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ABSTRACT

This technical note documents the use of the Program Evalua-
tion and Review Technique (PERT) to assist in the close management
of large programs. This note includes a general description of
PERT methodology, specific conventions used in adopting this
methodology to TAC's hardware and software, a description of the
output products available and a discussion of utility and require-
ments of this tool in program management. The results are referred

to as TAC PERT.

B e

SN A o AR T




Title Page . . . . .
Abstract, . . . » -
Table of Contents .,

TABLE OF CONTENTS

s s 2 & e e s s

. « w e s s s

List of Figures and Tables. . . . . . .

SECTION

I. INTRODUCTION.

L Y T S S )

A. Management Need . . . . . .

B. Detailed Planning and Control

C. Purpose .

L I T S S I )

ITI. PERT DESCRIPTION. . . . . . . .

mo O w3

.

Network Analysis Techniques
Work Breakdown Structure., .
Logic Determination , ., . .
Time Estimates. . . . . . .
PERT Computation, . . . . .

III. PRODUCT DESCRIPTION . ., . . . .

A. Types of Output Products, .
B. TAC PERT Output Products. .

IV. TAC PERT STANDARDIZATIONS

A. Overview, . . . . . .
B. Standardized Coding .
C. Slack Analysis, :
D. Program Update. . . .

Bibliography. . « « « ¢ « ¢ « & &
GlosSary. « « « o« ¢« o ¢ o o o o
Distribution. . . . . . . . . .

111

2 Bl A

B Tl e o e i e

PAGE

ol s . i
e i
S G 114
sy e et s iv
o g 5 3 bl
4 o O 1
50 1

. . . 1
GGG 1
e G 1
. el i 2

A nr 4
e ’ 7

5 o . 8

A S AR e

7RI — g

NT¥% Wiie Saation v

»e B4t Section O

UNANNOYNCED O

ST ICATICH —

BY -
BESTININTION) AV G A TY EADES i

T~ e o SPECAL] i

g




o st - . R ==
dia o 3 o i i o ok o i s - - 2 ;
e G : g - a v it

LIST OF FIGURES AND TABLES

FIGURES
NO. TITLE PAGE
1 Level 1 Work Breakdown 1
2 Level 2 Work Breakdown ik
3 Level 3 Work Breakdown 4
4 Renovate A Training Facility 5
5 Duplicate Entry Error Statement 6
6 Work Center Subnetwork 6
7 Mobility Exercise 7
8 Example Forward Pass Computation 10
9 Example Backward Pass Computation 11
10 Stock Example 13
11 Example TAC PERT Listing 16
12 TAC PERT Bar Chart 18
13 Example Activity Block 19
14 Network Legend 22
15 Example Network 23
16 Example X-Y Plot 25
17 Base Detail Implementation 28
18 Work Center Detail 29
19 EX PERT Plotter Commands 30
20 PERT Input Format 34
21 TAC PERT Slack Listing 37
22 PERT Update and Execution 40
TABLES
NO. : TITLE PAGE
1 PERT Editorial Rules 8
2 List of Abbreviations 15
3 Standard Numbering for Key Events VAT
4 Example Data Source Code 29

iv




L N A AP B 57 Ol A AR

e S

A USER'S GUIDE FOR TAC PERT

I, INTRODUCTION.

A. Management Need. During the next several years, many TAC
units will be converting to newer systems. There will also be
repositioning of units and modernization of unit equipment through
major modifications. These conversions, repositionings, and modern-
ization actions, along with the impacts of foreign military sales,
have the potential for creating much turbulence in the Tactical Air
Forces (TAF). Very careful and close management is often required
to assure that the right equipment and properly trained people are
at the right places at the right times to maintain TAF readiness
at the highest possible level,

B. Detailed Planning and Control. As an aid to managers in
accomplishing the detailed planning and in maintaining the close
control required to keep complex programs on schedule, we have made
available an automated management tool called PERT (Program Evalua-
tion and Review Technique) at Headquarters Tactical Air Command.
Simply described, PERT consists of selecting a goal, listing the
tasks required to arrive at this goal, together with the time
required to do each task, and linking them in logical order. From
this, the overall time to reach the goal and the date when each ,
task can be, or must be, started can be computed. Most importantly, ;
those tasks which directly control the overall completion date can
be identified and carefully monitored during execution.

C. Purpose, The purpose of this paper is to explain PERT and
its products, our development of this management tool on TAC com-
puters, and the values and requirements of this technique in effec-
tive program control, This management tool is referred to as TAC
PERT.

II. PERT DESCRIPTION.

This section provides a general explanation of network analysis
techniques of which PERT is one, as a means of planning and con-
trolling numerous complex activities to reach a predetermined goal.
Illustrations of logic development, computations, and output pro-
ducts use a TAC unit aircraft conversion program as examples. PERT
is applicable to any large complex program but our impetus and most
of our experience is unit conversions to new weapons systems.

A. Network Analysis Techniques.




1. Program Characteristics. Numerous planning techniques
are available to program managers. However, there are three char-
acteristics of a program which indicate that the manager should
consider using network analysis techniques and PERT in particular,.

a, The program is essentially a one-time effort and
the managers involved have limited experilence directly applicable
to managing new programs.

b. The program effort is both monumental and complex
involving numerous activities.

¢, Time phased bar charts do not adequately display
the interrelationships and dependencies of the program activities.

2. PERT-vs-CPM, In response to a need for management tools
for controlling programs with these characteristics, two distinct
but verv similar network techniques were developed in the late 1950s.
These techniques are labelled PERT, for Program Evaluation and Review
Techniques, and CPM for Critical Path Method. Over the years the
similarities of these two techniques have overshadowed the distinc-
tions. The essential difference is that CPM uses a single time
estimate of each activity duration whereas PERT uses three time esti-
mates (optimistic, pessimistic, and most likely) of activity duration
and combines these times statistically. Within this paper the term
"PERT" is used but a single time estimate is emploved for each
activity.

3. Essential features of PERT. Common to both CPM and PERT
is a methodology characterized by:

a. A goal-oriented work breakdown structure beginning
with an overall program objective subdivided into successively
smaller sub-tasks,

b. A flow plan, called a network, consisting of all
activities that must be accomplished to reach the program objectives,
and showing their planned sequence of accomplishment, interdependencies,
and precedence relationships.

c. Estimates of time required to accomplish each activity.
d. Single agency responsible for each activity.
e. Analysis of the interrelated networks, schedules,

and time estimates as a basis for continuous evaluation of program

status, forecast of overruns, and the identification of problem
areas in sufficient time for management to take corrective action.

”
4




B. Work Breakdown Structure. The first step in a PERT develop-
ment is a systematic identification of all the activities needed to
achieve the overall program objective. This is usualiy called a
"work breakdown'' structure. This is illustrated using an example
from a program to convert a tactical fighter unit from one aircraft
type to another,

1. Level 1 Detail. The overall program objective
(Level 1) is defined in Figure 1. This objective comes from
the USAF Programming Document (PD) which is the plan for force
beddown by quarter for the next five years. The plan defines the
numbers of each type aircraft authorized to each squadron and the
date that an ovnerational canability in the new alrcraft must be
achieved. An "X" denotes operational capability in the weapon
system. The "F" denotes the quarter in which the new aircraft arrives.

Figure 1
Level 1 Work Breakdown
Fiscal Quarters

XYZ TFW 2B SR AR OR )
A TFS 24 X F-4E X X
24 X F-15 F X X X X
B TFS 24 X F-4E X X X
24 X F-15 F X X X

2, Level 2 Detail. The program objective is subdivided
into major milestones that are of interest to program managers,
In our example, Level 2 usually corresponds to the milestones
found in the concept portion of a programming plan. Also this
level (Figure 2) shows the maior resources needed to provide opera-
tional capability. (Aircraft, aircrews, support equipment, spares,
trained maintenance personnel, facilities, etc.)

Figure 2
Level 2 Work Breakdown
Major Program Milestones

1 July 77 15 Dec 78 ~—>
Publish Plan lst New Aircraft
Resources ) Determine Aircraft Flow Arrival Ceremony
Training Concept* Maintenance Cadre Ready
Required | Facility Verification Support Equipment Ready
Alrcrew Training Concept Initial Spares Ready
Progress Reporting etc.,
etc.

*Example to be expanded in Level 3.




3. Level 3 Detail, These major system components are
systematically broken down into activities that must be accomplished,
Frequently the activities are sorted by OPR at this time. As shown
in Figure 3, the ability to portray the entire program at this level
is difficult because of the number of activities involved. The over-
riding motive is to systematically determine at each level what is
needed to accomplish each goal and subgoal.

Figure 3
Level 3 Work Breakdown

A training concept requires:
1. Field Training Detachment (FTD) Classrcoms
2. FTD Instructors
3. Technical Data (Technical Orders, Checklists)
4, Training Aids
5. Course Syllabus
6. Spare Parts to Support Training Aids
7. A source of on-the-job (OJT) experience
8. Hands-on training aircraft.
etc.

4, Moderating Guideline, Obviously, this method can be
carried to extremes in detail., Some moderating guideline is needed.
The level of detail should be tailored to the program managers needs.
Unit conversion activities should be subdivided until they are, at
most, 4-8 weeks in duration. Such activities are of manageable size,
are perceived as the '"near future', but are not subject to uncontrolled
turbulence (illness, holidays, minor weather impacts, etc.) in day-by-
day execution.

