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PREFACE 

This dissertation is based on the supposition that the sequen­

tial accumulation of task progress is analogous to the growth of living 

organisms. Based on this premise, it is shown that a system of 

mathematical models can be developed and integrated with the digital 

computer to formulate a composite algorithm for the allocation and 

control of resources within intermittent systems. 

Therefore, the objective of this dissertation is to develop a 

diagnostic and prognostic algorithm to place decision-making for the 

allocation and control of resources within intermittent systems on a 

quantitative basis. Chapters II, III, and IV are devoted to this ob­

jective. A four-section Appendix is included as support material for 

. the test and for future extensions of the heuristic modeling scheme. 

Interest began in this area in the fall of 1957 when I noticed a lack 

of emphasis on quantitative computerized decision-making techniques 

for intermittent industries. Since monetary limitations seemed to be 

the prohibitive factor, research was first performed with inexpensive 

analog computers for small industries. When the analog computer was 

found not to be adaptable to small industry, interest developed in the 

realm of this dissertation. 
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CHAPTER I 

INTRODUCTION 

There is little doubt that a second world-wide industrial revolution 

is underway. The evolution of society through• the Machine Age and- to 

the existing era of automation and interplanetary exploration has brought 

about new professions and disciplines to cope with new technologies. 

These engineering disciplines emerged because of the vast requirements 

for scientific applications. The contributions of Taylor, Gantt, Emerson, 

Gilbreth, and others are not exceptions. Through their foresight and 

d,edicated efforts, industrial engineering was born to develop scientific 

methodology for merging men, materials, and machines. Those tech·­

niques are believed to be tp.e fundamental bases for the retaliation cap­

ability during World War II. 

During this era of increased emphasis on enhancing ·the best stan­

dard of living ever known, the industrial engineer is charged with broad 

recondite responsibilities. He must not only search for the optimal 

methods of merging the man and machine but also the optimal methods 

for controlling them in the work process. The work proc~ss is the inte­

gration of the objectives, concepts, ideas, men, machines, materials, 

and monies for the production of goods and services. These goods and 
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services may be of a continuous, repetitive or intermittent nature. 

Regardless of the nature oi the demands, it is the responsibiHty of the 

industrial engineer to constantly amplify the effectiveness of method­

ology for the integration and control of the man-machine systems. 

An important aspect of the control facet is deciding upon the pre­

cise allocation of resources at any operating time. Several factors 

have to be considered in making these decisions such as the availability 

of resources, the nature of the work process, and delivery dates (1). 

The complexity of these factors has forced the industrial engineer 

to focus his attention on quantified and computerized methodology for 

assisting the decision-maker.· Some work has been accomplished to­

ward this goal, but, as yet, emphasis has been on the optimization of 

systems components rather than the total system. For example, the 

study of a hypothetical queue, the application of linear programming 

to a restricted class of problems, and the loading of resources from 

an activity network are concerned with the system components. There 

have been some special-purpose pragmatic components developed in 

industry by using trend functions for planning curves. For example, 

Brown Engineering Company, Inc. has ma,de some progress by using 

a logistic function to describe the execution of well planned jobs. In 

theory and in praxis, all the foregoing components have useful pro­

perties but fail to encompass t~e necessary components for total sys­

tems. This author knows of no general algorithm to fulfill the quantita­

tive decision-making desiderata. The literature indicates a void and 
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a dire need for research and development in this area. 

A large class of operational systems are amenable to description 

in terms of an enumerable set of states. For example, the state of a 

simple inventory system can be given by enumerating the items on 

hand, on order, and on back order. The state of a fleet of delivery 

trucks can be specified by giving the number of trucks being loaded, 

those on different delivery routes, and those being repaired. The 

state need not describe all the details of the system; it need only in­

clude those characteristics which the manager of the operation must 

know in order to make his decision regarding the next operations of 

the system. To provide an auspicious basis for decision-making, the 

decision-maker must be notified perbdically or continuously of the state 

of the system by means of management information feedback. The system 

will change its state from time to time, either because of the effect of 

outside influences or because of dynamic decisions of the manager. 

Resources, the ingredients that go into the work process, are 

necessary for work process survival. Task resources are monies 

which buy machines, material, manpower, and related services. 

Thus, the monies that will buy all the ingredients will be classified 

as resources in this investigation. Dollars per manhours will be the 

standard allocation media and resources will be distributed by incre­

ments of time over the task life. 

The resource problem, as considered in this investigation, may be 

described as follows. Random demands are made on a total system. 
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Because of the nature of the services offered by the system, the de-

mands are channeled by a project planning and control element to task 

service areas for processing. As a demand enters the system for 

'service, by its nature it has performance characteristics that can be 

described. This characteristic description has inherent properties 

which specify the resource requirements for the demanded work pro-

cess. 

The objective of this investigation is to circumvent the existing 

deficiencies of rules-of-thumb and non-computerized resource allo-

cation and contro! techniques by developing a system of copious models 

to put the decision process on a quantitative basis. A heuristic com-

posite algorithm which couples the models with the computer for real 

and simulated conditions will be the major objective. The hypothesis 

is that a heuristic diagnostic and prognostic al~orithm can be develop-

ed to establish decision criteria for allocating, monitoring, and con-

trolling resources within intermittent systems. 

, . 
The resource allocation and control algorithm developed in this 

dissertation is heuristic because of 

(1) Its ability to guide the decision-maker in exercising manage-

ment control. 

(2) Its dependence on the judgment of the decision-maker to close 

the loop in the man-machine system. 

(3) Its conceptual value in empirical research leading to further 

extensions of this study. 



5 

In the following chapters, it will be shown how the ingredients of 

a system can be integrated into a heuristic algorithm that will possess 

the capability and flexibility to allocate and monitor resources for a 

total system. 



CHAPTER II 

ALGORITHM BASIS AND CONCEPT 

The Intermittent System 

A system is an integrated assembly of interacting elements or 

components designed to carry out cooperatively a predetermined 

function (2). Intermittent is to appear or to occur in interrupted 

sequence with emphasis stressed for breaks in continuity (3). An 

intermittent system is generally non-repetitive and responds only 

when a demand is placed on it. In essence, an intermittent system is 

analogous to a job shop operation or system where a demand is created 

only when an order for the production of some non-stock item is re­

ceived. The intermittent system does not normally produce items for 

inventory. 

A task is an elemental breakdown of the project and is composed 

of sub-tasks. The project would encompass a major effort such as the 

development and design of a vehicle stage for a lunar launch, whereas 

a task would encompass the hypergolics analysis or the mechanical de­

sign of the stage. A project is the level of the project planning and 

control element, and a task is the next lowest level as illustrated in 

Figure 1. 

6 
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For the purpose of this investigation, the intermittent systems will 

be deterministic and will have capacity that will vary only through a 

controlled management process. As illustrated in Figure 1, System A 

has a deterministic capability and capacity which can be reduced or 

expanded by tradeoff s. 

The resource problem, as considered in this investigation, may 

be described as follows. Random demands are made on a total system. 

Because of the nature of the services offered by the system, the de­

mands are channeled by a project planning and control element to 

specialized service areas for processing. As a demand enters the 

system for service, by its nature it has performance characteristics 

that can be described. This characte,ristic description has inherent 

properties which specify the resource requirements for the demanded 

work process. 

The intermittent system will respond only to acceptable task 

demands. The demands or customers are impatient since they have 

time-oriented delivery requirements. An overload forms a first come­

first served single channel queue, as shown in Figure 1. The queue 

elements have dynamic priorities. Priority demands, which are over­

load elements in the system, are sequenced as the first elements in 

the queue. A demand in service remains in service until complete. 

As shown in Figure l, there can be several demands in service simul­

taneously. Service capabilities are assumed not to be interchangeable 

among systems. 
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In this dissertation, the allocation of resources to demand require-

ments and the control of the resources allocated to the work process 

will be scrutinized with a task operating characteristic (TOC) curve, 

a resource operating characteristic (ROC) curve, a task progress (TP) 

model, and a resource depletion (RD) model, all of which form the 

2 
basis for a composite computer algorithm. This algorithm allocates 

the resources and monitors the performance of the total system. The 

service time for the demands is a random variable with very large 

variance. The demand input and service time will be empirically 

simulated on the IBM 1401 computer. This empirical simulation 

affords the algorithm the flexibility of systems dynamics by allowing 

the decision-maker to make decisions based on a simulated set of 

circumstances. 

In telephony, the average length of a call is rather small with little 

variability. However, the generalized algorithm developed in this 

dissertation must possess the flexibility to satisfy demands requiring 

very small, as well as very large quantities of resources. Since the 

mathematical treatment of a service time distribution with a large 

variance is not feasible, the queue is empirically simulated on the 

computer. 

2 Hereafter, these abbreviations will be used to represent their 

respective redundant forms. 
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The Operating Characteristic Concept 

Zornig (4) used an operating characteristic (OC) curve to describe 

and judge various acceptance sampling plans over a range of possible 

quality levels for a submitted product. Newberry (5) used the inventory 

characteristic (IC) curve to describe inventory investment for various 

shortage levels. The respective curves illustrate performance 

characteristics for diagnostic and prognostic judgment about the phe­

nomena under study. Thus, a curve that describes the diagnostic and 

prognostic performance of task progress over the range of the task's 

life will be called a TOC curve. Likewise, a curve that describes the 

diagnostic and prognostic performance of resource depletion over the 

range of task life will be called a ROC curve. 

In considering the progress of a task, it is necessary to develop a 

relationship for yield versus time; the yield is progress accrued by the 

application of resources at some controlled rate as a function of time. 

This phenomena is not unlike the growth of living organisms. Multi­

cellular organisms start as a single cell even though this state is 

generally of extremely brief duration. The subsequent growth process 

is the single cell divided into two, four, eight, etc., cells until complete 

development is attained, assuming that the living multicellular organisms 

have the required resources to consume. In the case of the human body, 

growth occurs at some predetermined rate with the application of food 

and care. This varies for different people but, generally, heredity 

shapes the growth pattern ( 4), assuming that the environment and the 
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food (resources) are compatible within reasonable means of standard 

requirements. This same argument holds for plant life. The over-

application of resources (fertilizer, water, etc.) can retard growth 

since the plant is only capable of consuming some maximum to yield 

optimal growth progress. 

Generally, a living organism begins its growth at a relatively slow 

rate, increases at a more rapid rate, and then becomes asymptotic to 

its peak growth or physical maturity (6). For example, the life growth 

of white male rats follow the characteristic curve as shown in Figure 2. 

These data are plotted from experimental results by Donaldson (7). 
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The growth characteristic curve of Cucurbita pepo follows a some-

what different pattern but the same basic growth trend as the white rats. 

This is illustrated in Figure 3, with data taken from the experimental 

results of Anderson (8). 
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Figure 3. Growth Characteristic Curve 
of Cucurbita PeP.O 

The population growth of the United States, plotted from census 

data, follows the trend as shown in Figure 4. Baumgartner (9) sche-

matically describes a cumulation expenditures budget as illustrated in 

Figure 5. 

In essence, he defines a growth characteristic or performance 

curve for the time build-up of expenditures. This growth analogy can 
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be extended to other phenomena such as driving the family car to the 

neighborhood market. Assuming the drive is of such duration that 

traffic obstacles are nil, the car would be accelerated gradually to an 

optimal velocity and decelerated to a complete stop at the market; The 

beginning was slow, a maximum velocity was reached, and the termina-

tion was preceded by a deceleration. 
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The characteristic growth pattern for multicellular organisms, 

plants, nations, and budget expenditures is of special interest since a 

task is also the coalescing or growth of many concepts and ideas into 

a final product. The growth of living organisms and active budgets 
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have essentially the same shaped curve. Since the work process for . · 

completing a task is the accumulation arid integrationof concepts and 

ideas over its active life, it must also have a progress characteristic 

pattern. 

By referring to any typical Gantt chart3 or any .kind of work p~o .. 

c;:ess plan for a well planned task, it can be seen that the requirement 

for resources starts slowly for the quasi-creative beginning and the 

activity requirements increase until the final assembly and inspection 

phase. During these more tedious phases, resource requirements are 

3First developed by Henry L. Gantt in the latter part of the 19th 
century. 
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reduced. Then an 11 S 11 shaped curve tends to be representative of the 

resource expenditures over the life of the work process. If producti­

vity were measured for this cycle, it could also represent a growth 

function since it would be accomplished by the direct consumption of 

resources. This would be analogous to feeding the white rat to make 

him grow or fertilizing the Cucurbita pepo to enhance growth. 

Actual production and progress for work of a professional nature is 

very difficult to measure. Probably no single technique would suffice 

for all purposes. However, since payments of fees and periods for 

work accomplished usually requires an estimated percent completion, 

the heuristic models will be based on per cent complete. There has 

been considerable work in setting work standards for professional work 

so that output could be measured against predetermined standards; but, 

as yet, the literature has not reflected adequate success for use in a 

general purpose algorithm. As illustrated in Chapter III, the utility of 

the Program Evaluation and Review Technique (PERT) model ( 1 O), de­

veloped for estimating time for activity in a planning network, has been 

extended for heuristic measures of task progress in percent complete. 

Baumgartner (9) discussed progress in terms of resources depleted, 

or cost incurred against a budget plan. Such a plan would be more sub­

jective and intuitive than an average of independent estimates common 

to the PERT model. The real advantage is that the decision-maker is 

estimating from the work process environment as the task is in pro­

gress. 
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The rate of progress toward task completion for a given resource 

allotment is a function of time relative to similar experience, training, 

incentive, individual capacity, and other pertinent factors. Usually, 

the initial rate of progress is relatively slow but increases at an in-

creasing rate until a maximum rate of progress is reached somewhere 

near the midpoint of task life. Then the rate of progress with respect 

to time tends to increase at a decreasing rate until 100 percent of task 

completion is achieved. Based upon the foregoing premise, as illus-

trated in Figure 6, progress versus time for a specific task tends to 
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Figure 6. Basic Feasible TOC Curves 
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form an 11 8 11 shaped curve. For th~ purpose of this investigation, an 

analogy is made between the growth characteristic of multicellular or­

ganisms and the operating characteristics of completing a task. There 

is obvious similarity between the many possible task operating charac­

teristic curves of Figure 6 and the growth characteristics curves of 

Figures 2, 3, 4, and 5. 

By the same analogy, the time application of resources to an activ­

ity of a task follows a backward 11 8 11 shaped curve. This can be attributed 

to the difficulty in defining the task or it can be a result of the principle 

of diminishing returns where resource density is not directly propor­

tional to productivity after the required resource load has been applied. 

This would be analogous to the over-application of fertilizer to corn 

plants. A specified amount becomes the optimal application and results 

in maximum growth. Figure 7 illustrates that resources can also be 

allocated in an infinite number of ways. 

A demand for service requires some specified amount of resources 

over time as progress is made on the service requirements. The op­

erating characteristic of resources over the life of a task is inversely 

proportional to the progress characteristic. These processes are 

analogous to pouring water from one glass into another - as one is 

being filled, the other is being depleted. The task theoretically begins 

with 100 percent of the allotted resources available, and then they are 

depleted to zero upon completion and delivery of the task. 

The over-allocation of resources, as illustrated by Curve A in 
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Figure 7. Basic Feasible ROC Curves 

Figure 7, results in waste. The under-allocation of resources, as 

illustrated by Curve F in Figure 7, results in milestone slippage and 

late deliveries. As in plant growth, there is a most favorable pattern 

of resource application based on the characteristics of the demand re-

quire.m.ents. This most favorable allocation pro~edure optimizes such 

management objectives as timely deliveries, resource waste, and 

schedules. 

Four characteristic curves are of interest in the formulation of 

a heuristic allocation and control algorithm for intermittent system$, 

These curves are discussed and illustrated in Chapter III. However, 
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they are defined here so that a basis can be established for the develop­

ment of the basic mathematical models. 

The first curve is defined to be the TOG curve. Planning must 

precede resource allocation within the intermittent system if an ac­

ceptable allocation of resources pattern is to be achieved. A specific 

TOG curve is selected by the decision-maker as a progress standard 

in view of the characteristics activity required to service the task. 

Similar task experience, know!edge of total resources available, and 

delivery dates are essential characteristics which shape the growth 

pattern. The TOG curve is similar in purpose to the operating 

characteristic {OG) curve associated with quality control. The OG 

curve is used to pass judgment upon whether or not a process is 

currently in statistical control at a given confidence level ( 11). 

Similarly, in this algorithm, the TOG curve and the TP curve model 

are used to pass judgment upon whether or not task progress is in 

control of a specified percent of resources left for task completion. 

The TOG curve must be a monotonically increasing function since 

progress cannot be lost or regressed. In the real world, it is not 

uncommon for managers to think that progress regressed; however, 

this can be rationalized when one considers that what was assumed 

to be progress was not in fact true progress. 

The second curve of interest is the ROG curve. This curve repre­

sents the operating characteristic of resources applied to demands 

over their life span, which is the time period from beginning work to 



final delivery. When the task is initiated, theoretically, a specified 

amount of resources is made available and depleted as a function of 

time. Since resources that have been expended are not recoverable, 

the ROG curve is a monotonically decreasing or decaying function as 

time elapses during the work process. 

20 

The third curve of interest is defined to be the TP curve, which 

describes the effects of planning, allocatiqn, and control of resources 

in achieving the desired objective. Whereas the ROG curve represents 

the behavior of resource depletion, the TP curve is completely depend­

ent upon progress estimates made by the manager, as set forth later 

in this chapter. 

The fourth curve is an empirical description of the actual resource 

depletion. It is derived from the actual day-to-day resource utilization 

for accomplishing work on the activity of the tasks. It is called the 

RD curve and is analogous in utility to the TP curve except that it is 

determined empirically by the compilation of time expended, bills of 

material, and other resource expenditures. 

Random characteristics peculiar to intermittent systems behavior 

will cause the TP and RD curves to deviate from the TOG and ROG 

curves, respectively. The allowable limits of this deviation are defined 

by upper and lower limits which converge symmetrically on the charac -

teristic curves. The decision-maker can vary the limits of deviation to 

reflect uncertainty in expected task progress and in resource depletion. 

Since the TOG curve is the basis for an associated ROG curve, 
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detailed descriptions will be covered after a mathematical basis for a 

model is developed. The model's parameters will be variable such that 

the mathematical function will represent a family of feasible TOG curves. 

With modifications, the model will also represent a family of ROG 

curves. 



CHAPTER Ill 

THE MATHEMATICAL MODELS 

A specific requirement for optimal utility in the composite algo-

rithm is that the characteristic curves be easily controlled and readily 

manipulated. They must have variable shaping and skewing parameters 

for describing all desirable shapes. More explicit requirements and 

conditions are specified in the sequence of development. 

Mathematical Basis 

Mathematical models that could possibly be modified to describe 

the TOC and ROC curves are the Gompertz function, an exponential 

function, a multi-degree polynominal, the Pearl-Reed function, trigo-

metric functions, and others (12). The particular mathematical model 

that Pearl used to approximate the population growth characteristic of 

the United States (6) is 

beax 
(1) y =----

l+ceax 

Where y = number of people, a, b, and c are parameters, and e is the 

base for Neperian logarithms. Pearl 1 s work was concerned with trend 

fitting of growth data; however, since the analogy between growth phe-

nomena and task progress has been conceptually established, the TOC 
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4 
curve will be modeled through modification of Equation (1). Then 

b 
y = -ax ax 

e (l+ce ) 

b 
(2} :: 

,c+e 
-ax 

Now if parameter substitutions are made such that 

a = -ka 1 

b = kc 

1 
C =-

m 

then Equation (2) becomes 

k 
y = [l+m exp(ka 1x)J (3) 

and the derivative of y with respect to x is taken 

k2 a'm[exp(ka'x)] 
dy :: - ---------
dx 

{l+m[exp(ka'x)]} 2 

(4) 

Now by substituting 

{ 1 +m [ exp{ka 'x)]} 2 

and 

4 
Later, the ROG curve will be shown to be a function of the TOG 

curve; therefore, this development will only concern itself with task 
operating characteristics. 



into Equation (4), then 

and 

meka 1x = k-y 
y 

dy 
- = -a1y(k-y) 
dx 

dy 
dx -a•=---

y(k-y) 
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(5) 

Since the TOC curve must be a monotonically increasing function with 

time, it can be seen that the time rate of change of y, task progress, 

varies directly with y and k-y. The function will be asymptotic to the 

constant k, as time becomes infinitely large. 

Since task progress is dependent upon factors that vary with time, 

f(x) can be substituted for -a•, where f(x) is a function of time. Then 

from Equation (5) 

dy 
y(k-y) = f (x) dx 

To solve the differential equation 

let 

Substituting into Equation (6) 

1 
y=­

u 

dy = du 
u2 

du 
( 1 -ku) = f (x) dx 

(6) 

(7) 



and taking the indefinite integral of both sides of Equation (7} 

-k J( 1 ~~u} = -k f f(x}dx 

and 

ln(l-ku}+c 1 = -k Jf(x}dx 

or 

ln( 1-ku} = -k f f(x}dx-c 1 

and taking the antilog of both sides 

1 
Substituting u = - back into Equation (8} 

y 

Then 

k 

k 
1-­

y 

y=--------
1-exp [-kff(x} -c1] 

k 

(8} 

= l: ~9) 
1-e-c'{[exp -k/(x}dx]} 

and let 

-c 
C2 = e I 

Now solving for c 2 by substituting Equation (2} into Equation (9), and 

letting x = 0 then 

1 
.. m 

C 
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from Equation (3). Now by substituting the value of c 2 into Equation (9} 



k 
y=------,,..----

{l+m[exp -kff(x)dx]} 

k 
= 

l+m{exp[F(x)]} 

where 

F(x) = -kfa(x)dx 

Now if f(x) is represented by a Taylor series 

y = 
k 

k 

n . 
l+m[exp( I a.x1)] 

i= 0 1 

(10) 

(11) 

( 12) 

Referring to Equation (12), if m < 0, y becomes discontinuous at 

some finite time. Since this cannot hold for task progress, the re-

striction for m > 0 must be established. Also, since values of k < 0 

would yield negative task progress, which is impossible, the same 
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restriction for k > 0 is applicable. Then O < y < k and y will be asymp-

totic to the x axis and to k. Also for Equation (11), if 

F(x)-+- co ; y-+- 0 

F(x)-+--ro; y-+-k 

k 
F(x)-+- O ; y-+- l+m ( 13) 

From Equation (12), y and y . occur when ddxy = 0, and from 
max min 

Equation ( 4) 
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dy = y(k-y)F' (x) ( 14) 
dx 

therefore, y and y . occur when F'(x) = 0. Also, since .9-I =O 
m~ mm dx 

when either y = 0 or y-k = 0 indicates that the model is asymptotic 

toy= 0 and y = k. 

From Equation (12), it can be seen that if a >0, y becomes asymp­
n 

totic to the x axis as x- co from an intercept at 

y= 
0 

1 

l+m[exp(~)] 

Since task progress cannot regress, certain restrictions and model 

modifications are necessary. 

The desired properties for the TOC curve model are: 

(1) 0 ~P(t) ~ 1. 0 and O'S. t~ 1. 0. 

(2) When t = 0, P(t) = 0 and when t = 1. 0, P(t) = 1. 0. 

(3) Must be monotonically increasing. 

(4) Must possess the flexibility of being both symmetrical and asym-

metrical with manipulatable parameters which are easily specified. 

The desired properties for the ROC curve model are: 

( 1) Must be monotonically decreasing. 

(2) O~R(t)~l.OandOSt~l.O. 

{3) When t = 0, R(t) = 1. 0 and when t = 1. 0, R(t) = 0. 

(4) Must possess the flexibility of being both symmetrical and 

asymmetrical with manipulatable parameters which are easily spec-

ified. 
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It can be seen that if the desired pr.operties for a TOC curve can 

be attained, the ROC curve could be defined such that R(t) = 1. 0-P(t) 

for all values of t between zero and one. For example, the extrema 

are satisfied when t = 0, P(t) = 0, and R(t) = 1. 0 and when t = 1. 0, 

P(t) = 1. 0, and R(t) = 0, 

It is desirable for the task progress intercept to be zero when 

x = 0. Since, theoretically, Equation ( 12) could have some intercept, 

fll 1 , when x = 0, then 

w2 
y = w, + --------­n . 

l+m(exp( i~ 0 a 1x 1)] 

( 15) 

where ul 2 = k. Now for symmetry in Equation (15), letu> 1 = 0, fll 2 = 1, 

m = l, n = l, y = P(t), x = t, a 0 = a , and a 1 = P , then 

P(t) = 
1 

(16) . 

In Equation ( 16), if P < 0, P(t) is a monotonically increasing function. 

Then for R < 0 substituted, Equation ( 16) becomes 

1 
P(t) =---­

l+e a-pt 
( 17) 

In Equation (12), when F'(x) = 0 has no real roots, the function is 

asymmetrical. Since this brings inconvenient terms into the model, 

a lateral translation of the P(t) axis can approximate the desired 

asymmetry. Assuming that a and Ii· can be sel~cted such that if 

t = 0. 5, then P(t) = 0. 5. Therefore, the task should theoretically be 
' 

50 percent complete when one half of the time has elapsed. 



Then 

and 

1 
0.5 =------

1 U-0.5D 
+e . /J 

p = 2(1 

Substituting Equation ( 18) into Equation ( 17), 

and 

1 
P(t) = -----­

l+e ct( l -2t) 

P'(t) = 
2a {exp[U(l-2t)]} 

{ l+exp[ a( l -2t)] }2 
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(18) 

( 19) 

(20) 

The maximum. rate of change of P(t) with respect. to time occurs 

at some time t, when P'(t) = 0. Then solving fort in Equation (20), 

t = 0. 5. 

Since it is not likely that maximum. relative progress will occur 

when 50 percent of the time has elapsed, it is necessary to make the 

lateral translation of the P(t) axis represent an asymmetrical function. 

Then let some new t, say e:C, be defined as illustrated in Figure 8. 

Then, 

(21) 

Substituting Equation (21) into Equation (19), 

P(t) = a(l -2(t)~+8)] 
l+e 

1 (22) 



1.0 

P{t) 

"C 
a, -a, 

C. 

~ 0.5 

Cl) 

Cl) 

a, 
~ .,. 
0 

;;:_ 

0 0.5 t 
Task Life (%-i-100) 

Figure 8. Asymmetric Modification for TOC 
Curve Model 

30 

1.0 

The maximum P'(t) can now occur at any time such that all TOC curves 

illustrated in Figure 6, page 16, can be described by varying the shap-

ing parameter a and the translation parameter 8. 

By setting the exponent of Equation (22) equal to zero for 8 . 
min 

and 8 at t,:~ = 0 and t':~ = 1, respectively, it can be seen that 
max 

-0. 5 < 8 < 0. 5 for O<t':~<l then t':~ is just another t. 
- - - - ' 
It is now necessary to adjust the range of P(t) to equal the range 

oft, or force P(t) = 0, when t = 0. This fixes task progress at 

zero when t = 0, which is reasonable since prior knowledge of the 

work processes would suggest an operating characteristic si1nilar 
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to curve B, · rather than curve C or E, refer to Figure 6, page 16, if no 

similar experience had been realized. Then if w1 = f{w2 ) such that 

w 1 = -C1 C2 andw 2 = C 1 , then from Equation (22), 

P(tl = c,[ a[i-~( t +&)] -c,J 
ll+e 

(23) 

It is now necessary to find the values of the constants, C1 and E:: 2 . 

When t = 0, let P(t) = 0 and when t = 1. 0, let P(t) = 0. Then from 

Equation (23), let t = P(t) = 0, 

1 

a ( 1-28) 
l+e 

Dividing through by E:: 1 and solving 

1 
Cz= -----

l+ea( 1-28) 

Also, from Equation (23), let t = P(t) = 1. 0, then, 

Now, substituting E:: 2 , 

C = 
1 

[ 1 ·J C -C -
t -a(1+28) z - 1 

l+e 

{ 1 + exp [-a( 1 + 28)] } { 1 + exp[cr( 1 - 28) J} 

{ exp[a( 1-28)]} - { exp[-a( 1 +28)]} 

(24) 

(25) 

Then substituting for C 1 and E:: 2 into Equation {23) and simplifying, 
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{ l+exp(-a(l+28)]} {exp[a(l-28]-exp[a(l- 2t -28)]} 
P(t) = (26) 

{ exp[a( 1-28)]-exp(- a( 1+28)]} { l+exp[a( 1- 2t -28)]} 

Now for simpHfication let k 1 = a ( l ..;28) and let k 2 = 2a, then 

(ek2tek1)(ek2t -1) 

P(t) = 
k kt k 

(e 2"'.l) (e 2 +e 1) 

(27) 

and Equation (27) is the model for the TOC curve with parameters 

In Equation (26), when a = 0 and 8 = 0, P(t) must equal t for a 

linear, one-to-one or straight line relationship between task progress 

' and time. To test Equation (26) for this property, let k 1+-0 and k2,...0 

in the limit of Equation (27). Then by using the relationship that the 

lim AB = (lim A) (lim B), the following results are attained, 

lim P(t) = 
k 1-o 
k 2-o 

[ 
k k ] [ kt ] (e 2+e 1) (e 2 -1) 

kt · k lim 
(e 2 +e ') k2-o e~-1 

It can be seen that the second term is indeterminate with zero 

divided by zero. Then L'Hospital' s rule can be applied in the de- · 

rivative as 

[ 
;!2 (ek2t -1)] 

lim -d--. -k--· 
k2 ... o - (e 2-1) 

.· dk.2 

and 
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1. [tekat ] 1m --k--
k2.,..0 e 2 

= t (28) 

and P(t) = t in the limit as a.,. 0. Also, since P' (t) > 0 for all t, it 

can be seen that P(t) is a non-decreasing function as required for a 

monotonically increasing TOG curve. 

Then Equation (26) will give a mathematical expression for all 

TOG curves and 1-P(t) will give a mathematical expression for all 

ROG curves. Then 

R(t) = 1-P(t) 

[ 
k k k t ] e 2+ e 1 ) ( e z - 1 ) 

= 1 - . 
k kt k 

(e 2 -1) (e 2 +e 1) 

(29) 

The P(t) and R(t) models were solved approximately 20, 000 times 

for all values of a and 8 by using an IBM 7040 computer; the FORTRAN 

IV program and procedures are given in Appendix A. From this vi-

carious experimentation, parameters of a and 8 were selected such 

that a family of TOG curves could be represented. The final TOG 

curve selection is discussed later in this Chapter. 

Task Operating Characteristic Curves 

As stated earlier, the underlying premise for the TOG curve is 

that task progress performance is analogous to multicellular organ-

ismic growth. It is believed by experienced managers that the nature 

of a task inherently shapes its progression pattern over time. For 
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the majority of research and development tasks, the progress is in-

herently slow at the beginning. This seems to be the case for any 

task that has a quasi-creative beginning. In the case of production, 

set-up time causes slow initial progress. The tasks that are well 

defined and repetitive tend to have a one-to-one relationship with time. 
. ' 

It is possible, however, for task progress to have a relatively fast 

start initially. This would happen if considerable similar experience 

had been acquired on a relatively well defined applied problem. As 

illustrated by Figure 6, page 16, there are infinite basic feasible per-

formance patterns for accomplishing task objectives. It is obvious, 

however, that a finite set could represent the majority of typical tasks. 

For the purpose of this investigation, the five TOG curves, as 

illustrated in Figure 9, were selected on the premise that they re-

present the best range of feasible TOC curves desired for intermittent 

work. Many solutions to Equation (22) were generated by the use of 

the IBM 7040 computer, as shown in Appendix A. The family of five 

curves was selected from these solutions. However, there are no 

restrictions as to the number of progress patterns that can be used 

in the composite algorithm that is described in Chapter N. Even 

though actual proof would be very subjective and extremely difficult 

to prove empirically or in the laboratory, it is believed that the five 

TOC curves will represent approximately 95 percent of tasks within 

intermittent systems. 

The selection process was based first on empirically tracing 
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the approximated progress patterns of ten feasible tasks. From 

these ten, five were selected as being most representative by com-

paring the derivatives of the ten feasible TOG curves. The deriva-

tives were of particular interest since consulted decision-makers 

made constant reference to the time periods of maximum progress. 

The derivatives for the five TOG curves are shown in Figure 10. 

Progress varies non-liriearily with time except for TOG curve 

ID, which has a straight line relationship. The mathematical model 

for the data in. Figure 10 is 

P' (t) = 

k k k kt 
( e 2+ e I ) ( e I - 1 ) ( k e 2 

2 (30) 
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The parameters for the five TOG curves are given in Table I. 

TABLE I 

PARAMETERS FOR FIVE TOC CURVES 

TOG Curve a 8 k1 k2 

I 2.0 0.2 1. 2 4. 0 

II 3.0 o. 1 2.4 6.0 

III 0 0 0 0 

IV 2.0 -0. 1 2.4 4.0 

V 3. 0 -0.2 4.2 6.0 

In summary, the TOG curves were selected to represent typical 

task progress behavior. The curves cover task from production to 

system design. A subsequent section gives the selection criteria in 

terms of typical tasks that each TOG curve best represents. 

Resource Operating Characteristic Curves 
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For each TOG curve there is a ROG curve which conceptually de­

scribes the application of resources over the life of the task. This is 

analogous, also, to the growth of plant life in that each specie of plant 

has a different water and fertilizer consumption desideratum. Too much 

water and fertilizer will retard progress, just as too little will retard it. 

If a task inherently starts slow, its progress cannot be efficiently 

enhanced by the addition of excessive resources. For example, a task 

that is difficult to set up or define, and can be set up by twelve men in 

twelve days cannot necessarily be accomplished by twenty four men in 
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six days. The resource application to the work process of a task is, 

therefore, dependent on the nature of task and has some predetermined 

depletion behavior. Then for each TOG curve there is an associated 

ROG curve. The nomenclature used in this investigation to associate 

them will be the numbering procedure. For example, ROG curve I 

goes with TOG curve I, ROG curve II goes with TOG curve II, etc. 

As the TOG curve monotonically increases with time, the ROG curve 

monotonically decreases with time, such that all the conditions are 

satified that were described in this chapter under 11 Mathematical 

Basis. 11 

The criteria and rules for selecting the ROG curves were 

(1) The absolute relative rate of change with respect to time for 

resource depletion had to lead the relative rate of change with respect 

to time for progress. 

(2) The lead requirement as set forth in (1) does not have to hold 

throughout the entire task life. 

(3) The maximum rate of change for resources with respect to 

time must occur before the maximum rate of change for progress by 

10 p·ercent of task life. 5 Expressed symbolically, 

0 < P 1 (t) - IR 1(t)I < 0. 10. - max max-

5 The 10 percent lead is based on the same theory that was used 
to select a c,:( for the limits of deviation for the TP and RD models 
later in this Chapter. The shift for t was the application of Equa-
tion (16). · max 
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The essence of the rules is that even though a task starts slowly, 

it also starts inefficiently, but somewhere along the sequence of time 

the application of resources become more efficient as more is learned 

about the work process. 

The relationship of the ROG and TOG curves was determined by 

comparing their derivatives. Since the ROG curve is dependent on 

the TOG curve, it was necessary to solve the derivative of each TOG 

· curve on the IBM 7040 computer and plot the results. These results 

were then compared to the absolute value of the derivative of Equation 

(24), for varying parameters of a and8 The model used was 

(31) 

where k 1 =a(l-28) and k 2 = 2a. 

The derivative of the TOG curves and the ROG curves were 

graphed as shown in Figures 33-37 of Appendix G-3, with the de-

rivative TOG curves and the absolute derivative ROG curves super-

imposed to show their relationships in each set of parameters. 

The parameters selected for the ROG curve are shown in Table II 

with the coordinate values and computational algorithm in Appendixes 

B-3 and B-4. 

A composite graph of the five ROG curves is shown in Figure 11, 

and a composite graph of the absolute derivative of the ROG curves is 

shown in Figure 12. 



TABLE 11 

PARAMETERS FOR FIVE ROG CURVES 

------

ROC Curve a 8 k, k2 

I 1. 5 0.3 o. 6 3. 0 

II 2. 5 0.2 1. 5 5.0 

III 0 0 
I 

0 0 

IV 1. 5 0 1. 5 3. 0 

V 2.5 -0. 1 3. 0 5.0 
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By analytically looking at Equation (31), a is inversely propor-

tional to 8 in terms of curve orientation. For example, as a decreases 

and 8 is held constant IR 1(t)j decreases, and as 8 increases IR 1(t)j 
max 1nax 

is shifted to the left. From Equation ( 16) 

t = t-8 

and 

t =0.5-8 
max ( 32) 

The IR 1 (t)I is at 0. 5- 8, with 8 being a chosen parameter for lateral 
max 

translation. 

The ROG curve is used in the computer algorithm. to allocate 

resources by day or any chosen time increment. The resource alloca-

tion model is 

RA = [R(t) j 6t )]R 

= [R(t1 -t2 )]R 

( 33) 

where R is the total resources and period t 1 to t 2 is the chosen alloca-

tion time period as illustrated in Chapter IV and Appendix D-4. 

The ROG curve is the basis for resource allocation for chosen 

time increments. The allocation patterns for all the selected TOG 

curves are illustrated by the IR 1 (t)I functions in Appendix C-3. 

