where addition of more workers may, according to Brook’s Law, actually lengthen the schedule!  What is the scientific basis for this perverse “bathtub” curve?
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Figure 1. Implication that Men and Months are Interchangeable Commodities [Brooks, 1974]
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Fig. 2. Even on tasks that can be nicely
partitioned among people, the additional
communication required adds to the to-
tal work, increasing the schedule





Figure 2. Additional Communication Adds to Schedule [Brooks, 1974]
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Fig. 3. Since software construction is
complex, the communications overhead
is great. Adding more men can lengthen,
rather than shorten, the schedule.





Figure 3.  Brook’s Law - More Programmers Can Lengthen Schedule [Brooks, 1974]

Law of Diminishing Returns (and Brooks’ Figure 2)

Brooks’ Figure 2 may be readily explained by the Law of Diminishing Returns. This law is based on the well-known fact that adding agents
 in parallel seldom increases the work performed in direct proportion to the number of agents.  In general, if one agent produces one unit of work in a unit of time, the work produced by A agents in parallel in one unit of time will be:

W = A f





(1)

where f = ½ = 0.5 (square-root) is a commonly used value. Brooks gives a version of this relationship, namely that the number of man-months to complete a software project is proportional to “complexity” raised to the power of 1.5 (equivalent to the case where f = 1/1.5 = 0.667). Brooks assumes that what he calls “complexity” is proportional to code size
. Since Brooks gives no mathematical justification for his use of the “power of 1.5”, I will use the square root value in this paper.

Assuming f = 0.5, then A = 2 agents in parallel will not double the productivity, but merely do about W = 1.4 units of work in time t.  To double the productivity and increase the amount of work to W = 2 units will require adding about 3 workers (for a total of A = 4). To further increase the amount of work to W = 3 units will require adding another 5 workers (for a total of A = 9).

The curves in Figure 4 illustrate the relationship between Agents and Months for the case where one Agent could do the work in 100 Mythical Man-Months (MMM) and: 

1) Agents and Months are interchangeable commodities, corresponding to Brooks’ Figure 1, or 

2) The Law of Diminishing Returns is applied, corresponding to Brooks’ Figure 2. 

As discouraging as the curves corresponding to Brooks’ Figure 2 may be, the amount of work continues to increase as workers are added, but at a diminishing rate.  This falls short of the situation represented by Brooks’ Law (Figure 3) where, after a certain point, an increase in men results in an increase in months.  Therefore, the Law of Diminishing Returns, in and of itself, no matter how low the value for f, does not theoretically justify Brooks’ Law.
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Fig. 1. The term “man-month” implies
that if one man takes 10 months to do a
job, 10 men can do it in one month. This
may be true of picking cotton.
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Optimal Span Hypothesis (and Brooks’ “Bathtub” Figure 3)

How may we add scientific rigor, quantification, and a coherent theoretical underpinning for Brooks’ Law?  What mathematical equations may be utilized to generate Brooks’ strange “bathtub” curve?

The answer may be found in my Optimal Span Hypothesis (OSH)
, which, taken together with the Law of Diminishing Returns, produces a graph (see Figure 5) that is somewhat similar to Brook’s “bathtub” curve.
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Figure 5.  Agents on Project vs Months to Completion for 100 MMM Project  (Optimal Span Combined with Law of Diminishing Returns Yields  "Bathtub" Relationship similar to Brooks’ Figure 3.)
According to Hierarchy Theory [Pattee, 1973], hierarchical containment and control structures are dominant in nature and human affairs because they are more effective than non-hierarchical structures.  A control hierarchy, such as the typical management organization of a project, consists of one or more layers of managers who each control a number of workers. This type of hierarchy is typically drawn as an inverted tree graph, with the top-level manager at the top root node. Edges are drawn from that node down to subordinate nodes representing the lower-level departments, and so on, down to the leaf nodes representing the workers who have a direct role in producing the product or service. The number of departments reporting to a higher-level manager or the number of workers reporting to a first line manager is called that manager’s Span of Control.

My Optimal Span Hypothesis
 depends upon a concept in Information Theory called the intricacy of a graph.  The idea is that, given a set of resources represented as nodes and edges, there are many different ways to interconnect them.  Each of these interconnection patterns may have a different amount of intricacy, which is related to information content and is measured in bits (binary digits).  The more bits the more intricacy, and, in general, intricacy is good.  All else being equal, structures with greater intricacy do more work than structures with less intricacy, even though both may consume the same amount of resources.  

The intuitively pleasing thing about intricacy is that it may be maximized by a moderate amount of interconnection between nodes, neither too dense nor too sparse.  Structures where all nodes are connected to all other nodes have zero intricacy, as do structures where none of the nodes are connected. 

For example, three alternative management hierarchy structures are shown in Figure 6.  Each of the structures has the same quantity of human resources, namely 49 agents.
  However, they have radically different Spans of Control: 

(a) BROAD: Single-level organization, with a single manager to whom 48 workers report. The Span of Control is thus 48, and most experienced management consultants would say that this span is far too high for any organization where there is considerable interaction between workers, such as software engineering. The manager would have his or her hands full coordinating the activities of so many workers unless they were on a production line or, in Brooks’ words, “picking cotton”.  Even though this structure has more workers doing direct labor on the product or service than the alternative structures, most experienced managers would say this organization would not be very effective. According to the OSH, it will turn out that the “broad” organization, even though it utilizes the same quantity of resources (49 agents), has less intricacy than the “moderate” organization depicted in this figure.

(b) TALL: Three-level organization, with a total of 13 managers. The third-level manager has three second-levels reporting to him or her, and each of the second-levels has three first-levels. Each of the first-levels has four workers, for a total of 36 workers. The Average Span of Control is thus 3.3, and most experienced management consultants would say that this span is far too low. Any decisions that involved employees in different second-level departments would have to percolate up and down the overly complex management hierarchy for review and approval, delaying decisions.  There are only 36 workers doing direct labor on the product or service and most experienced managers would say this organization would be less effective than the “moderate” organization. According to the OSH, it will turn out that the “tall” organization also has less intricacy than the “moderate” organization.

(c) MODERATE: Two-level organization, with a total of seven managers. The second-level manager has six first-levels reporting to him or her. Each of the first-levels has seven workers, for a total of 42 workers. The Average Span of Control is thus 6.5, and most experienced management consultants would say that this span is about right. Most decisions would be taken care of at the first-level, and any involving different departments would only have to go up one level. According to the OSH, the “moderate” organization has close to the Optimal Span of Control and yields the highest intricacy given the human resources available.
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Figure 6. Alternative Management Structures, Each Consisting of 49 Agents.  (a) “Broad” Organization, Span of Control = 48.  (b) “Tall” Organization, Average Span of Control = 3.3.          (c) “Moderate” Organization, Average Span of Control = 6.5)

Quantification of the “Mythical Man-Month”

In the spirit of Brooks’ paper, I assume the “Mythical Man-Month” (MMM) is a measure of the amount of work a super programmer known as “Geek Zipperhead” can do in his or her best month, with absolutely no management help or interference of any kind.  Unhindered by specifications, standards, design walk-throughs, code verification and validation, and not having to attend meetings of any kind, Zipperhead cranks out thousands of lines of wonderfully high quality working code per month.  It lacks nothing except documentation.

