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PART I

Lesson 1

Lesson 2

PART 11

Lesson 3

Lesson 4

Lesson 5

PART I

Lesson 6

DATA PROCESSING FOR periP- LESSON PLAN OUTLINE

INTRODUCTION TO PERT PROGRAM | :
FOREWORD AND ORIENTATION

-— New Management tool-description (PERT Terms,
Exhibit 1)

— PERT concept

— PERT does —what

HOW PERT WORKS

—- Installation and operation

— Service to various operating and management levels

— Discussion period on Lesso..3 1 and 2 (PERT Summary
Report as a text book)

THE NE'IWORK (FLOW CHART) FOR PERT
ORIGINATING THE NETWORK

— Selecting the Events

— Layout of the chart (events and activities)
— Connecting events

~— Activity time intervals

- [dentifying events (assign numbers)
-=Completing chart

MAINTAINING AND REVISING CHART
- Discussion period (on charting methods)

PROBLEM-ORIGINATE AND DRAW A SMALL FLOW
CHART WITH TITLES (minimum 20 events)

— Show all known varieties of connections, e.g., more
than one successor. ' (Provide ruler, compass, ap-
propriate 16" x 21" paper)

— Discussion of charting problems (Sample PERT chart,
Exhibit 2)

— Chart must have:

— Base line and date (time now)

— All events connected by activities and ending in one
objective or end-item -

— Titles and numbers for events

— Time estimates for each activity

—~ Hand-count of transactions and events

ESTABLISHMENT OF EVENT NOMENCLATURE

SELECTION OF DEFINITIVE SHORT TITLES FOR
EVENTS (limited to 48 typewriter spaces) (Nomenclature
Transmittal, Exhibit 3)

— Problem-—check original chart, particularly to revise
titles, if new knowledge enables use of shorter, more-
meaningful titles -

— Discussion of nomenclature (initial and revised)
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PART IV

Lesson 7

Lesson 8

Lesson 9

PART V
Lesson 10

PART VI

Lesson 11

Lesson 12

PREPARATION OF INPUT REPM

POSTING INPUT DATA AND CODING INITIAL INPUT
(Codes and Wses) (PERT Initial Input, Exhibit 4)

— Problem: Prepare input (and code) for original chart
(20 events)
— Discussion of coding problems

CODING REVISED INPUT (Codes and Uses)

— Problem: Each participant to revise his chart—complete
2 events, re-estimate 2 activities, post schedule date
on end-item, delete 1 activity and replace with another
— Make out input to cover revisions (Revised Input Re-
port, Exhibit 5)

INPUT PREPARATION PITFALLS (After practice inputs
for appreciation)

— Do’s and Don’ts of posting data to input report (accuracy,
importance of network No., blank or filled spaces for

certain codes, etc.)
— Comparison of initial vs. revised input preparation—

revising initial input before data has been machine
processed (watch infitial coding—No. 2, 4 or 5 codes)
— Discussion of special or anticipated pitfalls

ESTABLISHMENT OF DATA CONTROL

DATA TO BE LOGGED (for control of inputs and outputs)
(Data Control Sheet, Exhibit 6)

— Use of data for transmittalsand as checks on machine
processing
— Discussion of PERT data logging problems

REVIEW OF PERT OUTPUT
PRELIMINARY CHECK OF OUTPUT

— Check immediately for “clean” run or that re-run may
be required. (Record, receipt, check machine counts,
check machineacceptance of input data, and check
chart) (Data Check-out Terms, Exhibit 7)

-— General introduction and orientation Monitor Print as
related to output

— Discussion of initial look at output (Sample PERT
output, Exhibit 8)

DETAILED REVIEW OF MON!TOR RUN

— Meaning of most-used machine codes as related to out-
put-possible computer program actions as result of
review

—- Examine monitor run and discuss story it tells (Monitor
Print Codes, Exhibit 9)
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Lesson 13

PART VI

Lesson 14

DETAILED REVIEW OF OUTPUT

-— Check slack sort and establish critical path, with con-
straints—compare with last output for evidence of im-

provement—mark path, etc, on chart

- Check completions and ear-mark events to be completed
and to be so indicated by next input (or re-estimates)

— Discussion of importance of output review since the

data is used as the basis for management action. New

refinement—~Graphic Report Form (1 yr. and 5 yr. by
months—Exhibit 10)

REVIEW OF PERT DATA PROCESSING

GROUP REVIEW OF INPUT PREPARATION

— Network flow chart-nomenclature
-— Input report and transmittal control

GROUP REVIEW OF OUTPUT

— Monitor Run related to Output
— Qutput meaning to Management

LIST OF EXHIBITS

e ol A

Definition of Common PERT Terms
Sample PERT Flow Chart
PERT Nomenclature Transmittal
Initial PERT Report of Time Interval and Progress
Revised PERT Report of Time Interval and Progress
PERT Data Control Sheet
PERT Data Check-out Terms
Sample PERT Outputs
a. Sequence “00”
b. Sequence “10"
Monitor Print Codes-Interpreted
PERT Graphic Reports
a. One (1) year graph
b. Five (5) year graph

COURSE MATERIAL (20 participants)

Copies —

2 PERT Network (Operational Flow Chart)

— 50 PERT Nomenclature Transmittal
— 100 PERT Report of Time Interval, etc.
— 25 PERT Data Control Sheet

— 25 sSheets 16" x 21" paper, pencils, rulers, compasses, scratch
pads.

TEXT
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EXTRA COPIES OF EXHIBITS, OUTPUTS AND MONITOR
PRINTS

Use PERT Summary Report—Phase 1 as the har.d manual for course reference
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PERT Summary Report—Phase I
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Technical Memorandum—Mechanization of PERT—U. S. Naval Weapons Laboratory, Dahlgren, Virginia
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DATA PROCESSING - PERT

FOREWORD

In January 1958, a project team was organized
to study the application of statistical and mathe-
matical methods to the planning, evaluation, and
control of an R & D program involving a series of
tasks scheduled in logical sequence and leading
to a final objective. It was recognized at the start
that research and development programs are of a
pioneering nature and that an attempt should be
made to schedule intellectual activity as well as
physical activity. Due to these qualities, it was
necessary to formulate a system: dynamic in con-
cept, susceptible to rapid analysis and interpreta-
tion. The result of the study is called “PERT”
(Program Evaluation and Review Technique).

PART 1. INTRODUCTION TO PERT
ORIENTATION

1. WHAT IS PERT? The Program Evaluation Sys-
tem (PERT) is a management control tool for defin-
ing, integrating, and interrelating what must be
done to accomplish program objectives on time.
PERT is a statistical technique—diagnostic and
prognostic— for quantifying knowledge about the un-
certainties faced in completing intellectual and
physical activities essential for timely achievement
of program deadlines. 1t is a technique for focusing
management attention on danger signals that require
remedial decisions, and on areas of effort for which
“trade-offs” in time, resources, or technical per-
formance might improve the capacity to meet major
deadlines.

Initially, the system was developed and applied
to the F'leet Ballistic Missile (FBM) Program. The
F'BM program is composed of a series of activities
or tasks scheduled in anticipated sequence culmi-
nating in the attainment of an operational weapon
system. Product performance and resource alloca-
tion operate as constraints on the time of accom-
plishment.

The problem of evaluating a research and de-
velopment program is difficult because of the nature
of the activities—intellectual, pioneering, and un-
predictable. How can the Program Evaluation Sys-
tem (PERT) provide a day-to~day comparison of
progress with planned schedule dates? Basically,
the system can provide at a minimum:

(1) orderliness and consistencyin planning and
evaluating;

(2) automatic identification of possible future
trouble spots as a result of failure in one area;
(3) speed in integrating progress evaluation; and
(4) accurate portrayal of the dynamic research
situation throughout these previous points.

Lesson 1

2. PERT CONCEPT. R & D effort is character-
ized by considerable uncertainty because it is ap-

plied at the “edge of the state of the art® in order
to move beyond the current “state of the art.” Suc-
cessful achievement of a program’s objective re-
quires a plan that identifies specific events or-
progress benchmarks to be achieved in sequence,
based on interdependencies among those events.
Three basic factors influence (or constrain) pro-
gress toward objectives—time, resources, and tech-
nical performance specifications. TIME is a vari-
able that can be used as a common denominator to
reflect planned resource applications and perform-
ance specifications. Responsible planners and
technicians estimate the TIME necessary to move
from event to event. They express the range in
TIME they believe will be required to complete the

. activities linking events in the plan. The estimated

range of TIME indicates the relative uncertainty for
completing different activities in a plan. It provides
data for analyzing the variance and margins of

error inherent in the successful completion of any
plan or program. Briefly, the PERT system is a
management control tool which reflects the complex
interrelationships of a large number of activities.
These activities make up an integrated network of
events; their completion leads to the end objective
of an operational missile system.