For TOG curve IV, the resource allocation for the time incrern.ent 

6t = t 2-t1 • as shown in Figure 13, is 



2.0 

IR'(t)I 

., 
bl) 

C: 

"' .c: 

1.5 

~ 1.0 
0 

., -"' a: 0,5 

.47 

0-+---,--,--,---,--,--,---,--,--,---, ........ '-r-'"_,_____......,....~__,....,....~~.....---,~--,-~~-,-~~-• 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Task Life (%7100) t 

Figure 13. Resource Allocation Technique 

43 

From the computed values in Appendix B -4, let t 1 and t 2 equal 0. 36 and· 

0. 47, respectively, then 

R [R(\)-R(\)] = R[O. 66-0. 54] 

= 0. 12R 

where R = total resources allotted for the task. 

Task Progress Model 

It is not likely that actual task progress p·erformance will be a 

smooth pattern as described by the TOC curves because of progress 

fluctuations. Then the values on the sm.ooth TOC curve are the ex-

pected progress values for given values of hme, o-r P(t) = El?{tl 
To objectively and independently measure task progress. is; itself, 
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a difficult task, as described in Chapter II. If it is measured against 

some predetermined plan, the measure then becomes a function of the 

plan. Thus, if the plan is wrong, the progress measure is likely to 

be wrong. The same problem arose when Malcolm and others (10) 

found it necessary to estimate time for activity completion within a 

PERT network. This investigation proposes to extend the utility of 

the model used in PERT to independently estimate task progress for 

the TP model. Hereafter, TP will be used to represent task progress. 

The TP model includes the TOC curve, a TP curve, and a set of 

converging limits of deviation (LOD), as illustrated in Figure 14. The 

TP curve is a non-regressing function based on expected progress de -

rived from three estimates of task status and the PERT model. The 

est\mate of task status is determined by use of 

where 

a+4m+b 
6 

E[P] = Expected Progress 

a Pessimistic estimate 

m = Most likely estimate 

b = Optimistic estimate 

(34) 

These are illustrated in Figure 15. The estimates a and b are chosen 

such that 

f(P)dP~ ( f(P}dP f a a:, 

-CD Jb 0.001 

and 
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It is not necessary to identify the density function in Figure 15 since 
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this information would be of no use in this investigation. For possible 

further applications, a Beta distribution has been assumed to be a log-

ical fit for defining the variance ( 10). 
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p 

The limits of deviation are analogous to control limits for a sta-

tistical quality control chart in utility only. The limits are a function 

of c*, based on the work of Baumgartner' s status index and on empiri­
• 

cal investigations by this author. Baumgartner• s effectiveness curve 

for 11 good planning11 asymptotically approaches a predetermined status 

index function, plus or minus performance variance. This author• s 

empirical experimentation has indicated that as knowledge of a task in-

creases, planning effectiveness increases asymptotically to a minimum 

effectiveness of approximately 10 percent, as illustrated in Figure 16. 

For example, if a job of considerable length were almost complete 

and if an estimate of 60 minutes to complete were made, the actual 

completion could vary between 54 and 66 minutes. In praxis, closer 

restrictions seem unrealistic, and at the same time, more latitude 

is unrealistic. The limits of deviation are a function of time left 

for completion such that the 
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Upper LOD = E[P{t)]+o:c{ 1-t) 

and the (35) 

Lower LOD = E[P(t)]-o:c( 1-t) 

where o:c = 0. 10 and ( 1-t) is the time remaining. The decision-.maker 

in praxis would find a o:c that would be st fit his environment for varia-

tions of desired scrutiny. Table Ill gives the limit of deviations for 

the selected TOC curves. The limits of deviation are derived, when 

needed, with the computer algorithm on each run date, as described 

in Chapter IV and presented in Appendix D-3. 
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TABLE 111 

TOC CURVE LIMITS OF DEVIATION 
l'i 

TOC CURVES 

t I II III IV V 

ULOD LLOD ULOD LLOD ULOD LLOD ULOD LLOD ULOD LLOD 

0 0.10 0 o. 10 0 0. 10 0 0.10 0 o. 10 0 

o. 1 0.20 0.02 0.16 0 o. 19 0 o. 14 0 0. 10 0 

0.2 0.32 0.16 0.25 0.09 0.28 0.12 0. 19 0.03 0. 12 0 

0.3 0.45 0.31 0.37 0.23 0.37 0.23 0.27 0. 13 0.15 0.01 

0.4 0.58 0.46 0.53 0.41 0.46 0.34 0.36 0.24 0.21 0.09 

0.5 0.69 0.59 0.68 0.58 0.55 0.45 0.47 o. 37 0.31 0.21 

0.6 0.80 0.72 0.81 0.73 0.64 0.56 0.60 0.52 0.44 0.36 

0.7 0.87 0.81 0.90 0.84 0.73 o.67 0.72 0.66 0.61 0.55 

0.8 0.93 0.89 0.96 0.92 0.82 0.78 0.83 0.79 0.77 0.73 

0.9 0.97 0.95 0.99 0.97 0.91 0.89 0.93 0.91 0.90 0.88 

1. 0 1. 00 1. 00 1. 00 1. oc 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 

Resource Depletion Model 

As was the case for task progress, actual resource depletion will 

be variable and R(t) = E[R(t)]. The RD model consists of a ROC curve, 

a RD curve, and a set of converging limits of deviation as illustrated 

in Figure 17. The RD curve represents unexpended resources at 

chosen discrete time increments; it is a graph of the actual unexpended 

resources. 
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Figure 17. Resource Depletion Model 

The converging limits of deviation £or sequential scrutiny of re-

source depletion, as in the case of the TP model, are based on the 

premise that, at the beginning of a task, resources can be over or 

under expended up to approximately 10 percent without necessarily 

jeopardizing a target delivery date. 

The limits of deviation are derived as the 

Upper LOD = E[R(t)]-O:<( 1-t) 

and the 

Lower LOD = E[R(t)]+c):c( 1-t) 

where C):c = O. 10 and ( 1-t) is the time remaining. 
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Reference Table IV for limits of deviation for all selected ROC 

curves. 

TABLE IV 

ROC CURVE LIMITS OF DEVIATION 

ROC CURVES 

t I II III IV V 

fULOD LLOD ULOD LLOD ULOD LLOD ULOD LLOD ULOD LLOD 

0 0.90 1. 00 0.90 1. 00 0.90 1. 00 0.90 1. 00 0.90 1. 00 

o. 1 0.78 0.96 0.80 0.98 0.89 0.99 0.83 1. 00 0.88 1. 00 

0.2 0.66 0.82 0.67 0.83 0.72 0.88 0.75 0.91 0.83 0.99 

0.3 0.54 0.68 0.53 0.67 0.63 0.77 0.66 0.80 0.77 0.91 

0.4 0.42 0.54 0.38 0.50 0.54 0.66 0.56 0.68 0.67 0.79 

• 0.5 0.32 0.42 0.25 0.35 0.45 0.55 0.45 0.55 0.55 0.65 

0.6 0.22 0.30 o. 15 0.23 0.36 0.44 0.34 0.42 0.42 0.50 

0.7 0.15 0.21 0.08 o. 14 0.27 0.33 0.24 0.30 0.28 0.34 

0.8 0.08 o. 12 0.04 0.08 o. 18 0.22 o. 15 0.19 0.16 0.20 

0.9 0.04 0.06 0.01 0 . 03 0.09 o. 11 0.07 0.09 0.07 0.09 

1. 0 0 0 0 0 0 0 0 0 0 0 

The computer algorithm derives the limits of deviation for the RD 

model as it does for the TP model. These results are presented in Ap-

pendix D-3. Unlike the TP curve, the RD curve is empirical. It is the 

day-to-day accumulation of the depleted resouces. The RD curve is the 

"backbone" of the control procedure; it gives the signals for the decision-

maker to proceed in the examination process. 
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Summary of Selection Criteria for TOC Curves 

To summarize the TOC curve selection criteria and procedure, it 

is necessary to define the general types of tasks that are defined by the 

predicted characteristics of each TOC curve. (Reference Appendixes B 

and C for the following discussions.) 

( 1) TOC curve I. The type of tasks that would follow this pattern 

are those with relatively little or no set-up time and with considerable 

similar experience in the intermittent system. More specifically, this 

would be well defined drafting, general purpose machining, documenta­

tion, and other similar tasks. The tasks would be those where the 

progress could be somewhat enhanced by the application of additional 

resources such as typing or final documentation when maximum pro­

gress was desirable early to meet a critical delivery. For example, 

the addition of typists could increase the progress to a point of dimin­

ishing return and give the manager early indication of a timely de­

livery. From Appendix B, when 60 percent of the allowable time 

elapsed, 76 percent of the task would be completed with 74 percent of 

the resources depleted; .this gives the often desired latitude for com­

mitments on early deliveries. Over-use of this TOC curve would 

result in inefficient use of resources, and in praxis it would be the 

least used. 

(2) TOC curve II. This curve or predicted performance pattern 

would fit tasks that initially have a slow start but pick up momentum 
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rapidly. An example would be the reproduction and folding of schematics. 

The machine would have to be primed and checked for fluid. After the 

short set-up time, the prints could be reproduced rapidly, but the rela­

tive productivity would reduce during the folding and filing sequence. 

Another typical example would be machining a small precision item from 

bar-stock steel on a lathe. The initial reduction would be rapid but the 

precision process would take longer to perfect. For these kinds of 

tasks, the decision-maker could tend to overload the initial resources 

by discounting the relatively simple set-up required. Referring to 

Appendix B, when 20 percent of the time has elapsed only 17 percent of 

the task is complete and with 25 percent of the resources depleted. Yet, 

when 50 percent of the time elapsed, 63 percent of the task would be 

complete with 70 percent of the resources depleted. This indicates a 

better utilization of resources as the task progresses up to a point. 

(3) TOC curve III. This curve would be used for simple tasks with 

considerable similar experience and usually those tasks of long duration 

in the range of three months or more. Both the predicted task progress 

and resource depletion are a constant level throughout task life. This 

means that a task with a 100 day delivery requiring 100, 000 manhours 

and $10,000 material would progress at the rate of one percent per day, 

using 1,000 manhours per day and $100 of material per day. If the de­

sired manhour level were not available, the TP and RD models would 

develop trends to this effect and another TOC curve selection would be 

necessary. TOC curve III would be the most frequently used of all the 

TOC curves since it would be the most favorable initial selection when 
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tasks become difficult to define exactly. The decision-maker would tend 

to rely on the empirical trends developed by the RD and TP curves as a 

guide for the correct TOC curve. 

(4) TOC curve IV. This culrve would represent the performance of 

pragmatic operations research studies where similar state-of-the-art 

experience had been acquired. It could also represent systems develop­

ment, systems design, etc. when phases were quasi research or difficult 

to define. The experienced decision-maker would recognize this slow 

beginning without great concern since once this period was past, re:lative 

progress would increase rapidly. For example, from Appendix B, when 

20 percent of the time elapsed, 11 percent of the task would be complete 

with 17 percent of the resources depleted; yet when 73 percent of time 

elapsed, 73 percent of the task would be complete with 76 percent of the 

resources depleted. This curve would have special utility for industrial 

engineering and operations research ta1;1ks in the aerospace industry. 

(5) TOC curve V. This curve would represent tasks with greate1;1t 

complexity in set-up and definition, such as development where the 

current.;.state-of-knowledge had to be acquired. It would represent applied 

research· tasks when the recruitment of special skills was part of the 

plan. Such tasks have an unusually slow beginning. For example, when 

10 percent of the time elapsed, one percent of the task would be completed 

with three percent of the resources depleted. After this slow period,_. 

relative progress would increase to a maximum late· in the task cycle. 

For example, when 80 percent of the time elapsed, 75 percent of the 

task would be complete with 82 percent of the resources depleted. 



The five TOC curves encompass .the general types of tasks; however, 

extreme types of tasks are not included. Extreme cases exist just as 

they exist in the growth of plant life. There are exceptions for accele-

rating task progress through special applications of automation and com-

puters just as plant growth can be accelerated through the use of hydro-

ponies. For the purpose of this investigation, it was assumed that the 

task plan is developed in an environment which defines these par9-meters 

in praxis. The algorithm developed in this dissertation is not limited to 

work environment; it is necessary, however, for the decision-maker to 

know the environment for TOC curve selection. If automation and com-

puter applications were in the realm of his tools, these considerations 

would be a factor in the planned task progress pattern. 

Optimal Path Model 

Since it is not desirable and, in most cases,· not feasible to induce 

a ramp input into the TP and RD curves to program the variations back 

to the TOC and ROC curves, an optimal path model is developed. 6 

There are 13 exception states depicted by the composite algorithm 

developed in Chapter IV. Concluding decision rules are presented in 

Chapter V for each state. These decision rules are, in part, based on 

the optimal path model. If task progress were exactly on the lower 

limits of deviation and if resource depletion were exactly R{t) for a. given 

6 Optimal describes the most favorable extension ,of the TP and RD 
curves for meeting the planned objectives of the TOC and ROC curves. 
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t, then the signal would be to increase the progress rate by 10 percent 

over the remaining life of the task without increasing the resource 

application rate. Such an increase would guarantee that the task would 

be 100 percent complete on the delivery date with all the resources 

depleted. 

Also if resource depletion were on the upper limits of deviation and 

if task progress were also on the upper limits of deviation, then both task 

progress and resource allocation should be decreased by 10 percent per 

day for the remaining life of the task. Less than 10 percent per day, for 

either or both, would result in either an early delivery or an overexpendi-

ture of resources before delivery. The first condition is not detrimental, 

but it is also not optimal since the finished product has to be maintained 

in inventory until delivery. 

The decision-maker, by comparing the TP model with the RD model, 

can perform selectivity analysis for TOC curve changes or sensitivity 

analysis for resource trade-offs. As an example of selectivity analysis, ,, 

if wrong TOC curves were selected, the TP and RD models would develop 

trend toward an undesirable or exception condition. In sensitivity, the 

decision-maker could manipulate the resource allocation and test the 

expected effect that the manipulation would have on task progress. 

The significant feature of the converging limits of deviation are 

exception guidance that they give the decision-maker in terms of repro-

gramming, progress strategy, and resource allocation or whichever one 

is affected. It is a unique control algorithm for 11 managernent by excep-

tion. 11 The 11 management by exception rules 11 are initiated with the RD 
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model since the decision-maker first examines the resource status. 

I£ the RD curve shows a point outside the limits of deviation, he in­

spects the progress status for compatibility. I£ the RD curve is within 

the continue zone, he inspects the TP curve, but is only concerned with 

progress status. I£ the progress status is outside the limits of devia­

tion, he then looks back to the RD model for possible trade-offs among 

the allowable resources. 

When the RD curve is, at any time, on one of the limits of deviation, 

the decision-maker knows immediately that the resource expenditure 

must be increased or decreased 'by 10 percent (since C~:~ = 0. 10) to de­

plete all resources on the specific delivery date. I£ the RD curve is 

outside the limits of deviation, a procedure for the optimal utilization 

of resources can readily be obtained by this deviation percent. For 

example, if a point on the RD curve were 0. 54 when E[ R(t I t 0 =0. 41)] = 

O. 61 for ROG curve IV, and the upper limits of deviation= 0. 55, the 

optimal path is a constant decrease of 11. 9 percent during the remainer 

of the task life. Figure 18 illustrates the foregoing example for TOG 

curve IV. When exceptions occur, there is an optimal procedure for 

the decision-maker to deploy. Any reduction in depletion rate greater 

than 11. 9 percent is unnecessary since the derived percentage meets 

the criteria of not over-expending resources. The decision rule cover­

ing the state of the system at this point is covered in Chapter V. As­

suming the decision-maker chooses to continue with the selected TOG 

and ROG curves, he must decrease the resource depletion rate by 11. 9 
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percent so that the resources will not be completely expended prior to 

the task delivery date. 
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The prognostic utility of the RD model lies in its ability to indicate 

potential over-runs in resources before such over-runs become detri-

mental to the task delivery; at the same time, coupled with the TP model 

it serves as an analysis and prediction tool for progress slippage. The 

features are realized by scrutinizing the sequential behavior of both the 

TP and RD curve trends. 

The logic of the optimal path model is the same for both the TP and 

RD models except for sign convention. To establish this difference, the 
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mathematics are developed for the optimal path model separately. Con-

sider first the TP model as shown in Figure 19. 
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Figure 19. Optimal Path Model for TP Curve 

s = p 

[ P(t) lt0 ) - TP(tjt0 )] 

( l-t0 ) 

1.0 

(37) 

Where the strategy Sp is the progress increase rate in percent for the 

remainder of task life. When S?O, the strategy is to increase the pro-

gress rate, and when sp<o, the strategy is to decrease the progress rate. 

Using the same logic, consider Figure 20 for the RD model. 

Now let 



R(t) 
& 

RD(t) 

0 
0 

+ a, .... 
a, -
C. 
a, 

-c, 0.5 

* .._, 

"' a, 
u -:, 
0 

"' a, 
a,: 

0 

[ R(tlt0 } - RD(tlt0 ) J 
( l -t0 ) 

I 
High Zone 

Upper 

t 0 0.5 

Low Zone 

LOD 

Curve 

Task Li fa (%'i-100) t 

Figure 20. Optimal Path Model for RD Curve 

(38} 

1.0 

where S:i>O, the strategy is to decrease the depletion rate, and when 

SR<O, the strategy is to i.ncrease the depletion rate. 

A complete summary with decision rules for other states of the 

system is presented in Chapter V. The computerized allocation and 
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control algorithm presented in Chapter IV uses the models presented in 

this Chapter. 



CHAPTER IV 

THE COMPOSITE ALGORITHM 

The composite algorithm is a system of computer runs, which 

develops TOC curve and ROC curve tables from externally defined 

parameters, assimilates task data, analyzes task data with respect 

to TOC and ROC curves, and allocates resources in the intermittent 

system under real and simulated conditions. 

Basis of Algorithm 

The composite algorithm is assignee. no control over the inter­

mittent system; rather, it is designed for use as a tool for control by 

the decision-maker. The algorithm is based on the assumption that 

anything can happen to the intermittent system; it can and will be over­

loaded, underloaded or loaded unevenly, overstaffed or understaffed, 

or generally mismanaged. The function of the computer algorithm is 

to accept any set of circumstances and events and analyze their present 

and future effect on the intermittent system in terms of load, capacity, 

and time. The analyses are designed as guides for optimum allocation 

and control of resources. 

Basically, the composite algorithm accepts as inputs the intermittent 

system characteristics, load, and capacity as defined by the decision-
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maker. This input may be real, simulated, or a combination of both. 

The outputs of the algorithm are, generally, the status of each task in 

the service facility, the status of each task in the queue, the status of 

resources, the resultant load on the service facility, and the resultant 

load on the intermittent system as a whole (i.e. , service facility plus 

queue and queue overload, if any). 

The definitive control of the intermittent system within the com­

posite algorithm rests with the decision-maker rather than with the 

computer algorithm itself. Thus, the decision-maker has the capability 

of facile study of effects on the interrnittent system by varying the ele­

ments of the intermittent system load. Singly or in combination, any 

of the following can be varied with the remaining elements held constant: 

load mix (i.e., tasks, resources per task, task delivery dates), task 

position (in queue or service facility), and intermittent system capacity. 

Computational Algorithm 

The nucleus of the composite algorithm is contained in computer 

run (CR) 5, and it is this run toward which all others .are directed. 

Here, the algorithm is in four phases, the first two of which are reite­

rated to perform the last two. Referring to Figure 21. the first phase 

reads a task record (1) from master magnetic tape, analyzes the task 

record, and prints a line with exception messages for that task (2), 

accumulates data for use in Phase II (3), and repeats this procedure 

until each master in the facility has been analyzed (4). It then goes on 
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to Phase II, analyses of the facility load data accumulated in Phase I 

(5). At the compl_etion of the printing of the facility load analysis (6), 

the program reiterates Phase I as Phase III {l), which is the analysis 

and review of each task in the queue. Records continue to be read from 

tape (1), analyzed (2) and data accumulated {3); however, this time the 

records are those of the tasks in the queue. When the last record is 

processed in Phase III, the program continues to Phase IV. First, the 

data accumulated from Phases I and III are analyzed (5), then the 

analysis printed out (6), and the decision made to terminate the pro­

gram .(7). 

A more comprehensive flow chart of the computational scheme may 

be found in Appendix D. 

The basic input of CR 5 contains: 

( 1) Date input card. 

(a) Run-Julian date. 

(b) Run-day number. 

(2) Capacity calendar. 

days. 

(a) Array of Julian dates for days = 1, 2, 3, .... , n. 

(b) Corresponding day numbers. 

(c) Corresponding system capacity for time increments in 

(3) ROG curve and TOG curve tableaux. 

(a) ROG curve percentages of resources remaining corres­

ponding to each percent increment in time. 
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(b) TOC curve percentages of task completion corresponding 

to each percent increment in time. 

( 4) Task master file. 

(a) Task numeric identification. 

(b) Task alphanumeric nomenclature. 

(c) Resources available at time zero (t ) o· 

(d) Resources at time t 0 +x. 

(e) Task start date. 

(f) Task deadline or delivery date. 

(g) TOC curve identification. 

{h) ROC curve identification. 

(i) Task progress data (a, m, and b). 

(j) Position in the intermittent system. 

{k) Priority numeric identification. 

The capacity calendar, the ROC tableau, and the TOC tableau 

are first loaded into computer memory where they will be held for 

random search during the computer multiphase operation. The task 

master file is in sequence by position in system, (facility first, 

queue last), priority in system, and task numeric identification 

(task numeric identification is assigned by the decision-maker which 

affords subpriority assignment flexibility). The decision-maker has 

the option, on any execution of CR 5, to insert artifacts into the task 

master file to actuate the total intermittent system for analysis of 

effects by simulation. With this simulation capability, any element 
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of a current task may be changed. If desired, simulated task 

master "records are read into another input unit in a sequence analo-' 

gous to the real task record file. These simulated tasks are matched 

and merged with the real tasks. Wherever a synonomous condition 

occurs, the simulated task is processed in lieu of the real task. A 

non-synonomous condition between. simulated and real task records 

causes the simulated task record to be processed in its sequential 

position. 

All task master records are processed nondiscriminantly. Hence, 

in the. remainder of this chapter,. a reference to a task master record 

may be considered to be to either a real or a simulated task record. 

Each task master record has been assigned a start date and a 

delivery date. As each task master record is read into the com-

puter memory, the dates are converted to a numerical value by ran-

dam search of the capacity calendar already in the memory. This 

numerical value corresponds to the working day sequence of that 

particular date within a range of dates as signed to the calendar by 

,/ 
the decision-maker. Thus, if there were to be no weekend work. 

and the calendar range began in February 2, ,1964, the first portion 

of the internal calendar would appear in the computer memory as 

illustrated by Table V. 

The difference between the deadline-day number and the start-time-

day number is then computed and is used as. the number of working 

days allotted for task completion. The remainder after subtraction of 
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the start day number from the CR day number, if positive, is the 

number of days depleted. Number of days depleted divided by days 

allotted, times one hundred yields the percent of days depleted. The 

percent time depleted is the calculated abscissa value used as the key 

to random search routine of the TOC and ROC tableaux. The random 

search is performed to find the corresponding ordinate values in the 

memory tableaux; these values are then stored for further utility. 

TABLE V 

CAPACITY CALENDAR TABLEAU 

Week Day Date Day No. Capacity 

Mon. 640302 001 XXX 
Tue. 640303 002 XXX 
Wed. 640304 003 XXX 
Thu. 640305 004 XXX 
Fri. 640306 005 XXX 
Sat. 640307 005 000 
Sun. 640308 005 000 
Mon. 640309 006 XXX 

etc. etc. etc. etc. 

The decision-maker's estimates have been placed on the record 

from CR 4. An internal computation of the expected task progress is 

accomplished by Equation (34). Refer to page 43 for a mathematical 

and graphical explanation of the task progress model. 

The allowable tolerance of the ROC curve at the calculated ab-

scissa is computed by the procedure described in Chapter III. The 
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tolerance values are then added to arid subtracted from the ROC curve 

value for the upper and lower limits of devic!,tion. If an upper limit 

of deviation is found by the computer to have a value greater than one 

hundred percent, this value is replaced by one hundred. If a lower 

limit of deviation is less than zero, its value is replaced by zero. The 

percentage of resource depletion is then compared to determine if it 

falls within the continue zone for the given time. If resources remain­

ing are greater than the allowable limits, the message RD LO is set 

up to print out along the other line data, which means that too many 

resources are remaining according to the ROC curve plan. Such a 

message would indicate to the decision-maker that a check on task 

progress should be made to see if the TP curve is in the low zone. 

If resources remaining fall below the lower limit of deviation, then 

the computer prepares to print the message RD HI which means that 

too few resources are remaining. Such a message would also direct 

the decision-maker to check status of the task progress. 

The allowable deviation values are added to and subtracted from 

the TOC curve value for upper and lower limits of deviation, respective­

ly. The upper limit of deviation is compared to one hundred percent, 

and if higher, the value one hundred is substituted. The lower limit of 

deviation is compared to zero, and if lower, zero is substituted. 

The expected progress is checked against the upper and lower 

limits of deviation within the cqmputer. If the expected progress is in 

the high zone, the message EP HI is set up to print. If the expected 
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progress falls in the low zone, the mes sag<:' EP LO is prepared for 

print. 

In cases where there is no violation of the limits of deviation in 

TOC and ROC curves, there are no additional mes sages printed out. 

This concept of exception messc1;ges is followed throughout the program. 

Resources depleted are compared to resources allotted for each 

task and if greater, the message OVERX is prepared to print. 

The computer program compares the start date to the CR date, 

and in all cases, where it is low ( start date past) and the task is in the 

queue position , the message LATES is readied to print. 

All task records, whether in facility or in queue, have their 

deadline date compared to the CR date to ascertain if the deadline is 

past. I£ the deadline has past, the message LATED is prepared for 

print. 

All priority tasks have printed the exception message PRIOR. 

After all of the above computations and checks have been performed, 

the computer prints a data line for the last task record processed and 

all the exception messages prepared for the corresponding task. 

After the line is printed for the task, the computer then analyzes 

the task in terms of load per day. To accomplish this, an internal tab­

leau skeleton is retained in storage which was entered on initiation of 

the computer algorithm operation. Within this tableau, an accumulator 

represents day increments of time specified by the decision-maker via 

the capacity calendar. It is not practicable for the computer to predict 
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the ramifications of exceptions found in the foregoing described functions. 

Therefore, each task is presumed to have a normal theoretical effect 

on the intermittent system load, based on the TOC and ROC curves. All 

exceptions will be accounted for by redefinition of the tasks and capaci­

ties within the simulation option by the decision-makers as described 

later in this chapter. On this basis, the computer program takes the 

remaining resources (resources allotted minus theoretical resources 

depleted) and distributes these resources to the applicable load accumu­

lators for each day. This is done by taking the slope of the ROC curve 

at each day not yet reached and adding the product of that slope and the 

mean resource depletion to the task into the corresponding day-load 

accumulator. This procedure is repeated for each task within the 

facility. Upon encountering the task record for the first task in the 

queue, the computer ceases printing task data lines This ends Phase 

I, and embarks on printing the filled-out skeleton tableau for the tasks 

in the facility, which begins Phase II. A line is printed for each day, 

indicating that day's load in terms of resources, the sy$tem capacity 

(from the internal capacity calendar), and any difference in terms of 

excess capacity or overload in resources. Upon completic.n of this 

print-out, the data in the tableau is retained and the computer reverts 

to analyzing and printing data lines for each task; however, this time 

the tasks are those in the queue, and the day-load tableau contains 

The day-allocations for each task in the facility, as illustrated by 

Phase III, in Figure 21, page 62. When the last task in the queue 
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is found, analyzed and printed, the computer enters Phase IV and 

prints out the intermittent system allocation by day. This analysis is 

similar in logic and format to the load analysis of Phase II, except 

that the load of the facility, queue, and queue overload, if any, are 

· analyzed rather than only the facility load. After this output is accom­

plished, the simulation is terminated. 

Procedural System 

The procedure of the composite algorithm follows the concept that 

decision-makers are capable of, and best qualified for, predicting 

the behavior of progress and resource depletion. The computer can 

serve the decision-maker as a central data compilation and dispersal 

point to complement and supplement his experience and knowledge fer 

allocation and control of resources. 

The' first step into the computer algorithm (see Figure 22a) was 

the definition by management of the general range of TOC and ROC 

curves that are to be considered as potential curves to represent ope­

rating characteristics of tasks to be serviced by the particular inter­

mittent system. With the parameters for the general area of examina­

tion defined, a program was written in FORTRAN IV language to make 

a cursory examination of this wide range of curves. The program was 

written in such a manner that a plot of the general characteristics of 

each curve could be obtained for 10 percent increments of time in order 

to facilitate subsequent analysis by management. 
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The tables produced by the preceding program are then perused by 

decision-makers to find a set of operating curves that fit the character­

istics of their work, based on experience and knowledge, as discussed 

in Chapter II. These tables are also held in abeyance for later referral 

in analysis. of the task behavior in conjunction with the family of curves 

selected. 

The particular curves that the decision-maker selects for possible 

task operating characteristics within his specific system are redefined 

for calculation of detailed and precise tableaux of TOC and ROC values 

for implementation of the composite algorithm. The ROC values are 

dependent upon the selected TOC values, as described in Chapter III. 

This definition is used as input to a modification of the FORTRAN program 

for producing punched cards in the format to be used as an input to CR 5 

(see Figure 22). This procedure is for the purpose of building internal 

tableaux of TOC and ROC curves within the computer memory. 

Another more dynamic and repetitive function of the decision..:maker 

is the definition of a capacity calendar. This calendar sets forth the 

criteria for the allocation of re.sources for day increments and the inter­

mittent system capacity within each day increment. By changing this 

calendar as desired, the effects of different work schedules and capac -

ities on the intermittent system can be examined by vacarious experimen­

tation. This will be discussed in more detail later in this chapter. 

Once the intermittent system parameter's have been defined, the 

periodic procedure of the algorithm can be initiated. This periodic 
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procedure is described in the following treatise and illustrated in Fig­

ure 22. 

As demands are made on the total system, they are routed to the 

appropriate intermittent system and decision-m.aker. The decision­

maker may desire to accept them as task orders into the system im­

mediately or analyze them to determine their effects upon the system 

before making the accept or reject decision. The former case shall 

be described first in order to facilitate description of the latter. 

The decision-maker accepts a task or processing and as signs it 

a TOG curve; automatically, a ROG curve is associated with the se­

lected TOG curve. The task is entered into the work load system, and 

thus given a start date if one has not already been designated. It is 

al~o positioned in the system (facility or queue) and assigned a pri­

ority, if applicable. The task is now ready for entry into the system 

for resource application. 

The task data are keypunched in a standard format into unit records 

with one task order per record. These unit records are sequenced for 

use throughout the computer algorithm; the major control is position 

in system; the secondary control is priority; the minor control is task 

number. These unit records are then transformed into a magnetic 

tape record. This record becomes the task master record. 

Periodically, resource utilization reports are submitted for ap­

proval by the decision-maker. These reports contain the 

(1) Task number. 

(2} Resources depleted for the report period. 
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Upon approval by the decision-maker the resource utilization reports are 

keypunched into unit records. 'these records are held for processing 

with other task transactions. 

Periodic completion estimates are made by the decision-makers. 

These estimates include the 

(1) Task number. 

(2) Pessimistic percent progress made (a) to date. 

(3) Most likely percent progress made (m) to date. 

(4) Optimistic percent progress made (b) to date. 

The foregoing estimates are retained in unit records. 

The unit records and the estimate inputs are sequenced by task 

number to form a task transaction file. This file is then used as 

input to CR 4 which updates the task master file. This CR produces 

an up-to-date task master file from the new task master records 

created in CR 3, the existing task master records, and the task trans­

actions. The file now includes current status (task and/or queue), 

resources depleted to date, decision-maker's progress estimates, 

changes in priority, and/or curve assignment. 

The newly produced task master file, the TOC and ROC curve 

input tableaux, and the capacity calendar are now available as input 

to CR 5, which is the nucleus of the computer algorithm. Refer to 

the preceding section for detailed description of CR 5. 

In general, this program transcribes each task master record, 

and with the data contained in the record, performs the following 



functions: 

(1) Computation of percent resources depleted. 

(2) Computation of expected percent progress. 

(3) Computation of percent time depleted. 
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(4) Performance of random search for TOC and ROC coordinates 

for each percent time depleted. 

(5) Computation of limits of deviation of TOC and ROC coorinates 

found in search routine. 

CR 5 displays all of the above facets for each task as illustrated 

in Appendix D-3. Exception messages are printed for the following 

conditions: 

( 1) Re source depletion in the high zone. 

(2) Resource depletion in the low zone. 

(3) Expected progress in the high zone. 

(4) Expected progress in the low zone. 

(5) Start date past and task still in queue. 

(6) Deadline date past and task not complete. 

(7) Priority task. 

(8) Resources over expended. 

As a by-product two other outputs are produced from CR 5. They 

are intermittent system load-by-day increments and the TOC and ROC 

variations for subsequent analysis in CR 6. For the intermittent 

system load-by-day refer to Appendix D-4: This by-product is the 

result of the allocation of all resources theoretically not used, as a 
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function of time and using the ROC curve. For each work day defined 

in the capacity calendar, the load for that day is accumulated and dis -

played, along with the capacity, the excess capacity, and the overload. 

The actual resource depletion versus ROC curve coordinates, the ex­

pected progress values versus TOC curve coordinates, and the inter­

mittent system resource allocation analysis by day, are now available 

for management information as to the status of the system and for use 

in controlling task progress and resource depletion. 

The same program can be utilized with artifacts for systems 

simulation. Thus, proposed remedies to exceptions noted in CR ? can 

be simulated in CR 7 before testing them in the real world. For 

instance, to alleviate an overload, start dates of several tasks might 

be moved back in time by means of pseudo task records, and the ~ffects 

effects of alterations can be analyzed. The effects of any alteration on 

the total intermittent system can be scrutinized with simulation on one 

or any combination of the factors of load mix, capacity, or work day 

schedule. 

The same simulation can be used to assist decision-makers making 

their decisions on any task or group of tasks, and under what conditions 

to make them. The decision-maker can simulate a task into the total 

intermittent system to determine if its requirements overload the 

system at any time. In the event that the results cause an overload 

state, the amount of overload is indicated and can then be used to de -

termine the cost of the acceptance of the job. The anticipated cost 
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would then be weighed against the expected income and intangibles in 

order· to determine the profitability of accepting or rejecting the job. 

Decision-makers would perform viacarious experimentation with possible 

solutions to a system overload to determine the effectiveness· and feasi­

bility of the solutions. 

Conversely, excess capacity could be analyzed to determine which 

types of jobs would be the best to solicit at any p~rticular time. The 

factors in determining such marketing parameters are the duration of an 

excess capacity condition and the amount of excess capacity in incre­

ments of time. Obviously, the range of start and delivery dates and the 

size of tasks are partially defined by the valleys in the load. It is 

necessary to fill these valleys and smooth the overloads to optimize 

the allocation within specified capacity. 

Any combination of tasks, delivery dates, start dates, resource 

allocation schemes, and capacity and work schedules can be defined and 

analyzed by the computer algorithm by the decision-makers. 

The second by-product of CR 5 is an analysis in CR 6 of variations 

of real data from the TOC and ROC curves in 10 percent range increments 

of time depleted, and the progress and resources depleted. The number 

of variations is recorded along with the total number of points in the 

range. Any consistent pattern of deviations from the curve becomes 

readily apparent in this cross-indexed analyses. When observed over 

time, an analysis of variations will yield necessary adjustment to the 

TOC and ROC curves. · 



The generated states of the intermittent system are: 

(1) State A. Systems balanced (demand= capacity). 

(2) State B. Priority tasks. 

(3) State C. System underloaded. 

(4) State D. System overloaded. 

(5) State E. RD in continue zone with E[TP] in continue zone. 

( 6) State F. RD in continue zone with E [TP J in high zone. 

(7) State G. RD in low zone with E [f P] in high zone. 

(8) State H. RD in low zone wit4 E[TP] in continue zone. 

(9) State J. RD in low zone with E[TPJ in low zone. 

( 1 O) State I. RD in high zone with E [TP] in high zone. 

( 11) State K. RD in continue zone with E [TP] in low zone. 

( 12) State L. RD in high zone with E [TP] in continue zone. 

( 13) State M. RD in high zone with E [TP] in low zone. 
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The foregoing decision criteria are generated for inspection by the 

decision-maker. For real world applications, each decision-maker 

would find particular sets of execution rules that be st fit his environ­

ment, but generally, the following sets are applicable. Refer to Figure 

12, page 41, and Figure 15, page 46, for the zone descriptions of the 

TP and RD models. 

State A. System balanced. This state is brought about when the 

demands are equivalent in terms of requirements for capacity as there 

is capacity available. In terms of an allocation and control concept, 

the decision-maker would continue work in anticipation of relieving 
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capacity prior to the arrival of new business. 

State B. Priority tasks in system. In this state tasks with prior­

ity are placed as the first element in the queue or in the facility if 

capacity is available. If more than one task had priority, they would 

be sequenced according to first-come first-served priority task. 

State C. System underloaded. The system will be underloaded 

when the total demand is less than the available capacity. This con­

dition would exist when the computer prints out only the "facility" load. 

