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“Be it a case of commerce,
industry, politics, religion,
war, or philanthropy, in every
concern there is a management

function to be performed,

and for its performance there
must be principles, that is to

say acknowledged truths regarded
as proven on which to rely” . . ..

—Henri Fayol




PREFACE

This manual is designed to serve as a reference text for persons interested in develop-
ing an analytical and orderly approach to management. It has been prepared as a guide
for personnel of the Federal Aviation Agency, especially those whose duties are related

to the conduct and direction of major development programs.

For this reason, there has beenpresented in considerable detail, the specific methodolo-
gy followed during application of the technique to the test and evaluationof the Data Pro-
cessing Central at the National Aviation Facility Experimental Center, Atlantic City,
New Jersey.

The principles and procedures illustrated by this case study have been refined and proven
through repeatedly successful applications over the course of a number of years. They
will be found highly effective for planning, evaluating and controlling other development
programs, no matter how large or complex.

If one were to identify the most important lesson to be derived froma study of this man-
ual, 1t would be the requirement for defining the gross taskto be accomplished in terms
of its various elements and interdependent combinations., Instead of facing a vast, un-
controllable, complex problem, one thus 1s able to undertake in planned succession the
solution of a series of discrete, recognizable tasks. By means of this process it is pos-
sible to direct undiluted energy and attention toward the solution of each problem in a
considered and deliberate manner. The clear definition of the work that must be done,
the prompt recognition of potential deviations from the plan for accomplishing it and
the feedback of information concerning cost and accomplishment are basic to success in
the management and control of any project.

The Line of Balance technique provides the necessary means for control. Its effective-
ness, however, depends upon the skill and experience of those who collect, correlate,
and interpret the facts which are revealed in the analysis. It depends, equally, on the
willingness and ability of managementto use the facts as a basis for taking timely action
to correct deficiencies.
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Chapter I
INTRODUCTION TO LINE OF BALANCE

1.1 During the greater part of the last two decades, industry's quest for more effec-
tive management techniques has become increasingly urgent. This 1s especially true in
those instances where a ten to twenty year normal growth pattern has been telescoped
mnto only a few short years. Such was the case in 1941 when the Goodyear Tire and Rub-
ber Company faced a skyrocketing growth pattern--anincrease from 5, 000 to 12, 000 em-
ployees during a nine month period, and in consequence a severe shortage of supervi-
sors. This lack of qualified talent gave rise to grave concern about 1ts possible effect
on the contribution to the war effort that the company might make, and management set
up a staff to keep abreast of developments 1n all important programs.

Origin and Evolution of the Technique

1.2 One of those assigned to this prodigious task and primarily responsible for its
mitiation was George E. Fouch, who pioneered in the development of the technique as a
means of monitoring production effort. Line of Balance, thus born of necessity, demon-
strated its effectiveness by keeping members of management apprised of the production
status of its various programs.

1.3 Mobilizationfor World War II soon followed and Mr. Fouch, then a reserve naval
lieutenant, was assigned to the Navy's Bureau of Aeronautics in Washington, D.C. Being
charged with responsibility for supplying all of the needs of the naval aeronautical estab-
lishment, this Bureau was beset by all of the demands of mobilization as wellas of those
problems which make the planning, scheduling and administration of wartime production
50 much more difficult than during peace. The Line of Balance technique was introduced
and proved demonstrably successful in breaking bottlenecks which restricted the flow of
sorely needed aircraft to training centers and to the Fleet.

1.4 With the outbreak of hostilities in Korea, Line of Balance was again givenan 1m-
portant part in accelerating production. By 1951 the system had been installed in the
plants of a wide band of defense suppliers, not only for the Navy and Marine Corps, but
also for certain purveyors to the Army and the Air Force.

1.5 During this period, Line of Balance was used only to monitor production and was
used on a variety of products - aircraft, guided missiles, ordnance equipment, elec-
tronic devices, ship components, fire control apparatus, tanks and tow tractors, toname
but a few, We, who were directly concerned with the installation and analysis of these
production studies, recognized that the underlying philosophy of Line of Balance could be
applied to problems other thanthose related to the production of material. Trial studies
were attempted in widely divergent areas and clearly demonstrated the utility of the
technmque as acontrollingdevice 1n any operation involving the considerationand integra-
tion of a number of elements. It was found that 1t was not necessary for the total to be
comprised of homogeneous or identical units, as had previously been thought. Line of
Balance worked equally well for momtoring and directing such divergent activities as
amphibious operations, base and ship construction, training programs, and for the 1n-
stallationand deployment of an important segment of the DEW -line defenses of the North
American continent,

1.6 Upon joining industry in 1956, it became possible for the authors to make the
first application of the techmque asa fully systemized management mechamsm for an
entire company operation. By the issuance and control of work orders for a total task
breakdown, all performance could be measured down to the operating level. This meth-
od was used to monitor the design and prototype construction of the Type 11 Periscope
and the Star Tracker, both of them sigmificant portions of the overall Polaris Program,
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and to other equally complex projects such as a number of highly sophisticated electron-
1¢ simulator developments and the integration of an entire company operation. Encour-
aged by the results that had been achieved, Line of Balance next was applied to such
highly specialized areas as engineering test, proposal preparation and pre-planning
studies for the design and manufacture of complex system developments, including the
Data Processing Central for the FAA/BRD at the National Aviation Facilities Experimen-
tal Center at Atlantic City, New Jersey.

1.7 Over the twenty years that have passed since Goodyear made the first application
of Line of Balance, the technique has been used across the entire spectrum of program
types, large and small, ranging between the extremes of production and development,
from the delicacy and precision of gyroscope manufacture to the comparatively crude
operations of earth-moving and grading in air base construction. Line of Balance can
be as simple and 1informal as a mental attitude, or so complexas to require anelectron-
1c computer for solution. The entire gamut of possible installations, whether simple or
complex, have one thing 1n common: the outputs and conclusions are dependent entirely
upon the validity of the experience data and analytical processes that go into their de-
rivation. Mechanization will speed up the operation, but it cannot make any other con-
tribution nor will 1t substitute for human judgment or bolster an inadequate decision.

1.8 Good management has been defined as the continuous, intelligent direction of
others in the accomplishment of the organization's objective. To be fully effective, man-
agement requires a means of:

1. 8.1 fostering proper analysis of required operations;

1. 8.2 developing adequate controls over the expenditure of time and materials;

1. 8.3 establishing suitable sensors as an accurate means of judging accomplishments;
1. 8.4 comparing actual progress with forecast performance;

1.8.5 being alerted to prospective deviations from an established plan;

1. 8.6 accurately measuring the expenditure of assets, 1. e. manhours, dollars, mate-
rials; and,

1. 8.7 giving timely notification of required decisions,

In other words, management must be given an integrated, time-phased picture of the en-
tire operation - financial, technical, administrative, productive ~ free of extraneous de-~
tail, and sharply highlighted so as to identify those features requiring decision or cor-
rective action.

1.9 Line of Balance satisfies these requirements, being a system which 1s not unlike
a newspaper headline, discernible at a glance and not subject to unintentional misinter-
pretation. A dynamic reporting system, it encourages decision-making and provides
two-way communications between the operating level and top-management, condensed
and synthesized, but not altered, as 1t progresses up the organizational chain. Because
the technique provides a deliberate method for measuring, selecting, interpreting and
presenting facts, it is ideally suited to the satisfaction of management's requirements
for a control device that clearly defines the common goal or objective, that sets forth a
detailed plan for achieving the objective, that provides an accurate measure of program
status and, finally, that affords a comparison between measured accomplishment and
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predicted performance. Unlike some overly detailed programming devices which attempt
to presentall aspectsof a project, Line of Balance examines only the deviations from the
established plan. The system makes it possible for senior management officials to ex-
amine the sensitive or controlling element and thento make authoritative decisions based
on facts furnished by a Line of Balance chart. These facts, derived fromdata furnished
by responsible authorities, verified andaffirmed by direct observation, are then reduced
for succinct presentation 1n graphic form.

Applications Within the BRD

1.10 Although Line of Balance found 1its origin inproduction analysis, equally remuner-
ative results have followed 1ts introduction into the less well defined processes of engi-
neering design, development and test. In each instance the first step has been to define
and place 1n sequential order all work which must be accomplished before a subsequent
task can be started, Major tasks first must be broken down into subtasks which are
then segregated into knowns and unknowns, Where alternate approaches are to be
studied, decision points and other sensors should be indicated at reasonable intervals,
but not less frequently than will afford an accurate measure of progress for every sigm-
ficant task.

Development Projects

1.11 Developmentproject managers alsowill find Line of Balance useful in organizing
and arranging the work that goes into the making of a bid proposal and the effort that fol-
lows a successful bid. Proposals so derived and presented are often more credible to
the evaluator because they provide the basis for judging the accuracy and completeness
of the estimate. Later, of course, these same charts can be updated and used to moni-
tor the subsequent conduct of the program.

Experimentation and Evaluation Projects

1.12 Until recently many otherwise competent persons held that systems projects in-
volving experimentation and evaluation cannot be programmed. The claim has been that
failures and difficulties cannot be forecast either as to occurrence or as to extent. If
this is so, how can they be estimated” The truth of the matter 1s, of course, that by
proper advance planning unnecessary loss of time can be avoided. Independent work ef-
forts can be 1dentified and 1solated so that in case of a stoppage or failure 1n one area,
the effort can be transferred to another unaffected task until such time as the existing
fault can be corrected.

1.13 The same principles can be applied at subordinate levels of engineering test --
on any sub-system, component or module including the construction of supporting tech-
nical facilities. In operation the Line of Balance system provides a means of determin-
ing the progress that is being made toward the objective. Problems contributing to pro-
ject delay can be considered on an accelerated priority. Overtime and special skills can
be applied under controlled conditions, so that expenditures at premium rates will be
held to a minimum. More important, perhaps, a long sought means can be provided for
stimulating thought and work habits in an orgamzed pattern. The value of this will be
seen in a marked improvement in performance. In extreme cases management direct-
ly affected by the troubles of engineering testing may feel that the problems have dis-
appeared. In realitythe difficultiesare still present, but they are being handled at lower
levels before their combined magnitude reaches such severe proportions as to require
higher management action,
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1.14 Fundamental among the principles, and most important to a successful applica-
tion of the technique, is simplicity. The Line of Balance system should be tailored to
satisfy the mimimum requirements of the situation, avoiding at all costs an overly com-
plex arrangement. Experience and sound judgment must be carefully exercised when
establishing the charts 1n order to escape the hazards of an unnecessarily burdensome
and costly reporting system. One must guard against the development of an elaborate
organization which serves no purpose other than the aggrandizement of the individuals
concerned or the perpetuation of their assignments.

Application to Program Management

1,15 The FAA/BRDprogram manager can utilize the Line of Balance technique at each
stage of the operation. In the program planning cycle a project is initiated to meet a
specific requirement. The entire scope of the program can be reflected 1n a long range
Line of Balance chart to monitor closelythe research and study phase, the systemdesign
phase, the system development and the test phase., From the FAA project manager's
point of view, the primary use of the system 1s to provide an accurate basis upon which
to make timely decisions. It also provides for budgetary and manpower controls and the
coordination of supporting efforts.

Application to Development Projects

1.16 After completionof necessary researchand systems engineering, the development
project manager will selecttechniques andprepare specifications for the required equip-
ment. To meet the integrated time table of necessity and feasibility, delivery dates are
specified as determined by analysis using the overall Line of Balance charts in the cur-
rent FAA/BRD program plan, For key procurements the specifications should include a
requirement for contractor utilization of Line of Balance as a control mechanism.

The Proposal Stage

1.17 Next, after this step in the management process, is the careful and objective
evaluation of proposals. Important to the processis the development project manager's
review of the contractor's operations with respect to past performance, the effectiveness
of his management control system, the technical feasibility of his proposaland his avail-
able facilities. For the contractor and the FAA project manager the Line of Balance
system should be installed imitially at the time of the request for a bid proposal. Here
it will befound a valuable aid to the evaluation of contractor performance. Any proposed
program can be evaluated by the FAA Source Selection Group and judged in accordance
with its existing or proposed method of planmng and control. In Key contracts there will
be 1ncluded a provisionfor Line of Balance reporting inorder to give convincing assur-
ance of performance capability.

After Award

1.18 Once the contractor has been selected, the project manager must satisfy himself
that the contractor'scontrol system willprovide adequate information for monitoring the
program. Althoughthe project manager should assure himself that the system 1s proper-
lytailored togive necessary results, the actual preparation, installation and maintenance
of Line of Balance charts and reports should be made an unequivocal responsibility of the
contractor,

1.19 At the bid stage the contractor should prepare a provisional Level I chartas an
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expression of the program 1n terms of cost and performance. But following the contract
award, 1t will be necessary for the project manager to establish with the contractor a
schedule for the actual installationof the Line of Balance system for control of the pro-
ject and for measuring progress and performance.

Method of Operation

1.20 To satisfy all required levels of presentation for each contract, the Line of Bal-
ance system provides a Level I or summary chart, one or more Level II charts of the
major subsystems, components or types of effort,and a Level III integrated flow chart
showing the details and interplay of the entire effort.

1.21 This review of the management control system should follow an acceptable pat-
tern. Soon after the contract award, the basic ground rules and assumptions for the
Line of Balance installation must be examined by the project manager, a bench mark
established for imtiating the system, and arrangements made for appropriate displays
of the information. Level Iand II charts require verification and should be cross-checked
by the project manager against each other and compared with the supporting Level III
flow diagrams.

1.22 Reports to the FAA project manager ordinarily are based on the Level I chart.
Whenever problem areas arise which indicate the need for additional information, how-
ever, he may require 1t in the form of data on the affected Level II or Level III charts.
Where there is an FAA resident representative, the contractor will provide Level II
charts and deviation reports to him in addition to a copy of the Level I chart furnished
to the project manager.

Application to Experimentation and Evaluation

1. 23 Prior to the freeze of equipment design during the development stage, the E & E
task manager will have prepared provisional Line of Balance charts which were based
on many assumptions regarding equipment design. The tentative plans probably will
require revision after equipment design has been firmed and the task manager should
not overlook this possibility in putting his plan into action. The detailed plan should
include-

1.23.1 Test design,

1. 23. 2 Preparation of test environment;
1. 23. 3 Accomplishment of tests; and,

1. 23. 4 Reports of test results,

1.24 The evaluation of systems and equipment is an "in house' responsibility which
cannot be delegated. Preparation and installation of the Line of Balance system 1s always
under the direct supervision of the task manager. When, because of peak workloads or
special skills, contractor personnel are utilized in the E & E operation, they are an in-
tegral part of the E & E team and donot operate independent of the task manager. Under
such conditions the task manager still must see that he provides himself with the manage-
ment requirements specified in paragraph 1, 8, Additionally, when technical facilities
are to be utilized jointly by twoor more projects, the ability to satisfy the requirements
shall be determined through realistic appraisal by the Project Coordination Activity. An
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effective way of working out the time phasing of disputed availability 1s by use of Line of
Balance. Delays in development of equipment and lags in delivery tothe test site, or the
need for additional test requirements which have been revealed as the result of tests al-
ready performed, often can be overcome by an overlay of needs on a matrix of available
capacity., By adjusting one to the other, by studied compromise and by time-sharing
techniques, or by eliminating overlaps and dead time, 1t may be quite feasible to solve
an apparently impossible situation. These are the means that E & E management must
explore and apply to the benefit of the project,
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tor has the responsibility to 1nsta11 the Line of Balance system. The cogmzant FAA pro-
ject manager always must be prepared to render assistance in tailoring the system to
existing needs and should invariably take it upon himself to verify and check the validity
of the contractor's plan.

2,2 Practical experlence in app1y1 g the Line of alance anagement control system
| t 2 m 2

o PR

to a variety of development projecis has show

=

2.2.1 to conduct the survey at the place where the project 1s to be accomplished;

2.2,2 to derive the informationfrom the persons who will be responsible for perform-
ing the work;

2.2.3 to make a Line of Balance installation only under the sponsorship and support of
top management;

2.2.4 toadapt theinstallation tothe project needs, to the engineering and manufacturing
processes, and to the record and accounting practices of the contractor; and,

2.2.5 to keep the Line of Balance system as simple as possible consistent with project
needs.

2.3 It cannot be overemphasized that top management support is vital to the success
of any Line of Balance or other management control system. It is essential that respon-
sibility be assigned to competent persons 1n each area of participation and that they be
provided with necessary technical and administrative personnel, all operating under the
direction of a carefully selected, competent individual reporting to top management and
having intimate familiarity with company organization and procedures,

2.4 Usually the installation 1s made by a supervisory team of two to four persons.
Invariably the detailed information should be generated by the working level supervisors
who must not only provide the necessary data required for the Level III charts but also
must be responsible for the detailed execution of the plan,

2.5 The survey team should be well indoctrinated in the principles and techniques of
engineering and 1its administration, and each member should be assigned to one or more
specific segments of the survey operation. The persons selected should provide the nec-
essary cross-section of technical and administrative talent which is required for the
study, as may be seen in figure 2-1, which illustrates the organization and enumerates
duty assignments of a typical four member team,

2.6 All members of a survey team must be prepared to verify the data provided by
careful cross-checking and detailed analysis, to derive and execute all Level I and Level
IT charts, to assist as required in the preparation of Level III charts and integrated flow
diagrams, to interpret the information presented, to insure that performance responsi-
bility 1s assigned, to establish feedback requirements, to report conditions to manage-
ment, and to conduct periodic checks of system operation.

2.7 The actual survey can be conducted in a period of two weeks to a month depend-

10
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ing upon the state of affairs and the complexity of the program under investigation. In
many cases 1t will be found helpful to prepare a skeleton Line of Balance schedule show-
ing the completion dates of the several phases of the installation. Once such a schedule
has been developed and approved, 1t should be 1ssued by management for the guidance
and direction of all concerned.
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Figure 2-1 Typical Organization for Survey

Establishment of the Ground Rules and Assumptions

2.8 Once the group has been established, the first major task 1s the preparation of
ground rules and assumptions. These criteria should grow out of an orderly review of
the contractand its requirements. The ground rules should reflect the specific require-
ments of the project manager and provide the basis for common understanding with the
contractor. Experience data concerming estimating, personnel availability, available
facilities, contingency factors, labor efficiency, and use of overtime should be reflected
in the ground rules. Criteria should be such as to provide consistency and uniformity
throughout all phases of the operation.

2.9 All ground rules should be cleared with departments concerned in order toinsure
feasibility, acceptahbility, and compatibility with other governing factors.

2.10 The FAA project manager is responsible for establishing the ground rules and
assumptions and for determining whether the contractor's existing practices will provide
acceptable management control.

2.11 Because improper or 1nadequate ground rules may do much to invalidate the ef-
fectiveness of the Line of Balance system, the development project manager should give
consideration to the following factors in making this appraisal:

2.11.1 the task analysis has been properly prepared,

2.11. 2 sufficient information 1s at hand to support the analysis;

2.11.3 no critical 1item 1s overlooked;

2.11.4 resolution 1s made of any possible conflict;

2.11.5 the assumptions are 1n conformity with known or established conditions;

1
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2.11.6 realistic values are placed on complexity and cost;
2.11.7 1nstructions are consistent with contract or specification requirements;
2.11.8 contingency factors are prescribed for cost and performance estimates;

2.11.9 means are provided for the forecasting of potential overruns and possible slip-
pages;

2.11. 10 supporting elements are incorporated in the project plan,

Analysis of Contractor System

2.12  Atthis stage the Line of Balance survey team will indicate the flow of engineering
informationand identify responsibility for the various technical and admimstrative opera-
tions. An exposition onthe proposed system of operation will be found very useful to the
FAA project manager in gauging the chances of successful contract performance. He
should not overlook the appraisal of technical talent, the judging of experiences and past
performance, the demonstrated competence of supervisory management, the financial
or other assets of the contractor, the labor conditions and morale in the contractor's
establishment, possible competition with other in-plant work, or any other factor which
might have either a favorable or an adverse effect upon the project.

12
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3.1 During the course of the last ten years there have been developed a number of
tools which greatly facilitate the collection and display of Line of Balance information,
The manner 1n which these forms fit into the reporting system and serve tocomplete the
feedback loop can be seen in the diagram appearing heremn as figure 3~1. Use of these
devices will aid the contractor and the project manager in making their determination
of program status and insure against failure to meet the minimum standards for a man-
agement control system.

Ground Rules and Assumptions

3.2 Fundamental to the 1nitial installation of Line of Balance is the establishment of
a set of ground rules and assumptions for the direction and guidance of those charged
with preparation of the charts. These guidelines are developed 1in consultation, with the
contractor's project manager, his senior supporting supervisors and the controller par-
ticipating 1n the discussions. More detailed treatment of this subject 1s to be found 1n
Chapter IV.

Listing the Tasks

3.3 After the Provisional Level I Chart has been prepared and the contractor's task
group has establishedthe ground rules and assumptions in consultation withthe FAA pro-
ject manager, the next step in the sequence of operations 1s the listing of tasks. This
work should be done by the supervisors who will be responsible for discharging as well
as identifying and estimating the tasks that are inherent to satisfaction of the project re-
quirements. It goes without saying that the FAA project manager should give close at-
tention throughout this effort because the size and the scope of this definition will have
an important bearing on the cost and time required to complete the project. The format
shown 1n figure 3-2 can be used to good advantage.

3.4 This form 1s adaptable to the listing of discrete tasks and serves to provide an
mventory of the job content. As an aid to the measure of task complexity a classifica-
tion system scaled from 1 to 6 can be established. It 1s conventional tolet scale value 6
represent the most difficult category from the standpoint of past experience in similar
or projected types of work. When applicable, manhour and material content can be re-
lated to the various indices of complexity. The form also will identify the person re-
sponsible for performing each listed task assignment.

The Flow Diagram

3.5 Information obtamed by analysing the project requirements 1s now posted on the
basic display format, the Flow Diagram, figure 3-3. This constitutes the first attempt
to translate the various individual tasks into a workable, time-phased plan, In addition
to its use in reflecting progress, the Flow Diagram also identifies the total budget as-
signed to the task, the total budget expenditure scheduled to date and the total actually
expended to the date of the report. Also noted along the lines connecting sensors are
figures representing the planned expenditure of manhours by category, and material dol-
lars during the period indicated. Properly used, the Flow Diagram gives the supervisor
a graphic picture of his responsibility and a way of monitoring both cost and progress.

14
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Figure 3-2 Task Analysis Form R B f
Standard Symbology

3.6 As 1n the case of an engineer who uses certain conventions in the drafting of a
schematic, the engineer also requires standard signs to reflect the various actions and
work classifications that are diagrammed on a Line of Balance chart., These symbols
are readily distinguishable and appear 1n the margin of figure 3-3. They are designed
to cover the entire spectrum of project activity from the initiation of the project to com-
pletion, including both internal and external contributions. As a further means of identi-
fying the actions intended, a series of sensor action numbers can be used to augment the
information provided by the standard symbols. One of these numerals, placed above and
tothe right of any symbol appearing on a Level III Flow Diagram, can be used to indicate
a start, completion or other action without the need for other identification. For special-
1zed work the listof sensor action numbers can be expanded to include any other perti-
nent action.

Integrated Flow Charts

3.7 Having prepared individual flow diagrams for each of the subtasks, the super-
vising manager then consolidates them into one or more Integrated Flow Charts, also
called Level III Line of Balance charts, such as may be seen in figure 3-4. His purpose
is to insure that the many individual flow diagrams are blended into a single cohesive,
unified plan, He tests the interplay of the various parts to see that they are compatible
and that 1t is feasible for them to be accomplished without conflicting demands for faci-
Iities or time. When incongruities are detected they should be reconciled with the super-
visors concerned so that suitable compromises or alternative actions can be worked out,
The resulting Level III Integrated Flow Charts should now be tested by reviewing them
in conjunction withthe input-output, manpower and facilities requirements that have been
derived through the detailed analysis that has thus far taken place.

Inputs and Outputs

3.8 The input/output sheet appearingas figure 3-5was devised to summarize all needs
for coordination within the contractor's establishment. On this form eachsupervisor will
tabulate the specific inputs that he needs to accomplishhis assigned tasks, and the dates
on which they are required. From these input lists each responsible supervisor will
make note of the outputs that he is expected to provide and when.
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Chapter III

COLLECTING AND DISPLAYING THE INFORMATION

No. Title -
y _ [LEVELH | . |Dept., sec.,’
Description | Chart# & | -2 ° . | vendor, or
.. | Semsor# | “€4¢

customer’

. -

b

Figure 3-5 Input-Output Chart

These sheets are extremely important because they provide a common understanding of
what 15 requiredto meet target dates. Study of these sheets will reveal the various fac-
tors affecting performance andthe areas which require negotiation between supervisors.
After his review of controlling items, the project manager may elect to follow certain
courses of action which differ from the earlier plan, This information must befed back
to the supervisors for incorporation in their Flow Diagrams and Input/Output sheets.

Manloading and Critical Capacities

3.9

To verify the feasibility of any plan shown on a Flow Diagram, 1t will be found

helpful touse the manloading and critical assetsform 1llustratedin figures 3-6a and 3-6b.
This form is constructed to show the number of people by category that will be required
on a given contract or project over a twelve month period. With slight modification this
same form can be used to summarize manpower requirements for several projects or

for an entire organization.

Properly interpreted, these data will show when and where

personnel should be augmented, decreased, or transferred, and any need for adjustment
of critical assets. This summary provides auseful check on the availability of manpower
for in-house or anticipated work. If there are discrepancies between the manhour re-
quirements on the flow diagram or manloading charts and the actual availability of man-
power, the project manager 1s afforded a clear indication of the need for further study
and adjustment. The end result should be a realistic comparison of manpower require-
ments and availability, A similar analysis of the availability of critical assets can be

obtained by studied examination of this consolidated information.
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Chapter II1
COLLECTING AND DISPLAYING THE INFORMATION

Manloading of a department must be based on the approved work assignedto that depart-
ment, i1rrespective of whether the activity 1s functional, project or service. The term
"approved work' includes work on established contracts, work under approvedappropri-
ations, trips made on approved trip requests, and estimated work on approved sales
forecasts, as reflected 1n proposals and hids.

For each approved contract and appropriation, supporting individual flow diagrams
(form F-1985A) are required to define the necessary work., Each line segment of a flow
diagram shall indicate the manhours required for that portion of the task, The methods
for doing this have been established by Standard Practice Instruction 0-29, and any nec-
essary additional guidance 1n 1ts implementation shall be obtained from the Program
Planning Department.

Associated with each 1ndividual flow diagram and Integrated Flow Chart there shall be a
manloading analysis and critical facilities form to show the level and timing of neces-
sary support. The time scales on each of these forms shall be made to correspond to
that for each division, or unit period of time. The manhours which are planned to be
expended during that period will be summed and entered on the Manhour Totals line.
The total for a project will then be broken down 1nto hours for the various categories of
personnel making up that total. Using this form, the breakdowns for multiple projects
may be similarly combinedto determine the gross personnel requirements for an entire
operation.