The salient features of the PERT system are as
follows:

a. Specific events, which must occur in the pro-
cess of attaining the final objective, are selected.
In the Polaris program, for example, there are many
thousand identified events which must be accom-
plished before the end objective is realized. An
event does not necessarily imply the completion of
a piece of hardware; it may be the completion of a
research task, or even the receipt of money neces-
sary for subsequent activity to begin. In other
words, all known constraints, either administrative .
or technical, can be included in the selection of
events. These selected events are clear points in
time and should be so defined that different inter-
pretations on the part of the Special Projects Office
and its contractors are prevented.

b. The sequence and interdependencies be-
tween events are established so that a graphic net-
work (chart) of event relationships may be con-

* structed. :

c. Elapsed time estimates for all the activities
linking the events are obtained from technical per-
sonnel directly charged with the accomplishment of
the activity. Actually, three estimates are obtained
for each activity: optimistic, pessimistic, and most
likely.

d. The system is so designed that current pro-
gress information may be obtained at any point in
time, and in a form subject to ready interpretation.

e. A measure of the uncertainty (probability)
associated with the accomplishment of events is
also determined by using statistical methods.
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3. ADVANTAGE OF PERT. PERT application to
& large program gives the manager information which
he may use for better planning and decision making
within the time available to him. Because of time
limitation, or lack of information, or both, managers
are often unable to evaluate alternate courses of
action in advance. Therefore, by use of PERT de-
cisions can be made with knowledge of the overall
consequence or effect upon specific objectives.

A major advantage of PERT comes from the
adaptability of its concept. Although it was devel-
oped and adapted for a particular weapons systems,
it can be applied as a management control in other
large systems. Another feature is that one can
compute and evaluate the effect of alternate de-
cisions under considerationupon any subsystem as
well as their impact upon the overall objective.

The PERT concept provides a means for better
management of large systems characterized by many
complex interrelationships. Efficient operation of
any evaluation system is dependent upon the timely
receipt, analyses, and use of accurate information.
The procedures outlined are designed to obtain the
necessary information rapidly and with minimum ef-
fort. Its effective analysis and use provided for by
updated computer inputs and rapid dissemination of
the outputs to management.

4. WHAT DOES PERT DO? With the aid of an
electronic computer, PERT reports the current va-
lidity of approved plans and schedule, the progress
to date against program objectives, and the outlook
for meeting ultimate objectives on TIME. More
specifically, PERT performs the following func-
tions:

a. Generally depicts the sequence and interrel-
ationship of significant finite events (progress
benchmatks) in the plan to achieve end-objectives
under planned resource applications and perform-
ance specifications.

b. Measures therelative uncertainty for ac-
complishing activities that link events in the flow
plan or network—based on technicians’ estimates of
TIME and range of TIME necessary to complete each
activity.

¢. Synthesizes network and TIME data to pro-
vide the combined impact of such data on capacity
to meet program deadlines.

d. Reveals the relative criticalness among areas
of effort required to meet end-objectives. It pin-
points, on the one hand, the activities for which
criticalness may require remedial decisions and on
the othet hand, activities for which surplus time
exists and where some delay will not hamper abil-
ity to meet end-objective deadlines. “Criticalness”
as used here is a relative term; “critical path”
means “longest path to end-objective.” The long-
est path based on PERT expectations may be longer
ot shorter than the scheduled deadline.

e. Computes the current probability for meeting
‘scheduled completion dates, based on the compari-
son of current expectations with scheduled dates.

f. Tailors outputs and analyses to the appropri-
ate levels of management and technical interests.

g. Provides top-management with the integrated,
summary picture of total progress and progress out-
look on a continuoys basis.

h. Simulates the TIME inpact of proposals for
change, and of optional courses for remedial deci-
sion, on the outlook for meeting end-objective dead-
lines.

5. A FAST COMPUTER. While the computational
aspects of the PERT program are relatively simple
the integration of the subsystems into the whole
system involves over ten thousand different events
and thus requires a fast computer if adequate capac-
ity is to be available. The most important advan-
tages of a fast computer are:

a. Computation of several alternative program
plans in a reasonable time.

b. Provision of results to the manager faster so
that many more alternatives may be considered
with analysis and evaluation of the relative effects
of each on the end objective.

c. Provides more lead time to the manager to
take action on critical schedules.

d. Provides capacity for increasing the coverage
and complexity of detail required in an expanding
system,

(Discuss PERT Terms, Exhibit 1, at an appropriate
time to make information more meaningful)

DEFINITIONS OF COMMON PERT TERMS

ACTIVITY

An event is separated from other events by activ-
ities. An activity is a time-consuming element in
the development process or simply stated, “work-
in-process.” It is represented on a flow chart by

an arrow. An activity cannot be started until its
preceding event has been accomplished. A suc-
ceeding event to an activity cannot be accomplished
until the activity is complete.

ACTIVITY TIMES
Estimates of the elapsed time necessary to com-
plete an activity in a specified manner are activity
times. They are represented by estimates indicat-
ing:

- Optimistic times

— Most likely times

— Pessimistic times

CRITICAL PATH

A critical path is that particular sequence of activ-
ities in a flow chart that comprise the most rigorous
time constraint in the accomplishment of the end
event.

EVENT

A meaningful specified accomplishment in the FBM
development program. An event should be recog-
nizable as a particular instant in time.

FLOW CHART OR PLAN
The sequenced diagrammatic representation of
events and activities.




PRECEDING EVENT
See ACTIVITY

SLACK PATHS
Slack paths are sequences of activities having ex-

cess time as opposed to the critical (or negative
slack) paths. Slack may exist in varying amounts -
positive slack indicates scheduling flexibility with-
in the path. A “slack” column, by event, appears on

opn the PERT output.

.

SUCCEEDING EVENT
See ACTIVITY

INPUT

Program data reported by the contractor on a PERT
Report, usually biweekly, and used as the basis
for machine card-punching.

OUTPUT

The Computer tabulation of PERT input data as of
a report date and in three sorts (events, slack time
by weeks and scheduled date). Used as a basis for
observing the critical path and for current program
analysis.

MONITOR RUN

A machine check-sheet to assure accuracy of run
(output) - rejections, lack of events, predecessors,
etc. are indicated.

PERT TIMES

PERT employs several time variables referred to

as:

Te — expected interval of time which an activity
will require.

TE — expecied point in time at which an event will
be reached (activity completed).

T1 — latest point in time (latest allowable date) at
which an event can be reached without de-
laying the program.

Ts — scheduled time - estimated data established
independently of PERT, against which pro-
gress is measured.

EVALUATION TEAM

The Evaluation Team (Team) is descriptive of a
group of designated individuals charged with fur-
thering the SP evaluation effort as it bears on a
given sector of the FBM development. Generally,

a Team will be comprised of individuals represent-
ing the SP Technical and the SP Plans and Program
divisions, SP Field Office, and the Contractor.
NOTE: When reference is made to "earliest time”
it is synonymous with PERT “expected time (TE).”

HOW DOES PERT WORK? Lesson 2
1. INSTALLATION. PERT supplies a continuous

stream of timely and dynamic program evaluations.

The cycle begins with inputs from the contractor or
agency charged with meeting a major end-objective.
Installation of the PERT system for each contractor
is accomplished through a team visit by representa-

tives of the SP Program Evaluation Branch, the SP
technical branch responsible for the contract, and
the appropriate SP field office. Working with the
contractor’s planning and technical staff, the team
draws the flow diagram or network, beginning with
the culminating end-objective and moving backward
through preceding events to *‘time now.”’

2. TIME ESTIMATES. Next, elapsed time estimates
are obtained from technicians who will perform, or
could perform, the activities linking networkevents.
Such estimates are made in units of TIME, e.g., in
weeks without regard to schedules or calendar. For
each activity, three TIME estimates are required—
most likely TIME, optimistic TIME, and pessimistic
TIME. The estimated TIME range, optimistic to
pessimistic, excludes extremes that cannot
reasonably be expected, e.g., unlikely technical
breakthroughs or unpredictable ‘‘acts of God” such
as explosions or bad weather. Contractor networks
and time estimates are edited and reviewed for
reasonableness by appropriate technicians before
computer input sheets ate sent to the electronic
computer for processing.

3. OUTPUTS. The computer is programmed toproc-
ess the input data quickly and to provide outputs,
both standard and special, to serve different pur-
poses, many levels of management, and various
technical-direction interests. These outputs are
provided in full detail for technical direction staffs
and in a merged and summary form for top manage-
ments.

4. REPORTS. Once PERT is installed for a given
contractor, the continuity of PERT outputs and
program evaluation is maintained through bi-weekly
contractor inputs. These are progress reports that
provide *‘ up-keep'’ of original data as progress is
made and as events, TIME estimates, resowrces,
and/or performance specifications are adjusted or
revised.

5. PRE-MANAGEMENT ANALYSIS. Computer out-
puts are interpreted and analyzed in the Program
Evaluation Branch before transmittal to top manage-
ment and to technical staff. Such analyses state the
qualifications or assumptions pertinent to each
specific print-out to insure accurate interpretation
and use of the numbers. Such analyses also high-
light the danger signals (e.g., events in the critical
path) and suggest possible options worthy of con-
sideration for decisions.