C. Loglc Determination. Once an activity list is prepared,
some method of tying these activities together into a logical net-
work is needed. The network should be constructed from logical and
technical dependencies. For each activity the operative questions
should be:

Which activities may be done concurrently with this one,

Which activities must be completed before this one can be
started, and

Which activities cannot be started until after this activity

is completed.

e

1. Activity Relationships. Figure 4 illustrates each of
these three relationships as they affect event number 8. Termin-
ation of old training (maintenance shop) is independent of the
invitation for bid (a procurement action) and hence may be done
concurrently.
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Figure 4
Renovate A Training Facility

Terminate 01d Remove 01d Renovate for Install New

(E)_yraining > (:> Eqpipmens (E)New Equipmggtggggggﬂgggg @ED

Renovation T
(:)Authorizeg _gl
Invitation \><:) Contract
for Bid & Award

In the second case, the construction must be authorized and a facility
designed before a bid may be solicited and a contract awarded. Simi-
larily in the third case we must terminate existing training before
removing training aids, test stations, and classroom equipment.

2. Event Number Assigmment. The logic sketched in Figure 4
is defined and conveyed to the computer through the assignment of
predecessor and successor event numbers. Fach activity has two
events (start of the activity and completion of the activity) which
are displayed as circles, hexagons, or rectangles with numbers printed
inside.

a. Concurrent activities have different predecessor
and/or successor event numbers (e.g., 6 and 7 for Terminate Old
Training; 3 and 4 for Invitation For Bid).

b. Concurrent activities both of which must be completed
before starting the next activity have the same successor event numbers,
but different predecessor numbers. Activities 1-3 and 2-3 or 7-8 and
4-8 in Figure 4 are examples of this,

¢, Similarly in series activities, the successor event
number of each activity is the same as the predecessor event number
of the following activity. For example, Invitation for Bid successor
event number (4) is the predecessor event number of Contract Award.
(4,8).

d. The WWMCCS PERT software does not require that event
numbers cccur in ascending numeric order. This freedom in assigning
event numbers (up to 8 digits long) allows the user to:

(1) Assign a block of numbers to a given work center
(e.g., 33 MAW - 660000 to 670000), and

or functional area,




(2) Provide for activity growth within work centers
or functional areas while preserving the above number blocks,

3. Construction Dummies., An inspection of a PERT net-
work will reveal a number of activities labelled "CD'" or "Construc-
tion Dummy'". These activities are indeed artificial activities or
dummies. There are three frequent uses of construction dummies:

a. A dummy is useful to satisfy the unique pre-
decessor/successor number requirement when two independent activities
have the same start and finish points (Figure 5). Since many activ-
ities are independent of all others, this use of construction dummies
occurs frequently.

Figure 5
Duplicate Entry Error Statement

Monitor Benchstock

Fill 6.4
600) (596) Monitor Benchstock N
Fi1l 6.4; Slack = +2.2 609
Monitor Technical

Data Receipt 8.6 Monitor Technical ({597) 9.0
Data Receipt 8.6

©

RESULT:
A. Duplicate entry error
B. Shorter activity ignored RESULT

A. No error messages
B. 2.2 weeks slack computed
(8.6~6.4)

b. Second, a construction dummy may be used to start
or collect parallel activities at a single point when making sub-
networks, The subnetwork then looks more like a complete network,
while the logic and computations (note f.§ duration) have not been
altered. (Figure 6)

Figure 6
Work Center Subnetwork

CD START

FOR 1ST ACFT
9.0
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c. The third use of a ccnstruction dummy is to
include a time "pad" in an activity duration that the OPR insists
must be retained. In this example (Figure 7) a two-week 'pad" is
preserved in the plan. This 1is to cover the contiangency that the
mobility exercise might not be successful; therefore, requiring a
repeat, The widespread use of this type of dummy in noncontingent
situations is discouraged because 1t may eliminate options for
efficient management actions.

Figure 7
Mobility Exercise

CD MOBILITY
REVISE CONDUCT EXERCISE FIRST SQDN

MOBILITY. MOBILITY TWO WEEKS PAD 10C, .1
» 8. EXERCISE, 2. g,

D. Time Estimates

1. Single Estimate, Once the network logic is established,

estimates of the activity durations must be made. As mentioned before,

TAC PERT uses a single "most likely" time estimate,

2. Unit of Measure, In the examples of this paper, the
duration of activities was expressed in weeks and tenths of weeks,
However, the cholce of a unit for time measurement depends on the
scope of the program. For instance, a long-term project covering
5-10 years perhaps should use months or quarters as a unit of time.
In contrast, an operations plan covering the deployment of a TAC
squadron overseas might use hours and tenths of hours as a unit of
time,

3. Obtaining Time Estimates, Time estimates are developed
by the same method as is the activity logic, that is, a step~by-step
analysis of the activities or tasks that must be accomplished to
achieve the program goal,

a. Each activity duration is estimated by someone
knowledgeable in the particular functional area, Usually this is
the office of primary responsibility (OPR) for this activity,

(1) The time estimate should be 'reasonable."
That is, the time estimate should be such that the activity could
be accomplished comfortably by the OPR within that time.

(2) Bias or '"padding" of time estimates must be
avoided. Padded estimates give a false impression of the time
required to complete the program and also removes management options

it
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for more efficient or effective use of resources. Biased estimates
: also tend to make those activities appear on the critical path thus
unnecessarily invoking concentrated management attentiom.

(3) Construction Dummies ('CDs'") and certain other
activities may have a duration of @.8 weeks, thus consuming no pro-
gram resources.

b. Once an initial estimate is provided, it is helpful
to review the total network. This may reveal errors or the need for
further refinement before the preparation of the final working draft
of the program network.

c. The effect of resources and weather on activity time
estimation may be important. It is best to assume normal manpower,
equipment, funds, or other resources except where known changes
would occur., Similarly, weather adjustments should be only in those
portions of a network which would reasonably be affected. The weather
impact should be seasonally adjusted and added to the nominal activity
duration. Usually, no compensation should be made for "Acts of God"
and similar random and uncontrollable disturbances.

E. PERT Computation.

1. Overall Processing Sequence. Once the program activities,
logic, and time estimates have been determined, the result is coded
with a unique predecessor and successor event number for each activity

and entered into the computer.

a, The first step in the computer execution of PERT
is a series of editorial routines to check for format, duplicate
activities, loops, and multiple network starts. (Table 1) Usually
the specific error is listed and the computer continues processing.
A loop is a set of activities that close back on itself. There is
no longer a forward progression of time. When a loop is encountered,
the computer terminates all further processing.

b. The second execution step is PERT computation of an
earliest date, latest date, and slack. The details of these com-
putations are explained below.

c. The final execution step is the creation of the
various output products as described in Section IIT.




Table 1
PERT Editorial Rules

1. Networks may have only one initial event (i.e.,
with no predecessor) and only one terminal event (i.e.,
with no successor).

2. No two activities may have the same predecessor
and successor event number.

3. Before an activity may begin, all preceding
activities must be completed.

4, TLloops are not allowed, i.e., the completion
of a specific activity (A) cannot be a requirement
to start that same activity (A) or preceding activities.

2. Farliest Date Computation. The first computation is a
"forward pass' to determine the earliest start and finish dates.
Before this may begin, the program must be bounded in time. An
initial project event date is selected to be before any activity is
undertaken. Frequently this date is when the program is first
recognized to be part of an overall command objective.

a., This initial event date, labelled "PERT Start" is
an input to the computer processing. This date fixes in time the
earliest date any activity can be undertaken. Then the forward pass
computation is made for each activity based on the following rules:

(1) The initial project activity is assumed to start
at PERT start,

(2) The earliest finish time of an activity is the
early start time plus the activity duration,

(3) All subsequent activities are assumed to start
immediately after all their predecessor activities are completed.

b. Figure 8 is an example of the forward pass compu-
tation. The overall program begins on 1 July 1976. By applying
the above rules of logic, both activity 001-584 and 001-306 could
begin on 1 July 1976, i.e., this is the early start date for these
activities.

(1) Given the respective activity durations (activity
001-584 of 8.6 wecks and activity 001-306 of 17.0 weeks), the earliest
these activities could be finished are 1 Sep 76 (event 584) and
1 Nov 76 (event 306).




(2) Continuing the forward pass computation, the
earliest dates that activities 584-600 and 306-600 could begin are
1 Sep 76 and 1 Nov 76 respectively. Correspondingly the earliest
date the environmental clearance could be approved is 1 Oct 76,

In contrast the ECM shop funding would be completed no earlier than
15 Dec 76.

(3) Since the ECM shop invitation for bid (600-601)
requires both an environmental clearance and confirmed funding, this
activity cannot begin until 15 Dec 76.