Refer to Appendix D-4 for this state. The decision-maker could take 

this information to the marketing function for increased emphasis on 

sales in chosen areas. 

State D. System· overloaded. The system is overloaded when the 

demand becomes greater than the capacity. This state would be realized 

when the computer listed both "facility" and "queue", as illustrated in 

Appendixes D-3 and D-4. The decision-maker would hold all overload 

work in a single channel queue for service on a first-come first-served 

basis unless a priority demand is received, in which case exception of 

state Bis applicable. The computer would print a late start message. 

The late start would normally cause delivery slippage. 

State E. RD in continue zone with E[TP] in continue zone. This is 

optimal state and the decision-maker would concern himself with trend 

only. If the trend were toward the limits of deviation, he would use the 

prognostic feature of the algorithm. 

State F. RD in continue zone with E [TP] in high zone. This is an 



82 

acceptable state. The actual resource depletion is as planned. Thus, 

since the E [TP] is an estimated point, the decision-maker would look 

upon the state as very desirable. 

State G. RD in low zone with E[TP] in high zone. The decision­

maker would realize that the initial total resources were more than 

actually needed and depending on his environment, he would either con­

sider the potentially unexpended resources as additional capital gains or 

return them as unused resources. In either case, he normally would not 

act until the task delivery date since the E[TP] point is an estimate of 

progress. 

State H. RD in low zone with E [TP] in continue zone. This is a 

favorable state since progress is acceptable with a low resource depletion. 

It indicates that if the same relationship prevailed, the task would be 

completed prior to using all the resources. The system I s environment 

would supply the decision criteria for the disposition of the remaining 

resources. 

State I. RD in low zone with E [TP] in low zone. This state would 

indicate that the wrong TOC curve had possibly been selected or that 

optimal utilization of resources had not been perfected. The first rule 

would be for the decision-maker to increase the resource utilization in 

accordance with the optimal path model described in Chapter III. If the 

RD curve failed to follow the optimal path, the decision-maker would 

review the selected TOC and ROC curves. If the selected TOC curve was 

I, II, III, or IV, then a general rule would be to examine the curve with 
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the next highest number (the one with the next larger alpha and the next 

smaller delta). Then, if such a state exists, the decision-maker would 

execute the optimal path model described in Chapter III to attempt to 

increase progress by the application of additional resources. In praxis, 

this would normally develop trend toward the desired results. 

State J. RD in high zone with E[TP] in high zone. This state 

represents the opposite of State I. As a result, the opposite strategy 

would be used. Rather than shifting to the TOC curve with the next higher 

Roman identification numeral, the decision-maker would shift to the next 

lower identification numeral until the empirical state was matched with 

its appropriate performance characteristic. If a TOC curve with an 

a= 2. 0 and a 8= O. 2, which are the parameters of TOC curve I (see 

Appendix D), were needed the algorithm possesses this flexibility. 

However, as described in Chapter II, the necessity of such parameters 

would be rare. The optimal decision would be to use the optimal path 

model described in Chapter III to cause the RD curve to approach 100 

percent as t ~ 1. O. In essence, resource utilization can be reduced so 

that when t= 1. 0, actual RD = 1. 0. This would generally mean that the 

task was completed prior to delivery with unused resources. 

State K. RD in continue zone with E [['P] in lo~ zone. This state 

would indicate that productivity per resource unit is lower than planned. 

Such a situation would direct the decision-maker to first re-examine 

the total allotted resources for the task to determine if an adequate 

quantity had been allotted. After re-examination, if total resources 



were realistic, the decision-maker would examine the system's en-

vironment to depict potential cause of low productivity. Corrections 

would be made dependent on the judgment 0£ the decision-maker. 

State M. RD in high zone with E [TP] in low zone. This state is 
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probably the least desirable of all states. It indicates that inadequate 

total resources were allotted at the outset of the task. As a result the 

decision-maker must develop a new resource requirements plan. This 

could result in monetary losses if contractual arrangements were binding 

or if additional resources were not available. Otherwise, the decision­

maker's decision would be absolutely dependent on the system's environ­

ment. 

State L. RD in high zone with E [TP] in continue zone. This state 

primarily indicates the possibility of over expenditures of resources. 

The decision-maker would first try the optimal path model to attempt to 

bring the RD curve back to its upper limit of deviation without causing 

the TP curve to approach its lower limit of deviation. Also, total allotted 

resources at the beginning of the task would be examined. If total re­

sources were under-allotted, adjustments and limitations analogous to 

State J would be required. 

In conclusion, the conceptual phenomena and mathematical models, 

linked with the computer to form a composite algorithm, served as 

valid bases for an allocation and control algorithm for intermittent de­

mands on work process systems. It is anticipated that the heuristic 

modeling procedure will serve as basis for further research in quanti­

tatively describing work process systems. 



CHAPTER V 

This concluding chapter will be composed of three sections. The 

first will summarize the total dissertation in terms of the objective, 

purpose, and hypothesis. The second will conclude the findings of the 

investigation. The third will propose some future extensions of the 

inve stig at ion. 

Summary 

The objective of this investigation was to develop a diagnostic and 

prognostic algorithm to place decision-making for the allocation and 

control of resources on a quantitative basis. The purpose was to cir­

cumvent the existing rules-of-thumb, subjective, and non-computer­

ized decision-making methodologies with the algorithm. The hypothesis 

was that a heuristic algt>rithm can be developed to establish quantitative 

criteria for allocating, monitoring, and controlling resources within 

intermittent systems. 

To accomplish the objective, a system of mathematical models was 

conceived and developed for simulation on the computer. Vicarious ex­

perimentation was used to indicate the validity of the algorithm. The 

models were developed with manipulatable parameters such that all 

basic feasible conditions could be examined. 
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The system of models was based on the premise that task progress 

was the growth of concepts or the accumulation of produced items in 

work processes. This premise was used to develop a TOC curve which 

served as the basis for a ROC curve, a TP model, a RD model, and an 

optimal path model. These models were integrated with the IBM 1401 

and 7040 computers for a composite resource allocation and control 

algorithm. 

Conclusions 

Based on the supposition that task progress is analogous to the 

growth of multicelluar organisms, a TOC curve was conceived~ de­

veloped, and used as the basis for a ROC curve, a TP model, and a 

RD model. These mathematical models we.re integrated with the com­

puter for the development of a composite algorithm. The computer 

algorithm was used to develop a set of states for intermittent systems, 

and decision rules were postulated to encompass each state. Through 

vicarious experimentation, the hyp9thesis was accepted. 

An optimal path model was conceived and developed for the decison­

maker to use for exception management. The model afforded guidance 

to the decision-maker when the actual resource depletion and expected 

progress were outside the continue zone of the respective models. The 

research performed in this investigation supported the validity of 

mathematically describing and computerizing criteria of industrial 

systems normally described by non-mathematical and non-

computerized techniques. 
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The final results circumvented the existing rules-of-thumb, 

subjective, and non-computerized techniques and validated the feasi­

bility of quantitatively describing physical industrial phenomena 

through the applications of operations research methodology and the 

digital computer. It is anticipated that the results of this investiga­

tion will find many useful applications in praxis. The heuristic pro­

perties of the models and the composite algorithm developed in this 

investigation should pave the way for continued research and de­

velopment, not only for this area of industrial engineering, but for 

many neophyte areas where subjective methodology is being debilitated 

by the advent of the complexity of the aerospace industry. 

Recommendations for Extensions 

The pertinent computational algorithms, data, flow charts, and 

experimental results were retained in the Appendixes to assist in 

future extensions. The models were developed without dimensions 

so that maximum flexibility was sustained for model manipulations. 

There are several possible extensions to the algorithm; some would 

only enhance the efficiency of computer utilization, which will not be 

explicitly discussed. 

A logical extension would be for the inclusion of the project con­

cept {reference Figure 1, page 6) where a project operating character­

istic {POC) curve would be the average of all TOC curves representing 

the tasks that make up the total project. It seems reasonable that since 
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the TOC curves are dimensionless, an average would represent the 

total project performance characteristics. Such an experiment could 

possibly be performed in the laboratory where actual standards were 

predetermined so that comparisons could be made of predicted versus 

actual progress. The multi-task project complexity could be varied 

to determine a planning-difficulty index. Resources in the laboratory 

could be artifically defined in terms of losses for failing to produce 

quantities as prescribed by the rules of the experiment. Ii the investi­

gation were not feasible for laboratory experimentation, then a heuristic 

modeling scheme for the extension appears feasible using vicarious 

experimentation. Ii the two approaches were not feasible alone, per­

haps they could be investigated simultaneously. Another extension 

would be to perform replications of like-tasks to statistically determine 

the TOC curve parameters. For example, if a $10,000 mechanical 

design task were received into the system, a nomogram could be used 

to select the appropriate TOC curve. The mathematical model for the 

nomogram could be derived from the examination of repetitive tasks 

performed in chosen environments or through a heuristic modeling 

scheme. 

Future study could be made on the control concept by investigating 

the limits of deviation from a statistical viewpoint. The TP and RD 

models could be examined in terms of a sequential sampling plan based 

on chosen Type I and II errors and on other properties of the inter-

mittent system analogous to a lot tolerance percent defective and an 
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acceptable quality level defective. The lot tolerance percent defective 

could be negotiated with the consumer for the service being performed. 

J, 

The acceptable quality level could be analogous to the c··· used in this 

investigation. The computer could sequentially depict the points to 

examine during task life. The reject and accept decisions could be 

tempered to exception rules since it would be unlikely that a decision-

maker would reject a task in process just because his progress was 

below expectation by a statisticaly significant amount. 

It is believed by this author that the algorithm developed will fit any 

growing or accumulation process; thus this universal flexibility should 

avail many prolific extensions. 
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FOREWORD TO THE APPENDIXES 

The computational algorithms pre1;1ented in the four sections of 

this Appendix were written in FOR TRAN IV for the IBM 7040 com­

puter and in AUTOCODER for the IBM 1401 computer. 

Appendix A contains the computational algorithm and data for 

Equations (26), Appendix B for Equations (27) and (29), and Appendix 

C for Equations (30) and (31). Appendix D contains the computational 

models and simulation outputs for the composite algorithm. 

The data, graphs, and £low charts are included as support material 

for the text and to eliminate redundant research for future extensions. 
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APPENDIX A 

COMPUTATIONAL ALGORITHM FOR BASIC MODEL 
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FORTRAN IV PROGRAM FOR IBM 70~0 COMPUTER 
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l 

2 

3 

4 

5 

21 

12 

FORTRAN IV PROGRAM LISTING OF TOC CURVE COORDINATES 

REAL Kl,K2 

DIMENSION X(5,20),Y(5,20) 

D08KK = 1,15 

GO TO tl,2,3,4,5,21,12,13,14,15,16,17,18,19,20),KK 

ALP = 2. 

DEL = .1 

GO TO 6 

ALP = 3. 

DEL = o. 

GO TO 6 

ALP = .01 

DEL :::: o. 

GO TO 6 

ALP = 2. 

GEL = -.2 

GO TO 6 

ALP = 3. 

DEL = -. 2 

GO TO 6 

ALP = 1.5 

OE:L = .15 

GO TU 6 

ALP = 2.5 

DEL = .05 

GO TO 6 
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13 ALP= .Ol 

DEL - .05 

14 

15 

16 

17 

18 

19 

20 

b 

GO TO 6 

ALP = 1.5 

DEL = - .. 25 

GO TO 6 

ALP = 2.5 

DEL ·= -.25 

GO TO 6 

ALP = 1.5 

DEL = .2 

GO TO 6 

ALP = 2.5 

DEL = .1 

GO TO 6 

ALP = .01 

DEL = .1 

GO TO 6 

ALP = 1.5 

DEL = -.3 

GO TO 6 

ALP = 2.5 

DEL = -.3 

0071 = 1,5 

DO 7 J = 1,20 

X(I,J) =FLOAT((l-1)•20+J)/lOO. 

·r= XCI,J) 
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Kl=ALP•(l.-2.•Dtl) 

K2=2.•ALP 

B=(l.+EXP(Kl-K2)) 

C=(EXP(Kl)-EXP(Kl-K2)) 

O=(EXP(Kl)-EXP(Kl-K2•T)) 

E=(l.+EXP(Kl-K2•T)) 

Y(l,J)=((B)/C)•(O/( E)) 

1 CONTINUE 

PRINT 10, ALP ,DEL 
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10 FORMAT(lHl//// 40X,7HALPHA =F4.l//40X 7HDELTA = F4.l//// 

14X,1HT·1 4X,3HTOC,5X,lHT,4X,3HTOC,5X,lHT,4X,3HTOC,5X,lHT, 

4X,3HTOC,SX,1HT, 24X,3HTOC) 

DO 8 J = 1,20 

8 PRINTll, (X(I,J),Y(l,J),1 =1,5) 

11 FORMAT(/lOX, 5(f7.2,F6.2)) 

STOP 

ENO 



APPENDIX A-2 

COMPUTED COORDINATES FOR 

0.15 a 59.6 and -0.55850.11-

98 



T 
0.1 

0.2 

0.3 

0.4 

Q.5 

0.6 

0.7 

0.8 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

Q.4 

u.; 

0.6 

0.1 

0.8 

0.9 

L.O 

r 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 0.1 

D(LTA 
-u.5 -U.4 -0.3 -0.2 -0.l O. O.L 0.2 Q.3 0.4 

u.10 0.10 0.10 0.10 0.10 0.10 a.LO 0.10 a.LO 0.10 

u.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 o.,o 

o.3o o.30 0.30 0.30 0.30 0.30 o.30 o.3o o.30 a.Jo 

0.40 Q.40 Q.40 0.40 0.40 0.40· 0.40 0.40 0.40 0.40 

a.so a.so a.so a.so a.so a.so a.so a.so a.so o.,o 

0.60 0.60 0.60 0.60 0.60 0.60 0.60 Q.60 0.60 0.60 

0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

a.so a.so o.ao 0.00 a.so a.so o.ao o.ao o.ao o.oo 

o.90 o.90 o.90 o.90 o.9o o.90 o.90 o.90 0.90 0.90 

1.00 L.00 1.00 1.00 L.00 L.00 L.00 L.00 L.OO L.00 

ALPHA·= Q.3 

ALPHA= 0.2 

DELTA 
-0.5 -0.4 -0.) -0.2 -0.l o. 0.1 0.2 0.3 0.4 

O.LO a.LO a.LOO.LO a.LO a.LUO.LOO.LO 0.10 0.10 

0.20 0.20 0.20 Q.20 0.20 Q.20 0.20 0.20 0.20 O.lO 

0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 

0.39 0.40 0.40 0.40 0.40 0.40 0.40 Q.40 Q.40 Q.40 

o.so o.so a.so o.5o a.so a.so a.so a.so a.so a.so 

0.6U 0.60 0.60 0.60 o.6u 0.60 0.60 o.60 0.60 0.60 

0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

o.ao o.oo a.so c.80 a.so o.ao o.ao a.so a.so a.so 

0.90 0.90 0.90 0.90 0.90 Q.90 0.90 0.90 0.90 Q.90 

L.00 L.00 1.00 1.00 1.00 1.00 1.00 1.00 L.00 1.00 

ALPHA= 0.4 

D"LTA 
-0.5 -0.4 -0.3 -0.2 -0.l o. 

DELTA 
O.L 0.2 0.3 Q.4 -0.5 -0.4 -0.3 -0.2 -0.l O. 0.1 0.2 0.3 Q.4 

0.10 0.10 0.10 0.10 a.LO a.LO a.LO 0.10 a.LO 0.10 

Q.19 O.L9 Q.L9 0.20 Q.20 Q.20 0.20 Q.20 Q.20 0.20 

0.29 0.29 0.29 0.30 0.30 0.30 0;30 0.30 0.30 O.JL 

0.39 0.39 0.39 0.40 0.40 0.40 0.40 0.40 0.4L 0.41 

o.49 o.49 o.49 a.so a.so o.;o a.so a.so o.s1 0.51 

o.5, o.59 o.,9 0.60 0.60 D.60 0.60 0.60 0.61 o.61 

0.6g 0.69 Q.70 0.70 0.70 0.70 0.70 0.70 0.71 0.7L 

u.1g a.so o.ao o.ao o.ao o.ao o.ao o.ao a.BL a.Bl 

0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 

L.00 L.00 L.00 L.Oo L.Oo L.OD L.00 L.00 L.00 L.00 

ALPHA= O.S 

0.09 0.09 0.09 0.10 0.10 O.LO O.LO 0.10 0.10 0.10 

O.L9 O.L9 O.L9 0.19 O.L9 0.20 0.20 0.20 0.2L 0.2L 

0.2d 0.28 0.29 0.29 0.29 Q.30 0.30 0.30 0.3L 0.3L 

0.38 0.38 0.39 0.39 0.39 0.40 0.40 0.41 0.41 0.41 

o.4a o.48 o.49 o.49 a.so a.so a.so o.sL o.5L 0.,2 

0.58 0.59 0.59 0.59 0.60 0.60 0.61 0.6L 0.6L 0.62 

o.69 o.69 o.69 0.10 0.10 0.10 o.7L o.7L 0.11 0.12 

o.79 o.79 o.79 0.80 o.ao o.ao o.8L o.a1 o.a1 o.a1 

0.89 0.90 Q.90 0.90 Q.90 Q.90 Q.90 0.90 0,9L 0.91 

L.oo 1.00 L.00 L.00 1.00 L.00 L.00 1.00 1.00 1.00 

ALPHA= 0.6 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.L O. 

DELTA 
O.L 0.2 0.3 0.4 -0.5 -0.4 -0.3 -0.2 -o.L O. O.L 0.2 0.3 Q.4 

0.1 c.o9 o.c9 o.o9 o.o9 0.09 0.10 0.10 0.10 0.10 0.11 o.oa a.as o.o9 o.o9 0.09 0.10 0.10 0.10 0.11 o.1L 

0.2 O.Ld O.l8 a.ta D.L9 0.19 0.20 0.20 0.20 0.2L 0.2L 0.17 O.L7 o.18 a.LA 0.19 0.19 0.20 0.21 0.21 0.22 

0.3 0.27 0.28 0.28 0.29 0.29 0.30 0.30 0.31 0.31 0.32 0.26 0.21 0.27 Q.28 0.29 0.30 0.30 0.31 0.32 0.32 

0.4 D.31 0.38 0.38 0.39 D.39 0.40 0.40 0.41 0.42 0.42 0.36 0.36 0.37 0.38 o.39 Q.40 D.41 D.41 o.42 0.43 

o.5 o.47 o.48 o.48 o.49 o.49 0.50 o.51 o.51 o.s2 o.~2 o.46 o.47 o.47 o.48 0.49 o.50 o.51 o.52 o.53 o.,3 

o.o u.57 o.58 o.,8 o.59 0.60 o.oo 0.61 0.61 o.62 o.62 o.56 o.57 o.5a o.59 o.59 0.60 o.61 o.62 o.63 o.64 

0.1 o.68 o.6a o.69 o.69 0.10 0.10 0.11 0.11 0.12 0.12 0.61 o.68 o.68 o.69 0.10 0.10 0.11 0.12 0.13 0.13 

a.a 0.10 o.79 o.79 0.80 o.80 o.ao o.81 0.01 o.a2 0.02 0.1a 0.1a o.79 o.79 o.ao a.al o.a1 o.a2 o.a2 o.o3 

0.9 0.89 0.89 0.90 Q.90 0.90 0.90 0.91 0.91 0.91 0.91 0.89 0,89 0.89 0.90 0.90 0.90 0.91 D.91 0.91 0.~2 

l.O l.00 I.OD 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 l.00 L.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

0.8 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

o.8 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

100 

COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 0.7 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.l o. 0.1 0.2 0.3 0.4 

0.08 0.08 0.08 o.o9 o.o9 0.09 0.10 0.10 0.11 0.11 

0.16 0.17 0.17 0.18 0.19 0.19 0.20 0.21 0.21 0.22 

0.25 0.26 0.21 0.21 0.28 0.29 0.30 0.31 0.32 0.33 

0.34 Q.35 0.36 0.37 0.38 0.40 0.41 0.42 0.43 0.44 

0.44 0.45 0.47 0.48 0.49 0.50 0.51 0.52 0.53 0.55 

0.55 Q.56 0.57 0.58 0.59 0.60 Q.62 0.63 0.64 0.65 

0.66 0.67 0.68 0.69 0.10 0.11 0.12 0.73 0,73 0.74 

0.11 o.78 o.79 o.79 0.80 o.a1 0.81 o.82 o.83 o.83 

0.88 0.89 0.89 0.90 0.90 0.91 0.91 0.91 0.92 0.92 

1.00 1.00 l.OO l,00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA 0.9 

DELTA 
-0.5 -Q.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.01 0.07 0.07 0.08 0.08 0.09 0.10 0.10 0.11 0.12 

Q.14 0.15 0.16 0.11 0.18 0.19 0.20 0.21 0.22 0.24 

0.22 0.23 0.25 0.26 0.21 0.29 0.30 0.32 0.34 0.35 

0.31 0.33 0.34 0.36 0.38 Q.39 0.41 0.43 0.45 0.47 

o.41 o.43 o.44 o.46 o.4a a.so o.52 o.s4 o.56 o.57 

o.52 o.53 o.s5 o.57 o.59 0.61 0.62 o.64 o.66 o.67 

0.63 0.65 0.66 0.68 0.70 0.71 0.73 0.74 0.75 0.77 

0.1s o.76 o.78 o.79 o.80 0.81 o.82 o.83 o.84 o.as 

0.87 0.88 0.89 0.90 0.90 0.91 0,92 0.92 0.93 0.93 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 1.1 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.l o. 0.1 0.2 0.3 0.4 

0.05 0.06 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 

0.12 0.13 0.14 0.15 0.17 0.18 0.20 0.22 0.23 0.25 

0.19 0.21 0.22 0.24 0.26 Q.28 Q.31 Q.33 0.35 Q.38 

0.28 0.30 0.32 0.34 0.36 0.39 Q.42 0.44 0.47 Q.49 

o.37 0.40 0.42 o.45 o.47 o.5o o.53 o.ss o.58 0.60 

o.48 o.51 o.,3 o.56 o.58 o.61 o.64 o.66 o.68 0.10 

0.60 0.62 o.65 o.67 o.69 0.12 o.74 o.76 o.78 0.19 

0.73 0.75 0.77 0.78 0.80 0.82 0.83 0.85 0.86 O.d7 

o.a6 o.a1 o.aa o.89 0.90 o.91 o.92 o.93 o.94 o.94 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 0.8 

DLLTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.01 0.01 o.oa 0.08 o.o9 o.o9 0.10 0.10 0.11 0.11 

0.15 0.16 0.16 0.17 0.18 0.19 0.20 0.21 0.22 0.23 

0.24 0.24 0.26 0.27 0.28 0.29 0.30 0.32 0.33 0.34 

0.33 Q.34 o.35 Q.37 0.38 0.39 0.41 0.42 0.44 0.45 

o.43 o.44 o.46 o.47 o.48 o.5o o.52 o.53 o.54 o.j6 

o.53 o.ss o.56 o.58 o.59 0.61 0.62 o.63 o.65 o.66 

0.65 0.66 Q.67 0.68 0.70 0.71 0.72 0.73 0.74 0.76 

o.76 0.11 0.18 o.79 a.so 0.81 o.s2 o.s3 o.84 0.84 

o.8a o.89 o.a9 0.90 0.90 0.91 o.91 0.92 0.92 o.93 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA 1.0 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.06 0.06 0.07 0.08 0.08 0.09 0.10 0.10 0.11 0.12 

0.13 0.14 0.15 0.16 0.17 0.18 0.20 0.21 0.23 0.24 

0.21 0.22 0.23 0.25 0.27 0.29 0.31 0.33 0.34 0.36 

0.2Y 0.31 0.33 0.35 0.37 0.39 0.41 0.44 0.46 0.48 

o.3~ o.41 o.43 o.45 o.48 o.5o o.52 o.55 o.57 o.59 

a.so o.52 o.54 o.56 o.59 0.61 o.63 o.65 o.67 o.69 

0.62 0.64 o.66 Q.67 Q.69 0.71 0.73 0.75 0.11 0.78 

0.74 0.76 0.77 0.79 0.80 0.82 0.83 0.84 0.85 0.86 

Q.87 0.88 0.89 Q.90 0.90 0.91 Q.92 0.92 0.93 0.94 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 1.2 

OELTA 
-0.5 -0.4 -0.3 -0.2 -0.I O. 0.1 0.2 0.3 0.4 

o.os o.os 0.06 0.01 0.08 0.08 0.10 0.11 0.12 0.13 

0.11 0.12 0.13 0.14 0.16 Q.18 0.20 0.22 0.24 0.26 

0.18 0.19 0.21 0.23 0.26 0.28 0.31 0.33 0.36 0.39· 

0.26 0.28 0.30 Q.33 0.36 0.39 0.42 0.45 0.48 0.51 

0.36 0.38 0.41 Q.44 0.47 0.50 0.53 0.56 0.59 0.62 

o.46 o.49 o.52 o.ss o.58 0.61 o.64 o.67 0.10 0.12 

0.59 0.61 0.64 0.67 0.69 0.72 0.74 0.77 0.79 0.81 

0.12 o.74 o.76 o.78 a.so 0.82 o.84 o.86 o.87 o.88 

0.86 0.87 0.88 Q.89 0.90 0.92 0.92 0.93 0.94 0.95 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 

COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 1.3 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.L O. 

ALPHA= 1.4 

DELTA 
O.l 0.2 0.3 D.4 -0.5 -0.4 -0.3 -0.2 -O.L O. 
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0.1 0.2 0.3 0.4 

O.L 0.04 0.05 0.05 0.06 0.07 0.08 0.09 0.11 0.12 0.14 0.04 0.04 0.05 0.06 0.07 0.08 0.09 0.11 0.12 0.14 

0.2 0.10 0.11 0.12 0.14 0.15 0.18 0.20 0.22 0.25 0.21 0.09 0.10 0.11 0.13 0.15 0.11 0.20 0.22 0.25 0.28 

0.3 0.16 O.LB 0.20 0.22 0.25 0.28 0.31 0.34 0.37 0.40 0.15 0.17 0.19 0.21 0.24 0.27 0.31 0.35 0.38 0.42 

0.4 0.24 0.26 0.29 0.32 0.35 0.39 0.42 0.46 0.49 0.53 0.23 0.25 0.28 0.31 0.35 0.38 0.43 0.47 0.51 0.54 

o.s o.34 o.36 o.39 o.43 o.46 a.so o.54 o.57 o.61 o.64 0.32 o.35 0.30 o.42 o.46 a.so o.54 o.sa 0.62 o.65 

0.6 0.45 0.47 0.51 0.54 0.58 Q.61 Q.65 0.68 0.11 0.74 0.43 0.46 0.49 0.53 0.57 0.62 0.65 0.69 0.72 0.75 

0.1 o.s1 0.60 o.63 o.66 o.69 0.12 0.1s 0.10 a.so o.a2 o.55 o.58 o.62 o.65 o.69 0.13 0.16 o.79 0.01 o.83 

o.8 0.10 o.73 o.75 0.18 a.so o.a2 a.as 0.06 a.ea o.a9 o.69 0.12 o.,s 0.10 a.so o.83 o.a5 o.a1 0.89 o.90 

0.9 0.8, 0.86 0.88 0.89 Q.91 Q.92 0.93 0.94 0.95 0.95 0.84 0.86 0.88 0.89 0.91 0.92 0.93 0.94 0.95 0.96 

1.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

T 

ALPHA= 1.5 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 

ALPHA= 1.6 

DELTA 
0.1 0.2 o.3 0.4 -o.s -o.4 -o.3 -0.2 -0.1 a. 0.1 0.2 0.3 0.4 

0.1 0.03 0.04 a.as a.as 0.06 0.08 0.09 0.11 0.13 0.1s 0.03 o.o4 o.o4 a.as 0.06 0.01 0.09 0.11 0.13 0.1s 

0.2 0.08 0.09 0.10 0.12 0.14 0.11 0.20 0.23 0.26 0.29 0.01 a.as 0.10 0.11 0.14 0.16 0.20 0.23 0.21 0.30 

0.3 0.14 0.15 0.18 0.20 0.23 0.27 0.31 0.35 0.39 0.43 0.12 0.14 0.17 0.19 0.23 0.27 0.31 0.36 0.40 0.44 

0.4 0.21 0.23 0.26 0.30 0.34 0.38 0.43 0.47 0.52 0.56 0.19 0.22 0.25 0.29 0.33 0.38 0.43 0.48 0.53 0.57 

o.5 o.3o o.33 0.31 o.41 o.45 a.so o.ss o.59 o.63 o.67 0.2a 0.31 0.35 o.4o o.45 a.so o.ss 0.60 o.65 o.69 

o.6 o.41 o.44 o.48 o.53 o.57 o.62 o.66 0.10 o.74 0.11 o.39 o.43 0.47 o.s2 o.57 0.62 o.67 0.11 0.1s 0.1a 

0.1 o.53 o.57 0.61 o.65 o.69 o.73 0.11 a.so 0.02 a.as o.s2 o.56 o.60 o.64 o.69 0.13 0.11 o.a1 o.83 o.86 

a.a o.68 0.11 0.14 0.11 o.ao o.a3 o.B6 a.BB 0.90 o.91 o.66 0.10 0.13 0.11 a.so o.B4 o.B6 o.a9 0.90 o.92 

o.9 o.84 a.as o.87 o.89 0.91 0.92 o.94 o.95 o.95 o.96 o.a3 a.es 0.01 o.ag 0.91 o.93 o.94 o.95 o.96 o.96 

1.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

T 

ALPHA= 1.7 

DtLTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 

ALPHA= L.8 

DELTA 
0.1 0.2 0.3 0.4 -0.5 -~.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.1 0.03 0.03 o.o4 a.as 0.06 0.01 0.09 0.11 0.13 0.16 0.02 o.o3 0.03 o.o4 a.as 0.01 0.09 0.11 0.13 0.16 

0.2 0.06 0.07 0.09 0.11 0.13 0.16 0.19 0.23 0.27 0.31 0.06 0.07 0.08 0.10 0.13 0.16 0.19 0.23 0.28 0.32 

0.3 0.11 0.13 Q.15 0.18 0.22 0.26 Q.31 Q.36 Q.41 0.46 0.10 0.12 0.14 0.11 0.21 0.26 0.31 0.37 0.42 0.47 

o.4 0.10 0.20 0.24 0.2s 0.32 o.38 o.43 o.49 o.54 o.,9 0.16 0.19 0.22 0.21 o.32 o.38 o.44 a.so o.56 0.61 

o.s 0.26 b.30 o.34 o.39 o.44 a.so o.56 0.61 o.66 0.10 0.24 0.20 o.32 o.38 o.44 a.so o.56 0.62 o.68 0.12 

o.6 o.37 o.41 o.46 o.s1 o.57 o.62 o.68 0.12 o.76 o.80 o.35 o.39 o.44 a.so o.56 o.62 o.68 o.73 0.1a o.a1 

0.1 o.so o.54 o.59 o.64 o.69 o.74 0.1a o.a2 a.as 0.87 o.48 o.53 o.58 o.63 o.69 o.74 o.79 o.83 o.86 a.ea 

a.a o.65 o.69 o.73 0.11 o.a1 o.a4 o.a1 o.89 o.91 o.~3 o.64 o.6a 0.12 0.11 o.a1 o.a4 o.a1 0.90 o.92 o.~3 

0.9 0.82 0.84 0.87 0.89 0.91 0.93 0.94 0.95 0.96 0.~7 0.81 U.84 0.87 0.89 0.91 0.93 0.95 0.96 0.97 0.97 

1.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

a.a 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

o.a 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

o.5 

0.6 

0.1 

a.a 

0.9 

1,0 
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COMPUTED COORDl~ATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 1.9 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.02 0.02 0.03 0.04 a.as 0.01 o.o9 0.11 0.14 0.11 

a.as 0.06 0.01 0.09 0.12 0.1s 0.19 0.24 0.29 o.33 

0.09 0.11 0.13 0.16 0.21 0.25 0.31 0.37 0.43 0.49 

0.15 0.18 0.21 D.26 0.31 0.37 0.44 0.51 Q.57 D.63 

o.23 0.26 0.31 o.37 0.43 a.so o.57 o.63 o.69 o.74 

o.33 0.31 0.43 o.49 o.56 o.63 o.69 o.74 0.19 o.s2 

0.46 0.51 0.57 0.63 0.69 0.75 0.79 0.84 0.87 0.89 

0.62 o.67 0.11 o.76 o.a1 a.as a.ea 0.91 0.93 o.94 

o.ao o.a3 o.a6 o.a9 0.91 0.93 o.95 o.96 o.97 o.98 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 2.1 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 Q.3 0.4 

0.02 0.02 0.03 0.03 o.o5 0.06 o.oa 0.11 0.14 0.1a 

o.o4 o.o5 0.06 o.oa 0.11 0.14 0.19 0.24 o.3o o.36 

0.01 0.09 0.11 0.15 0.19 0.25 0.31 0.38 0.45 Q.j2 

0.12 0.15 0.19 0.23 0.30 0.37 0.45 0.52 0.60 0.66 

0.19 0.23 0.28 0.34 0.42 0.50 0.58 0.66 0.12 0.11 

0.29 o.34 0.40 o.48 o.55 o.63 0.10 0.11 o.a1 o.85 

0.42 0.48 0.55 0.62 0.69 0.75 0.81 0.85 D.89 0.91 

0.59 0.64 0.70 0.76 0.81 0.86 D.89 D.92 0.94 D.95 

0.79 0.82 0.86 Q.89 0.92 0.94 Q.95 0.97 0.97 Q.98 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 2.3 

OtLTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.01 0.01 0.02 0.03 0.04 Q.06 0.08 0.11 Q.15 0.19 

0.03 0.04 0.05 0.01 0.10 0.13 0.18 0.24 0.31 0.38 

Q.06 0.01 0.10 0.13 0.18 0.24 0.31 0.39 0.48 0.55 

0.10 0.13 0.16 0.21 0.2s o.36 o.45 o.54 0.62 o.69 

0.11 0.20 0.26 0.32 o.41 a.so o.59 o.68 0.14 o.ao 

0.26 0.31 0.38 0.46 D.55 0.64 0.72 0.79 0.84 0.87 

Q.39 0.45 0.52 0.61 0.69 0.76 0.82 D.87 0.90 D.93 

0.56 0.62 0.69 D.76 D.82 0.87 0.90 0,93 0.95 0.96 

0.77 0,81 0.85 0.89 D.92 0.94 0,96 D.97 0.98 0,99 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 

ALPHA= 2.0 

DELTA 
-o.s -o.4 -o.J -0.2 -0.1 a. 0.1 0.2 0.3 0.4 

0.02 0.02 o.o3 0.04 a.as 0.06 a.as 0.11 0.14 0.11 

0.04 0,05 0.01 0.09 0,11 0.15 0.19 0.24 0.29 0.35 

a.as 0.10 0.12 0.16 0.20 0.25 o.31 o.38 o.44 o.~o 

0.14 0.16 0.20 0.24 0.30 0,37 Q,44 0.52 0,58 0.64 

0.21 0.2s o.3o o.36 o.42 a.so o.sa o.64 0.10 0,1s 

o.31 o.36 0.42 0.4a o.56 o.63 0.10 0.16 a.so o,84 

0.44 0.50 0.56 0,62 0,69 0.75 0.80 0.84 0.88 0.90 

0.61 D.65 0.71 0.76 0,81 0.85 0.89 0,91 0,93 0,95 

0.80 0.83 Q.86 0.89 0,92 0,94 0.95 0.96 0.97 0.98 

1.00 1.00 1.00 1.00 1,001.00 1.00 1.00 1,00 1,00 

ALPHA= 2.2 

DELTA 
-o.5 -0.4 -o.3 -0.2 -0.1 a. 0.1 0,2 0,3 0.4 

0.01 0.02 0.02 0.03 o.o4 0.06 a.as 0.11 0.1s 0.1a 

0,03 0.04 0.06 0,07 0.10 0,14 0.19 0.24 Q.31 0.37 

0.01 a.as 0.10 0.14 0.18 0.24 0.31 0.39 o.46 o.53 

0.11 0.14 0.17 0.22 0.29 0.36 0.45 0.53 Q.61 0,67 

0.1a 0.22 0.21 0.33 o.41 a.so o.59 o.67 0.13 0.1a 

0.2a o.33 0,39 o.47 o.55 o.64 0.11 0.1a o.83 0,86 

0.41 0.47 Q.54 Q.61 0.69 Q.76 0.82 0.86 0.90 0,92 

o.58 o.63 o.69 o.76 o.a1 o.a6 0,90 o.93 o.94 o.96 

0.1a o.a2 a.as o.a9 0.92 o.94 o.96 o,97 o.9a o.98 

1.00 1.00 1.00 1,001.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 2,4 

DELTA 
-o.5 -o.~ -o.3 -0.2 -0.1 o. 0.1 0,2 0.3 0.4 

0.01 0.01 0.02 o.o3 0.04 a.as o.oa 0.11 0.1s 0.19 

0.03 0,03 0.05 0.06 0.09 0.13 0.18 0.25 0.32 0.39 

0.05 0,07 0.09 0.12 0,17 0.23 0.31 0,40 D.49 0.56 

0.09 0.12 0,15 0.20 0,27 0.36 0.45 0.55 0.64 0,10 

0.1, 0.19 0.24 0.31 0.40 a.so 0.60 o.69 o.76 o.s1 

0.24 0,30 0.36 0.45 0.55 Q.64 0,73 0,80 0.85 O,ti8 

o.37 o.44 o.51 0.60 o.69 0.11 D,83 o.aa D,91 D,93 

o.s5 0.61 o.68 o.75 o.a2 o.a1 0.91 o.94 o.95 0.91 

o.76 o.a1 a.as o.s9 0.92 0,95 o.96 o.97 o.98 o.Y9 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1.00 



T 

COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 2.5 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.l o. 