6. MANAGEMENT. How does PERT serve various
levels of management? Upon receipt of computer
outputs with interpretive statements, top management
or technical direction staff may choose either:

a. To make adjustments and trade-offs in plans,
schedules, resources, or performance specifications
or,
b. To test the effects of different options for
decision by running through the computer different
proposals for change.

In either case, the SP approved decisions for
change are recommended to the contractor and the
PERT cycle continues. For the highest levels of
management, PERT outputs can be summarized to
present the integrated progress to date and the out-
look on a continuous basis. A more detailed exami-
nation of critical areas is required by the technical
directior staff. This is accomplished through study
of events in the critical or longest path of the net-
work. To serve this purpose, one computer print-
out specifies events on the critical path, sub-
critical events, and the probability for meeting the
end-objective on schedule. This is a standard print-
out based on each series of inputs. Another compu-
ter print-out shows the latest times by which each
event in the network must be completed in order to
meet the end-objective schedule. These PERT
products serve as bases for program evaluation as
originally defined. They improve management’s
capacity to accomplish Program objectives by the
deadlines essential for national defense.

PART II THE NETWORK (FLOW CHART)
ORIGINATING THE NETWORK

GENERAL. The preparation of a PERT flow chart
begins with the selection of appropriate, meaningful
events and activities which are to be accomplished.
The events are depicted by circles (or boxes)
drawn vertically according to subcomponent.

Events are numbered successively (in 3 digits—as
“005") and descriptions (titles) are printed in the
circles. The contractors’ technical personnel
ghould aid in the establishment of events as well
as setting up activities connecting these events.
Charts with titled events coming under security
regulations should be appropriately classified. A
detajled explanation of the setting-up of a flow
chart follows. (See Exhibit 2 and operational
PERT chart)

Lesson 3

1. SELECTING EVENT TITLES. It is important
to analyze each event description considered for
use on the flow chart by asking appropriate ques-
tions in the following categories:

Category 1-Does the event represent a definite
discernible beginning or ending point of some
activity or group of activities? (Such words as
tirm, finalize, freeze, ship, etc. are to be avoided.
In their place use such phrases as, “design release
complete,” “production prototype design complete,”
“approve for captive test,” “arrival of 1st flight
test vehicle at AFMTC,” etc.)

Category 2-Is the description detailed and com-
plete? Does it tell who does it? Where and what is
done? (Be sure model descriptions are complete.
Use specific FTV, CTV, and other available code
numbers to name specific components, subsystems,
and systems. Use {est and model numbers)

Category 3—Does the technical man who is to do
the estimating understand the events as beginning
and ending points of some clearly defined activity?
Is he able to fix in his own mind what has to take
place at the completion of the preceding event
before the immediately succeeding event is reached?
(This category is used when interrogation of the
estimator takes place in obtaining time interval

" estimates.)

2. CHART LAY-OUT. Afterthe events have been
selected properly, the next step is to place the
descriptions on aflow chart. This can be accom-
plished on a “first cut” basis by drawing a series
of circles (or boxes) about 1-1/2 inches across on a
large sheet of paper. The event descriptions are
printed in the circles. (They may be abbreviated

if a complete list of events and their description is
maintained.) Events are placed vertically accord-
ing to category (subcomponent on a component chart,
subsystem on a system chart, etc.) and along the
horizontal axis in normal sequential relationships.
No permanent horizontal date scale should be
placed on the chart to avoid influencing judgments
as to time estimates and thereby introducing a bias
into the estimates. Atthe conclusion of this step
in the process, the chart is nothing more than a
series of circles with descriptions (titles) in them.
Usually, a sheet of paper abou 24 by 36 inches
should provide enough space for about 200 events.

3. CONNECTING EVENTS. Qualified technical
personnel thoroughly acquainted with the area to be
analysed should assist in determination of the
interrelationships or interconnections among
events. They should be aware of the over-all
planning as it applies to the area covered by the
flow chart so as to indicate the appropriate con-
nections to reflect present plans and expectations.
For example:

“According to present plans it is expected that
events numbered 10 and 22 are related and that
event number 10 will have to be reached before
event number 22 can be accomplished. Events num-
ber 10 and 22 are so related and interdependent that
unless 10 is completed the activity between them
cannot be started. Furthermore, it will be impossible
to reach the point in time represented by 22 until
the activity represented by the arrow between them
is completed. More specifically: an inspection of
an assembly cannot be started until it is assembled,
the assembly cannot begin until the components
are fabricated, etc.”

4. It is advantageous to start at the left of the
chart where some events may have been completed
already or scheduled for completion momentarily.
Some events are considered as having no preceding




event. These even:s start as of the time “O" or
“time now.” Arrows leading into these events
originate at the “O”" point. The connecting process
is continued across the chart to the extreme right
until each event is properly related to all the other
events either directly or indirectly. Connections
to events (activities) should be clear-cut graphi-
cally; with a minimum of “cross-over” lines or
“back-tracking.” The statement is sometimes made
by the technical man, “But this event does not have
to be accomplished before we can start the indi-
cated subsequent activity.” The question to ask in
this case is, “Does the relationship as shown by
the arrow, represent current planning within yow
group?” Event sequence reflects realistic, planned
operations. To tie-in at merge points on a network
(where no activity is involved) a “dummy” activity
with no time interval (“0-0-0") may be established
between the events.

5. ESTIMATING ELAPSED TIMES. The con-
tractor's technical representative, who indicated
the connections to be made between events, should
provide estimates of elapsed times and associated -
variables for the activities represented by the

~arrows between pairs of events. He must provide
three time estimates as defined below:

1. Optimistic Time—~The first estimate is an
“optimistic” one, in that it gives the best or short-
est time. There is little hope of completing the
activity in less than the optimistic time.

2. Most Likely Time—-The “most likely” time

estimate is the time that would occur most often if -

the activity was repeated under eractly the same
conditions many times. If many knowledgeable
people were asked for the most likely time, the
value given most often would form the most likely
time estimate.

3. Pessimistic Time—Xf significantly worse luck .

than usual occurs, the “pessimistic time” estimate
indicates the longest time that the activity would
take.

Time estimates should be entered on the flow
charts along the arrows to which they apply. A
good form to use is illustrated in the sample PERT
Flow Chart, Exhibit 2. When all three time esti-
mates (optimistic, most likely and pessimistic) are

" equal, the activity should be analyzed carefully for _

possible errors in estimation.

6. COMPLETING THE CHART-NUMBERING. .
The flow chart is to be used as the basis for con-
veying the initial data to a data processing center.
., In its original “work sheet” form, it must be classi-
fied, if required, because of the event description.
Events are numbered in three digits (as “005”) as

part of & system number which also has six identify-.

ing digits—an example being 020 - 345 - 005. The
first three digits indicate the Special Projects
(BuWeps) technical division code—the middle three
digits are assigned by SP to avoid duplication and
may be assigned as Contractor control figures. The
first three digits are selected for systems on the
following basis:

011 —~ FBM TRAINER .

022 - LAUNCHING AND HANDLING
023 — FIRE CONTROL AND GUIDANCE
024 '— NAVIGATION

025 — SHIP OPERPATIONS AND TEST

(INSTRUMENTATION)

026 — SHIP INSTALLATION AND DESIGN
(CONSTRUCTION)

027 — MISSILE (PROPULSION, REENTRY
BODY, etc.)

(#020”" and “670" are presently used for outside
miscellaneous networks, as for BuShips—*010” is
reserved for integrated networks)

The chart should be redrawn so that it is readily
reproducible. If drawn on tracing papet with India -
ink lines, it can be reproduced by the diazo process.

-Original charts and reproducible masters should be

kept by the contractor.
7. FROM FLOW CHART TO INPUT REPORT.

"Information presented on the flow chart cannot be

fed directly into the computer, but has to be con-
verted into numerical data. Each activity time and
its corresponding boundary events are translated

"into entries on the Report of Progress and Time

Interval Estimates Form, illustrated in Exhibit 4.
The conversion should take place in the data flow
process as soon as possible after the origination of

"the chart. A logical place for this routine clerical

operation would be in the contractor’s program plans
group or program analysis group. One copy of the
complefed input report should be forwarded to Sp-12
{(BuWeps), and one copy to the cognizant technical
branch (e.g., SP-22) in the Special Projects Office
(BuWeps). (Substitute the address of the cognizant
data processing center for Sp-12, if a service center
is used.)

8. REVISING EXISTING FLOW CHARTS PERIOD-
ICALLY. Essentially the same procedure is fol-
lowed inrevising flow charts periodically as is

used in setting them up originally. A team, repre-
senting the contractor and the Special Projects
Office (BuWeps), critically examines all events and
times in the existing flow chart. Revisions and re-
estimates are made wherever necessary. All changes
are incorporated in a revised input report.