Figure 8
Example Fforward Pass Computation

PREPARE ENVIRONMENTAL
CLEARANCE 8.6 ENVIRONMENTAL
ES - 1 Ju CLEARANCE

EF - 1 Sep 76 APPROVED 4.3 ECM SHOP
ES - 1 Sep 76 INVITATION FOR
001 EF - 1 Oct 76 BID 4.3

[ PERT START “ ES - 15 Dec 76°
1 Jul 76 ECM SHOP Y EF - 15 Jan 77

FUNDING APPROVED
A .
REQUEST ECM ES - 1 Nov 76 ;
SHOP FUNDING 17.¢ . EF - 15 Dec 76 i
ES - 1 Jul 76 g :

EF - 1 Nov 76

NOTE: a. ES = Early Start
b. EF = Early Finish
¢, Activity duration in weeks and tenths,

3. Latest Date Computation. Once the earliest dates are com-
puted for every activity of the network, a '"backward pass'" is made
to compute the latest start and finish dates.

a. The term "latest date'" is used in the sense that program
completion is delayed if this date 18 not met. The date of the last
program milestone is frequently selected as the end of the program.
It is from this program termination date (PERT stop) that the back-
wards computation through the network is made using the following
rules,

(1) Activities are completed as late as possible to
meet the program termination date.

10




(2) The latest finish time for a given activitv should
be equal (within rounding errors) to the earliest of the latest start
times of its successor activities. Computatiorally lateet finish
time is set equal to the successor latest finish time less its
duration. The earliest of these times is used wher there is more
than one successor.

(3) The latest start time for a given activity is just
the latest finish minus its estimated activity duration.

b. Figure 9 is an example of a backward pass computation.
The overall program termination date was determined to be not later
than 1 Jan 80 when the last program milestone is completed.

(1) To meet the overall program completion date of
1 Jan 80, activity 8-999 must be started no later than 1 Nov 79,
i.e., the latest start date.

(2) Since both activities 7-8 and 5-8 must be completed
before the simulator facility can be landscaped, they both must finish
not later than 1 Nov 79,

(3) To assure activity completion on time (1 Nov 79),
activity 7-8 mugt start not later than 15 Sep 79 while activity 5-8
must start not later tham 1 Aug 79.

(4) Therefore activity 6-7 has a latest start date of
23 Aug 79 and a latest finish date of 15 Sep 79. Similarly, activity
4~5 has a latest start of 1 Jul 79 and a latest finish of 1 Aug 79.
Meeting all these milestones assures that the program will be com-
pleted exactly on schedule (1 Jan 80).

Figure 9
Example Backward Pass Computation

RECEIVE
PROCEDURES (:);NSTALL PROCEDURES
SIMULATOR 3.0 SIMULATOR 6.4

LS 23 Aug 79 LS 15 Sep 79 999

LF 15 Sep 79  LF 1 Nov 79 LANDSCAPE PERT STOP
)$ IMULATOR

RECEIVE INSTALL COCKPIT FACILITY 8.6 | 1 JAN 80

COCKPIT (5)STMULATOR 13.0 LS 1 Nov 79

SIMULATOR 4.3 ~ LS 1 Aug 79 LF 1 Jan 80

LS 1 Jul 79 LF 1 Nov 79

LF 1 Aug 79

NOTE: a., LS = Latest Start

b. LF = Latest Finish
¢. Activity duration in weeks and tenths.

11
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4, Slack. Basic to the effective use of PERT is the con-
cept of slack., Slack, sometimes called float, is the difference in
time between the earliest and the latest dates for an activicty.

The amount of slack on an activity reflects the degree that manage-
ment attention should be devoted to that activity, The following
three paragraphs correspond to slack features highlighted in the
section of a TAC PERT listing shown in Figure 10,

a., To obtain the slack value of a given activity,
consider the earliest and latest finish dates. The difference
between these dates (e.g., 15 Feb 79 and 1 Jan 79) 1is the slack
(6.4 weeks) computed for this accivity, Remember that the forward
pass that computed the earliest dates and the backward pass that
computed the latest dates are independent.

b. Negative slack occurs when the earliest date is
later than the latest date. Negative slack means that, assuming
the activity time estimates and logic are correct, the program
termination will be late by this amount (6.4 weeks). Negative
slack activities need immediate and continuing management attention
to:

(1) Monitor the achievement of scheduled milestones,
(2) To verify the accuracy of the network logic,

(3) To assure the accuracy of the estimated activity
duration, and

(4) To develop work-arounds to bring the program
back on schedule,

c¢. In contrast, positive slack occurs when the earliest
date (forward pass) is prior to the latest date (backward pass).
Large amounts of positive slack (25.8 weeks in this example) usually
indicate that premium management attention is not required. Posi-
tive slack can be viewed as a "savings account" to assure the achieve-
ment of the program objective., The ''savings account'" can be
deliberately drawn upon to enhance the smooth execution of the
program. However, a reasonable balance is desirable to cover
unforeseen contingencies,

12
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START DATES
CARLIEST LATESY

16JANT9
30MART9
30MAR79
07DECT?
24JANTS
05JANTS

02FEBTS8
04FEBT78

05APR78
VSAPR78
“JUNT8
\UNT8
IN?a

\78
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02DECT8
OSFEBT9
01FEB79
06JUNTB
14MART8
02NOV 78

O5MAY?78
02NOVT78

030CT78
02NOvV 78
02DEC7TS8
04JUL T8
04SEP7T8
020CT7T8
02NOV7?8
21JANTS
MOy 78
g

Figure 10

Slack Example

FINISH DATES
EARLIEST LATEST

15FEBT9
13APR7g
29APR79
05APR78
0S5APRT8
06MAR78

010CT78
05APRTS

04 JUNT8
04 JUNT8
04JULT8
25AUG78
255EP78
24N0OVT8
240CT78
24NOV T8
240CT78
245Ep78
“4NOVTS

01JAN?9
19FEB?9
03MAR79
030CT78
13JUNT8
01JAN?9

O01JANY9
01 JANTY

02DEC78
01 JANT9
01JANT9
02SEP78
04DECTS
01JANTS
O01JANT9
02APRY9
01JANTS
02DECYS
02DECT8
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III. PRODUCT DESCRIPTION.
A. Types of Output Products.

1. Overview. Once the WWMCCS computer processing is
finished, output products can be directly obtained as listings
or they can be plotted as bar charts, nerworks, or XY plots.

The TAC program management requirement for start dates, in addi-
tion to finish dates, led to the creation of specialized PERT
listing and bar chart formats,

2, Method of Explanation. Each output product 1is
described in isolation. With each description, an example is
provided. The features highlighted in the example correspond,
in number, to the narrative paragraph explaining that feature
of the product.

B. TAC PERT OQutput Products

1., TAC PERT Listing. Figure 11 is a page from a TAC
PERT computer listing.

a, The original WWMCCS computer PERT program was
modified to compute and list start dates for activities thereby
creating the "TAC PERT Listing."

(1) The network start date and network completion
date bound the program and correspond to the dates used to initialize
the forward and backward pass computations, respectively. The slack
value listed here is the most critical value to occur in the entire
network. The '"report as of date" is the date of the last program
update. All time prior to this date is history and cannot be used
to manage the program.

(2) The total numbers of events (nodes) and
activities (lines) in the network are listed here., The ''date/
time" is when this listing was generated and is completely
independent of the '"Report as of Date."

(3) There are a total of 10 different sort variables.
They are: TASK - task number column, OPR-TAC OPR column, PRED -
predecessor event number, SUCC - successor event number, ESTART -
earliest start date, LSTART - latest start date, EFINISH - earliest
finish date, LFINISH - latest finish date, SLACK - activity slack
column, and DCS - first two characters in task number column with
a separate page for each two letter office symbol. These may be
used singly or in combination. For example, "OPR, LSTART" means
that the 1list of activities 1is sorted first by TAC OPR and then
within each OPR the latest start dates are put into chronological
order.
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(4) The first three columns on the left of the
listing identify responsibilities. The left most column, "TASK
Number," is used as a unique identification of the activity.
Specific details of the task numbering system are available in
Section IV,B,5. In the next column the symbol of the cffice of
primary responsibility is listed. Where a non-7TAC agency actually
performs the task (here, COALC), this is shown in the third column
with the TAC monitoring agency shown in the second column.

(5) Each activity is given a 1ine of print. The
predecessor event number identifies the start of the activity while
the successor event number identified the activity completion.
Thirty-five spaces are provided to describe the activity. Terminol-
ogy and abbreviations used to describe the activity must be under-
stood by the person responsible for managing it. Some common
abbreviations are provided in Table 2Z.

Table 2
List of Abbreviations
ACFT - Aircraft ND - Need Date
ADTN - Additional NTP - Notice to Proceed
APPR -~ Approve 0JT - On-the-~Job Training
CD - Construction Dummy OPR - Office of Primary
CKLST - Checklist Responsibility

COORD - Coordinate
DETER - Determine

DEV - Develop

DIST ~ Distribute

ESTAB - Establish

EVAL -~ Evaluate

FLT - Flight
FTD - Field Training
Detachment

IAW - In Accordance With
IDENT - Identify

IFB - Invitation For Bid
INCORP - Incorporate
LTR - Letter

MAINT - Maintenance

(6) In this listing, both scheduled start dates

PREP ~ Prepare
PROCED - Procedure
PRODCTN - Production
PUB - Publish

RDY - Ready

REQ - Request

REV - Review

RQMTS - Requirements
RONTN - Requisition
SPT - Support

SUPMT - Supplement
TECH - Technical

TO - Technical Order
TRANS - Transfer
TRNR - Trainer

(prefix S) and actual start dates (prefix A) are incorporated.
These dates differ in that an actual start date is used in the
subsequent computations. Note that the difference between the
earliest start date (30 Jan 78) and the earliest finish date
(@1 May 78) is exactly 13.0 weeks--the activity time.
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(7) As with the start dates, provision is made for
scheduled finish dates (prefix S), The scheduled finish is computed
by adding the activity duration to the scheduled start.