Any real software department, measured by specified, standardized, verified, validated, and tested lines of code per month, is bound to be less efficient than Zipperhead.  But how much less efficient?

Single-Level Organization

Consider a single-level organization, as depicted in Figure 7.  This department has a total of A = 8 agents, one of whom is a manager, and seven of whom are workers, W = A-1 = 7, who exert productive effort on the product or service of the department.  This department has a span, S = 7.
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What is the theoretical working efficiency of the single-level organization shown in the figure?  

(a) According to the Law of Diminishing Returns with f = 0.5 (corresponding to the square-root, SQRT of the Span), it is:

ESQRT = 100 ((A-1)/A) (A-1)0.5 / (A) (%)

(2)

The middle term is equation (1), with A-1 substituted for the number of workers and 0.5 for f.  That value represents the amount of actual work done by the workers in a month.  It is divided by A, the amount of work that would be done by an ideal (and imaginary) group of super programmers.  It is multiplied by (A-1)/A to account for the fact that the manager is assumed not to contribute direct effort to the end item of the department, and then it is multiplied by 100 to get a percentage.  If we substitute 8 for A, ELDR = 35.4%

(b) According to the OSH:

EOSH = -100 ((A-1)/A) (2/(A-2)) Log2 (2/(A-2)) / 0.53   (%)
(3) 

The middle term is equation (A3) [see Appendix], with A-1 substituted for the span.  It is divided by 0.53, the number of bits/node that would result from an organization with an Optimal Span.  It is multiplied by (A-1)/A to account for the fact that the manager is assumed not to contribute direct effort to the end item of the department, and then it is multiplied by 100 to get a percentage.  If we substitute 8 for A, EOSH = 87.1%

(c) Combining these two factors:


EC  = ESQRT EOSH  / 100    (%)




(4)

For the department under consideration, the net EC  = 30.8 %
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Figure 8 shows the ESQRT, EOSH , and EC for a range of single-level organizations with from 4 to 32 agents. 

Figure 8.  Theoretical Working Efficiency of Single-Level Organization

Note that the maximum EC  is 35.1% and it occurs for the case of six agents on the job. Thus, if we organize our project with five programmers and a manager, we will be about 1/3 as efficient as our super programmer, Geek Zipperhead, which is the best we can hope to be.  In this case, 1 MMM ≈ 3 AAM (Actual Agent Months).

On the other hand, if we assign 16 agents to the job, our EC  drops to about 20%, and for 30 agents it goes down to about 10%.

Well then, how long will it take to complete the project?

If it is a 100 MMM project, Geek Zipperhead, if he or she could keep up the pace that long, could theoretically do it in 100 calendar months, or about 8.3 years. That is a very long time for any project!  Our eight-agent department could do it in about four years, which is probably within reason. But, what if we are willing to put up with a bit more inefficiency, what is the best we can do in terms of schedule?

Figure 9 provides the sad news.  The fastest we could do it would be about 34 months, using a department with 18 agents.  Any more agents on the job will lengthen the schedule, not shorten it!
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Figure 9.  Agents on Project vs Months to Completion for Single-level Organization On a 100 MMM Project 

What will the project cost?  Figure 10 shows the relationship between duration and cost and highlights the minimum cost and minimum duration points. Minimum cost (for a non-Geek Zipperhead solution) is 23.7 Agent-Years, and that applies to a six-agent department working for 4 years.  Minimum duration is 2.8 years and applies to a fourteen-agent gang that will cost us a whopping 39.3 Agent-Years.  The “best” plan, which is most cost-effective in terms of both cost and duration, is a nine-agent department that will complete the project in 3 years and cost 27.3 Agent-Years. 
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Figure 10.  Duration vs Cost for a Single-Level Organization (100 MMM)

The table below summarizes our choices.  Our most practical choices are highlighted and involve completion in three to four years for a cost of about 24 to 27 agent-years.

	Agents on Job
	Efficiency (%)
	Duration (Years)
	Cost (Agent-Years)

	1   (must be Zipperhead)
	100
	8.3
	8.3

	6   (Minimum Cost)
	35.1
	4
	23.7

	9   (“Best” Plan)
	30.6
	3
	27.3

	14 (Minimum Duration)
	20.9
	2.8
	39.3


Two-Level Organization

Three to four years, which is how long it will take a single-level department to do a 100 MMM project, seems a bit long, but it may be acceptable.  However, what will we do if we have a much larger project, say 500 MMM?  It would take poor Geek Zipperhead, the super programmer, his entire career of over 40 years to do such a project, and the best single-level department about 20 years!  

The solution is a two-level organization, as depicted in Figure 11. 

[image: image12.emf]Theoretical Efficiency of Single-Level 

Organization

0.0

20.0

40.0

60.0

80.0

100.0

5 8

11 14 17 20 23 26 29

Agents on Job (incl Managers)

Efficiency (%)

SQRT(Span)

OP SPAN

COMBINED


Figure 11.  Two-Level Organization (Average Span = 5.75)

This department has a total of A = 31 agents, five of whom are managers, and 26 of whom are workers, W = A-5 = 26, who exert productive effort on the product or service of the department.  This organization has an average span, S = 5.75.

What is the theoretical working efficiency of the two-level organization shown in the figure?  

(a) According to the Law of Diminishing Returns, with f = 0.25 (corresponding to the quad-root, QDRT of the Span), it is:

EQDRT = 100 ((A-S-1)/A) (S)0.25/ (A)     (%)

(5)

This is similar to equation (2) with S substituted for the number of subordinate departments and workers per department and 0.5 x 0.5 = 0.25 for f, to account for the fact that there will be diminishing returns at both the multiple department and multiple worker levels.  That value represents the amount of actual work done by the workers in a month.  It is divided by A, the amount of work that would be done by an ideal group of super programmers.  It is multiplied by (A-S-1)/A to account for the fact that the managers are assumed not to contribute direct effort to the end item of the department, and then it is multiplied by 100 to get a percentage.  If we substitute 31 for A, EQDRT = 29.9%

(b) According to the OSH:

EOSH = -100 ((A-S-1)/A)((2/(S)) Log2 (2/(S)) / 0.53)2    (%)  (6) 

This is similar to equation (3).  The right hand side is squared to account for the two levels of management. It is multiplied by (A-S-1)/A to account for the fact that the managers are assumed not to contribute direct effort to the end item of the department, and then it is multiplied by 100 to get a percentage.  If we substitute 31 for A, EOSH = 54.0%

(d) Combining these two factors:

EC  = EQDRT EOSH  / 100    (%)    




(7)

For the department under consideration, the net EC = 16.1 %
Figure 12 shows the EQDRT, EOSH , and EC for a range of two-level organizations with from 21 to 931 agents (span of 5 to 30).  