Each Department Manager will collect all flow diagrams for his department. These
forms will show only the personnel requirements for that department and will exclude
allowances for support to be furnished by others. The Departmental Summary will be
so labelled and will include estimates for each of the four accounts listed at the top of
the page. On that form also will be entered the number of manhours per period which
will be spent 1n the four accounts near the top of the page. The sum of each column will
be entered in the Manhour Totals line, and on this total will be estimated the time for
sick leave and other timepaid but not worked. That total will be entered under Adjusted
Manhours Totals. This line will be converted into the number of men required for that
number of manhours expended in that period and entered in the next line, Number of Men.
The column on the left will be filled in to show the current number of men in the depart-
ment by account or class. The total of that column will be entered at the bottom of the
page, also.

Copies of the flow diagrams and manloading forms will be approved by the Department
Manager and the Division Manager.,

The Division Manager will compare estimated costs to complete with the existing bud-
gets. Where this planned expenditure is above the budget, the Project Manager will make
arrangements with the affected departments to cut back their expenditures.

Figure 3-6b Instructions for Manloading and Critical Capacities Form
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Level I and Level II Charts

3.10 While the integrated flow charts will perform a mostuseful function for any level
of supervision that 1s directly responsible for doing the work, 1t is quite obvious that
this type of chart 1s too voluminous and detailed for senior echelons of management, It
1s necessary, therefore, to distill the information into a more condensed and usable form.
The Level I and Level II Line of Balance charts, figure 3-7, are in a format which or-
ganizes the presentation of essential data and fostersthe rendering of quick and effective
decisions,

3.11 Thedentical form 1s used for both types of charts. As the Level II charts are a
synthesis of the Level III charts, so also 1s the Level I chart a distillation of the data
presented on one or more Level I displays. On both of these charts the lower half of
the form 1s allocated toa graphic presentation of the work plan, scaled against time and
symbolized 1n standard sensors of accomplishment. The upper portion is divided into
two sections: the left for plotting the cumulative planned and actual expenditures against
a calendar scale; the right section 1s for the recording of program progress and budget
status, both of these items gauged against a standard established by the Line of Balance
for some specified date,

3.12 A properly installed Line of Balance will permit ready cross-reference between
charts, so that an interested person can find more and more detailed information at any
level 1n going from LevelI to Level IT charts. It should also be possible to trace with
facility 1in reverse, from the lowest to the highest reporting level, so that any detail can
be followed to the degree warranted. (See Figures 5-2, 5-5, 5-6, 9-5b and 9-8b,)

Cost Measurement

3.13 One of the unique features offered by the Line of Balance system 1s the aptitude
withwhich 1t makes manifest the progress and cost information for every major segment
of a program. A management that wishes to take advantage of this capability will take
pains to establish an effective work order numbering system so that cost data can be col-
lected bothfor appraising current performance and for developing historical records for
bidding purposes. It 1s equally important to insure that the feedback of financial infor-
mation takes place rapidly so that the relationship between cost and accomplishment 1s
always portrayed as accurately as possible.

Work Order Numbering System

3.14 Judged by Line of Balance requirements a work order numbering system should
provide for

3.14.1 a reasonable breakdown of any major task,
3.14.2 the designation of all elements of a major task,
'
3.14.3 an identification of the class of effort involved in each element;

3.14.4 a means of subdividing any given element into work phases; and

3.14.5 an accounting device for i1dentifying cost,
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MANAGING A DEVELOPMENT PROGRAM

3.15 Aworkorder numbering system that satisfies these stipulations will provide cost
information that can be related to the sensors appearing on Level II Line of Balance charts
and, by subdivision or phase numbers, to groups of related sensors shown on Level I
flow diagrams.

3.16 The matrix shown 1n figure 3-8 1s an example of the way in which one contractor
met these requirements. Under this method the first digit of any work order number
wasused to 1dentify a major division of the effort. The seconddigit referredtoa signifi-
cant segment of the work within a major division. The third digit designated the kind
of work, or the shop in which it was to be performed. When required, the fourth and
fifth digits were available for subdividing subtasks into subordinate work phases.

Work Order 94203 1n this system would signify work done 1n the broad area of project
admimstration (9), concerning the preparation of handbooks (4), to be performed by the
mechanical design group (2), and representing the third phase (03) of this particular
task,

Work Order Authorizations

3.17 Afterthe standard work order system has beeninstituted, the next important tool
1s the work order authorization, This represents a segment of the flow diagramand pro-
vides management with an effective cost control since it 1s similar to a check which must
be endorsed before 1t can be put into effect. As reflected in figures 3-9a and 3-9b, the
work order authorization includes a general work description, a detailed task descrip-
tion, the completion date and the expenditure schedule,

3.18 Costcontrol is maintained by establishing an approved budget based upon a care-
ful evaluation of the task. Authority tocharge anexpenditure against this budget is grant-
ed by the work order authorization form. No expenditures are permitted without an ap-
proved work order authorization. If overruns are anticipated, a revised form must be
completed and submitted for approval.

Closing the Loop

3.19  All that has been done thus far 1s to lay down the fundamental characteristics of
the plan. Both the contractor and FAA are interested in knowing the progress that is
being made toward achieving their objective, a requirement for feedback of information
toclose the loop. Two forms will be of assistance to responsible authorities in completing
the circle of intelligence: the deviation form and the financial status sheet,

Deviation Reports

3.20 Sensors or checkpoints which are not met according to the prescribed time table
automatically become subject to examination and re-evaluation. The deviation report,
figure 3-10, was devised toinform management of the nature and extent of all departures
from schedule, to describe a problem and the reason for its existence, to state any ac-
tion taken, to rectify the situation and to enumerate any additional corrective action that
may be required. These reportsare geared directly to indicated Line of Balance charts
and when properly stated will disclose any and all implications of effect upon cost and
delivery, The nature and impact of these reports should appear on all affected Line of
Balance charts so that management will be apprised of their occurrence and possible 1m-
pact on the project.

24



6T

2nd Digit 3rd Digat
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
1st Data System |Mechani-| Electri- | Drafting | Testing | Tech Eng'g |Mod Shop|Redesign
Digit Analysis| Design |cal Des | cal Des Writing | Support [Support
1
Structures Empen- | Aux Auto Dive Landing
W
ne nage Surfaces Pilot Brakes | Gear General
2
Propulsion | popejer| Turbo Jet JATO | Nuclear General
Systems Prop
3
Commum-| VHF UHF CW& Inter-
IFF
cations Radie Radio ICW phone General
4 1 1 B [
Cabin Anti- Instru-
Arrcraft Pneu- |Air
Hydraulic v | Pressur- Fire |lcmg& Fuel |ments Phot: ral
Systems | V' matic  |Condit'ng Lzation De-1cing & Panels oto | Gene
Armasment Bombng | Special Fire ASW
Control
System | Weapons Missiles | Guns System AEW General
6
[Electronics] ECM Naviga- Pot Ampl
Equip Radar | Mapping| T V tion Loran Devel Devel General
Equip-
Traler |Cont ment Sub linstructorl Pilot | Equip't |M:
raller onfigur- and - o structor, Pilof quip 1sC 1
ation Cockpt Furmsh-| Floor Carg Zone Zone Power | Cabinets Genera
ngs
8 Data Field Pur- | quant
y
Services | pepro- | Pack- [Customer| gep_ Consult- | Develop- ;};ﬁed Assur- |Standards| General
duction | agWg |Liaison | yices | Ng ment D ance
g8
9 Data b
Adminis- | Estima- |Special Hand- | Test Central | Product
tration ting Property Reports :li?:;; roposals books Guides | Release | Tree General
Note Additional digits may be added in order to provide more detailed cost information for any of the above work areas

Figure 3-8 Design Order Numbering System

NOILVINHOINI dHL ONIAVISIA ANV ONILLDATIOD

11 1erdeqp



MANAGING A DEVELOPMENT PROGRAM

F-2096 WORK ORDER AUTHORIZATION[_] BID ESTIMATE []
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Figure 3-9a Work Order Authorization
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COLLECTING AND DISPLAYING THE INFORMATION

Work Order Authorization/Bid Estimate Form (F-685-C) is to be used to transmit in-
formation onwork assignments or to supply information for proposal purposes. All work
order numbers applicable to a major area of work such as flight simulation, radio aids
simulation, power supply, etc. may be listed on one (or if necessary, more) sheets of
the form F-685-C. There 1s room for a maximum of si1x work order numbers on each
sheet., Bid estimates should describe the detailed tasks which will later be covered by
specific W. Q. 's.

Whenused to transmit bid information, thisform will be completely filled in and approved
by the Manager of the functional group or supporting department making the estimate.
It will then be forwarded to the designated Project Manager or to Administrative Engi-
neering as appropriate. When used to assign work for contracts the Project Manager
will be responsible for i1ssuing all work order authorizations required by the scope of
his contract. He will provide all information except item 7, the "assigned to' column
of item 10 and item 12, These three blanks will be filled in by the Manager of the re-
sponsible Functional Group at the time the work is accepted. After signing the accept-
ance blank and supplying the missing information, the Group or Support department man-
ager will run as many copies as he requires and return the master to the Project office,

Details of Completing Form F-685-C:

Item 1 Enter the major areaof activity, 1. e. flight system simulation, etc. In
general, an area of activity 1s describable by the first two digits of the
standard work order numbering system.

Enter total authorized hours and material dollars for all work orders and
phases pertaining to the major area of activity. This should compare
with total hours and dollars derived in 1item 12 below. If more than one
sheet 1s used the authorization should appear on the first page and sub-
sequent pages should reference the first,

Indicate whether the authorization 1s an initial 1ssue or a revision of a
previously 1ssued number,

Enter the CRN or the bid reference number (appropriation numbers) which
nitially authorized the work. Strike out the term not applicable. Only
one CRN or BRN may be used 1n this block.

Enter the project or proposal the authorization pertains to, striking out
the term not applicable,

Figure 3-9b Instructions for Completing Form F-685-C (Sheet 1 of 2)
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Item 11

Item 12

28

Enter the functional group or department the work affects, striking out
the term not applicable.

This 1item should be filled 1n with the signature of the group or depart-
ment manager receiving the work order or making the estimate. Strike
out the term not applicable.

Enter the name of the Project Manager in the case of a W. O, authori-
zation or the name of the person making the estimate in the case of a
bid estimate.

Self explanatory.

Enter the work order number using the standardized work order num-
bering system, the department which will do the work (1f known), the
account number, the general task description and the date when the work
is required tobe completed. Inthe case of abid estimate, this last item
would be the date when thework 1s estimated to be completed and would
be referenced to the receipt of authorization to proceed.

Briefly describe the work content required by each work order. Pro-
vide sufficient detail to define the nature and scope of the task based up-
onthe Project Manager'sinterpretation of contract requirements. Iden-
tify applicable specifications and other data which are the references for
the work effort. For example: Detailed Simulator Specifications, ap-
plicable data packages, MIL specs, etc. A continuation sheet should be
used 1f the required detail will not fit on one page.

Complete the expenditure schedule by entering the anticipated time to be
spent during each two week period. The umit of measure is the man-
week (or fraction thereof). Where the total work effort lasts more than
one year, a continuation sheet should be used to show the total effort.
For each W, O. the expenditure cut-off date should be on or before the
required completion date indicated in Item 10, Discrepancies between
requirements and capabilities should be resolved prior to acceptance of
the work authorization,

The anticipated expendituresfor each W. O. shouldbe entered at the end
of the line and sub-totalled inthe '"total hours' column, The "unallocated"
amount may be the difference between the anticipated expenditures sub-
total and the authorized hours (item 2).

Figure 3-9b Instructions for Completing Form F-685-C (Sheet 2 of 2)
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MANAGING A DEVELOPMENT PROGRAM

Financial Status Reports

3.21 Of no less value tothe measurement of actual accomplishment 1s 1ts comparison
with predicted performance. One of the best ways of doing this is 1n the form of the fi-

nancial status report, figure 3-11.

Budget

Work Total | Budget | Actual Actual | Total
Order Description Budeet to to for last| for last i {o
No. g Date Date .mo. mo, Compl.

Figure 3-11 Financial Status Form

This sheet lists all of the information that 1s necessary to appraise the financial status
of the project. The data 1s extracted from the time cards that have been submitted and
from the flow charts which supervisors used to generate their estimates. Financial re-
ports to operating personnel normally are expressed in manhours and material dollars
so that they can be comparedwith their original estimates. Because top management 1s
concerned with the entire picture of profit and loss, with changing burden rates as well
as with individual performance, financial reports should contain all of the information
that 1s needed to contrast actual costs with the corresponding bid or negotiated figures.
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GATHERING THE FACTS

4,1 The essence of effective management 1s foreknowledge. All leadership 1s heavi-
ly dependent upon the quality of information that 1s furnished to them as the basis for
decisions, It 1s not sufficient that the information be accurate, it 1s Just as necessary
for the information to be complete. In order to make correct decisions management
must be furnished with a well-rounded, unbiased view of the situation. The satisfaction
of this requirement 1s one of the most 1mportant functions that can be served by a Line

of Balance mnstaliation.

4.9 A1t

4] YV LLax

himself that the facts are logically, intelligently, thoroughly and accurately assem led
He must be certain that his own familiarity with the manner in which the processing 1s
performed 1s sufficient to enable him to discriminate between a sound and an unsound
effort, and good and bad advice.

resnect toall
T

mformationfurmshedito him, the nroiect managser must sat
espec miormartl t

10
1iurnisneato 1iliis, \,JA\, FAUJTLL MlaiiagUl LUUD L DA,

4.3 F1ive steps arenecessary to satisfy the information requirements of management:
collection, evaluation, analysis, synthesis and interpretation. Properly executed, these
steps will include consideration of time factors, of interrelationships between tasks, of
feasibility and practicability, and of arrangements for the continuous feedback and up-
dating of information.

4.4 At first glance 1t might seem a prodigious if not impossible task to fulfill these
stringent conditions while solving the many technical questions that are invariably apart
of any development project. In 1910, Henry Lawrence Gantt wrote, "When we realize,
however, that any operation, no matter how complicated, can be resolved into a series
of simple operations, we have grasped the key to the solution of many problems'. Gantt
thenwas referring to the collection of information necessary to fix proper piece rates in
a manufacturing establishment. His theory, nevertheless, 1s applicable without change
to any engineering problem, It can be conclusively demonstrated that the majority of
seemingly complicated efforts will factor into a number of simple operations for which
we have direct, or can extrapolate, experience. It most often will be found that the num-
ber of elementary problems forms by far the larger proportion, while genuine complica-
tions represent only a small percentage of the great problem mass,

Examining the Problem

4.5 The most logical method of gathering information about a comphcated operation,
then, 1s to examine 1n detail the simple elements of which it 1s composed. A thorough
knowledge of these will invariably throw a great deal of light on the complex portion and
clearly identify and 1solate those items which require special attention. The best way
to inform ourselves about a complex problem 1s by studying its component elements:
analysing the material at hand; verifying and cross checking the data; separating the pro-
blem into 1ts several elements and relating them to each other and to time; segregating
the knowns and the unknowns; and, finally preparing a synthesis, or combined presenta-
tion of the results of our study.

4.6 This technique will be recognized as following the ordinary rules for scientific
observation. By following these established and proven paths of investigation a correct
solution is certain to be found with the mimimum of confusion and unproductive effort.
Left to the chances of a haphazard approach, however, an investigation seldom will be
performed economically, and almost always will be exorbitantly expensive 1n time and
labor.

4.7 Having established the basic method of gathering information and described the

32



Chapter 1V
GATHERING THE FACTS

manner of going about the matter, 1t will be helpful to consider a typical electro-mechani-
cal development program, and the way in which 1t can be reduced toa number of discrete
The following outline enumerates the analytical processes involved and how

elements.
they fit into the general pattern of operation.
development projects will commence at the stage indicated by paragraph 4. 7. 5.

Start of Project

4,7.1

4.7.2

4,7.3

4.7.4

4,7.5

4,7.6

Provide an 1mitial statement of design and performance objectives

Phase I — Establish Feasibility

Create the basic concept and plan by:

stating the problem

searching available literature
analysing the problem

making fundamental inquiries
formulating hypotheses

considering nature of possible solutions
selecting most promising approaches

Crystalize thoughts and develop methodology by

determining approach to experimentation
designing experiments

computing and simulating anticipated relationships
sketching experimental layouts

Reduce experiments to practice by:

building breadboard models
constructing test equipment
conducting experiments
taking measurements
analysing readings

testing original hypotheses
evaluating results

Develop design specifications by:

preparing recommendations
defining system philosophy
enumerating performance objectives
stating pertinent restrictions

Phase II — Establish Practicability
Plan design and logic by:

defining overall engineering approach
developing alternative configurations
considering structural combinations
prescribing quality assurance requirements

In many cases 1t will be found that BRD
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4.7.7 Define experimental model by.

designing structural features

describing functional features

preparing sketches and schematics
drafting detail and assembly drawings
checking design and drafting

developing a bill of material and parts list

4.7.8 Build and test experimental model by:

fabricating parts

assembling units

testing experimental circuits, components and techniques
constructing special test equipment

4.7.9 Design final model by:

prescribing structural features

preparing necessary drawings, sketches and schematics
checking drafting and design

developing an assembly tree and parts list

reviewing for production design

Phase III — Produce First Article

4.7. 10 Build final engineering model by:

fabricating parts

assembling sub units and units
testing for quality of workmanship
constructing related test equipment

4.7.11 Test complete system by-

conducting performance test of assembled model
debugging faults

installing minor changes

evaluating results

4.8 The usual steps 1n the evolution of an electro-mechanical system are presented
in the accompanying tabulation, figures 4-1a and 4-1b. They are set forth in sequence
so that relative timing is made apparent, and work phases are divided into generic cate-
gories 1 order to point out the interrelationships and interdependencies.

4.9 Both of the foregoing devices will be of real assistance 1n pointing out the type of
task and related check points which must be segregated and programmed if we are to
maintain control over the operation,

4.10 Having 1dentified and recorded all the subordinate tasks, having related them to
time and to each other, they must be measured by material cost, by calendar span and
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TYPICAL DEVELOPMENT WORK PHASE

Electro Mechanical Devices

Phase Divisions

Major

Fdedle

Minor

Preliminary Study IData I  Receive initial statement of design parameters (specs & data)
2 Review of initial data
(Concept 3 Formulation of problem
4 Analysis of problem
5 Nature of concept formulated
Approach 6 Evaluation of concept to approach
7 Approach crystallized
Proposal 8 Approach proposed in illastration and discourse
Task analysis 9 Proposal evaluated to ¢ost,time and facilities
10 Task breakdown to facilities and technical areas
11 Establish preliminary plan setting forth planned task against
background of time as related to cost objective
Contract Develop- Contract review 12 Contract award and acceptance
ment & negotiation
Experimental Approach 13 Proposed approach re-exarmmned
Design 14 Experimental approach established
Computations 15 Computations and anticipated relationships derived
Methodology 16 Synthesis of anticipated relationships
17 Selection of problem solving methodology
Structure 18 Structure and space lLimitations established
Block Diagrams 19 Electrical and mechanical block diagrams
Design Parameters (20 Design parameters prescribed
21 Definitions set forth
22 System philosophy and structure described
Decision Point 23 Report recommendations, findings and progress
24 Review of point of decision report
25 Engineering model approach established
26 Detailed plan established
Experimental Engineering 27 Engineering approach to whole design crystallized
Model 28 Development of configuration
System Sketches 29. Mechanical electrical system sketches
Breadboard models |30, Build breadboard models
31. Construct test equipment
32 Conduct experiment
33 Evaluate results
Design & Layout 34. Design and layout functional and structural equipment
Detail drafting 35 Detail drafting, assembly drawings, parts list and bills
Fabrication 36. Fabricate and assemble experimental model
Engineering Test 37 Conduct ehgineering test of whole design
Rework and Change |38. Rework design and model, change drawings for information

record to product engineering

Figure 4-1a Typical Development Work Phase (Sheet 1 of 2)
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Review Program 39. Review reports on experimental model and progress to
Review objective Revise plan to reflect task changes for product
engineering
Finalization Acceptance 40. Customer liaison, orientation and instruction
Experimental 41. Experimental design acceptance
Program
Specafications 42. Detailed equipment specification established
43, Test procedures and instruction manuals
Engineering Model Experimental 44, Experimental data available to product engineering
data finalized 45. Experimental data finalized for production components
Product design 46. Production package design and manufacturing analysis
47 Electrical systems design production processes
48. Mechanical systems design production processes
49, Cable design production processes
Detail drafting 50. Mechanical and electrical detail drafting
Manufacturing 51. Final and complete review of details by manufacturing/
analysis engineering as applicable to production processes
Check and 52, Compatibility check of mechanical and electrical details to
release systems layouts
53, Release information for manufacturing
Manufacture 54, Detail fab, sub-assembly fab, top assembly fab
Test 55. Test of production prototype (first article)
56. Inspection first article
Rework and 57. Rework production design and model retest >
change 58. Change drawings for modification article
Ship 59 Inspection of first production model, quality control and customers
60. Pack
61. Ship first artacle
Field experience Installation 62. First article received by customer
63, Study of packaging reliabality
64, Inatallation first article
65. Study installation problems
66. Installation and packing report
Field experience 67. Study of fairst article environmental operation
68, Service procedures analyzed under environmental conditions
69, Field report on first article performance and design refinements
Modaification Product 70. Review of environmental operation reports, service reports,
engineering packing reports and design refinement recommendations
71. Change design, details, specifications and test information
for modification
Manufacture 72, Manufacture of production quantities

Figure 4-1b Typical Development Work Phase (Sheet 2 of 2)
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by manhours, Estimates should be cross-checked for accuracy, as to the degree of as-
surance that the job can be done in the time allotted and should be based upon past ex-
perience or extrapolated for untried tasks. The facts must be appraised in considera-
tion of available manpower and material, taking into account other work in process or
projected, and possible competing demands for the various skills that are available. The
lines of communications must be clearly defined with an indication of the interrelation-
ships of tasks and the points at which a careful review of the project is required. Uni-
formity 1s tobe desired so that all responsible authorities have a common understanding
of the degree of certainty and reliability of the estimates, and the assumptions on which
they are based. It would be well to record these for future reference and recurrent re-
view of the factors that were agreed upon during the formulation of the performance
forecast.

Guide Lines

4.11 Althoughguide lines and operating instructions will vary from project toproject,
one such list might appear as follows:

Assumptions

4.11. 1 Contractual authority to proceed received by (date).

Freedom from work stoppages caused by strikes,
acts of God.......etc,

No catastrophic disaster will occur.
Inputs will be received as agreed and scheduled.
There is a common understanding of the work to be performed.
Tasks and specifications are clearly defined.
Facilities will be available as required.
Estimates of performance have been made in accordance with ground rules,
Changes will be instituted only after receipt of contractual authority.
Customer and contractor authorities and responsibilities are defined.
Operation will be conducted on a (one) (two) (three) shift schedule.
Manpower build-up will take place as required.

Ground Rules

4.11. 2 Deviations shall be reported to affected element when occurring.

Minor redesign and rework shall be included 1n test and adjust operation.

Major redesign and rework shall be charged to design and fabrication.

Whenever possible, establish sensor at completion of work phase.

Once approved, no changes or additions to charts without authorization of
project manager,

Standard symbology and methodology will be used,

The total task is defined by the various subordinate tasks enumerated on ap-
proved charts. Work not appearing thereon shall not be performed without
the specific authority of a task order.

Flow charts will be kept updated.

Reports will be rendered (monthly) (bi-weekly) (weekly).

Reports will be due ( ) weeks after close of the accounting period.

A statement of the contingency factor will be included in all estimates.

Estimates will be prepared with a 70/30 degree of assurance,

Estimated manhours and material dollars constitute the budget for the task.

Supervisors will prepare an input - output list for each specified task showing
dates required.
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Progress reports will contrast sensors scheduled with sensors completed.

Objective curve (will) (will not) include overhead, G & A, and profit,

All items or tasks required under the contract must be indicated on the
flow charts.

All customer 1nputs or actions required shall be indicated on the flow charts.

Task assignments and cost reporting must be compatible,

On Level III charts, sensors should be spaced about one week apart.

On Level II charts, sensors should be spaced no more than one month apart.

Tasks of 200 hours or less need not be subdivided into subtasks.

Level I, Level IT and Level III charts must be cross-referenced so that dates,
tasks and input/output information may be traced from chart to chart.

Sensor numbers appear above the corresponding symbol.

Budgeted manhours and material dollars are noted respectively above, and
below, and approximately at the midpoint of the line connecting the pertinent
sensors.

Inputs and source shall be noted above the line on all charts.

Sensors shall be identified with a recognizable action.

Nomenclature must be consistent and 1n agreement with approved terminology.

Established communication channels will be observed.

Overtime to be held to a mimmum and within limits established by law,

The contractor will develop and maintain all Level II and Level III charts,

Sensors completed ahead of schedule shall not be credited until all preceeding
sensors have been completed,

At least one sensor shall appear 1n any given two week period.

Every element depicted by a bar on a Level II or Level I chart will have a
charge number 1n the accounting system.

Expenditure curves shall be drawn to represent the sum of actual expenditures
and commatted funds.

Inputs and Outputs

4.12 It 1s important to specify the inputs that will be necessary if a called-for output
18 to be made on time. Government decisions or support actions, for example, are rep-
resentative inputs that may be vital tothe making of delivery by acertain date. The sat-
isfaction of manpower requirements or the furnishing of special talent or equipment are
other examples of assumptions and i1nputs that should appear in the appropriate places
on a Line of Balance chart or flow diagram. The accompanying list will prove helpful
1n selecting 1nput-output items which should be considered in programming an electro-
mechanical project.

Reports

Bench test
Environmental test
Failure analysis
Status

Expenditure

First article test

Drawings, Sketches, and Diagrams
Functional block diagrams

Functional schematic circuit diagrams
Schematic wiring diagrams
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Wiring diagrams

System schematic diagrams
Service schematic diagrams
Outline dimensional sketches
Detail parts drawings
Purchased parts drawings
Sub-assembly drawings

Main assembly drawings
Inseparable assembly drawings
Electrical schematic drawings
Cable assembly drawings
Harness drawings

Maoachaniecal aechem
Mechanical schematic draw

Installation drawings
Name plate drawings
Gearing diagrams

Models

Bench test breadboard
Engineering prototypes
Service test
Production prototypes
Production

Lists

Wire

Tube complement

Electrical parts

Mechanical parts

Spare parts

Non-standard parts

Purchased parts

Preliminary stock

Speci1al tools and test equipment

Facilities and Services

Special test equipment
Riggers

Power supplies

Work area
Consultants
Inspectors

Tools, dies, fixtures
Government and contractor furnished equipment and material
Computer availability
Test aircraft

Test environment

Approvals, Waivers, and Authorizations

Contracts and contract changes
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Design and layout
Design freeze
Overtime

Test procedures
Sub-contractors
Capital expenditures
Extraordinary expenses
Non-standard parts
Shipping instructions
Acceptances
Engineering changes

Publications

Operation manual
Maintenance handbook
Overhaul manual
Installation handbook
Parts lists

Data package

Specifications

Tests

Equipment, prime and test
Tests, unit and systems
Installation

Environmental
Proof

First article
Service
Production
Prototype
Engineering
Packaging
Flight
Calibration

Studies and Developments

Error
Components
Changes

Failure analysis
Reliability

Procedures
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4,13 If all factors for consideration are carefully noted, responsibilities defined and
ground rules adequately prescribed, it should be clearly possible to attribute responsi-
bility for deviations from an approved plan and to gauge their specific effect on each de-
pendent portion of the program. By compiling the manhour estimates for the various
tasks on a calendar basis, the project manager 1s afforded an excellent check on man-
power requirements and a measure of the practicability of any indicated buildup in per-
sonnel. Careful review of the input-output data 1s generally useful in testing the various
elements of the plan for compatibility, acceptability and feasibility.