(8) The actual finish date (prefix A) denotes &
completed activity. The actual finish date overrides all computed
dates and they are blanked out in the TAC PERT listing.

(9) The remaining columns list the activity time
and slack associated with the activity. In each column, the times
are in weeks and tenths. A blank entry denotes a ¢#.¢ time value.

b. This TAC PERT listing is directly obtainable from
the computer and does not require plotter support. Thus it is
usually the first product available from a program update. Usually
the following three sorts are printed tocgether although other sort
options can be requested where appropriate.

(1) An OPR, ESTART sort is used to highlight
activities of interest in the next monthly progress report.

(2) A SLACK sort identifies that paths of criti-
cality in the program.

(3) The PRED, SUCC, and SUCC, PRED sorts, together,
are frequently used to dlagnose changes and correct errors in the
network,

2. TAC PERT Bar Chart, A bar chart is a list of activities
coupled with a time-phased display of program milestones corresponding
to each activity, Figure 12 is an example of a bar chart.

a. The following subparagraphs correspond in number
to the numbers annotated on Figure 12,

(1) The heading and title block identifies the PERT
program and the address and telephone number of the organization
responsible for the program.

(2) A classification banner is provided at the
top and bottom of each chart describing the classification of
information contained therein., The data date represents 'today"
in the network logic., Normally this "as of date" corresponds to
the last program update.

17




g aﬂmwmwmw@&é;wwnénmw o ol N e QA
: m X BLNHIIEE| BENOMTE| BLNY 1ED|  HWEE SINNG3JE "B°0°G 1 HS1T8HISS mpm.az:
N 8443510 |829NY20| 8/d3S525|  BHEE|E"H ONINIBEL 171G ILBTLIND | SZvuuM
. _ A“HV,W$ﬂ A |BLHUNI0 | BLNGMSD) 8LA34626)  HHEE| 978 LFQ/0L4 603 T3NNOSH3d ASTINIOL | hZeuuM) .
m U a3 80435¢1 [84UNBZ BLNGISIE]  BRecTo he T INIWAINDT 140ddNS  Gid NINDH Mmm‘azx
9 _ afat¥—w  18Luswez [ 8eNurcel (L d3SOEY| BHEE[9°8 | INIWAINOI NGWKOD S14/hd INTWHILI0 | 22+UAM
1 b 8093482H| 6/€3482| £163482H|  UWEE S.0L 0381N03¢ NGILISIND3Y | 12+0WM
] APV 843521 |BLNNCEY| BLHAYOLS| BHEE 0El | STO0L OILBTd WNIWOED 4G 1D TINE | O2+bHM
: P 8043521 |BULNNCEL/ 6/HJEIIS| UWEE[ D°EI MIGISHINIE S1-4 HS1I8H1S3 | AI-HNN
L. T AT +mh>¢z:~ 182 44H0ET B Yd20s] a:mm%o.m T 51001 181334S NGILISING3Y %m«.qxz
. a-la-— - -+-v¥ 6LHHN50 | 82030h0) BLNBI106| BHEE| 0 €1 WHHIOHA AL1T180W 3STA3H | Si+tKM
w e sar-;pf BLNBI10 [8¢10020( 8(834828[ BWEE[0°ET ST-4/h-4 HQR3 NEI4 ONINHUD A30 | hi+HWM |
3 A~ 5V 8403020 |8470F11[BINBriOB| BWEE|S° D2 WHHIOHd NGILHHBI I 3Wd 3SIA3E | E1+uNN .
X | 64N 100] BLNUM 10| BLNUF 10| HHEE] | N¥d NOLIBZIIIN S3ILITION A30 | 2iebn|
“ nw i 84634014 8.834h1[8LBIIHTH]  HUEE ONINIBHL 17G/014 03SUHA-3IWIL A30 [11-5uM) 1 &
%% Aa SLAYNRT | BCHAUNT|BLNBrIOY  UWEE|E"R SINNGJIIY ATddNS ST: HSIIBYISI |CT+bWM|
Aa BLHJBOE | BLNUMG2| BLNBrI0E| HWEE; 0E! S1WOH I00L 813325 INIWH3L30 | 5U+HHM|, ,
g 80834014| 8,834h1{8L834NIH|  HWEE SINIW3HIND3B ONINIBEL HSII8H1IS3 | BO+HAM 8
hi Amv | BLNUrS1H] BLNBMO1| BLNUNSIY|  BHEE 682 ¥ 5827182 1 NOILISING3Y | L0+6WN
“ , T Tsca34gi6lesa3497]8L834910]  UWeE] T SLWDY 3BNLIHJNNYN 1830 1 N191EQ T 90+HAM],
i N o 5043501 | 6LNNMBT| 6LHJES2S| HWEE!O°El ACL 17Q 3MNT INIWIEIND OHE | SO+ WM
1 s wd BLNNMBT | 6LHBWET| BLNBrhES| BWEE[0'El AOL 10Q 3¥N7T INIWIHONI ONE | ' J+ukM .
: gt wqraL<Ava BLHBWET [ BLJ308T|81d3SSTH]  UWEE| G ET AQL 17Q 3¥NT INIWIHIND IST | CO+HAN |
“ -V BINBM 10 | 6LNBITO| BLAGNZOS| HMEE| 1° ONINTUHL NQ-SONGH STJ 3i81LINI ‘No.mxx !
3 , 9/93dr 18| BLgIIET| 81834 TH zmm.lmmmw NOTLH1QY A0L NO zo_m_umokmmmw _mwmzz }
'
(RFEERGTEC ERBIT EEBRCECERHTTEENMT  TFRE TN, ARSI ECT S EEC NGI1d143530 g B38WNN
& 7 - 8el  cu] 153187 | 153187 15317483 NGI13] ¥NG SH1
! s - ﬂ 03IN03HIS = § "INI SJITL3INGLISAS “1/BhBSE IN3LiHd “1M3dZ3 A8 NMBHO
(WIIL16! NCILBWNO | WNLY = Y Lh9L-hIL-h0B SS9EZ BA ‘848 A3IT1INH1 ‘ASdX / JHI DM :
———————  (TYIILIHI-NON) NGI16NG T3V 3180 LL-€1 NBId 4 13NENS | mMilee WHOM L3N
i 0 ”M“nwu mm MMMHM Mwmﬂwm gl » HOIHO14 ‘848 NI193 NGISHIANGD 14
: v HSINI4 HO LMBLS 16317683 8183482 3180 B180 LL~E1 NH1d INTWWHEIQHd JH1 W
® ST0GWLS @ (@) YINIOHIA €38 A319NB1 A
. 2 40 1 133MS 140 1 398d| | Q3141558 1INN ONUWWOD Hib T8IT1J61 SHILHENOOH3IH

laey) 1eg Lydd OVL - Z1 @and1y

P N




(3) The legend block defines the symbols used in
the bar chart as well as providing page and sheet numbers., Usually
a block of activities are plotted together as bar charts of a stated
size., The example is plotted to legal size (8 x 13). This block
of activities is further subdivided into pages and/or sheets.

(a) Paging is the horizontal continuation
when the time interval is too long (horizontally) to fit a chart
of this size.

(b) Sheeting is the vertical continuation
when the number of activities is too great (vertically) to fit a
chart of this size. 1In this example, 24 activities are plotted
per sheet. In this example, if ''33 MA" has 37 activities, 24 are
plotted on sheet 1 and the remaining 13 are plotted on sheet 2.

(c) This specific definition of pages and
sheets has caused some confusicn to PERT users. Figure 13 1is an
example of a combination of pages and sheets when producing legal
size bar charts.

Figure 13
Example Activity Block

Page 1 of 2 Page 2 of 2
Sheet 1 of 2 Sheet 1 of 2

First Chart Additional

of Activities Time Interval
(1) Activities 1-24 (1) Activities 1-24
(2) Time up to 2' Years (2) Time 2%-5 Years
Page 1 of 2 Page 2 of 2
Sheet 2 of 2 Sheet 2 of 2
(1) Activities 24-48 (1) Activities 25-48
(2) Time up to 2% Years (2) Time 2%-5 Years

(4) The task number is a 6 character code to
identify the activity. The activity is identified uniquely by
this number. The coding scheme employed in this column is explained
in section IV,B,5,b.




(5) The activity description 1is a 35 character
free-form field. By convention construction dummies have a "CD"
in the first two spaces of this field. The abbreviations and
nomenclature used to describe the activity must be understood
by the action agency responsible for the activity (see Table 2).
In general, active verbs (establish, revise, develop, etec.) are
preferred to passive verbs (monitor, etc.) in these descriptions.

(6) This column displays the activity duration in
weeks and tenths. A blank entry corresponds to a $#.@¢ duration or
a completed activity., 4.3 weeks is a 30-day month.

(7) The action agency 1s the office actually
responsible for accomplishing the stated activity or is the primary
link to a non-TAC agency accomplishing the activity. A total of 6
spaces are provided to properly identify the agency. In this
example, "33 MA" is the office symbol of the Deputy Commander for
Maintenance for the 33d Tactical Fighter Wing.

(8) The earliest start date is the earliest date
an activity may begin. This date is determined by the forward
pass computation., An "S" prefix denotes a start date scheduled
by the action agency and replaces the computed earliest start date.
The "A" prefix denotes an actual start date for the activity. When
an actual start is inserted it replaces the computed earliest start
date and is used in subsequent computations.