ALPHA= 2.6 

DELTA 
0.1 0.2 0.3 0.4 -0.5 -0.4 -0.3 -0.2 -0.1 o. 
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0.1 0.2 0.3 0.4 

0.1 0.01 0.01 0.02 0.02 0.03 0.05 0.08 0.11 0.15 0.20 0.01 0.01 0.01 0.02 0.03 0.05 0.07 0.11 0.15 ,0.21 

0.2 0.02 0.03 0.04 0.06 0.09 0.13 0.18 0.25 0.32 0.40 0.02 0.03 0.04 0.05 0.08 0.12 0.18 0.25 0.33 0.41 

0.3 o.o5 0.06 0.08 0.11 0.16 0.23 0.31 0.40 o.5o o.58 o.o4 o.o5 0.01 0.11 0.16 0.22 o.31 o.41 o.51 o.59 

o.4 0.08 0.11 0.14 0.19 0.21 o.36 o.46 o.56 o.65 0.12 0.01 0.10 0.13 0.18 0.26 o.35 o.46 o.57 o.66 o.73 

0.5 0.14 0.18 0.23 0.30 0.40 0.50 0.60 0.10 0.11 0.82 0.13 0.16 0.22 0.29 0.39 0.50 0.61 0.71 0.78 0.84 

0.6 0.23 0.28 Q.35 0.44 0.54 0.64 0.73 0.81 0.86 0.89 0.21 0.27 0.34 0.43 0.54 0.65 0.74 0.82 0.87 0.90 

0.7 0.36 0.42 0.50 0.60 0.69 0.77 0.84 0.89 0.92 O.Y4 0.34 0.41 0.49 0.59 0.69 0.78 0.84 0.89 0.93 0.95 

0.8 0.53 0.60 0.68 Q.75 0.82 Q.87 0.91 0.94 0.96 0.97 0.52 0.59 0.67 0.75 0.82 0.88 0.92 0.95 0.96 0.97 

o.9 o.75 0.00 o.e5 o.89 0.92 o.9, 0.97 0.98 0.98 o.99 o.74 o.79 o.85 o.89 o.93 o.95 o.97 o.98 0.99 o.99 

1.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

T 

ALPHA= 2.7 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 

ALPHA= 2.8 

DELTA 
0.1 0.2 0.3 0.4 -0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.1 0.01 0.01 0.01 0.02 0.03 0.05 0.01 0.11 0.16 0.21 0.01 0.01 0.01 0.02 Q.03 Q.04 0.01 0.11 0.16 0.22 

0.2 0.02 0.02 0.03 0.05 0.08 0.12 0.17 0.25 0.34 0.42 0.02 0.02 0.03 0.05 0.07 0.11 0.17 0.25 0.34 0.43 

0.3 0.04 0.05 0.01 0.10 0.15 0.22 0.31 0.41 0.52 0.61 Q.03 0.04 Q.06 0.09 0.14 0.21 0.31 0.42 0.53 0.62 

0.4 0.01 0.09 0.12 0.18 0.25 0.35 0.46 0.57 0.67 0.75 0.06 0.08 0.11 0.17 0.24 0.35 0.46 0.58 0.68 0.76 

o.5 0.12 0.15 0.21 0.28 o.38 o.5o o.62 0.12 o.79 o.s5 0.11 0.14 0.20 0.28 o.38 a.so o.62 0.12 o.80 o.86 

o.6 0.20 0.25 o.33 o.43 o.54 o.65 o.75 0.82 o.88 0.91 0.19 0.24 o.32 o.42 o.54 o.65 o.76 o.83 0.09 0.92 

0.1 o.32 o.39 o.48 o.59 o.69 0.10 o.85 0.90 o.93 o.~5 0.31 o.38 0.41 o.58 o.69 o.79 o.86 o.91 o.94 o.96 

o.8 a.so o.58 o.66 o.75 o.83 o.88 o.92 o.95 o.97 o.98 o.49 o.57 o.66 0.1s o.83 o.89 o.93 o.95 o.97 o.98 

0.9 o.73 0.19 o.e4 o.89 o.93 o.95 o.97 o.98 o.99 o.99 0.13 0.18 o.84 o.89 o.93 o.96 o.97 o.98 o.99 o.99 

1.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

T 

ALPHA= 2.9 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 

ALPHA= 3.0 

OcLTA 
0.1 0.2 0.3 0.4 -0.5 -0.4 -0.3 -0.2 -0.l o. 0.1 0.2 0.3 0.4 

0.1 o.oo 0.01 0.01 0.02 0.03 0.04 0.01 0.11 0.16 0.22 0.00 0.01 0.01 0.01 0.02 0.04 0.01 0.11 0.16 0.23 

0.2 0.01 0.02 o.o3 o.o4 0.01 0.11 0.11 0.25 o.35 o.44 0.01 0.02 0.02 o.04 0.06 0.10 0.11 0.25 o.35 o.45 

0.3 0.03 o.o4 0.06 0.09 0.14 0.21 0.31 o.42 o.54 o.63 0.02 0.03 o.o5 0.08 0.13 0.20 o.3o o.42 o.54 o.65 

0.4 0.05 0.01 0.11 0.16 0.24 0.34 0.47 0.59 0.70 0.11 0.05 0.01 0.10 0.15 0.23 Q.34 0.47 0.60 0.71 0.79 

0.5 0.10 0.13 0.19 0.21 0.37 0.50 0.63 0.73 0.81 0.87 0.09 0.12 0.18 0.26 0.37 0.50 0.63 0.74 0.82 0.88 

0.6 0.17 0.23 0.30 0.41 0.53 0.66 0.76 0.84 0.89 0.93 0.16 0.21 0.29 0.40 0.53 0.66 0.77 0.85 0.90 Q.Y3 

0.7 0.29 0.37 0.46 Os58 0.69 0.79 0.86 0.91 0.94 0.96 0.28 0.35 0.46 0.58 0.70 Q.80 Q.87 0.92 0.95 0.97 

o.8 o.47 o.56 o.65 o.75 o.83 o.89 o.93 o.96 o.97 o.98 o.46 o.55 o.65 o.75 o.a3 0.90 o.94 o.96 o.98 o.Y8 

0.9 0.72 0.78 0.84 0.89 0.93 0.96 0.97 0.98 0.99 0.99 0.71 0.77 0.84 0.89 0.93 0.96 0.98 0.99 0.99 0.99 

1.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



0. l 

o.z 

0.3 

Q.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

T 
O.l 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

O.B 

0.9 

1.0 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA 3.1 

OcLTA 
-0.5 -0.4 -0.3 -o.z -0.1 o. O.l O.Z 0.3 0.4 

o.oo o.oo 0.01 0.01 a.oz 0.04 0.06 0.11 0.16 0.23 

0.01 0.01 o.oz 0.04 0.06 0.10 Q.16 0.25 0.36 0.46 

o.oz 0.03 0.05 0.08 0.12 o.zo 0.30 0.43 0.55 0.66 

0.04 0.06 o.o9 0.14 0.22 0.34 0.47 0.60 0.12 o.80 

o.os 0.11 0.11 0.25 o.36 o.5o o.64 o.75 o.83 o.s9 

0.1s 0.20 0.26 0.40 o.53 o.66 0.18 o.86 0.91 o.>4 

0.21 Q.34 0.45 0.57 0.10 0.60 0.66 0.92 0.95 0.97 

0.45 Q.54 0.64 0.75 0.84 0.90 0.94 0.96 0.98 0.99 

0.10 0.11 0.84 0.89 0.94 0.96 0.96 0.99 0.99 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA 3.3 

DcLTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. O.l O.Z 0.3 0.4 

o.oo o.oo 0.01 0.01 a.oz o.o3 0.06 0.10 0.11 0.24 

0.01 0.01 0.02 0.03 0.05 0.09 0.16 0.25 0.37 0.49 

0.02 0.02 0.04 0.07 O.ll 0.19 0.30 0.44 0.57 0.68 

0.03 0.05 0.08 0.13 0.21 0.33 0.47 0.62 0.74 0.82 

0.01 0.10 0.15 0.23 o.35 o.50 o.65 0.11 o.85 0.90 

0.13 0.18 0.26 0.38 0.53 0.67 0.79 0.67 0.92 0.95 

0.24 o.32 o.43 o.56 0.10 o.s1 o.89 o.93 o.96 o.98 

0.42 0.51 0.63 0.75 0.84 0.91 0.95 0.97 0.98 0.99 

0.6U 0.76 0.83 0.90 0.94 0.97 0.98 0.99 0.99 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA 3.5 

OtLTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. O.l 0.2 0.3 0.4 

o.oo u.oo o.oo 0.01 0.02 0.03 0.06 0.10 0.17 0.25 

0.01 0.01 0.01 0.02 0.05 0.08 0.15 0.25 0.38 0.50 

0.01 a.oz o.o3 0.06 0.10 0.18 0.30 o.44 o.59 0.11 

0.03 0.04 0.07 0.12 0.20 0.3L 0.48 0.63 0.76 O.d4 

0.06 0.08 0.13 0.22 0.34 0.50 0.66 0.78 0.87 o.,z 

c.11 0.16 0.24 o.37 o.52 o.68 0.80 o.a8 o.93 o.96 

0.22 0.29 0.41 0.56 0.70 0.82 0.90 0.94 0.97 0.98 

o.39 a.so o.62 o.75 o.85 o.92 o.95 o.98 o.99 o.Y9 

0.66 o.75 o.a3 o.90 0.94 o.97 0.98 0.99 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA 3.2 

OELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 o.z 0.3 0.4 

o.ou o.oo 0.01 0.01 0.02 0.04 0.06 0.10 0.16 0.24 

0.01 0.01 a.oz 0.03 0.06 0.10 0.16 0.25 o.36 o.47 

0.02 0.03 0.04 0.07 0.12 0.19 0.30 0.43 0.56 0.67 

0.04 0.06 0.08 0.14 0.22 0.33 0.47 0.61 0.73 0.81 

0.08 0.11 0.16 0.24 0.36 0.50 0.64 0.76 0.84 0.89 

0.14 0.19 0.27 0.39 0.53 0.67 0.78 0.86 0.92 0.94 

0.25 0.33 0.44 o.57 0.10 0.81 0.88 0.93 0.96 0.97 

0.43 0.53 0.64 0.75 0.84 0.90 0.94 0.97 0.98 0.99 

0.69 0.76 0.84 0.90 0.94 0.96 Q.98 0.99 0.99 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA 3.4 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.l o. O.l 0.2 0.3 0.4 

o.ou o.oo 0.01 0.01 0.02 0.03 0.06 0.10 0.11 0.25 

0.01 0.01 a.oz o.03 o.os 0.09 0.1s 0.25 o.37 a.so 

0.01 0.02 0.04 0.06 0.11 0.18 0.30 0.44 0.58 0.69 

0.03 0.05 0.07 0.12 0.20 0.32 0.48 0.63 0.75 0.83 

0.06 0.09 0.14 0.22 0.35 0.50 0.65 0.78 Q.86 0.91 

0.12 0.17 0.25 0.37 0.52 0.68 0.80 0.88 0.93 0.95 

0.23 0.31 0.42 0.56 0.70 0.82 0.89 0.94 0.96 0.98 

0.41 0.50 0.63 0.75 0.85 0.91 0.95 0.97 0.98 0.99 

0.67 0.75 0.83 Q.90 0.94 0.97 0.98 0.99 0.99 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 3.6 

OELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.00 0.00 0.00 0.01 0.01 0.03 0.05 0.10 0.17 0.26 

o.oo 0.01 0.01 a.oz o.o4 o.oa 0.15 0.25 o.38 o.s1 

0.01 0.02 0.03 0.05 0.10 0.17 0.29 0.45 0.60 0.72 

o.oz 0.04 Q.06 0.11 0.19 Q.32 0.48 0.64 0.77 0.85 

0.05 G.08 0.12 0.21 0.34 0.50 0.66 0.79 0.88 0.92 

0.10 0.15 0.23 Q.36 0.52 Q.68 Q.81 0.89 0.94 0.96 

0.21 0.28 0.40 0.55 0.71 0.83 0.90 0.95 0.97 0.98 

0.38 0.49 0.62 0.75 0.85 0.92 Q.96 0.98 0.99 0.99 

o.65 u.74 o.83 o.90 o.95 o.97 o.99 o.99 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 
0.1 

0.2 

0.3 

Q.4 

0.5 

0.6 

0.7 

o.s 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

O.B 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

0.8 

0.9 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 3.7 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 Q.3 0.4 

o.oo o.oo o.oo 0.01 0.01 0.03 0.05 0.10 0.17 0.26 

o.oo 0.01 0.01 0.02 0.04 0.08 0.14 0.25 0.39 0.52 

0.01 0.02 o.o3 0.05 o.o9 0.11 0.29 o.45 o.61 o.73 

0.02 0.03 0.06 0.10 0.19 Q.31 0.48 0.65 0.77 0.86 

o.o5 0.01 0.12 0.20 o.33 o.5o o.67 a.so o.ss o.93 

0.10 Q.14 0.23 0.35 0.52 0.69 0.81 0.90 0.94 0.97 

o.19 0.21 o.39 o.55 0.11 o.s3 o.91 o.95 o.97 o.98 

0.37 0.48 0.61 0.75 0.86 0.92 0.96 0.98 0.99 0.99 

0.65 0.74 0.83 0.90 0.95 0.97 0.99 0.99 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 3.9 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo 0.01 0.01 0.02 0.05 0.09 0.17 0.27 

o.oo o.oo 0.01 o.~2 0.03 0.01 0.14 0.25 0.40 o.54 

0.01 0.01 0.02 0.04 0.08 0.16 0.29 0.45 Q.62 0.75 

0.02 0.03 0.05 0.09 0.17 0.31 0.48 0.66 0.79 O.d7 

o.o4 0.06 0.10 0.19 0.32 a.so o.6s o.s1 0.90 o.94 

0.08 0.13 0.21 0.34 0.52 0.69 0.83 0.91 0.95 0.97 

0.18 0.25 0.38 0.55 0.11 0.84 0.92 0.96 0.98 0.99 

0.35 0.46 0.60 0.75 0.86 0.93 0.97 0.98 0.99 1.00 

0.63 0.73 0.83 0.91 0.95 0.98 0.99 0.99 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 4.1 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo 0.01 0.02 0.04 0.09 0.17 0.28 

o.oo o.oo 0.01 0.01 0.03 0.06 0.13 0.25 0.40 0.56 

0.01 0.01 0.02 0.04 0.01 0.15 0.28 0.46 0.64 0.77 

0.01 0.02 o.o4 0.08 0.16 0.30 o.48 o.67 o.81 o.a9 

0.03 0.05 0.09 0.17 0.31 0.50 0.69 0.83 0.91 0.95 

0.01 0.11 0.19 0.33 0.52 0.70 0.84 0.92 0.96 Q.98 

0.16 0.23 0.36 0.54 0.72 0.85 0.93 0.96 0.98 0.99 

0.32 o.44 o.60 o.75 o.a1 0.94 o.97 0.99 o.99 1.00 

0.61 0.72 0.83 0.91 0.96 0.98 0.99 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 3.8 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo 0.01 0.01 0.02 0.05 0.10 0.17 0.27 

o.oo 0.01 0.01 0.02 0.04 0.01 0.14 0.25 0.39 0.53 

0.01 0.01 0.02 0.05 0.09 0.16 0.29 0.45 Q.61 0.74 

0.02 0.03 0.05 0.10 0.18 0.31 0.48 0.65 0.78 0.87 

0.04 0.07 0.11 0.19 0.33 0.50 0.67 0.81 0.89 0.93 

0.09 0.13 0.22 0.35 0.52 0.69 0.82 0.90 0.95 0.97 

O.ld 0.26 0.39 0.55 0.71 0.84 0.91 Q.95 Q.98 0.99 

0.36 0.47 0.61 0.75 0.86 0.93 0.96 0.98 0.99 0.99 

o.64 o.73 o.s3 0.90 o.95 0.9s 0.99 0.99 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 4.0 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.l o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo 0.01 0.02 0.05 0.09 0.17 0.28 

o.oo o.oo 0.01 0.02 0.03 0.07 0.14 0.25 0.40 0.55 

0.01 0.01 0.02 0.04 a.as 0.16 0.28 o.46 o.63 0.16 

0.02 o.o3 0.05 0.09 0.11 0.30 o.48 o.66 a.so o.ss 

0.04 Q.06 0.10 0.18 0.32 0.50 0.68 0.82 0.90 0.94 

O.Ob 0.12 0.20 0.34 0.52 0.70 0.83 0.91 0.95 0.97 

0.11 0.24 0.37 0.54 0.12 0.84 0.92 0.96 0.98 0.99 

0.34 0.45 0.60 0.75 0.86 0.93 0.97 0.98 0.99 1.00 

0.62 0.72 0.83 0.91 0.95 0.98 0.99 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 4.2 

DELTA 
-o.5 -o.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo 0.01 0.02 0.04 0.09 0.17 0.28 

o.oo o.oo 0.01 0.01 0.03 0.06 0.13 0.25 0.41 o.57 

0.01 0.01 0.02 0.03 0.07 0.15 0.28 0.46 0.64 0.78 

0.01 0.02 o.o4 0.08 0.16 0.30 o.49 o.68 0.81 o.89 

0.03 0.05 0.09 0.17 Q.31 0.50 0.69 0.83 0.91 0.95 

0.01 0.11 0.19 0.32 0.51 0.70 Q.84 0.92 o.96 0.98 

0.15 0.22 0.36 0.54 0.72 0.85 0.93 0.97 0.98 0.99 

0.31 0.43 0.59 0.75 0.87 0.94 0.97 0.99 0.99 1.00 

0.60 0.72 0.83 0.91 0.96 0.98 0.99 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 4.3 

DELTA 
-o.s -o.4 -o.3 -0.2 -0.1 a. 0.1 0.2 0.3 0.4 

a.au o.oo o.oo o.oo 0.01 0.02 o.o4 0.09 0.11 0.29 

o.oo o.oo 0.01 0.01 0.03 0.06 0.13 0.24 o.41 o.,a 

O.OO 0.01 0.01 0.03 0.07 O.l~ 0.28 0.46 0.65 0.78 

0.01 0.02 0.04 0.01 0.15 0.29 0.49 o.68 o.a2 0.90 

o.oJ o.o4 o.oa 0.16 0.30 o.5o 0.10 o.s4 0.92 o.96 

0.06 0.10 0.18 0.32 0.51 ·0.11 0.85 0.93 0.96 0.98 

0.14 0.22 0.35 0.54 0.12 0.86 Q.93 Q.97 0.99 0.99 

0.30 0.42 0.59 0.76 0.87 0.94 0.97 0.99 0.99 1.00 

o.59 0.11 o.a3 0.91 o.96 o.98 o.99 1.00 1.00 1.vo 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 4.5 

DELTA 
-o.s -o.4 -o.3 -0.2 -o.i o. 0.1 0.2 0.3 0.4 

a.co o.oo o.oo o.oo 0.01 0.02 0.04 a.as 0.11 0.30 

o.oo o.oo o.oo 0.01 0.02 0.05 0.12 0.24 0.42 0.59 

o.oo 0.01 0.01 0.03 0.06 0.13 0.21 o.41 o.66 a.ea 

0.01 0.02 0.03 0.07 0.14 0.28 0.49 0.69 0.84 0.91 

0.02 0.04 0.01 0.15 0.29 0.50 0.71 0.85 0.93 0.96 

0.05 0.09 0.16 0.31 0.51 0.12 0.86 0.93 0.97 0.98 

0.13 0.20 o.34 o.53 o.73 o.a1 o.94 o.97 o.99 o.99 

0.28 0.41 0.58 0.76 0.88 0.95 0.98 0.99 1.00 1.00 

o.ss 0.10 o.s3 o.92 o.96 o.98 o.99 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 4.7 

DELTA 
-o.s -o.4 -o.3 -0.2 -0.1 a. 0.1 0.2 0.3 0.4 

0.00 0.00 0.00 0.00 0.01 0.01 0.03 0.08 0.17 0.30 

o.oo o.oo o.oo 0.01 0.02 o.os 0.11 0.24 0.42 0.61 

o.oo o.oo 0.01 0.02 o.os 0.13 0.27 0.47 0.68 0.82 

0.01 0.01 o.o3 0.06 0.13 0.28 0.49 0.10 a.as 0.92 

0.02 0.03 0.06 0.14 0.2a o.5o 0.12 o.s6 o.94 o.97 

a.as o.oa 0.15 o.3o o.s1 0.12 o.a1 0.94 o.97 o.99 

0.11 0.1a o.32 o.53 o.73 o.s1 o.95 o.98 0.99 1.00 

0.26 o.39 o.ss o.76 o.a9 o.95 o.98 o.99 1.00 1.00 

o.56 0.10 o.83 0.92 o.97 o.99 o.99 ~.oo 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 4.4 

DELTA 
-U.5 -0.4 -0.3 -0.2 -0.1 O. 0.1 0.2 0.3 0.4 

o.co o.oo o.oo o.oo 0.01 0.02 0.04 0.09 0.17 0.29 

o.oo o.oo o.oo 0.01 0.02 0.06 0.12 0.24 o.41 o.;9 

u.oo 0.01 0.01 o.o3 0.06 0.14 0.21 o.47 o.66 0.79 

0.01 0.02 0.03 0.07 0.15 0.29 0.49 0.69 0.83 0.91 

0.02 0.04 0.08 0.16 0.30 0.50 Q.70 Q.84 Q.92 Q.96 

0.06 0.09 0.17 0.31 0.51 0.71 0.65 0.93 0.97 0.98 

0.13 0.21 o.34 o.s3 o.73 o.a6 o.94 o.97 o.99 o.99 

0.29 0.41 0.59 0.76 0.88 0.94 0.98 0.99 1.00 1.00 

0.59 0.11 Q.83 0.91 0.96 Q.98 0.99 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 4.6 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

0.00 0.00 0.00 Q.00 0.01 0.01 0.04 0.08 Q.17 0.30 

o.oo o.oo o.oo 0.01 0.02 a.as 0.12 0.24 o.42 0.60 

o.oo 0.01 0.01 0.02 0.06 0.13 0.21 o.47 o.67 o.a1 

0.01 0.01 o.o3 0.06 0.14 0.2a o.49 0.10 o.a4 0.92 

0.02 G.03 0.07 0.14 0.29 0.50 0.71 0.86 0.93 0.97 

0.05 0.08 0.16 0.30 0.51 0.72 0.86 0.94 0.97 0.99 

0.12 0.19 0.33 0.53 0.73 0.87 0.94 0.98 0.99 0.99 

0.27 0.40 0.56 0.76 0.68 0.95 Q.98 0.99 1.00 1.00 

0.57 0.70 0.83 0.92 0.96 0.99 0.99 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 4.b 

DELTA 
-o.5 -o.4 -o.3 -0.2 -0.1 a. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo 0.01 0.01 0.03 0.08 0.17 Q.31 

o.oo o.oo o.oo 0.01 0.02 a.as 0.11 0.24 o.43 0.62 

o.oo o.oo 0.01 0.02 0.05 0.12 0.26 0.47 0.68 0.82 

0.01 0.01 0.02 0.05 0.13 0.21 0.49 0.11 0.85 0.93 

0.02 0.03 0.06 0.13 0.2a a.so 0.12 o.s1 o.94 o.97 

0.04 0.01 0.1s 0.29 o.51 o.73 o.a1 o.95 o.98 o.99 

0.11 0.1a o.32 o.53 o.74 a.as o.95 o.98 o.99 1.00 

0.26 0.38 0.57 0.76 0.89 0.95 0.96 0.99 1.00 1.00 

0.55 0.69 0.83 0.92 0.97 0.99 0.99 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 4.9 

DELTA 
-o.s -o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.08 0.11 0.31 

o.oo o.oo o.oo 0.01 0.02 0.04 0.11 0.23 0.43 0.62 

o.oo o.oo 0.01 0.02 o.os 0.12 0.26 0.47 0.69 0.83 

0.01 0.01 0.02 o.os 0.12 0.27 0.49 0.11 0.86 0.93 

0.01 o.o3 0.06 0.13 0.20 a.so 0.12 0.01 o.94 o.97 

0.04 0.07 0.14 0.29 0.51 0.73 0.88 0.95 0.98 0.99 

0.10 0.17 Q.31 0.53 0.74 Q.88 0.95 0.98 0.99 1.00 

0.25 0.38 0.57 0.11 0.89 0.96 0.98 0.99 1.00 1.00 

0.55 0.69 0.83 0.92 0.97 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.1 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.01 0.11 0.32 

o.oo o.oo o.oo 0.01 0.01 0.04 0.10 0.23 0.44 0.64 

o.oo o.oo 0.01 0.02 0.04 0.11 0.25 0.48 0.10 0.84 

o.oo 0.01 0.02 o.os 0.12 0.26 0.49 0.12 0.87 0.94 

0.01 0.02 o.os 0.12 0.21 a.so 0.13 o.88 o.95 o.98 

0.03 0.06 0.13 0.28 0.51 0.74 0.88 0.95 0.98 0.99 

0.09 0.16 0.30 o.s2 0.1s o.89 o.96 o.98 o.99 1.00 

0.23 0.36 0.56 0.11 0.90 0.96 0.99 0.99 1.00 1.00 

0.53 0.68 0.83 0.93 0.97 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.3 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.07 0.17 0.33 

o.oo o.oo o.oo o.oo 0.01 o.o4 0.09 0.23 o.44 o.65 

o.oo o.oo 0.01 0.01 0.04 0.10 0.25 0.48 0.11 0.86 

o.oo 0.01 0.02 0.04 O•ll 0.25 0.49 0.73 0.88 0.95 

0.01 0.02 0.04 0.11 0.26 0.50 0.74 0.89 Q.96 0.98 

0.03 o.os 0.12 0.21 o.s1 0.15 o.89 o.96 o.98 o.99 

0.08 0.14 0.29 0.52 0.75 0.90 0.96 0.99 0.99 1.00 

0.21 0.35 Q.56 0.77 0.91 0.96 0.99 1.00 1.00 1.00 

0.51 0.67 0.83 0.93 0.97 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.0 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.08 0.17 0.32 

o.oo o.oo o.oo 0.01 0.02 0.04 0.10 0.23 0.43 0.63 

o.oo o.oo 0.01 0.02 o.o5 0.11 0.26 o.48 o.69 o.a4 

o.oo 0.01 0.02 0.05 0.12 0.27 0.49 0.72 0.86 0.94 

0.01 0.02 o.os 0.12 0.21 a.so 0.13 o.88 0.95 o.98 

0.04 0.06 0.14 Q.28 0.51 0.73 0.88 0.95 0.98 0.99 

0.09 0.16 0.31 0.52 0.74 Q.89 0.95 0.98 0.99 1.00 

0.24 0.37 0.57 0.11 0.90 0.96 0.98 0.99 1.00 1.00 

Q.54 0.68 0.83 0.92 0.97 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.2 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.l o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.01 0.17 0.32 

o.oo o.oo o.oo 0.01 0.01 0.04 0.10 0.23 0.44 0.65 

o.oo o.oo 0.01 0.02 0.04 0.11 0.25 0.48 0.71 0.85 

o.oo 0.01 0.02 0.04 0.11 0.26 0.49 0.73 0.88 0.94 

0.01 0.02 o.os 0.12 0.26 0.50 0.74 0.88 0.95 0.98 

0.03 Q.06 0.12 0.21 0.51 0.74 0.89 0.96 0.98 0.99 

o.og 0.1s 0.29 o.52 o.75 o.89 0.96 o.98 o.99 1.00 

0.22 o.35 o.56 0.11 0.90 o.96 0.99 o.99 1.00 1.00 

0.52 0.68 0.83 0.93 0.97 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.4 

DELTA 
-o.5 -o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.02 0.01 0.17 0.33 

o.oo o.oo o.oo o.oo 0.01 0.03 0.09 0.22 0.44 0.66 

o.oo o.oo o.oo 0.01 0.04 0.10 0.24 0.48 0.12 0.86 

o.oo 0.01 0.01 Q.04 0.10 0.25 0.49 0.74 0.88 0.95 

0.01 0.02 o.o4 0.11 o.26 a.so 0.74 o.e9 o.96 o.98 

0.03 o.o5 0.12 0.26 o.51 o.75 0.90 o.96 o.99 o.99 

0.08 0.14 0.28 0.52 0.76 0.90 0.96 0.99 1.00 1.00 

0.21 o.34 o.56 0.18 0.91 o.97 o.99 1.00 1.00 1.00 

0.51 0.67 Q.83 0.93 0.98 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 5.~ 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.02 o.ot 0.11 o.33 

o.oo 0.00 0.00 o.oo 0.01 0.03 0.09 0.22 0.44 O.b1 

o.oo o.oo o.oo 0.01 Q.03 0.10 0.24 0.48 0.12 0.87 

o.oo 0.01 0.01 0.04 0.10 0.25 o.49 o.74 o.89 o.95 

0.01 0.02 0.04 0.10 0.25 0.50 0.75 0.90 0.96 0.98 

0.02 o.o5 0.11 0.26 o.51 o.75 o.9o o~9b o.99 o.99 

0.01 0.13 0.28 0.52 0.76 0.90 Q.97 0.99 1.00 1.00 

0.20 0.33 0.56 0.78 0.91 0.97 0.99 1.00 1.00 1.00 

0.50 Q.67 0.83 0.93 0.98 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.7 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.l o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.02 0.06 0.16 0,34 

o.oo o.oo o.oo o.oo 0.01 0.03 0.08 0.22 o.45 o.68 

o.oo o.oo o.oo 0.01 0.03 0.09 0.23 o.48 0.13 o.88 

o.oo o.oo 0,01 0.03 0.09 0.24 0.50 0.75 0.90 0.96 

0.01 0.01 o.o3 0.10 0.24 o.50 o.76 o.90 o.97 o.99 

0.02 0.04 0.10 0.25 0.50 0.76 0.91 0.97 0.99 1.00 

0.06 0.12 0.27 0.52 0.11 0.91 0.97 0.99 1.00 1.00 

0.19 0.32 0.55 0.78 0.92 0.97 0.99 1.00 1.00 1.00 

0.48 0.66 0.84 0.94 0.98 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.9 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. O.l 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.02 0.06 0.16 0.35 

o.oo o.oo o.oo o.oo 0.01 o.o3 o.oa 0.21 o.45 o.69 

u.oo o.oo o.oo 0.01 0.03 o.oa 0.23 o.49 o.74 o.a9 

o.oo o.oo 0.01 0.03 0.09 0.23 a.so 0.16 0.91 o.96 

0.01 0.01 o.o3 o.09 0.24 o.50 o.76 0.91 o.97 o.99 

0.02 0.04 0.09 0.24 a.so 0.11 0.91 o.97 o.99 1.00. 

0.06 0.11 0.26 o.51 0.11 o.92 0.91· 0.99 1.00 1.00 

0.11 Q.31 0.55 0.79 0.92 0.97 0.99 1.00 1.00 1.00 

0.47 0.65 0.84 0.94 0.98 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.6 

DlLTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.02 0.06 0.11 0.34 

o.oo o.oo o.oo o.oo 0.01 0.03 0.09 0.22 0.45 0,67 

o.oo o.oo o.oo 0.01 0.03 0.09 0.24 o.48 o.73 o.a1 

o.oo o.oo 0.01 0.03 0.10 0.24 0.49 0.75 0.89 0.96 

0.01 0.01 0.04 0.10 0.25 0.50 0.1s 0.90 o.96 o.99 

0.02 o.04 0.11 0.2s o.51 0.16 0.90 o.97 0,99 1.00 

0.01 0.13 0.21 o.52 0.16 o.91 o.97 o.99 1.00 1.00 

0.19 0.33 0.55 0.78 0.91 0.97 0.99 1.00 1.00 1.00 

0.49 0.66 0.83 0.94 0.98 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 5.8 

DELTA 
-0.5 ~0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.02 0.06 a.lb o.34 

o.oo o.oo o.oo o.oo 0.01 0.03 o.oa 0.22 o.45 o.69 

0.00 o.oo o.oo 0.01 0.03 0.09 0.23 0.48 0.74 O.d8 

o.oo o.oo 0.01 o.o3 0.09 0.24 o.so 0.1s 0.90 o.96 

0.01 0.01 0.03 0.09 0.24 0.50 0.76 0.91 0.97 0.99 

0.02 0004 0.10 0.25 0.50 0.76 Q.91 0.97 0.99 1.00 

O.Ob 0.12 0.26 0.52 0.77 0.91 0.97 0.99 1.00 1.00 

0.1a 0.31 o.55 o.78 0.92 o.97 o.99 1.00 1.00 1.00 

0.48 0.66 0.84 0.94 0.98 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 6.0 

DELTA 
-o.s ~o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.02 0.06 0.16 0.35 

o.oo o.oo o.oo o.oo 0.01 0.02 o.oa 0.21 o.45 0.10 

O.QO 0.00 0.00 0.01 0.03 O.OB 0.23 0.49 0.7~ 0.89 

o.oo o.oo 0.01 0.03 o.oa 0.23 o.so 0.1b o.91 o.97 

o.oo 0.01 0.03 0.09 0.23 0.50 0.11 0.91 0.97 0.99 

0.02 0.03 0.09 0.24 a.so 0.11 0.92 o.97 o.99 1.00 

0.05 O.ll 0.25 0.51 0.77 0.92 0.97 0.99 1,001.00 

0.11 0.30 0.55 0.79 0.92 0.98 0.99 1.00 1.00 .1.00 

0.46 O.b5 Q.84 0.94 0.98 Q.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

o.s 

0.6 

0.1 

0.8 

0.9 

1.0 

T 
0.1 

0.2-

0.3 

0.4 

0.5 

0.6 

0.7 

o.a 

0.9 

1.0 
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COMPUTED COORDINATES FOR ~ASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 6.1 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo 0.01 0.02 0.06 0.16 Q.35 

o.oo o.oo o.oo o.oo 0.01 0.02 0.01 0.21 0.46 0.70 

o.oo o.oo o.oo 0.01 0.02 0.08 0.22 0.49 0.75 0.90 

o.oo o.oo 0.01 0.03 0.08 0.23 a.so 0.11 o.91 o.97 

o.oo 0.01 o.o3 0.08 0.23 o.5o 0.11 0.92 0.91 0.99 

0.02 0.03 0.09 0.23 0.50 0.77 0.92 0.97 0.99 1.00 

0.05 0.10 0.25 0.51 0.78 0.92 0.98 0.99 1.00 1.00 

0.16 0.30 0.54 0.79 0.93 0.98 0.99 1.00 1.00 1.00 

0.46 0.65 0.84 0.94 0.98 0.99 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 6.3 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 .o. 0.1 0.2 0.3 0.4 

o.ou o.oo o.oo o.oo o.oo o.oo 0.02 o.05 0.16 0.36 

o.oo o.oo o.oo o.oo 0.01 0.02 0.07 0.20 0.46 0.12 

o.oo o.oo o.oo 0.01 0.02 0.07 0.22 0.49 0.76 0.90 

o.oo o.oo 0.01 0.02 0.01 0.22 0.50 0.77 0.92 0.97 

o.oo 0.01 0.02 0.08 0.22 0.50 0.78 0.92 0.98 0.99 

0.01 0.03 0.08 0.23 o.so o.78 o.93 o.98 o.99 1.00 

o.o4 0.10 0.24 o.s1 0.18 o.93 o.98 o.99 1.00 1.00 

0.15 0.28 0.54 0.80 0.93 0.98 0.99 1.00 1.00 1.00 

0.44 0.64 0.64 0.95 0.98 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 6.5 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.05 0.16 0.36 

o.oo o.oo o.oo o.oo 0.01 0.02 0.06 0.20 o.46 0.13 

o.oo o.oo o.oo 0.01 0.02 0.01 0.21 0.49 0.11 0.91 

o.oo o.oo 0.01 0.02 0.01 0.21 a.so 0.1a o.93 o.97 

o.oo 0.01 0.02 0.07 0.22 0.50 0.78 0.93 0.98 0.99 

0.01 0.03 0.07 0.22 0.50 0.79 0.93 0.98 0.99 1.00 

0.04 0.09 0.23 0.51 0.79 0.93 0.98 0.99 1.00 1.00 

0.14 0.21 o.54 0.80 o.94 o.98 o.99 1.00 1.60 1.00 

0.43 0.64 0.84 0.95 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00-1.00 1.00 1.00 