MAINTAINING AND REVISING PERT .
FLOW CHART Lesson 4
As each input is generated to revise the basic
network, the flow chart should be maintained cur-
rently to show all revisions in plans. Events and
activities added, deleted or changed should im-
mediately be posted on the flow chart. Completed
events (with dates) and the current critical path

 should be indicated clearly by colored crayon or

tape on the chart to provide a quick scanning of the
current project status. Completed events will not
drop out (not shown on printed output) until all
successors are completed. The difference in com
pletions should be indicated on the chart by drawing




slanted lines over the event circle for completed
events having successors and by cross-hatching
these lines for completed events with no active
successor. Scheduled dates provided by the con-
tractor should be posted above event circles as
received and are particularly urgent for each end-
item. (Initiate group discussion of chart revision
and need for current network-show all revisions on
_chart.)

. PROBLEM-ORIGINATE A PERT CHART Lesson S

Provide for group participation in the discussion of
PERT networks and then have each individual draw
a simple PERT flow chart (minimum 20 events).
The object is to visualize a small operation, as an
example, from the design to completion of an end-
_item, and graphically poriray events and activities.
" All known data and a variety of connections (activi-
ties) should be utilized to indicate participant’s
accumulation of PERT knowledge, including activity
time estimates and establishment of nomenclature
for processing. (Retain original charts of partici-
pants for refinement after more knowledge of PERT
system-e.g., betterdata or event nomenclature
gained during course.)
PERT Chart requirements:
— Base line and date {time now)
— Each event connected by an activity—at least
one end-item
— Titles and numbers for event
— Hand count of events and transactions
(Conduct group discussion of flow charts and ques-
tions on preparation)

PART Ill. ESTABLISHMENT OF NETWORK
EVENT NOMENCLATURE

SELECTION OF DEFINITIVE SHORT
TITLES FOR EVENTS Lesson 6
The network (chart) provides the basis for prepara-

tion of a list of event titles. Each evernt on the
chart includes the title as well as number and should
be posted to the Nomenclature Transmittal in
numeérical order with 9 digit identification as per
. the example nomenclature list, Exhibit 3. Space on
the output sheet limits each title to 48 typewriter
spaces; therefore, short titles should be spelled out
and long titles abbreviated with commonly under-
stood abbreviations. Revisions to the initial
nomenclature listing should clearly indicate both
(A) changes and (A) additions—with titles or (D)
.deletions—witlicut titles (see Exhibit 3). Nomen-
clatwe should be maintained in a current status by
transmitting title changes promptly.
NOTE: Events should have short, definitive titles.
Activity definitions to explain operations between
events should be a separate submission by the
contractor—to be used as an aid in analysis of the
system outlook.

Nomenclature use is optional by contractor. If
- ngmenclature is not to de released to a d’ata process-

9

ing center the nomenclature listing should be sub-
mitted to SP-12, only for classified use by BuWeps

(5P;12).

——

PART IV. PREPARATION OF INPUT REPORT

POSTING INITIAL INPUT DATA
{see Definitions, Exzhibit 1)

Lesson 7

1. INPUT. Since the input report is used directly

by card punch operators, the date must be accurate,
complete, and preferably typed or hand printed leg-
ibly. The PERT input report is based on the events
and activities shown on the network or chart pro-
vided by the contractor. The chart contains all the
events, activities and time intervals to be posted
in numerical order to the input report including con-
tractor-supplied scheduled dates and event comple-
tion dates. Completion dates must be on or before
“time now;” and scheduled dates are after “time
now” (end of report date as set by input).

2. INPUT REPORTS. As indicated on Exhibits 4
and 5, —the code, complete event numbers, time
intervals in four digits (including one decimal
place) and dates in six digits are required where ap-
propriate (according to action—e.g. Code 7 needs
only an ending event and completion date). Vertical
arrows may be appropriately used on the input re-
port to indicate repeated figures, but for clarity

(for card punch operators) arrows must not run
through blank event spaces i.e., the beginning event
space (before the ending event number with a Code
4 ot 7) must remain blank—repeat the full event
number (9 digits) when required in the transaction

" following a Code 4 or 7 transaction.

3. INPUT GUIDE. The following guide indicates
by Code and *X” the spaces to be completed and

by “—"those which arerermissive for scheduled
dates. Below this is a sample completed input on
this portion of the Report of Time Interval Estimates
and Progress.

4. CODING THE STANDARD PROGRESS FORM.
Certain sections of the Report of Time Interval —
Estimates and Progress Form are reserved for cod-
ing. Code entries in column (1) must be made as
follows:

Code
Reason for Line Eniry on Form Number

New or original estimate of an activity

(adding a connecting link) 1
Re-estimate of existing activity 2
Completed activity 3
Scheduled date 4
Deletion of an activity 5

Establish a base or completion date

(no predecessor) 7
Columns (2) and (3) are specifically set aside

for the SP, FBEM managers. These entries will re-

flect any hypothetical or proposed changes in re-

sources (column 2) and/or performance (column 3).

Column (4) is provided for special runs. The first




input of data for a new network consists of estab-
lishing a starting point and new activities, occas-
sionally with completed events which must be ac-
curately coded.

5. INITIAL INPUT CODING,

a. Code 7 is used to establish the base line at
the starting date or to indicate a completed event
(on or before “time now”™) which has no predecessor
(beginning event). Only an “ending event® number
is indicated on the input form since the use of Code
T is used when there is no predecessor event. Some
networks may not have a base line due to their
origination after the completion of the starting
event in each string of events has been completed.
Ordinarily, in this instance each beginning-event
completion date would be established with a 7
code. A network may initially involve both the
establishment of a base line and the establishment
of completed events by Code 7.

b. Code 1 is used to establish a new activity
and will be used for nearly all transactions in an
initial input, except for the establishment of a
base-line date or a completion date of an event (by
a code 7). A scheduled date (date after time now)
may be included whenever the 1 code is used.

Activity ldentification Time Interval Estimates | sgheduled or
- . i- 581- .
B | e, | st [rikely |mistic | Completion
(A) (wc:k 8) w(w:ek 8) (wiekd
ha aE {B) (C) (D) (E) (F) (G)
12f13-16{17{18 - 4 - 42144 - 47)148 - 5N52 - ssle0 - 6§
Mo.{Day |Yr.
1| NPW pCTEVITY X X X X x t-1-1-
o| RE-EBTIHATE X X X X X -1~ |-
3| COMPLETfON X X X {x |x
4| SPHEDULED DATE X x Ix |Ix
‘5| DELEFIO X X
7] CPMPLET bN X X |x |x
1 000-000-004 000-000-008 003.,0 005.0 ]009.0 | 03}12 |60
2 000-000-004 000-000-005 010.0 012.5 }015.0 | - |- |-
3| 000-000-001 000-000-003 o1 |20 |éo
4 000-000-010 10 12 |60
5 000-000-012 000-000-013
7 000-000-015 o110 |60

NQTE: If it is desired that the completion date of
an event be printed on the output, the completed
event must first be established by Code 1, then in-
dicated as completed by Code 3. (Code 7 estab-
lishes a completion date for an event, but does not
resull in a printed completion date on the output.)
Codes 2, 4, and 5 will not be used in an initial
input (new chart) since there are no previously
established activities to re-estimate or delete and
scheduled dates are put in with the Code 1 trans-
action.

CODING REVISED INPUT Lesson 8
1. REVISION. Each input revision should reflect
the current status of the network and corrective ac-
tion taken since the last report to reduce or elimi-
nate restraints or reduce slack in the critical path.
Normal actions are to re-estimate activities along
the critical path and activities which are taking less
or more time than previously estimated, and to re-
port of changes in application of resources, per-
formance, and the completion of events.




2. CODING INPUT.

a. Code 2 is used to indicate a total time re-
estimate, regardless of partial completion since it
is & previously established activity. A scheduled
date (date after “time now”) may be included when-
ever the 2 code is used. The last scheduled date
posted erases the previous date and if 00 00 00 is
posted as a date this will result in removal of an
established scheduled date.

b. Code 3 is used to establish a completion
date for a previously established event only, the
date will print out on the output.

¢. Code 4 is used only to establish or change
a scheduled date (after “time now”) on an estab-
lished event, and is posted on the “ending event"—
no beginning event or time interval being involved
or posted. Code 4 is not used if the “ending
event” has been posted as part of an activity trans-
action under Code 1 or 2, in which case the sche-
duled date is indicated in the Code 1 or 2 trans-
action.

d. Code 5 is used to delete an activity (be-
tween two events) from the established machine
data. Post only the beginning and ending events
since the activity time interval is unessential.

INPUT PREPARATION PITFALLS

Pitfalls of major consequence can usually be over-
come by legible figures and accurate, complete in-
put report data, properly coded and reflecting the
current status of the project. Common input prob-
lem areas are the following:

— Improper data in report transaction line (e.g.,
time intervals in an event completion trans-
action which should have only an event num-
ber and a date

— Improper coding of transaction (e.g., a Code 3
instead of Code 4 to establish a scheduled
date (—or is a date wrong—and should be a
completion?)

— Transaction, with time intervals, given Code
2 (re-estimate) but activity was not estab-
lished. (Code 1 establishes a new activity)

— Completion of an event which has an incom-

Lesson 9

plete predecessor (—usually an error in report-
ing—the beginning event of an activity must be

completed first and so reported.)