(9) The latest start date is the latest date the
activity may begin and still meet the overall program objectives.
This date is the latest finish date less activity duration.

(10) The latest finish date is produced by the
backward pass. This date is the completion date needed for this
activity to meet the overall program objectives. The "A" prefix
denotes an actual completion date supplied by the user. The actual
finish date replaces the computed latest finish date in subsequent
computations. The plotter software has been modified so that an
actual activity completion date will cause the "earliest start'
and "latest start' columns to be blank for that activity in the
bar chart,

(11) This is the bar chart depiction of an activity
schedule with an actual start (solid triangle) and positive slack
(dashed line)., The earliest (actual for this example) start and
finish are upright triangles with the apex corresponding to the date
on the time line. The latest start and finish are inverted triangles
with apexes corresponding to the date on the time line, A solid
line connects the earliest start and finish and has a length equal
to the activity duration.




b aa

(12) This 1is a bar chart depiction of a completed
activity.

(13) The three vertical lines denote 'today" with
respect to computer logic and equal the data date,

(14) This is a bar chart depiction of an activity
with negative slack, The latest start (5 Jan 78) comes before the
earliest or actual start (28 Feb 78). The 3-horizontal lines serve
to highlight activities with negative slack,

3. Network, Ancther PERT display is a network, A network
emphasizes the logic relationships between activities as well as
their time phasing. Activities which may be done concurrently are
displayed on parallel lines. Dependencies between activities are
shown as lines emerging from or converging to the appropriate event
blocks., Usually the length and direction of the line have no meaning
except to connect two events with reasonable plotter efficiency.

a. TFigure 14 is an example of a network legend block,
The single diagonal line highlights event blocks with a scheduled
date. The crossed diagonals highlight actual activity completions,

(1) A octagonal block denotes a start or end point
in the network being displayed. Every network will have at least two
of these blocks. The octagonal blocks may also show the interconnection .
between two or more network panels of a given program. The TAC plotter
paper has a maximum useable width of 21 inches. Depending on character
size, this allows a maximum of 72 parallel activities to be displayed
as a single network panel. Large programs use multiple panels.

(2) A rectangular block is used to denote events or
nodes between the network start and end blocks. The additional tvpes
of blocks are available in EZ PERT but are not used in TAC PERT.

(3) Below the legend is a network title block.
This area provides for program identification, data date, classi-
fication as well as the address and telephone number of the respon-
sible organization.

b. Figure 15 is a portion of a network depicting the
33 TFW intelligence activities, The following subparagraphs corre-
spond to the circled numbers in the figure.

(1) A date line is provided at the top and bottom
margin to place activities in time perspective. The latest finish
date is used most often to place the activity with regard tc date
line. The dashed vertical lines highlight major program milestones
at 1 Apr 78 and 15 Dec 78.
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(2) In this example five activities branch from a
common event (numbered 093000). These five activities may be done
concurrently and are thus shown one over the other (parallel). A
450 angle in the line is used to show concurrent activities branching
from a single point.

(3) Three of the activities terminate outside of
this portion of the total network as shown by the octagonal blocks,

(4) Lines which cross at a 90° imply no logic
connection, In this case, the lines cross only for appearance pur-
poses.

(5) The activity description (Rqntn Spec Intel
Mobility Equip), activity duration of 2(.3 weeks, and positive
slack of 28.p weeks are the same as in the TAC PERT listing. The
predecessor event (093500) for this activity was completed on
28 Feb 78. Completion 1s denoted by the crossed diagonal lines
and the completion date is put in the block.

(6) The successor event (093900) is scheduled,
denoted by a single diagonal line, to be completed on 1 Jan 78.
On the next update the event 093900 would be shown as complete
only if all three activities leading into it are completed, The
earliest date this could occur is 21 Sep 78, i.e., 2 May 78 plus
20,3 weeks. The latest date this could occur is 1 Feb 79, i.e.,
12 Sep 78 plus 20.3 weeks.

(7) Consider the "internal intelligence training
program' activity. It could start as early as 2 May 78 then 20.3
weeks later produce an earliest finish of 21 Sep 78. However, it
could start as late as 12 Sep 78 (completing on 1 Feb 79) and still
meet the overall program objectives, The difference between 2 May 79
and 12 Sep 78 1is 19.0 weeks slack. The OPR considered the activity
in context with the overall Eglin AFB F-15 conversion when he scheduled
the activity to start 1 Jul 78 and complete 1 Jan 79. This schedule
is compatible with the PERT analysis because it falls between the
earliest and latest allowed dates.

4, X-Y Plots. Another possible output of the TAC PERT
system is a graph of almost any data. With respect to PERT, a
program has been constructed to take all activities in a PERT data
base, separate them by two letter OPR (33, 12 AF, DO, DE, etc.) and
compute which activities are on-going as of the first of a given
month, The result describes the number of on-going activities as
a function of time for that OPR. Figure 16 is an example showing
the total number of conversion activities on-going at the 33 TFW
as of the first of the month, The principal features are listed
below:
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a. The two letter OPR symbol is left justified in the
title line. The rest of the title line comes from the setup instruc-
tions and is the same for computer 1listings and bar charts,

b. The vertical scale is automatically adjusted so that
the highest data point is greater than halfway but remains on an
8 x 10% inch sheet.

c. For each month a symbol is plotted, the plot line
merely connects the symbols (triangles).

d. As with the vertical axis, the horizontal axis is
automatically adjusted to provide efficient use of the 8 x 10% sheet,
The bold vertical line corresponds to the '"report date" of the
computer listing and the "data date' of the bar chart.

IV, TAC PERT STANDARDIZATIONS

A, Overview. The expected frequency of use led to the stand-
ardization of certain features in the TAC PERT. The features include
the coding of certain columns, a method of slack analysis, and a
method of updating the program.

B. Standardized Coding. The computer support associated with
PERT provides considerable freedom in actually implementing a specific
PERT. However, a portion of this freedom was traded in TAC PERT for
commonality between programs. These common features are described
below.

1. Numbering Key Events. Each of the aircraft conversion
programs appeared to have several major milestones in common. This
characteristic was incorporated in TAC PERT by assigning a special
meaning to certain (but not all) event numbers.

Table 3 lists these standard event numbers., For example,
the event number '300000" means the arrival of the first new aircraft
(unit equippage, not a hands-on trainer) regardless of the particular
aircraft conversion PERT under study.

2. Event Number Assignment By Work Center. As the specific
details of a work center were inserted into the PERT, a quick way
to associate the activities with a given OPR was needed.

a. Thus the event numbers not listed in Table 3 were
blocked off by the OPR, Figure 17 illustrates this partitioning
for the 33 TFW PERT.
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b. Construction dummies were used te connect the major
program milestones with the partitioned event number:. As shown
in Figure 18, this method resulted in a more refined appearance
when producing a subnetwork plot for an Individual work center.
The construction dummy was used to identify the OPR and the activi-
ties which could start with TAC P-Plan publication (event 020,000).
The completion of these activities is tied to the appropriate mile-
stones illustrated on the right side of Figure 17.

Figure 18
Work Center Detail

CD 33 MAT

05

Items

c. This method placed similar activities together in
the predecessor/successor computer listing and provided a coherent
number system accommodation activity growth within the work center.

Table 4
Example Data Source Code

CODE

X - Initial PERT construction based upon:

a, XPPC letter of 31 August 1977, Subject: TAC P-Plan 13-77.

b. Aircraft flow worksheets from DOOT, copies 26 August 77
and rechecked 20 September 1977.

c. Eglin AFB, construction from DEPR "Smart Book' as of

6 September 1977,

d. TAC Programming Plan 12-76, 10 September 1976, Subject:

Maverick.

e. TAC Programming Plan 1-77, 17 March 1977, Subject: POMO

Implementation.

A - 33 TFW F-15 Conversion TEAM Planning, 15 September 1977.

B - USAF/PRP Secret message, 211445Z September 1977, Subject:
READY TEAM,

C - Telecon on 23 Sep 77 between Mr. Ben, TAC/DEPR, and Mr. Ed,

TAC/XPSY, concerning Eglin O&M construction.

D - Base Detail Implementation with TAC/ACMX (Capt )
assisting. Included are proposed TDY/PCS overmanning data
from 3 October 1977 TAC/LGX, LGM, DPX, XPM meeting on that
subject.

E - Base Detail Update from 12-16 October 1977 TDY to 33 TFW.

F - Addition of ESS (Electronic Standards Set) items from 9 AF,

G - Addition of 33 MAQ items received 4 November 1977.

H - Changes resulting from the 14-16 November 1977 SATAF including
a Civil Engineering update.

1 - Addition of Headquarters/DO time-phased actions for TAGC/DO,
9 AF, 12 AF, 33 TFW, and 58 TTW. This is the last update
code prior to P-Plan 13-77 publication.
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3. Data Source Coding. Information pertaining to an
aircraft conversion program comes from numerous sources both in
and out of the command. Since a function of PERT is to integratec
this information into a single data base, there is value in being
able to take the PERT analysis and gc back te the input data source.
Table 4 is an example data source code Implemented to track the source
of activity data as well as changes caused by program execution. In
effect, the code coupled with an appropriate backup filing system
provides this capability. See Figure 20(c) for data source coding.