ALPHA= 6.2 

DELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.05 0.16 0.36 

o.oo o.oo o.oo o.oo 0.01 0.02 0.07 0.21 0.46 0.11 

o.oo o.oo o.oo 0.01 0.02 0.08 0.22 0.49 0.76 0.90 

o.oo o.oo 0.01 0.02 0.08 0422 a.so 0.11 0.92 o.97 

o.oo 0.01 0.03 0.08 0.23 a.so 0.11 0.92 o.97 o.99 

0.01 o.o3 o.oa 0.23 o.so 0.1a o.92 0.90 o.99 1.00 

o.os 0.10 0.24 o.s1 0.10 0.92 0.90 o.99 1.00 1.00 

0.1~ 0.29 0.54 0~79 0.93 0.98 0.99 1.00 1.00 1.00 

0.4~ 0.64 0.84 0.95 0.98 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 6.4 

DELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.05 0.16 0.36 

o.oo o.oo o.oo o.oo 0.01 0.02 0.07 0.20 0.46 0.12 

o.oo o.oo o.oo 0.01 0.02 0.07 0.21 0.49 0.11 0.91 

o.oo o.oo 0.01 0.02 0.01 0.22 o.so 0.1a 0.92 0.91 

o.oo 0.01 0.02 0.01 0.22 0.50 0.78 0.93 0.98 0.99 

0.01 0.03 o.oa 0.22 o.so 0.18 o.93 o.98 o.99 1.00 

0.04 0.09 0.23 0.51 0.79 0.93 0.98 0.99 1.00 1.00 

u.14 0.20 o.~4 o.ao o.93 o.ga 0.99 1.00 1.00 1.00 

0.44 0.64 0.84 0.95 0.98 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.uo 

ALPHA= 6.6 

DELTA 
-o.s -o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.05 0.15 0.37 

o.oo o.oo o.oo o.oo o.oo 0.02 0.06 0.20 0.46 0.73 

ri.oo o.oo o.oo 0.01 0.02 0.01 0.21 o.49 0.11 0.92 

o.oo o.oo 0.01 0.02 0.01 0.21 0.50 0.79 0.93 0.98 

o.oo 0.01 0.02 0.07 0.21 0.50 0.79 0.93 0.98 0.99 

0.01 0.02 0.07 0.21 0.50 0.79 0.93 0.98 0.99 1.00 

o.o4 o.oa 0.23 o.s1 o.79 Q.93 o.98 o.99 1.00 1.00 

o.1t 0.21 o.54 a.so o.94 o.98 1.00 1.00 1.00 1.00 

o.42 o.63 a.as o.95 o.99 1.00 1.00 1.00 1.00 1.uo 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 
0.1 

0.2 

0.3 

0.4. 

o.s 

0.6 

0.1 

O.B 

Q.9 

1.0 

T 
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o.s 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 6.7 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 o.os 0.15 0.37 

o.oo o.oo o.oo o.oo o.ou 0.02 0.06 0.19 0.47 0.74 

o.oo o.oo o.oo o.oo 0.02 0.06 0.20 0~49 0.10 0.92 

o.oo o.oo o.oo 0.02 0.06 0.21 a.so o.79 o.93 o.98 

o.oo 0.01 0.02 0.01 0.21 a.so 0.19 o.93 o.98 0.99 

0.01 0.02 0.01 0.21 a.so o.79 o.94 o.98 1.00 1.00 

0.04 0.08 0.22 0.51 0.80 0.94 0.98 1.00 1.00 1.00 

0.13 0.26 o.53 0.01 o.94 o.98 1.00 1.00 1.00 1.00 

Q.42 Q.63 0.85 0.95 0.9~ 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

DtLTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 o.o4 0.1s 0.31 

o.oo o.oo o.oo o.oo o.oo 0.01 0.06 0.19 0.47 0.75 

o.oo o.oo o.oo o.oo 0.02 0.06 0.20 0.49 0.79 0.93 

o.oo o.oo o.oo 0.02 0.06 0.20 a.so a.so o.94 0,90 

o.oo o.oo 0.02 0.06 0.20 a.so a.so o.94 o.98 1.00 

0.01 0.02 0.06 0.20 a.so a.so o.94 o.98 1.00 1.00 

0.03 0.01 0.21 0.51 a.so o.94 o.98 1.00 1.00 1.00 

0.12 0.25 0.53 0.81 0.94 0.99 1.00 1.00 1.00 1.00 

o.40 o.63 a.as o.96 o.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 7.1 

OHTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.15 0.38 

o.oo o.oo o.oo o.oo o.oo 0.01 o.o5 0.10 o.47 0.16 

o.oo o.oo 0.00.0.00 0.01 0.05 0.19 0.49 0.79 0.93 

o.oo o.oo o.oo 0.01 0.06 0.19 a.so 0.00 o.94 o.98 

o.oo o.oo 0.01 0.06 0.20 a.so 0.00 o.94 o.99 1.00 

0.01 0.02 0.06 0.20 0.50 0.81 0.94 0.99 1.00 1.00 

0.03 0.07 0.21 0.51 0.81 0.95 0.99 1.00 1,001.00 

0.11 0.24 0.53 0.82 0.95 0.99 1.00 1.00· 1.00 1.00 

0.39 0.62 0.85 0.96 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 6.8 

OHTA 
-o.~ -o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 ~-3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.05 0.15 0.37 

o.oo o.oo o.oo o.oo o.oo 0.02 0,06 0.19 0.47 0.74 

o.oo o.oo o.oo o.oo a.oz 0.06 0.20 o.49 0.10 o.92 

o.oo o.oo o.oo 0.02 0.06 0.20 a.so 0.19 o.93 o.98 

o.oo o.o• J.02 0.06 0.20 a.so 0.00 o.94 o.98 o.99 

0.01 0.02 0.01 0.21 a.so 0.00 o.94 o.98 1.00 1.00 

0.03 0.00 0.22 o.s1 a.so o.94 o.98 1.00 1.00 1.00 

0.12 0.26 0.53 0.81 0.94 Q.98 1.00 1.00 1.00 1.00 

0.41 0.63 0.85 0.95 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 L.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 l.UO 

ALl'HA = a.o 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 Q.3 0.4 

o.oo o.oo o.oo o.oq o.oo o.oo 0.01 o.o4 0.1s o.38 

o.oo o.oo o.oo o.oo o.oo 0.01 Q.05 0.19 0.47 0.75 

o.oo o.oo o.oo o.oo 0.01 0.06 0.19 0.49 0.79 0.93 

a.co o.oo o.oo 0.01 0.06 0.20 o.so 0.00 o.94 o.98 

o.oo o.oo 0.02 0.06 0.20 a.so 0.00 o.94 o,98 1.00 

0.01 0~02 0.06 0.20 a.so 0.00 o.94 o.99 1.00 1.00 

0.03 0.07 0.21 0.51 0.81 0.94 0.99 1.00 1.00 1.00 

0.11 0.25 0.53 0.81 0.95 0.99 1.00 1.00 1.00 1.00 

0.40 0.62 0.85 0.96 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 7.2 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.15 0.38 

o.oo o.oo o.oo o.oo o.oo 0.01 0.05 0.18 0.47 0.76 

o.oo o.oo o.oo o.oo 0.01 o.os 0.19 o.49 0.00 o.93 

o.oo c.oo o.oo 0.01 0.05 0.19 0.50 0.81 0.94 0.98 

o.oo o.oo 0.01 o.o5 0.19 a.so 0.01 o.95 o.99 1.uo 

0.01 0.02 0.06 0.19 a.so o.a1 0.95 o.99 1.00 1.00 

o.o3 0.01 u.20 o.s1 o.s1 o.95 o.99 1.00 1.00 1.00 

0.11 0.24 0.53 0.82 0.95 0.99 1.00 1.00 1.00 1.00 

0.38 0.62 0.85 0.96 Q.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 
0.1 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 7.3 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.14 o.38 

o.oo o.oo o.oo o.oo o.oo 0.01 0.05 0.18 0.47 0.11 

o.oo o.oo o.oo o.oo 0.01 o.os 0.19 o.49 o.ao 0.94 

o.oo o.oo o.oo 0.01 0.05 0.19 0.50 0.81 0.95 0.98 

o.oo o.oo 0.01 o.os 0.19 0.50 0,81 0.95 0.99 1.00 

0.01 0.02 o.os 0.19 a.so o.a1 o.95 o.99 1.00 1.00 

0.02 0.06 0.20 0.51 0.81 0.95 0.99 1.00 1.00 1.00 

0.10 0.23 0.53 0.82 0.95 0.99 1.00 1.00 1.00 1.00 

0.38 0.62 0.86 0.96 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 7.5 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.14 0.39 

o.oo o.oo o.oo o.oo o.oo 0.01 0.05 0.17 0.48 0.78 

o.oo o.oo o.oo o.oo 0.01 o.os 0.18 0.49 0.81 0.94 

o.oo o.oo o.oo 0.01 0.05 0.18 0.50 0.82 0.95 0.99 

o.oo o.oo 0.01 0.05 0.18 0.50 0.82 0.95 0.99 1.00 

o.oo 0.01 0.05 0.18 0,50 0.82 0.95 0.99 1.00 1.00 

0.02 0.06 0.19 0.51 0.82 0.95 0.99 1.00 1.00 1.00 

0,09 0.22 0.52 0.83 0.95 0.99 1.00 1.00 1.00 1.00 

0.36 0.61 0.86 0.96 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 7.7 

OELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.03 o.14 o.39 

o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.17 0.48 0.79 

o.oo o.oo o.oo o.oo 0.01 0.04 0.11 0.50 0.82 0.95 

o.oo o.oo o.oo 0.01 0.04 0.18 a.so o.a2 o.95 o.99 

o.oo o.oo 0.01 0.04 0.18 0.50 0.82 0.96 0.99 1.00 

o.oo 0.01 o.os 0.18 a.so o.a2 o.96 o.99 1.00 1.00 

0.02 0.05 0.18 0.50 0.83 0.96 0.99 1.00 1.00 1.00 

0.09 0.21 0.52 0.83 0.96 0.99 1.00 1.00 1.00 1.00 

o.35 0.61 o.86 o.97 o.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 7.4 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.14 0.39 

o.oo o.oo o.oo o.oo o.oo 0.01 o.os 0.18 0.47 0.11 

o.oo o.oo o.oo o.oo 0.01 o.os 0.18 o.49 o.ao o.94 

o.oo o.oo o.oo 0.01 0.05 0.19 0.50 0.81 0.95 0.99 

o.oo o.oo 0.01 o.os 0.19 a.so o.81 o.95 o.99 1.00 

0.01 0.01 o.os o.19 o.so 0.81 o.95 0.99 1.00 1.00 

0.02 0.06 0.20 0.51 0.82 0.95 0.99 1.00 1.00 1.00 

0.10 0.23 0.53 0.82 0.95 0.99 1.00 1.00 1.00 1.00 

0.37 0.61 0.86 0.96 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 7,6 

DtLTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.14 0.39 

o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.11 0.48 0.78 

o.oo o.oo o.oo o.oo 0.01 o.os 0.1a o.49 o.a1 o.94 

o.oo o.oo o.oo 0.01 0.05 0.18 0.50 0.82 0.95 0.99 

0.00 0.00 0.01 0.05 0.18 0.50 0.82 0.95 0.99 1.00 

o.oo 0.01 o.os 0.18 a.so o.82 o.95 o.99 1.00 1.00 

0.02 0.06 0.19 o.s1 0.82 o.95 o.99 1.00 1.00 1.00 

0.09 0.22 0.52 0.83 0.96 0.99 1.00 1.00 1.00 1.00 

0.36 0.61 0.86 0.96 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 7.8 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.14 0.39 

o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.11 0.48 0.79 

o.oo o.oo o.oo o.oo 0.01 0.04 0.11 a.so 0.82 o.95 

o.oo o.oo o.oo 0.01 0.04 0.11 0.50 0.82 0.96 0.99 

o.oo o.oo 0.01 0.04 0.17 0.50 0,83 0.96 0.99 1.00 

o.oo 0.01 0.04 0.18 0.50 0.83 0.96 0.99 1.00 1.00 

0.02 0.05 0.18 0.50 0.83 0.96 0.99 1.00 1.00 1.00 

o.oa 0.21 o.s2 o.83 o.96 o.99 1.00 1.00 1.00 1.00 

0.35 0.61 0.86 0.97 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 7.9 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.14 0.40 

o.oo o.oo o.oo o.oo o.oo 0.01 0.04 0.16 0.48 0.79 

o.oo o.oo o.oo o.oo 0.01 0.04 0.11 a.so 0.02 0.95 

o.oo o.oo o.oo 0.01 o.o4 0.11 a.so o.83 o.96 0.99 

o.oo o.oo 0.01 0.04 0.11 a.so 0.03 o.96 o.99 1.00 

o.oo 0.01 0.04 0.11 a.so 0.03 o.96 o.99 1.00 1.00 

0.02 o.os 0.10 o.so o.a3 o.96 o.99 1.00 1.00 1 0 00 

o.oa 0.21 o.s2 o.a4 o.96 o.99 1.00 1.00 1.00 1.00 

0.34 0.60 0.86 0.97 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 8.1 

DELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.13 0.40 

o.oo o.oo o.oo o.oo o.oo 0.01 o.o4 0.16 0.4a a.ea 

o.oo o.oo o.oo o.oo 0.01 0.04 0.16 a.so o.a3 0.9s 

o.oo o.oo o.oo 0.01 0.04 0.11 a.so o.a3 o.96 o.99 

o.oo o.oo 0.01 0.04 0.17 0.50 0.83 0.96 0.99 1.00 

o.oo 0.01 0.04 0.11 0.50 0.83 0.96 0.99 1.00 1.00 

a.oz a.as 0.11 o.so o.a4 o.96 o.99 1.00 1.00 1.00 

o.oa 0.20 o.s2 o.a4 o.96 0.99 1.00 1.00 1.00 1.00 

0.33 0.60 0.87 0.97 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 8.3 

DELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 o.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.13 0.40 

o.oo o.oo o.oo o.oo o.oo 0.01 o.03 0.1s o.48 a.al 

o.oo o.oo o.oo o.oo 0.01 0.03 0.16 0.50 Q.83 0.96 

o.oo o.oo o.oo 0.01 0.03 0.16 a.so o.a4 o.96 o.99 

o.oo o.oo 0.01 o.o4 0.16 a.so o.a4 o.96 0.99 1.00 

o.oo 0.01 0.04 0.16 0.50 0.84 0.97 0.99 1.00 1.00 

0.01 0.04 0.11 a.so o.a4 o.97 0.99 1.00 1.00 1.00 

0.01 0.19 0.52 0.85 0.97 0.99 1.00 1.00 1.00 1.00 

0.32 0.60 0.87 0.97 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= a.a 

DELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.13 0.40 

o.oo o.oo o.oo o.oo o.oo 0.01 o.o4 0.16 o.4a o.ao 

o.oo o.oo o.oo o.oo 0.01 o.o4 0.11 a.so o.a3 o.95 

o.oo o.oo o.oo 0.01 o.o4 0.11 a.so o.83 o.96 o.99 

o.oo o.oo 0.01 o.o4 0.11 a.so o.a3 o.96 o.99 1.00 

o.oo 0.01 0.04 0.17 0.50 Q.83 0.96 0.99 1.00 1.00 

0.02 a.as 0.11 a.so o.a3 o.96 o.99 1.00 1.00 1.00 

o.oa 0.20 o.s2 o.a4 o.96 0.99 1.00 1.00 1.00 1.00 

Q.34 0.60 0.87 0.97 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 8.2 

DELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.13 0.40 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.16 0.48 0.81 

o.oo o.oo o.oo o.oo 0.01 0.04 0.16 a.so o.83 o.96 

o.oo o.oo o.oo 0.01 o.o4 0.16 a.so o.a4 o.96 o.99 

o.oo o.oo 0.01 o.o4 0.16 a.so o.a4 o.96 o.99 1.00 

o.oo 0.01 0.04 0.16 a.so o.a4 o.96 o.99 1.00 1.00 

0.01 0.04 0.11 a.so o.a4 o.96 o.99 1.00 1.00 1.00 

0.01 0.19 0.52 0.84 0.97 0.99 1.00 1.00 1.00 1.00 

0.32 0.60 0.87 0.97 0.99 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 8.4 

D~LT,A 
-o.s -o.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.13 0.41 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.1s o.4a a.al 

o.oo o.oo o.oo o.oo 0.01 o.o3 0.16 a.so o.84 o.96 

o.oo o.oo o.oo 0.01 0.03 0.16 a.so o.a4 o.97 o.99 

o.oo o.oo 0.01 o.o3 0.16 a.so o.a4 0.91 o.99 1.00 

o.oo 0.01 o.o3 0.16 a.so o.a4 o.97 o.99 1.00 1.00 

0.01 o.o4 0.16 a.so o.a4 o.97 o.99 1.00 1.00 1.00 

0.01 0.19 0.52 0.85 0.97 0.99 1.00 1.00 1.00 1.00 

0.31 o.59 o.a1 o.97 o.~9 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

o.8 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

0.8 

0.9 

1.0 

ll3 

COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 8.5 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.03 0.13 0.41 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.15 0.48 0.02 

o.oo o.oo o.oo o.oo 0.01 0.03 0.15 0.50 0.84 0.96 

o.oo o.oo o.oo 0.01 0.03 0.15 0.50 0.84 0.97 0.99 

o.oo o.oo 0.01 0.03 0.15 0.50 0.85 0.97 0.99 1.00 

o.oo 0.01 0.03 0.16 0.50 0.85 0.97 0.99 1.00 1.00 

0.01 0.04 0.16 0.50 0.85 0.97 0.99 1.00 1.00 1.00 

0.06 0.18 0.52 0.85 0.97 0.99 1.00 1.00 1.00 1.00 

0.31 0.59 0.87 0.97 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 8.7 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.12 0.41 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.14 0.48 0.82 

o.oo o.oo o.oo o.oo 0.01 0.03 0.15 0.50 0.85 0.96 

o.oo o.oo o.oo 0.01 0~03 0.15 0.50 0.85 0.97 0.99 

o.oo o.oo 0.01 0.03 0.15 0.50 o.85 o.97 o.99 1.00 

o.oo 0.01 0.03 0.15 0.50 0.85 0.97 0.99 1.00 1.00 

0.01 0.04 0.15 0.50 0.85 0.97 0.99 1.00 1.00 1.00 

0.06 0.18 0.52 0.86 0.97 0.99 1.00 1.00 1.00 1.00 

0.30 0.59 0.88 0.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 8.9 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.12 0.42 

o.oo o.oo o.oo o.oo o.oo o.oo 0.03 0.14 0.49 0.83 

o.oo o.oo o.oo o.oo o.oo 0.03 0.14 o.5o o.85 o.97 

o.oo o.oo o.oo o.oo 0.03 0.14 o.5o o.86 o.97 o.99 

o.oo o.oo o.oo 0.03 0.14 0.50 0.86 0.97 1.00 1.00 

o.oo 0.01 0.03 0.14 0.50 0.86 0.97 1.00 1.00 1.00 

0.01 0.03 0.15 o.5o o.86 0.91 1.00 1.00 1.00 1.00 

0.06 0.11 0.51 0.86 0.97 1.00 1.00 1.00 1.00 1.00 

0.29 o.58 o.a8 o.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 8.6 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.03 0.12 0.41 

o.oo o.oo o.oo o.oo o.oo 0.01 0.03 0.15 o.48 0.92 

o.oo o.oo o.oo o.oo 0.01 0.03 0.15 0.50 0.84 0.96 

o.oo o.oo o.oo 0.01 0.03 0.15 0.50 0.85 0.97 0.99 

o.oo o.oo 0.01 0.03 0.15 o.5o o.85 o.97 o.99 1.00 

o.oo 0.01 0.03 0.15 o.5o o.85 o.97 0.99 1.00 1.00 

0.01 0.04 0.16 0.50 0.85 0.97 0.99 1.00 1.00 1.00 

0.06 0.18 0.52 o.85 o.97 o.99 1.00 1.00 1.00 1.00 

0.30 0.59 O.BB 0.97 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= B.8 

DELTA 
-o.5 -o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.12 0.41 

o.oo o.oo o.oo o.oo o.oo o.oo 0.03 0.14 0.49 0.83 

o.oo o.oo o.oo o.oo 0.01 0.03 0.15 0.50 0.85 0.97 

o.oo o.oo o.oo 0.01 0.03 0.15 o.5o o.85 o.97 o.99 

o.oo o.oo 0.01 0.03 0.15 o.50 0.85 0.97 0.99 1.00 

o.oo 0.01 0.03 0.15 0.50 0.85 0.97 0.99 1.00 1.00 

0.01 0.03 0.15 o.5o o.85 0.97 o.99 1.00 1.00 1.00 

0.06 0.17 0.51 0.86 0.97 1.00 1.00 1.00 1.00 1.00 

0.29 o.59 o.88 o.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 9.0 

DELTA 
-0.5 -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.12 0.42 

o.oo o.oo o.oo o.oo o.oo o.oo 0.03 0.14 0.49 0.83 

o.oo o.oo o.oo o.oo o.oo 0.03 0.14 0.50 0.85 0.97 

o.oo o.oo o.oo o.oo 0.03 0.14 0.50 0.86 0.97 0.99 

o.oo o.oo o.oo 0.03 0.14 0.50 0.86 0.97 1.00 1.00 

o.oo 0.01 0.03 0.14 0.50 0.86 0.97 1.00 1.00 1.00 

0.01 0.03 0.15 0.50 0.86 0.97 1.00 1.00 1.00 1.00 

o.o5 0.11 o.51 o.86 o.97 1.00 1.00 1.00 1.00 1.00 

0.28 o.58 o.a8 o.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



T 
0.1 

0.2 

0.3 

0.4 

o.s 

o.6 

0.1 

o.e 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

o.s 

o.6 

0.1 

a.a 

0.9 

1.0 

T 
0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.1 

0.8 

0.9 

1.0 
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COMPUTED COORDINATES FOR BASIC FEASIBLE 
TASK CHARACTERISTIC CURVES 

ALPHA= 9.1 

DELTA 
-o.s -o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 o.3 o.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.12 0.42 

o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.14 0.49 0.84 

o.oo o.oo o.oo o.oo o.oo 0.03 0.14 0.50 0.86 0.97 

o.oo o.oo o.oo o.oo 0.03 0.14 a.so o.e6 0.97 1.00 

o.oo o.oo o.oo 0.03 0.14 o.so o.e6 o.97 1.00 1.00 

o.oo o.oo 0.03 0.14 0.50 0.86 0.97 1.00 1.00 1.00 

0.01 0.03 0.14 o.so o.e6 o.97 1.00 1.00 1.00 1.00 

0.05 0.16 o.s1 o.86 0.9a 1.00 1.00 1.00 1.00 1.00 

0.28 0.58 0.88 0.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 9.3 

DELTA 
-o.s -o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 o.3 0.4 

o.oo o.oo o.oo o.oo 0.06 o.oo o.oo 0.02 0.11 0.42 

o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.13 0.49 0.84 

o.oo o.oo o.oo o.oo o.oo 0.02 0.13 o.so 0.86 0.97 

o.oo o.oo o.oo o.oo 0.02 0.13 o.so o.a6 o.98 1.00 

o.oo o.oo o.oo 0.02 0.13 0.50 0.87 0.98 1.00 1.00 

o.oo o.oo 0.02 0.14 a.so 0.81 o.9a 1.00 1.00 1.00 

0.01 0.03 0.14 a.so o.a1 o.98 1.00 1.00 1.00 1.00 

0.05 0.16 0.51 0.87 0.98 1.00 1.00 1.00 1.00 1.00 

0.21 o.sa o.a9 o.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 9.5 

DELTA 
-o.s -o.4 -o.3 -0.2 -0.1 o. 0.1 0.2 0.3 o.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0 .• 11 Q.43 

o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.13 0.49 0.85 

o.oo o.oo o.oo o.oo o.oo 0.02 0.13 o.so o.87 o.97 

o.oo o.oo o.oo o.oo 0.02 0.13 o.so o.87 o.98 1.00 

o.oo o.oo o.oo 0.02 0.13 a.so o.a1 o.98 1.00 1.00 

o.oo o.oo 0.02 0.13 o.so 0.87 0.98 1.00 1.00 1.00 

0.01 Q.03 0.13 o.so 0.87 0.98 1.00 1.00 1.00 1.00 

0.04 0.15 0.51 0.87 0.98 1.00 1.00 1.00 1.00 1.00 

0.26 o.s1 o.89 o.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,001.00 1.00 

ALPHA= 9.2 

DELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.12 0.42 

o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.13 0.49 0.84 

o.oo o.oo o.oo o.oo o.oo 0.02 0.14 a.so o.86 o.97 

o.oo o.oo o.oo o.oo 0.02 0.14 0.50 0.86 0.97 1.00 

o.oo o.oo o.oo 0.02 0.14 a.so o.86 o.9a 1.00 1.00 

o.oo o.oo 0.03 0.14 o.so o.86 o.98 1.00 1.00'1.oo 

0.01 0.03 0.14 0.50 0.86 0.98 1.00 1.00 1.00 1.00 

0.05 0.16 0.51 0.87 0.98 1.00 1.00 1.00 1.00 1.00 

0.21 0.58 0.88 0.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 9.4 

DELTA 
-o.s -0.4 -0.3 -0.2 -0.1 o. 0.1 0.2 0.3 0.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.11 0.42 

o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.13 o.49 o.as 

o.oo o.oo o.oo o.oo o.oo 0.02 0.13 o.so o.a6 0.91 

o.oo o.oo o.oo o.oo 0.02 0.13 0.50 0.87 0.98 1.00 

o.oo o.oo o.oo 0.02 0.13 o.so 0.87 0.98 1.00 1.00 

o.oo o.oo 0.02 0.13 a.so o.a1 o.98 1.00 1.00 1.00 

0.01 0.03 0.14 o.so o.a1 0.9a 1.00 1.00 1.00 1.00 

0.05 0.15 0.51 0.87 0.98 1.00 1.00 1.00 1.00 1.00 

0.26 0.58 0.89 0.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

ALPHA= 9.6 

DELTA 
-o.s -o.4 -o.3 -0.2 -0.1 a. 0.1 0.2 o.3 o.4 

o.oo o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.11 0.43 

o.oo o.oo o.oo o.oo o.oo o.oo 0.02 0.13 o.49 o.as 

o.oo o.oo o.oo o.oo o.oo 0.02 0.13 o.so o.a1 o.98 

o.oo o.oo o.oo o.oo 0.02 0.13 0.50 0.87 0.98 1.00 

o.oo o.oo o.oo 0.02 0.13 0.50 0.87 0.98 1.00 1.00 

o.oo o.oo 0.02 0.13 o.so o.87 o.98 1.00 1.00 1.00 

0.01 0.02 0.13 o.so o.87 o.98 1.00 1.00 1.00 1.00 

o.o4 0.1s o.s1 0.81 o.98 1.00 1.00 1.00 1.00 1.00 

0.26 0.57 0.89 0.98 1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



APPENDIX B 

COMPUTATIONAL ALGORITHMS, COMPUTATIONS, 

AND GRAPHS OF SELECTED TOC AND ROC 

CURVES 
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APPENDIX B-1 

FORTRAN IV PROGRAM FOR IBM 70~0 

COMPUTER FOR SELECTED TOC 

CURVES 

116 



FORTAN IV PROGRAM LISTING OF TOC CURVE COORDINATES 

/J..EAL Kl,K2 

UIMcNSIUN X(5 1 20),Y(5,20) 

008KK = 1,5 

GU ru c 1, 2, 3, 4, 5 > , KK 

l ALP= 2. 

2 

3 

4 

DEL= .2 

GO Tu 6 

ALP = 3. 

DEL - • 1 

GO TU 6 

Alll = • l 

DEL = o. 

GO TO 6 

ALP = 2. 

DEL = -. l 

GO TU b 

5 ALP= 3. 

DEL= -.2 

6 0071 = 1,5 

DO 7 J = 1 1 20 

X(I,J) =FLOAT((I-1)*20+J)/100. 

T= XCl,J) 

Kl=ALP•(l.-2.•DEL) 

K2=2.•ALP 

B=~XP(Kl) + EXP(K2) 
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C == t:XP(K2) - 1. 

D = £XP(K2•T) - 1. 

t: = EXP(K2•T) + EXP(Kl) 

V(I,J)=((B)/C)•(D/( E)) 

1 CONTINUt: 

PRINT 10, ALP ,DEL 

118 

10 FORMAT(lHl//// 40X,7HALPHA =F4.l//40X 7HDELTA = F4.l//// 

l4X,1HT l 4X,3HTOC,5X,1HT,4X,3HTOC,5X,1HT,4X,3HTOC,5Xt 

1HT,4X, 3HTOC,5X,lHT, 24J<,3HTOC) 

uu 8 J = 1,20 

8 PRINTll, (X(I,J),Y(l,J),1 =l,5) 

11 FORMAT(/lOX, 5(F7.2,F6.2)) 

STOP 

END 



APPENDIX B-2 

COMPUTATIONS AND GRAPHS FOR SELECTED 

TOC CURVES 
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r roe T roe 

0.01 0.01 0.21 0.25 

0.02 0.02 0.22 0.27 

0.03 0.03 0.23 0.28 

0.04 0.04 0.24 0.29 

o.os 0.05 0.25 0.31 

0.06 0.06 0.2b 0.32 

0.01 o.oa 0.21 0.34 

0.08 0.09 0.28 0.35 

0.09 0.10 0.29 0.36 

0.10 0.11 0.30 0.38 

0.11 0.12 Q.31 0.39 

0.12 0.13 0.32 0.41 

0.13 0.15 0.33 0.42 

0.14 0.16 0.34 0.43 

0.15 0.11 0.35 0.45 

0.16 0.19 0.36 0.46 

0.17 0.20 0.37 0.48 

0.18 0.21 0.38 0.49 

0.19 0.23 0.39 0.50 

0.20 0.24 0.40 0.52 

DATA FOR roe CURVE 1 · 

iALPHA = 2.0 

DELTA= 0.2 

r roe 

0.41 0.53 

0.42 0.54 

0.43 0.56 

0.44 0.57 

o.45 o.58 

0.46 0.60 

0.47 0.61 

0.48 0.62 

0.49 0.63 

0.50 0.64 

0.51 0.66 

0.52 0.67 

0.53 0.68 

0.54 0.69 

0.55 0.10 

o.56 0.71 

0.57 0.12 

o.sa 0.13 

0.59 0.75 

0.60 o.76 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.11 

0.12 

0.73 

0.74 

0.75 

0.16 

0.11 

0.1a 

0.79 

0.80 
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TOC T roe 

0.11 0.81 0.92 

0.11 0.82 0.92 

0.1a 0.83 0.93 

0.79 0.84 0.94 

o.ao 0.85 0.94 

0.81 0.86 0.95. 

0.82 0.87 0.95 

0.83 0.88 0.95 · 

0.84 0.89 0.96 

0.84 0.90 0.96 

0.85 0.91 0.97 

0.86 0.92 0.97 

0.87 0.93 0.98 

0.87 0.94 0.98 

0.88 0.95 0.98 

0.89 0.96 0.99 

0.89 0.97 0.99 

0.90. 0.98 0.99 

0.91 o.99 1.00 

0.91 1.00 1.00 
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1-.0 -r--------------...... -----------~ 
P(t) 

0.9 -

0.8-

0.7 --0 
0 

·I· 0.6-
a> 
+' 
Q) 

a. 
5 0.5-
(.) 

'l;;S!.. -
: 0.4-
Q) 
L. 
O'I 
0 

ii: 0.3-

0.2 -

0. I - I 
J/' 

I 

0 0.1 

I 

I 

I 

I 

0.2 

I 

I 

I 

0.3 
I I I 

0.4 0.5 0.6 
Task Life(%+ 100) 

Figure 23, TOC Curve 

I I I 

0.7 0.8 0.9 t 1.0 



T TOC T TOC 

0.01 0.01 0.21 0.18 

0.02 0.01 0.22 0.19 

0.03 0.02 0.23 0.20 

0.04 0.02 0.24 0.22 

o.os 0.03 0.2s 0.23 

0.06 0.04 0.26 0.25 

0.01 0.04 0.21 0.26 

0.08 0.05 0.28 0.27 

0.09 0.06 0.29 0.29 

0.10 0.01 0.30 0.30 

0.11 0.01 0.31 0.32 

0.12 0.08 0.32 0.34 

0.13 0.09 0.33 0.35 

0.14 0.10 0.34 0.37 

0.15 0.11 0.35 0.38 

0.16 0.12 o.36 0.40 

0.17 0.13 0.37 0.42 

0.18 0.14 0.38 0.43 

0.19 0.1s 0.39 0.45 

0.20 0.17 0.40 0.47 

DATA FOR TOC CURVE II 

ALPHA= 3.0 

DELTA= 0.1 

T TOC 

o.41 o.49 

0.42 a.so 

0.43 0.52 

0.44 0.54 

0.45 o.55 

0.46 0.57 

0.47 o.5a 

0.48 0.60 

0.49 0.62 

0.50 0.63 

0.51 0.65 

0.52 0.66 

0.53 0.68 

0.54 0.69 

0.55 0.71 

0.56 0.12 

0.57 0.73 

o.sa 0.75 

o •. 59 0.76 

0.60 0.11 

T 

o.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.71 

0.12 

0.73 

0.74 

0.75 

0.76 

0.11 

0.18 

0.79 

0.80 

122 

TOC T TOC 

0.78 o.a1 0.94 

0.79 0.82 0.95 

o.ao 0.83 0.95 

0.81 0.84 0.96 

0.82 0.85 0.96 

0.83 0.86 0.96 

0.84 0.87 0.97 

0.85 0.88 0.97 

0.86 0.89 0.97 

0.87 0.90 0.98 

0.88 0.91 0.98 

0.89 0.92 0.98 

0.89 0.93 0.99 

0.90 0.94 0.99 

0.91 0.95 0.99 

0.91 0.96 0.99 

0.92 0.97 0.99 

0.93' 0.98 1.00 

0.93 0.99 1.00 

0.94 1.00 1.00 
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1.0,-----~~~~~----~~--~~~~~--~~~~~~~"="--. 

P(t) 

0.9 

0 
0 

0.8 

0.7 

+ 0.6 
Cl.) 
+' 

Cl.) 

CL 

8 0.5 
0 

~ -
: 0.4 
Cl.) 
I,.. 

C'I 
0 

~ 0.3 

0.2 

0.1 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
Task Life (% + 100) 

Figure 2~. TOC Curve II 

0.8 0.9 t 1.0 



T roe T TUC 

0 .. 01 0.01 0.21 0.21 

0.02 0.02 0.22 0.22 

0.03 o.o3 0.23 0.23 

0.04 0.04 0.24 0.24 

o.os 0.05 0.25 0.25 

0.06 0.06 0.26 0.26 

0.01 0.01 0.27 0.21 

0.08 0.08 0.28 0.28 

0.09 0.09 0.29 0.2g 

0.10 0 .10 0.30 0.30 

0.11 0.11 0.31 0.31 

0.12 0.12 0.32 0.32 

0.13 0.13 0.33 0.33 

0.14 0.14 0.34 0.34 

0.15 0.15 0.35 0.35 

0.16 0.16 0.36 0.36 

0.11 0.11 0.37 0.37 

0.18 0.18 0.38 0.38 

0.19 0.19 0.39 0.39 

0.20 0.20 0.40 0.40 

DATA FOR TOC CURVE 111 

·ALPHA = O. 

DELTA = O. 

T TDC 

0.41 0.41 

0.42 0.42 

0.43 0.43 

0.44 0.44 

0.45 0.45 

0.46 0.46 

0.47 0.47 

0.48 0.48 

0.49 0.49 

0.50 0.50 

o.s1 0.51 

o.s2 o.s2 

0.53 0.53 

o.54 o.54 

0.55 0.55 

o.56 0.56 

0.57 o.57 

o.58 o.se 

o.59 o •. 59 

0.60 0.60 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0~70 

0.71 

0.72 

0.13 

o.74 

0.75 

0.76 

0.11 

0.78 

· 0. 79 

o.ao 
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TOC T TOG 

0.61 0.81 0.81 

0.62 0.82 0.82 

0.63 0.83 0.83 

0.64 0.84 0.84 

0.65 0.85 0.85 

0.66 0.86 O.b6 

0.67 0.87 0.87 

0.68 0.88 0.88 

0.69" 0.89 0.89 

0.10 0.90 o.90 

0.71 0.91 0.91 

0.12 0.92 0.92 

0.73 ·0.93 0.93 

0.74 0.94 0.94 

0.75 0.95 0.95 

0.76 0.96 0.96 

0.11 0.97 0.97 

0.18 o.-9a 0.98 

0.79 0.99 0.99 

o.ao 1.00 1.00 
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1.0----------------------/-
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0.7--0 
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Q) 

a. a o.5-
0 

1/) 0.4 -
1/) 
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Task Life{%-.-- 100) 
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Figure 25. TOC Curve I I I 

/ 
/ 

/ 

I -, 
0.8 0.9 t I .0 



T TOC T TOC 

0.01 o.oo 0.21 0.12 

0.02 0.01 0.22 0.13 

0.03 0.01 0.23 0.14 

0.04 0.02 0.24 0.14 

0.05 0.02 0.25 0.15 

0.06 0.03 0.26 0.16 

0.01 0.03 0.21 0.17 

0.08 0.04 0.2a 0.18 

0.09 0.04 0.29 0.19 

0.10 0.05 Q.30 0.20 

0.11 0.05 0.31 0.21 

0.12 0.06 0.32 0.22 

0.13 0.01 0.33 0.23 

0.14 0.01 o.34 0.24 

0.15 0.08 0.35 0.25 

0.16 o.oa o.36 0.26 

0.17 0.09 0.37 0.21 

0.18 0.10 0.38 0.28 

0.19 0.11 0.39 0.29 

0.20 0.11 0.40 0.30 

DATA FOR TOC CURVE IV 

ALPHA - 2.0 

DELTA =-0.1 

T TUC 

o.41 0.31 

0.42 0.33 

0.43 0.34 

0.44 0.35 

0.45 0.36 

0.46 0.37 

0.47 0.39 

0.48 0.40 

0.49 0.41 

o.so o.42 

0.51 0.44 

o.s2 0.45 

0.53 0.46 

0.54 0.48 

o.55 0.49 

0.56 o.so 

0.57 0.52 

o.sa 0.53 

0.59 0.54 

0.60 0.56 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.71 

0.12 

0.73 

0.74 

0.75 

0.76 

0.77 

0.78 

0.79 

0.80 
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TOC T roe 

0.57 0.81 o.a2 

0.58 0.82 O.t33 

0.60 0.83 0.84 

0.61 0.84 0.85 

0.62 0.85 0.87 

0.64 0.86 o.a8 

0.65 0.87 0.89 

0.66 o.a8 0.90 

0.68 o.89 0.91 

0.69 0.90 0.92 

0.10 0.91 0.92 

0.71 0.92 0.93 

0.73 0.93 0.94 

0.74 0.94 0.95 

0.75 0.95 0.96 

0.76 0.96 0.97 

0.18 0.97 O.'lB 

0.79 0.98 0.98 

0.80 0.99. 0.99 

0.81 1.00 1. 00 
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I .o------~------------------------------------------~---------/--
P(t) 

0.9 -

0 
0 

0.8 -

0.7 -

+ 0.6-
Q) 
+' 
Q) 

Q. 