4.14 Thus far we have directed our attention at the process of breaking down the pro-
ject into a number of discrete tasks and developing the best possible estimate of dollar
and manhour content for each. We still lack an extremely important part of the whole --
feedback -- for without it we can only guess at the results of our efforts.

4.15 The cost control system can be used to close the loop and provide the necessary
information. For this reason a specific work authorization number must be assigned to
eachestablished task sothat time spent in accomplishing 1t can be properly charged. Ac-
counting information should be as current as the system allows, being in most cases a-
bout two weeks 1n arrears,

4.16 Itoftenhappens that accounting months andcalendar months do not coincide. This
is of no consequence as long as all reporting 1s done on a consistent basis. This means
that reports of financial commitments, obligations and expenditures may be expected to
lag behind reports of program progress by a certain given period of time. If this 1s
understood, and an appropriate allowance 1s made for it, the delay in receipt of fiscal
data need not be considered a very serious handicap. In any event, one should be care-
ful to see that all factors are included, and that the costs of authorized changes are
covered by adjustments to the established budgets. By combining actual expenditures to
date with established costs to complete, and comparing the resulting total with the origi-
nal budget estimate, 1t 1s relatively easy toforecast eventual total costs, This method
has been proven far more accurate than the usual procedure of relating expenditures to
percentage of work accomplished, and should invariably be used when estimating the pro-
ject total.
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Chapter V

THE MECHANICS OF PREPARATION
Standard Symbology

5.1 Fora commonunderstanding of the types of actions indicated on a Line of Balance
chart there has been deviseda set of standard symbols whichhave proven satisfactory a-
cross a wide range of projects, from the most simple to the most complex, Adherence
to these standards will further the aims of rapid communication and avoid any danger of
confusion through lack of a common understanding of their significance. Figure 5-1 1l-
lustrates the symbols that are umformly understood by a large number of contractors
for the FAA toindicate the scheduled occurrence of measurable events. The same types
of sensors are used on every class of Line of Balance chart, and they are to be inter-
preted in the same manner regardless of whether they appear on a Level I, Level II or
Level III diagram.

O Delivery To Customer @ Test Or Inspect
@ Customer Support Q Study Or Analysis

@ Customer Action [O] Systems Design or Development
@ Vendor or Sub-Contract Action [_Z—] Detail Design

@ Contractual Action O Internal Transfer

O Procurement Action O Raw Material

v Fabrication or Assembly @ Test Equipment

O Purchase Parts QO Spare

D Company Made Parts Y Arrow Head

@ Report To Customer
= OICIa]
S A OISICICIVINVIGISIvIEIMINN

3n
33 OO

Figure 5-1 Standard Sensor Symbols and Stamp Set Complement Table
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Sensor Action Numbers
5.2 Aningenious device has been created 1n orderto avoid the unduly long legend that
would be required to identify the large number of sensors appearing on any integrated
flow diagram. This convention consists of a number, placed immediately above and to
the right of the sensor to which its applies, to be interpreted according to the following
table of sensor action numbers:
1 - Start study
2 - Complete study
3 - Start system development or design
4 - Complete system rough sketch
5 - Complete system layout
6 - Complete system development of design
7 - Complete final system drawings
8 - Start electrical detail drawings
9 - Start mechanical detail drawings
10 - Start detail assembly drawings
11 - Start drafting check
12 - Submit drawings for release
13 - Drawings available to manufacturing
14 - Release bulk order
Under this system the sensor@combmedwuh the numeral 8, thus@S, symbolizes the
start of detail electrical design; and@ would be used to mark the completion of a study
or analysis,
5.3 The list of sensor action numbers can be temporarily expanded to meet the re-
quirements of some unusual situation, but experience has shown the above list will prove
adequate for the design phase of development programs. Theuse of the following blocks
of numbers for the purpose indicated will provide a measure of standardizationin expand-
ing the above list:
15 to 49 Development projects

50 to 75 Test, experimentation, and evaluation projects

76 to 99 Capital improvement projects
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Other Methodology

5.4 Adherence to the following rules will insure standardization and improve com-
munication at all levels:

5.4.1 Asensorwhichindicates aninput should appear directly above the sensor to which
it relates;

5.4.2 A sensor which indicates an output should be drawn below the sensor generating
the output;

5.4.3 An arrow head indicates the direction of flow or movement,;

5.4.4 A dotted vertical line indicates the flow of information;

5.4.5 A solid vertical line indicates the movement of material or equipment;
5.4.6 Sensors are numbered in sequence from top to bottom and from left to right;
5.4.7 Only approved equipment nomenclature should be used;

5.4.8 Sensors should be used to establish a measurable or recognizable action;

5.4.9 Sensors shall be identified by a number appearing immediately above and to the
left of the related symbol;

5.4.10 As a general rule, 1t 1s preferable to indicate the completion and not the start
of an action;

5.4.11 Level I and Level II charts should have fewer than 100 sensors and, ideally, not
more than 60.

5.4.12 Estimated manhours are recorded atthe midpoint and 1mmediately above the line
connecting pertinent sensors;

5. 4,13 Estimated material dollars are recorded at the midpoint and immediately below
the line connecting pertinent sensors;

5. 4. 14 The symbol "o" 1susedwhenever an internal transfer takes place at a point where
there is no other sensor;

5.4.15 The normal pattern of flow should be from top to bottom and from left to right;

5.4.16 Only when unavoidable may flow lines be permitted to cross unrelated, interven-
ing tasks;

5.4.17 Flow lines that cross unrelated tasks should be suitably broken;

5.4.18 Total budgeted hours for any task is the sum of the estimated manhours for all
subtasks;

5.4.19 Program progress appears as a solid bar which is keyed by number to a corres-
ponding sensor;
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5. 4. 20 Expenditures appear as ahollow bar which is keyed by number toa corresponding
sensor;

5.4. 21 The date of the survey is indicated against the calendar scale thus: | !

Provisional Level I Chart

5.5 The first chart that 1s usually prepared 1s the prelimmary or Provisional Level
I Line of Balance chart shown as figure 5-2. This represents the inmitial estimate and
plan at the time of bid or contract award.

On the plan segment of the chart a time scale 1s inscribed on the bottom of the charts,
The major segments of the job are shown in the formof a series of tasks, each indicated
by appropriate sensors. Among the major events usually shown on the chart are:

5.5.1 Significant Government action

5.5.2 Start and completion of system and subsystem design

5.5.3 Start and completion of electrical and mechanical detailed drafting
5.5.4 Start and completion of fabrication

5.5.5 Start and completion of assembly

5.5.6 Start and completion of test

5.5.7 Acceptance

In the upper left hand side of the chart 1s shown the cumulative expenditure curve over
the time span. This curve generally is based upon the summation of expenditures and
material commitments and therefore is scaled along the ordinate axis in dollars, and
along the abscissa in time.

Flow Diagrams

5.6 With the general layout of the plan having been shown in the preliminary Level I
chart, the next step is to prepare individual flow diagrams. These charts, which should
be prepared by the supervisors, set forth the detailed job analysis for each major task
and subtask. As a measure of the work content, the budgeted number of hours and ma-
terial cost are prescribed in the manner illustrated in figure 5-3.

The tasks and subtasks are set forth by a series of sensors plotted against time. To
identify further the activity undertaken with eachtask, a sensor action number 18 usually
located above and to the right of the symbol.

Between any two symbols there is shown the number of manhours or material dollars
required to execute that stage of the plan. These figures represent the budgeted esti-
matesfor that portion of the work. The sum of all these, of course, will be the budgeted
amount for the gross task.

5.7 On the flow diagrams the interrelationship of the various subtasks is indicated by

vertical lines connecting points having a common interest. The direction of flow is in-
dicated by arrows, and the nature of flow by appropriate coding. The transfer of infor-
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MANAGING A DEVELOPMENT PROGRAM

mation is always suggested by a dotted line, whereas the physical transfer of equipment
1s shown by a solid connecting line,

5.8 The Level Il Line of Balance Chart, or Integrated Flow Diagram, 1s acomposite
of thendividual flow diagrams, The data appearing on theface of the chart are repeated
from the work sheets in order to permit the summation of manhour and dollar require-
ments by work weeks, and to show other criticalneeds by calendar date. Figure 5-4, a
typical example of this form of chart, is used to 1llustrate the features mentioned above.

Level II Line of Balance Chart

5.9 A Level II Line of Balance Chart synthesizes but does not alter the data provided
by an integrated flow diagram. The information is presented in the standard four-part
Line of Balance form shown 1in figure 5-5, consisting of the objective, the plan, the pro-
gram progress and the line of balance. The objective and the plan are constructed as
described 1n paragraph 5. 5 and1llustrated in figure 5-2. Every sensor appearing in the
plan of a LevelIl chartis cross-referencedto a homogeneous group of related sensors on
the Level III diagram and serves to represent the progress and budget status of the entire

group.

A Level II chart usually 1s prepared for every area of major responsibility, such as:
5.9.1 Design and fabrication of major system components;

5.9.2 Study programs;

5.9.3 Special test equipment;

5.9.4 System testing;

5.9.5 Critical facility requirements;

5.9.6 Customer action (when appropriate); and

5.9.7 Vendor action (when appropriate).

Selection of Sensor Groups

5.10 Ona Levelll Line of Balance chart the various sensors describing major segments
of the project plan are each representative of a group of sensors on a Level III flow dia-
gram. These sensors are related by the work order numbering system and are grouped
for the purpose of collecting costs on that portion of the project. The selection of sen-
sor groups is closely related to the manner in whichwork authorizations have beenissued
and, 1n some extreme cases, to orgamzational matters. There are, however, some
natural divisions of effort which lend themselves to ready combination.

Suggested Groupings

5.11 The table shown in figure 5-6, will assist the project manager to combine a
number of Level III sensors into groups for display on a Level II chart.
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THE MECHANICS OF PREPARATION

Level III Level 11
Sensor
Class | Action Related

Number Work Description Sensor
» 1. Start study Start study
~
§ 2. Complete study Complete system
" 3. Start system development or design Rough sketches
5 4 Complete system rough sketches
R o
(% 5. Complete system layout Complete

6. Complete system development or design Final system
7. Complete final system drawings Drawings

g 1. Start study Complete
= 2. Complete study Sub system
@ 3. Start sub system development or design Rough
g 4, Complete sub system rough sketches Sketches
-
)]
o S. Complete sub system layout Complete
—g 6. Complete sub system development or design Final
2 7. Complete final sub system drawings Sub system drawings
g 8. Start electrical detail drafting Start
8 10. Start detail assembly drawings Drafting check
— 11. Start drafting check Electrical detail
«
Q
E 12, Submit drawings for release Complete detail
2 13. Drawings available to manufacturing Electrical drafting
= 14. Release bulk order
5 9. Start mechanical detail drafting Start
& 10. Start detail assembly drawings Drafting check,
= 11. Start drafting check Mechanical detail
[$)
5 12, Submit drawings for release Complete
5 13. Drawings available to manufacturing Detail
% 14, Release bulk order Mechanical drafting

Figure 5-6 Table of Suggested Sensor Groupings

5.12 During the history of applying Line of Balance to development programs, a num-

ber of different ways of indicating progress have been proposed and tried. Probably the
most frequent suggestion 1s one which proposes some method of assigning weights to the
relative importance of accomplishing the task represented by the various sensors. All
of these recommendations have a common fault: they overlook, entirely, the fact that as
project managers our interest lies less in what has been done than it does in detecting
what has not been done, in discovering the things that are impeding progress. The in-
trinsic cost of a horseshoe nail 1s not an accurate gauge of its worth, if for want of that
nail a battle will be lost. So also in measuring the failure to reach a sensor, when it 1s
a limiting item and threatens or halts progress, at that time it certainly becomes the
most important factor in the entire project and has a weight that is not less than that of
any other measurable accomplishment,
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5.13 For any specified date, then, progress is indicated on a Level II chart by the
height of a series of vertical bars, each keyed by 1dentifying number to a corresponding
sensor on the project plan. The height of this bar is determined in the following manner:

5.13.1 From the cross-reference list, identify the Level III sensors which correspond
to the Level II sensor under consideration;

5.13.2 From the Level IIl chart, determine the number of Level III sensors that were
scheduled for completion by the date of the survey;

5.13. 3 Determine the number of Level III sensors that were actually completed as of the
date of the survey;

5.13. 4 Calculate the ratio of sensors completed to sensors scheduled for completion;

5.13. 5 Draw aline of balance for the date of the survey for the Level II sensor in ques-
tion;

5.13.6 Represent the progress to date by a solid bar extending above the base line; and

5.13.7 Express the value of this progress as a percentage of the distance from the base
line to the line of balance, which is equal to the ratio determined 1n 5. 13, 4.

5.14 Credit for accomplishment 1s given only after a task has been completed 1n its
entirety. No credit 1s allowedfor sensors completed ahead of schedule inasmuch as any
limiting sensor must be 1dentified.

Representing Expenditures

5.15 A direct contrast between the progress made and the expenditures recorded a-
gainst any given Level II sensor 1s afforded by a second bar which adjoins the bar rep-
resenting progress. The height of the expenditures bar 1s calculated in much the same
manner as for determining progress:

5.15.1 From the cross-reference list, identify the Level II sensors which correspondto
the Level II sensor under consideration,;

5.15.2 From the Level III chart, identify the sensors that were scheduledfor completion
by the date of the survey;

5.15. 3 Total the budgeted manhours and material required to complete the work repre-
sented by the sensors isolated in 5. 15. 2;

5.15.4 From the financial status report, determine actual expenditures againstthe task
to the date of the survey;

5.15. 5 Calculate the ratio of expenditures made to budgeted costs;

5.15. 6 Represent the expenditures to date as a plain bar extending above the base line;
and

5.15. 7 Express the value of these expenditures as a percentage of the distance from the
base line to the line of balance, which is equal to the ratio determined 1n 5, 15, 5.
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5.16 A sensor which merely indicates the start of an action or the receipt of some
supporting imnput will not have an expenditure associated with i1t. Under such conditions,
there will be only a single bar to reflect progress,

Constructing the Line of Balance

9.17 For adevelopment project, the level of the line of balance for the date of the sur-
vey is determined 1n the following manner:

5.17.1 Referring to the "objective' section of the Line of Balance chart, erect a perpen-
dicular to the base line at the point indicated by the date of the survey;

5.17.2 Mark the point where this perpendicular intersects the curve for the planned ob-
jective;

5.17. 3 Project this intersection to the vertical axis of the "program progress' section
of the Line of Balance chart; and

5.17. 4 Continue the projection of this line horizontally until it extends across all bars
having reference to sensors which are scheduled for completion by the date of the sur-
very; this constitutes the line of balance for sensors occuring on or before the date of the
survey.

5.18 The level of the line of balance for any sensor scheduled to occur subsequent to
the date of the survey is determined in the following manner:

5.18.1 Referring to the "objective' section of the Line of Balance chart, erect a per-
pendicular to the base line at the point corresponding to the date of the sensor's scheduled
occurrence;

5.18. 2 Determine the height of the ordinate at the point ‘where this perpendicular inter-
sects the curve for the planned objective;

5.18. 3 Determine the vertical coordinate of the planned objective as indicated for the
date of the survey;

5.18. 4 Measure the difference between 5. 18.2 and 5. 18. 3 and subtract from5. 18. 3;
5.18. 5 The resulting dimension is the level of the line of balance for the date selected.

5.19 The project line of balance is constructed by joining the several segments con-
structed as described in 5,17 and 5. 18, The resultant represents the minimum level of
accomplishment that will satisfy project requirements.

5.20 Dewviations from planned progress are visually apparent in the form of bars that
extend above or fail to meet the line of balance,

Level I Line of Balance Chart

5.21 The Level I Line of Balance chart is designedto provide the FAA project manager
and the contractor's top management with a concise view of the program status. It 1s a
further distillation of the information presented in the Level II chart and should reflect
all major actions required by the overall project plan.
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5.22 Sensors should be provided to show the project status in such areas as;

5.22,1 Administrative action

5. 22, 2 Engineering action

5, 22, 3 Manufacturing action

5. 22. 4 Purchasing action

5.22.5 Acceptance

5. 22,6 Contractual actions

5.23 As 1n the case of the Level IIchart, cost information should be available for each
sensor indicated on the Level I chart. Progress and expenditures are displayed in the
same manner as described for the Level II chart, except that the ratios are those cal-
culated by contrasting the scheduled and accomplished sensors noted on the Levelll chart,
5.24 In establishing a Level I chart, 1t is important to cover all elements of the pro-
gram, missing none. The project should be broken down into major systems and major
subsystems, using appropriate sensors toidentify the actions required. From the stand-
point of clarity, the number of major categories should be restricted to six or eight
levels. The number of sensors, as before, should never exceed 100, preferably being

on the order of 60 to 80. Careful selection of action and decision points will play a major
part in making the Level I chart a valuable tool for the aid of management.
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Chapter VI
THE APPRAISAL

6.1 It must be thoroughly understood that although the Line of Balance technique 1s a
highly effective tool for the use of management, 1t 1n no way can be considereda substi-
tute for management. The information presented on a Line of Balance chart and in its
accompanying reports, therefore, should be examined critically by the project manager.
It often will be found that the so-called statement of a problem 1s 1n reality only a mani-
festation of the problem and not the root of the real difficulty.

6.2 It might be said, for example, that detail designs have not been released. This
1n itself 1s not the trouble. We mustlook behind the failure inorder to find the genuine
nature of the fault.
6.2.1 These are some of the questions that might well be asked under such conditions:
Is manpower lacking?
Is there a shortage of special skills?
Has the breadboarding proven incorrect?
Was preliminary design completed on time?

Have all necessary inputs been received?

6.3 Or 1n another area, perhaps, it 1s stated that certain technical data have not been
received and 1n consequence that work has been halted.

6.3.1 We might well ask ourselves these questions:
Did we clearly define the requirements?

If cost was involved, did we issue a purchase order
for these data?

If not available, what substitutes can we use?
Did we allow sufficient lead time?

Is 1t reasonable to expect these data at this stage
of development?

6.4 Again, lying behind an apparently innocent condition may be found impending bot-
tlenecks of one kind or another: of demands for critical facilities, shortages of highly
specialized tools or equipment, unavailable talents and skills, perhaps even a lack of
financial support or unrest among the shop personnel. By putting matters in the proper
perspective, we can search outthe underlying causes for deviation from the plan and take
action to correct them,

6.5 Any appraisal would be incomplete without careful review of project requirements,
seeking out critical or conflicting conditions, probing for matters requiring special skills
or testequipment, revealing over-loading or manpower shortages or an unfulfilled need
for government furnished equipment or contractor facilities,
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6.6 The charts only serve topoint out such problems and the order in which they should
be studied. The lowest numbered sensors are those which are scheduled for earliest
completion, These, then, should be attacked first. Are we behind? It 1s possible that
we should consider the assignment of more manpower, placing them on overtime or in-
stituting a second shift. Maybe our problem 1s generated by the lack of technical skill,
requiring us to provide personnel of greater experience. Was the estimate wrong in the
first place, or have changes been introduced without a corresponding alteration in the
budget and stretch-out in time?

6.7 Having i1dentified and 1solated our problems, the next step 1s to gauge their im-
pact on the program., If some purchased parts will befour weeks late, how shall we re-
cover the lost time? Can we use available substitutes? Can we change the assembly
plan? Will the contingency factor cover this expected slippage? How can we alter the
program to meet this new condition?

6.8 Just as 1t can be misleading to hear only one side of a story, so can it be incon-
clusive to examine only one part of a Line of Balance chart, Let us say that a plot of
actual costs falls below the level of planned expenditures, This could mean a more ef-
ficient performance than was anticipated. It could also mean that we are well behind
schedule by reason of not having started soon enough or with sufficient force. Read 1n
conjunctionwith other features of a Line of Balance chart, the true facts shouldbe readi-
ly apparent.

6.9 Armed with this knowledge, we are now in a position to determine what actions
arerequired to keep the program on schedule. With the elimination of rumors and other
incorrect or misleading information, false starts and waste motion can be avoided, al-
lowing the concentration of full attention on matters of concern to the project. Contro-
versialitems generally do not become igssues when a Line of Balance chart 1s used 1n the
manner intended. Because 1t provides an 1deal method of communication by which facts
are clearly presented, there 1s small reason for disagreement over the action that 1s
best suited to correct any given set of conditions, If responsibilities are clearly defined
andthe nature and time of all occurrences are prescribed, the causes for many internal pro-
blems will disappear.

6.10 Communications among and between Government, contractors, subcontractors,
and vendors can be improved by use of Line of Balance as the means for reporting a-
ganst an approved plan. Adequately designed to suit the requirements of the project, a
Line of Balance reporting system will not only show what must be done, by whom and
when, but 1t will also reflect the timing and consequence of requiredaction. Do not over-
look the utility of the Line of Balance channel as a means of communicating with sub-
ordinates, of indicating decisions and actions taken, Allthatis needed to provide such in-
formation 1s the addition of a suitable sensor at the appropriate place.

6.11 Subcontractors should be called upon to prepare Line of Balance charts covering
work for which the subcontractor 1s responsible, Routine reports from vendors should
contain forecasts of their ability to complete the next ensuing sensors on time, in addi-
tion towhich they should, of course, include a statement of the work accomplished during
the reporting period. While no project manager can assume responsibility for a sub-
contractor's operation, it often will be possible for the project manager to render real
assistance by indicating the urgency or importance of subcontracted work, by using his
influence or the power of his office, to obtain improved priorities. A tickler file will be
of value here in keeping track of external actions that are required and the complemen-
ting actions and decisions that project management 1s obligated to render.
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6.12 Only after this type of study and analysis has been completed can a responsible
manager consider his projectadequately programmed and ready for presentation. After
that, he must be prepared to make rapid adjustments whenever the changing situation de-
mands, to update his information at frequent intervals and continually to appraise and

monitor the progress being made. Line of Balance reduces this stupendous task to a
manageable and routine work assignment.
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7.1 Full benefit from the survey cannot be realized until the study i1s complete, the
data analysed and tested, and results appraised and, finally, the feedback loop closed
by means of a presentation to management,

7.2 Arrangements for a conference of this kind should be carefully planned in con-
suitation with the contractor. The time, location, and personnel to be invited to the
presentation should be specified so asto insure that all phases of the operation are ade-
quately covered. It seems almost unnecessary to point out that top management should
attend, and each department concerned should be represented by an official having auth-
ority to speak for the department's operation., Proper representation is extremely im-
portant to the success of the meeting for it would be time wasted were the members

without sanction to make decisions and act upon them.

7.3 The purpose of the presentation is to bring to top management a vivid picture of
the project status, revealing to each cognizant official the existing situation within his own
sphere of responsibility. Thus, the purchasing agent will be apprised of matters relating
topurchased parts, the machine shop superintendent of contractor-made parts, the chief
engineer of design releases, and the general manager of the over-all situation.

7.4 Time allotments for each portion of the presentation should be carefully budgeted
sothat the entire meeting will not last longer thanforty-five minutes to an hour. It often
will be found worthwhile for the group leader and his colleagues to conduct such private
rehearsals as are necessary to 1nsure a concise, logically developed and clear presenta-
tion.

7.5 It 1s customary to divide the program into three phases: the introduction, a re-
view of the facts, anda summary of the survey team's observations. Inthegroup leader's
introductory comments the underlying principles of Line of Balance should be brought
forth, and the reasons for this particular analysis should be outlined. It 1s well tostress
that the information about to be presented was derived from plant records and therefore
represents nothing additional to the requirements of normal, accepted managementprac-
tices. Data were invariably obtained from responsible authorities and, in certain not-
able instances, from the physical examination of work accomplished. The methods used
to develop the data should be explained along with appropriate comment on how the infor-
mation was assembled, verified and cross-checked. There probably would be merit in
repeating that the facts and figures are those which were furnished by the contractor or
his staff, and remainedunaltered by arranging them in the manner called for by the con-
ventions of the technique. As the final step of this first phase, the group leader might
wish to indicate in a general way, the method of compilation, the relationship between
the various levels of Line of Balance charts, and the need for each.

7.6 In the next phase ofthe presentation, other members of the survey team should
be called upon to interpret each of the Line of Balance charts, remembering that many
of the listeners are unfamiliarwith the technique and so will require explanationof some
fairly elementary features. It most often will be desirable to assign responsibility for
presenting detailed information tothe specialist 1n each such area. Having consideration
that these men are specialists and because of this they probably failed to make broad con-
tacts during the survey, 1t 1s likely then that some of them will be unacquainted with a
number of those present. Introductions will clarify the situation andhelp toward an under-
standing of what has been done, and by whom.
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7.7 As a conclusion to the conference, the group leader will summarize the findings
of the survey group and make pertinent observations concerning existing or threatening
problems to which responsible management should give special attention. He will point
out the recommended actions required by the contractor, or others, to mamtain the pro-
]ect on schedule and, as the basisfor measuring performance, emphasize the 1importance

iAot dh s ,!Lp-.,Ln_ ~Anoa vraciilar cohadiila
Ul upuauug Ul Lllalld Ull 4 u::gul.a.x scnequie.

upon tocomment on the results of the survey a d he 1nformat on pre entedo the charts.
It 1s sometimes adv1sab1e to leave the charts on exhibition for a time after the formal
presentation has ended, so that they will be available for use in connection with indivi-
dual questions, comments and discussion.

7.8 After thetea y executive
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Importance of Updating

8.1 Once the Line of Balance installationhas been made 1t 1s vitally important to make
certain that the facts wili be kept up to date. The responsibility for insuring that the up-
dating 1s done promptly and adequately is one which the FAA/BRD project manager can-

not delegate to cthers, Even though the primary responsibility for updating the develop-

ment information is that of the contractor's management, it also 1s essential that the
FAA/BRD project manager review and approve the feedback system.