4, EZ PERT Selection Options. The elaborate task numbering/
OPR format described in the next section exploits some EZ PERT plotter
features. The predominant feature is to select the appropriate activi-
ties that belong to a single work center or group of work centers.
Figure 19 illustrates the plotter commands to produce two blocks
of activities as legal size bar charts.

Figure 19
EZ PERT Plotter Commands

/TSCALE(MONTY)
|?PAGE‘J‘N|48)
1S1ZE 415+9¢CHARACTER RO 18
sQRITICAL=2040¢FACTOR=0,45
'SPDS=®) ¢SELECT{g8)
NOTER'P PL,N {177 UNcL,SSIFIED

/TSCALE(MONTH)

yTPAGELUAN,48)
1S1ZE®15,9yCHARACTER=0,18
'CRITICAL=0,0,FACTOR=0,48
1SPOg=B1SELECT(DOOT)

+NOTE='P PLAN 13=77 UNCLASSIFIED




a. The command "/TSCALE" defines the beginning of an
activity block and specifies the bar chart time scale. TPAGE fixes
the horizontal bar chart size., The bar chart wculd begin in January
and cover 48 months. The size, character, and factor commands estab-
lish the vertical bar chart size. The CRITICAL command assures that
negative slack activities are highlighted.

b. The "SPOS = 1, SELECT (58)" command actually specifies
the activities to be plotted in terms of the TAC PERT listing which
1s stored on a file in the computer.

(1) The "SP0S" command designates the column in
the TAC PERT listing for selection. 'SPOS = 1" means the selection
criteria begins in the first space of the Task Number column (Ref
Figure 11). A SPOS = 8" means the selection criteria begins in the
first space of the TAC OPR column. A "SPOS = 15" means the selection
criteria begins in the first space of the Action Agency column.

(2) The "SELECT (58)" command picks those activities
containing a "58" beginning in the column specified by SPOS. The
desired contents must be exactly as described in the TAC PERT listing
except for the following special characters, In a SELECT command a
"$'" denotes a blank in the listing and a "*" denotes all other entries
not previously selected from the listing.

(3) Now that the desired activities have been
gselected, the classification banner must be added. The NOTE command
first sets the subnet title (first 15 spaces). The example here is
"P PLAN 13-77." Then the contents from spaces 18-29 of the NOTE
command actually constitute the classification banner. (i.e.,
UNCLASSIFIED).

5. Task Number/OPR Format. PERT in effect supplies an
integrated view of the program explicitly identifying activity
relationships at all levels of management. While the entire program
must be assessed as a whole, activities need to be displayed by
organization entities with delegated authority and responsibilities,
To achieve this goal a scheme of task numbering of both reportable
and nonreportable activities was developed.

a. The TAC PERT listing provides 18 spaces for this
use. These spaces have been subdivided as distinct columns in the
listing: TASK NUMBER (6 spaces), TAC OPR (6 spaces), ACTION AGENCY
(6 spaces).
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b. The purpose of a task number code is to uniquely
identify each activity and to group related activities along
organizational lines. The coding should clearly differentiate
activities between Annex Z progress reporting (if applicable) and
PERT update submissions. The assignment of numbers will be unique
within each OPR. A "b" in the following discussion denotes a
blank.

(1) When the PERT program was used to publish
the Annex Z, Time-Phase Actions, in a Programming Plan, the
following codes were used: The "+'" or the "W" denote those activities
requiring progress reporting under Annex Z.

(a) Two letter HQ TAC OPR.

TASK NUMBER TAC CPR ACTION AGENCY

LGb+23 LGMFbb Blunk
LGb+24 LGWSbb Blank

(b) Three letter HQ TAC OPR,

XPM+04 XPMXbb Blank
XPM+05 XPMQbb Blank

(¢) Two letter numbered Air Force (N prefix) OPR.

NDO+P2 DOOTbb 9D00bH
NDO+22 DOVbbb 12D0OV

The task numbers are blocked between 9 AF (less than 20) and 12 AF
(greater than 20).

(d) Two letter wing OPR (W prefix)

WDO+16 DOOT Blank
WRM+41 DEPR ADTCb

The task numbers using these codes will correspond to previously
non-TAC participation and/or accomplishment of the activity.

(e) Three letter wing OPR (W prefix). 1In

this case, the "+" has been dropped to allow a three letter office
symbol and two digits of task numbers within the six available spaces.

WDOVO3 DOVbbb Blank
WMAAO4 LGMF15 Blank
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(f) The coding of special agencies (8such as
activation of a new squadron) will be tailored to each PERT.

(2) When a manually developed Annex Z was published,
the following codes were used:

(a) Headquarters items replace the "+" with
a blank.

LBbb54 LGMMbb Blank
XPMb51 XPMMbb USAFb

(b) Numbered air forces likewise replace the
"+ with a blank.

NDOb53 Blank 9DOVhH
NCSM58 Blank 9CSMb

(c) Wing detail will have a prefix "B" and the
TAC OPR will be blank. The number sequence should start at 50 where
possible so as to preclude reporting confusion.

BMADBS53 Blank Blank
BRMb63 Blank 60TFS
BLGX69 Blank ADTCb
BLGX70 Blank 00ALC

(d) Construction dummies will have a prefix
"Z" followed by a three letter OPR. This coding enhances subnetwork
displays by OPR.

6. PERT Input Format. Figure 20 is an example of the input
format of PERT incorporating all the preceding codes. The following
paragraphs correspond in number to the highlighted elements of Figure 20.
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Figure 20
PERT Input Format

DATE O04- ?5 TE UNCL®SSIFTIED

@..06dE) 5 O - SR 5)
654T0065482D0N 77nn?n (ED IANAL (E\ 5 COMPILE PDST/TENNAMNT (HAMNGE 1TEMS

654200654300MC1210770030 wiLGXC1 321.GX LGXP REOQUEST ADTC CONVENE REVIEWN BCARD
6E54500654590ES03317800423 wLGX02 3L CX LGXP SURMIT CHANGED HTSA T7 GAF/LGY
654590654600E 0020 9AF /LG 5 SUEMIT CHANCED HTSA TO TAC/LGX
6544006544930H 0020 33LGX S SUFMIT UNRESOLVD HYSA ITEHS TO 9A
0F000018B50C01°03C1780043 ADO+21 12AF /D00 IDENTIFY OPFRATJONS PGM HMANAGER

1850C0186000150501780086 MNDC+22 12AF /DC0 ESTAB 33=9~12«5f COMMUNICATIONS
1060009€0000NS0R15780520 NDO+23 12aF /000 MONITOR EGLIN AIRCPEW TGAINMING

136000330000NSOR15780390C NDO+24 12AF /D00 INFORM DAF/D0OD ON TRAIMING MATTSR
1P6000160000IS1CC8B780010 NDO+25 12AF 7000 CO0ORD MSN NUAL LTR OF AGREEMFNT
6511003300001 0130 SAF/LC 5 ASSIST IN REVISING MOBILITY PLANS

0/000018000C1<0301780043 NDO+01 9AF/DD

6}

IDENTIFY OPFRATIONS PCGM “MANAGER

1PN0001810001IS0501780086 MNDN+02 QAF/C0O 5 ESTAB 33=-9-12-58 COMMUNICATIONS
1#10003637201<0801780086 NDO+03 SAF/CN S ESTAB DART TOwW SPT PROCEDURES
1P1000950C0CT 0520 NDO+04& 9OAF/DOQ 5 SOURCE DACT SPT FOR MSN QUAL TRNG
1100009500001 0520 NDO+0HKA QAF/DD S MONITOR EGLIN AITRCREFW TRAIMING
1700003671001 00BE NDO+Q7 QAF/Z0D 5 INSURE 33PD RETAINS MAX RFADINESS ©
3655001650001€1017780020 NDO+05 QAF /DD 5 APPROVE MSN NQUAL LTF (F AGREEMENT
16500030000C1S11017B00RS6 DOOT s LTP OF AGREFMENT 2 MNONTHS PPIOR
654490654700F 0020 QAF/LG ] SUELMTIT UNRESOLVFD ITEMS TO TAC/LG. 3
6565,1300C000D 0043 3IIMAD 5 IDENTIFY FTD/0JT PERSONNEL
656622290000E5N0701780130 33MAD 5 REGUISITION & FILL RENCHSTOCH
656623290000FC<0701780130 33MAC N 5 MONITOR RECEIPT OF SUPPCRT EQUIP
650006561 00NA0215780020 33MAD s ESTAB 32MAQC MANAGEMENT »CALS
6560006561 10NA010478B0390 ITIMAD N S DEV OVERLAP FACTLITIES YSE PLAN
656100656300NA0118B78B0043 33MAQD 5 ESTABLISH SUPPLY REQUIREMENTS

a. Predecessor Event Number. A 6 digit numeric column
to specify the beginning point of the activity. A blank is forbidden.

b. Successor Event Number. A 6 digit numeric column
to specify the completion point of the activity. A blank is
forbidden.

c. Data Update Code. A one digit alpha numeric-entry
to identify the source of the last information on this activity.

d. Data Code. A one digit alphabetic entry to specify
what kind of date follows: "A'" denotes an actual start of the activity,
"C'" denotes the actual completion of the activity, "S" denotes a
scheduled start date.
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e. Date, A 6 digit numeric column to enter a date of
importance to this activity. The format is "mmddyy" where '112077"
means 20 Nov 1977,

f. Activity Duration. The time needed to accomplish
the activity (weeks and tenths in this example). "@@29" corresponds
to 2.9 weeks.

g. Task Number. A 6 digit column to specify reportable
or nonreportable tasking. See Sectlion IV,B,5 for an explanation of
these codes.

h., TAC OPR. A 6 digit alphanumeric column to identifv
the agency within the Tactical Alr Command actually responsible for
accomplishing this activity,

i. Action Agency. A 6 digit alpha numeric column
suitable for further codes for TAC actions or to identify an
outside OPR (00'LC, AFLC, USAF, ADTC, etc.) where needed.

j. Activity Description., Beginning in column 46, 35
spaces are provided to identify the task actually being undertaken.
Nomenclature and abbreviations should be those familar to the
agency accomplishing the activity.