Figure 12.  Theoretical Working Efficiency of Two-Level Organization

Note that the maximum EC  is 19.8% and it occurs for the case of about 57 agents on the job (span = 7). Thus, if we organize our project with seven departments with seven programmers in each, we will be about 1/5 as efficient as our super programmer, Geek Zipperhead, which is the best we can hope to be.  In this case, 1 MMM ≈ 5 AAM (Actual Agent Months).

On the other hand, if we assign about 170 agents to the job, our EC  drops to about 10%, and for 370 agents it goes down to about 5%.

Well then, how long will it take to complete the project?

We already know it would take poor Geek Zipperhead, the super programmer, his entire career of over 40 years to do a 500 MMM project, and the best single-level department about 20 years! Neither of these is a practical solution, which is why we went to a two-level organization.

Figure 13 provides the news.  A two-level organization with 57 agents could do the job in about 3.7 years.  The fastest we could do it would be about 2.2 years, using 381 agents.  Any more agents on the job will lengthen the schedule, not shorten it!

Minimum cost is 210 Agent-Years, and that applies to our 57-agent department.  The 111-agent department will cost 293 Agent-Years and the 381-agent gang will cost us a whopping 854 Agent-Years. Figure 20 shows the project duration vs cost for a two-level organization, assuming a 500 MMM project.


The table below summarizes our choices.  Our most practical choices are highlighted and involve completion in two and a half years to three and three-quarter years for a cost of about 200 to 300 agent-years.

	Agents on Job
	Efficiency (%)
	Duration (Years)
	Cost (Agent-Years)

	1      (must be Zipperhead)
	100
	41.5
	41.3

	57    Minimum Cost
	19.8
	3.7
	210

	111  “Best” Plan
	14.2
	2.5
	293

	381  Minimum Duration
	5
	2.2
	854


Summary

This paper outlines a potential method for quantifying Brooks’ Law and the relationship between agents and duration (or, as Brooks put it “men and months”).  The graphs demonstrate that, for any given-size job (expressed in MMM) there is a particular organizational structure with a specific span that: 1) yields the lowest cost to completion, 2) yields the shortest project duration, or 3) represents the “best” plan trade-off between cost and schedule, and they are not the same.  The material in this paper may help experienced Program Managers trade off duration vs cost to find the most cost-effective way to reach project completion in a reasonably short time period.  This is just an initial attempt to quantify Brooks’ Law and I look forward to suggestions from others on how this method and approach may be further refined and improved to a point where it is of practical use. 
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Appendix – Derivation of Optimal Span

To help understand the theoretical underpinning of OSH, and how intricacy may be maximized, consider a group of S nodes and how many edges we may use to interconnect them.  Assuming unique, equally weighted, bi-directional links, the maximum number of edges, M, to interconnect S nodes is:

M = S(S-1)/2



 

(A1)
If we know the node degree, D, we can compute the actual number of edges, A,:

A = S D /2





(A2)

The ratio, A/M is the connectivity ratio, and, the intricacy, measured in bits, of an interconnected group of nodes is:

I = - S (A/M) Log2 (A/M)  (bits)


(A3)
According to this formula, if the connectivity ratio is very low or very high, intricacy will be low.   In fact, maximum intricacy results when:

A/M = 1/e = 0.37




(A4)

Where e is the “natural number” (2.718284590…).  Using the equations above, I derived my formula for Optimal Span, SO,:

SO = 1 + De 





(A6)

The Optimal Degree is D = 2, and, for that case, the Optimal Span SO is:

SO = 1 + 2e = 6.4




(A7)

This is the span that yields the greatest intricacy for a given investment in nodes and edges, according to the tenets of Information Theory.  Using the equations above, and assuming D = 2, the intricacy for any span, S, may be computed with the following equation:

I = - S (2/(S-1)) Log2 (2/(S-1))  (bits)

(A8)

The intricacy, measured in bits/node, is:

I = - (2/(S-1)) Log2 (2/(S-1))  (bits)


(A9)
When S = 6.4, intricacy is at its maximum and it is: 

I = - (2/(6.4-1)) Log2 (2/(6.4-1)) = 0.53 (bits/node)
(A10)
















Optimal Span Hypothesis COMBINED with Law of Diminishing Returns (Similar to Brooks' Figure 3)
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Figure � SEQ Figure \* ARABIC �4�. Agents on Project vs Months to Completion for 100 MMM Project (Reproduction of curves similar to Brooks’ Figure 1 and Figure 2).
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Figure 13.  Duration vs Cost for a Two-Level Organization (500 MMM)





“Best” Plan 2.5 yrs, 293 A-Y





Min. Cost 210 A-Y (3.7 yrs)





 Min. Duration    2.2 yrs           (854 A-Y)





“Best” Plan 3 yrs, 27.3 A-Y





Min. Cost         23.7 A-Y (4 yrs)   





Min. Duration = 2.8 yrs 


(Cost = 39.3 A-Y)








� Brooks wrote this book back in 1975, well before it became “politically incorrect” to use the word “men” to represent programmers of both genders. I’ve retained his usage in this paper only when paraphrasing or quoting Brooks.


� In the interest of gender neutrality, I’ve substituted the term “agents” for “men”.


�The “Complexity” of anything, including software, may be defined in different ways, but is generally a measure of how hard it is to understand. Generally, larger code size is harder to understand, but this is not always the case. I would say that the complexity of a program is proportional to the minimum code size that is understandable to a competent programmer and that will perform the function of that program. 


� My work on the OSH was inspired by another classic paper, “The Magical Number Seven Plus or Minus Two,” by George A. Miller [Miller, 1956].  Miller observed that a host of psychological tests clearly demonstrated that humans could reliably distinguish no more than about five to nine gradations or categories using the senses of vision, hearing, touch, and taste.  Miller called this limit the “Span of Absolute Judgment”.   





In my PhD dissertation [Glickstein, 1996], I showed that this span, five to nine, was characteristic not only of the cognitive domain, but also applied, in a statistically significant way, to the domains of human language, human (management) organization, animal and plant organization, cell structure and gene regulation organization, and, most convincingly because it does not involve human categorization or interpretation (which could be affected by our cognitive “programming” to favor groups of about seven), the folding of RNA and the structure of DNA. I also derived a mathematical formula for Optimal Span in a variety of physical contexts.  To do this, I adapted the equation for the intricacy of a graph derived by Temple F. Smith and Harold J. Morowitz [1982].  Their equation is based on the well-known Information Theory work of Claude Shannon. 