— Event completions or activity re-estimates due

in a report period must be checked-out and re-
flected in the input report to bring data on
schedule.

— When Code 4 or 7 is used there should be no
beginning event in {he transaction line.

— If arrows are used to repeat identification
digits, do not run arrows through beginning
event spaces which should remain blank in
the caseof Code 4 or 7.

- Network identification (the first 6 digits)

must appear with each input event number (the

last 3 digits of the 9 digit PERT number).
— Use of improper dates for scheduled dates

11

(should be after time now) and for event com-
pletions (on or before time now).

e. Code 7 is used to establish a completion
date for an event (without a predecessor) and may
be used to reestablish a completion date if the
event is active (the beginning event of an uncom-
pleted activity) and it is desired to change or re-
move & completion date.

NOTE: Posting of completion or scheduled dates
refer to “ending” event, only.

(Group to do problems of coding and completing
line entries)

— Check the addition of new events and activ-
ities to ascertain tie-in with established
network.

— Verify that time estimates (figures from low
to high) reflect optimistic, most likely and
pessimistic times.

— Incorrect hand-count of transactions and
events, (especially those dropped from file
upon completion)-makes machine check and
balance difficult.

NOTE: Input data in report must be exact, and
ready for cardpunch operator’s use. It will be
mechanically punched since the operator will make
no correction but will punck the data directly from
the report.

(Conduct group discussion of other possible pitfalls
of foreseeable problems.)

PART V ESTABLiCHMENT OF PERT DATA
CONTROL

CONTROL OF PERT INPUTS AND
OUTPUTS Lesson 10
The maintenance of a data control log is required

to account for the receipt and dispatch of PERT

data to a designated data processing center (see

data control form, Exhibit 6). Inputs are identified
andrecorded prior to transmittal for machine process-
cessing and outputs are recorded upon receipt. Date,
batch number, number of transactions and number of
events are verified upon completion of a log entry

and as a preliminary spot check of the output.

NOTE: At the time of transmitting input, the re-
quest should include the time now (date of report),
required number of output copies, and run-sequence
{00 is “expected date” run (TE) and 10 is “latest
allowable date” run (T ) on the NORC). (Re-runs
increase the sequence 00 to 01, 02, etc. and
sequence 10 to 11, 12, etc.)

PART VI REVIEW OF PERT OUTPUT

PRELIMINARY CHECK OF OUTPUT
WITH MONITOR

Lesson 11

Upon receipt of a PERT output (Exhibit 8) the post-
ing of receipt data (nuiaber of nachine transactions




and events) and comparison with the input data as
well as with revisions and current critical slack
will indicate, in general an acceptable run or that
corrective action, possibly a re-run, should be ini-
tiated. The monitor print and flow chart may be
brought quickly into the picture to verify selected
completion dates and PERT expected dates.
(Orient group with practice session and initial
check of output for general acceptance—refer to fol-
lowing Check-out Terms, Ezhibit 7)

DETAILED REVIEW OF
MONITOR RUN

Exhibit 9 is self-explanatory and contains codes
used on the monitor print which are evaluated in re-
viewing the output. in addition, the following ac-
tions should be taken to complete the review: (Call
attention of analysts to critical areas or unsolved
problems affecting output, etc.).

a. Check number of machine-count transactions
indicated in Run #2, Word 7 (upper right-hand corner
of monitor print to assure or correct original hand
count on input.)

b. Check number of machine-count events indi-
cated in Run #9, ending Word 7, to assure or adjust
original count (with allowance for those added or
deleted on last input).

c. Beginning word of above line (Run #9, Word 1)
provides output 16-digit tape number as: 3909 (run
date/seq/system). Log this tape number which is
noted on transmittal for updating next input.

d. Spot-check critical path and “slack” sort for
acceptability in view of last output and the effect
of current input.

e. Spot-check several scheduled and completion
dates for consistency with operational ptan and
target date.

f. Check-mark events in output which are sched-
uled for completion in next report period as basis
for one phase of next input review—next input should
indicate event completions or re-estimates of ac-
tivities and indication of reasons for activity
changes. ,
(Run through a detailedreview of a sample out-put
with matching monitor print for group discussion
purposes)

DETAILED REVIEW OF OUTPUT

1. OUTPUT REVIEW. A detailed output review in-
volves checking the output against the machine
monitor-print, which lists data acceptances and re-
jections, and also checking the network to correct
discrepancies or errors in the processed data. The
monitor-print, by the interpretation of codes de-
scribed previously, will provide a detailed check of
output data. Corrections, if critical, will necessi-
tate a rerun; otherwise, the next run may be noted
in the file for additions to the input. Common terms
to aid in understanding the monitor print and output
are provided in Exhibit 7.

{Review and have group join in check of an output
with a monitor print)

Lesson 12

Lesson 13

2. INTERPRETING OUTPUTS FOR MANAGE-
MENT DECISIONS. The PERT output sheets
(Exhibit 8) provide valuable information on progress
to date and anticipated future progress. The ‘slack’
column indicates the amount of negative or positive
slack in a particular event. The presence of a
large amount of positive slack in an event is an in-
dication of a place where resources might be avail-
able for possible “trade-offs.” A slack value ap-
proaching zero would indicate that the event in
question is likely to be a potential trouble spot.
Critical paths are determined by highlighting (draw-
ing in red or otherwise emphasizing) those lines on
the chart which pass through events with zero slack.
Slippage of an event along the zero slack path will
cause & corresponding slip in somemajor end objec-
tive.

Semi-weekly reports on additional data attempt
to focus attention on relatively critical paths and
to audit a few specified events. Reestimates are
requested for a!l those times that lie along the crit-
ical paths. This serves two purposes: (1) emphasis
is placed on “tight” areas, and (2) estimates in
these areas are marked for critical analysis with an
effort to produce more accurate data where it is
needed most by management. -

Auditing seeks to improve the accuracy of the
flow chart by requesting estimates on a small group
of selected activities which differ from month to
month. It is expected that all events on the chart
will be covered at one time or another.

The Probability (Pr) column is the result ob-
tained by comparing on a probability basis the ex-
pected or earliest time (TE) for the occurrence of
an event with the schedule time. The number in the
Pr column indicates the probability of reaching the
event on or ahead of schedule. Obviously, if the Pr
value is low (below .05), the probability of meeting
or beating the schedule is quite remote. - Values of
about 0.5 are good, while values close to 1.0 are
excellent.

3. DEVELOPING NEW OR REVISED PLANS. As
a result of examining initial outputs on a particular
component or subsystem, the Technical Branch of
SP may decide to develop and to test hypothetical
plans. Those events that are marked as probably
being reached ahead of schedule indicate possible
areas where resource trade-offs might be arranged.
Events along the critical (zero or negative slack)
path indicate possible areas for performance de-
gradation or increased resource application.

If the schedule for a major event is in jeopardy,
it may be possible to replan and improve the out-
look for meeting the schedule. This replanning
could take the form of altering the planned sequence
of events. Such an alteration could postpone cer-
tain activities to a later point in time, e.g., it might
be possible in certain situations to forego some
testing before a flight. Thus the replanning would
not force the flight to await all of the preliminary
tests that were originally planned.

The difficult part of the entire PERT process is
the translation of the physical situation ervisioned

12
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in the mind of the planner into the objective terms
which form the language of the computer. There can
be nothing hazy or indefinite about the information
or instructions that are fed into the computer if ac-
curate and reliable results are to be obtained. A
computer liaison man will be available in SP 12 for
comsultacion on problems of computer interpretation.

4. INFORMATION ON CRITICAL AREAS. Asa
result of computer analysis, specific paths on the
flow chart will shape up as critical. At the end of
each report period, the contractor will be required
to submit re-estimates of all time intervals along
the critical path. The request will require either
completion of & report form and/or a revision of a
flow chart since corrective action may require re-
estimates, completion, addition or deletion of
events, etc.

13

PART VII REVIEW OF PERT DATA
PROCESSING

GROUP REVIEW OF INPUT PREPARA-
TION AND OUTPUT Lesson 14

—PERT-A new management tool

—Establishing and maintaining a network (flow
chart with event titles)

-——Completing an input report for machine processing

—Control and review of PERT output, with refer-
ence to monitor print and chart

~—PERT-of service in management decisions

(Group participation, particularly as a means of

feed-back and determining degree of absorption.

Group comments and discussion on course benefits,

improvements, etc. All participants to write general

impression of PERT training on data processing.)




PERT DATA CHECK-OUT TERMS DEFINED

1. MONITOR PRINT

Word (1-7) —

Monitor print has seven columns of figures. Each
column is called a word and numbered from left to
right.

Rus (1-15) —
Identified by series of numbers in first word which
apply to Run, e.g., Run 2-a series of 2's.

Predecessor event —
Beginning event of an activity.

Successor event —
Ending event of an activity—more than onemay be
tied to predecessor event.

File mput Tape —
The number of the previous input tape (3909----
(date), etc.)