C. Slack Analysis. Basic to the use of PERT 1is the management
of slack. Each activity has a slack value computed as the difference
between the earliest date and the latest date the activity may start
(or finish). Slack may be positive, negative, or zero.

1. Critical Path, The program as a whole has a "critical
slack'" defined to be the minimum of the activity slack values. The
set of activities that cause the critical slack is called the critical
path and comprise the longest time path through the network from PERT
start to PERT stop. Time compression must be achieved along the
critical path if an overall program time reduction is to be achieved.

2., Slack Management. Slack then is a measure of the
ability of the program to be completed on schedule. Positive slack
indicates how much each activity may slip and still meet its scheduled
completion. Negative slack indicates how much the overall program
must be compressed to meet the scheduled completion dates. Slack
can be viewed somewhat like a savings account.

a, Positive Slack. Large amounts of positive slack.
(8.6 weeks or more) usually indicate that premium management attention
to this activity is not required.
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(1) The manager is conscious of his "savings
account' balance and seeks to preserve it, His concern, therefore,
is to start activities on the eariiest start date, where this date
is reasonable,

(2) 1f the earliest start date is unnaturally
early, the manager should question why as 2 way to ferret out
other unidentified activities and coustraincs,

(3) However, a manager in concert with the OPR
the earliest and latest dates. In effect, the manager is drawing
upon this "savings account" and allocating it in a conscious way.
PERT provides this latitude to sensibly manage workload or to
consider morale (Christmas) and other outside constraints.

b. Negative Slack. When an activity has negative slack,

it deserves immediate attention to examine one or more of the foliéaing:

(1) 1Insure the logic is correct.
(2) Insure the activity duration is correct,
(3) Develop/use workaround procedures, and

(4) Insure the activity is started at the earliest
opportunity.

3. Slack Computer Listing. A TAC PERT computer listing
sorted by slack is a beneficial product to examine overall [rogram
timeliness. As shown in Figure 21, activities are listed by
decreasing criticality of their slack values.

a, The first 11 activities all have the same slack
(-6.8 weeks) and comprise the most critical path through the network.

b. For each set of activities having a given level of
slack, the first step of slack analysis is to manually sketch out
the logic of these activities. Use a sheet of paper and tie the
activities together by predecessor and successor event numbers.

c. Once this subnetwork logic is sketched out, then
consider the following:

(1) 1Is the logic right?

(2) Are the activity durations correct?
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F- 16 SYSIEM

IAC PERT Listing

INTRCDUCTION AT HILL

¥5

1
PROOCUCED BY wa TAC / xPSY, LANGLEY AFHB», VA Nvﬂu E04~-76L-T647

ANAL YST =

RAWLINS

TAC PROGRAMMING PLAN 16-77

CONVERSION PROGRAM MANAGER-MAJ RAWLINS-TAC/XPP(CM536

() SORTED BY 0PR,LSTAKT

PROGRAM AS20 &7
NETWORK STAR® OATE QIMAR?4
NETWORK COMECETEUN DATE 31DECBU
MOSTY CRITICA_ SLACK = 89.5
REPURT AS OF O0ATE QiMAY?8
@
ALK TAC
NUMBER  OPR
LGS 08 LGSE 000435
LGS+02 LGSE= C 000419
LGS+3R LGSF 00ALC 00317 000435
LES+10 LGSS 000414
1 LGSS 000435
3 LGSW 300418
LGSwW 00u8e6u
LoSw 0D0aLC DO04IS 000413
LGSw 21000 00C199
LGS W 00ALC UD0413 0014616
LoSw 00ALL  00N&YS5 00GSe9
LG6SW OCGALC 9s
LGSW
LGS w
LGSw 00ALC 00019%
LGS w 000471 000308
“1 LGSwW OuaLl Qubs 31
44 LLSW JOALC 000846
+40 LGSw 00ALL 000866 UCU&L3S
+43 LGSwW 00ALL (DDO416 000335
vi5 LG6SwW N00e13 000435
5+18 LGSW 300335 000435
S 09 LG6SwW 006431 000335
+19 LGSW 000308 000489
+45 LGS+ 0cALC J006489 000307
+46 LGSwW COALC 000489 000447
¥L7 LGSw COALC 000447 Q00341
+48 LGSW 00aLC O0OC0341 000498
+49 LoSw 00ALC 000647 200498
+20 LGSw 000428 000493
21 LGSw 000497 026000
LGS+22 LGSW 000531 000532
LGS 22 LGSW 001000 000531
LGS#24 LGSW 000532 000572
LG65+50 LGSW 00ALC 000572 000733
LG5+26 LGSwW 000572 000533
LGS+27 LGSW 000533 000534
LGS+28 LGSW 00ALC (000534 000535

ACTUAL/
SCHED
ACTIVIFY DESCRIPTION START
(0 LOCAL MANUFACTURE SUPPORT EQULr
DEV NON-wSTA EQUIP LIST MOBILITY
MONITOR PUL STOCKAGE/ISSUES
PUBLISH SUPrFLY GUIDANCE
€D SUPPLY GUIBANCE
CO WSTA AVAILABLE
TABLE OFf ALLOWANCE-316 AVAILABLE
START SUPPORT EQUIP PROG-CUI3-AFLC AHV
AFLC DEVELOP/AGGREGATE ISSL sp10cT78
ESTABL ISH SE AUTHORIZATION-EAID s01JuL78
HOLD WRSK SELEETION (ONFERENCE
(D START WRSK
CEVELOP WRSK ©iST AFLL UPK
WRSK L1ST AVAILABLE TO MAJCOM
REQUEST ISSL-00ALC
APPROVE 1SSL
O ME/SE/TA #ELL RATES
CD REPORT AGE/TA FILL RATE
REPORT WSTA/AGE FILL RATE TO TAC SO01JuL78
REQUISITION/MONITOR SE/ME REQMTS $01JuUL7s
DETERMINE SUPPLY EQUIP SHORTFALL S501JuL?e
OBTAIN FILL RATE OF W3TA/AGE sO0lJuL78
CD WSTA FILL RATE
PROVIDE 1SSL TO 00-ALC/DSS
REPURT I5SL FILL RATE TO TAC sQ10CT7s
LOAD+REQUISITION ISSL HILL OPR 5010CT178
LOAD+KeGUISITION BENCH STOCK S010CT78
MONITOR BENCH STOCK RECEIPT 5010CT78
LOAD SUPRLY FCINT REQUIREMENTS S010CT7s
MONITOR RECEIPT OF SPARES s010CT78
CD RECEIPT OF SPARES
VERIFY WFSK FUNDING s010c7178

CD START WRSK FUNDING
WRSK FUNDS APPROVED 2YRS PRIOR I0C
REQUEST 2ND wRSK DECK
REQUEST WRSK DECK 1ST
PROVIDE 1ST WRSK DECK

L

0AD

+

REQUISITION WRSK

187

START

DATES

EAMRLIEST LATEST

o680y 78
01APR7E
3imAY78
O8MAaY 7S
O6NOV7 8

30JANT S
3177
O1MAY758

OiMAaY 78
D2MAY?8
08MAY78
o8maY73
UBMAYT7 S
O8MAY78
O1MAY 78
08MAY78
O8MAYT73
26JUNTB
074uL 78
0rJuL78
150UL78
29JuUL78
1S4ULTR
2INOV78
30NOV78
OMay?8
UIMAY7B
01MAY78
29DEC7Y
29DECT79
O01JANSU
07JANBD

G9MAR?3
30JUNT9
290EC77
08SEP?7
CYMAR?S

D2JUN77
09AUG?7
C1SEPT77

O7FEB78
0&FEB78
0ZMAR7 8
0ZMART7S
U2MAR? B
D7MAR7 8
U8MAR? 3
0BMAR73
08MAR73
0SAPR78
16AFR7E
19APR7B
23APR78
07MAY?78
23MAYT R
D4LSEP7B
0SSEP?78
110C778
110CT178
120CT78
08JunB0
17JUNBU
21JUNBD
27JUNBD

FINI3H
EARL I=3T

o

G4NOV?
Oi1MAY?
09AUG?
06NOV 7
06NOV?