� A given node (department or worker) will generally interact strongly with one or more other nodes at its level in the hierarchy. The number of nodes a given node interacts with strongly at its level is called the Degree of that node.  I showed [Glickstein, 1996] that theoretically the most efficient hierarchy is one where, on the average, each node interacts strongly with about two other nodes. This type of hierarchy is called a linear folded string. In graph theory, a tree may be traversed to yield the equivalent string and a string may be parsed to reconstitute the tree. Some examples are: (1) A written document may be represented from the top-down as a tree (containment hierarchy), consisting of sections, paragraphs, simple sentences, words, and characters.  Considered from the bottom up, written language may be represented as a folded string of characters, each strongly connected to the character before and after it and folded at the space character that demarks each word, then folded again at each simple sentence, folded yet again at each paragraph, and so on, up the hierarchy. (2) Computers store all types of document files as binary strings of “1” and “0” bits folded every eighth bit into bytes. In a computer, each letter, number, punctuation mark, symbol, and space character is generally composed of a unique pattern of eight to sixteen bits.  (3) In the physical world, proteins are literally a folded string of amino acids, and RNA is a folded string of bases along the sugar-phosphate backbone. When a protein or a string of RNA is denatured, it becomes unfolded into a string.  Natural forces cause these strings to fold to form the three-dimensional structures necessary for them to do their work. (4) If you want to imagine the hierarchical tree of your project traversed (or denatured) into a string, consider all the managers with their employees in a long line.  Each first-level manager is at the head of his or her employees, and these sub-strings are hooked together with each second-level manager at the head, and so on, up to the project manager, who leads the parade. To parse this string, just fold it at each demarcation point (manager) to form the structure of your project. 





� See Appendix for a derivation of Optimal Span.


� Of course, managers and programmers are not interchangeable and their pay scales are usually different. However, at the level of abstraction represented by this theory, they are considered equal resources.  Furthermore, some organizations employ more complex structures, with project teams consisting of employees from several departments and coordinated by a lead engineer.  The OSH applies to these complex organizational structures, but that level of analysis is beyond the scope of this paper. 
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												DATA FOR PLOTTING												DATA FOR PLOTTING

				100/Agents				100/A^.5		1/MonthsL		Agents		Brooks F1		Brooks F2		Eff%LawD		Eff%OSH		Combined		Agents		Mth LawD		Mth OSH		Mth COMB

		1		100.0				100.0		1.00		1		100.00		100.00		100.00						1		100.00

		2		50.0				70.7		1.41		2		50.00		70.71		70.71						2		70.71

		5		20.0				44.7		2.24		5		20.00		44.72		44.72		58.77		26.28		5		44.72		34.03		76.09

		10		10.0				31.6		3.16		10		10.00		31.62		31.62		84.77		26.81		10		31.62		11.80		37.30

		20		5.0				22.4		4.47		20		5.00		22.36		22.36		63.03		14.09		20		22.36		7.93		35.47

		50		2.0				14.1		7.07		50		2.00		14.14		14.14		35.27		4.99		50		14.14		5.67		40.10

		100		1.0				10.0		10.00		100		1.00		10.00		10.00		21.37		2.14		100		10.00		4.68		46.80

		200		0.5				7.1		14.14		200		0.50		7.07		7.07		12.55		0.89		200		7.07		3.98		56.34

		Effic OSH=

				MonthsA				MonthsL

		Agents		100/Agents		100/A^.5		100/A^.667		1/MonthsL

		1		100.0		100.0		100.0		1.00

		2		50.0		70.7		63.0		1.59

		3		33.3		57.7		48.1		2.08

		4		25.0		50.0		39.7		2.52

		5		20.0		44.7		34.2		2.93

		6		16.7		40.8		30.3		3.30

		7		14.3		37.8		27.3		3.66

		8		12.5		35.4		25.0		4.00

		9		11.1		33.3		23.1		4.33

		10		10.0		31.6		21.5		4.65

		11		9.1		30.2		20.2		4.95

		12		8.3		28.9		19.1		5.25

		13		7.7		27.7		18.1		5.53

		14		7.1		26.7		17.2		5.81

		15		6.7		25.8		16.4		6.09

		16		6.3		25.0		15.7		6.36

		17		5.9		24.3		15.1		6.62

		18		5.6		23.6		14.5		6.87

		19		5.3		22.9		14.0		7.13

		20		5.0		22.4		13.6		7.38

		21		4.8		21.8		13.1		7.62

		22		4.5		21.3		12.7		7.86

		23		4.3		20.9		12.4		8.10

		24		4.2		20.4		12.0		8.33

		25		4.0		20.0		11.7		8.56

		26		3.8		19.6		11.4		8.79

		27		3.7		19.2		11.1		9.01

		28		3.6		18.9		10.8		9.23

		29		3.4		18.6		10.6		9.45

		30		3.3		18.3		10.3		9.67

		31		3.2		18.0		10.1		9.88

		32		3.1		17.7		9.9		10.09

		33		3.0		17.4		9.7		10.30

		34		2.9		17.1		9.5		10.51

		35		2.9		16.9		9.3		10.71

		36		2.8		16.7		9.2		10.92

		37		2.7		16.4		9.0		11.12

		38		2.6		16.2		8.8		11.32

		39		2.6		16.0		8.7		11.51

		40		2.5		15.8		8.5		11.71

		41		2.4		15.6		8.4		11.90

		42		2.4		15.4		8.3		12.10

		43		2.3		15.2		8.1		12.29

		44		2.3		15.1		8.0		12.48

		45		2.2		14.9		7.9		12.67

		46		2.2		14.7		7.8		12.85

		47		2.1		14.6		7.7		13.04

		48		2.1		14.4		7.6		13.22

		49		2.0		14.3		7.5		13.41

		50		2.0		14.1		7.4		13.59

		51		2.0		14.0		7.3		13.77

		52		1.9		13.9		7.2		13.95

		53		1.9		13.7		7.1		14.13

		54		1.9		13.6		7.0		14.31

		55		1.8		13.5		6.9		14.48

		56		1.8		13.4		6.8		14.66

		57		1.8		13.2		6.7		14.83

		58		1.7		13.1		6.7		15.00

		59		1.7		13.0		6.6		15.18

		60		1.7		12.9		6.5		15.35

		61		1.6		12.8		6.4		15.52

		62		1.6		12.7		6.4		15.69

		63		1.6		12.6		6.3		15.85

		64		1.6		12.5		6.2		16.02

		65		1.5		12.4		6.2		16.19

		66		1.5		12.3		6.1		16.35

		67		1.5		12.2		6.1		16.52

		68		1.5		12.1		6.0		16.68

		69		1.4		12.0		5.9		16.85

		70		1.4		12.0		5.9		17.01

		71		1.4		11.9		5.8		17.17

		72		1.4		11.8		5.8		17.33

		73		1.4		11.7		5.7		17.49

		74		1.4		11.6		5.7		17.65

		75		1.3		11.5		5.6		17.81

		76		1.3		11.5		5.6		17.97

		77		1.3		11.4		5.5		18.13

		78		1.3		11.3		5.5		18.28

		79		1.3		11.3		5.4		18.44

		80		1.3		11.2		5.4		18.59

		81		1.2		11.1		5.3		18.75

		82		1.2		11.0		5.3		18.90

		83		1.2		11.0		5.2		19.06

		84		1.2		10.9		5.2		19.21

		85		1.2		10.8		5.2		19.36

		86		1.2		10.8		5.1		19.51

		87		1.1		10.7		5.1		19.66

		88		1.1		10.7		5.0		19.81

		89		1.1		10.6		5.0		19.96

		90		1.1		10.5		5.0		20.11

		91		1.1		10.5		4.9		20.26

		92		1.1		10.4		4.9		20.41

		93		1.1		10.4		4.9		20.56

		94		1.1		10.3		4.8		20.71

		95		1.1		10.3		4.8		20.85

		96		1.0		10.2		4.8		21.00

		97		1.0		10.2		4.7		21.14

		98		1.0		10.1		4.7		21.29

		99		1.0		10.1		4.7		21.43

		100		1.0		10.0		4.6		21.58
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Sheet2