8.2 A one-time Line of Balance survey provides only a still picture of the develop-
ment process as of the date that the survey was made. Accordingly, its usefulness is
limited. It isthe regularinvestigation and periodic updating of the Line of Balance chart
that results in the greatest good and provides a basis upon which action can be taken to
maintain the project on schedule,

8.3 Any changes that occur in the objective, in the plan, or in the progress, and those
necessitating contractual changes or deviations from plannedfunding, will be brought in-
to immediate focus by this recurring review. As a result, preventive or remedial mea-
sures canbe instituted promptly and at points where they are needed. Theeffectiveness
of these actions can be judged quite readily and decisions made as to whether any addi-
tional effort 1s required.

Process of Updating

8.4 The working level supervisor himself is the source of the updating information.
It is his responsibility to monitor progress and cost at the operating level. Under the
Line of Balance method, this is accomplished by verifying the completion of the tasks
shown on the flow diagrams., Cost information is collected by means of the established
work order numbering system, and reported back to working supervision in the form of
a tab run such as is to be seen in figure 8-1.

8.5 The information developedfrom the Level III flow diagramsis apphed tothe Level

T hanta far 1 at: Than wmha nf T awval TIT ntand nf tha
oy 11 L LD L1LU4 upuau.us pux PUDCD. ]..I.I.U uul.uuc:. Vi LU VL 1A2 QCIIDULD buunylctcu d.D i LI.I.C
survey date, divided by the number of sensors scheduled for accomplishment, governs

the height of the corresponding bar representing accomplishment on the Level II chart.
Completed sensors Wthh are not scheduled for accomphshment as of the survey date
are not counted 1n arriving at the completion ratio. The reason for this, of course, 1s

to point out the limiting sensors.

8.6 The expenditure bar of a Levelll sensor is determined by establishing the actual
costs (translating the manhours and material into cost) and dividing the figure by the

scheduled cost, This ratio is thenapplied against the Line of Balance to indicate the ex-

tent to which the group of sensors are operating below, equal to, or exceeding the plan-
ned cost.

8.7 The Line of Balance should be drawn for every progress bar that is scheduled
for action during the period covered by the survey. Because the line is derived with
respect to time, the level of the Line of Balance on all succeeding charts will continue
to change until the work has been compieted.

Q
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CRN  DEPT DES ORD PH TOT BUD T BUD 1D ACT BI-WKLY WKS-08-12-08-19 1960
10980 562 TAC. MECHe D & D 423 7 610.1 36+0
10980 525 TACe MECHe D & D 423 8 £2.0
10980562 TACe MECHe D & D 423 8 138,3
10980 _ 562 TACe MECHe D & D 423 9 461,0 8.0
10980 562 TAC. MECHe D & D 423 10 70844 8.0
2355.0% * 6932.8*% 269.0%
10980 526 TAC. ELEC. D & D 424 20,0
10980 562 TAC. ELEC, D & D 426 20,0 CR
10980 TAC. ELEC. D & D 424 1 1048040 CR
10980 526 TACs ELEC. D & D 424 1 297643
10980 562 TAC. ELECs D & D 424 1 1792,4
10980 526 TAC. ELECe D & D 426 2 180.0
0980 567 TAC. ELECe D & D 424 2 45,5
0980 526 TAC. ELEC. D b D 424 3 193.1
0980 562 TAC, ELECs D & D 424 3 250.8
0980 526 TAC. ELECe D & D 424 & 4174
0980 562 TAC. ELEC. D & D 4264 & 162.5
10980 526 TAC. ELEC« D & O 426 5 949.8
10980 562 TACe ELECe D & O 426 5 2801.9 70843
0960 562 TAC. ELEC. D G D 424 6 24649 1l1e%
0980 526 TACe ELECe D & O 426 7 233,2
0980 562 TAC. ELECe P & D 426 7 158.0 440
0980 562 TAC. ELEC. D & D 424 8 567.2
0980 562 TACe ELECe D & D 426 9 1614.8 70+9
0980 562 TAC. ELEC. D & D 424 15 7.5 745
10480.0% ® 12575,3% 502.1%
10980 562 ECM-SYST TEST 425 5 . 2,0
¥ » 2.0% *CR
10980 521 ECM-REPORT PREP 426 1 . 20445
10980 522 ECM-REPORT PREP 426 1 8,0
10980 524 ECM-REPORT PREP 426 1 12,0
10980 552 ECM-REPORT PREP 426 1 410,4 1240
10980 562 ECM-REPORT PREP 426 5 8,0
¥ - 682,9% 12.0%
10980 525 R/A SHOP SUPPORT 479 1 N )
10980 562 R/A SHOP SUPPORT 479 1 75846 25641
10980 562 R/A SHOP SUPPORY 479 3 38,0
10980 562 R/A SHOP SUPPORT 479 7 4,0
* » 808.6% 25601%
10980 580 GRP ADMIN ACCESS 600 1 50040 101.1
500.0% . 101,1% *CR
10980 584 ACCESS SYS DES _ 612 20 . 1640
» * 16,00 *CR
10980 _ 584 PWR SYS DES 622 1645
10980 PWR SYS DES 622 1 90,0
10980  SA4 PWR SYS DFS 622 1 4,0
10980 584 PWR $YS DES 622 23 259,8
90,0 » 280,.3% *CR

Figure 8-1 Tab Run
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to form a Level I sensor are also measured from the standpoint of progress and cost.
The same system 1s used to calculate the percentage of completionand expenditures for
the Level I charts as was described above for the Level II chart.

8.9 To update the objective section of the charts, the pertinent cumulative expendi-
tures are plotted oneach related Level II chart, and the total of all is drawn onthe Level

I chart.

Frequency of Review

8.10 It 1snecessary to make an orderly review of the program on a periodic schedule.
Subject to any special requirements of the contractor or the FAA project manager, the
following time intervals are recommended:

Review Frequency
a. Level Il Flow Diagram Prepare once a week and

report every two weeks.

b. Level II charts Review and report every
two weeks.
c. Level I charts Review and report once a

month. .. The cut-off date
should be the end of the con-
tractor's accounting month. ..

8.11 Because of the lag in collecting cost information, there is usually a delay of not
less than one to three weeks before the actual expenditures are available. This delay
often can be reduced to about seven to tendays by speeding up the collection and proces-
sing of the time cards and material obligations. An additional week may be allowed for
the preparation and submssion of charts, making anormal allowable 15 to 20 days be-
tween the end of the accounting period and the finish of its posting on the Line of Balance
reports.

Format of Reporting

8.12 Progressing the Line of Balance installationis accomplished through routine re-
ports which pinpoint deviations from the plan. In addition to updating of the flow dia-
gram, the Level II charts and the Level I charts, there are several supporting reports
which identify the current problem areas and indicate action which has been or can be
taken to alleviate the situation. These reports contain a statement of deviations, the
cost status information, and any recommendations for management's consideration and
attention,

Deviation Reports

8.13 The deviation reports will furnish the FAA/BRD project manager with necessary
supporting information on current or anticipatedproblem areas. Under the Line of Bal-
ance system the deviation reports are invariably prepared at the operating level and are
intended to reflect deviations from the plan shown on the flow diagram. These reports
are thenanalyzed and integrated to be used as a deviation report for the related Level II
charts. Finally, there should be prepared a consolidated deviation report applying to the
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Level I chart reporting any existing problems which may affect planned progress.

8.14 The quality and accuracy of the deviation reports are extremely important if they
are to be of use 1n appraising the progress of the contract. It 1s essential to define the
problem clearly and succinctly, and all corrective action already taken or recommended
should be unequivocally stated. During the early period of an installation, there 1s a
markedtendency todescribe the symptoms rather thanthe rootsof the problems. There-
fore, considerable probing may be required mitially to acquaint the supervisor, the con-
tractor's project manager, the contractor's top management and the FAA/BRD project
manager with the type of information that 1s needed 1n the communication chain.

8.15 A Level Ildeviation report for developmental electronic equipment 1s exemplified
by figures 8-2a, 8-2b, and 8-2c. It will be seen that the problem areas of the program
have been defined as follows:

1. Delay in the basic systems layout for the comparators
and 1nterpolators requiring schematic tie-in.

2. Space allotted for magnetic heads inadequate.

3. Delay due to 1nability to find standard value
transistors for buffer amplifier design.

The following action has been taken or 1s 1n process:

1. Assigned additional specialist to the staff for the study
of the program,

2, Authorized overtime work to solve the configuration problem,

3. Purchasing is seeking other sources in its search for standard
value transistors for the buffer amplifier design, Also there
1s a back-up design if the standard transistors cannot be pro-
cured.

Unless additional corrective action can be taken, the final drawings will be two to three
weeks late 1n being made available to manufacturing.

The Review Process

8.16 An orderly system of review is essential to the operation. Because feedback of
cost and progress information provides the supervisor with the most effective means of
monitoring progress, he should follow these items closely and reportto the project man-
ager, concerning any anticipated or actual deviations from the plan.

8.17  The flow diagrams should be available for reference and kept current sothat they
can be monitored by the persons directly involved in the operations. This action insures
the recognition of responsibility both for performance and for accomplishment. It also
gives both the supervisor andthe project manager the early opportunity to note and cor-
rect impending deviations from the schedule, It 1s vitally important nonetheless that the
number of individualflow charts be held to an absolute minimum so asto avoid unneces-
sarypaper work. The individual flow diagram forms should be used to theirfull capacity
and made to serve more than just a single limited operation wherever it is possible to
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F-2046 DEVIATION REPORT
Fronooxmek evel 1T - I Chart pace L1 __ prosect Computer Program DEPT. R &D periop _Oct. 28
ORI GINATOR R. J. Clark SUPERY | SOR D. Dunbar
SENSOR STATUS
COMPLETE TO DATE 1to17,18,19,22,23,25 to 28 screpuLed m™iis PERIOD 24 to 28 compLeTe 2D t0 2B oo pye 20, 21,24
SENSORS DEVIATING FROM SCHEDULE
NO. | ACTION DENOTED BY SENSOR PROBLEM ACTION TAKEN NTEow CU::.;:NT
DIAGRAM *
DATE DATE
Compl. Elec. De- Delay due to 1nability to find standard Purchasing has attempted to find
20 sign Programn and value transistors for buffer additional sources of specialized
time units amplifier design. transistors. Supplement design 1s be:Sept. 1| Nov. 15
ing developed for use if the trans-
i1stors cannot be procured.
Complete study Basic systems layout for the com- An additional specialist was added
21 | program for DFG parators and interpolators require to the staff on Sept. 1 .
schematic tie-1n. Arithmetic umt Sept. 15 Nov. 15
required more time than anticipated.
Start design com- Because of the problem in item 21 Design will be started using pre-
24 | parators and inter-| start of development (Item 18) was liminary data and will be revised as | Oct. 1 Nov. 24
polators delayed and has prevented com- firm information is available.
pletion of this task as scheduled.
Complete final fv;;asc;enztlilotegtfor rTn}f'gneftlc he:}fs Overtime was allotted to solve
systems drawings ) ¢ fequthe. ere }c;re(,i © the configuration problem . Nov. 4} licv. 18
29 ma.gnetic heads ayouts 1or emagnetlc cads was
not complete on Sept. 9. Two
weeks were required by mech.
configuration design to increase
space. As a result, the program
slipped 2 weeks.

Figure 8-2 Dewviation Report (Sheet 1 of 3)
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DEVIATION REPORT

PAGE 2

PROJECT CanputEI E]:Qgra_m DEPT.

SUPERYISOR

R &D

D, Dunbar

PERIOD

Oct, 28

COMPLETE TO DATE

1to

SENSOR STATUS

22,23, 25 to 28

SCREDULED THIS PER{OD 24 to 28

cowLere _25 t0 28  \ncowprere 20,21, 24

SENSORS DEV!ATING FROM SCHEDULE

NO. | ACTION DENOTED BY SENSOR PROBLEM ACTION TAKEN ‘"TIELG";:TED CURRENT
DIAGRAM EST.
DATE DATE
Start detail design Problem stated in Item 24 prevents Additional drafting personnel will be
30 | comparators and starting this task as scheduled. applied to expedite completion. Nov. 15} Dec. 30
interpolators
Avail. to Mfg. de- Late completion of electrical design| Additional drafting personnel will be
tail design program| to Oct. 1 resulted 1n a 4 week allocated. Nov. 30| Dec. 15
32 . -
and time units slippage 1n this area.
Complete final Configuration redesign to allow morq Unaffected portions of housing systemis
33 | systems drawings space for magnetic heads requires drawings will be sent to design and
housing design redesign of drum housing layouts. drafting. One additional specialist Nov.25] Dec. 16
is being added to systems work
Complete develop-
35 ment comparators
and interpolators See Item 21 See Item 21 Dec. 26} Jan. 30
Avail. to Mfg. Because of slippage in Item 29 draft{ Overtime will be applied in the
39 | detail design drum ing 1s behind schedule. checking areas. Jan.27| Jan.27

unit

Figure 8-2 Deviation Report (Sheet 2 of 3)
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F-2046 DEVIATION REPORT
sxomxxpseran __Level 11 - T Chart PAGE _3 proJECT _COmputer Program DEPT. R &D periop _Oct. 28
ORIGINATOR R. J. Clark SUPERV I SOR D. Dunbar
SENSOR STATUS
compLETE To paTe 1 to 17,18,19, 22,23, 25 to 28 SCHEDULED THIS PERIOD 24 to 28 comprete 2D tO 28 L ere 20, 21,24
SENSORS DEVIATING FROM SCHEDULE
NO. | ACTION DENOTED BY SENSOR PROBLEM ACTION TAKEN T row | CURRENT
DIAGRAM EST.
DATE DATE
Complete elec.
40| design comparators
and interpolators See Item 24 See Item 24 Feb.1l | Feb. 15
Avail, to Mfg. Late completion of electrical design| Additional drafting personnel will
detail design pro- to Oct. 1 resulted in a 4 week be allocated. Nov. 30| Dec.15
32 gram & time units slippage in this area.
Start Sub-assembly| Because of late releases, start of
41| fab. sub-assemblies will be delayed. Jan. 31| Feb.15
Avail to Mfg. Behind in drafting, cabling and Additional drafting personnel
detail mech. design| housing design because of eng. will be allocated. Feb. 24| Mar. 10
42 | drum unit changes to allow more space.

Figure 8-2 Deviation Report (Sheet 3 of 3)
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do so. While it is impossible to provide a fixed ratio of the number of individual flow
diagrams to a Level II chart because 1t would vary so greatly from project to project,
it does seem thata single Level Il chart, orits equivalent Level IIl Integrated Flow Charts,
can be made to represent not less than ten to twelve individual flow diagrams.

8.18 Dewviation reports should be carefully reviewed by the supervisors. If need a-
rises, conferences with cognmizant personnel will develop a clearer picture of the pro-
gram status and the required corrective action.

8.19 The detailed review process usually will be followed by bi-weekly meetings of
the contractor's project manager and his staff for discussion of the Level II Line of
Balance chart and its corresponding deviation report. Inpreparationfor these meetings
there should be a review of the Level III deviation reports and problem areas. The a-
genda for the meeting will provide for an examination of all deviations from the Level II
plan, with special emphasis on clarifying the problem areas and specifying the actions
that are required to alleviate the situation. With advance planning and proper chairman-
ship, the meetings can be limited to an hour, or at most an hour-and-a-half.

8.20 The ultimate step in continuing analysis is the preparation of the Level I chart
and its deviation report for the FAA/BRD project manager. The completeness of the re-
portas well as the speedwith which 1tis submitted are factors havingan important bear-
ing on the efficacy of management. When deviations appear on the Level I charts, it
would be appropriate for the FAA/BRD project manager to request the related Level II
charts and deviation reports. Under ordinary circumstances, a project manager should
expect to be kept advised of significant deviations on a daily basis, receiving his initial
notification within forty eight hours of its detection. For this purpose, a significant de-
viation may be defined as one thatthreatens to cause an overrun, a delay in delivery, or
a compromise in performance,

8.21 While not an integral part of the Level I Line of Balance report, a project mana-
ger may wish to transmit his report under cover of a letter giving a brief summary of
the situation, a comparisonof the original bid, the contract prices, the actual costsbeing
experienced, and other pertinent details, Because of the very limited distribution of
sucha letter, it would servealso as the means for communicating information or recom-
mendations of a private nature. The form appearing as figure 8-3 has been found con-
venient by one contractor for internal use within the company as an enclosure to a letter
of the type just described. With little effort, 1t can be modified to satisfy the needs of
most other contractors.

8.22 For the orderly review of progress and the determination of actions required by
FAA/BRD, joint monthly status meetings have been found desirable. These sessions
afford an opportunity for open discussion of matters having mutual interest, to request
additional comments on the program status, and to secure further amplification of the
problem areas. The decisions should be formally recorded and transmitted to partici-
pating members of the joint group for follow-up action. By careful joint planning, these
meetings will serve to develop a mutuality of interest and coordination in dealing with
matters affecting program status.
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F-2060

(CONTRACT)

CCNTRACTUAL DATA DATE

DATE OF CONTRACT

ORIGINAL CONTRACT PRICE OF PRIME EQUIPMENT

ORIGINAL CONTRACT PRICE OF OTHER ITEMS

CURRENT CONTRACT PRICE OF PRIME EQUIPMENT

CURRENT CONTRACT PRICE OF OTHER |TEMS

AUTHORIZED CHANGES AWAITING NEGOTIATION (PRIME ONLY)

LI R BN N

AUTHOR1ZED CHANGES AWAITING NEGOTIATION (OTHER ITEMS)

ORIGINAL CONTRACT DELIVERY DATE

ADJUSTED CONTRACT DELIVERY DATE

DELIVERY DATE REPORTED TO CUSTOMER

DATA FREEZE DATE

TYPE OF CONTRACT

REMARKS

SUBMITTED BY

CURRENT COST STATUS DATE

A NTEM 1

I TEM ORIG. EST. BID CONTRACT EXPENDED EST. 8@ COMP,

MFG. HRS,

ENG. HRS.

R & D HRS.

PUBL. HRS.

SERVICE HRS.

MAT'L DOLLARS

FACTORY COST

SELLING PRICE

B.OTHER ITEMS

MFG. HRS

ENG. HRS.

R & D HRS.

PUBL. HRS.

SERVICE HRS.

MAT'L DOLLARS

FACTORY COST

SELLING PRICE

REMARKS

SUBMITTED BY

Figure 8-3 Contract and Financial Data Form
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9.1 FAA experience 1n installing its management control system for the Data Process-
g Central at NAFEC affords an excellent means of demonstrating the application of Line
of Balance to a major development program, For simplicity andclarity, the data included
have been modified 1n order to provide a more 1nstructive example and, therefore, should
not be 1interpreted as anaccurate plan or schedule of that activity. This case study 1llus-
trates the broad range of responsibilities which must be suitably integratedin order to ob-
tain adequate control. The description of the means by which widely diversified activities
of large numbers of personnel were directed, and the method that was used to coordinate
the efforts of all contributing contractors, should prove extremely beneficial to any task
manager who 18 faced with the necessity of establishing controls over a development pro-
gram,

Historical Background

9.2 The DPC program was 1nitiated by the Airways Modernization Board, now BRD of
FAA, Its objective was the development of a semi-automatic air traffic control data pro-
cessing and development system which could be applied to the national air traffic control
system. This was a large, complex undertaking involving the design, fabrication, test,
and evaluation of an air traffic control system including equipment employing digital com-
puters and visual display.

9.3 The test and evaluation of this system (referred to as Phase B) required effective
employment of many personnel of diverse talents (engineers, traffic control specialists,
computer programmers) and appropriate scheduling of financial resources. Starting in
early November 1959, the Test and Experimentation Division of the BRD located at NAFEC
was assisted by supporting contractors in the making of a Line of Balance 1installation.
This 1mitial effort was limited to Group I equipment, and consisted of the preparation of
individual flow diagrams, a Level Il Integrated Flow Chart and a Level II Line of Balance
Chart. Subsequently, Line of Balance controls were extended over Groups II andIII equip-
ment and the installation was fully established prior to the end of March 1960.

Equipment Grouping

9.4 Better to allow testing and evaluation programs to be conducted 1n parallel, the
Phase B equipments had been divided into three categories, each of which was capable
of performing certain more or lessindependent air traffic control functions. Group I was
comprised of equipment related to the enroute sector; Group III equipment was concerned
with the transition and termainal portion of the air traffic control program, while Group II
was termed the System Application Peel Off (SAPO) Group and was intended to provide an
abbreviated system test capability prior to the availability of the complete system test
complex,

Planning Effort

9.5 In addition to that associated with the three above named equipment groups, certain
additional planning effort was required to bring these individual enterprises into a co-
hesive whole, This would cover operational programming, support programming, cable de-
sign and manufacture, system coordination, the design and production of suitable test
equipment, and the establishment and operation of a test environment.
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Planning the Installation

9.6 The DPC 1installation of Line of Balance was to be made under the direction of the
Experimentation and Evaluation Branch of BRD, using contractor assistance to supple-
ment the work to be done by the T&E Division engineering staff. The basic assumptions
and ground rules for chart preparation, imtially, were to be proposed by the contractor
and reviewed or adjusted as necessary to meet the requirements of the task manager. In-
dividual flow diagrams nextwere to be prepared within the established bounds prescribed
by each responsible supervisor, whether contractor or FAA, and then combined into Level
III Integrated Flow Charts as a test for feasibility. These Level III Charts next would be
carefully examined by NAFEC management from the standpoint of computer capacity, a-
vailability of test equipment, readiness of installation area, probability of achieving a
manpower build-up of the order envisioned and of the type required, and obtaining neces-
sary authorizations and approvals, or other factors of like import.

9.7 Having accomplished this feasibility check and assured the practicability of the plan,
the next sequential step was that of preparing the appropriate Level II Charts. Ths task
fell to the supervision of the Technical Operations Umt, which activity also would be as-
signed responsibility for developing the Level I Line of Balance chart covering the entire
Phase B, DPC project.

9.8 Because 1dentical plans were proposed and carried out for each equipment group,
and because the development of the data for each such group follows a very similar pat-
tern, in the interest of brevity and clarity this discussion will be concentrated on events
which are 1ncident to Group I activity.

Getting Started

9.9 At the time of initiating this installation, there was in existence a tentative plan for
the test and evaluation of Groups I, II and III equipment. Because of the urgency of get-
ting started, a decision was made to utilize as much as possible of the plan as 1t then
stood (figure 9-1)in lieu of preparing the customary Provisional Level I chart. The plan
was adjusted calendar-wise and brought into line with the changes that had occurred be-
tween the date of the latest revision and the date of the survey. Thereafter this chartwas
treated and used as though it had been prepared inthe standard Line of Balanceformatfor
a Provisional Level I chart,

Group I Equipment

9.10 As has been stated previously, the enroute functions of the DPC were to be dis-
charged by GroupI equipment. All of the functions to be performedwere broken down in-
to five categories: Function 1, Flight Plan Processing and Distribution; Function 2, Auto-
matic Updating of Flight Plan Information, Function 3, ANC Conflict Prediction; Function
4, Bright Radar Display;and, Function 5, Flow Control. The technical testing and evalu-
ation of these functions were arbitrarily divided between Group I and Group II equipment,
with Functions 1, 3 and 5 being tested with the former.

9.11 Included in Group I were the following equipments:
1 Data Processor

1 Buffer Drum
5 File Drums
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2 Enroute Sector Consoles

6 Punch and Printers

2 Flight Plan Groups

1 Flow Control Console
Assorted Teletype Equipment

Group I responsibilities also included any operational programs and technical programs
which might be deemed necessary to prove the assigned functional areas, the intercon-
nection and test of the various units of hardware and their tie-in to the data processor 1t-
self.

Ground Rules and Assumptions

9.12 Preliminary to starting the program analysis, the Task Manager and the Contrac-
tor agreed upon certain ground rules and assumptions which were to be used 1n preparing
the Individual Flow Diagrams and the Level III charts. Some of these rules were adopted
from conventional or standard practices, others were tailored to fit the situation as will
be seen by the following:

9.12.1 Deliveryof equipment to NAFEC will be in accordance with the current delivery
schedule,

9.12.2 Standard test equipment will be furnished by FAA as required, on not less than
thirty days advance notice of peak requurements.

9.12.3 Special test equipment will be available when required,
9.12. 4 Requirementsfor designand drafting services will be satisfied by FAA personnel.
9.12.5 Spare parts will be furnished in the following manner:

Peculiar spares and assemblies will be provided by
the contractor,

Bulk spares will be provided by FAA or under call
contract with the supplier;

Replacement of used spares will be made by FAAor
under call contract with the supplier.

9.12.6 Repair of spare assemblies or major units will be made by separate calls on the
contractor,

9.12.7 Any major equipment rework will be handled under separate arrangement.

9.12.8 FAA will provide, 1nstall, and maintain Government furnished equipment as re-
quired,
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9.12.9 Testandverificationprograms for interconnection toadjacent centers will be sup-
plied by FAA 1n accordance with the pertinent System Functional Test Specifica-
tion.

9.12,10 NAFEC will provide on-base model shop facilities as required.
9.12.11 FAA will maintain all special test equipment.
9.12.12 The probability factor for time and cost estimates will be 70-80 percent.

9.12.13 Level III charts will reflect only the effort to be expended by the contractor and
will not include services provided by the FAA,

9.12. 14 Once approved, Level III charts will not be altered without coordination between
the contractor and the Task Manager.

9.12, 15 Work will not be performed unless 1t appears on an approved Level III chart,

9.12. 16 Budgets will be established in accordance with the estimates appearing on Level
III charts.

9.12. 17 The contractor willdevelop and maintain all Level III charts relating to his work,
9.12.18 FAA will develop and maintain all Level II and Level I charts.
9.12.19 Expenditures will be reported by Level II chart, by track number, and by sensor.

9.12, 20 Integrated Flow Diagrams will be used as the basis for reporting Level Il devia-
tions.

Task Breakdown and Analysis

9.13 It was decided that Phase B effort would be assigned to some recognizable element
of the DPC project so that the various tasks and sub-tasks could be categorized and re-
lated. It was found, in general, that they could be associated with the functional charac-
teristics of the ATC system, with the installation and tie-in of specific pieces of equip-
ment, with some sub-system or system test, or with the specifications and writing of the
data processor programs, At this point it appeared reasonable to separate the Group I
tasks into the following areas:

9.13.1 Interconnection Test Specifications;

9.13.2 Interconnection Test Programs,

9.13.3 Installation, Installation Test and Interconnection Test of:
Input/Output Teletype Equipment
Flight Plan Groups
"R" Register Equipment

Flight Strip Punch and Printers
Data Processor and assoclated equipment;
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9.13.4 Equipment Maintenance Procedures;
9.13.5 Equipment Maintenance Programs;

9.13.6 Sub-system Functional Test Specifications,
9.13.7 Sub-system Functional Tests;

9.13.8 System Functional Test Specifications,
9.13.9 System Functional Tests; and,

9.13. 10 Planning and Control of the Operation,

Measurement of Tasks

9.14 Each of these task areas was studied with a view toward separating it into com=-
ponent parts so that they could be measured for work content., Estimators were enjoined
to use actual experience on comparable equipment whenever possible, and to use the most
considerate judgment when extending past experience into unknown areas. Although there
was tobe included nobuilt-in estimate for catastrophic-type failures, 1t was contemplated
that appropriate allowances would be made for anticipated problem areas and for any other
expected delays or difficulties. All subtasks were further sub-divided each of them being
individually estimated for the manhours necessary to complete any one phase. At the
same time equal consideration was given to the cost of materials that would be required
atvarious times, and these were entered separately as additional factorsfor consideration
in executing the program,

Individual Flow Diagrams

9.15 Using guide lines established by the ground rules and assumptions previously pro-
mulgated under direction of project management, working level supervisors proceeded to
prepare individual flow diagrams for each of the tasks that had been set forth as the re-
sult of the task analysis.