5 0.5-
(.) 

~ 0.4 -
Q) 
t.... 
OI 
0 
t.... 

o.. 0.3-

0.2 -

0. 1-
/ 

/ 
/ 

/ 
/ 

/ 
I 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
I 

/ 
/ 

/ 
I 

I 
/ 

./ 
I 

I 
/ 

I 
/ 

/ 
/ 

/ 
/ 

I 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

/ 

__ ,.,, 
o.....,:;----....-----~ . ...-----.--,----.,....,----.,....----~.------,,------,,----~,....------1 

0 0.1 0.2 0.3 0.4 0.5 
Task Life(% 

0.6 
100) 

Figure 26. TOC Curve IV 

0.7 0.8 0.9 t I .0 



T TOC T TOC 

0.01 o.oo 0.21 0.04 

0.02 o.oo 0.22 0.05 

0.03 o.oo 0.23 0.05 

0.04 o.oo 0.24 0.05 

0.05 0.01 0.25 0.06 

0.06 0.01 0.26 0.06 

0.01 0.01 0.27 0.01 

o.oa 0.01 0.28 0.07 

0.09 0.01 0.29 o.oa 

0.10 0.01 0.30 o.oa 

0.11 0.02 0.31 0.09 

0.12 0.02 0.32 0.09 

0.13 0 .. 02 0.33 0.10 

0.14 0.02 0.34 0.11 

0.15 0.02 0.35 0.11 

0.16 0.03 0.36 0.12 

0.17 0.03 0.37 0.13 

0.18 0.03 0.38 0.13 

0.19 0.04 o.39 0.14 

0.20 0.04 0.40 0.15 

DATA FOR TOC CURVE V 

ALPHA= 3.0 

DELTA =-0.2 

T TOC 

0.41 0.16 

0.42 0.11 

0.43 0.18 

o.44 0.19 

0.45 0.20 

o.46 0.21 

0.47' 0.22 

0.48 0.23 

0.49 0.24 

0.50 0.26 

0.51 0.21 

o.s2 0.28 

0.53 0.30 

0.54 0.31 

0.55 0.33 

o.56 0.34 

0.57 0.36 

0.58 0.37 

o.59 o.39 

0.60 0.40 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.70 

0.71 

0.12 

0.73 

0.74 

0.75 

0.76 

0.11 

0.1a 

0.19 

o.ao 

1Z8 

roe T roe 
0.42 0.81 o.76 

0.44 0.82 . 0.78 

0.45 0.83 0.80 

0.47 0.84 0.81 

0.49 0.85 0.83 

0.50 0.86 o.a4 

0.52 0.87 o.as 

o.54 o.e0 · 0.87 

0.56 0.89 0.88 

0.58 0.90 0.89 

0.59 0.91 0.91 

0.61 0.92 0.92 

0.63 0.93 0.93 

0.65 0.94 0.94 

0.66 0.95 0.95 

0.68 0.96 0.96 

0.10 0.97 0.97 

0.71 0.98 0.98 

0.13 0.99 0.99 

0.75 1.00 1.00 
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Task Life(%+ 100) 

Figure 27. TOC Curve V 



APPENDIX B-3 

FORTRAN IV PROGRAM FOR IBM 70~0 

COMPUTER FOR SELECTED ROC 

CURVES 
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FORTAN IV PROGRAM LISTING OF ROC CURVE COORDINATES 

REAL Kl,K2 

OIMtNSION X(5,20),Y(5,20) 

D08KK = 1,5 

GO TO (1,2,3,4,5),KK 

l ALP= 1.5 

DEL = .3 

GO JO 6 

2 ALP = 2.5 

lJEL = .2 

GO TO 6 

3 ALP = .01 

DEL = o. 

GO TO 6 

4 ALP= l.5 

DEL= O. 

GO TO 6 

5 ALP= 2.5 

DEL= -.l 

6 0071 = 1,5 

DO 1 J = 1,20 

X(l,J) =FLOAT((I-1)•20+J)/lOO. 

T= X(l,J) 

Kl=ALP*(l.-2.•DEL) 

K2:=2.•ALP 

B=EXP(Kl) + EXP(K2) 
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C = EXP(K2) - 1. 

U = cXP(K2•T) - l. 

E = tXP(K2•T) + EXP(Kl) 

Y(I,J)=((8)/C)•(O/( E)} 

Y(I,J) = 1. - Y(I,J) 

7 CONTINUi: 

PKINT 10, ALP ,DEL 

13Z 

10 FURMAT(lHl//// 40X,7HALPHA =F4.l//40X 7HDELTA = F4.1//// 

14X,1HT 1 4X,3HROC,5X,1HT,4X,3HROC,5X,1HT,4X,3HROC,5X,1HT, 

4X,3HROC,5X,1HT, 24X,3HROC) 

DO d J = 1, 20 

8 PKINTll, (X(I,J),Y(I,J),I =1,5) 

11 FORMAT(/lOX, 5(F7.2,F6.2)) 

STOP 

END 



APPENDIX B-4 

COMPUTATIONS AND GRAPHS FOR SELECTED 

ROC CURVES 
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T ROC T RUC 

0.01 0.99 0.21 0.73 

0.02 0.98 0.22 0.11 

0.03 0.96 0.23 0.10 

0.04 0.95 0.24 0.69 

0.05 0.94 0.25 0.67 

0.06 0.93 0.26 0.66 

0.01 0.91 0.21 0.65 

o.oa 0.90 0.28 0.63 

0.09 0.89 0.29 0.62 

0.10 0.87 0.30 0.61 

0.11 0.86 0.31 0.60 

0.12 0.85 0.32 0.58 

0.13 0.83 o. 3.3 0.57 

0.14 0.82 0.34 0.56 

0.15 0.81 0.35 0.54 

0.16 0.79 0.36 0.53 

0.11 0.1a o.37 0.52 

0.18 0.11 0.38 0.51 

0.19 0.75 0.39 0.49 

0.20 0.74 0.40 0.48 

DATA FOR ROC CURVE I 

ALPHA= 1.5 

DELTA= 0.3 

T ROC 

0.41 0.47 

0.42 0.46 

0.43 0.45 

0.44 0.43 

0.45 0.42 

0.46 0.41 

0.47 0.40 

0.48 0.39 

0.49 0.38 

0.50 0.37 

o.s1 o.36 

o.s2 0.34 

0.53 0.33 

0.54 0.32 

o.55 0.31 

o.56 0.30 

0.57 0.29 

o.sa 0.28 

o.59 0.21 

0.60 0.26 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.11 

0.72 

0.73 

o.74 

0.1s 

0.76 

0.11 

0.78 

0.79 

0.80 
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ROC T ROC 

0.25 0.81 0.10 

0.24 0.82 0.09 

0.24 0.83 0.09 

0.23 0.84 o.oa 

0.22 0.85 0.01 

0.21 0.86 0.01 

0.20 0.81 0.06 

0.19 0.88 0.06 

0.18 0.89 o.os 

0.18 0.90 0.05 

0.11 0.91 0.04 

0.16 0.92 0.04 

0.15 0.93 0.03 

0.15 0.94 0.03 

0.14 0.95 0.02 

0.13 0.96 0.02 

0.12 0.97 0.01 

0.12 0.98 0.01 

0.11 0.99 o.oo 

0.10 1.00 o.oo 
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Figure 28, ROC Curve 



T ROC T ROC 

0.01 0.99 0.21 0.74 

0.02 0.98 0.22 0.12 

0.03 0.97 0.23 0.11 

0.04 0.96 0.24 0.69 

0.05 0.95 0.25 0.68 

0.06 0.94 0.26 0.66 

0.01 0.93 0.21 0.64 

o.oa 0.91 0.28 0.63 

0.09 0.90 0.29 0.61 

0.10 0.89 0.30 0.60 

0.11 o.aa o. 31· o.sa 

0.12 0.86 0.32 0.57 

0.13 o.85 o.33 0.55 

0.14 0.84 0.34 0.53 

0.15 o.82 0.35 0.52 

0.16 0.81 0.36 0.50 

0.11 o.80 0.37 0.49 

0.18 0.1a 0.38 0.47 

0.19 0.11 0.39 0.46 

0.20 0.75 0.40 0.44 

DATA FOR ROC CURVE II 

ALPHA= 2.5 

DELTA= 0.2 

T ROC 

0.41 0.43 

0.42 0.41 

0.43 0.40 

0.44 0.38 

0.45 0.37 

0.46 0.36 

0.47 o.34 

0.48 0.33 

0.49 0.32 

o.so 0.30 

o.51 0.29 

0.52 0.28 

0.53 0.21 

0.54 0.26 

0.55 0.2.5 

0.56 0.23 

0.57 0.22 

0.58 0.21 

o.59 0.20 

0.60 0.19 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.11 

0.72 

0.73 

0.74 

0.75 

0.76 

0.11 

0.78 

0.79 

0.80 
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ROC T ROC 

0.18 0.81 0.05 

0.18 0.82 0.05 

0.17 0.83 0.05 

0.16 0.84 0.04 

0.15 0.85 o.o4 

0.14 0.86 0.04 

0.14 0.87 0.03 

0.13 o.aa 0.03 

0.12 o.a9 0.03 

0.11 0.90 0.02 

0.11 0.91 0.02 

0.10 0.92 0.02 

0.10 0.93 0.01 

0.09 0.94 0.01 

o.oa 0.95 0.01 

o.oa 0.96 0.01 

0.01 0.97 0.01 

0.01 0.98 o.oo 

0.06 0.99 o.oo 

0.06 1.00 o.oo 
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1.0~------------------------------------------------------
R(t) 
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Figure 29, ROC Curve 11 

0.7 0.8 0.9 t 1.0 



T ROC T ROC 

o.o l 0.99 0.21 0.79 

0.02 0.98 0.22 0.78 

0.03 0.97 0.23 0.11 

0.04 0.96 0.24 0.76 

0.05 0.95 0.25 0.15 

0.06 0.94 0.26 o.74 

0.01 0.93 0.21 0.73 

0.08 0.92 0.2a 0.12 

0.09 0.91 0.29 0.11 

0.10 0.90 0.30 0.10 

0.11 0.89 0.31 0.69 

0.12 0.88 0.32 0.68 

0.13 0.87 0.33 0.67 

0.14 0.86 0.34 0.66 

0.15 0.85 0.35 0.65 

0.16 0.84 0.36 0.64 

0.11 0.83 0.37 0.63 

0.18 0.82 0.38 0.62 

0.19 0.81 0.39 0.61 

0.20 0.80 0.40 0.60 

DATA FOR ROC CURVE Ill 

ALPHA= 0.0 

DELTA= O. 

T ROC 

0.41 0.59 

0.42 0.58 

0.43 o.s1 

0.44 0.56 

0.45 o.55 

0.46 0.54 

0.47 o.53 

0.48 0.52 

0.49 0.51 

0.50 0.50 

0.51 0.49 

o.52 0.48 

0.53 0.47 

o.54 0.46 

0.55 0.45 

0.56 0.44 

0.57 0.43 

o.ss 0.42 

0.59 0.41 

0.60 0.40 

T 

0.61 

0.62 

0.63 

O.b4 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.71 

0.12 

0.73 

0.74 

0.75 

o.76 

0.77 

0.1a 

0.79 

o.ao 
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ROC T ROC 

0.39 0.81 0.19 

0.38 0.82. 0.18 

0.31 0.83 0.11 

0.36 0.84, 0.16 

0.35 0.85 0.15 

0.34 0.86 0.14 

0.33 0.87 0.13 

0.32 0.88 0.12 

0.31 0.89 0.11 

0.30 0.90 0.10 

0.29 0.91 0.09 

0.28 0.92 o.oa 

0.21 0.93 0.01 

0.26 0.94 0.06 

0.25 0.95 0.05 

0.24 0.96 0.04 

0.23 0.97 0.03 

0.22 0.98 0.02 

0.21 0.99 0.01 

0.20 1.00 o.oo 
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Figure 30. ROC Curve I I I 



T ROC T ROC 

0.01 0.99 0.21 0.02 

0.02 0.99 0.22 0.81 

0.03 o.98 0.23 0.80 

0.04 0.97 0.24 0.79 

o.os 0.96 0.2.5 0.1a 

0.06 o.96 0.26 0.11 

0.01 0.95 0.21 0.76 

o.oa 0.94 0.28 0.75 

0.09 0.93 0.29 0.74 

0.10 0.92 0.30 0.13 

0.11 0.91 0.31 0.12 

0.12 0.91 0.32 0.11 

0.13 0.90 0.33 0.10 

0.14 o.89 0.34 0.69 

0.15 0.88 0.35 0.67 

0.16 o.a1 o.36 0.66 

0.17 0.86 0.37 0.65 

0.18 Q.85 0.38 0.64 

0.19 o.a4 o.39 0.63 

0.20 0.83 0.40 0.62 

DATA FO.R ROC CURVE IV 

ALPHA= 1.5 

DELTA= O. 

T ROC 

o.41 0.61 

0.42 0.59 

0.43 o.58 

o.44 0.57 

o.45 0.56 

0.46 0.55 

o.47 0.54 

0.48 o.52 

0.49 0.51 

0.50 0.50 

o.s1 0.49 

0.52 0.48 

o.53 0.46 

o.54 0.45 

0.55 0.44 

o.56 o.43 

0.57 0.42 

o.5a 0.41 

0.59 0.39 

0.60 0.38 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.11 

0.72 

0.73 

o.·14 

0.75 

0.16 

0.11 

0.78 

0.79 

0.80 
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ROC T ROC 

0.37 0.81 0.16 

0.36 0.82 0.15 

0.35 0.83 0.14 

0.34 0.84 0.13 

0.33 0.85 0.12 

0.31 0.86 0.11 

0.30 0.87 0.10 

0.29 0.88 0.09 

0.28 0.89 0.09 

0.27 0.90 o.oa 

0.26 0.91 0.01 

0.25 0.92 0.06 

0.24 0.93 o.os 

0.23 0.94 0.04 

0.22 0.95 0.04 

0.21 0.96 0.03 

0.20 0.97 0.02 

0.19 0.98 0.01 

0.18 0.99 0.01 

0.11 1.00 o.oo 
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Figure 31. ROC Curve IV 



T ROC T ROC 

0.01 1.00 0.21 0.91 

0.02 Q.99 0.22 0.90 

0.03 0.99 0.23 0.89 

0.04 0.99 0.24 0.89 

o.os 0.98 0.25 0.88 

0.06 0.98 0.26 0.87 

0.01 0.98 0.21 0.86 

0.08 0.97 0.28 0.86 

0.09 0.97 0.29 0.85 

0.10 0.97 0.30 0.84 

0.11 0.96 0.31 0.83 

0.12 0.96 0.32 o.a2 

0.13 0.95 0.33 0.81 

0.14 0.95 0.34 a.so 

0.15 0.94 o.35 0.79 

0.16 0.94 0.36 0.78 

0.17 0.93 0.37 0.11 

0.18 0.93 Q.38 0.76 

0.19 0.92 0.39 0.75 

0.20 0.91 0.40 0.73 

DATA FOR ROC CURVE V 

ALPHA= 2.5 

DELTA =-0.l 

T ROC 

Q.41 0.12 

0.42 0.71 

o.43 0.70 

0.44 0.68 

0.45 0.67 

0.46 0.66 

0.47 0.65 

0.48 0.63 

0.49 0.62 

a.so 0.60 

o.s1 o.59 

0.52 0.58 

0.53 0.56 

o.54 0.55 

0.55 0.53 

0.56 0.52 

o.s1 0.50 

0.58 0.49 

o.59 0.47 

0.60 0.46 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.71 

0.12 

0.73 

0.74 

0.75 

0.16 

0.11 

0.78 

0.79 

o.ao 
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ROC T ROC 

0.44 0.81 0.11 

0.43 0.82 0.16 

0.41 0.83 0.15 

0.40 0.84 0.13 

0.38 0.85 0.12 

0.37 0.86 0.11 

0.35 0.87 0.10 

0.34 0.88 0.09 

0.32 0.89 o.oe 

0.31 0.90 o.oe 

0.30 0.91 0.01 

0.28 0.92 0.06 

0.21 0.93 0.05 

0.26 0.94 0.04 

0.24 0.95 0.03 

0.23 0.96 0.03 

0.22 0.97 0.02 

0.20 0.98 0.01 

0.19 0.99 0.01 

0.18 1.00 o.oo 
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Figure 32. ROC Curve V 



APPENDIX C 

COMPUTATIONAL ALGORITHMS AND COMPARISONS OF 

P'{t) AND IR'(t)I SELECTED 

CURVES 
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APPENDIX C-1 

FORTRAN IV PROGRAM FOR IBM 70~0 

COMPUTER AND COMPUTATIONS 

FOR P' ( t) 

145 



FORTAN IV PROGRAM LISTING OF P'(T) COORDINATES 

REAL Kl,K2 

DIMENSION X(5,20) 1 Y(5,20) 

D08KK = 1,5 

GO TO (1,2,3,4,5),KK 

l ALP = 2. 

DEL = .2 

GO TO 6 

2 ALP = 3. 

DEL = • l 

GO TO 6 

3 ALP = .1 

DEL = o. 

GO TO 6 

4 ALP = 2. 

DEL = -.1 

GO TO 6 

5 ALP= 3. 

DEL= -.2 

6 00·11 = 1,5 

DO 7 J = 1,20 

X(l,Jl =FLOAT((l-l)•20+J)/100. 

T= X(l,J) 

Kl=ALP•(l.-2.•DEL) 

K2=2.•ALP 

B=EXP(Kl) + EXP(K2) 
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C = EXP(K2) - l. 

D = EXP(Kl) + 1. 

E = t:XP(K2*T) + EXP(Kl) 

F = K2*EXP(K2*T) 

Y(I,J)=((B)/C)*{D/(E**2)) * F 

7 CONTINUE: 

PRINT 10, ALP ,DEL 

10 fORMAT(lHl//// 40X,7HALPHA =F4.l//40X 7HDELTA = F4.l//// 

l4X,1HT 1 4X,4HP'CT)4X,1HT,4X,4HP 1(T)4X,1Hf,4X,4HP1(T)4X, 

lHT, 4X, 4HP1( T) 4X, lHT, 24X, 4HP 1( T)) 

DO 8 J = 1,20 

8 PRlNTll, (X(I,J),Y(I,J),I =1,5) 

11 FURMAT(/lOX, 5(f7.2,F6.2)) 

STOP 

t::NO 



APPENDIX C-2 

FORTRAN IV PROGRAM FOR IBM 70~0 

COMPUTER AND COMPUTATIONS 

FOR IR' (t)I 
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FORT AN I V PROGRAM LI ST I NG OF IR I ( t) I COORD I NA TES 

REAL Kl,K2 

DIMl::NSIUN X(5,20),Y(5,20) 

D08KK = 1,5 

GO Tu (1,2,3,4,5),KK 

l ALP = 1.5 

DEL = • 3 

Go ru 6 

2 ALP= 2.5 

01::L = .2 

GU ro 6 

3 ALP = .01 

uEL = o. 

GO TO 6 

4 ALP = l.S 

Del - o. 

GU TU 6 

5 ALP = 2.5 

DEL = -.l 

6 DO 7.1 = 1, 5 

DO 1 J = 1,20 

X ( I , J) =FL DAT ( ( I -1 ) * 2 0 + J) I l O O. 

T= X(l,J) 

Kl=ALP*(l.-2.•Dfl) 

K2=2.*ALP 

B=EXP(Kl) + EXP(K2) 
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C = l:XP(K2) - 1. 

D = cXP ( Kl) ... 1 • 

i: = cXP(K2•T) + EXP ( Kl) 

F = K2*1:.:XP(K2•T) 

Y(I,J)=((B)/C)•(D/(E••2)J * F 

7 CON TI NUI: 

PRINT 10, ALP ,DEL 

10 fORMAT(lHl//// 40X,7HALPHA =F4.l//40X 7HDELTA = F4.l//// 

14X,1HT l 4X,3HRAF:sx,lHT,4X,3HRAF,5X,1HT,4X,3HRAF,5X•lHT, 

4X,3HRAF,5X,1HT, 24X,3HRAF) 

DU 8 J = 1,20 

8 PRINTll, (X(l,J),Y(l,J),1 :1,5) 

11 FURMAT(/lOX, 5(f7.2,F6.2)J 

STOP 

t:NO 

* RAF = IR I ( t ~ 



APPENDIX C-3 

GRAPHIC COMPARISONS OF P'(t) WITH IR'(t)I 
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T P'( T) T P'( T) 

0.01 1.02 0.21 1.36 

0.02 1.04 0.22 1.37 

0.03 1.06 0.23 1.38 

0.04 1.09 0.24 1.39 

0.05 1.11 0.25 1.39 

0.06 1.13 0.26 1.40 

0.01 1.15 0.21 1.40 

0.08 1.17 0.28 1.40 

0.09 1.18 0.29 1.41 

0.10 1.20 o •. 3o 1.41 

0.11 1.22 0.31 1.41 

0.12 1.24 0.32 1.40 

0.13 1.26 0.33 1.40 

0.14 1.21 o.34 1.40 

0.15 1.29 0.35 1.39 

Q.16 1.30 o.36 1.39 

0.17 1.32 0.37 1.38 

0.18 1.33 0.38 1.37 

0.19 1.34 0.39 1.36 

0.20 1.35 0.40 1.35 

DATA FOR P'(T) CURVE I 

ALPHA= 2.0 

DELTA = 0.2. 

T p'( T) 

0.41 1.34 

0.42 1.33 

0.43 1.32 

0.44 1.30 

0.45 1.29 

0.46 1.27 

0.47 1.26 

0.48 1.24 

0.49 1.22 

0.50 1.20 

0.51 1.18 

o.s2 1.11 

0.53 1.15 

o.54 . 1.13 

0.55 1.11 

0.56 1.09 

o.s1 1.06 

0.58 1.04 

0.59 1.02 

0.60 1.00 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68. 

0.69 

0.10 

0.71 

0.12 

0.73 

0.74 

0.75 

0.16 

0.11 

0.78 

0.79 

o.ao 
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P'( T) T P'( T) 

·.o.98 0.81 0.57 

0.96 0.82. 0.56 

0.94 0.83 0.54 

0.91 o.a4 0.!>2 

0.89 0.85 0.51 

0.87 6.86 0.49 

0.85 0.87 0.47 

0.83 0.88 0.46 

0.81 0.89 · 0.44 

0.19 0.90 0.43 

0.11 0.91 0.41 

0.74 0.92 0.40 · 

0.12 0.93 o. 39 

0.10 0.94 0.37 

0.68 0.95 Q.36 

0.67 0.96 0.35 

0.65 0.97 0.34 

0.63 0~98 O.J3 

0.61 0.99 0.31 · 

0.59 1.00 0.30 
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DATA FOR IR'(t)I CURVE I 

ALPHA= 1.5 

DELTA= 0.3 

T RAF T RAF T RAF T RAF T RAF 

0.01 1.23 0.21 1.33 0.41 1.21 0.61 0.93 0.81 0.64 

0.02 1.24 0.22 1.33 0.42 1.20 0.62 0.92 0.82 0.62 

0.03 1.25 0.23 1.33 0.43 1.19 0.63 0.90 0.83 0.61 

0.04 1.26 0.24 1.33 0.44 1.17 0.64 0.89 0.84 0.59 

o.os 1.21 0.25 1.33 0.45 1.16 0.65 0.87 0.85 0.58 

0.06 1.28 0.26 1.32 0.46 1.15 0.66 0.86 0.86 0.57 

0.01 1.28 0.21 1.32 0.47 1.14 0.67 0.84 0.87 o.56 

0.08 1.29 0.28 1.31 0.48 1.12 0.68 0.83 a.ea 0.54 

0.09 1.30 0.29 1.31 o.49 1.11 0.69 0.81 0.89 0.53 

0.10 1.30 0.30 1.30 0.50 1.10 0.10 o.ao 0.90 0.!>2 

0.11 1.31 0.31 1.30 0.51 1.oa 0.11 0.78 0.91 0.51 

0.12 1.31 0.32 1.29 o.s2 1.01 0.12 0.11 0.92 0.49 

0.13 1.32 0.33 1.28 0.53 1.05 0.73 o.75 0.93 0.48 

0.14 1.32 0.34 1.28 0.54 1.04 0."74 o.74 0.94 0.47 

0.15 1.33 0.3S 1.27 0.55 1.02 0.75 0.12 0.95 0.46 

0.16 1.33 0.36 1.26 0.56 1.01 0.76 0.11 0.96 0.45 

0.11 1.33 0.37 1.25 0.57 0.99 0.11 0.69 0.97 0.44 

0.18 1.33 o.38 1.24 0.58 0.98 0.78 0.68 0.98 0.43 

0.19 1.33 0.39 1.23 0.59 0.96 0.79 0.66 0.99 0.42 

0.20 1.33 0.40 1.22 0.60 0.95 a.so 0.65 1.00 0.41 
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Figure 33. Graphic Comparisons of Absolute Derivatives for 
TOC and ROC Curves I 



T p'( T) T P'( T) 

0.01 0.54 0.21 1.24 

0.02 o.s1 0.22 1.28 

0.03 0.60 0.23 1.31 

0.04 0.62 0.24 1.35 

0.05 0.66 0.25 1.39 

0.06 o.69 0.26 1.42 

0.01 0.12 0.21 1.45 

o.oa 0.1s 0.2a 1.48 

0.09 0.79 0.29 1.51 

0.10 0.82 a.Jo 1.54 

0.11 0.86 0.31 1.57 

0.12 0.89 0.32 1.59 

0.13 0.93 0.33 1.61 

0.14 0.97 0.34 1.63 

0.15 1.01 0.35 1.65 

0.16 1.04 0.36 1.66 

0.11 1.oa 0.37 1.67 

0.18 1.12 0.38 1.68 

0.19 1.16 o.39 1.68 

0.20 1.20 0.40 1.68 

DATA FOR P' (T) CURVE II 

ALPHA= 3.0 

DELTA= 0.1 

T P1( T) 

0.41 1.68 

0.42 1.68 

0.43 1.67 

0.44 1.66 

o.45 1.65 

0.46 1.63 

0.47 1.61 

0.48 1.59 

0.49. 1.57 

a.so 1.54 

0.51 1.51 

0.52 1.48 

0.53 1.45 

0.54 1.42 

o.ss 1.39 

0.56 1.35 

o.s1 1.31 

0.58 1.28 

o.59 1.24 

0.60 1.20 

T 

0.61 

0.62 

0.63 

o.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.11 

0.12 

0.73 

0.74 

0.75 

0.76 

0.11 

0.1a 

0.79 

o.ao 
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P1( T) T P1( r) 

1.16 0.81 0.49 

1.12 0.82 0.46 

1.08 0.83 0.44 

1.04 0.84 0.42 

1.01 0.85 0.40 

0.97 0.86 0.38 

0.93 0.87 0.36 

0.89 0.88 0.34 

0.86 0.89 0.32 

0.82 0.90 0.30 

0.79 0.91 0.29 

0.75 0.92 0.27 

0.12 0.93 0.26 

0.69 0.94 0.24 

0.66 0.95 o. 23 

0.62 0.96 0.22 

0.60 0.97 0.21 

0.57 0.98 0.20 

o •. 54 0.99 0.18 

0.51 1.00 0.17 



T RAF T 

0.01 0.98 0.21 

0.02 1.01 0.22 

0.03 1.04 0.23 

0.04 1. 0'7 0.24 

o.os 1.10 0.25 

0.06 1.13 0.26 

0.01 1.16 0.27 

o.oa 1.19 0.28 

0.09 1.22 0.29 

0.10 1.25 0.30 

0.11 1.28 0.31 

0.12 1.30 0.32 

0.13 1.33 0.33 

0.14 1.36 0.34 

0.15 1.38 0.35 

0.16 1.41 0.36 

0.17 1.43 0.37 

0.18 1.45 0.38 

0.19 1.47 0.39 

0.20 1.49 0.40 

DATA FOR IR' (t)I CURVE II 

RAF 

1 •. 51 

1.52 

1.54 

1.55 

1.56 

1.57 

1.58 

1.58 

1.58 

1.59 

1.58 

1.58 

1.58 

1.57 

1.56 

1.55 

1.54 

1.52 

1.51 

1.49 

ALPHA= 2.5 

DELTA= 0.2 

T RAF 

0.41 1.47 

0.42 1.45 

0.43 1.43 

0.44 1.41 

0.45 1.38 

0.46 1.36 

0.47 1.33 

0.48 1.30 

0.49 1.28 

0.50 1.25 

o.s1 1.22 

0.52 1.19 

0.53 1.16 

0.54 1.13 

0.55 1.10 

0.56 1.07 

0.57 1.04 

0.58 1.01 

0.59 0.98 

0.60 0.95 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.71 

0.1.2 

0.73 

0.74 

0.75 

0.76 

0.11 

0.78 

0.79 

o.ao 
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RAF T RAF 

0.92 0.81 0.43 

0.89 0.82 0.41 

0.86 0.83 0.39 

0.83 0.84 0.37 

0.80 0.85 0.36 

0.11 0.86 0.34 

0.74 0.87 0.33 

0.12 0.88 0.31 

0.69 0.89 0.30 

0.67 0.90 0.29 

0.64 0.91 0.27 

0.62 0.92 0.26 

0.59 0.93 0.25 

o.57 0.94 0.24 

0.55 0.95 0.23 

0.53 0.96 0.22 

0.50 0.97 0.21 

0.48 0.98 0.20 

o.46 0.99 0.19 

0.44 1.00 0.18 
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Figure 3~. Graphic Comparisons of Absolute Derivatives for 
TOC and ROC Curves I I 



T p'( T) T P1( T) 

0.01 1.00 0.21 1.00 

0.02 1.00 0.22 1.00 

0.03 1.00 0.23 1.00 

0.04 1.00 0.24 1.00 

0.05 1.00 0.25 1.00 

0.06 1.00 0.2b 1.00 

0.01 1.00 0.21 1.00 

o.oo 1.00 0.28 1.00 

O.OY 1.00 0.29 1.00 

0.10 1.00 0.30 1.00 

0.11 1.00 0.31 1.00 

0.12 1.00 0.32 1.00 

0.13 1.00 0.33 1.00 

0.14 1.00 0.34 1.00 

0.15 1.00 0.35 1. 00 

0.16 1.00 0.36 1.00 

0.17 1.00 0.37 1.00 

O.ld 1.00 U.38 1.00 

0.19 1.00 0.3Y 1.00 

0.20 1.00 0.40 1.00 

DATA FOR P' (T) CURVE Ill 

ALPHA= O. 

DELTA= O. 

T P1( T) 

0.41 1.00 

0.42 1.00 

0.43 1.00 

0.44 1.00 

0.45 1.00 

0.46 1.00 

0.47 1.00 

0.48 1.00 

0.49 1.00 

0.50 1.00 

0.51 1.00 

0.52 1.00 

0.53 1.00 

0.54 1.00 

0.55 1.00 

0.56 1.00 

0.57 1.00 

o.sa 1.00 

0.59 1.00 

0.60 1. 00 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0. 71 

0.12 

0.73 

0.74 

0.75 

0.76 

0.11 

0.78 

0.79 

0.80 
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p'( T) T P'< r > 

1.00 0.81 1.00 

1.00 0.82 1.00 

1.00 0.83 1.00 

1.00 0.84 1.00 

1.00 0.85 1.00 

1.00 0.86 1.00 

1.00 0.87 1.00 

1.00 0.88 1.00 

1.00 Q.89 1.00 

1.00 0.90 1.00 

1.00 0.91 1.00 

1.00 0.92 1.00 

1.00 0.93 1.uo 

1.00 0.94 1.00 

1.00 0.95 1.00 

1.00 0.96 1.00 

1.00 0.97 1.00 

1.00 0.98 1.00 

1.00 0.99 1.00 

1.00 ·1.00 1.00 



T RAF T 

0.01 1.00 0.21 

0.02 1.00 0.22 

0.03 1.00 0.23 

o.04 1.00 0.24 

o.os 1.00 0.25 

0.06 1.00 0.26 

0.01 1.00 0.27 

o.oa 1.00 0.28 

0.09 1.00 0.29 

0.10 1.00 0.30 

0.11 1.00 0.31 

0.12 1.00 0.32 

0.13 1.00 o.33 

0.14 1.00 0.34 

0.15 1.00 o.35 

0.16 1.00 0.36 

0.11 1.00 0.37 

0.18 1.00 0.38 

0.19 1.00 0.39 

0.20 1.00 0.40 

DATA FOR IR I (t~ CURVE Ill 

RAF 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

ALPHA= O.O 

DELTA= O. 

T RAF 

0.41 1.00 

0.42 1.00 

0.43 1.00 

0.44 1.00 

0.45 1.00 

0.46 1.00 

0.47 1.00 

0.48 1.00 

0.49 1.00 

o.so 1.00 

o.s1 1.00 

0.52 1.00 

0.53 1.00 

· 0.54 1.00 

o.ss 1.00 

0.56 1.00 

o.s1 1.00 

o.sa 1.00 

0.59 1.00 

0.60 1.00 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

o.69 

0.10 

0.11 

0.12 

0.73 

0.74 

0.75 

0.76 

0.11 

0.78 

0.79 

o.ao 
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.RAF T RAF 

1.00 0.81 .. 1.00 

1.00 0.82 1.00 

.1.00 0.83 1.00 

1.00 0.84 1.00 

1.00 0.85 1.00 

1.00 0.86 1.00 

1.00 0.87 1.00 

1.00 0.88 1.00 

1.00 0.89 1.00 

1.00 0.90 1.00 

1.00 0.91 1.00 

1.00 0.92 1.00 

1.00 0.93 1.00 

1.00 0.94 1.00 

1.00 o.95 1.00 

1.00 0.96 1.00 

1.00 0.97 1.00 

1.00 0.98 1.00 

1.00 0.99 1.00 

1.00 1.00 1 .. 00 



p I ( t) 

& 
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I .4 -
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Figure 35, Graphic Comparisons of Absolute Derivatives for 
TOC and ROC Curves II I 



T p'( T) T 

0.01 0.42 0.21 

0.02 0.44 0.22 

0.03 0.45 0.23 

0.04 0.46 0.24 

0.05 0.48 0.25 

0.06 o.so 0.26 

0.01 0.51 0.21 

o.oa 0.53 0.28 

0.09 0.54 0.29 

0.10 o.56 Q.30 

0.11 0.58 0.31 

0.12 0.60 0.32 

0.13 0.61 0.33 

0.14 0.63 0.34 

0.15 0.65 0.35 

0.16 0.67 0.36 

0.17 0.69 0.37 

0.18 0.11 0.38 

0.19 o.73 0.39 

0.20 0.75 0.40 

DATA FOR P' (T) CURVE IV 

P1( T) 

0.11 

0.79 

0.81 

0.83 

0.85 

o.a1 

0.89 

0.91 

0.93 

0.95 

0.97 

0.99 

1.01 

1.03 

1.05 

1.01 

1.09 

1.11 

1.12 

1.14 

ALPHA= 2.0 

DELTA =-0.1 

T p'( T) 

0.41 1.16 

0.42 1.18 

0.43 1.19 

0.44 1.21 

0.45 1.22 

0.46 1.24 

0.47 1.25 

0.48 1.26 

0.49 1.27 

o.so 1.28 

0.51 1.29 

o.s2 1.30 

0.53 1.31 

o.54 1.32 

0.55 1.32 

0.56 1.33 

0.57 1.33 

o.sa 1.33 

0.59 1.33 

0.60 1.34 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

o.68 

0.69 

0.10 

0.71 

0.12 

0.73 

0.74 

0.75 

0.76 

0.11 

0.78 

o.79 

o.ao 

161 

p'( T) T .. P'C T) 

1.33 o.a1 1.12 

1.33 o.a2 1.11 

1.33 o.a3 1.09 

1.33 o.a4 1.01 

1.32 a.as 1.05 

1.32 0.86 1.03 

1.31 0.87 1.01 

1.30 a.ea 0.99 

1.29 o.a9 0.97 

1.28 0.90 0.95 

1.21 0.91 · 0.93· 

1.26 o.92 0.91 

1.25 0.93 0.89 

1.24 0.94 0.87 

1.22 0.95 a.as 

1.21 0.96 0.83 

1.19 0.97 0.81 

1.1a 0.9a 0.79 

1.16 0.99 0.11 

1.14 1.00 0.75 



T RAF T 

0.01 0.12 0.21 

0.02 o.73 0.22 

0.03 o.74 0.23 

0.04 o.76 0.24 

0.05 o. 71 0.25 

0.06 o.79 0.26 

0.01 o.ao 0.21 

0.08 0.81 0.28 

0.09 0.83 0.29 

0.10 0.84 0.30 

0.11 0.85 0.31 

0.12 0.87 0.32 

0.13 0.88 0.33 

0.14 o.89 0.34 

0.15 0.91 0.35 

0.16 0.92 o.36 

0.17 0.93 o.37 

0.18 0.95 o.38 

0.19 0.96 0.39 

0.20 0.97 0.40 

DATA FOR IR'(t~ CURVE IV 

RAF 

0.98 

0.99 

1.01 

1.02 

1.03 

1.04 

1.05 

1.06 

1,07 

1.00 

1.09 

1.10 

1.11 

1.12 

1.12 

1.13 

1.14 

1.14 

1.15 

1.15 

ALPHA= 1.5 

DELTA= O. 