								LDR				DATA FOR PLOTTING														DATA FOR PLOTTING

		n		log(n)		100/Agents		100/A^.5		1/MonthsL		Agents		Brooks F1		Brooks F2		Mth COMB		Eff%LawD		Eff%OSH		Combined		Agents		Mth LawD		Mth OSH		Mth COMB

		3.55		0.55		28.2		53.1		1.88		3.6		28.17		53.07		76.09		53.07						3.6		53.07

		4		0.60		25.0		50.0		2.00		4		25.00		50.00		76.09		50.00						4		50.00

		4.5		0.65		22.2		47.1		2.12		4.5		22.22		47.14		76.09		47.14						4.5		47.14

		5		0.70		20.0		44.7		2.24		5		20.00		44.72		76.09		44.72		58.77		26.28		5		44.72		34.03		76.09

		5.6		0.75		17.9		42.3		2.37		5.6		17.86		42.26		57.97		42.26		72.90		30.81		5.6		42.26		24.50		57.97

		6.3		0.80		15.9		39.8		2.51		6.3		15.87		39.84		48.94		39.84		81.40		32.43		6.3		39.84		19.50		48.94

		7		0.85		14.3		37.8		2.65		7		14.29		37.80		44.27		37.80		85.38		32.27		7		37.80		16.73		44.27

		8		0.90		12.5		35.4		2.83		8		12.50		35.36		40.60		35.36		87.08		30.79		8		35.36		14.35		40.60

		9		0.95		11.1		33.3		3.00		9		11.11		33.33		38.55		33.33		86.47		28.82		9		33.33		12.85		38.55

		10		1.00		10.0		31.6		3.16		10		10.00		31.62		37.30		31.62		84.77		26.81		10		31.62		11.80		37.30

		11.2		1.05		8.9		29.9		3.35		11		8.93		29.88		36.39		29.88		82.11		24.54		11		29.88		10.87		36.39

		12.7		1.10		7.9		28.1		3.56		13		7.87		28.06		35.75		28.06		78.49		22.02		13		28.06		10.03		35.75

		14		1.15		7.1		26.7		3.74		14		7.14		26.73		35.46		26.73		75.36		20.14		14		26.73		9.48		35.46

		16		1.20		6.3		25.0		4.00		16		6.25		25.00		35.30		25.00		70.83		17.71		16		25.00		8.82		35.30

		17.8		1.25		5.6		23.7		4.22		18		5.62		23.70		35.32		23.70		67.11		15.91		18		23.70		8.37		35.32

		20		1.30		5.0		22.4		4.47		20		5.00		22.36		35.47		22.36		63.03		14.09		20		22.36		7.93		35.47

		22		1.34		4.5		21.3		4.69		22		4.55		21.32		35.69		21.32		59.73		12.74		22		21.32		7.61		35.69

		25		1.40		4.0		20.0		5.00		25		4.00		20.00		36.09		20.00		55.41		11.08		25		20.00		7.22		36.09

		28		1.45		3.6		18.9		5.29		28		3.57		18.90		36.55		18.90		51.71		9.77		28		18.90		6.91		36.55

		32		1.51		3.1		17.7		5.66		32		3.13		17.68		37.19		17.68		47.53		8.40		32		17.68		6.57		37.19

		35.5		1.55		2.8		16.8		5.96		36		2.82		16.78		37.77		16.78		44.44		7.46		36		16.78		6.34		37.77

		40		1.60		2.5		15.8		6.32		40		2.50		15.81		38.50		15.81		41.06		6.49		40		15.81		6.09		38.50

		45		1.65		2.2		14.9		6.71		45		2.22		14.91		39.31		14.91		37.92		5.65		45		14.91		5.86		39.31

		50		1.70		2.0		14.1		7.07		50		2.00		14.14		40.10		14.14		35.27		4.99		50		14.14		5.67		40.10

		56		1.75		1.8		13.4		7.48		56		1.79		13.36		41.01		13.36		32.58		4.35		56		13.36		5.48		41.01

		63		1.80		1.6		12.6		7.94		63		1.59		12.60		42.04		12.60		29.97		3.78		63		12.60		5.30		42.04

		71		1.85		1.4		11.9		8.43		71		1.41		11.87		43.15		11.87		27.50		3.26		71		11.87		5.12		43.15

		80		1.90		1.3		11.2		8.94		80		1.25		11.18		44.35		11.18		25.21		2.82		80		11.18		4.96		44.35

		90		1.95		1.1		10.5		9.49		90		1.11		10.54		45.60		10.54		23.11		2.44		90		10.54		4.81		45.60

		100		2.00		1.0		10.0		10.00		100		1.00		10.00		46.80		10.00		21.37		2.14		100		10.00		4.68		46.80

		112		2.05		0.9		9.4		10.58		112		0.89		9.45		48.15		9.45		19.62		1.85		112		9.45		4.55		48.15

		125		2.10		0.8		8.9		11.18		125		0.80		8.94		49.53		8.94		18.06		1.62		125		8.94		4.43		49.53
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Law of Diminishing Returns (Similar to Brooks' Figure 2)

Agents and Months Interchangeable (Similar to Brooks' Figure 1)
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												DATA FOR PLOTTING												DATA FOR PLOTTING

				100/Agents				100/A^.5		1/MonthsL		Agents		Brooks F1		Brooks F2		Eff%LawD		Eff%OSH		Combined		Agents		Mth LawD		Mth OSH		Mth COMB

		1		100.0				100.0		1.00		1		100.00		100.00		100.00						1		100.00

		2		50.0				70.7		1.41		2		50.00		70.71		70.71						2		70.71

		5		20.0				44.7		2.24		5		20.00		44.72		44.72		58.77		26.28		5		44.72		34.03		76.09

		10		10.0				31.6		3.16		10		10.00		31.62		31.62		84.77		26.81		10		31.62		11.80		37.30

		20		5.0				22.4		4.47		20		5.00		22.36		22.36		63.03		14.09		20		22.36		7.93		35.47

		50		2.0				14.1		7.07		50		2.00		14.14		14.14		35.27		4.99		50		14.14		5.67		40.10

		100		1.0				10.0		10.00		100		1.00		10.00		10.00		21.37		2.14		100		10.00		4.68		46.80