File Output Tape —
The number of the file tape which produced the cur-
rent output (3909- - - - (date), etc.)

Transaction —
A line item for machine processing, originally
posted to the input report.

Week Now —
Date of input for machine processing, indicated on

machine by number of weeks from 1 January 1959
(0.1 weeks) (Wednesday is used as base-day, e.g.
Wednesdav, 4 May 1960 is 70.0 weeks).

2. PERT OUTPUT

Sort —

Output data tabulation is printed in three sorts:

Sort “S”—By weeks of slack, most negative first
Sort “E”—-By event number, numerically

Sort “T”"—By PERT scheduled date, chronologically.

Slack -

Negative, positive or zero weeks of time, shown by
event (e.g., -2.5 slack—two and one-half weeks
delay).

Ezxpected date —

In view of all data which has been machine-
processed, this is the PERT expected completion
date (accomplished by one-way (forward) processing
of data—Sequence 00).

Latest Allowable Date —

In view of all data as related to scheduled end-item

date, this is the PERT date for event completion if

end-item is to be on schedule (accomplished by two-
way processing of data—Sequence 10).

(In addition, see Definitions of Pert Terms, Exhibit
)]

EXHIBIT 1
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PERT NOMENCLATURE TRANSMITTAL
PRNC-NWL-3930/14 (6-59)

DESIGNATOR KEYS
A - aDpITION or CORRECTION

oATE: 12 June 1960
000-000 SAMPLE NETWORK

D - DELETION EXHIBIT 3
NOMENCLATURE

OES EVENT (1 (2) (3)
iOOO-OOO-OOS DESIGN FOR AlXP-.-Z APPROVED BY IAYY

000-000-006 FABRICATION STARTED FOR #2 COMPUTER & CABINET
Al 000-000-099 ASSEMBLY OF INSTRUMENTATION COMPLETE

000-000-004 . .

000-000-~135 CHECK-OUT AND T_BTING OF CV 30 U.IRI]IG DIAG.
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ETC. . .




4 LIGIHEXY

"PaIINIs Aprai(e sey A11Aniow ayy yBnoy uaad AJtAnow [[N) Y1 10j UIATS 3q PINOYS SIEWIISI ISIYL °J puv 'F ‘q sywngo)
yal RN

QILAISSYIONN 0961 yoIwy o2 SINOLON °f °P ..\.; ~n) »N A
LY :
'NOILVIIJISSVTID :paullts aieq "—aa.o_uuo.vma suodsafy-jo W.;G:u_m
- KyTATIOV Aoy 0°zto ] o°loof o0°Coo 669-024~110 869~02~110 T
Lyyariov aeg 0°Loo | o°coo| o0°200 96902110 $69-024-110 1
03w peTupeqog - Lyyatyov aeg| o9] of | e0] o0°Loo | o°Soo| o0°coo 669024110 469024110 T
233a1907 ARy 0°6T0 | o0°010] o°lOO 669-02110 £69-02-110 1
AH1amiov Asy 0610 | 0°STO0 ] O0°CT0 169-024~T10 069-02110 1
wopsetdmoy | 09] Lt [ <o 40L=024~110 €0L-024~110 £
Azatiov neg ¢°200 | o0°200} o0°100 40L-024~110 €0L-024=T10 T
wopetdwop | o9f 0z | <o 20L=024~110 T0L-024110 ¢
0200 | Id..maL — 0° 100 20L-02H~110 T0l-0Z%-110 1
UOT3ST o] 60 [ ¢o LL9~02H~T10 l
0°lto | o0°'¢t0 | o°tio 42902110 000~024~110 1
Gy oseg | 09] 90 | <0 000~024-110 L
x| AvQly
-ﬂﬁ-i«- ra— - ¥ - stjLipt-cge
— ) 5) Wl @l 3] LY CICKE
¢
(1940 ‘smopdusisur 29g) exooa)l (sxesm) (s300m) (v)
syIvwIoy g ayeqg spsrw| Aponyy | onerm "ON USAY *ON jusAgy
uonerduioy -1seng] so] -nudo Supuy SuyuuiSeg
20 eTnpeyog | sevwmsy reAzsjuy suny | uonzedIIUSp] L31A130Y
. . $wr30euuc) ‘doysyxong
qoIw{ 02 o1 ON 12%13u0) p— UOTSTATQ ORX308TY
,I.Ill-llo«._ =%t 4 woTIeIodio) Texeusp
QoI 9 ‘wozg £Lamy 30 jusmyzedeq
porzad 130day *ON 31eY) molq (21ds) #03330 syoefaxd Tesoeds .07 (103023u0) jo uone>0T B swrey) :woag

1961 23quadeQq ¢ saayday
1624~y °ON nwaang 3a8png
posoxrddy wzog

—yu ey

‘NOILVIIJISSV'ID

SSIYDOUd ® STLVINILST
TVAYILNI INIL 40 LHOLIY

193d




$ LIqTHXX

*paIIwis Apeoxre sey Aitarde sy ynoyy usaa Ljtande [[n) a3 105 usard aq prnoys sajewirysd syl °J vcd ‘3 ‘q -:530& P

=35l

k. . [

CILAISSYIOND 0961 Tvxdy 2 ﬁ-o_.o: o0 J
NOILVILJISSV'ID :pousis aeq TeYJO os.nv QHN% ...r:u.w
(xossecepexd ou) worserdwod | 09] 10 | %0 6£9-024~T10 L
005 ¥ UoTI00paId STnpeqORey 0°200 | 6°t00] 0°100 €29-024~110 229~02H=110 z
396% ¥ uorjonpoxd ernpeqosey 0°¢00 [ 0°¢00 | 0°%00 229-02%-110 419~024-110 z
Zeteq teaczddy 0800 | 0°lo0 | 0°900 Z0L-0ZH~110 669~0Z%-110 3
TITATIOV AR - OTNPOYOS 03 OB 0°0t0 | 0°600 | 0°800 089-02%-110 ¢l9~0zy-110 1
18Teq (eA0xddy 0°0T0 | 0°600 | 0°800 119-02n-110 919~0z%~110 F;
SINPOGoS pos 9] ot 0°2t0 | o°tio | o°ot0 19-02H-110 #9902~ 110 z
INTeq uoTIONpOLg 0°600 | o0°800 | 0°L00 49024110 0%9-02%~110 F3
O | 0 [ ~°To HWeI-0er-110 | 029-0zh-T10
oyvq petnpenos | 09| 2 | €0 STL-024-110 Y
TUOT3018q 099-02%~110 005-0Z7~110 4
WSSy [ 09 & | %0 — 199-02-t0 | 099-0w-110 T
“IX aa& O]
-d#n- -mﬂTl..- ¥y - - stitot-enf2
LT} 5)) c.. ] (a) () . ®e &0
(x9a0 ‘swononijsuy seg) om " oo v)
sIvurey aeq 'UH:.B. .M—ﬂo&.ﬂ’nl. uﬁou ‘ON usAg ‘ON 1usA]
uonerdwon -ysseg| wow| -ndo Surpuy SupuuiBeg
X0 sTnpeqog | *PICWNST reazsyuy suryy UOnTIPRUSPL ANAlDY
W) e o
§.ﬂ 32dy 2 LI - X 4 ‘ON 3d%23U0D) SNOTIONMO) *ROTIIO]
) B s B *9°0 ‘Sz uorBuyyeey UOTSTAT] OTX30N(
potzag 130dey "ON 1ieq) morg] (21dg) 03330 s10efaxg teroeds :of (1012%23u0D jJO uonEIOT B swreN) w01 g
Zaquied sez .
Wt~y ox meesng sabomd e 2SO0 v sTsvren
percsddy wmzog ‘NOLLVOIJISSVID

193d




‘UWINTOD SAIVWIDI O} UY S{QRITEAR J0U s1 ad>eds ajenbape azeym
poYyS®Iw 8q prmoys 199ys Musweddns y ‘poirodes swalr Ay Jo
souwoytudys pur sangwu Ay Ajrxe(d diay 1M YO1ym uoyRUIIOsUY
29Y30 Auw 193ud () pue °‘SIIITAIIOT DUE SJUIAD PASTAIIX 10 MdU JO
suontuyyep apraocsd (g) ‘cITWNISI -3 20] suoswal Ay ureydxa (7)
€339 'STRUWINISV-91 ‘JUIAD MU °‘AITATIOE MaU ‘ F ‘9 ‘pairodas
Suraq Wy Y JO SINJRU I AEIIpuUY (1) H vwn(od ul syIvWeY

‘s3jep
uonerduros Surjaodsa uy petyddns oq pnoys -- 6G-$0-L0 ‘"B -@

-- 80192 Axvssos0u Auw Burpnyout ‘sfip x168 -parerdwiod useq
10U SRY SPRIT 1T YOTYM O} (S[IXID JIWYD MOTJ) JUSAL 9 YBnoyd uUaAd
p3110do1 2q pnoys (Mo3aw JIWYD Mopy) L3TATIdR ue jo uonordurod
ayl ‘pojerdwos sem KQAnioe semonaed w yoyym uo (1wsk pue
‘Aep ‘pyuowt) ajep IOEXS Y)Y 19U H UWIM[OD U °seeg UONISIAUI0)