Manpower Requirements

9.16 Then, by totalling the individual manhour estimates for given calendar periods, 1t
was easy to determine the build-up in manpower that the work required. It was observed
that a portion of this strength could be transferred from the work force that was current-
ly engaged 1n the Phase A operation. The balance, of course, had to be recruited or made
up by other means. An increase 1n the length of the work week from 40 to 44 hours could
provide some of the needed manpower. For the remainder required, plans were made to
obtain the necessaryauthorization and to process personnel requisitions on anaccelerated
basis, past experience having shown that it requred an appreciable time to obtain quali-~
fied talent of the type required. An historical factoralso was applied to indicate probable
success 1n recruiting for established grades, especially those accorded among senior
engineers, To cover unseen contingencies, special engineering consulting services and
any technicalassistance required during installation or while making minor modifications,
there was established an arbitrary allowance of 15% of the gross manhour requirements.
This proved to be entirely adequate for the purpose intended.
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9,17 Figure 9-2, illustrating the plan for installing a Peripheral Sector Console and for
conducting its installation and interconnection tests, is an example of a typical Individual
Flow Diagram as it comes from a working level supervisor. As 1n this instance, it often
will be found that the format and symbology is not according to prescribed standards. But
if the basic information is provided, the project manager will be well advised to make the
necessary corrections himself, rather than to generate additional paper work and dis-
gruntle his working level supervisors. At some later time, say before the next report 1s
due, 1t might be well to meet with the individual concerned for the purpose of pointing out
any desired corrections and the necessity for standard presentation.

9.18 The Individual FlowDiagram shown in figure 9-2 represents the schedule for instal-
ling and testing a Peripheral Sector Console (PSC) as the plan was originally conceived.
Sensor 3 indicates that PSC 1 would be delivered during the third week of March 1960 a-
long with necessary power and interconnecting cables to computer console 1 (sensor 2)
and with the unit installationand test specifications that are represented by sensor 1. This
diagram also shows that the installation should be completed by the third week in April
1960, with a planned expenditure of 1080 manhours. The final event in the sequence was
to take place during the third week of August 1960, with the release of an interconnection
test report, sensor 13,

9.19 As frequently happens, it was not possible to proceed as intended, in this case be-
cause delivery of the peripheral sector console was delayed until June 1960. Being no
more than a working document for departmental use alone, the individual flow diagram
was 1nformally altered in pencil by the responsible supervisor, who did not consider 1t
necessary to redraft the diagram on that account.

Inputs and Outputs

9,20 One of the very valuable benefits that is an outgrowth of preparing individual flow
diagrams and Integrated Flow Charts, is the so-called Input-OQutput list. This consoli-
dated list enumerates the supporting actions, services or materials that must be pro-
vided to each working level supervisor if he 1s to perform his assigned tasks and deliver
his designated outputs on time. This listing includes not only the nomenclature and de-
scription of the pertinent sensor, but also the date that the input is expected, an identifi-
cation of the activity that 1s responsible for furnishing it, a cross-reference toother Line
of Balance charts on which the action or items 1s represented, the date when the input (or
output) is required tobe available, and the name of the cognizant working level supervisor.
A representative page from the Input/Output list for the Group I Integrated Flow Chart is
reproduced in figure 9-3 as an example of a form that can be used to make an orderly
comparison of the requirements of the plan with the prospective availability of the items
called for by the supervisors.

The Group I Integrated Flow Charts

9,21 In the case under study, all of the information presented on Group I Individual Flow
Diagrams was brought together on a pair of Level III Integrated Flow Charts so that the
overall plan could be examined i1n combination. One of these Integrated Flow Charts 1s
shown 1in Figure 9-4a. The arrangement of somewhat more than 300 sensorsshows that
the equipment was grouped according to the way in which 1t was intended to tie into the
computer. It can be seen that the Buffer equipment plan and the R Register equipment
plan are arranged respectively above and below the Data Processor plan, the interrela-
tionship being defined by vertical lines connecting mutually dependent events. Solid lines
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B4

LIST OF INPUTS/OUTPUTS

GROUP I, LEVELII, I F D

Sensor Cross

No Sensor Title By |1/0 Date Reference Date Cognizance

35 Disposition Console GPL | I 4/21/60 Holliday
Test Set

36 Cables FPG No 1 GPL| I 4/21/60 6620 4/21/60 | Bierman

37 Delivery of Disposi- GPL| 1 4/21/60 Delivered Phase A
tion Console No 1

39 Availability of In- FAA| I 5/ 7/60 Available E Jones
stalled FLIDEN Unmit

40 Availability of 28 ASR FAA| 1 5/ 1/60 -- 5/ 7/60| D Rogers
Installed

48 FPG No 1 Test Report GPL| 0 11/15/60 -- Tech Services
(15 Pages)

49 Cables Distribution GPL| 1 4/21/60 6628 4/21/60 | Bierman
Scanner

51 Delnvery of Distri- GPL | I 4/21/60 Delivered
bution Scanner

52 Availability of 28 RT FAA|} 1 5/ 7/60 -- D Rogers
Units Installed

55 Cables FPG No 2 GPL| 1 4/21/60 6621 5/27/60 | Bierman

56 Delivery of Disposi- GPL| 1 4/21/60 Delivered Phase A
tion Console No 2

58 Availability of In- FAA| 1 5 17/60 Available E Jones
stalled FLIDEN Units

59 Availability of 28 ASR FAA| I 5/ 1/60 D Rogers
Installed

65 FPG No 2 Test Report GPL| © 11/ 1/60 -- Tech Services
(15 Pages)

66 Cables FPG No 3 GPL | I 4/21/60 6522 4/21/60 | Bierman

67 Delivery of Disposi- GPL| I 4/21/60 Delivered Phase A
tion Console No 3

72 FPG No 3 Test Report GPL| 0 11/ 1/60 -- Tech Services
(15 Pages)

73 Cables FPG No 4 GPL| I 4/21/60 6623 4/21/60 | Bierman

74 Delivery of Disposi- GPL| I 4/21/60 Delivered Phase A
tion Console No 4

79 FPG No 4 Test Report GPL| 0 8/ 1/60 -- Tech Services
(15 Pages)

81 Cables Adjacent Center GPL| 1 4/21/60 6626 4/21/60 | Bierman
Monitor

82 Delivery of Adjacent GPL| 1 4/21/60 Delivered Phase A
Center Monitoring Panel
(2)

88 Adjacent Center Momitor| GPL| 0 | 11/15/60 - Tech Services

Test Report (15 Pages)

Figure 9-3 Input/Output List for Level III IFC
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. s

O O~ ovw Fwpp -

Test Specification - 1A
Programming Package - 1A
Test Program

Complex Ready for Test
Test Specification - 1B
Programming Package - 1B
Test 1A Completed

Test Specification - 1C
Programming Package - 1C
Test 1B Completed

Test Specification - 1D

. Programming Package - 1D
. Test 1C Completed
. Test Specification - 1E

Programming Package - 1E

. Test 1D Completed
. Basic PFunctional Test Specifications - 1F
. Basic Functional Programming Package - 1F
. Test IE Completed

. Basic Functional Test IF Completed
. Test Report
. UNIVAC ATC-DPC Interconnection Test Program

UNIVAC Program

UNIVAC

Complex Ready for Interconnection Test
Functional Test glF Test Specification
Functional Test (1F) Test Data

UNIVAC Verification Program

Complex Ready for Functional Test - 1F
Functional Test 1F Completed

Functional Test 1F Test Report
Disposition Console Installation & Test Specifications
Disposition Console Test Set

Cables

Delivery of Disposition Console #1
Disposition Console Installed and Tested

. Availability of Installed Fliden Unit

Avallability of 28 ASR Installed

#37, 39, 40 Interconnected

Interconnection of Flight Plan Group #1 to Distribution Scanner
Interconnection Test Specifications

Interconnection Test Programs

. Flight Plan Group #1 Components Interconnected

Flight Plan Group #l1 Interconnection Test Completed
Computer Interconnection Test Completed

Test Report

Cables

. Distribution Scanner Test Set (FAA)

Delivery of Distribution Scanner
Avallability of 28 RT Units Installed

Figure 9-4b Sensor Identification IFC (Sheet 1 of 7)
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Distribution Scanner Installed
Distribution Scanner Tested with RT Units
Cables

Delivery of Disposition Console #2
Disposition Console #2 Installed & Tested
Avallability of Inatalled Fliden Units
Availability of 28 ASR Installed

. #56, 58, 59 Interconnected
. Interconnection of Flight Plan Group #2 to Distribution Scanner
. Flight Plan Group #2 Components Interconnected

Flight Plan Group #2 Test Completed

Computer Interconnection Test Completed

Test Report

Cables

Delivery of Distribution Console #3

Disposition Console #3 Installed & Tested

Flight Plan Group #3 Interconnected to Distribution Scanner
Interconnection Test Completed

Computer Interconnection Test Completed

Test Report

Cables

Delivery of Disposition Console #4

Disposition Console #4 Installed & Tesced

Flight Plan Group #U Interconnected to Distribution Scanner
Interconnection Test Completed

Computer Interconnection Test Completed

Test Report

Unit Installation and Test Specification

Cables

Delivery of Adjacent Center Monitoring Panel (2)

Units Installed

Interconnection Test Program

Interconnection Test Specification

Units Interconnected with Distributlion Scanner and Tested

. Interconnection Test Completed

Test Report

Unit Installation and Test Specification
Cables

Distribution Scanner Test Set (FAA)

Delivery of Adjacent Center Distribution Scanner
Availability of 28RT Units Installed
Distribution Scanner Installed & Tested
Distribution Scanner Tested with 28RT's
Availability of 28RO's (2) Installed
Availability of 28ASR's (2) Installed
Cables

Installation of Units

Units Installed and Tested

Interconnection Tests Completed

Test Report

Unit Installation and Test Document

Cables Power and Interconnecting

Delivery of Computer Inquiry Typewriters (2)

Figure 9-4b Sensor Identification IFC (Sheet 2 of 7)
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106, Units Installed and Tested

107. Unit Interconnection Tests Completed
108. Test Report

. Unit Installation and Test Speciflcation
110. Tape Control Sequences

111, Cables

112, Delilvery of Punch and Printer No. 2

114, Unit Installed

115. Flight Strip Holders and Paper
116. Unit Installation Test Completed
117. Interconnection Test Specification
118. Interconnection Test Program

119, Start of Interconnection Test

120, Interunit Marginal Test

121, Unit Interconnection Test Completed
122. Test Report

123, Cables

124, Delivery of Punch and Printer #3
125, Unit Installed

126, Unit Installation Test Completed
127. Interconnection Test Completed
128, Test Report

129. Cables

130. Delivery of Punch and Printer #4
131. Unit Installed and Tested

132, Interconnection Test Completed
133, Test Report

134, Cables

135. Delivery of Flight Strip Punch and Printer #5
136. Unit Installed and Tested

137. Interconnection Test Completed
138. Test Report

139, Cables

140, Delivery of Punch and Printer #6 & 7
141, Unit Installed and Tested

142, Interconnection Test Completed
143, Test Report

144, Cables

145. Delivery of Punch and Printer #9
146, Unit Installed and Tested

147, Interconnection Test Completed
148, Test Report

149, Cables

150. Delivery of Punch and Printer #10
151. Unit Installed and Tested

152. Interconnection Test Completed
153, Test Report

154, Cables

155. Delivery of Punch and Printer #1 & 2 (reworked)
156, Unit Installed and Tested

157. Interconnection Test Completed
158. Test Report

159. * Delivery of Computer #1

160, * Delivery of File Drum #1

Figure 9-4b Sensor Identification IFC (Sheet 3 of 7)
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161,
122.
.

168
165,
165,
167,
168,
169,
170.
171,
172,
173.
174,
175.
176,
177.
178.
179.
180,
181.
1—82 o
183,
184,
185,
186,
187.
188.
189,
1900
191,
192,
193.
194,
195.
196,
197,
198,
1990
200,
201,
202.
203,
o0k,
205,
206,
207.
208,
209,
210.
211.
212,
213,
214,
215,
216,

* Delivery of Installation and Interconnection Specs.
* Delivery of Checkout and Diagnostic programs

¥ Cables

* Power on Computer and Flile - both holding

¥ ALl Checkout Routines Tested

* Acceptance of Computer and File

* Cables

* Delivery of Installation and Interconnection Test Spec.
* Delivery of Sequence Console

* Sequence Console Ready for Operation with Computer
Cables

Delivery of Installatlon and Interconnection Test Specs.
Delivery of Buffer Type I

Dellvery of Buffer Interconnecting Programs

Buffer Ready for Operatlon with Computer

Cables for File Drum #3

Delivery of Interconnection Box, Serial #3

Delivery of File Drum #3

File Drum #3 Ready for Operation with Computer

Cables

Dellvery of Switchlng Unit

Delivery of Interconnection box, Serial #5

Delivery of Test Box

Dellvery of File Drum #5

File #5 with Switching Unit Ready for Operatlon with Computer
Summary Report for Tapes

Cables

Delivery of File Drum #6

File Drum #6 Ready for Operation with Computer

Summary Report for Files

Cables

Delivery of Adapter Box and Test Equipment

Delivery of Checkout and Diagnostic Programs

Delivery of Installation and Interconnection Test Specs.
Delivery of Computer Console #4

Computer #4 Interconnected with Computer #1 through Switching Unit
Cables

Delivery of Unit Installatlion and Test Specs.

Delivery of Peripheral Sector Console #1

Delivery of Peripheral Equipment Testor or Equivalent
P.S.C. #1 Installed

Peripheral Sector Console Interconnectlion Test Program
P.S.C. #1 Interconnection Test Spec.

P.S.C. #1 Installation Test

Interunlt Marginal Interconnection Tester

Peripheral Sector Console Interconnection Test Completed
Interconnection Test Report

Interconnection Test Program

Avallabllity of Peripheral Sector Console Group #2 from Group II
P.S.C, #2 Interconnection Test Completed

Test Report

Cables

Delivery of PSC #3

P.S.C, #3 Installed

Installation Test Completed

P.S.C. #3 Interconnection Test Completed
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217.
218,
219.
220.
221,
222,
223,
224,
225,
226,
227.
228,
229,
230.
231.
232,
233.
234,
235 .
236.
237.

238,
239.
240,

241,
242,
243,

24y,
245,
246,

247,
248,
249,

250,
251,
252,

253.
254.
255.
256.
257.
258,
259.
260.
261.
262,
263.
264,
265.

P.S.C. #3 Tested with Radar Supplement and D/A Converter

Test Report

Cables

D/A Converter Installation and Test Specs.

Delivery of D/A Converter

D/A Converter Installed and Tested

Test Report

Cables

Delivery of Radar Supplements #1 & #2

Radar Supplements Installedd

Radar Supplement ties to D/A Converter

Complex Interconnected

Test Completed

Cables

Delivery of PSC Group #4

Unit Installed

Installation Test Completed

Interconnection Test Completed

Test Report

Basic Functlonal Test Program

Programming Package to Process Data as Previous plus and Transition
of Updates

Basic Functional Test Spec. (1F + 2B)

Complex Ready for Test

Programming Package to Process Data as previous plus, update strips,
update translition terminal and adjacent center

Basic Punctional Test Specs (1lF 4 2F)

Test (1F 4 2B) Completed

Programming Package to Process Data as Previous plus, Probe Insertion
and Conflict Displays

Basic Functional Test Specs (1F + 2F + 3A)

Test (1F & 2F) Completed

Programming Package to Process Data as Previous plus, Display of Con-
flict requests

Basic Functional Test Spec. (1F &+ 2F ¢ 3B)

Test (1F + 2F + 3A) Completed

Programming Package to Process Data as Previous plus, weather up-
dated and display plus departure search and updates caused from
ETD's

Basic Functional Test Spec. (1F + 2F + 3D)

Test (1F + 2F + 3B) Completed

Programming Package to Process Data as previous plus, flight plan
tracking

Baslc Functional Test Spec, (1F + 2F + 3E)

Test le 4+ 2F + 3Dg Completed

Test (1F + 2F + 3E) Completed

Test Report

Functional Test 1F « 2F Test Data

Functional Test #1F « 2F Test Specs.

UNIVAC Verification Test and Functional Test #lF « 2F Programs
Complex Ready for Test

Functional Test 1F « 2F + 3B Tesat Data

Functional Test 1F « 2F &+ 3B Test Specs.

Test 1F + 2F Complete Low Speed

UNIVAC Verification Test and Functional Test #1F + 2F + 3B Programs
Complex Ready for Test

Figure 9-4b Sensor Identification IFC (Sheet 5 of 7)
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266,
267.
268.
269.
270.
271.
272.
273,
274,
275,
276.

27T
278.
279.
280.
281,
282,
283.
284,
285.
286,
287.
288,
289,
2900
291,
292,
293,
294,
295 .
296.
297.
298.
299.
300,
01,

320,

Functional Test 1F + 2F ¢ 3E Test Data

Functional Test 1F + 2F « 3D Test Specs.

Test 1F « 2F 4 3B Completed

UNIVAC Verification Test and Functional Test #1F + 2F s+ 3B Programs
Complex Ready for Test

Reports

Test 1F + 2F & 3D Completed

Reports

Functional Test 1F « 2F & 3E Test Data

Functional Test 1F «+ 2F + 3E Test Specs.

UNIVAC Verification Test and Functional Programs for Test 1F ¢ 2F
4+ 3E Complex Ready for Test

Complex Ready for Test
Test 1F +« 2F + 3E Completed

Report

Cables

Flow Control Console Installation and Installation Test Specs
Delivery of Flow Control Console

Flow Control Console Installed

Interunit Marginal Tester Interconnection Test Specs
Interconnection Test Program

Interunlit Marginal Tester Installation Test Completed
Interunit Marginal Tester Delivery

Interconnection Test Completed

Marginal Interconnection Test Completed

Test Report

Flow Control Programming Package

Basic Functlonal Test Specs 1F « 2F + 3E + 5

Complex Ready for Test

Test Completed

Test Report

Basic Functional Test #5 Test Data

Functional Test #5 Test Specs.

UNIVAC Verification and Test Programming

Complex Ready for Test

Test Completed

Test Report

Maintenance Test Philosophy

Test Report

Equipment Study

Speclial Test Program

Equipment Diagnostic Program

ON and OFF Line Routines

Routines

Flow Dlagram and English Descriptlons

Flow Dlagram and English Translation

Calls

Schedules

Assignments

Line Bal ance Charts

Engineering Reports

Progress Reports

Proposals

Recommended Calls

Unit Products Speecs.

Adjacent Center Input, Interconnection Specs.
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Computer Inquilry Typewriter Interconnection Speecs.
Flight Plan Group Interconnection Specs.

Adjacent Center (output) Interconnection Specs.
Punch and Printer Interconnection Specs,

Sage Output Interconnection Specs.

PSC and Flow Control @Group Interconnection Spec
Start of Flow Diagrams

Supervisor Console Interconnection Program

P3C Group Interconnection Progranm

Punch and Printer Interconnection Program

Sage and Adjacent Center Output Interconnection Program
Computer Inquiry Typewriter Interconnection Program
Adjacent Center Input Interconnection Program
Flight Plan Group Interconnection Program
Interconnection Program tled together

AMB 58-1, AMB 58-2, FAA Drawing B-2-7091-14

Basic Functional Test Flow Diagram and English Translation
Basic Test Phillosophy and Plan

Basic Functional Test Spec's (1A

Baslic Functional Test Spec's (1B

Basic Functional Test Spec's (1C

Basic Functlonal Test Spec's (1D

Basle Functional Test Spects (1E

Baslc Functlonal Test Spects 1F)

Basic Functional Test Spec's (1F « 2B3

Basic Punetlonal Test Spec's (1F «+ 2F

Baslc Functional Test Spec's (1F + 2F + 3A
Baslc Functional Test Spec's (1F « 2F + 3B
Basic Functional Test Spec's (1F + 2F + 3D
Basic Functional Test Spec'!s (1F s 2F <« 3E
Basic Punctional Test Spec's (1F & 2F + 3F « 5)

AMB 58-1, AMB 58-2 FAA Drawing B-2-7091-14
Functional Test Flow'Diagram and English Translation
Functional Tesi{ Philésophy and Plan

Functional Test Spec's (1F)

Functional Test Spec's (1F + 2F)
Functional Test Spec's (1F 4 2F + 3B
Functional Test Spec's (1F & 2F + 3D
Functional Test Spec's (1F « 2F + 3E
Functional Test Spec's (1F + 2F + 3E + 5)

Avallability of High Speed Punch & Electronics

Delivery of Break Point Programmer

Delivery of Spoolers, Spllicers, & Rewlnders

Delivery of Tape Editing Console

Delivery of Flex-o-Writers

Equipment Malntenance Data Processor Diagnostic Programs (Tape
Formg On & Off Line Data Processor Programs (Tape Form)

On & Off Line Data Processor Programs (Tape Form)

Avallability of 28RO Units (2) Installed & Monitor Panel Tables (2)
Tab Bay Handler

* Action taken on these items prior
to April 1, 1960

Figure 9-4b Sensor Identification IFC (Sheet 7 of 7)
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indicate the tie-in of hardware to the computer, while dotted lines indicate the require-
ment of hardware for functional test. Two additional major groupings are represented
on this Integrated Flow Chart; the Functional Test Program and the category "miscella-
neous', which covered such matters as test specifications, maintenance programs, and
the very 1important operations planning functions.

9.22 A second Level III Integrated Flow Chart was devoted to a representation of the
Operational Programming, Management and Program Support, including training, indoc-
trination and technical writingefforts. Although not shown by example here, the informa-
tion displayedon the two LevelIIl Charts for Group Iequipment was carefully coordinated
and updated whenrequired. It should be noted, for instance, that the revision in plan that
1s mentioned 1n paragraph9. 23 and crudely entered on the Individual Flow Diagram shown
as figure 9-2, has been incorporated in the Level III Integrated Flow Chart appearing as
figure 9-4a.

Necessary Adjustments

9. 23 By combining Individual Flow Diagrams 1nto the Level III Integrated Flow Charts, 1t
was evident that a series of adjustments would be required to make the plan feasible. The
most obvious of these had to do with computer utilization the demand was greatly in ex-
cess of capacity. By adopting a time sharing plan wherever possible, by eliminating all
but the vitally necessary operations, by altering individual time sequences, by lengthening
the work week and by effecting close cooperation between those using and maintaining the
computer, the time required and the time available were brought into harmony. In like
manner, anexaminationwas made of the indicated requirements forall special test equip-
ment. This necessitated a reconsideration of priorities and time factorsas well as of a-
vailabilities. The latter, in turn, led to a review of FAA 1nputs and thence to contractual
action with augmented project funding.

The Group 1 Level II Chart

9.24 Referenceto figure 9-5 will reveal the manner inwhich information displayedon the
Level III Integrated Flow Charts was condensed 1nto one Level II Line of Balance Chart.
This presentation illustrates the plan for bringing together and testing the major groups
of equipment, the conduct of the technical program, the preparation of requred reports,
and the continuous process of administering the project. The method of synthesis follow-
ed established conventions, with a single sensor on the Level II Chart representing a re-
lated group of sensors appearing on the Level III Integrated Flow Charts. For example,
Level II sensor 1, labelled "delivery of disposition consoles 1, 2; 3 and 4", 1s represen-
tative of the ten sensors on the Level III Chart which are circled 1n figure 9-6. Again,
Level II sensor 14, "Flight Plan Groups 1, 2, 3 and 4—Installed and Tested with Flight
Plan Distribution Scanner", has been caused to take the place of twelve other sensors
which are clearly 1dentified 1n figure 9-6. In a similar fashion, the remaining 347 sen-
sors appearing on the Level IIT Charts have been categorized by the type of equipment,
the function they are to perform or the calendar date that some measurable event 1s to
take place. The result of this process of distillation 1s shown 1n figure 9-5a, wherein all
of the events symbolized by the 369 Level III sensors are now represented by 95 sensor
points on the Level II Chart. Itwill be seenthat the estimated manhour expenditures noted
on the Level Il charts have been summarized on a monthly basis and now appear 1in a cum-
ulative plot in the objective section of the Level II Chart. In this case, the curve shows an
anticipated expenditure of about 150, 000 manhour s over the course of the two ensuing years.
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References
Sensor Sensor
No . Description Chart No.
1. Delivery of Disposition Consoles A 34,35,36,37,55,
Nos. 1, 2, 3 and L %;66,67173174
2. Begin Interconnection Program Flow A 326,327
Dlagrams
3. Delivery of Punch and Printer No. 2 A 109,110,111,112
i, Flight Plan Unilts Nos. 1, 2, 3, 4 A 38,39,40,57,58,
Installed and Tested 59,60,68,75
5. Adjacent Center Monitors Delivered A 80,81,82,83,
and Installed 368
6. Punch and Printer No. 2 Installed A 114,115,116
and Tested
1. Delivery of Distributlon Scanners A 49,50,51,89,90,
Nos. 1, 2 91,92
8. Delivery of Peripheral Sector A 197,198,199,
Console No. 1 369
9. Delivery of All Group I A 302,319,320,321,
Interconnection Test Specificatlons 322,323,324,325
10. Delivery of Flow Control Console A 280,281,282
1l. Distribution Scanners Nos. 1 and A 52,53,54,93,9%,
2 Installed and Tested with RT!'s 95
l12. Dellvery of Buffer Type I and A 171,172,173,364,
Programming Hardware 362,363,364,365
13. Delivery of File Drum No. 3 A 176,177,178
14, Flight Plan Groups Nos. 1, 2, 3, A 4o, 43,44 45 L6,
4 Installed and Tested with Flight 61,62,63,69,70,
Plan Distribution Scanner 76,77
15. AdJjacent Center Monitors Tested A 84,85,86

with Adjacent Center Distribution
Scanner

Figure 9-5b Sensor Identification Level II (Sheet 1 of 7)
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References
Sensor Sensor

No. Description Chart No.