		200		0.5				7.1		14.14		200		0.50		7.07		7.07		12.55		0.89		200		7.07		3.98		56.34

		Effic OSH=

				MonthsA				MonthsL

		Agents		100/Agents		100/A^.5		100/A^.667		1/MonthsL

		1		100.0		100.0		100.0		1.00

		2		50.0		70.7		63.0		1.59

		3		33.3		57.7		48.1		2.08

		4		25.0		50.0		39.7		2.52

		5		20.0		44.7		34.2		2.93

		6		16.7		40.8		30.3		3.30

		7		14.3		37.8		27.3		3.66

		8		12.5		35.4		25.0		4.00

		9		11.1		33.3		23.1		4.33

		10		10.0		31.6		21.5		4.65

		11		9.1		30.2		20.2		4.95

		12		8.3		28.9		19.1		5.25

		13		7.7		27.7		18.1		5.53

		14		7.1		26.7		17.2		5.81

		15		6.7		25.8		16.4		6.09

		16		6.3		25.0		15.7		6.36

		17		5.9		24.3		15.1		6.62

		18		5.6		23.6		14.5		6.87

		19		5.3		22.9		14.0		7.13

		20		5.0		22.4		13.6		7.38

		21		4.8		21.8		13.1		7.62

		22		4.5		21.3		12.7		7.86

		23		4.3		20.9		12.4		8.10

		24		4.2		20.4		12.0		8.33

		25		4.0		20.0		11.7		8.56

		26		3.8		19.6		11.4		8.79

		27		3.7		19.2		11.1		9.01

		28		3.6		18.9		10.8		9.23

		29		3.4		18.6		10.6		9.45

		30		3.3		18.3		10.3		9.67

		31		3.2		18.0		10.1		9.88

		32		3.1		17.7		9.9		10.09

		33		3.0		17.4		9.7		10.30

		34		2.9		17.1		9.5		10.51

		35		2.9		16.9		9.3		10.71

		36		2.8		16.7		9.2		10.92

		37		2.7		16.4		9.0		11.12

		38		2.6		16.2		8.8		11.32

		39		2.6		16.0		8.7		11.51

		40		2.5		15.8		8.5		11.71

		41		2.4		15.6		8.4		11.90

		42		2.4		15.4		8.3		12.10

		43		2.3		15.2		8.1		12.29

		44		2.3		15.1		8.0		12.48

		45		2.2		14.9		7.9		12.67

		46		2.2		14.7		7.8		12.85

		47		2.1		14.6		7.7		13.04

		48		2.1		14.4		7.6		13.22

		49		2.0		14.3		7.5		13.41

		50		2.0		14.1		7.4		13.59

		51		2.0		14.0		7.3		13.77

		52		1.9		13.9		7.2		13.95

		53		1.9		13.7		7.1		14.13

		54		1.9		13.6		7.0		14.31

		55		1.8		13.5		6.9		14.48

		56		1.8		13.4		6.8		14.66

		57		1.8		13.2		6.7		14.83

		58		1.7		13.1		6.7		15.00

		59		1.7		13.0		6.6		15.18

		60		1.7		12.9		6.5		15.35

		61		1.6		12.8		6.4		15.52

		62		1.6		12.7		6.4		15.69

		63		1.6		12.6		6.3		15.85

		64		1.6		12.5		6.2		16.02

		65		1.5		12.4		6.2		16.19

		66		1.5		12.3		6.1		16.35

		67		1.5		12.2		6.1		16.52

		68		1.5		12.1		6.0		16.68

		69		1.4		12.0		5.9		16.85

		70		1.4		12.0		5.9		17.01

		71		1.4		11.9		5.8		17.17

		72		1.4		11.8		5.8		17.33

		73		1.4		11.7		5.7		17.49

		74		1.4		11.6		5.7		17.65

		75		1.3		11.5		5.6		17.81

		76		1.3		11.5		5.6		17.97

		77		1.3		11.4		5.5		18.13

		78		1.3		11.3		5.5		18.28

		79		1.3		11.3		5.4		18.44

		80		1.3		11.2		5.4		18.59

		81		1.2		11.1		5.3		18.75

		82		1.2		11.0		5.3		18.90

		83		1.2		11.0		5.2		19.06

		84		1.2		10.9		5.2		19.21

		85		1.2		10.8		5.2		19.36

		86		1.2		10.8		5.1		19.51

		87		1.1		10.7		5.1		19.66

		88		1.1		10.7		5.0		19.81

		89		1.1		10.6		5.0		19.96

		90		1.1		10.5		5.0		20.11

		91		1.1		10.5		4.9		20.26

		92		1.1		10.4		4.9		20.41

		93		1.1		10.4		4.9		20.56

		94		1.1		10.3		4.8		20.71

		95		1.1		10.3		4.8		20.85

		96		1.0		10.2		4.8		21.00

		97		1.0		10.2		4.7		21.14

		98		1.0		10.1		4.7		21.29

		99		1.0		10.1		4.7		21.43

		100		1.0		10.0		4.6		21.58
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Sheet2

								LDR				DATA FOR PLOTTING														DATA FOR PLOTTING

		n		log(n)		100/Agents		100/A^.5		1/MonthsL		Agents		Brooks F1		Brooks F2		Mth COMB		Eff%LawD		Eff%OSH		Combined		Agents		Mth LawD		Mth OSH		Mth COMB

		3.55		0.55		28.2		53.1		1.88		3.6		28.17		53.07		76.09		53.07						3.6		53.07

		4		0.60		25.0		50.0		2.00		4		25.00		50.00		76.09		50.00						4		50.00

		4.5		0.65		22.2		47.1		2.12		4.5		22.22		47.14		76.09		47.14						4.5		47.14

		5		0.70		20.0		44.7		2.24		5		20.00		44.72		76.09		44.72		58.77		26.28		5		44.72		34.03		76.09

		5.6		0.75		17.9		42.3		2.37		5.6		17.86		42.26		57.97		42.26		72.90		30.81		5.6		42.26		24.50		57.97

		6.3		0.80		15.9		39.8		2.51		6.3		15.87		39.84		48.94		39.84		81.40		32.43		6.3		39.84		19.50		48.94

		7		0.85		14.3		37.8		2.65		7		14.29		37.80		44.27		37.80		85.38		32.27		7		37.80		16.73		44.27

		8		0.90		12.5		35.4		2.83		8		12.50		35.36		40.60		35.36		87.08		30.79		8		35.36		14.35		40.60

		9		0.95		11.1		33.3		3.00		9		11.11		33.33		38.55		33.33		86.47		28.82		9		33.33		12.85		38.55

		10		1.00		10.0		31.6		3.16		10		10.00		31.62		37.30		31.62		84.77		26.81		10		31.62		11.80		37.30

		11.2		1.05		8.9		29.9		3.35		11		8.93		29.88		36.39		29.88		82.11		24.54		11		29.88		10.87		36.39