239 ‘seay ‘spooy ‘'¥s ,, 'pod JO sIOT, 10 SINLIN JO
Annqissod oy Aq peduINpUL 9q JOU PINOYS T ‘IPAIMOH °31vis
Yeaaj © puv sanyre} [enyut yo Ariqiesod ayy 3109ex prnoys
awmn syl “pezi[eal Buraq JO QO] U 2OURYD JUOC UTY} SI0UWE OV
swy (7) pue pasuerzadxe s1 yon[ peq A[rensnun J3 Afuo Indd0
uwd (1) YoIYm swrny wnwxXYW Y (g °*10D) swItl dSHsRuEsed

*SUOHITPUOD PUIES Y} A[10¥XS IIPUN SIWIY) snNOISWNU pajead

-31 2q PINO2 A3TATID® Yl J1 USIJO IPOW INIDO0 pInoa () puw
a8pnl 03 peyjirenb j89q uosiad ayy Aq perdadxe aq Ljqeuoswes
PINOA (1) YO1Ym owyy ajquqoad v :(F ‘10D) suny A[axs 390N

‘pozi[vas uteq jJo Q0T UT 2oURYD JUO U oW ou sey (2) pue
pedustiadaa 81 YON] poos Arensnun uaym ATuo ajquurene
#1 (1) YoM swy wnwutw v (g '10)) swiyy dustwndo

SMO[[O] S® PIULIIP 1T SPWIY) 892} Y]
“(0°0%0 ‘0°810 ‘0°600 * *3°9) Jurod ewirdep v snid $3FP ano;
se svadde pmoys ajruriie? Youg -paraws Apwaire swy Atanoe
Y3 J0U 20 19 IAYM -- owrr) AJTAIIOT [[N] NP O3 I9j81 PINOYe

PUS 999M Uy pessdadus 9q PINOYS SITWTISS SSOY] °SOLIIAIOE
s1e1zdoadde 105 sejvwunse sy Susyunissed pus ‘Ajevl Jvows

‘arsrwrido ety Jejue g puw ‘g ‘Q FUWINOD U ‘UL peIewINST

‘L00-00€ -LZ0 Peax IYSiw 29qunu @

‘ordwexa 104 ‘papnidut aq Ajtaryoe ue Surunap sisquinu
JUSA2 OM) Y3 JO Yd®a JO S3TBIp Autu [e jey) (sasodind
Sutydound A3y 107) jueizoduat St 3] MOIIE® Y] JO peIY IY
30 3y8rx a3 03 8317 JuAd Burpua ay; ‘3reys moy LHIAd
2y} uUO moxie 3Y) JO [re3 Yl JO 3JI[ Y3 01 831 IUIAd Buru
-ut8aq 9yl ‘uo pajxodaiz Buraq (moa e) L1arioe Jutuaa
-z93ut ay; jo sjurod Surpua pue BuruurBaq ay; Inrasuod
Yo WM SIUIAD Y} 10] SIFQUINU UOTIEITJIIUIPY J1eYd Mmoyj
Yl I3jUa D pUE { SUWN[OD U] °UOLIEIIJIUIP] AITANIDY
‘(¥) pue ‘(g) ‘(2) suwwumypodqns uy

11 J0uU o °*2A0Ge 8E () UWMiodqns Ul INIJ 'V UWNiod)

*SINTANIOE PIRIAP ‘G IPOD !FUIAD 10F
P PANPIYIS ‘P IPOD !s8In1ANIOe PIYIdurod ‘¢ Ipod
tso131A130® BUNIBIXD JO £IJRPUINIEI-IX ‘7 FPOD {8ITITAIOE
M3u ‘T 9pOY Y UwmMod jo ([} UwWN(oIqNS uy PIPOd pue uo
poizodaz aq (IM swajy Buimorroy syl ‘*i1xoday yo adodg
(1) youeag
reowuyda ] weztudo)d d4s ((2) 21 S Unv
5 :q ‘62 uojBurysem ‘AaeN ay: jo jusunaedag
2ouRUPIO JO neIIng ‘O 9123foxd [e1dads

IS MOTY '] S PIPITMIO) 3q pInoys satdod
anog s310dar UIPTIM YPIIM PIWITJUOD I3q JeNUi Inq
#25URISWINDILD [ensnun 1apun pajdadde aq [[Im syzodaz
1eq29A ‘poraad Buyzodaz ayy Suranp pasinddo sudw
-doaaep juedtyruBis ou ySnoyy uaAad pasinbaz asw si1z0day
‘paajoaut juauodwod ayy 10§ wIishs LUFTJ I jo uone]
-{eisut JO 3wy aY) e patjidads aq (tm Jurwny parinbay
Ap@Im-1q pantwuqns 3q [{Im sjaoday -uolsstuuqng

‘Jreswity N10m 3yl waiojaad pnod oym uoneziuedio
JO 19491 193yBiy ut uosaad v Aq Ipews 3q pINOYs s ew
~1189 [RAIUL FWiL] °*3TYd MOy} LUAd Yor2 10j pantw
-qns 2q ([ 130dax djeaedas ¥y ‘ssai180ad wesBoad

U0 uotyeuwIIONuUt (2) pue #33TYD MOy LYJTd uo umoys
satritanioe 33a1duwiod 03 peatnbax sreasajuy auty jo sew
-1189 (1) sptacad oy psulBisap st jzodaz syl -[PIUID

SNOILONYISNI




!

sxzveey | § ofeg oTTL

1
&




38

2°0
2°0
1°0
0°0
0°0
0°0
%°0
%0
£°0

* 20
* 90

60
%0
$*0
€0
€0
0°0
1°0
1°0
2°0
1°0
1°0
0°0
0°0
0°0

0T

0°1

01

0t

01

6°0
8°0
8°0
8°0
8°0
Lo
Lo
L0
Lo
Lo
Lo
L0
$°0
13
0°0
0°0
0°0
0°0

€0 -
€°0 - 09/Lz/%

VIS

oy

w00« oOusnbeg

09/61/%
09/61/5
09/60/5
00/00/0
00/00/0

00/0070°

09/52/9
09/L1/9
09/01/9
09/92/5
09/01/6
09/0%/L
09/20/L
09/92/9
09/62/5
09/81/5
00/00/0
09/60/5
09/60/6
09/60/5
09/60/5
09/60/5
00/00/0
09/%0/5
00/00/0

uva ava
TTEVAOTIV IO
ISAIVT

0°0L xoep

JNdIN0 JHId JTIWVS

CG'ILIE 30N
CITLIL LOM
GITLIE 0K
QLI LON
QLIS LON
QRILIL JOM
QLI LON
@313 LON
CTILIT LON
aITLIL LON
TTILIE JON
QITLIL ION
CTLLIL LOX
QTILIL LON
CGIILIL LOX
TCTILIL 0N
QILLIS IOK
QLIS LOM
CTILIE LON
QLI 108
QTILIL LON
CITIIL JOR
QTTIIL JON
QYILIL ION
@ILIL O

FUOLVTONERON

09/40/5 ®3%q

820-680~420
L20~680~420
900~680~420
€£0-600~420
£00~680~420
800~600~420
LLo~680-420
9L0~680~420
$L0-680~420
#90-680~420
L60-680~420
#80-680~420
4L0~680~420
250-680~420
1£0~680~420
400~680~420
666-680~420
910-680~420
£10~680—420
610-680~420
L10~680~420
6£0~680~n20
810-680-420
L£0-680-H20
S10~680-420




g 3

7 20
c°0
1°0
0°0
0°0
0*0
40
4°0
€°0
20

. Woo

€0
%0
S0
€0
€0
0'0
10
1°0
20
T°0
1°0
0°0
0°0
0*0

q08d  A3q

s

g 2

LIVIHER

0°t
o't
01
0°t
0t
6°0
8°0
8°0
8°'0
80
Lo
L0
L0
Lo
Lo
Lo
Lo
S°0
$°0
0°0
0°0
0‘o0
0°0
€0 -

€0 -

s

ooy

09/20/5
09/12/4
09/€0/5

09/52/4

09/Lz/

v
T™vALOY

09/92/5 09/61/5
09/92/6 09/61/S
09/91/5 09/60/5
09/60/5 00/00/0
09/82/1 00/00/0
09,/60/$ 00/00/0
09/05/9 09/52/9
09/52/9 09/L1/9
09/91/9 09/01/9
09/10/9 09/10/9 09/92/$
09/51/6 09/51/6 09/01/6
09/40/8 09/0¢/L
09/L0/L 09/20/L
09/0¢/9 09/92/9
09/20/9 09/62/5
09/52/5 09/81/5
00/00/0 00/00/0
09/60/5 09/50/5
09/60/5 09/50/5
09/60/5 09/60/5
09/60/5 09/60/5
09/60/5 09/60/$
09/52/4 0o/00/0
09/20/$ 09/4%0/5
09/52/% 00/00/0
4404 arva
rowes  TENT i
«Olu odousnbeg 0°0L xoon