16. Administrative Report No. 1 A 314,315

17. SAGE and Adjacent Center Output and A 9,97,98,99,100,
Computer Inquiry Typewriters Nos. 103,104,105,106
1 and 2 Installed and Tested

18. Dellivery of Punch and Printer No. 3 A 123,124

19. Delivery of Peripheral Sector A 212,213
Console No. 3

200, 201

20. Peripheral Sector Console No. 1 A 202,203,204
Installed and Tested

21. All Group I Interconnection Test A 328,329,330,331,
Programs Delivered 332,333,334

22. Buffer Type I Operating with A 174,175
Computer No., 1

23. Digital to Analog Converter A 219,220,221,222
Delivered, Installed and Tested

24, Punch and Printer No. 3 Installed A 125,126
and Tested

25. File Drum No. 3 Operating with A 179
Computer No. 1

2%. Delivery of Peripheral Sector A 230,231
Console No. 4

27. Interconnection Test Program A 304,335
Integration Completed

28. Flight Plan Groups Nos. 1, 2, 3, A 47,6%,71,78,87,
4 Operating with Computer No. 1 101,107

29. Dellvery of Punch and Printers A 129,130,134,135
Nos. 4 and 5

30. Flow Control Group Operating with A 283,284,285,
Computer No. 1 286,287,288,

289

Figure 9-5b Sensor Identification Level II (Sheet 2 of 7)
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References
Sensor Sensgor

No. Description Chart No.

31. Delivery of Programming Package 1A, B 10,24
Dellvery of ATCOM BUS and Error
Programs, and IBM 709 Available for
Program Assembly

32. Peripheral Sector Console No. 1 A 205,206,207
Operating wlth Computer No. 1

33. Punch and Printers Nos. 2 and 3 A 117,118,119,120,
Operating wlth Computer No. 1 121,127

34, Delivery of File Drum No. 5 and A 180,181,182,183,
Computer Switching Unit 184

35. Administrative Report No., 2 316

36. Punch and Printers Nos. 4 and 5 A 131,132,136,137
Operating with Computer No. 1

37. Delivery of Programming Package 1B B 35

38. Complete Basic Functional Test 1A A 1,2,3,4,7,336,

337,338,339

39. Complete Equipment Malntenance A 305,306,307
Program Study

4o. Delivery of Punch and Printers A 139,140,144 ,145
Nos. 6,7, and 9

41, Peripheral Sector Console No. 3 A 214,215,216
Operating with Computer No. 1

4o, Peripheral Sector Console No. 2 A 208,209,210
Operating with Computer No. 1

43, Delivery of Punch and Printer A 149,150
No. 10

Ly, Peripheral Sector Console No. 4 A 232,233,234
Operating with Computer No. 1

45, File Drum No. 5 and Switching A 185

Unit Operating with Computer

Figure 9-5b Sensor Identification Level II (Sheet 3 of 7)
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References
Sensor Sensor
No. Description Chart No.
46. Dellvery of Programming Package 1C B 48
ht. Complete Basic Functional Test 1B 5,6,10,340
48, Delivery of Punch and Printers A 154,155
Nos. 1 and 2 (reworked)
49, Punch and Printers Nos. 6, 7, and A 141,142,146,147
9 Operating with Computer No. 1
50. Report on Interconnection of "R" A 211,218,223,235,
Reglister Equipment 290
51. Completion of Flow Diagrams and A 308,309,310
English Translations for Equip-
ment Malntenance Programs
52. Dellvery of File Drum No. 6 A 187,188
53. Radar Supplements Installed and A 224,225,226 ,227
Tested
54, Punch and Printer No. 10 A 151,152
Operating wlith Computer No. 1
55. Delivery of Programming Package 1D B 53
56 . Complete Baslc Functional Test 1C A 8,9,13,341
57. Delivery of Programming Package 1E B 54
58. Complete Basic Functional Test 1D A 11,12,16,342
59. Punch and Printers Nos. 1 and 2 A 156,157
Operating with Computer No. 1
60. Delivery of Computer No. 4 A 191,192,193,194,
195
61. Report on Interconnection of A 48,65,72,79,88
Buffer Equipment 102,10 ,i22,12§,
133,138,143,148,
153,158
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Test No. 1

References
sSensor Sensor
No. Description Chart No.
62. Peripheral Sector Console No. 3 A 217,228,229
Operating with Digital to Analog
Converter and Radar Supplements
63. Delivery of Programming Package 1F B 55
oh. Complete Basic Functional Test 1E 14,15,19,343
65. File Drum No. 6 Operating with A 189
Computer No. 1
66. Report on Interconnection and A 190
Hardware Tests of Flle Drums
67. Equipment Maintenance Programs A 366,367
Complete
68. Delivery of Programming Package B 59
1F + 2B
69. Complete Basic Functional Test 1F A 17,18,22,24,25,
and UNIVAC Tie-In 26.27.31.344
70. Complete Basic Functional Test A 236,237,238,239,
1F + 2B 242,355
71. Computer No. 4 Operating with A 196
Computer No. 1
72. Delivery of Programming Package B 66
1F + 2F
73. Complete Functional Test 1F A 28,29,30,32,342,
(End Function 1) 352,353,354,355
Th. Delivery of Programming Package B 73
1F + 2F + 3A
75. Complete Baslc Functional Test A 240,241 ,245,346
1F + 2F (Start Function 3)
76. Report on Hardware Functional A 23,33

Figure 9-5b Sensor Identification Level II (Sheet 5 of 7)

101



MANAGING A DEVELOPMENT PROGRAM

References
Sensor Sensor

No. Description Chart No.

7. Complete Basic Functional Test A 243,244 , 248,347
1F + 2F + 3A

78. Delivery of Programming Package B 76
1F + 2F + 3B

79. Complete Functional Test 1F + 2F A 257,258,259,260,

263,356

80. Delivery of Programming Package B 84
1F + 2F + 3C

81. Delivery of Programming Package B 85
1F + 2F + 3D

82. Complete Basic Functional Test A 246 ,247,251,348
1F + 2F + 3B

83. Report on Hardware Functional A 303
Test No. 2

84. Administrative Report No. 3 A 317,318

85. Complete Basic Functional Test 249,250,254,349
1F + 2F + 3D

86. Delivery of Programming Package B 94
1F + 2F + 3E

87. Complete Functional Test A 261,262,264,
iF + 2F + 3B 265,268,357

88. Complete Basic Functilonal Test A 252,253,255,
1F + 2F + 3E 350

89. Delivery of Programming Package B 97
1F + 2F + 3E + 5
(End Function 3 - Start Function 5)

90. Complete Functional Test A 266,26%,269,270,
1F + 2F + 3D 272,35

91. Complete Basic Functional A 291,292,293,29%4,
Test No. 5 351
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References
Sensor Sensor

No. Description Chart No.

g2. Complete Functional Test A 274,275,276,277,
1F + 2F + 3D + 3E 278,359

93. Complete Functional Test No. 5 A 296,297,298,299,
(End Function 5) 300,360

9L, Report on Hardware Functional A 256,271,273,279,
Test No. 3 295

g95. Report on Hardware Functional A 301
Test No. 5

93A. Complete Functional Testing

Use of Computer

Figure 9-5b Sensor Identification Level II (Sheet 7 of 7)
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DPC Chart and Diagram Structure

9.25 While our review of the Phase B Program thus far has been confined to a discus-
sion of the plans and programming for the Group I equipment, it should not be inferred
from this that other parts of the program were being neglected. In reality, there was
simultaneously instituted a parallel effort to develop Level III and Level II Charts for all
other groups of equipment and support action. The nature and structure of Line of Bal-
ance charts and diagrams are summarized in the accompanying figure 9-7. This also il-
lustrates the manner in which Level III charts were consolidated into Level II charts, and
how these in turn were combined 1nto a single Level I Line of Balance chart,.

The Level 1 Chart

9.26 The Phase B Program for the Data Processing Central is summarizedin 1its entire-
ty by figure 9-8a, which projects the installation of the three groups of equipment and all
functional and operational testing. As was true in the case of any Level II chart, each
Level I sensor represents a group of sensors on some chart or charts of the next lower
level, with progress and cost status reflecting the cumulative situation occupied by all
related Level II sensor points.

9.27 The manner in which the cross-reference mechanism operates can be seen by re-
ferring to Level I sensor 4, "Delivery of Equipment Necessary to Begin Function No. 1",
in figure 9-8a. This represents the four circled Level II sensors in figure 9-9, numbers
1, 4, 7 and 12, Other Level I sensors, such as numbers 8, 28, and 29, can be traced to
their Level II counterparts by comparing figure 9-8a, the DPC Level I Chart, with the
annotated Level IT Chart shown 1n figure 9-9.

9.28 Not so clearly apparent, perhaps, but nonetheless similarly interrelated are the
objective curves shown on the Level I and various Level II Charts. That appearing on the
Level I Chart represents the estimated cumulative dollar expenditures for the entire pro-
gram, while those curves on the Level II Charts are indicative only of the manhour ex-
penditures for the category of effort represented by the chart. In this instance, the Level
I objective curve shows a planned expenditure of somewhat more than 6 million dollars
during the period 1 March 1960 to 28 February 1961. This sum, of course, includes
material and other costs in addition to dollar equivalents of the estimated manhour ex-
penditures shown on the various Level II Charts.

Progress Reports

9.29 To keep his Phase B Line of Balance installation continuously attuned to the chang-
ing situation, the Task Manager established a feedback type of reporting system. Lines
of communication wereprescribed aswas also a mandatory schedule for the furnishing of
reports from supporting contractors and other cogmzant authorities, Having due consid-
eration for the then existing state of affairs, progress information was to be made avail-
able on a weekly basis, using the Level III Integrated Flow Chart and an accompanying
Deviation Report Form (see figure 9-10) as the media for expressing program status.
Contractors were to maintain and update weekly the Level III Charts whichdelineated their
responsibilities, whereas the Task Manager and his staff would discharge all duties as-
sociated with the internal reporting function. In addition, staff engineers would attend to
the preparation, maintenance andupdating of Level II Charts in accordance with the latest
status reports. Reports from the contractor were never accepted blindly. In each in-
stance they were routed via staff engineers who were cognizant of the actual situation and
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Chapter 1X

THE DPC PHASE B PROGRAM

Sensor
No.

1.

O

e
(@]
.

SENSOR LIST FOR

ATC/DPC LINE OF BALANCE CHART

Description

Delivery of Equipment Necessary for
Functional Test No. 5

Delivery of Equipment Necessary for

e~ Y

L‘u.llbU.LUlld.J- J.Cﬂ\l l‘lU- }

Delivery of Equlpment Necessary for
Functional Test No. 4

Delivery of Equivment Necegsary to
ANt e e ¥ v e WY WA ANy VA LN SA AV Ve DAL Y LA 4
Begln Functional Test No. 1

Delivery of Equlipment Necessary to
Begin Functional Test No. 2

Equipment Necessary to Begiln
Functional Test No. 3 Delivered

Delivery of Equipment Necessary
for Punctlonal Test No. 2

Equipment Necessary to Begln
Functional Test No. 1 - Inter-
connected and Tested

Begin Functional Test No. 1

Equipment Necessary for Functionail
Test No. 5 - Interconnected and
Tested

-~

Tamitsm Thism ~
DT HLLL S v

Delivery of Equipment Ne essgry go
- MAa e d=
U iad LTOV

Equipment Necessary to Begin
Functional Test No.

and Tested

l\)d‘

Equipment Necessary to Begin

Functional Test No. 3 - Interconnected

and Tested

- Interconnected

>

-3

1,3,5

[
.
4~
-
-~
-
'._l
no

2,3

Figure 9-8b Sensor Identification Level I (Sheet 1 of 6)
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Sensor
No. Description

14, Equipment Necessary for Functional
Test No. 4 - Interconnected and Tested
1s5. Begin Functional Test No. 4

16. Equipment Necessary to Complete
Functional Test Nos. 6 & 8 Delivered

17. Equipment Necessary to Complete
Functional Test No. 1 Dellvered
18. Begln Functional Test No. 2

19. Equipment Necessary for Functional
Test No. 7 - Interconnected and Tested

20. Delivery of Equipment Necessary to
Complete Functional Test No. 2

21. End Functional Test No. U

22, Dellvery of Equipment Necessary
to Complete Functional Test No. 3

23. Equipment Necessary to Complete
Functional Test No. 1 - Interconnected
and Tested

o4, Dellvery of Equipment Necessary for
Functional Test No. 1

25. Equipment Necessary to Beglin PFunctional
Test No. 1 - Interconnected and Tested

26. Begin Functional Test No. 1
27. Equlipment Necessary to Complete

Functional Test No. 2 - Interconnected
and Tested

References

Chart

B
C
B
c

Q

» W aQu

Sensor Nos.

144
13,27

14

25,11,22,
24,31

3,18,29
50, 43,48,
13,3
17,18,13
30

11,7,20
2,10
26,23,28
8,26,52,60
6,24,33,36,

39,54,59, 25,
25,27:39,51,

28,35,43
39,47

16,15,26

10,16,19,8,
29,12,32,
33,344,15,
22,27,21,35
18,23,41,49,
54

Figure 9-8b Sensor Identification Level I (Sheet 2 of 6)
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Sensor
No.

28.

29.

30.

31.

32.
33.
3k,

39.

4o.

Description

Equipment Necessary to Complete
Functional Test No. 3 - Interconnected
and Tested

Complete Functlonal Test No. 1

Equipment Necessary to Complete
Functional Test No. 1 - Interconnected
and Tested

Complete Functional Test No. 1,
Group III

Beglin Functional Test No. 2

Begin Functional Test No. 3

Equipment Necessary to Begln
IPunctional Test No. 1 - Interconnected
and Tested

Equipment Necessary to Begin Functilonal
Tests Nos. 6 & 8 - Interconnected and
Tested

Begin Functional Test No. 6

Begin Functional Test No. 8

Equipment Necessary to Complete

Functional Test Nos. 6 & 8 - Inter-
connected and Tested

Begin Functional Test No. 7

Complete Punctional Test No. 2

References

Chart

Sensor Nos.

20,23,32,
k2, 44,53,

62,65,71,69,

50,66

(o)}
5=
-
(o))
\O
-
(e}
Co!
.

70,72,73,76
56
62,68,55

29, 34,60
74,75

21,42,58,61,

57,67

20,14, 33,
48,65,69’
51,74,19

694a
70,75,76,
77

85’40, 52’
37’ 44’ 53’
90,38,45,
66,78,81,
72,80

59,63,82,
79,83

Figure 9-8b Sensor Identification Level I (Sheet 3 of 6)
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MANAGING A DEVELOPMENT PROGRAM

Sensor References
No. Description Chart Sensor Nos.
41, Complete Functional Test Noi 6 & 8 88,89,93
4o, Begin Operational Test No. 1 B 47
43, Equipment Necessary to Complete 84,87,92,
Functional Test No. 2 - Interconnected 32,64,86
and Tested
by, Begin Functional Test No. 9 c 7i,73,95,
9
45, Complete Operational Test No. 1 B 52,45,48,
and Begln Operational Test No. 2 50,40
k6. Begin Functional Test No. 5 A 89,91,84
47. Complete Functional Test No. 2 C 96,97.98
Group III
48. Complete Operational Test No. 2 B 54,51,53
Begin Dperational Test Nos. 3 & 4
49, Complete Functional Test No. 3 A 7,78,%9,
0,81,82,
85,86,87,
88,90,92,
83,9%
50. Complete Operational Test No. 3 B 56,55,55A
and 4. Begin Operational Test
Nos. 1 - 5 (Simulated Environment)
51. Complete Functional Test No. 5 A 93,95
52. Complete Functlonal Test No. 7 Cc 100,103
53. Begin Punctlional Test No. 10 C 91,101
102,10k
54. Cvmplete Operational Test No. 1 - 5 B 58,57
(Simulated Environment)
Begin Operational Test Nos. 1 - 5
(1ive Environment)
55. Begin Operational Test No. 1 (o] 108

112

Figure 9-8b Sensor Identification Level I (Sheet 4 of 6)
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Sensor
No.

56 .
57.

58.

59.

60.
61.

62.

63.
64.
65.
66.

67.

68.

69.

70.

Description

Complete Punctlonal Test No. 9

Complete Operational Tests Nos.
1 - 5 (Live Environment)

Begin PFunctional Test Nos. 1 - 10

Complete Operational Test No. 1
Begin Operational Test No. 2

Complete Functional Test No. 10

Complete Operational Test No. 2
Begin Operational Test Nos. 3, 4 & 5

Complete Functional Test Nos. 1 -~ 10

Complete Operational Tests No. 3
and 4. Beglin Operational Tests
No. 6 and 7

Begin Operational Test No. 8
Complete Operational Test No. 5
Complete Operational Tests Nos. 6 & 7

Complete Operational Test No. 8
Begin Operational Tests - Civil
Configuration Simulated Environment

Complete Operational Test - Clvil
Configuration Simulated Environment
Begin Operational Test Civil
Configuration, Live Environment

Complete Operational Test Civil Con-
figuration - Live Environment

Beglin Operational Test - Military
Configuration - Simulated Environment

Complete Operatlonal Test - Military

Configurations - Simulated Environment

Begin Operational Test - Military
Configurations - Live Environment

References

Chart

Q Q Q@ Q

Sensor Nos.

107,108
60,59,61

99,105,
106
109

109,110
112
111,112,
113
113

118
120
120

120

121
122

123

Figure 9-8b Sensor Identification Level I (Sheet 5 of 6)
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MANAGING A DEVELOPMENT PROGRAM

Sensor
No.

T1.

T2.

References
Description Chart Sensor Nos.
Complete Operational Tests - C 125
Military Configurations - ILive
Environment
Final Report - Operational Testing c 126

114

Figure 9-8b Sensor Identification Level I (Sheet 6 of 6)
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Chapter IX
THE DPC PHASE B PROGRAM

who were expected to comment whenever their interpretation of the facts was at variance
with the contractor's report. Weekly staif meetings were scheduled for reviewing the
program situation and insuring that positive action was being taken to meet threatened or
existing deviations from plan. While the several Level II Charts were kept current on a
weekly basis, the Level I Chart was posted and distributed but once a month.

Cost Information

9.30 Thefeedback system also was designed to provide cost information of various kinds.
Funds committed or reserved for material were treated as having been expended and were
posted to the appropriate Level II Chart within one week after i1ssue of an approved pur-
chase request. Manhour expenditures were reported each Monday forenoonfor work done
the previous week, These data were furnished in the form of time sheets which a NAFEC
facility convertedinto punched cards and summarized i1n two tab runs: one for total man-
hours expended on each task order, and one showing total manhours spent toward the ac-
complishment of each Level II sensor.

Account Numbers

9.31 Charges were collected by account numbers related directly to authorized work ap-
pearing on the Level II Line of Balance Charts. Account numbers were established inac-
cordance with a simple system in which three digits identified the contract andthree more
were used to 1dentify the task order againstwhich time was being charged. Additional di-
gits were used: to relate the expenditures to a Level II chart number, two digits; to a
specific track on a Level II chart, two digits; to any sensor along a track, three digits.
Missing digits were to be supplied by use of zeros as follows:

e
L
o)l

»

%
¥ "i’r
4,

2 e g,

% SN Dy X

By s 457 S A A s

P AL P o Tan e b

o ;{E,ﬁssa&vgf go'wia iy o xsxxjgf«sr :
g e )

N
3 Ll o [N
= K RO 3 “ &)

Ml e T B
T8 I o PRI
%

To facilitate the accomplishment of short duration, high-priority, Phase B tasks requir-
ing the services of design personnel not available at the test site, an open account was
establishedat the contractor'splant against which such work might be allocated. Charges
agamnst these open accounts could be made only by formal written authority (generally
limited to one man-week of effort) and were to be levied against established Phase B ac-
count numbers. To preventany abuse of the openaccount privilege, 1t was ruled thatnon-
emergency work, and any work in excess of one man-week, could not be handled by this
method but must be processed under authority of some established Line of Balance Chart
and a specific task order.

Posting the Expenditures

9.32 As part of their maintenance of the Line of Balance system, staff engineers were
required to convert tabulated cost information into a graphic form for presentation on the
Level I and Level II Charts. Using the accepted method of presentation and expressing
cost performance as a ratio of planned to actual expenditures, the result was plotted a-
gamnst a standard of 100% as represented by a Line of Balance drawn for any accounting
period 1n question.
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MANAGING A DEVELOPMENT PROGRAM

9.33 Cost information for the Level I Chart was assembled by combinming reported Level
IT costs 1n a manner 1dentical to that in which the Level II sensors were grouped for rep-
resentation thereon. For Level I purposes, expenditures were expressed in dollars so
that the objective curve would show the cost of the entire program - material and man-
hours - and provide a better overall comparison between anticipated and actual gross ex-
penditures.

A Top-Level Presentation

9.34 Upon the completion of the Line of Balance charts, a meeting was held with repre-
sentatives of BRD andcontractor personnel to effect coordination with all parties con-
cerned. This was accomplished by a presentation which was followed by more de-
tailed study by small working groups of conferees. Each was assigned to concentrate its
attention on the specified Integrated Flow Chart and program area to which 1t might best
contribute.

9.35 A presentation was made to the Director of BRD to acquaint him with the work that
had been accomplished and to present for approval the DPC Test and Evaluation Program.,
This included a discussion of the various factors that were considered in selecting the
ground rules and assumptions that were adopted as planmng guides. The schedule by
which the work would be performed, and the manner in which the various task and sub-
tasks were dovetailed, was 1llustrated by a full display of Integrated Flow Charts and their
related Level II Charts. In each instance, the controlling features were examined and,
when appropriate to do so, a description was given of back-up or alternate plans of exe-
cution. The entire program was then summarized by means of the Level I Chart which
showed the overall plan and 1ts cumulative total cost. The presentation also included the
system of feedback and the means proposed for keeping the chart displays abreast of
developments.

9.36 The plan as outlined by the Line of Balance techmque was approved by the Director
of BRD and implementation of the program was mtiated.

9.37 Thisformally presented review and examination served to establish a mutual under -
standing of the problems that were present in the program and to point the way toward a
common solution. The conference dispelled rumors and corrected existing aberrations
of fact by bringing them into true and correctfocus. Ineffect, the meeting reached agreement
on a written language for communication, one that was not readily subject to misinterpre-
tation. This ability tocommunicate 1nterms having mutual significance greatly facilitated
the transmission of all subsequent status reports. Possibly the most beneficial result of
the meeting was that of obviating the need for overly frequent consultation thereby elimi-
nating time consuming and aggravating face-to-face meetings in force,
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Chapter X
MANAGING THE TEST AND EVALUATION PROGRAM OF THE DPC

10.1 After completing the DPC Line of Balance 1nstallation, the Task Manager took ad-
vantage of the system to maintain a closed feedback loop and keep close tabs on perfor-
mance. This, 1in consequence, made 1t possible for him to render decisions promptly
andtake action based on afoundation of factual accuracy. In each instance, he could count
on Level III and Level II information being current within one week. His own reports each
calendar month to the Director of BRD Washington on the DPC Phase B Program followed
in the form of a Level I Line of Balance Chart showing the situation as of the close of the
accounting period.

10. 2 For purposes of instruction, information pertaining to the period ending September
30, 1960, modified for 1llustration purposes, has beenchosen to exemplify the way in which
a Task Manager can take advantage of data thatare furnished to him, and indicate the kind
of information that should be routinely required.

Level III Deviation Reports

10. 3 The up-dating operation really begins with the contractor's preparation of updated
charts and reports of actual or impending deviations from schedule, the underlying rea-
sons therefor and what has been or what can be done about them. Reports such as these,
illustrated by figures 10-1 and 10-2, were expeditiously examined and commented upon
by the staff engineers who were most cognizant of the situation,

10. 4 This engineering review was intended to indicate the effect of suchitemsas equip-
ment delivery delays, the consequence of system design problems and the lack of specia-
lized test equipment. For example, referring to figure 10-2, this portion of the Deviation
Report for Flight Plan Groups 1, 2, 3 and 4 appearing on Integrated Flow Chart labelled
XD-0231 indicates that Sensor 73, representing the availability of cables was not com-
pleted because changes 1n physical location of equipment 1nthetestfacility caused neces-
sary test equipment to be rerouted toa different installationsite. The report also shows
that sensors 46, 63, 76 and 77 were not accomplished even though scheduled for comple-
tion prior to September 30, 1960. Sensors 46 and 63, Completion of Interconnection Tests,
Flight Plan Groups 1 and 2, originally scheduled for the last two weeks 1n July, were de-
layed because of parity errors introduced by line transients occurring whenever the scanner
18 switched. This deviation report alsotells the Task Manager thatadditional design engi-
neers were assigned to investigate and take corrective action. It may be expected that
some lost time will be regained through accelerated performance of remaining tests.
Quite properly, the Task Manager was unwilling to accept the forecast that all these de-
lays would have no effecton the program. In response to further investigation, the state-
ment was defended by advancing the specious proposition that any adverse consequence
was more than masked by other incipient delays, such as the expected delay in delivery
of the computer buffer.

10. 5 Appreciation of the effect on the DPC test and evaluation of the delay in buffer de-
livery derived from deviation reports resulted in action by the program manager to ex-
pedite the buffer delivery. This delivery did in fact occur prior to September 30 and,
therefore, the mitigating excuse advanced regarding the non-critical nature of the delays
associated with Flight Plan checkout was invalidated. As a result, the particular engi-
neer was forced to recognize his share of responsibility. This occurrence represents a
prime example of the type of erroneous rationale that often will be encountered during the
course of a development project. Analysis of this example reveals the potential of Line of
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Figure 10-1 Updated Level III IFC For Group I XD-0231A
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DPC Planning
Integrated Flow Chart
Group I

SENSORS SCHEDULED THIS PERIOD

SENSORS COMPLETED TO DATE 97

SENSORS COMPLETED TH{S PERI1OD

PROBLEM

ACTION TAKEN

IMPACT ON L.0.B. SCHEDULE
AS OF 9/30/60

LeveLII{ SENSOR NOT
REF . NG MET | ORL DESCRIPTION
1 73 X Cables
14 46 X Flight Plan Group #1 Inter-
connection Test Completed.
14 63 X Flight Plan Group #2 Inter-
connection Test Completed
14 7% X Flight Plan Group #4 Inter-
connected to distribution
scanner.
14 T X Interconnection Test Com-
pleted

New location established
by FAA requires new
cable design and re-
routing

Switching of the scanner
causes line transients
which 1ntroduce parity
errors in the flight
plan group.

Same as above

Umit not installed

Unit not installed.

Routing being in-
vestigated by FAA
1n coordination with
Facilities Group,
who are following
problem,

Design engineers
have been called 1n
to study the problem
They will render
report prior 10/10

Same as above

See sensor #73

See sensor #73

None, will conduct basic
functional test in con-
junction with FPC #1 and
#2

None, Buffer not
available

Same as above

None, will make mnter -
connection and perform
test with FPC Nos 1, 2
&3

Same as above,

Figure 10-2 IFC Deviation Report
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Chapter X
MANAGING THE TEST AND EVALUATION PROGRAM OF THE DPC

Balance to allow "pinpointing' of problem areas and consequent action by appropriate levels
of management to maintain the plan or, if required, to adjust the plan on the basis of firm
facts.