		12.7		1.10		7.9		28.1		3.56		13		7.87		28.06		35.75		28.06		78.49		22.02		13		28.06		10.03		35.75

		14		1.15		7.1		26.7		3.74		14		7.14		26.73		35.46		26.73		75.36		20.14		14		26.73		9.48		35.46

		16		1.20		6.3		25.0		4.00		16		6.25		25.00		35.30		25.00		70.83		17.71		16		25.00		8.82		35.30

		17.8		1.25		5.6		23.7		4.22		18		5.62		23.70		35.32		23.70		67.11		15.91		18		23.70		8.37		35.32

		20		1.30		5.0		22.4		4.47		20		5.00		22.36		35.47		22.36		63.03		14.09		20		22.36		7.93		35.47

		22		1.34		4.5		21.3		4.69		22		4.55		21.32		35.69		21.32		59.73		12.74		22		21.32		7.61		35.69

		25		1.40		4.0		20.0		5.00		25		4.00		20.00		36.09		20.00		55.41		11.08		25		20.00		7.22		36.09

		28		1.45		3.6		18.9		5.29		28		3.57		18.90		36.55		18.90		51.71		9.77		28		18.90		6.91		36.55

		32		1.51		3.1		17.7		5.66		32		3.13		17.68		37.19		17.68		47.53		8.40		32		17.68		6.57		37.19

		35.5		1.55		2.8		16.8		5.96		36		2.82		16.78		37.77		16.78		44.44		7.46		36		16.78		6.34		37.77

		40		1.60		2.5		15.8		6.32		40		2.50		15.81		38.50		15.81		41.06		6.49		40		15.81		6.09		38.50

		45		1.65		2.2		14.9		6.71		45		2.22		14.91		39.31		14.91		37.92		5.65		45		14.91		5.86		39.31

		50		1.70		2.0		14.1		7.07		50		2.00		14.14		40.10		14.14		35.27		4.99		50		14.14		5.67		40.10

		56		1.75		1.8		13.4		7.48		56		1.79		13.36		41.01		13.36		32.58		4.35		56		13.36		5.48		41.01

		63		1.80		1.6		12.6		7.94		63		1.59		12.60		42.04		12.60		29.97		3.78		63		12.60		5.30		42.04

		71		1.85		1.4		11.9		8.43		71		1.41		11.87		43.15		11.87		27.50		3.26		71		11.87		5.12		43.15

		80		1.90		1.3		11.2		8.94		80		1.25		11.18		44.35		11.18		25.21		2.82		80		11.18		4.96		44.35

		90		1.95		1.1		10.5		9.49		90		1.11		10.54		45.60		10.54		23.11		2.44		90		10.54		4.81		45.60

		100		2.00		1.0		10.0		10.00		100		1.00		10.00		46.80		10.00		21.37		2.14		100		10.00		4.68		46.80

		112		2.05		0.9		9.4		10.58		112		0.89		9.45		48.15		9.45		19.62		1.85		112		9.45		4.55		48.15

		125		2.10		0.8		8.9		11.18		125		0.80		8.94		49.53		8.94		18.06		1.62		125		8.94		4.43		49.53
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												DATA FOR PLOTTING												DATA FOR PLOTTING

				100/Agents				100/A^.5		1/MonthsL		Agents		Brooks F1		Brooks F2		Eff%LawD		Eff%OSH		Combined		Agents		Mth LawD		Mth OSH		Mth COMB

		1		100.0				100.0		1.00		1		100.00		100.00		100.00						1		100.00

		2		50.0				70.7		1.41		2		50.00		70.71		70.71						2		70.71

		5		20.0				44.7		2.24		5		20.00		44.72		44.72		58.77		26.28		5		44.72		34.03		76.09

		10		10.0				31.6		3.16		10		10.00		31.62		31.62		84.77		26.81		10		31.62		11.80		37.30

		20		5.0				22.4		4.47		20		5.00		22.36		22.36		63.03		14.09		20		22.36		7.93		35.47

		50		2.0				14.1		7.07		50		2.00		14.14		14.14		35.27		4.99		50		14.14		5.67		40.10

		100		1.0				10.0		10.00		100		1.00		10.00		10.00		21.37		2.14		100		10.00		4.68		46.80

		200		0.5				7.1		14.14		200		0.50		7.07		7.07		12.55		0.89		200		7.07		3.98		56.34