IOALNO0 JHId TTANVS

g—
CILLIL JOK 820~680~-%20
LI 10K L20~680-420
GTLIL ION 900~680-420
CTILIL LoK £€0~680~420
CILLIL oK £00~680~420
CILIL IOK 800~680-420
CITLIL JON LLO~680-420
CILLIL ION 9L0~680~420
@ETIIL JON 6L0~680-420
CTLLIL JON 190~680~420
CITLIL LON L60~680~420
CILIL LON #80~680~420
CITLIL LON 4L0-680-420
CITLIL JON 260~680-420
CILIL IOK T£0-680-420
CILLIL LON $00-680-420
QITLIL LON 666-680-420
CILIL JON 910-680~420
CTILIL IO €10-680-420
CILLIL LON 610~680~420
CTILIL J0H L10~680~420
CIILIL TON 6£0~680-420
CI1LIL 108 810~680~H20
CITLIL 108 L€0~680~420
QTLLIL 20N $10~680~420

FUNLYTONTWON JaEad

09/40/6 sawngq




Code
211

212
213
214
215
216
221
231
232
233
’ 234
235

236
237

261
262

263
265

266
267

268

269

MONITOR PRINT CODES-INTERPRETED

RUN #2 (Designated by series of “2’s” on monitor print)

Meaning

*Optimistic” estimate of time interval exceeds “most likely”
estimate; rejected (e.g., 005.0, 003.0, 008.0)

“Pessimistic” estimate is less than “most likely;” rejected
(e.g., 000.5, 002.0, 000.1)

Decimal in optimistic time interval mispunched (e.g., 000.5 in-
stead of 005.0)

Decimal in pessimistic time is mispunched (e.g., 080.0 instead
of 008.0)

Transaction has & pessimistic estimate of more than 39 weeks,
not rejected, but examine for error

Transaction has a pessimistic estimate greater than zero, but
less than two weeks. Not rejected, but examine

This time estimate range exceeds 60 weeks (008.0, 012.0,
071.0) examine; not rejected

Date is earlier than 1 Jan. 1959 and isrejected for NORC
processing if transaction code 3, 4 or 7

Month of *00”" is impossible and not accepted if transaction code
3, 4, 0r7

Month—number is greater than 12 and not accepted if transaction
code 3, 4, or 7

Day of month is “00*" and therefore, not accepted if transaction
code 3, 4, or 7

Day of month is over 31 and therefore, not accepted if transaction
code 3, 4or 7

Code 4 (Scheduled Date) transaction is dated earlier than time
now and therefore rejected (Maybe completion date was meant,
but wrong code used?)

Reverse of #236—“Week now” will appear in Word 6 of print op-
posite rejection date due to use of code 3 or 7 indicating com-
pletion date—but date is later than time now

Transaction has been rejected because transaction code is *0"

Transaction has been rejected because Code 9 (not in program)
has been used (The erroneous Code 9 appears in Work 5)

Re-estimate—transaction has no time estimates and should be
reviewed; not machine rejected

Completion transaction (Code 3) carries time-estimate therefore
rejected—Maybe new or re-estimated activity? (Estimates ap-
pear in Work 6 of print)

Completion transaction has no completion date; rejected

Code 4 (Scheduled Date) transaction carries time-estimate; re-
jected (maybe wrong code—is it Code 1 or 2?)

Code 4 (Scheduled Date) transaction, without scheduled date—
removes any previous date; accepted, but review (Perhaps
should be Code 5?, or date should be included)

Code 5 (Deletion) transaction carried a time estimate; rejected
(Should be Code 1 or 2?)

Reviewer's Action

Correct and resubmit
time estimate on in-
put report

Correct and resubmit
time estimate

Note or resubmit
estimate

Note or resubmit
estimate

Correct, if ap-
propriate

Note and check

Correct estimate if
appropriate

Correct date and re-
submit

Correct and resubmit
Correct and resubmit
Correct and resubmit

Correct and resubmit

Examine and correct

Examine and correct

Code and resubmit

Correct by code and
resubmit

Examine and correct
estimate, if ap-
propriate

Correct and resubmit
Correct and resubmit
Correct and resubmit

Review and correct
as appropriate

Correct and resubmit

DGIBIT 9




270

274

601

602

603

605

606

611

612

651

652

702

1001

Mecning

Code 5 (Deletion) transaction has a date; rejected (Should be
Code 3?)

Code 7 (Completion) transaction carries time estimates; rejected

Code 7 (Completion) transaction carries no completion date—will
erase any previous dates-accepted

One of these reasons caused rejection:
— No predecessor, unless Coded 4 or 7
— No successor
— Predecessor and successor are equal and suffix is 500 or
less

RUN #6 (See series of *6°s” on monitor run)

Word 6 shows event which is not in file-has companion reject
#602

Words 3 and 4 show gctivity which is not in file; rejected

Activity transaction is a duplicate—already in file; rejected

Duplicate activity transactions result in rejection of one; re-
view for acceptance of correct transaction—usually 2nd trans-
action

Activity listed in Words 3 and 4 completed the ending event
(Word 4), but another activity beginning in Word 7 has not been
completed or deleted—attention is directed (Short path flag is
necessary)

Code 3 (Completion) transaction removed last predecessor from
file and ending event (Word 4) is completed —attention is directed

Code 5 (Delete) transaction deleting last predecessor activity—
attention is directed

Re-estimate is more than 3 weeks less or ¢ weeks more than
previous estimate—shows reduction in contractors’ estimate to
offset late completion Word 6 lists old estimate—Word 7 lists
new estimate

Re-estimate is more than 4 weeks greater than previously—
attention invited Word 6 lists old estimate—Word 7 lists new es-
timate Word 7 lists differences in estimates

Indicates event which is dropped from file-review
RUN #10 (Series of "10°s”™ on monitor run)

Each completed event in file is printed, with up to 4 successors
Uncompleted activities may be located by check here ,

Reviewer's Action

Correct and resubmit

Correct and resubmit

Review for approval
of transaction

Correct and resubmit

Review and establish
event, if appropriate

Review and establish
activity, if appropri-
ate

Review to assure
correct time interval

Review and assure
establishment of cor-
rect activity

Review and correct,
if appropriate

Review for possible
action

Review for approval

Note

Note

Note

Note

NOTE: Rejections indicated by several of above codes include such categories as: date error, time esti-

mate error, coding error, and event or activity error (not in file or duplicate)

EXHIBIT 9 (Contimued)




DATE 03-01-60

EVENT CODE & DESCRIPTION

020-000-001
Nose Cone Fabrication

020-000-002
Develop Propellant

020-000-003
Design Guidance Package

020-000-004
Assemble Instrumentation

020-000-005
Drop Test Nose Cone

020-000-006
First Stage Motor Prepared

020-000-007
Second Stage Motor Prepared

020-000-008
Guidance Package Assembled

020-000-009
Suip Instrumentation Package

020-000-010
Complete Wind Tunnel Test of Nose Cone

020-000-011
Ship First Stage Motor

020-000-012
Ship Second Stage Motor

020-000-013
Shir Guidance Package

* 020-000-014

Teat Guidance-Instrumentation Package

020-000-015
Test Motor

020-000-016
Assembled Missile for Test

PERT SYSTEM GRAPHIC REPORT
o=Expected Date - Basis
.=Scheduled Date
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DATE 03-U1-60 PERT BYSTEM GRAPHIC REPORT
*=Expected Date - basis
.=Scheduled Date

EVENT CODE & DESCRIPTION 1939 1960 1961 1962 1963

JFPMANJJASOND JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND
030-000-001
Nose Cone Fabrication ananaannnana aa
020-00V-002
Develop Propellant maanAannanna aan
020-00-003
Design Guidance Package PP
020-000-004
Assemble Instrumentation Ammamaanaman anna
020-000-003
Drop Test Nose Cone anaanannnnnn anan
020-000-006
First Stage Motor irepared Amanannnnmcan aaa
020-000-007
Second Stayge Motor Prepared AAnamAaAdaan ana
020-000-0u8
Guidunce Puckage Assembled AnaanaAnmman aanna
030-000-009
S.ip Insirumeniation Package AMaamaananan aaannaa
020-000-010
Complete wind Tunnel Test of Nose Cune AAamananasna anamann .
0320-000-011
Ship First Stage Motor Ammaanaanna: anmmsnnann
020-0u0-012
Ship Secund Stage Motor Aananarnanna Anmananan
020-000-013
Ship Guidance Package AAaaaanasmna annsannnan
020-000-014
Test Guidance-Ingtrumentatiun Pachua.e AAnAAAAAARAn ARAAamananan
020-0V0-015
Test Motor AAaAaAAAARAA AAAMAAAAAAAA arnaana
020-000-016
Assembled Missile for Test AAamAAAAAMAN AAAAAAAnAnAn Aa
020-000-017
Firing Neport frepared AAAAAAAAMMAA amaAmAnannan aa

EXHIBIT 10b
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