10.6 Sensors 76 and 77, covering the interconnection and interconnection test of Flight
Plan Group 4, were reported as not having been accomplished by reason of interference
occasioned by the need to reroute and redesign Cables, sensor 73. This explanation was
accepted as valid, as was also the statement that any lost time could be recoveredby run-
ning the functional test of Flight Plan Group 4 concurrently with the tests on the other
flight plan groups. This was known to be a practicable solution because of the ready a-
vailability of adequate test personnel and test equipinent.

10.7 In a similar manner, the Task Manager carefully reviewed the situation concerning
all other sensors which might be expected to deviate from the recognized schedule. He
was never hesitant about calling for additional information whenever clarification was in-
dicated or whenever 1t seemed desirable or necessary. With established facts conven-
iently at hand, the Task Manager found 1t possible to summarize the situation and present
all significant and controlling information in the form of a Level II Line of Balance Chart
and 1ts accompanying Deviation Report.

Updating the Level II Chart

10. 8 As the first step 1n preparing an updated Level II Chart, a comparison was made of
the number of sensors scheduled for accomplishment to date and the number actually com-
pleted. For this purpose, the Task Manager found 1t convenient to tabulate the data in a
form whichtends to facilitate the task. For an example of the method that he used, refer
to figures 9-6 and 10-1. He recorded the number and status of Level III sensors contained
within each of the groupings corresponding to a Level Il sensor in the following manner:
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The same pattern was followed for all remaining Level II Sensors and from the percen-
tages so derived, the Task Manager determined the height that each bar would appear in
the "Program Progress' section of his Level II Line of Balance Chart.

Budget Comparison Added

10. 9 After the Task Manager had established dimensions for all Level II progress bars
he expanded the scope of his data to include a direct comparison of the tab run report of
manhours expended and the manhours budgeted for the same period, expressing the re-
sult as a ratio of these two figures. The tabulationhe had contrived was now made to ap-
pear like this:
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Figure 10-4 Level II Data Tabulation and Budget Comparison

These data enabled him to display his budget information in a form whereby accomplish-
ment would be contrasted with cost, and cost with expectation.

Level II Deviation Report

10. 10 Using the information provided tohim by the Level III Integrated Flow Chart and its
associated Deviation Report, the Task Manager next caused a report to be prepared show-
ing all deviations from the established Level II schedule. The first page of this report ap-
pears asfigure 10-5. It should be noted that the effect of the Level Il deviations previous-
ly discussed are reflected without mutationin the higher level report. Any Level II devia-
tion can be related directly toits fundamental cause by means of an IFC sensor identifica-
tion number shown in the column headed "Problem'. Ready reference to affected Level I
sensors also 1s to be found in a separate column suitably titled.

Level II Report Completed

10.11 The FAA Task Manager recogmzed that the scale adopted for the objective curve
was such as to make necessary some adjustment to the customary manner of striking a
Line of Balance. For, if convention were followed, the resulting projection would have
been inadequate as to scale, and might have disguised the true state of affairs. He adopt-
ed, under these conditions, a device that did not distort the picture but only magnified it
to reveal any matter which was currently deserving of attention. For this reason he ap-
plied, 1n effect, an enlarging lens over a portion of the objective curve, increasing its
scale so that details would be made more apparent. Figure 10-6 was constructed so as
to expand the objective curve through September 30th, and raise the level of the line of
balance for that date. Against this more readily visible standard, the Task Manager plot-
ted progress and budget information as may be seen in figure 10-6, an updated version of
the chart shown originally as figure 9-5a.

Generating the Level I Chart

10.12 It should not be surprising to find that preparation of the updated Level I Line of
Balance Chart involves a series of operations which are very similar to those described
1n paragraphs 10, 8, 10.9 and 10. 10, covering the development of a Level II Chart for all
Group I equipment. As was found to be the case in the earlier instance, the Task Mana-
ger started by preparing his Level I Deviation Report. The form used was the same one
that he used previously. The only differences lay in the details of his entries, as will be
found by examining figure 10-7, which reproduces a single page from among several com-
prising the Task Manager's Level I Deviation Report. Each reported or anticipated devi-
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22

SENSORS SCHEDULED THIS PERIOD

SENSORS COMPLETED THIS PERIOD

PAGE oF
L O.B. Chart
XD-0240A [ 1/ DPC Group I Level II
4
4

LEVELI
REF.

SENSOR
NO.

MET

NOT
MET

DESCRIPTION

PROBLEM

ACTION TAKEN

IMPACT ON L.0.B. SCHEDULE
AS OF 9/30/60

23

1

14

19

33

Delivery of Disposition
Consoles Nos. 1, 2, 3
and 4.

Flight Plan Groups Nos.
1,2,3 and 4 1nstalled and
tested with Flight Plan
Distribution Scanner,

Delivery of Peripheral
Sector Console No. 3.

Punch and Printers Nos.
2 and 3 operating with
Computer No. 1.

Cables (Sensor 73)*
not available for con-
sole #4 due to revised
disposition of equip-
ment 1n SAPO area.

Sensors 46 and 63
Scanner transients
cause parity errors
in Flight Plan Group.

Sensors 76 and 77,
Flight Plan Group

#4, delayed pending
redesign and rerouting
of cable.

Equipment delayed
two weeks for addition-
al acceptance testsat
the factory.

Sensor 119, Start of
Interconnection Test,
awaiting completion
of testspecifications.

*Sensor nhumbers re-
ferto Level IIILF.C.

FAA and contrac-
tor cooperating in
selection of more
efficient arrange-
ment

Design englneers
called to solve
problem. Test
rescheduled for
period following
buffer tie-in.

Same as for Sen-
sor #1.

Installation crew
made aware of
delayed arrival
Will make advance
arranagements for
expedited 1nstalla-
tion after arrival,

Assigned additional
manpower to com-
plete test specs by
10/4.

None, basic functional
tests require availability
of Flight Plan Groups 1
& 2, only.

None

None

None

Delay 1n receipt of test
specs will delay this
portion of the program
by 3 weeks but will not
affect other portions of
the overall project.

Figure 10-5

Level II Deviation Report
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SENSORS SCHEDULED TO DATE 1

DEVIATICN REPORT

S M Crott

SENSORS COMPLETED TO DATE 6

CHART REF.

SENSORS SCHEDULED THIS PERIOD

SENSORS COMPLETED THIS PERIOQD

PAGE

XD-0244A . 11k

OF

ATC/DPC Level I
Line of Balance Chart

LEVELII| SENSOR MET NOT

REF . NO. MET DESCRIPTION

PROBLEM

ACTION TAKEN

IMPACT ON L,0.B. SCHEDULE
AS OF 9/30/60

Delivery of Equipment
Necessary to Begin Function-
al Test No. 1.

14 8 X Equipment Necessary to
Begin Functional Test No.
1 - Interconnected and

Tested.

19 6 X Equipment Necessary to
Begin Functional Test No.

3 Delivered.

33 23 X Equipment Necessary to
Complete Functional Test
No. 1 - Interconnected and

Tested

Relocation of the SAPO
area required cable de-
si1gn and prevented 1n-
stallation of Flight
Plan Umt #4, Level II
sensor #1 See also
Level II Sensor #4 and
#7

Flight Plan Groups 1,
2 & 4 have been de-
layed because of re-
location SAPO area
and unavailability of
test specs.

Equipment delay of
two weeks because of
additional acceptance
tests at the factory.

Same as Sensor #8.

FAA and Contractor
cooperating to
expedite redesign
and manufacture

of cables.

Same as Sensor 4
plus installation of
temporary cables.
Assigned additional
personnel for
preparation of test
specs,

Installation crew
has been alerted to
make advance pre-
parations and to ex~
pedite 1nstallation
upon arrival at

test site,

Same as Sensor #8

No overall delay will en-
sue onthis account be-
cause only Flight Plan
Groups I and II are
necessary to perform
Functional Test #1

Although work 1s pro-
gressing 1t appears
probable that this situ-
ation will result inabout
three weeks delay 1n
completion of the pro-
gram,

No delaying effect on
overall program.

Same as Sensor #8

Figure 10-7 Level I Deviation Report
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MANAGING A DEVELOPMENT PROGRAM

ation was given careful scrutiny and study 1n order to devise, if possible, some alternate
method of working around the problem. Even though the only solution might lay in re-
scheduling some event, such change was to be accomplished without alteration to any ap-
proved Line of Balance chart, all allowable deviations from the established schedule being
carriedforward as discrepancies until otherwise discharged, or until some sufficient rea-
son had developed to warrant a complete re-evaluation of the plan.

10. 13 Rememberingthat Level I reports arefactored ontotal dollars rather than on man-
hours, budget comparisons were made on that basis, and allowances incorporated for
changes in the forecast burden rate or any other element affecting total price and total
cost. Data so relatedcan be conveniently presented in the form suggested by figure 10-8,
thus:
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Figure 10-8 Level I Data Tabulation and Budget Comparison

10. 14 Calculations indicating program progress require no more than simple arithmetic,
The sensor list for ATC/DPC Level I1Chart indicates that Sensor 4 represents four measur-
able events on the Group I Level II Chart, i.e. sensors 1,4,7 and 12, Of these, we had
direct knowledge from figure 10-5 that Level Il sensor number 1was only 90 percent com-
plete and sensor numbers 4 and 7 somewhat less than that. By another portion of the Devi-
ation Report, the Task Manager was made aware that sensornumber 12 had been completed
in its entirety. Inasmuch as numbers1, 4 and 7were reportedless than 100 percent com-
plete, however, they could not be counted at all. The Level I Chart, then, shows sensor
number 4 as havinga 25 percent status because only one out of four of its related Level Il sen-
sors hadbeen accomplished. In like manner, the status of other Levell sensors was calcu-
lated and recorded on the LevelI Data Tabulation and Budget Comparison Form exemplified
by figure 10-8,

The Updated Level I Chart

10. 15 The Task Manager used the information he had prepared in tabular form to update
his Level I Line of Balance Chart. Figure 10-9 was so derived.

10.16 From this graphical representation 1t can be seen that, with respect to Group I
Equipment, Functional Test 1 will be delayed a few weeks because of certain difficulties
being experiencedin the flight plan area. Functional Test 3 may or may not have difficulty,
depending on the results of factory acceptance tests. It is apparent that the project will
be 1n trouble if unit shipment 1s delayed longer than two weeks. Finally, there 1s no real
problem connected with Functional Test 5 inasmuch as a cushion of about one year's time
is available within the schedule.

10.17 Referringto Group II equipment, 1t is evident that this portion of the project 1sfree

from fault because Functional Test 21s exactly on schedule and Functional Test 4 is pro-
gressing well ahead of time,
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MANAGING A DEVELOPMENT PROGRAM

10. 18 The Task Manager also was able to look at the status of Group III equipment and be
confident that functional testing i1n this area was on or ahead of schedule in every particu-
lar,

Conclusions

10.19 It was demonstrably proven that significant benefits accrued to the DPC Phase B
Program through the installation and use of the Line of Balance management control sys-
tem. In brief, Line of Balance:

10.19.1 forced a realistic appraisal of the program objectives and scope;

10. 19, 2 generated clear understanding of individual responsibilities to meet overall ob-
jectives;

10.19. 3 fostered disciplined performance;

10.19. 4 1ntroduced improved methods of cost control by the 1ssuance of "calls' 1dentified
by task, track, and Level II sensor;

10.19. 5 provided the means for relating cost to performance and appraising the result,

10.19. 6 providedclear channels of communicationwithin the project, between the project
and 1its supporting contractors, between FAA/BRD and NAFEC, and within FAA/BRD:

10.19. 7 promoted a joint approach to the solution of impending difficulties;
10. 19. 8 1dentified the objectives to facilitate performance by a team effort;
10.19.9 instilled an appreciation of the need for sound program planning; and

10.19. 10 providedthe Director of BRD with information to make beneficial overall pro-
gram adjustments and to facilitate Agency DPC planning implementation.
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Glossary

Selected Reference Material

Standard Practice Instruction

Role of the Planning and Administration Group

Position Description for Director of Plans and Administration

Position Description for Assistant Director of Plans and
Administration

Position Description for Manager of Program Planning
Position Description for Plans Programmer II

Position Description for Plans Programmer I
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GLOSSARY

Assumption - One of the assumed conditions on which the project plan has been formu-
lated.

Bar - One of the features appearing on a Line of Balance chart which, read in conjunc-
tion with the line of balance, affords a measure of program progress and budget status.

BRD - The Bureauof Research and Development, Federal Aviation Agency, Washington,
D.C.

Budget - The authorized man hour and dollar limitation on expenditures for performing
a given task,

Closed Loop - An information reporting system that provides appropriate feedback to
authority,

Commitment - Funds available for obligation without further certification as to their
availability.

Critical Assets - Facilities, equipment or manpower that are high value items or are in
short supply.

CRN - Contract reference number.

Current Total Estimate - The sum of the estimated cost to complete and the total ex-
pended to date.

Dead Time - Time during which no work is scheduled to be performed or time spent
unprofitably as when waiting for material or information.

Deviation Report - a) Alist of the sensors which are not on schedule, their effect on de-
livery, the reason for their not being on schedule, and what is being done to correct the
situation; b) The Standard form that 1sused to report deviations from the established plan,

DPC - a) An evolutionary system being developed by the FAA/BRD for the systematic
modular application of automation to the National Air Traffic Control System. Equip-
ments comprising this system are being assembled at NAFEC for Test and Evaluation
prior to field application of imitial modules; b) The Data Processing Central at NAFEC.,

E & E - Experimentation and evaluation.

Expenditure (of funds) - Payment of funds to the party concerned upon receipt of appro-
priately signed vouchers or other equal evidence of work accomplishment,

FAA - The Federal Aviation Agency.

FAA/BRD - The Bureau of Research and Development, Federal Aviation Agency.
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Feedback - As used herein, the reversion of information concerning a given operation to
responsible authority.

GFE - Government furnished equipment or material.

Ground Rules - Operating guidelines for the preparation and development of the Line of
Balance charts and diagrams.

Individual Flow Diagram - The work plan and budget for a given task, expressed in stan-
dard Line of Balance symbology.

Input - A requirement which must be supplied by an outside source in order to execute
an assigned responsibility.

Integrated Flow Chart - a) A composite of several related individual flow diagrams,
showing their interrelationships; b) A Level III Flow Chart.

Internal Transfer - The movement of information or material from one group inside the
project to another,

Known - A task for which there is historical cost and performance data.

Level I Chart - A graphic device for the use of top management, synthesizing the ele-
ments appearing on all subordinate LevelIl and LevelIll Line of Balance charts.

Line of Balance - a) A management technique for gauging, collecting, measuring, and
presenting facts - time, cost and accomplishment - all measured against time; b) Atime
and accomplishment standard against which progress is measured.

Man-Hour - A unit of work performed by one man in one hour.

NAFEC - a) The National Aviation Experimental Center, Atlantic City, N. J.; b) Any test
and experimental facility operated by the Bureau of Research and Development Federal
Aviation Agency.

Objective - That portion of a Line of Balance chart providing a graphic display of plan-
ned expenditures (expressed in man hours or dollars) against time.

Obligation - A binding agreement in writing between the partiesthereto including Govern-
ment agencies, in a manner and form and for a purpose authorized by law, executed be-
fore the expiration of the period of availability for obligation of the appropriation or fund
concerned for certain special goods to be delivered, real property to be purchased or
leased, or work or services to be performed.

Output - A product or service which one must furnish to others at a stated time.

Overrun - The act of exceeding an established budget, a term frequently used in con-
nection with Cost-Plus-Fixed-Fee contracts.

Plan - That portion of a Line of Balance chart which gives a graphic depiction of the in-
terrelationship of tasks to be performed and the time schedule for their completion,
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Program Progress - That portion of a Line of Balance chart providing graphic repre-
sentation of the tasks actually completed.

Project - As used herein, the research and development effort which produces a usable
end item or service.

Project Manager - The titular head of a project.

Provisional Level I Chart - The Line of Balance diagram of a tentative plan for accom-
plishing a project, for use in establishing the first-cut, broad-gauge limits and features
to be considered.

Resident Representative - The in-plant agent of an organization for which certain work
1S being performed.

SAPOQO - Service Application Peel-Off System

Sensor - A symbol representing a measurable event in the prosecution of a program or
project, sometimes called a milestone,

Sensor Action Number - A one- or two-digit number which identifies the action sym-
bolized by the sensor to which it applies.

Sub System - A significant part of a system, having an individual function and identity.
Sub Task - A subordinate part of a work assignment,

Symbol - One of 20 conventional signs for indicating some phase of development, manu-
facture or procurement.

System - A group of projects for administration and management.
Task - a) As used here, one of the several elements of a project which, together, com-

prise the whole; b) a unit of research and development effort associated with a project
which because of its difficulty or umiqueness is administered as a separate entity.

Task Analysis - An orderly notation of specific work assignments together with some
measure of their magnitude,

Task Manager - The responsible authority charged with the successful prosecution of a
unit of research and development effort.

Top Management - The president or general manager of a company and his immediate
staff, or equivalent Government officials.

Track - A group of sensors which are disposed along a single horizontal line 1n the pro-
gram plan,

Unknown - A task for which there is no record of cost and performance information,

Updating - The process of bringing information up to date.
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PAGE L _ or__ %
sPi NO, D=2
DATE EFFECTIVE 4-10-60
SUPERSEDES
STANDARD PRACTICE INSTRUCTION
20 -
susJect, __ PROGRAM PLANNING , J /
7 f.
REVEWED: K15 APPROVED: (4

ROCEDURES MANAGER PRESIDENT

1.0 PURPOSE

1.01 To establish the procedure and responsibilities required for
program planning and production analysis through the use of
the Line of Balance System.

2.0 TORMS
PF-1985 Integrated Flow Diagrem
F-2026 Line of Balance Chart
F-20k2 Engineering Test Daily Activity Report
F~20l46 Deviation Form
F-2060 Contract and Financial Data
3.0 INDEX

%neral Definﬁtjons.‘l..'..l....‘...'....."...‘.......’..OILOO
General Respoflsibllit«e:.-...............nn..............rj.o
Functional Group lhnager.......-.-.......-.--......--.--.-.5.01
Manager of Lnginceils TeSlicescsserarvsesasscssnressarsseed 02
Controller's Stall Assis’uanu...............................5.03
Pro.jec'b Me.nager......................-.....-.-...--.......-5.0“—
mnaEEr of PI'OgI‘U.m Pjanning...unu.......-.-.............5.05
Contracts ACuniniSL.L‘a“GO:‘.o-....-.......-..-.....-..-.-.-'-..5.06
Detalls of Procedure......-....u....-.....................6.0
Processing F-1985, Intepgraicd IFLow Difgifileecessesssssessesbs0L
Processing F"2026, Line ol Belance Ch&rt.....-.............6.02
Processing F-2042, Ingineering Test Dally Aclivity Report..6.03
Processing F-20,+6, Devieilon Foxm...............n.........6.011-
Approved Sensor SYTbolCesssssesssssereresessssscasssccsssscds05
Processing F-2060, Coatract snd Financlal Dats Formesssess6.06

4,0 QENERAL DEFINITIONS

4,01 1Line of Balance 1s o methodicsl system for messuring, selecting,
interpreling and presentling essential facis frou the prelininary
development of the bld stapge throughout the engincering and manue-
facturing siages of an cnd item.
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SUPERSEDES

4,02 The Line of Balonce is divided inio two phases:

1,

2.

Planning of the Prololync - This entails the layout
ageinst a background in time ol thc cssential steps lo

be taken in the cengincering and ranulecturing phages of
the prototypc

Planning of Production Uniis - This enteilds the breaking
down into i1ts principal clemenus from the receipt of rawv
walerials sn the ploant Lo complelion of Lhe cnd product -
all measured against ithe background of tuac. This analysis
rmust provide a parcture vhich is capable of prescenting, in-
stantly, all .mporiant production facts.

4,03 Linc of Balance technique presenis deviations from the plan,
nalking il possible for menageiicni to cxamine the sensitive or
controlling elements and then meke quick decisions based upon
facts furnished from the Line of Ralancc flov chart which con-
tains the following principal elcments

1.

2.

3.

b,

The Program Plan - which scts forth the controlling tasks
to be accomplished, the mea-hours rcquired, the sequence
of development and the interrelationships between tasks -
ell measured ageinst time,

The Planned Objective - which represents the goal, as well
a5 the performance, to be met in ilerms of dollar expenditures
for labor and materiasl for selccted key points, measured
againsi time, as shown under the progrom plan.

The Program Progress as rcflected by bar graphs corresponding
to the numbered sensors in the progrem plan.

The Progrem Schedule or Linc of Balance - which compares actual
accomplishmenis wilh those which previously were forecast, thus
serving to pinpoint problem arcas.

k.ol Deviations Reports indicate the reason(s) for departure from the Line
of Bslance and describe the corrective action taken for each de-
parture,

4,05 fThe reports resulting from the Line of Balance Sysiem are:

8¢

b.

Management Sumary - which consists of Financial Date and
Recommended Management Action. This report is disiributed only
to Corporate Officers.

Line of Belunce Report - which consists of the elements described
in paragraph 4.03 above, and the Project Deviation Report, and is
distributed to all Corporate Officers, the Manager of Manufacturing,
Manager of Budgets, Contracts Manager, and Project Managers.
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SPI NO. __0-29

DATE EFFECTIVE -18-60

SUPERSEDES

5.0 GERERAL RESPONSIBILITIES

5.01

5.02

5.03

Functional Group Manager (with thc assistance of ihe Program
Plamning Group)

l. Prepares breakdown of project design tasks, assigned to him,
into significant elements. This breakdown is made initially
in the course of bid preperation and updated periodically
thereafter.

2. Develops and agrees on a budget for ecch sigaificant element
of design tasks assigned.

3. Develops and mainteins Supervisors®’ Coalrol Boards deily to
show, graphically, the progress of each job.

4, ©Prepares Detailed Flow Diagrams and Flow Diagram Deviation
Reports.

Manager of Engineering Test

1. Prepares breakdown of project tasks assigned to him into
significant elemenis. This breakdown is made 1nitielly in
the course of bid preparation and updated periodically
thereafter.

2. Develops and agrees on & budget for each significant element
of the project task assigned to him.

3. Prepares Flow Diagrams and Daily Activily Reports.

Controller's Staff Assistanti

1. Maintains and makes available to the Manager of Program Planning
the information listed oa F-2060 per paragraph 6.06.

2. Assists ihe Project Manager in establishing financial budgets
for the approval of the Executive Vice President, Development
and Engineering, aad the Controller.

3. Reports substantial differences in contract amount and amount
budgeted.

L, Releases budget before work is begun.

5. Records all costs and assures that ihe cost to complete is
figured from, and identifled with spccific cut-off dates,

Project Manager (with the assistance of the Program Planning Group)
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SUPERSEDES

2405

5.06

Prepares Integrated Flow Diagram (breakdown of design in major
blocks) which includes budget hours, actual hours to date and
total current estimated hours to complete. This breakdown is
made initially in the course of bid preparation and updated
periodically thereafter.

Audits Supervisors! Control Boards.
Develops and recommends budget for approval.

Indicates problem areas on the Integrated Flow Diagrams from
an analysis of Bi-Weekly Deviation Reports.

Manager of Program Planning

1.

2.

3.

4,

5e

6,
T

Assists in the establishment of each project's planning beginning
with the bid stage until it is well established and monitors it
thereafter.

Aids in the preparation of Integrated Flow Diagrams and
Supervisors' Control Boards; prepares and issues Line of

Balance Charts.

Prepares and issues monthly Project Deviation Report for
mapagement, indicating the nature of the deviations and what
has been done sbout them.

a. Prepares above report in collaboration with the Staff
Assistant to the Controller, the Project Manager and
the Managers of the Functional Groups.

Sends Deviation Reports, plus contractual data required for
customer reports, to the Contracts Department. However, Sales
determines the information to be furnished to the customer.

Serves as a clearing house for suggestions for improving or
simplifying the Program Planning System.

Prepares Management Swumary Report for distribution to the

Corporate Officers.
Estgglishes schedule for monthly submission of F-2060.

Contracts Administrator

1.

Complete F-2060, Contract and Financial Data Form monthly
per paregraph 6.06.
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DATE EFFECTIVE _4-10-60

| superseDES

6.0 DETAILS OF PROCEDURE

6.01 Processing of F-1985, Flow Diagram

6,011 Operating Department

1. Prepare F-1985 upon receipt of Design Order or as requested
for bid or estimating purposes.

Caption
Flow Diagram

Simulation Group
Project
Originator
Approved

Page

Originated

Rev.

Work Description

Total Est.

Actual Hours to Date

Plan

Entry

Identifies specific activity
covered by work being performed.

Department Title performing work.

Signalure

Supervisor's signature

Page number

Date F1985 originated

Date of last revision to F-1985
Identifies each task to be planned.

Estimated manhours required for
totael tesk shown in plan.

Manhour expenditure used on task
from start or progrem.

Sets forth (againsi a background
of time) the controlling points

in the sequence of development
for task identified in work
description. Each control point
is 1deniified with a standard
sensor (paragreph 6.05), Numbers
sensors, to left, in sequence as
they occur in time. Numbers
sensors to right to denote action
using action numbers from legend
block. Shows the interrelationship
between task shown or F-1985 and
to major task of other operating
functions. Indicates number of
manhours required between sensors.
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6 .01-2

6.013

2, Updates F-1985 concurrent with changes.

3. Forwards copy of F-1985 to the Project Mpnager initially and
periodically ihereafter per Deviation procedure outlined in
paragraph 6.0k,

4. Forwards copy of F-1985 to the Manager of Program Planning

initially and periodicelly thereafter per Deviation procedure
outlined in paragraph 6.04.

Project Manager

1. Reviews F-1985 and evaluates supporting groups' progress.

2. Takes action indicated by F-1985,

3. Prepares F-~1985, Integrated Flow Diagram, showing major
sensor points of task being performed by supporting
Engineering and Manufacturing groups.

k. Obteins Manufacturing's approval (Production Control Manager)
of plan set forth on F-1985, Iniegralcd Flov Diagram.

5. Forwards original F-1985, Integraled Flow Diagram, to
Manager of Program Planning.

6. Maintains all F-1985's concerning his project in historical
file.

Manager of Program Planning

1, Reviews F-1985. Evaluates progress of supporting group for
each project and measures effect on other active programs.

2. Reviews F-1985, Integrated Flow Diagram, received from
Project Manager, Evaluates the plan with respect to other
active programs and contract requirements.

3. Approves and distributes per distribuvtion list maintained by
the Program Planning Department.

L, Mainteins Historical File of F-1985 from all projects.

5. Uses F-1985's to prepare monthly Line of Balence Reports to
top Management.

6.02 Processing of F-2026,Line of Balance Chart
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PAGE___7 _ OF.__ 14

sPI NO. _0O-29

DATE EFFECTIVE .A-10-00

SUPERSEDES

Prepares F-2026 using data from the following sources:

a. Flnancial data supplicd by the Controller's Staff

Assistanti.

b. F-1985, Detailed Flow Diagram
c. F-1985, Integraled Flow Diagram
d. F-2046, Deviation Reports

Ception

Plan

Sensor Identi~
fication

ObJjective

Progress

Entry

Sets forlh the coatrolling tlask to be
accomplished, Lthe vequence of develop-
ment and interrelationship between task -
all measured againsl time. Uses approved
sensor symbols to illusirate control
poinis. Numbers sensors in sequence as
they occur in time.