		Effic OSH=

				MonthsA				MonthsL

		Agents		100/Agents		100/A^.5		100/A^.667		1/MonthsL

		1		100.0		100.0		100.0		1.00

		2		50.0		70.7		63.0		1.59

		3		33.3		57.7		48.1		2.08

		4		25.0		50.0		39.7		2.52

		5		20.0		44.7		34.2		2.93

		6		16.7		40.8		30.3		3.30

		7		14.3		37.8		27.3		3.66

		8		12.5		35.4		25.0		4.00

		9		11.1		33.3		23.1		4.33

		10		10.0		31.6		21.5		4.65

		11		9.1		30.2		20.2		4.95

		12		8.3		28.9		19.1		5.25

		13		7.7		27.7		18.1		5.53

		14		7.1		26.7		17.2		5.81

		15		6.7		25.8		16.4		6.09

		16		6.3		25.0		15.7		6.36

		17		5.9		24.3		15.1		6.62

		18		5.6		23.6		14.5		6.87

		19		5.3		22.9		14.0		7.13

		20		5.0		22.4		13.6		7.38

		21		4.8		21.8		13.1		7.62

		22		4.5		21.3		12.7		7.86

		23		4.3		20.9		12.4		8.10

		24		4.2		20.4		12.0		8.33

		25		4.0		20.0		11.7		8.56

		26		3.8		19.6		11.4		8.79

		27		3.7		19.2		11.1		9.01

		28		3.6		18.9		10.8		9.23

		29		3.4		18.6		10.6		9.45

		30		3.3		18.3		10.3		9.67

		31		3.2		18.0		10.1		9.88

		32		3.1		17.7		9.9		10.09

		33		3.0		17.4		9.7		10.30

		34		2.9		17.1		9.5		10.51

		35		2.9		16.9		9.3		10.71

		36		2.8		16.7		9.2		10.92

		37		2.7		16.4		9.0		11.12

		38		2.6		16.2		8.8		11.32

		39		2.6		16.0		8.7		11.51

		40		2.5		15.8		8.5		11.71

		41		2.4		15.6		8.4		11.90

		42		2.4		15.4		8.3		12.10

		43		2.3		15.2		8.1		12.29

		44		2.3		15.1		8.0		12.48

		45		2.2		14.9		7.9		12.67

		46		2.2		14.7		7.8		12.85

		47		2.1		14.6		7.7		13.04

		48		2.1		14.4		7.6		13.22

		49		2.0		14.3		7.5		13.41

		50		2.0		14.1		7.4		13.59

		51		2.0		14.0		7.3		13.77

		52		1.9		13.9		7.2		13.95

		53		1.9		13.7		7.1		14.13

		54		1.9		13.6		7.0		14.31

		55		1.8		13.5		6.9		14.48

		56		1.8		13.4		6.8		14.66

		57		1.8		13.2		6.7		14.83

		58		1.7		13.1		6.7		15.00

		59		1.7		13.0		6.6		15.18

		60		1.7		12.9		6.5		15.35

		61		1.6		12.8		6.4		15.52

		62		1.6		12.7		6.4		15.69

		63		1.6		12.6		6.3		15.85

		64		1.6		12.5		6.2		16.02

		65		1.5		12.4		6.2		16.19

		66		1.5		12.3		6.1		16.35

		67		1.5		12.2		6.1		16.52

		68		1.5		12.1		6.0		16.68

		69		1.4		12.0		5.9		16.85

		70		1.4		12.0		5.9		17.01

		71		1.4		11.9		5.8		17.17

		72		1.4		11.8		5.8		17.33

		73		1.4		11.7		5.7		17.49

		74		1.4		11.6		5.7		17.65

		75		1.3		11.5		5.6		17.81

		76		1.3		11.5		5.6		17.97

		77		1.3		11.4		5.5		18.13

		78		1.3		11.3		5.5		18.28

		79		1.3		11.3		5.4		18.44

		80		1.3		11.2		5.4		18.59

		81		1.2		11.1		5.3		18.75

		82		1.2		11.0		5.3		18.90

		83		1.2		11.0		5.2		19.06

		84		1.2		10.9		5.2		19.21

		85		1.2		10.8		5.2		19.36

		86		1.2		10.8		5.1		19.51

		87		1.1		10.7		5.1		19.66

		88		1.1		10.7		5.0		19.81

		89		1.1		10.6		5.0		19.96

		90		1.1		10.5		5.0		20.11

		91		1.1		10.5		4.9		20.26

		92		1.1		10.4		4.9		20.41

		93		1.1		10.4		4.9		20.56

		94		1.1		10.3		4.8		20.71

		95		1.1		10.3		4.8		20.85

		96		1.0		10.2		4.8		21.00

		97		1.0		10.2		4.7		21.14

		98		1.0		10.1		4.7		21.29

		99		1.0		10.1		4.7		21.43

		100		1.0		10.0		4.6		21.58





Sheet1

		



100/Agents

100/A^.667

Agents

Months

Months vs Agents for 100 MMM Project



Sheet2

								LDR				DATA FOR PLOTTING												DATA FOR PLOTTING

		n		log(n)		100/Agents		100/A^.5		1/MonthsL		Agents		Brooks F1		Brooks F2		Eff%LawD		Eff%OSH		Combined		Agents		Mth LawD		Mth OSH		Mth COMB

		3.55		0.55		28.2		53.1		1.88		3.6		28.17		53.07		53.07						3.6		53.07

		4		0.60		25.0		50.0		2.00		4		25.00		50.00		50.00						4		50.00

		4.5		0.65		22.2		47.1		2.12		4.5		22.22		47.14		47.14						4.5		47.14

		5		0.70		20.0		44.7		2.24		5		20.00		44.72		44.72		58.77		26.28		5		44.72		34.03		76.09

		5.6		0.75		17.9		42.3		2.37		5.6		17.86		42.26		42.26		72.90		30.81		5.6		42.26		24.50		57.97

		6.3		0.80		15.9		39.8		2.51		6.3		15.87		39.84		39.84		81.40		32.43		6.3		39.84		19.50		48.94

		7		0.85		14.3		37.8		2.65		7		14.29		37.80		37.80		85.38		32.27		7		37.80		16.73		44.27

		8		0.90		12.5		35.4		2.83		8		12.50		35.36		35.36		87.08		30.79		8		35.36		14.35		40.60

		9		0.95		11.1		33.3		3.00		9		11.11		33.33		33.33		86.47		28.82		9		33.33		12.85		38.55

		10		1.00		10.0		31.6		3.16		10		10.00		31.62		31.62		84.77		26.81		10		31.62		11.80		37.30

		11.2		1.05		8.9		29.9		3.35		11		8.93		29.88		29.88		82.11		24.54		11		29.88		10.87		36.39

		12.7		1.10		7.9		28.1		3.56		13		7.87		28.06		28.06		78.49		22.02		13		28.06		10.03		35.75

		14		1.15		7.1		26.7		3.74		14		7.14		26.73		26.73		75.36		20.14		14		26.73		9.48		35.46

		16		1.20		6.3		25.0		4.00		16		6.25		25.00		25.00		70.83		17.71		16		25.00		8.82		35.30

		17.8		1.25		5.6		23.7		4.22		18		5.62		23.70		23.70		67.11		15.91		18		23.70		8.37		35.32

		20		1.30		5.0		22.4		4.47		20		5.00		22.36		22.36		63.03		14.09		20		22.36		7.93		35.47

		22		1.34		4.5		21.3		4.69		22		4.55		21.32		21.32		59.73		12.74		22		21.32		7.61		35.69

		25		1.40		4.0		20.0		5.00		25		4.00		20.00		20.00		55.41		11.08		25		20.00		7.22		36.09

		28		1.45		3.6		18.9		5.29		28		3.57		18.90		18.90		51.71		9.77		28		18.90		6.91		36.55

		32		1.51		3.1		17.7		5.66		32		3.13		17.68		17.68		47.53		8.40		32		17.68		6.57		37.19

		35.5		1.55		2.8		16.8		5.96		36		2.82		16.78		16.78		44.44		7.46		36		16.78		6.34		37.77

		40		1.60		2.5		15.8		6.32		40		2.50		15.81		15.81		41.06		6.49		40		15.81		6.09		38.50

		45		1.65		2.2		14.9		6.71		45		2.22		14.91		14.91		37.92		5.65		45		14.91		5.86		39.31

		50		1.70		2.0		14.1		7.07		50		2.00		14.14		14.14		35.27		4.99		50		14.14		5.67		40.10

		56		1.75		1.8		13.4		7.48		56		1.79		13.36		13.36		32.58		4.35		56		13.36		5.48		41.01

		63		1.80		1.6		12.6		7.94		63		1.59		12.60		12.60		29.97		3.78		63		12.60		5.30		42.04

		71		1.85		1.4		11.9		8.43		71		1.41		11.87		11.87		27.50		3.26		71		11.87		5.12		43.15

		80		1.90		1.3		11.2		8.94		80		1.25		11.18		11.18		25.21		2.82		80		11.18		4.96		44.35

		90		1.95		1.1		10.5		9.49		90		1.11		10.54		10.54		23.11		2.44		90		10.54		4.81		45.60

		100		2.00		1.0		10.0		10.00		100		1.00		10.00		10.00		21.37		2.14		100		10.00		4.68		46.80

		112		2.05		0.9		9.4		10.58		112		0.89		9.45		9.45		19.62		1.85		112		9.45		4.55		48.15

		125		2.10		0.8		8.9		11.18		125		0.80		8.94		8.94		18.06		1.62		125		8.94		4.43		49.53
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