T RAF 

0.41 1.16 

0.42 1.16 

0.43 1.11 

0.44 1.17 

0.45 1.11 

0.46 1.18 

0.47 1.18 

0.48 1.18 

0.49 1.18 

0.50 1.18 

0.51 1.18 

o.52 1.1a 

0.53 1.18 

0.54 1.18 

0.55 1.11 

0.56 ·1.11 

0.57 1.11 

0.58 1.16 

0.59 1.16 

0.60 1.15 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

O.lO 

0.71 

0.12 

0.73 

0.74 

0.75 

0.76 

0.11 

0.78 

0.79 

0.80 
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RAF T RAF 

1. 15 0.81 0.96 

1.14 0.82 0.95 

1.14 0.83 0.93 

1.13 0.84 0.92 

1.12 0.85 0.91 

1.12 0.86 0.89 

1.11 0.87 0.88 

1.10 0.88 0.87 

1.09 0.89 0.85 

1.08 0.90 0.84 

1.07 0.91 O.d3 

1.06 0.92 0.81 

1.05 0.93 0.80 

1.04 0.94 0. -,9 

1.03 0.95 0.11 

1.02 0.96 0.76 

1.01 0.97 0.74 

0.99 0.98 0.73 

0.98 0.99 0.12 

0.97 1.00 o. 70 
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Figure 36. Graphic Comparisons of Absolute Derivatives for 
TOC and ROC Curves IV 



T p'( T) T 

0.01 0.11 0.21 

0.02 0.12 0.22 

0.03 0.12 0.23 

0.04 0.13 0.24 

0.05 0.14 0.2s 

0.06 0.15 0.26 

0.01 0.16 0.27 

0.08 0.16 0.28 

0.09 0.17 0.29 

0.10 0.18 0.30 

0.11 0.19 0.31 

0.12 0.21 0.32 

0.13 0.22 0.33 

0.14 0.23 0.34 

0.15 0.24 0.35 

0.16 0.26 0.36 

0.11 0.21 0.37 

0.18 0.29 0.38 

0.19 0.30 0.39 

0.20 0.32 0.40 

DATA FOR P'(T) CURVE V 

P'( T) 

0.34 

0.36 

0.38 

0.40 

0.42 

0.44 

0.47 

0.49 

0.52 

0.54 

0.57 

0.60 

0.63 

0.66 

0.69 

0.12 

0.76 

0.79 

0.83 

0.87 

ALPHA= 3.0 

DELTA =:-0.2 

T P'( T) 

0.41 0.90 

0.42 0.94 

0.43 0.98 

0.44 1.02 

0.45 1.06 

0.46 1.10 

0.4·7 1.14 

0.48 1.18 

0.49 1.22 

o.so 1.27 

0.51 1.31 

0.52 1.35 

o.53 1.39 

,0.54 1.42 

0.55 1.46 

0.56 1.50 

0.57 1.53 

0.58 1.57 

0.59 1.60 

0.60 1.63 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.6·8 

O.b9 

o. ·,o 

0.11 

0~72 

0.73 

0.74 

0.1s 

0.76 

0.11 

0.78 

0.79 

.0.80 
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P'( T) T p'( T) 

l.65 0.81 l .60 

1.68 0.82 1.57 

1.10 0.83 1.,3 

1.12 0.84 1.,0 

· 1. 74 0.85 1.46 

1.75 0.86 1.42 

1.76 0.87 1.3g 

1.77 0.88 1.35 

1.78 0.89 1.31 

1.78 0.90 1.27 

1.78 0.91 1.22 

l. 77. 0.92 1.18 

1.76 0.93 1.14 

l.75 0.94 1.10 

l.74 0 .• 95 1.06 

1.12 0.96 1.02 

1.10 0.97 0.98· 

1.68 0.98 0.94 

1.65 0.99 0.90 

1.63 1.00 0.87 



T RAF T 

0.01 0.28 0.21 

0.02 0.30 0.22 

0.03 o •. 31 0.23 

0.04 Q.32 0.24 

0.05 0.34 0.25 

0.06 0.35 0.26 

0.01 0.37 0.21 

0.08 0.39 0.28 

0.09 0.40 0.29 

0.10 0.42 0.30 

0.11 0.44 0.31 

0.12 0.46 0.32 

0.13 0.48 0.33 

0.14 0.50 0.34 

0.15 o.52 0.35 

0.16 0.54 0.36 

0.11 0.56 0.37 

0.18 0.58 0.38 

0.19 0.61 o.39 

0.20 0.63 0.40 

DATA FOR IR' (t~ CURVE V 

RAF 

0.65 

0.68 

0.70 

0.13 

0.76 

0.78 

0.81 

0.84 

0.87 

0.89 

0.92 

0.95 

0.98 

1.01 

1.04 

1.07 

1.10 

1.12 

1.15 

1.18 

ALPHA= 2.5 

DELTA =-0.l 

T RAF 

0.41 1.21 

0.42 1.23 

0.43 1.26 

0.44 1.28 

0.45 1.31 

o.46 1.33 

0.47 1.35 

0.48. 1.37 

0.49 1.39 

0.50 1.41 

0.51 1.43 

0.52 1.44 

0.53 1.45 

0.54 1.47 

0.55 1.48 

0.56 1.49 

o.57 1.49 

0.58 1.50 

o.59 1.50. 

0.60 1.50 

T 

0.61 

0.62 

0.63 

0.64 

0.65 

0.66 

0.67 

0.68 

0.69 

0.10 

0.71 

0.12 

0.13 

0.74 

0.75 

0.76 

0.11 

0.78 

o.79 

o.ao 
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RAF T RAF 

1.50 0.81 1.15 

1.50 o.a2 1.12 

1.49 0.83 1.10 

1.49 0.84 1.01 

1.48 0.85 1.04 

1.47 0.86 1.01 

1.45 0.87 0.98 

1.44 o.aa 0.95 

1.43 0.89 0.92 

1.41 0.90 O.d9 

1.39 0.91 0.87 

1.37 0.92 0.84 

1.35 0.93 .. 0.81 

1.33 0.94 0.78 

1.31 0.95 0.76 

1.28 0.96 0.73 

1.26 0.97 0."10 

1.23 o.98 0.68 

1.21 0.99 0.65 

1.18 1.00 0.63 
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Figure 37.· Graphic Comparisons of Absolute Derivatives for 
TOC and ROC Curves V 



APPENDIX D 

COMPOSITE ALGORITHM FOR SYSTEMS SIMULATION 

167 



APPENDIX D-1 

COMPUTER LOGIC FLOW CHART 

168 
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BUILD 
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Figure 38a. 
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Composite Algorithm Computer Logic Flow Chart 
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Figure 38b. Composite Algorithm Computer Logic Flow Chart 
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Figure 38c. Composite Algorithm Computer Logic Flow Chart 
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APPENDIX D-2 

IBM lijQI COMPUTER PROGRAM 
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CLEA~ ST8r\AGE ,oJBJ1S,J22JZ6,03J037,J44,D40,053)53N0000QO~J0001~26 
:LEA~ S TOKAoE L068ll6,lu51J6,11Jll7Bl01/I91~071J2YC029J56B026/B001/099l,001/00lll7IJ& 
DuuTST~AP ,UJ8Jl5~JZ2J2i,03o04J,)47J54,061068,072/06103' ,0010011040 • 

TOCC PAGE 

SE~ p:; LI~ LABEL DP OPi:H..ANDS SFX : T LOCN INSTRUCTION TYPE CARD 

lJl jl iJ JJl JOB 
lv2 020 CTL 661 
lu3 C21 A~SWlO llCW no 10 034l 4 
104 J,'2 A~SW14 oc. •14 14 0356 4 
lo•5 023 l~UEX OCw H 3 0359 4 
1J6 024 MA~6 DC• Nb 6 036, 4 
107 ::;z~ DVARll DCW Ull 11 .0376 5 
1,,0 ~i2 6 MARS DCW 118 8 0384 5 
109 027 MARS ocw ., 5 0389 5 
110 ~28 MARIO ocw IIIJ 10 0399 5 
111 OJJ MASIN DA 1X80,* 040J 0480 5 
112 J4c TASKND 1,4 0403 FIELD 5 
113 o~u DESC 5, 14 0413 FIELD 5 
114 Li60 RC SALL 15,U 0418 FIELD 6 
115 070 RtSDEP 20,24 0423 FIELD 6 
116 08..i START 25,3J 04?9 FIELD 6 
117 090 DEAD .H,J5 0435 FIELD 6 
118 !CO TDC:RV 37,37 0436 FIELD 6 
119 1,5 ROCCRV 38,39 0437 FIELD 6 
120 110 A 39,41 0440 FIELD 7 
121 12J M 42,44 044.l FIELD 7 
122 130 8 45,47 0446 FIELD 7 
ll3 140 PJS 48,43 0447 FIELD 7 
124 1,0 PR! 4-9,49 0448. FIELD 7 

DC iii*@ 048J · RMARK 8 
125 16J SWA DC ilA~ .0481 8 
126 17) SW8 DC ~8~ 0482 8 
12 7 lBU swc DC iilC@ 0483 8 
128 1% SWD DC @U@ 0484 8 
129 200 SWE DG ;;n 0485 8 
130 210 TABLE DA 1JJ0X3 0486 3485 174 
131 22•) CALE Nil DA 1on19 3486 5385 191 
132 230 COATE 1,6 3491 FIELD 191 
133 24V CDAY 7,9 3494 FIELD 208 
134 250 CCAPAC 10,14 3499 FIELD 225 
135 ~10 CLOAD 15, 19 350, FIELD 241 
136 J20 Xl EWU 89 OOA9 
137 03ll X2 EQU H 0094 
.138 J4,.) X3 EQU 99 009~ 
139 3Uii HEAD1 DCW ;JAC TUAL RCSOURCE DEPLETION & EXPECT~D PRJGRESS@ 45 5430 259 
140· 3b) HEAD2 DC~ ~vs. TO~C PROGRESS & R~CC RESOURCE DEPLETION@ 43 5473 261 
141 Bu HEAD3 DCW iWIT~IN TIME DEPLETION~ 21 5494 261 
142 3tt-J HEAD4 DCW iil TASKS I~ QuEUEiil 14 5508 261 
143 345 HEAD> DCW ~TASKS IN FACILITYiil 17 5525 262 
144 35ti DC• @TASK START DEAD DAYS DAYS P.C. USOR RES@ 50 5575 264 
145 351 DC ;,JR P.C. ROCC TOCC EXP SELECTED rncc ROil 50 5625 266 
146 360 HEAD6 ilC ilCC@ 2 5627 266 
147 37U DCW @NO, DESCR I PT IU~ DAY LINE AL TD DEPL DEPL ALTO @ 49 5676 268 
148 380 DC @UEPL DEPL REMG PROG PROG CURVE UCL LCL @ .49 5725 270 
149 39;) HEAD7 DC iLJCL LCL MESSAGtS;J 18 57.4 3 270 
150 STARTP SW 87,92 7 5744 .. 087 092 270 
151 3 ovo SW ,J7 4 5751 . 097 270 
152 3 till) R l 5755 1 271 
1>3 3 J2G MLC 6,DATE#b 7 5756 M 006 /BK 271 
154 3 U30 MLC 9,DA\'#3 7 5763 M 009 /8N 271 
155 3 035 8 SKIP 4 5770 B GOV 271 
1,6 3 J40 BCE B3,BJ,D 8 5774 B X8W 080 D 271 
157 3 JSO H STA~T 4 5782 429 271 
158 3 060 83 R l 5786 l 271 
l ~)q 3 070 C 2,LAST 7 5787 C 002 /Op 272 
16U 3 080 BL B3A 5 5794 8 VDT T 272 
161 3 U90 NllP 83 4 5799 N XBW 272 
162 3 1 ~.a 83A MLC 5&Xl,TABLE&2&X2 7 5803 M 0*5 4QB 272 
16:l 3 110 C Xl,@)57,J 7 5810 C 089 /BQ 272 
164 3 120 BE 838 5 5817 8 Y4* s 272 
165 3 120 A @.Hl,Xl 7 5822 A /SR 089 273 
166 3 125 A @3@,X2 7 5829 A /BR 094 273 
167 3 140 8 83A 4 5836 R YOT 273 
168 J 150 83B C COUNT#3,iil4'9J 7 5840 C /9K /QM 273 
169 3 160 BE B3C 5 5847 B YB/ s 273 
UG J 1L5 A il3@,X2 7 585,~ A /BR 094 273 
171 3 170 A &l,CDUNT 7 5859 A /9N /9K 274 
172 3 175 MLC 2,LAST·#2 7 5866 M 002 /9P 274 
173 3 175 s XL& l 4 5873 s 090 274 
174 3 !Bu B 83 4 5877 B XBW 274 
175 3 190 B3C C 2,~55al 7 5881 C 002 /9R 274 
176 3 2uC, BE B4 5 5888 B Y9X s 274 
177 3 210 H B3 4 5893 xaw 274 
l 78 3 22() 84 s Xl&l 4 5891 090 275 
179 3 225 s X2&1 4 5901 095 275 
180 3 23U 84A R l 5905 275 
181 3 235 acE B48,SO,C 8 5906 ZlY 080 C 275 
182 3 236 H d4 4 5914 Y9X 275 
183 3 240 B48 MLC !>,CDATE&Xl 7 5918 M 006 DZ l 275 
184 3 25U MLC ~,COAY&Xl 7 5925 M 009 DZ4 275 
185 4 010 MLC 14,CCAPAC&XI 7 5932 M 014 DZ9 276 
186 4 02J C Xl, ilYBlJ 7 5939 C 089 SOK 276 
187 4 030 BE 85 5 5946 8 Z6S s 276 
188 4 04J A oll~@,Xl 7 5951 A SOM 089 276 
189 4 050 B B4A 4 5958 B zov 276 
190 4 uou 85 BSS 84-0 ,:: 5 5962 B H4X C 276 
191 4 061 HSS RDCARD,D 5 5967 8 Z7W D 277 
192 4 U62 8 RDTAPE 4 5972 8 -0* 277 
193 4 063 ROCA RD BLC 1333 5 5976 8 E7X A 277 
194 4 064 R I 5981 I 277 
195 4 Ob5 MLC a),t:.,;»,~ l 7 5982 M SON 081 277 
1% 4- ;j66 MCM ! ,MASI~ 7 5989 p 001 400 277 
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>EQ ;,::; LI~ LABEL OP OPERAt,QS SF X :r LOc·i INSTRUCTION TYPE CARD 

197 4 J6 / A tloA 4 5996 B -6* 277 
198 4 Uo9 R.)TA.Pc: NOP l 6000 N 278 
199 '• ,10 RLH AP IAPcl ,MASl~,833 MACRO 
200 MLC 99,Hll!R 7 6001 M 099 /5R GEN 278 
2Jl CALL C TAPE GEN 
202 8 Cf A Pc 4 600d 8 620 GEN 278 
l03 DSA AH 3 6014 E7X GEN 278 
2J4 RT IAPtl,M.\SI~ 8 6015 M %Ul 400 R GEN 278 
2C•5 Ji:10 POS, PRE~OS#l 7 6023 C 447 SOD 271! 
206 4 090 t!H BSA 5 6030 8 -6* u 278 
207 4 IL J C P~l ,PREPRl#l 7 6035 C 448 SOP 279 
208 4 110 t!H t!SA 5 6047. B -6* u 279 
1.09. 4 12J C TASK~Cl, PRE~IH4 7 6047 C 403 SlJ 279 
210 4 13J BL 85A 5 6054 B -6* T 279 
211 140 H 1 6059 · 279 
212 150 tl5A MLC POS,PREPOS 7 6060 M 447 SOD 279 
213 160 MLC PRl,PREPRI 7 6067 M 448 SOP 279 
214 170 MLC TASKNO,PRE~O 7 6074 M 403 SlJ 280 
215 180 BSD BCE -H5B,POS,2 8 6081 R -9T 447 280 
Ll6 4 19J a 06A 4 6089 B JOU 280 
217 4 2,,0 858 ML: @N~,850 7 6093 M SlK -Bf 280 
218 4 21v B 834 4 6100 8 EB/ 280 
219 4 au B6A s Xl&l 4 6104 s 090 280 
220 4 230 86C C OEAD,COATc&Xl 7 610B C 435 Dll 281 
221 240 BE 868 5 611 S B J4X s 281 
222 250 C Xl,~V8lo 7 6120 C 089 SOK 281 
223 Jl LJ BE 660 5 612 7 B J4T s 281 
224 020 A @n@, Xl 7 6132 A SOM 089 281 
225 030 8 B6C 4 6139 B JOY 281 
226 J40 BbD H 86A 4 6143 JOU 281 
227 050 868 MLC CDAV&Xl,OEADD#3 7 6147 M DZ4 SIN 282 
228 000 86E s Xl&l 4 6154 s 090 282 
229 no ObH C SIART,CDATE:&Xl 7 6158 C 429 DZ! 282 
23u 060 BE B6F 5 6165 B J9X s 282 
2H 090 C Xl,@V8l:,l 7 6170 C 089 SOK 282 
232 lvO BE 86:; 5 6177 B J9T s 282 
233 llU A @1n,x1 7 618?. A SOM 089 283 
234 120 8 86H 4 6189 B J5V 2B3 
235 130 BbG H tl6E 4 6193 J5U 283 
236 140 BbF ML: CDAYGX1,START0#3 7 6197 M DZ4 SlQ 2B3 
237 1,0 89 MLC OAV,,<ORK3#3 7 6204 M /8N S2J 283 
238 lcO s SURfD,,<iJRKJ 7 6211 s SlQ S2J 283 
239 17c MLC w0RK3, DAPAS T#3 7 6218 M S2J S2M 284 
240 !HO BWZ BlJA,DAPAST,K 8 6225 V K3X S2M K 284 
241 182 8 8100 4 6233 B K5Z 284 
242 183 BlOA MLC al00Vil,OAPAST 7 6237 M S2P S2M 284 
243 184 Bl OB MLC @JJOil,PCOOEP 7 6244 M S2P S3Q 284 
244 ,85 SW SWB 4 6251 . 482 284 
L45 18b 8 BlJC 4 6255 B L4/ 285 
246 190 Bl OD Ml DAPAST-1,0APAST 7 6259 V S2L S2M 285 
247 2 .:.u DAPAST,JOOOJ 7 6266 C S2M S2P 285 
24H 210 DE B!OA 5 6273 B K3X s 285 
249 2~ (J MLC OEADD,WORK3 7 6278 M SIN S2J 285 
25() 230 s STARfD,WORK3 7 6285 s SlQ S2J 285 
251 240 MLC wORK3, OAALLUB 7 6292 M S2J S3- 286 
252 250 !A OAPAST,ANSWlJ-3 7 6299 & S2M 339 2B6 
253 £55 MLC GOOO,ANSWlJ 7 6306 M S 3L 342 286 
254 260 MZ @ il,ANSWlO-J 7 6313 V S3M 339 286 
255 6 JlO 0 DAALLO, A'lS• W-5 7 6320 % S3- 337 286 
256 6 Jl5 A @5],ANSWl0-4 7 6327 A S3N 338 287 
257 6 no MLC ANSW1J-5,PCDDEP#3 7 6334 M 337 S3Q 287 
Z58 6 025 BlOC NOP 1 6341 N 287 
259 J30 !A ReSDlcP, A%W 14-3 7 6342 • 423 353 287 
260 040 MLC GJOO,ANSW14 7 6349_ M S3L 356 287 
261 042 Ml ii ;J,ANSW14-3 7 6356 V S3M 353 287 
262 045 D RESALL,ANSW14-7 7 6363 ; 418 349 288 
263 J46 A @5@,ANSW14-6 7 6370 A S3N 350 288 
264 050 MLC ANSW14-7,PCRDEP#3 7 6377 M 349 S4J 288 
l65 6 060 ZA M,WOR.K3 813 7 6384 • 443 S2J 288 
206 6 070 A W:JRK3 4 6391 A S2J 288 
207 6 080 A WORK3 4 6395 A S2J 288 
.168 6 oqo A A,WORK3 7 6399 A 440 S2J 289 
269 6 lCJ A B,WORK3 7 6406 A 446 S2J 289 
2 lu 0 110 ZA WORK3,A·~SW5#5 7 6413 • S2J S40 289 
271 6 120 D &6,A\JSW~-.2 7 6420 i S4P S4M 289 
272 6 u.i MLC AMSW5-2,EXPPR0#3 7 6427 M S4M S5- 289 
273 7 010 MLC ilJOO],INDEX 7 6434 M S2P 359 290 
274 7 020 BW 8148,SWB PCDDEP IS ZERO B 6441 V 05V 482 290 
275 7 022 MZ i,l @,PCOOcP 7 6449 V S3M S3Q 290 
276 7 023 C PCODEP,n9~~ 7 6456 C S3Q S5L 290 
277 7 024 BL B14<l 5 6463 8 03X T 290 
na 7 030 MLC ROCCRV,WORK2#2 7 646~ M 437 S5N 291 
279 7 040 s &l,WORKZ 7 E,475 s /9N S5N 291 
2du 7 050 MN WOR.K2, INDEX.-2 7 6482 D S5N 357 291 
281 7 060 A PCDDEP,l~OE.< 7 6489 A S3Q 359 291 
282 7 095 A ~5•,lNOtcX-2 7 6496 A S3N 357 291 
283 7 06, s Xt.l 4 6503 s 090 291 
284 7 07 A INDEX,Xl 7 6507 A 359 089 292 
ZR5 7 08 A INDEX,Xl 7 6514 A 359 089 292 
286 7 1)9 A INDE.X,Xl 7 6521 A 359 089 292 
287 7 H•O ML:. TA8LE&Xl&2,YCOOR#3 7 6528 M 4VB S5Q 292 
.188 7 110 MLC vcoo~. w,rnK4 7 6535 M S5Q S7M 292 
l89 7 14\J A G5,WJRK4 7 6542 A S5R S7M 293 
290 7 150 ZA YCOOR,WOl{K3 7 6549 & S5Q S2J 293 
291 7 160 A WORK4-l,WORK3 7 6556 A S7L S2J 293 
292 7 17\J Ml WORK3-1,WORK3 7 6563 V S2- S2J 293 
293 7 ldO C WORK3,ilv99] 7 6570 C S2J S5L 293 
294 190 BL tll4C 5 657 7 B ~9T T 294 
295 zco HLC WURK3,UCL#3 7 6582 M S2J S6K 294 
296 21J a •&9 4 6589 B DO* 294 
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297 2.20 B14C MLC ~lJUll,UCL 7 6593 M S6N S6K 294 
298 240 lA YCOOR,LCL#3 7 6600 & S5Q S6Q 294 
2<9 250 s >IORK4-l,LCL 7 6607 s S 7L 560 294 
3JO JlO BWZ Hl4E,LCL,K 8 6614 V 02W S6Q K 295 
301 020 B B14M 4 6622 8 POV 295 
3 }2 03:i Bl 4E MLC :il.JJO@, LCL 7 6626 M S2P 560 295 
303 8 040 B Ill 7 4 6633 B Q7Y 295 
3u4 o,s B14Q MLC @OJJ@,YCOOR 7 6637 M S2P S5Q 295 
305 046 MLC @!QO@,YCOORZ 7 6644 M S6N 57P 295 
3U6 14 7 B 8140&14 4 6651 B Dbl 296 
3U7 050 B14B MLC @OJU@,YCOOR 7 665S M 52P S50 296 
308 J:>5 MLC @OJU@,YCOOR2 7 6662 M 52P 57P 296 
309 056 MLC ilJJO;>,LCL2 7 6669 M S2P SSL 296 
310 D~7 ML~ iilJJUil,UCL2 7 6676 M 52P SB- 296 
311 060 MLC @OJO@,LCL 7 6683 M S2P S60 296 
312 070 MLC ~JOJ@, UCL 7 6690 M S2P 56K 297 
313 071 cw SW8 4 6697 a 482 297 
314 J72 B B17 4 6701 Q7Y 297 
315 ij 73 814M MLC TDCCRV,WORK02#2 7 670'; 436 S7- 297 
316 074 s E.l,WORK02 7 6712 /9N 57- 297 
317 075 MLC @000@,INDt:X 7 6719 M S2P 359 297 
JIB 076 MN WORKJZ,l~OEX-2 7 6726 0 57- 357 298 
319 0/7 A PCDDEP, !,~DEX 7 6733 A S30 359 298 
320 077 s Xl&l 4 6740 s 090 298 
321 078 A INDEX,Xl 7 6744 A 359 089 298 
322 079 A INDEX,Xl 7 6751 A 359 089 298 
323 Ci/10 A INDEX,Xl 7 6758 A 359 089 298 
324 081 MLC TABLE&Xl-l,VCOOR2 7 6765 M 4Y5 S7P 299 
325 082 ZA @100@,WORK4#4 7 6772 & S6N S7M 299 
326 8 (;63 s YCOURZ # 3, WQRK4 7 6779 s 57P S7M 299 
327 085 A &5,WQRK4 7 6786 A S5R S7M 299 
328 086 ZA YCOOR2,WORK3 7 6793 & S7P S2J 299 
329 Ob7 A nORK4-l,WORK3 7 6800 A S7L 52J 300 
330 OBA MZ WORK3-l,wORK3 7 6807 y S2- SZJ 300 
331 889 WORK3,@J99il 7 6814 C SZJ SSL 300 
332 090 BL 814W 5 6821 8 Q3X r 300 
333 091 MLC WURK3 ,UCL2#3 7 6826 M S2J SB- 300 
334 042 B 8l4Y 4 6833 8 Q4U 300 
335 093 B14W MLC @100il,UCL2 7 683 7 M S6N SB- 301 
336 094 014Y ZA YCOOR2,LCL2#3 7 6844 & S7P SSL 301 
337 095 s •URK4-l,LCL2 7 6851 s S 7L SSL 301 
338 0% 8Wl 8l4L,LCL2,K 8 6858 V OH SSL K 301 
339 097 8 814K 4 6866 B Q7X 301 
)40 098 8142 MLC "1000•, LCLZ 7 6870 M 52P SSL 302 
341 099 814K NOP l 6877 N 302 
342 B llO Ill 7 s Xl&l 4 6878 s 090 302 
343 8 101 A RE SALL, TDTRES#6 7 6882 A 418 S8R 302 
344 8 1Ll2 A RESDEP, TOTDEP#6 7 6889 A 423 S9N 302 
345 8 l(J3 MLC @l JO;J, PCRREM#3 7 6896 M S6N 590 302 
346 8 104 s PCROEP,PCRREM 7 6903 s S4J 590 303 
347 8 105 Ml UCL,PCRREM 6910 y 56K 590 303 
348 8 li.:·5 C PCRREM,UCL 6917 C S9Q 56K 303 
349 8 106 BL 818 6924 B RH T 303 
350 8 1,::,9 Ml LCL,PCRREM 6929 y 560 S9Q 303 
351 8 110 C PCRREM,LCL 6936 C 590 560 304 
352 8 120 8H B19 6943 8 R5S u 304 
353 8 130 8 820 4 6948 B RSV 304 
354 a 140 B19 MLC iiHW HI,@,314&X2 7 6952 M TOM 3J4 304 
355 8 150 A iil6:il, Xl 7 6959 A TON 089 304 
356 8 160 B 820 4 6966 B RSV 304 
357 3 l 70 818 MLC alRD LD,W,314&Xl 7 6970 M TlJ 3/4 305 
358 8 180 A @6@,Xl 7 6977 A TON 089 305 
359 8 1,0 B 820 4 6984 8 RSV 305 
360 8 2JO 820 C EXPPRO,UCLZ 7 6988 C S5- SB- 305 
361 B 210 8L 821 5 6995 B &lW T 305 
362 8 220 C EXPPRO,LCL2 7 7000 C 55- SSL 305 
363 8 230 BH 822 5 7007 8 OU u 306 
364 8 2'tCJ 8 823 4 7012 B &4Y 306 
365, 8 250 821 MLC @EP rll,iil,314&Xl 7 7016 M TIP 3/4 306 
366 9 010 A @6il,Xl 7 7023 A TON 089 306 
367 9 020 B B23 4 7030 B &4Y 306 
368 9 030 B22 MLC @EP LO,Zil,314&Xl 7 7034 M T ZL 3/4 306 
369 9 040 A @6@,Xl 7 7041 A TON 089 307 
370 9 050 823 C RESALL,RESOEP 7 704B C 418 423 307 
371 060 BH 824 5 7055 8 &6U u 307 
372 070 B B25 4 7060 B &7Y 307 
3 73 OBJ 824 MLC @DVERX,@,314&.Xl 7 7064 M TZR 3/4 307 
374 090 A .il6iil, Xl 7 7071 A TON 389 307 
375 l GO B25 C START,OATE- 7 707 d C 429 /BK 308 
376 110 BH d25A 5 7085 B &90 u 308 
l77 9 120 8 B27 4 7090 B AZ* 308 
378 9 130 B25A BCE B2S,POS,2 8 709 1t 8 AOW 447 308 
379 9 140 8 B27 4 7102 8 AZ* 308 
380 9 l5Q 826 MLC :i!LATES,:i.1,314&.Xl 7 710'6 M T3N 3/4 308 
381 9 160 A @6@,Xl 7 7113 A TON 089 309 
382 9 170 827 C UEAO,OATE 7 7120 C 435 /BK 309 
383 9 l~O dH 828 5 7127 8 A3W u 309 
384 9 190 8 B29 4 7132 a A5t 309 
385 9 200 B28 MLC @LATED,~,314&.Xl 7 7136 M T4J 3/4 309 
386 9 210 A ~6al,Xl 7 7143 A TON 089 309 
387 9 220 B29 BCE tBO ,PRI, l 8 7150 8 A6S 448 310 
388 9 230 8 831 4 7158 8 AH 310 
389 9 235 830 ~OP l 7162 N 310 
]90 9 240 MLC @PRIJR,@,314&Xl 7 7163 M T4P 3/4 310 
391 9 245 831 NOP l 7170 N 310 
392 9 2'>0 MLC al :i>,308f.Xl 7 7171 M 53M HB 310 
393 10 UG5 MLC TASK~0,234 7 7178 M 403 204 310 
394 l () ~10 MlC OESC,216 7 7185 M 413 216 311 
395 lJ 020 MCS STARTD,221 7 7192 z SlQ 221 311 
3% 10 030 MCS DEAOD,227 7 7199 z SIN 227 311 
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397 la J4v MCS DMLLO, z.32 7 7206 l S3- 232 311 
398 l" .;SJ MCS UAf>AST,2.37 7 7213 l S2M 237 311 
399 iv Jb.J MCS PCODEP,241 7 7220 l S3Q 241 312 
40C, IQ 07iJ MLC ;JU,242 7 7227 M T40 242 312 
4t.:l l·l 08j MCS RESALL,248 7 7234 l 416 248 312 
402 lO 09(.1 MCS RESOEP,254 7 7241 l 423 254 312 
403 1 J lUU MCS PC~UEP,258 7 7248 l S4J 256 312 
4~'4 1~ 110 MLC i,)%@,259 7 7255 M T4Q 259 313 
4u5 lJ 120 MCS vcoo~,263 7 7262 l SSQ 263 313 
406 !j 125 MLC 41%:i>. 2 64 7 7269 M T4Q 264 313 
407 lJ 13;) MCS VCOD~2,26B 7 7276 l S7P 268 313 
408 lJ 135 MLC izl::il, 269 7 7263 M HQ 269 313 
409 lJ 137 MCS EXPPRU,273 7 729,J l S5- 273 314 
410 lJ 138 MLC a)'.g:j), 274 7 7297 M T4Q 274 314 
411 lJ l4L• BCE CURT!, Tl1CCRV, l 8 7304 B CBW 436 314 
412 10 142 BCE l'.:U~T2:,TUCCR.V,2 B 7312 6 C9K 436 314 
413 10 144 BCE CUH3,TtlCCRV,3 8 732·) 6 DOV 436 314 
414 lU 146 BCE CURT4,TUCCRV,4 B 7328 6 DlZ 436 315 
415 lJ 148 MLC aJI/~ ,278 7 7336 M T4R 276 315 
416 10 150 CKCRV2 8U CUI\Rl,ROCCRV,1 B 7343 B D3* 437 1 315 
417 10 152 BCE CURR2,ROCCRV,2 B 7351 6 04/ 437 2 315 
418 10 154 BCE CUR.R3,RUCCRY,3 8 7359 6 05S 437 3 315 
419 10 156 BCE CURR4,ROCCRV,4 8 736 7 6 D6T 437 4 316 
420 lu 1!>8 MLC @V@,284 7 7375 ~ T4R 264 316 
421 lJ 160 B DUTCRV 4 7362 6 DH 316 
422 10 162 CURT! MLC ol I@, 278 7 7386 M TS- 278 316 
423 lJ 164 d CKCRn 4 7393 6 C4T 316 
424 10 166 CURT2 MLC oll!@,278 7 7397 M T5K 278 316 
425 10 168 B CKCRV2 4 7404 6 C4T 317 
426 lJ 17.) CUKT3 MLC Jl I l ·l, 2 78 7 74D8 M T5N 278 317 
427 10 172 B CKCKV2 4 7415 B C4T 317 
428 lJ 174 CUH4 MLC ~!V~,276 7 7419 M TSP 278 317 
429 IQ 176 B CKCRV2 4 7426 6 C4T 317 
430 IJ 173 CURR! MLC ;J[il,284 7 7430 M TS- 284 317 
431 lJ 180 B OUTCRV 4 7437 6 DH 317· 
432 ll 182 CURR2 MLC @!I@, 284 7 7441 M T5K 284 318 
433 10 190 8 OUTCRV 4 7448 B DH 318 
434 10 2CJ CURR3 MLC ~!II ,i, 284 7 7452 M T5N 284 318 
4'!5 10 210 R OUTCRV 4 7459 6 DH 318 
436 lJ 220 CURR4 MLC o!V@,284 7 7463 M TSP 284 318 
437 10 230 ouT:Rv ~OP 1 747il N 318 
438 10 235 MLC ~ •• 234 7 7471 M T6- 284 318 
439 10 236 MLC 27B,KcEP#3 7 7478 M 278 T6L 319 
440 1.i 237 MLC • 11,278 7 7485 M T6- 278 319 
441 10 238 MLC KEEP,281 7 7492 M T6L 281 319 
442 lJ 240 
443 10 290 MCS UCL,300 7 7499 l S6K 300 319 
444 lJ 3l,J MLC :ill@, 301 7 7506 M T4Q 301 319 
445 10 310 MCS LCL,305 7 7513 z S6Q 305 320 
446 10 320 MLC @H,306 7 7520 M T4Q 306 320 
447 10 322 MCS UCL2,29,J 7 7527 l SB- 290 320 
448 10 324 MLC @%,,291 7 7534 M T4Q 291 320 
449 10 326 MCS LCL2,295 7 7541 l SBL 295 320 
450 lJ 328 MLC @iil,296 7 7548 M T4Q 296 321 
451 10 330 cc s 2 7555 F s 321 
452 lJ 340 w 1 7557 2 321 
453 10 350 cs 332 4 7558 I 332 321 
454 lJ 360 cs 1 7562 I 321 
455 lU 370 BSS B50,B 5 7563 6 !OK 6 321 
456 l'J HO BCV ,KIP 5 7568 s GOV @ 321 
457 10 390 B 85 4 7573 6 Z6S 322 
458 11 010 H33 SW SHA 4 7577 . 481 322 
459 11 020 834 ZA TOTDEP, ANSW13# 13 7 7581 & S9N T70 322 
46il 11 03~ D TOTRES,ANS~l3-5 7 7568 i SBR T7J 322 
461 11 035 MLC ANSW13-7,STUR#7 7 759.5 M T6R TBL 322 
462 11 040 MCS STDR,265 7 7602 l TBL 265 322 
463 11 050 MLC @%~,266 7 7609 M T4Q 266 323 
464 11 060 MCS TOTD[P,260 7 7616 l S9N 26D 323 
465 11 070 MCS RESDEP,253 7 7623 z 423 253 323 
466 11 080 aw BHA, ,WA 8 763il V F4Z 481 323 
467 11 090 MLC ;JfAC[LI rv TOTALS@,215 7 7638 M T9Q 215 323 
468 11 lUO B B330 4 7645 B F5W 324 
469 11 110 833A MLC @FAC! LI TY & QUEUE TOTALS @,223 7 7649 M U2K 223 324 
470 11 120 B33B cc J 2 7656 F J 324 
471 11 no cs 332 4 7658 I 332 324 
1t 12 11 l4J cs 1 7662 I 324 
4H 11 15D BSS 6100,B 5 7663 6 I 9T B 324 
474 11 160 BW HALT,SWA 8 7668 V FBU 481 324 
475 11 170 B SKIP 4 7676 B GOV 325 
't76 11 180 B 86A 4 7680 6 JOU 325 
477 11 181 HALT BSS HLT,O 5 768 1, 6 F9U D 325 
4 78 13 XXK RWD 1 5 7689 u %Ul R 325 
4 7<J 11 19V HLT H 9999,999 7 7694 Z9R 999 325 
480 ll no 8 HLT 4 7701 F9U 325 
4Bl 12 010 SKIP SBR BACK&3 4 7705 H ~4V 325 
482 12 015 cc l 2 7709 F 1 326 
483 12 02;) MLC HEAD1,2.i4 7 7711 M U3* 284 326 
484 12 G30 w 1 7718 2 326 
485 12 J4u cs 332 4 7719 I 332 326 
486 12 050 cs I 7723 I 326 
487 12 06) MLC HEAD2,283 7 7724 M UH 263 326 
4'18 12 070 w 1 7731 2 326 
489 12 080 cs 332 4 7732 I 332 327 
400 12 J90 cs 1 7730 I 327 
401 12 lCJ MLC HEA03,272 7 7737 M U9U 272 327 
4;2 12 llJ w l 7744 2 327 
493 12 liJ cs 332 4 7745 I 332 327 
404 12 130 cs 1 7749 I 327 
4'"15 12 l4J MLC HEAD5,27J 7 7750 M V2V 270 327 
4% 12 1 ~'.; MLC @N-il,•-13 7 775 7 M SlK G5* 328 
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ScQ p:; LIN LABEL OP UPERA~DS SF X :T LDCN IN.STRUCTIDN TYPE CARO 