Lists by number and in series the action
indicated by the numbered sensors shown
in the plan.

Setls forth the goel, as well as the per-
formence, 1o bc met in terms of dollar
cxpenditure for labor and material for
selected key points, mcasured againsi
{ime, as shown under Lhe Program Plan.

From a point on the planncd objective
representing the time of reporting,
projects o forecast line across the
progress block. This line is to re-
present 100% acconplishment against
the planned objeclive. Constructs bar
graphs corresponding to actual accom-
plishnent for each sensor 1o the re-
poriing date.

Farvwards F-2026 to the Manager of Program Planning accompanied
by o lisling of itiems beclow Line of Balance.

Manager of Program Plonning

1.

2.

Reviews Line of Balance Chart and list of Iiems Below

the Llne of Balance.

Approves and distributes F-2026 and list of Items Below
the Line of Dalance per distribution list malniained by
the Manager of Program Planning.
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6.03 Processing of F-2042, Engineering Test Daily Activity Report

6.031 Engineering Test Crew

1. Prepares F-2042 (in triplicate) at the end of each shift

as follows:
Caption Entry
Originator Names of crew members
Date Date form is prepared
Simulator Model of simulator
No. of Deays on Number of days reporting crew
Simulator has been assigned 1o the simulator.
Days shead of assigned No. of days chead of Flow Diagram
work plan.

or
Days behind assigned No. of days behind Flow Diagram
work plan.

Will next series number check point be made on schedule?

Yes Check (/) if next series check point will
be reached in alloblted tame per Flow
Diagram.
No Check (/) if next series check point will
not be reached in allotted time per Flow
Diagram.
Body of Report a. State check points working

from - to always.

b. Explains problem(s) preventing
the crew [rom meeting next chedck
point according to plan.

c. If problem is such work can
continue on assigned task but
will not be completed as planned
notes additionel time required.

d. If problem is such work cannot
continue on task notes check
points abandoned and states check
points of new assignment.

145




MANAGING A DEVELOPMENT PROGRAM

Fa318-2
PAGE._2 ____OF,__ 1l

SPI NO. 0-29

DATE EFFECTIVE _4-18-60
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2. Forwards F-2042 to the trainer lead men daily.

6.032 Trainer lLead Man

1. Receives F-2042 (in triplicate) from every crew assigned
to trainer.
2. Tiles triplicate copy of F-2042.
3. Updates trainer copy of Flow Diagrem posiing crew progress.
Lk, Forwards original and duplicate F-2042 to Trainer Supervisor
daily.

6.033 Trainer Superviaor

1, Tekes corrective action.

2. Notes corrective action taken on F-2042.

3. Forwards original and duplicate F-2042 to the Manager of
Engineering Test on the same day.

6.034 Manager of Engineering Test

1. Takes corrective action.

2. Notes corrective action taken on F-2042.

3. Sends original F-2042 to the Maneger of Quality Assurance
on same day.

4. Sends duplicate F-2042 to Project Manager on the same day.

6.035 Menager of Quality Assurance

1. Takes corrective action.
2. Files F-20h2.
3. Advises Manager Enginecering Test of action taken.

6.036 Project Manager

1. Updates detail Flow Diagram.

2. Takes corrective action.

3. Files F-2042,

4, Advises Manager Engilneering Test of action teken.

6.0k Processing of F-2046, Deviation Report

6.041 Operating Department

1. Prepares F-2046 (in triplicate) on Bi-Weckly basis.

Caption Entry
Flow Diagran Flow Diagram title
Page Page number of Flow Diagram

deviation report is made against.
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Caption
Project

Dept.

Period

Originator
Supervisor

Sensor Status
Complete to Date

Scheduled This Period

Complete

Incomplete

Sensors Deviating
from Schedule No.

Actlon Dcnoted by
Sensor

Problem

Action Teken

Schedule Date

Current Est. Date

rFo-2

entry
Neme of project per Flow Diagram.

Name of reporting department.

Date of last report and date of
new report.

Originators signature.
Responsible supervisor signs.

Sequence numbers of sensors
completed to date of report.

Sequence numbers of sensors
scheduled to be completed to date
of report.

Sequence numbers of sensors completed
during reporting period.

Sequence numbers of sensoxrs which
were scheduled for completion but
which were not completed during
reporting period.

Sequence number of sensor deviating
from schedule.

Scensor name and action for which the
sensor identifies.

Briefly explains problem preventing
department from meeting sensor as
planned.

Briefly explain any action teken by
department to solve problem.

Date sensor was scheduled to be
completed.in accordance with the
initegrated Flow Diagram.

Current estimate of date on which
action denoted by sensor will be
completed.
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2. Updates F-1985, Flow Diagram and reproduces 2 copies.

3. Attaches copy of F-1985 to F-20L6.

L, Forwards original F-2046 and copy of F~1985 to the
Project Manager.

5. Forwards duplicate F-20l6 and copy ot F-1985 to the
Manager of Prog:am Plenning.

6. Maintains Historical File.

6.042 Project Monager

1. Reviews Deviation Report and evaluates progress of project.

2. Takes corrective action.

3. Maintains Historical File.

L, Uses information set forth on Deviation reports (Including
corrective actior taken by him) during his monthly review
of the integrated Flow Diagram.

6.043 Manager, Program Planning

1. Reviews Deviation Report and eveluates deviations from
plans as they affect the project being reported on and
other projects currently active.

2. Maintains Historical File.

3. Uses information sei forth on Deviation Report in pre-
paration of monthly ILine of Balance Reports.

6.05 Approved Scnsor Symbols
6.051 The following symbols are to be used to identify sensor points

in plans shovn on F-1985, Flow Diagram and F-2026, Line of
Balance chart.

DELIVERY TO CUSTOMER
CUSTOMER SUPPORT

CUSTOMER ACTION

VENDOR OR SUBCON-
TRACT ACTION

CONTRACTUAL ACTION

PROCUREMENT ACTION

FABRICATION OR
ASSEMBLY

PURCHASE PARTS
COMPANY MADE PARTS

REPORT TO CUSTOMER

60010960000
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£S5

TEST OR INSPECT
STUDY OR ANALYSIS

SYSTEMS DESIGN OR
DEVELOPMENT

DETAIL DESIGN
INTERNAL TRANSFER
RAW MATERIAL

TEST EQUIPMENT

Connecling scnsors indicates work flow

— Conuecting sensors .ndicates waterial

or sub-assciply [low

———Used Lo show interrelationship of

task or information flow.

6.06 Processing F-2060, Conirect and Financial Daia Form

6.061 The applicable Contracts Administrator monthly prepares
(in typewritten form) F-2060 as follovs

Caption
Contract

Date

Date of Contract

Original Contract Price
of Simulator

Original Coniract Price
of Other Items

Current Contract Price
of Sinuletor

Current Contract Price
of Other Items

Authorized Changes
Awalting Negotiation
(Sim. only)

Entry

Contract number
Dale of report
Contracl award date

Origainal conlract price of
siwwulator.

Original contract price of
items other than the simulator.

Current contract pricc of
simulator.

Current contract price of
other items,

Estimated amount of authorized
changes awalting negotiation on
the simulator only.
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Authorized Changes
Awaiting Negotiation
{other Items)

Original Contract
Delivery Date

AdJusted Contract
Delivery Date

Delivery Date Reported
to Customer

Data Freeze Date
Type of Contract

Submitted By

IPAGE__J-S__EOF ik
A
DATE EFFECTIVE 4=

| SUPERSEDES

Estimated amount of authorized
changes awaiting negotiation on
contract items other than the
simulator.

Original contract delivery date
of simulator.

Current contract delivery date
of simulator.

Delivery date reported to
customer.

Data freeze date if applicable.
CFFF,FPI, FP, etc.

Signature of applicable Contracts
Administrator.

6.062 The Contracts Administrator forwards F-2060 to the Controller's
i’lm Asgistant.per schedule established by the Manager of Program

6.063 The Controller's Staff Assistant completes (in typewritten form)
F-2060 for each contract monthly as follows:

Caption

Original Estimate
(By Cost Element)

Bid
(By Cost Element)

Contract
(By Cost Element)

Expended
(By Cost Element)

Bstimate at Completion
(By Cost Element)

Submitted By

Entry

Estimate supplied to the Bid
Conmittee by the operating Division.

Proposal to customer by Bid
Cormittee.

Contract Amount
Amount expended to date,

Amount required by operating
Division to complete contract.

Signature of Controllerts Staff
Assistant.

6.06k The Controller's Staff Assistant forwards completed F-2060's
to the Manager of Program Planning.per establisl.ed schedule.
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6.065 The Manager of Program Planning:

1. Recelves completed F-2060's monthly from the
Controllerts Staff Assistant.

2. Reproduces copies of F-2060 to be included in monthly
report per distribution list mAintained by the Menager
of Program Planning.

3. Files original F-2060 as company confidential information.
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Objective

To promote the integrated operation of the various Divisions by developing master
plans and coordinated schedules for major systems developments, by aiding in the
establishment of uniform reporting techniques and procedures, by measuring ac-
complishments against established programs and program requirements, by coor-
dinating the development of standard operating procedures for program administra-

Role of the

PLANNING AND ADMINISTRATION GROUP

tion, and by maintaining a centralized status reporting system.

Duties

The functions of the Planning and Administration Group are divided into the follow-

1ng categories:

(a)

(b)
(c)

the development of integrated program plans covering the
life of the contract from bid stage to delivery of the com-
pleted systems equipment;

coordinating and furthering the plans, programs and sche-
dules of supporting Divisions;

monitoring the development and preparation of major sys-
tems bid proposals.

Specific Functions

A. Master Planning

Master Planning is responsible for:

1.
2,

Instituting a system for scheduling and status reporting;
Participating in major systems bidding activity and assisting
the Director of Programs Management in the preparation of
bid proposals;

Programming performance requirements and the schedule
of allocated tasks to be accomplished;

Cooperating with the various Divisions in establishing the
inter-relationships of work priorities and arranging for
progress reports;

Developing standard techniques for analyzing the total work
content and material or equipment costs necessary to satis-
fy program requirements;

Participating with the Director of Program Management 1n
the conduct of routine reviews in order to effect coordinated
effort and to identify anticipated problem areas within the
various systems programs;

Preparing and maintaining work load, manpower, and faci-
lities information and relating future requirements to esti-
mated sales forecasts and approved Corporate objectives;



8. Coordinatingwith the various Divisions in developing current
and long-range corporate plans;
9. Evaluatingthe impact of proposed systems changes on over-
all program plans and schedules;
10. Compiling and interpreting schedule and budget projections
for systems development,

B. Other

The Planning and Administration Group is responsible for insuring proper in-
ternal coordination of Corporate actions with respect to:

1. The analytical review of technical specifications, bid pro-
posals and contract or letter agreements;

2. The development of basic and detailed technical sales pro-
posals and technical reports.

Relationship
A, With the Corporate Officers:

1. Provides current contract status and delivery reports and
identifies problem areas.

2. Aids incompiling and interpreting schedule and budget pro-
jections,

3. Prepares special reports on selected phases of the operation,

4, Participates in the development of current and long-range
corporate plans.

B. With the Divisions:

1. Provides techniques for collecting and analyzing bid and
performance information as an aid to the other operating
Divisions.

2. Coordinates the development of master schedules for ma-
jor systems development.

3. Monitors Division performance against approved master
plans.

4, Prowvides assistance in determining manpower and facility
requirements,
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POSITION DESCRIPTION
of

DIRECTOR OF PLANS AND ADMINISTRATION

Scope and Objective

The Director of Plans and Administration coordinates the development of integrated
corporate plans and programs, and continuously monitors progress and performance
relating to major systems contracts. He directs the operations of the Plans and
Administration Group and 1s responsible for the economical and efficient discharge
of 1ts assigned functions and duties. He coordinates Corporate action in developing
long-range plans for future business activity and prepares plans for corporate gui-
dance under mobilization or other emergency conditions.

Regular Duties

2.1

Develops program plans and policy or presents other recommendations for
the approval of the President, and introduces timely revisions when appro-
priate.

Proposes uniform procedures and standard practices and analyses methods
and design with a view toward improving administrative, operating and con-
trol systems.

Institutes suitable controls for all aspects of program plans to permit reha-
ble prediction of trends and interpretation of current performance.

Develops a compatible system for the 1ssuance of work orders and work
authorizations for implementation of plans,

Maintains sufficient over-all program coordination to anticipate problems, to
supply necessary interpretation and amplification of plans, and to negotitate
changes 1n the plans.

With the concurrence of responsible Division authority, recommends a sys-
tem of work orders to maintain the desired balance between the relationships
of cost, timing and product performance.

Furnishes such operations services as may be required, including special
reports and analyses,

Gauges the 1mpact of design changes on established programs and aids in the
planning for their introduction.

Coordinates the development of corporate long-range plans by obtaining mn-
dividual Division statements of sales objectives, development programs, faci-
lity studies and operating forecasts and by making appropriate consolidation
of them as a correlated whole,



2.14

2.15

2.16

2,17

Initiates studies of Corporate growth capahbilities and the feasibility of expan-
sion and diversification to accomplish long-range plans.

Keeps management advised of actual or anticipated deviations from approved
plans and policies.

Coordinates the development of generalized mobilization plans under broad
assumptions of possible emergency conditions.

Causes the development andissuance of Standard Procedures relating to pro-
gramming and scheduling andthe techniques to be used 1n presenting such in-
formation.

Assists in the development of methods for analyzing and improving admini-
strative and operating controls.

Correlates thepreparation of major systems bid proposals, bid estimates and
specifications, and provides administrative assistance therefor.

Performs such other duties as may be assigned.

Executes the general responsibilities common to all executives and supervi-
sors,

3. Authority

3.1

Types and Extent of Authority

3.1.1 Hasline authority over all personnel assigned to the Plans and Admini-
stration Group.

3.1.2 Has functional authority to acquire timely and complete information
relating to operational performance under established and prospective
plans and schedules.

3.1.3 Has functional authority to meet major system suppliers and manu-
facturers, and with customers, in performance of his regular and
special duties.

3.1. 4 Has functional authority to incur qualified expenses in the maintenance
of customer relations and the promotion of company interests.

3.1.5 Has staff authority to recommend to Division executives appropriate
policy and actionfor the administrative control of current and prospec-
tive programs and operations.

3.1.6 Has functional authority to prescribe the nature and format to be used
1n reporting program and schedule performance.

3.1.7 Has staff authority to review specifications, bid proposals and con-
tracts, and to make appropriate recommendations.
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Accountability

4,1

Accountable for the efficient operation of the Plans and Administration Group.

4.2 Accountable for the timely review and analysis of Corporate admimstrative
and operating performance.

4.3 Accountable for the identification of Corporate and customer respounsiblities
1n satisfaction of major systems requirements.

4,4 Accountable for the performance of such additional duties as may be assigned,

Qualifications

5.1 Academic degree in one or more of the following fields:

Engineering, Business Administration, Industrial Management

5.2 Not less than twelve years experience in senior administrative positions.

5.3 Thorough familiarity with fundamentals and principles of program planning
and contract administration.

5.4 Additional requrements are:

5.4.1 An aptitude for analytical study.
5.4.2 The ability to express himself lucidly, both verbally and on paper.,

5.4.3 The qualities of good leadership and mature judgement.



POSITION DESCRIPTION
for

ASSISTANT DIRECTOR OF PLANS AND ADMINISTRATION

Scope and Objectives

Under the general directionof the Director of Plans and Administration, the Assis-
tant Director of Plans and Administrationis responsible for the development of plans
and systems for the coordinated operation of the various Divisions. His objective is
toimprove the profitability, efficient operationand growth of the corporationby aid-
ing 1n the formulation of operating policies and plans.

Regular Duties

2.1 In the absence of the Director of Plans and Administration, acts on his behalf
within the full scope of his delegated authority,

2.2 Develops policies and procedures for the effective functioning of the Program
Planning Group, including the institution of systems for progress reporting, in
furtherance of improved program performance.

2.3 Monitors execution of major systems plans and schedules, developingnew meth-
ods of control for analysis of program operations in order to predictfuture pro-
blem areas and develop plans to eliminate them.

2.4 Receives and evaluates workload/manpower/facilities information.

2.5 Reviews bid sheet data, historical performance, current workload, projected
capacity and performance, and delivery forecasts.

2.6 Develops agenda and conducts regular program review meetings for top manage-
ment., Presents overall problems and delineates problem areas in order to stim-
ulate decisions and initiate follow-up action.

2.7 Auds in the establishment of compatible planning procedures throughout the
Corporation.

2,8 Maintains an information center for the review of program status and the pre-
diction of completion dates.

2.9 In cooperation with the heads of all operating Divisions, participates in the
establishment of current and long range corporate plans and monitors company
progress at regular intervals. This includes:

2.9.1 Collecting, analyzing and preparing reports to compare actual and cur-
rently projected sales with prior forecasts for the company's products.

2.9.2 Recommending future manpower and facilities support for fulfillment of
approved planning objectives,
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2.9. 3 Correlating planning information into a balanced corporate operating
plan.

2.10 Performs such other duties as may be assigned by the Director of Plans and

Administration.

2.11 Executes the general responsibilitiescommon to all executive and supervisory

positions in the company.

Authority

3.1

3.2

3.3

Types of Authority
3.1.1 Exercises direct line authority over Planning Group personnel.

3.1. 2Exercises functional authority over operational authorities insofar as
their performance affects the development of plans and schedules.

Line and functional authority of the Assistant Director of Plans and Admini-
stration 1s delegated to that position by the Director of Plans and Administra-
tion with the approval of the President.

Exercises authoritative action in cases exemplified by, but not limited to:

3. 3. 1 Issuing instructions to the operating Divisions as to the development and
format of performance schedules.

3. 3. 2 Instituting methods and procedures for the development of sound plans
and schedules.

3. 3. 3 Participating in internal and external conferences relating to programs
and schedules.

3. 3. 4 Directing the operations of the Program Planning Department.

Accountability

4.1

4,2

4,3

The Assistant Director of Plans and Administration is responsible for the
supervision, selection and training of all assigned Planners and Schedulers.

He develops necessaryplans and schedules to insure coordinated operation of
the various Divisions.

He is responsible for providing timely advice to Management of anticipated
problems and recommending courses of action for their solution,

Qualifications

5.1

Academic degree in one or more of the following fields:

Industrial Management, Business Administration



5.2

5.3

5.4

Not less than ten years experience in the field of master planning, with spe-
cial emphasis on engineering and manufacturing programming.

The maturity, experience and judgement to recognize and solve complex man-
agerial problems,

The qualities and personality that facilitate conference management and leader-
ship.
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POSITION DESCRIPTION
for

MANAGER OF PROGRAM PLANNING

Scope and Objectives

Under the general direction of the Director of Plans and Administration, the Mana-
ger of Program Planning is responsible for the development of plans and schedules
for the coordinated operation of the various divisions. His objective 1s to improve
the profitability, efficient operation and growth of the company by aiding in the for-
mulation of operating policies and plans,

Regular Duties

2.1 Develops policies and procedures for the effective functioning of the Program
Planning Department, including the institution of a system for scheduling and
status reporting, in furtherance of improved project performance;

2.2 Keeps management advised continuously of the current and the forecast status
of contracts, revealing areas of anticipated weakness;

2.3 Recewves and evaluates workload/manpower/facilities information and judges
plant capacity to accept proposed contracts;

2.4 Reviews bid sheet data and, in consideration of historical performance, cur-
rent workload, projected capacity and performance, verifies delivery estimates;

2.5 Defines performance requirements to insure successful performance on new
projects or contracts;

2,6 Participatesin project activities and aids in guiding them toward the fulfillment
of assigned tasks;

2.7 Maintains an information center for the review of project status and the predic-
tion of shipping or completion dates;

2. 8 In cooperation with and aided by the chiefs of all operating Divisions, acts as
coordinator for the development of current and long-range corporate plans and
monitors company progress at regular intervals. This includes:

2.8.1 Collecting, analyzing and preparing reports to compare actual and cur-
rently projected sales with prior forecasts for the company's products.

2.8.2 Recommending future manpower and facilities support for fulfillment
of approved planning objectives.

2. 8.3 Correlating planning information into a balanced company operating plan,



2.9 Performs such other duties as may be assigned by the Director of Plans and
Administration; and,

2.10 Executes the general responsibilities common to all executive and supervisory
positions 1n the Company.

Authority
3.1 Types of Authority
3.1.1 Exercises directline authority over all Planning Department personnel.

3.1.2 Exercisesfunctional authority over other operational Departments inso-
far as their performance affectsthe development of plans and schedules.

3.2 Line and functional authority of the Manager of Program Planning 1s delegated
to that position by the Director of Plans and Administration with the approval of
the President.

3. 3 Exercises authoritative action in cases exemplified by, but not limited to:

3.3.1 Issuing instructions to the operating Departments asto the development
and format of performance schedules.

3.3.2 Instituting methods and procedures for the development of sound plans
and schedules.

3.3.3 Participating 1n internal and external conferences relating to programs
and schedules.

3.3.4 Directing the operations of the Program Planning Department.
Accountability

4,1 The Manager of Program Planning1s responsible for the supervision, selection
and traming of all Planners and Schedulers.

4,2 He develops necessary plans and schedules to insure coordinated operation of
the various Divisions.

4.3 He is responsible for providing timely advice to management of anticipated pro-
blems and recommending courses of action for their solution.

Qualifications
5.1 Academic degree in one or more of the following fields:
Industrial Management, Business Administration

5.2 Notless than tenyears experience in industrial programming and manufacturing
analysis.
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5.3 The maturity, experience and judgement to recognize and solve complex man-
agerial problems.

5.4 The qualities and personality thatfacilitate conference management and leader-
ship.
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POSITION DESCRIPTION
for

PLANS PROGRAMMER - II

Scope and Objective

Under the general direction of the Manager of Program Planning, the Plans Pro-
grammer II assists in the development of plans and schedules for coordinating the
operation of the various divisions. His objective 1s to improve the profitability and
efficiency of the Company by monitoring performance, analysing problems and re-
porting deviations from approved plans.

Regular Duties

2.1 Develops program schedules, Line-of-Balance analyses, projectstatus reports
and detailed summaries of manpower requirements for the approval of the Mana-
ger of Program Planning,

2.2 Keeps informed of the current status of specified projects and notifies the Man-
ager of Program Planning of the cause, effect and corrective action taken by
the Project in case of deviation from established plans, and recommends ap-
propriate action to alleviate or obviate problem areas.

2.3 Reviews and evaluates workload/manpower/facilities information and aids 1n
the formulation of recommendations regarding ability to accept and fulfill pro-
posed contracts, having consideration for plant capacity, manpower available
and other pertinent factors.

2.4 Reviews bid sheet data and, in consideration of historical performance, cur-
rent workload, projected capacity and performance advises the Manager of Pro-
gram Plannming on validity of delivery estimates.

2.5 Recommends performance schedules and selection of appropriate check points
to aid the Project Manager 1n achieving successful performance,

2.6 Monitors project activities and provides administrative consultation and guidance
to facilitate the fulfillment of assigned tasks.

2.7 Collects and maintains selected project status information in order to verify
predicted completion dates.

2.8 Participatesin the coordination and development of current and long range cor-
porate plans, including the collection of data and the preparation and analysis of
reports.

2.9 Performs such other duties as may be assigned by the Manager of Program
Planning.
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Authority
3.1 Types of authority
3.1.1 E=xercises no direct line authority.

3.1.2 Exercises limited functional authority over others insofar as their per-
formance is required for the development of plans and schedules.

3.2 Functional authority of the Plans Programmer 1s delegated to that position by
the Manager of Program Planning with the approval of the Executive Assistant.

3.3 Exercises authoritative action in cases exemplified by, but not limited to:

3.3.1 Instructing the operating departments concerning the development and
format of planning information.

3.3.2 Instituting methods and procedures for the development of sound plans
and schedules.

3. 3.3 Participating in conferences relating to programs and schedules.
Accountability

4,1 The Plans Programmer is accountable for the performance of his regular and
special duties.

4.2 He 1s accountable for the security and safe keeping of all classified matter and
Company- owned property in his custody.

Qualifications

5.1 An academic degree in one or more of the following fields: Engineering or In-
dustrial Management,

5.2 At least four years experience 1n industrial planning or manufacturing analysis.



POSITION DESCRIPTION

for

PLANS PROGRAMMER -1

Scope and Objective

Under the direction of the Manager of Program Planning, the Plans Programmer I
assists in the development of plans and schedules for coordinating the operation of
the various divisions. His objective 1s to aid in the monitoring of performance, the
analysis of problems encountered and the reporting of deviations from approved
plans.

Regular Duties

2.1 Prepares program schedules, Line-of-Balance reports, project status reports
and tabulated reports of manhour expenditures for the approval of the Manager
of Program Planning,

2.2 Keeps 1informed of the current status of specified projects and notifies the Man-
ager of Program Planning of the cause, effect and corrective action taken by
the Project in case of deviation from established schedules, and recommends
appropriate action to alleviate or obviate problem areas.

2.3 Reviews workload/manpower/facilities information and aids in the formulation
of recommendations regarding ability to accept and fulfill proposed contracts,
having consideration for plant capacity, manpower available and other pertinent
factors.

2.4 Studies bid sheet data and, in consideration of past experience, current work-
load, projected capacity and performance, appraises the validity of delivery
estimates.

2.5 Recommends performance schedule and selection of appropriate check points
as an aid to the Project Manager in achieving successful performance on new
projects or contracts.

2.6 Monitors project activities and provides administrative consultation tofacilitate
the fulfillment of assigned tasks.

2.7 Collects and maintains selected project status information 1n order to verify
predicted completion dates.

2.8 Assists in the coordination and development of current and long range plans,
including the collection of data and the preparation or analysis of reports.

2.9 Performs such other duties as may be assigned by the Manager of Program
Planning,
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Authority
3.1 Types of authority
3.1,1 Exercises no direct line authority.

3.1.2 Exercises limited functional authority over others insofar astheir per-
formance 1s required for the development of plans and schedules.

3.2 Functional authority of the Plans Programmer is delegated to that position by
the Manager of Program Planning with the approval of the Executive Assistant.

3.3 Exercises authoritative action 1n cases exemplified by, but not limited to:

3.3.1 Imstructing the operating departments concerning the development and
format of planning information.

3.3.2 Instituting methods and procedures for the development of sound plans
and schedules.

3.3.3 Participating in conferences relating to programs and schedules.

Accountability

4.1 The Plans Programmer is accountable for the performance of his regular and
special duties.

4.2 He is accountable for the security and safe keeping of all classified matter and
Company-owned property in his custody.

Qualifications

5.1 An academic degree in one or more of the following fields: Engineering or In-
dustrial Management,

5.2 At least two years experience in industrial planning or manufacturing analysis.
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