lt-•}1 12 2l,U SKIPA ~DP HEAD4,26B 7 7764 N VOY 268 328 
498 12 2,.2 MLC @M@,SKIPA 7 7771 M U2L G6U 328 
499 12 Zc-4 MLC DAT~,RDTATE-2 7 7778 M /BK U5- 328 
5oUO 12 20~ MLC DATE-4, i<DTATE 7 7785 M 17Q U5K 328 
501 12 206 LCA @ I I al,ZOCJ 7 7792 L U3J 209 329 
502 12 2(. 7 MCE RDTATE,209 7 7799 E U5K 209 329 
:J03 12 210 w I 7806 2 329 
5.:.,4 12 220 GS 332 4 7807 I 332 329 
505 12 230 cs I 7811 I 329 
5u6 12 240 SKIPB cc K 2 7812 F K 329 
':>(17 l3 Ol0 MLC HEAD6,304 7 7814 M wzx 304 329 
508 13 020 w I 7821 2 330 
'>09 13 030 cs 332 4 7822 I 332 330 
510 13 040 cs I 7826 I 330 
,11 13 o,o MLC HEAD7,.316 7 7827 M X4T 316 330 
512 13 ObU w l 7834 2 330 
513 13 070 cs 332 4 7835 I 332 330 
514 13 OBO cs l 7839 I 330 
515 13 090 cc 2 7840 F J 331 
516 13 lU>J BACK B 4 7842 B 000 331 
517 13 110 NOP I 7846 N 331 
518 13 117 840 NOP l 7847 ~ 331 
519 14 01 HEADB DCW il!NTERMITTENT SYSTEM LOAD ANALYSIS BY DAY@ 40 7887 333 
520 14 02 DCW DAY TASKS RESO ALTO CAPACITY EXCESS OVER 4 7891 333 
521 14 03 HEAD9 DC @LOAD@ 4 7895 333 
522 14 04 SKIP2 SBR BACK20 4 7896 H 19S 333 
523 14 05 cc I 2 7900 F I 333 
524 14 06 .MLC HEADS,245 7 7902 M H8X 245 333 
525 14 07 w I 7909 2 334 
526 14 08 cs HZ 4 7910 I 332 334 
j27 14 09 cs I 7914 I 334 
528 14 Iv cc J 2 7915 F J 334 
529 14 101 MLC @FACILITY@,228 7 7917 M U3R 228 334 
530 14 102 NDPrn NOP @6 QUEUE@,235 7 7924 N U40 235 334 
531 14 IU3 MLC @M@, ~DPER 7 7931 M U2L 12U 334 
,32 14 lv4 w I 7938 2 335 
533 14 105 cs 332 4 7939 I 332 335 
534 14 106 cs l 7943 I 335 
535 14 107 cc K 2 7944 F K 335 
536 14 1(,8 MLC DATE-4,~0TATE#6 7 7946 M 17Q U5K 335 
537 14 109 MLC DATE,ROTATE-2 7 7953 M /BK us- 335 
538 14 110 
539 14 11 MLC HEAOq,z54 7 79.60 M H9V 254 335 
540 14 111 LCA @ I I @,255 7 7967 L U6- 255 336 
541 14 112 MCE RDTATE,.255 7 7974 E U5K 255 336 
542 14 12 w I 7981 2 336 
543 14 13 cs 332 4 7982 I 332 336 
544 14 14 cs I 7986 I 336 
545 14 15 cc K 2 7987 F K 336 
546 14 16 OACK2 B 0 4 7989 B 000 336 
547 15 01 8100 B SKIP2 4 7993 B H9W 337 
548 15 Ol s Xl&l 4 7997 s 090 337 
549 15 03 MCS CUAY6Xl, 203 7 8001 z DZ4 203 337 
550 15 04 LCA @ I I @,213 7 8008 L U6Q 213 337 
551 l 5 05 MCE COATE&Xl,213 7 8015 E DZl 213 337 
552 15 06 MCS CLOAD61,221 7 8022 z E05 221 337 
553 15 J7 MCS CCAPAC,233 7 8029 z 099 233 338 
554 15 :i8 MLC CCAPAC6Xl,WORK05#5 7 8036 M DZ9 U7L 336 
555 15 09 s CLDAD&Xl,WJRK05 7 8043 s E*4 U7L 338 
556 15 lu BWZ DVRLDD,WORK05,K 8 8050 V 06R U7L 338 
557 15 11 MCS WORKJ5,243 7 8058 z U7L 243 338 
556 15 12 8 PRINTL 4 8065 B 070 339 
559 15 13 OVRLOD MCS WORKJ5,253 7 8069 z U7L 253 339 
560 15 14 PR INTL w l 8076 2 339 
>61 15 15 cs 332 4 8077 I 332 339 
562 15 lb cs I 8081 I 339 
563 15 17 cc J 2 8082 F J 339 
564 15 16 BCV SKIP2 5 8084 B H9W @ 339 
565 15 19 aw HALT,SWA 8 8089 V FBU 481 340 
566 15 20 B 86A 4 809 / B JOU 340 
567 15 21 NOP I 8101 N 340 
568 16 Jl 851) Ml @ @,PCRUEP 7 8102 y S3M S4J 340 
569 16 02 C PCRDEP,illOO@ 7 B109 C S4J S6N 340 
570 16 03 Be B5 5 8116 B Z6S s 340 
'.:>71 16 :J4 MLC @OOO@,Y2 7 8121 M S2P V3K 340 
572 16 05 MLC DAPAST,UAYCNT#3 7 8128 M S2M U70 341 
573 16 055 s MAR6 4 . 8135 s 365 341 
574 16 ObO ZA DAYCH,MAR6-3 7 8139 6 U70 362 341 
575 16 07(i M ill9@,MAR6 7 8146 @ SOM 365 341 
;76 16 08 MLC MAR6,CHi.JP•4 7 8153 M 365 ua- 341 
577 lb 09 Ml @ @,CHOP 7 816·) y S3M ua- 341 
578 16 10 A CHJP,Xl 7 816 7 A ua- 089 342 
579 16 110 lA RESALL, DVAR!l-2 7 8174 & 418 374 342 
580 16 120 MLC &JO,DVAR!l 7 BIRI M UBK 376 342 
5bl 16 125 MZ @ il,DVARll-2 7 8188 y S3M 374 342 
582 16 13 D DAALLD,DVARll-6 7 8195 i S3- 370 342 
583 16 14 A @51,DVARll-4 7 8202 A S3N 372 343 
5R4 16 150 MLC DVAR!l-5,MEANDR#6 7 8209 M 371 UBQ 343 
585 16 16 ZA ollOUJOil,DVAK9#9 7 8216 & U9L VOK 343 
586 16 17 D DAALLO,OVAR9-4 7 8223 i S3- U90 343 
587 16 180 A @5@,DVAR9-4 7 8230 A S3N U9Q 343 
:>aa 16 190 MLC UVAR9-5,PCTDAY#4 7 8237 M U9P VJO 344 
589 16 195 s MARB 4 8244 s 384 344 
590 16 200 lA PC TOAY, MARB-4 7 8248 & voo 380 344 
591 16 21 M DAYC~T,MAR8 7 8255 il U70 384 344 
,j92 16 22 MLC MAR8,TIME#4 7 8262 M 384 Vl- 344 
:;g3 16 221 s WRK04#4 4 8269 s VIM 344 
594 16 222 MLC TIME-l,WRKJ4-I 7 8273 M VOR VIL 345 
595 16 223 A illil,WR04-l 7 8280 A VIN VIL 345 
596 16 224 s TIME,WRK:J4 7 8287 s VI- VIM 345 
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SEQ PS LIN LABEL OP OPER,\NDS SFX :T LOCN INSTRUCTION TYPE CARD 

597 16 225 ZA T!ME-1,DEXO 7 8294 & VOR V20 345 
598 16 226 A ROCCRV,OEX0-2 7 8301 A 437 V2M 345 
599 16 227 s ,!l@,UEX0-2 7 8308 s VIN V2M 346 
600 16 227 s X2&1 4 8315 s 095 346 
001 16 228 A D[XO,X2 7 8319 A V20 094 346 
602 16 n9 A DEXO,X2 7 8326 A V20 094 346 
603 16 230 A DEXO,XZ 7 8333 A V20 094 346 
604 16 231 MLC TABLE&X2-l,WRKD3 7 834,J M 4Q5 VlQ 346 
605 16 232 s TABLE&2&X2,WRK03#3 7 8347 s 4QB VlQ 347 
606 16 233 s MARB 4 8354 s 384 347 
607 16 234 lA WRK04,MARB-4 7 8358 & VIM 380 347 
608 16 235 M WRK03, MARS 7 8365 @ VlQ 384 347 
609 16 236 A @5@,MAR8 7 8372 A S3N 384 347 
610 16 237 MLC MARB-l,Y2 7 8379 M 383 V3K 347 
611 16 237 A TABLE&X2&2,Y2 7 8386 A 4Q8 V3K 348 
612 16 238 t15UC Ml @ :U, TI Mt: 7 8393 y S3M VI- 348 
6U 16 24 C T !ME,@l•JOO@ 7 840J C VI- V2K 348 
614 16 25 ill B5JA 5 8407 B 410 T 348 
l> 15 16 255 B B50B 4 8412 8 42L 348 
616 17 01 B5JA MLC @lOOJ@,TIME 7 8416 M V2K VI- 348 
617 17 02 B508 lA Tl ME-1, UEX0#4 7 8423 & VOR V20 349 
618 17 03 A ROCCRV,DEX0-2 7 8430 A 437 V2M 349 
619 17 J4 s @lil,DEX0-2 7 8437 s VIN V2M 349 
620 17 D45 s XZ&l 4 8444 s 095 349 
621 17 05 A Dl:::XO,X2 7 8448 A V2D 094 349 
622 17 060 DEXO,XZ 7 8455 A V20 094 349 
62 3 17 07 OEXD,X2 7 8462 A V2D 094 350 
624 17 OBO MLC TABLE&X2-l,Yl#3 7 8469 M 4Q5 V2R 350 
625 17 09 s Y2#3,Yl 7 8476 s V3K V2R 350 
626 17 lQ lA YI, SLOPEU3 7 8483 & V2R V3N 350 
627 17 11 MLC TABLE&5&X2,NEXTHl#3 7 8490 M 4Rl V3Q 350 
62B 17 12 MLC T!ME,FRACTN#l 7 8497 M VI- V3R 351 
629 17 125 s MARS 4 8504 s 389 351 
630 17 130 ZA FRACTN,MARS-4 7 8508 & V3R 385 351 
631 17 14 M NEXTHI ,MARS 7 8515 @ V3Q 389 351 
632 l 7 15 A @5@, MMS 7 8522 A S3N 389 351 
633 17 16 A MAR5-l,SLOPE 7 8529 A 388 V3N 351 
634 17 165 s MARIJ 4 8536 s 399 352 
635 17 170 ZA MEANDR,MARlu-5 7 854J & U8Q 394 352 
636 17 lB M SLOPE,MARIO 7 8547 @ V3N 399 352 
637 17 19 A @5@,MARlD-1 7 8554 A S3N 398 352 
638 17 200 MLC MAR!0-2,LOADAY#5 7 8561 M 397 V4M 352 
639 17 21 A LOAOAY,CLDAO&Xl 7 8568 A V4M EH 352 
640 17 220 MLC TA8LE&XZ-l,Y2 7 8575 M 4Q5 V3K 353 
641 17 225 Ml DAYCNT,DAALLO 7 85A2 y U70 S3- 353 
642 17 23 C OAYCNT,DAALLO 7 8589 C U70 S3- 353 
643 17 24 BE B5 8596 B Z6S s 353 
644 17 25 A @[;), OAYCNT 8601 A VIN U70 353 
645 17 255 A cil3@, Xl 8608 A /BR 089 354 
646 17 256 A PCTOAY,r!ME 8615 A voo VI- 354 
647 17 257 B50C 4 8622 39L 354 
648 GEN 
649 READ/WRITE ROUTINE GtN 
650 GEN 
651 CTAPE SBR 99 SETTl~G 4 8626 H 099 GEN 354 
652 SBR CCONPR&3 UP LINKAGE 4 8630 H 76Q GEN 354 
653 MA CU1,CCONPR&3 7 8634 # /50 76Q GEN 354 
654 MLC !O&X3,CTAPEC&7 READ/WRITE 7 8641 M OAO 71 Q GEN 355 
655 MLC 2&X3,CEORC&3 COMMA,'lD 7 8648 M 0&2 73M GEN 355 
656 MLC 2&X3,CEDRC1&3 7 8655 M 0&2 76L GEN 355 
657 SBR CCOMPR&6,0 SETTING UP 7 8662 H 74K 000 GEN 355 
658 MA 9f.X3,CCOMPRf.6 NOISE RECORD 7 8669 # 0&9 74K GEN 355 
659 MA CU2,CCOMPR&6 TEST 7 8676 # /6P 74K GEN 356 
660 MLCWA H"U R, 99 RESTJRE INDEX 7 8683 L /SR 099 GEN 356 
661 A C%1,K%CON NOISE REC CNT 7 869J A 17- /6M GEN 356 
662 CRES TR MLC C%9,CERASC ERASE COUNT 7 869l M /7J /7M GEN 356 
663 MLC C%9, CERRCT 7 87'04 M /7J /6R GEN 356 
664 CTAPl:C RT O,J READ/WRITE CMD 8 8711 M iuo 000 R GEN 357 
665 SBR CCLEAR&6 4 8719 H 86Q GEN 357 
666 HCE CORKS,CfAPECf.7,W WRITE CMO 8 872 3 B 75N 7lQ w GEN 357 
66 7 CEURC BEF J EDR/EOF TEST 5 8731 B 000 K GEN 357 
668 C':OMPK BCE CCLEAR,J, GROUP MARK TEST FJR 8 8736 8 86K 000 GEN 357 
669 CHAIN 11 NOISE RECORD GEN 
670 BCE l 8744 8 GEN 357 
&71 BCE l B745 8 GEN 357 
672 BCE l 8746 8 GEN 358 
673 BCE l 8747 B GEN 358 
674 BCE l 8748 8 GEN 358 
675 BCt 1 8749 B GEN 358 
676 BCE l 8750 B GEN 358 
677 BCE l 8751 R GEN 358 
678 BCE l 875?. B GEN 358 
679 BCE l 875 3 8 GEN 359 
680 BCE l 8754 8 GEN 359 
681 CORKS BER CRoRED ERRclR TtST 5 8755 B 76R GEN 359 
682 GEORGI 3EF J EOF/EOR TEST 5 8760 8 000 GEN 359 
683 C:ONPR B J CON Tl NUE PRO!iRAM 4 8765 B 000 GEN 359 
684 REAO/WRITE ~OUTlNE REDUNDA1CY SECTION GEN 
685 CRWRED BCE CADO~R,CERR.CT,9 8 8769 8 810 /6R 9 GEN 359 
636 C':.ONR.R s c::n ,CERi.f.CT SU8 l FR ERR CNT 7 8777 s 17- /6R GEN 359 
687 MN CTAPl:::C&3,•&4 BACKSPACE 7 8784 D 71M 79M GEN 360 
688 BSP J 5 8791 u iuo B GEN 360 
689 BCE CT~O~,Ci:RRCT,G BR l F 2 WR! TES 8 8796 8 68J /6R G GEN 360 
690 CTSTVC BM CCLEAN&4,CERRCT AR IF 10 REREADS 8 8804 V 92N /6R K GEN 360 
6,,1 B CT A.PEC 4 8812 8 7lJ GEN 360 
692 C4UORR BCE CTSTTM,CTAPEC&7,R IF W.{ITE 8816 8 84L 7lQ GEN 361 
093 s C%:l ,i"l1:2~ SUB l FR~M 8824 s 17- /6L GEN 361 
694 BM CPER~2,Wt29 TOTAL EK~OR S 8831 V HL /6L K GEN 361 
695 CCONRR 8839 B 77P GEN 361 
696 STATISTICS GEN 
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StQ PJ LIN LABEL OP OPERANDS SFX CT LDCN INSTRUCTION TYPE CARO 

697 C TS TfM s en ,R%49 SUB l FROM 7 8843 s 17- /6J GEN 361 
698 BM CPERRl, R%H TOTAL READ 8 8850 V *5M /6J K GEN 362 
699 R CCONRR ERRms 4 885B B 77P GEN 362 
700 CC LEAR MN Ct:l ,J IF ~OISE REC 1 8862 0 17- 000 GEN 362 
701 MN CLEAR GM 1 8869 0 GEN 362 
102 lS en ,K%CON READ NEXT 7 8870 - 17- 16M GEN 362 
71.)3 B CTAPEC RECORD 4 8877 B 71J GEN 362 
704 c mow BCE CTSTVC,CTAPEC&7,R IF W.{ l TE, EOR 8 888[ B SOM 71Q R GEN 362 
705 BEF CHEOR TEST 5 8889 B /lJ K GEN 363 
706 s C%1,CERASC CHECK l F 1 8894 s 17- 17M GEN 363 
101 BM CPERR3, CEKASC 10 ERASES 8 B901 V *9K /7M GEN 363 
708 MN CTAPEC&.l,•&4 IF NOT, 7 8909 D 71M 91~ GEN 363 
709 CRASE SKP :; ERASE TAPE 5 8916 u tUO E GEN 363 
710 CCLE AN B CfAPEC-7 4 8921 8 70M GEN 363 
711 VACUUM CLEANING GEN 
712 BM CPERRO ,K%CON IF PERMA~ENf 8 8925 V *1R /6M K GEN 364 
713 MN CTAPECf..3,•&4 READ ERROR 7 8933 0 71M 94L GEN 364 
714 CBSPC BSP 0 BACKSPACE 5 8940 u tUO B GEN 364 
715 s C%1,CNTt2 3 RECORDS 7 8945 s 17- /6Q GEN 364 
716 BWl CBSPC,CNT%2,B A~O REREAD 8 8952 V 94- /60 GEN 364 
717 MLC CTAPEC&6,•&7 THREE RECORDS 1 8960 M 71P 97L GEN 365 
718 CRcROW RT 0,0 8 8967 M %LIO ODO R GEN 365 
719 MN en 4 8975 D 17- GEN 365 
720 MN 1 8979 D GEN 365 
721 CU,CNU2 7 8980 A 17- /6Q GEN 365 
722 BM CRERDW,CNU2 IF STILL 8 8987 V 96P /6Q K GEN 365 
72> MLC CTAPECf.6,•&l REOU~OANf 7 8995 M 71 p *OQ GEN 366 
724 RT 0,0 BRANCH TO 8 9002 M %UO 000 GEN 366 
725 BER CPERROf:15 PERMANENT 5 9010 B *3M L GEN 366 
726 B CCONPR ERROR 4 9015 B 76N GEN 366 
727 CPERRO MLC CTAPEC&.6,•&.7 REREAD RECORD 7 9019 M 71P BK GEN 366 
728 RT J,O 8 9026 M %LIO ODO R GEN 366 
729 •MODIFIED TJ PROCESS UNREADABLE RECJRD GEN 
730 MLC C%9,CERRCT 7 9034 M 17J /6R GEN 367 
731 BSS CTAPEC,D 5 9041 B 71J D GEN 367 
732 H CCONRR 4 9046 77P GEN 367 
733 B CCONPR 9050 76N GEN 367 
734 FIFTY READ KEOUNDANC!ES GEN 
735 CPt:RRl MLC C%49,RH9 RESTORE COUNT 7 9054 M /7L /6J GEN 367 
136 NOP 850,850 AFTER 50 READ 7 9061 N 850 850 GEN 367 
737 H ERRORS A~O I 9068 GEN 367 
738 B CCONRR HALT 4 9069 77P GEN 368 
139 THIRTY WRITE REDUNDANC l ES GEN 
740 CPERR2 MLC C%29,W%29 RESTuRE 9073 M 170 /6L GEN 368 
741 NOP 830,830 REOU~OANCY 9080 N 830 830 GEN 368 
742 H COUNT AND 9087 GEN 368 
743 8 CCDNRR HALT 4 9088 B 77P GEN 368 
744 fEN ERASES GEN 
745 CPERR3 MLC C%9,CERASC RESTORE 7 9092 M 17J 17M GEN 368 
746 NOP 810,810 ERASE 7 9099 N 810 810 GEN 368 
74 7 H COUNT AND 1 9106 GEN 369 
748 B CRASE HALT 4 9107 910 GEN 369 
749 tNO OF REEL REDUNDANCY WHILE WRITING GEN 
7:>0 CHEOR MLC C%29,W%29 RESTJRE COUNT 7 9111 M 170 /6L GEN 369 
751 MN CTAPEC&.3,•&.4 WR l TE 7 9118 D 71M /2Q GEN 369 
752 WTM J TAPE MARK 5 912 5 u ?UO M GEN 369 
753 MN CTAPECf.3,•&.4 MODIFIED TO 7 9130 D 71M /4- GEN 369 
754 RWlJ :, UNLOAD DRIVE s 9137 u tUO u GEN 369 
755 NOP 888,888 7 9142 N 888 888 GEN 370 
7':>6 ~ HALT 1 9149 GEN 370 
757 8 GRES TR 4 9150 69P GEN 370 
158 CONSTANTS GEN 
759 C %11 ocw @Jl 13 9156 GEN 370 
760 H~IR DCW @ODO@ 9159 GEN 370 
761 RH9 DCW @49@ 9161 GEN 370 
762 W%29 DCW @29@ 9163 GEN 370 
763 K:1:CON ocw @K@ 9164 GEN 371 
764 C 'tl2 OCW @Ol 2ol 9167 GEN 371 
765 CNT%2 DCW @I@ 9168 GEN 371 
766 CERRCT DCW il9@ 9169 GEN 371 
767 C%1 DCW @I@ 917J GEN 371 
768 C%9 DCW @%) 9171 GEN 371 
769 C %49 ocw @49@ 9173 GEN 371 
770 CERA SC DCW @9@ 9174 GEN 372 
771 C%29 ocw ol2 l@ 9176 GEN 372 
772 TAPEl EQU %Lil %Lil GEN 
773 TAPE2 EQU %U2 %U2 GEN 
774 TAPU EQU %U3 %U3 GEN 
775 TAPE4 EQU tU4 %U4 GEN 
776 TAPES EQU %US %US GEN 
777 TAPE6 EQU %U6 %U6 GEN", 

153 DATE OCW #J6 6 9182 AREA 372 
154 DAY #iH 3 9185 AREA 372 

ol05 7,J 3 9188 LIT 372 
@3@ 1 9189 LIT. 372 

168 COUNT #J3 9192 AREA· 372 
i.i)49al 9194 LIT 373 
&I 9195 LIT 373 

172 LAST #02 9197 AREA 373 
ilS5@ 9199 LIT 373 
@YBlil 9202 LIT 373 
:ill 9@ 9204 LIT 373 
@;@ 9205 LIT, 373 

2v':i P~EPUS #01 9206 AREA 374 
2 )1 PRE PR! #JI 9207 AREA 374 
Zu·:1 PRENU #J4 92lt AREA 374 

iilN@ 9212 LIT 374 
2n DE ADD #03 9215 AREA 374 
236 STAR TO 1103 9218 AREA 374 
237 W~JKK3 #D3 9221 AREA 374 
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~EQ P::i, Ll~ LABEL OP OPERANDS SFX CT LOCN INSTRUCTION TYPE CARD 

239 DAPAST #J3 l 9224 AREA 375 
@000@ 3 9227 LIT 375 

251 OAALLO #J3 3 923J AREA 375 
6000 3 9233 LIT 375 
@ @ 1 9234 LIT 375 
@5@ 1 9235 LIT 375 

257 PCDDEP #j3 3 9238 AREA 375 
2b4 PCRDEP #03 3 9241 AREA 376 
27Q A~SW5 #05 5 9246 AREA 376 

&6 1 9247 LIT 376 
272 EXPPRO #u3 3 9250 AREA 376 

ili)99~ 3 9253 LIT 376 
278 WORK2 #02 2 9255 AREA 376 
287 Y:ooR #03 3 925A AREA 376 

&5 1 9259 LIT 377 
295 u:L #03 3 9262 AREA 377 

@100@ 3 9265 LIT 377 
29A LCL #03 3 9268 AREA 377 
315 WDRK02 #02 2 9270 AREA 377 
325 WORK4 1104 4 9274 AREA 377 
326 Y:00R2 1103 3 9277 AREA 377 
333 u:L2 #03 3 9280 AREA 378 
336 LCL2 #03 3 9283 AREA 378 
343 TOTRES #0~ 6 9289 AREA 378 
344 TDTDEP #06 6 9295 AREA 378 
345 P:RREM #J3 3 929A AREA 378 
354 @RD Hl,iu 6 9304 LIT 378 

@6@ 1 9305 LIT 378 
357 @RD LO,@ 6 9311 LIT 379 
3t,5 @EP Hl,i:il 6 9317 LIT 379 
36A @EP LO,@ 6 9323 LIT 379 
373 @OVERX,il 6 9329 LIT 379 
380 @LA TES,@ 6 9335 LIT 379 
385 @LATED,@ 6 9341 LIT 379 
390 @PRIOR,@ 6 9347 LIT 380 

@H 1 9348 LIT 380 
@V@ 1 9349 LIT 380 
oil@ 1 9350 LIT 380 
@II@ 2 9352 LIT 380 
@111~ 3 9355 LIT 380 
@IV@ 2 9357 LIT 380 
@ • 3 9360 LIT 381 

439 KEEP #03 3 9363 AREA 381 
459 ANSW13 1113 13 9376 AREA 381 
461 STOR #07 7 93A'i AREA 381 
467 @FACI Ll TY TOTAL Sil 15 9398 LIT 382 
469 @FACILITY & QUEUE TOTALS @ 24 9422 LIT 382 

@M@ 1 9423 LIT 383 
501 @ I I i,) 8 9431 LIT 383 
529 @FACIL! TY@ 8 9439 LIT 383 
530 @6 Q~EUE@ 7 9446 LIT 383 
.536 ROTATE 11.J~ 6 9452 AREA 383 
540 @ I I @ 8 9460 LI I 383 
5,0 @ I I • 8 9468 LIT 384 
554 WORK05 #05 5 9473 AREA 384 
572 UAYCNT #J3 3 9476 AREA 384 
576 CHOP #04 4 94AO AREA 384 

&00 2 9482 LIT 384 
564 MEANOR #05 6 9488 AREA 384· 
585 @lOvJO@ 5 949:l LIT 384 
585 DVAR9 #09 9 9502 AREA 385 
588 PCTDAY /104 4 9506 AREA 385 
sn TIME #J4 4 9510 AREA 385 
593 WRK04 #04 4 9514 AREA 385 

@l@ I 9515 LIT 385 
6i...5 W.lK03 #03 3 9518 AREA 385 

;;i100J;;i 4 9522 LIT 385 
617 DEXO #()4 4 9526 AREA 386 
624 YI ilJ) 3 9529 AREA 386 
625 Y2 #03 3 9532 AREA 386 
626 SLOPE #·J3 3 9535 AREA 386 
627 NEXTHI #03 3 9538 AREA 386 
62A F~ACTN #01 1 9539 AREA 386 
638 LOAUAY #JS 5 9544 AREA 386 

778 13 120 END STARTP I X4U 080 387 



APPENDIX D-3 

SIMULATION OF ACTUAL VS. PLANNED 

PROGRESS AND RESOURCE 

BEHAVIOR 

181 



04/01/64 

ACTUAL RESOURCE DEPLETION & EXPECTED PRCGRESS 
VS. TOCC PROGRESS & ROCC RE SOURCE DEPLETION . 

WITHIN TIME DEPLETION 
TASKS IN FACILITY 

TASK START DEAD DAYS DAYS P.C. RESOR RESOR P.c. ROCC race EXP SELECTED 
NO. DESCRl!.lTION DAY LINE ALTC CEPL DEPL ALTO DEPL DEPL REMG PROG PROG CURVE 

1111 AIRPORT EX 18 38 20 10 50% 1000 500 SC% SU 64% 50% 

0002 SCHED MFG 18 38 20 10 50% 1000 soc so% 2n 6n so% II 

OJ03 CONT 399 18 38 20 10 50% 1000 600 60% 49% 50% 60% III 

OJ04 TELEPH SYS 18 38 20 10 50% 1000 40C 4C% 49% 42l 81 % IV 

0005 RAMP CSIGN 18 38 20 10 50% 1000 700 70% 59% 26% 50% 

0006 STEEL POST 38 20 10 50% 1000 300 30% 49% 64% 50% 

0007 3 AMP f'T RS 18 38 20 10 50% 10000 5000 SC% 49% 63% 50% II 

0008 PAI NT HATS 18 38 20 10 50% lOOCO 6000 60% 29% 50% 60% III 

0009 DESIG> VAB 18 38 20 10 50% 10000 400C 4C% SU 42% 40% IV 

0010 COMP FEASB 18 38 20 10 50% 10000 4500 45% 59% 26% 70% 

0011 MFG CUPS 18 38 20 10 50% 10000 5500 55% 49% 64% 40% 

0014 LOG! S SYS 24 32 50% 10000 10001 100% SU 50% 50% Ill 

0015 PHOTO CONT 25 37 12 25% 10000 250C 25% 87% 15% 25% IV 

0016 EVAL JOB12 25 37 12 25% 10000 2000 20% 77% 6% 25% 

0017 CUT FRAMES 25 37 12 25% 10000 3000 30% 7H 31'! 25% 

0018 TRANS ANAL 25 37 12 25% 10000 1500 15% 74% 23% 25% II 

04/01/64 TASKS IN QUEUE 

TASK START OEAO DAYS CAYS p.(. RESOR RESOR P.C. ROCC race EXP SELECTED 
NO. DESCRIPTION DAY LINE ALTO CEPL OEPL ALTO OEPL OEPL REMG PROG PROG CURVE 

0012 CRC T CES IG 25 

0019 CK VACUUMS 25 

0020 ION PUMPS 25 

0021 SEQ RELAY 25 

0022 Q TRA,SPRT 25 

0023 PYROMETERS 25 

0024 V!S!CCROER 19 

0025 CRYOGEN PR 19 

0039 MAGLAf,IP 19 

0102 LIGHT SHLO 19 

0103 RAOIO !SOT 19 

0104 SS CIHCUIT 19 

0113 TACK EVALU 19 

0129 RH SE SSOR 19 

OlB2 EXPLOCE AS 19 

1110 DETONATE H 19 

1113 SETUP "1P 19 

1114 0PflCS,C39 19 

1115 OESIGS PUL 19 

37 

37 

37 

37 

37 

37 

31 

31 

31 

31 

31 

31 

3l 

31 

31 

31 

31 

31 

31 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

25% 10000 66% 25% 111 

25% 10000 66% 15% IV 

25% 10000 87% 6% 

25% 10000 77% 15 % IV 

25% 10000 77% 23% II 

25% 10000 66% 25% Ill 

75% 10000 23% 75% IV 

75% 10000 24% 66% 

75% 10000 13% 88% 

75% 10000 23% 9ll II 

75% 10000 21% 75% III 

75% 10000 24% 75% IV 

75% 10000 8% 66% 

75% 10000 13% 88% 

75% 10000 II 

75% 10000 21% 75% III 

75% 10000 8% 7H I II 

75% 10000 13% 66% 

75% 10000 13% RR% 
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TOCC RO CC 
UCL LCL UCL LCL MESSAGES 

68% 60% 56'1 46% EP LO PRIOR, 

67% 59% 32% 26% RO LO, EP LO 

55% 45% 54% 44% RO HI,EP HI 

48% 36% 54% 44% RD LO, EP HI 

33% 19% 65:t 53% RD Hl,EP HI 

68t 60'.! 54'.t 44% RD LO, EP LO 

6 7% 59% 54% 44% EP LO 

55% 45% 32:t 26% RD LO, EP HJ 

48% 36% 56% 46% RD LO 

33% 19% 65% 53% EP HI 

68% 60% 54% 44% EP LO 

55% 45% 56% 46% RD HI,OVERX 

24% 6% 96% 78% RD HI 

15% 85% 69% EP HI 

38% 24l 85% 69% 

31% 15% 81% 67% RO LO 

TOCC ROCC 
UCL LCL UCL LCL MESSAGES 

33% 17% 73% 59% RD LO, EP LO,LATES 

24'.t 6% 73% 59% RD LD,EP LO,LATES 

15% 96':g 78% RD LD,EP LO,LATES 

24% 6% 85% 69% RD LO,EP LO,LATES 

31% 15% 85% 69% RD LO,EP LO,LATES 

33% 17% 73% 59% RO LO,EP LO,LATES 

78% 72% 25% 21% RO LO,EP LO,LATES 

69% 63% 26% 22% RO LO, EP LO,LATE:.S 

89% 87% 14% 12% RD LO, EP LO,LATES 

92% 90'.t 25% 21% RD LD,EP LO,LATES 

713% 72% 23% 19% RO LO, EP LO,LATES 

78% 72% 26% 22% RD LO, EP LO,LATES 

69% 63% 9% 7% RD LO,EP LO,LATES 

89% 87:t 14% 12% RD LD,EP LO,LATES 

92% 90% 25% 2U: RD LO,Ef> LO,LAH:S 

78% 72% 23% l9% RD LO,EP LO,LATES 

7R% 72% -9% 7% RO LO,EP LO,LATl:S 

69% 63% 14'.l!; 12i: RD LO,EP LU,LATES 

A9% 87% 14% 12% RO LO,EP LO,LAITT 



APPENDIX D-~ 

SIMULATION OF INTERMITTENT SYSTEM 

ALLOCATION BY DAY-INCREMENTS 
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I~TERMITTENT SYSTEM LOAD ANALYSIS BY DAY 

FACILITY 04/01/64 

DAY DATE RESO LOAD CAPACITY EXCESS OVERLOAD 

29 04/02/64 9690 13000 3310 

30 04/03/64 10394 13000 2606 

31 04/06/64 10492 13000 2508 

32 04/07/64 11080 1.3000 1920 

33 04/08/64 9518 13000 3482 

34 04/09/64 9010 13000 3990 

35 04/10/64 9273 13000 3727 

36 04/11/64 6805 13000 6195 

37 04/12/64 5899 13000 7101 

38 04/13/64 1450 13000 11550 

FACILITY 6 QUEUE 04/01/64 

DAY DATE RESO LOAD CAPACITY EXCESS OVERLOAD 

29 04/02/64 23530 13000 10530 

30 04/03/64 22240 13000 c;240 

31 04/06/64 21140 13000 8140 

32 04/07/64 14330 13000 617 

33 04/08/64 12380 13000 620 

34 04/09/64 11701 13000 1299 

35 04/10/64 11630 13000 1370 

36 04/11/64 8630 13000 4370 

37 04/12/64 7t,20 13000 5380 

38 04/13/64 1450 13000 11550 
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