X o

0o

0IMAY’ 3
CIMAY 7 5
U8MAY 7=

024AY73
27TJUN?B
08MAY &
J8MAY 78
1SMAY7 38
O9MAY 78
02MAY? 3
O9MAY~ &
08MAY 75
07JuL’3
144U4L 7?8
11JuL’8
294Ut 738
28AUGT 8
293uUL 78
30NOV 7S
30NOV 758
02MAY 75
Q1MAY 7 &
28DEC7Y
11MARBD
07JANZD
08JANRD
11J4N2D

PAGE
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DATE/TIME 17Mar7B/1043

NC
NO

DATES
LATEST

DOMARZE
303ULT9
O09MARTS
09MAR78
O9IMART7 B

D1SEP?77
07FeB78
08SEP?7?7

@
®

OBFERB?8
OSAPR7R
O2MART7E
Q2MAR7 8
O9MART7 S
08MAR78
O9MAR78
O9MAR78
08MAR78
16APR78
23APR78
23APR7S
07MaY?78
06JUNTB
O6JUNTB
05S¢eP78
0SseP78
1200778
110C71738
08JUNBD
21AUGBO
21JUNBO
2BJUNBO
01JuL8o

Of EVENTS 835
OF ACTIVITIES 1572
ACTUAL/
SCHED ACTINITY
FINISH FIME SLACK
~ 34,6
4.3 65.0
10.0 ~ 21.9
01JUL78 26.0 - 34.6
~ 34,6
ACTAPRTS
AD1APR7S =
13.0 - 34.6
APR79 26.0 - 11,8
sO8JuL 78 10 =

AUTHROVT?
ACINOV?7
RYLNDV??
AISNOVT?7
01SEP78 .3

sS0BaUL 78 1.0
SD2iuUL7E ad
sG2JuL 78 -l
sQ2yuL78 5
w2

S080CT 7?8 1.0
S050CT78 ad
S150CT78 2.0
$310CT178 L.3
S150C178 2.0
s020cT78 |
sD20CT78 1
28FEBBON 86.9
0.5

28FEBEOD =
ZYMARBO 1.0
01APRRD D

36,06
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(3) Can workaround procedures be developed and
used to compress any of the activities?

(4) What is the czarliest date the activity could
reasonably be started?

These 11 activities were reviewed individually with the OPRs. Tt
v was determined that activity 664300-140000 was in error. The dual
[ load certification duration (42.3 weeks) is too long and should be
revised to 30,0 weeks. This change in duration eliminates the
negative slack on this path alone.

d. Once this change in duration is made to the PERT,
a revised slack listing will be produced which will reveal a new
critical path, The above analysis process is repeated to determine
the cause of any negative slack.

e. The underlying motive of this slack analysis is
to discover whether a given slack path is in fact a program con-
straint or is created by the plan itself so that appropria*te man-
agement action can be taken., If the cause of negative slack is
in fact a program constraint, then the above analysis method can
identify action to alleviate this constraint,

D. Program Update. PERT allows the repeated evaluation of
the program as activities are executed. The basic measure of merit
is program slack. There are three levels of program update corre-
sponding to the degree of program change. A single line format is
used to incorporate update information in the TAC-PERT data base.

1. PERT Update.

(a) The first level of update occurs within the work
center as individuals are assigned to accomplish individual activi-
ties. The PERT charts or listings should be kept up to date by
writing actual start and completion dates directly on the chart
or listing.

(b) The annotated charts in the work center provide
the information input to the next update level. Periodically,
each work center provides this information to the unit program
manager for input into the TAC PERT data base. The result of this
process is a set of updated TAC PERT output products for display
within the work center. The updated charts should be produced
often enough to prevent a cluttered management tool with handwritten
notes,
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GLOSSARY

1. An activity is any portion of a project that consumes time or
resources and has a definable beginning and end. Activities are
depicted in a network as lines or arrows with descriptions and time
estimates written aleng the line.

2. The activity duration is the most likely calendar time needad
to accomplish the rask with usual commitment of funds, manpower,
facilities, etc. In TAC PERT the activity duration, also called

a time estimate, 1s measured in weeks and teaths of weeks for unit
conversions,

3. The actual date is the actual calendar day that an activity was
started or completed., This date has a prefix "A" in the TAC PERT.

4., A bar chart is a time-phased depiction of activities. Usually

the activity is identified and described on the left half of the

bar chart. Then the start and finish points for the activity together
with the activity duration and slack are depicted in a time-phased
manner on the right half of the bar chart. This chart is sometimes
called a "Gantt Chart'" in respect for its inventor.

5. A block of activities is a collection of activities usually
having common tasking or responsibility. These activities are
depicted together on a set of bar charts,

6. A burst event is a point in a network where many activities
may be started after the event has occurred.

7. A completion date is the actual calendar day that an activity
was completed. This date has a prefix 'C" in the TAC PERT listing
or a prefix "A" in the latest finish column of a TAC PERT bar chart.
This date is the earliest date for subsequent activities.

8. A construction dummy is a pseudo activity used to link two
events that have a dependency relationship. A construction dummy
has a '""CD" in the first two positions of the activity description.
Construction dummies are frequently used to eliminate PERT logic

errors, enhance subnetwork displays, and provide for contingencies.

9. The critical path is that set of activities that has the minimum
program slack and can be considered the longest duration path through
the network. Time compression must be effected on this path to
achieve an overall program time reduction.
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10. The critical slack is the minlmum of the activity slack values,.

The critical slack can be positive, zero, or negative, If the critical
slack is negative, this represents the time the yrogram completion will
be late given complete accuracy of the network logic and time estimate,

11. A duplicate activity violates the PERT rule that each activity
is uniquely identified by its predecessor and successor event numbers,
A construction dummy is frequently used to overcome this error,

12. The earliegt date is that date resulting from a forward pass
computation. This is the earliest calendar date an activity may
begin or end given the scheduled completion of all of its logical

predecessors.

13. An event is a point in time or milestone in the project. An
event is often called a '"node'" and 1is depicted as a circle or
rectangle with an event number (and date) written inside. Every
activity must have a predecessor event that marks the start of the
activity and a successor event that marks the completion of the
activity.

14. An event number is a numeric designation used to specify the
network logic to the computer. For example, several activities which
all start at the same point would have the same predecessor event
number,

15. The expected date is the same as the earliest date. The term
expected here has the connotation "earliest' not the connotation
"obligatory."

16. EZ PERT is the trademark for a commercial PERT software display
package. This package takes a computer file containing the TAC PERT
1isting and provides the plotter commands needed to produce bar charts,
networks, or XY plots. This package is owned by Systonetics Inc.,

Anaheim, California 92801.

17. Float is another name for slack. The value of float is defined
as the difference between the earliest date (start or finish) and
the latest date (start or finish, respectively).

18. Job Control Language or JCL is the computer program of instruc-
tions that call the various software packages and computer programs
and produces a specified output product. The JCL was prepared by
TAC/ADU and requires only a "RUN'" command to produce the desired
product.
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19. The latest date is that produced by the backward pass computation,
This date is the latest calender date the activity mayv begin or end
and still achieve the desired preogram compietion,

20. A line is used in a network to denote an activitv neither the ’
length of the line nor its compass direction have any significance.

21. A merge event is a point in a network where two or more activities
terminate at a single event.

22, A network is a graphic depiction using event blocks and inter-
connecting lines to show the interrelationships between the tasks
needed to complete a project. Lines or arrows in a network imply
logical precedence only,

23, A 1node 1is another name for an event, This point in time may
be depicted as a circle, rectangle, or polygon in a network.

24, The OCR, or Office of Collateral Responsibility is any agency
whose assigned function i3 involved to a secondary degree in a
transaction or other matter which is the primary respcnsibility of
another agency. In PERT, the OCR is usually an agency involved in
the accomplishment of a specific activity but is not under the direct

control of the Tactical Air Command.

25. The OPR, Office of Primary Responsibility, is that agency having
primary functional interest in or responsibility for a specific
activity. In PERT, the OPR is the agency who 1s either primarily
interested in or actually responsible for the accomplishment of the
activity,

26. Given a bar chart defined to be a specific size, paging occurs
when the horizontal time line is too long to be displayed within the
stated horizontal size.

27. A plan is a scheme or proposed method for accomplishing a mission
or reaching an objective. Since a plan is a vision of the future,

a plan changes as the vision becomes increasingly clear and is thus
dynamic and not static.

28. A programming plan (P-Plan) is a TAC device for defining a

program objective, providing a specific plan as to how this objective
will be attained, and providing certain authorization to lower
echelon agencies to accomplish the plan. The specifics of a TAC
P-Plan are outlined in TACR 27-1.




29, The predecessor event number iz the number used to designate

the start of an activity. The earliest and latest start dates are
associated with the predecessor event number,

30. PERT Starc 1s the initial event of the network. This point
scopes the network with regard to the present. The date associated
with this point initializes the forward pass computation.

31. PERT Stop is the terminal point of the network and scopes
the network with regard to the future. The date associated with
PERT stop 1is the desired completion date of the program and
initializes the backward pass computation.

32. Slack is the difference between the earljest (start or finish)
date resulting from the forward pass computation and the latest
(start or finish) date resulting from the backward pass computation.

33. Given a bar chart defined to be a specific size, sheeting occurs
when the number of activities is more than can be displayed within
the stated vertlcal size.

34. The scheduled date 1s a planned start date provided by the OPR,
This date is displayed in a TAC PERT barchart or listing with a pre-
fix "S". Unlike the actual start date, the scheduled date does not

affect the computation of subsequent activities.

35. A subnetwork is a depiction of only a portion of the program.
A subnetwork usually displays a major functional or agency related
area. A subnetwork is compatible with the overall network through
use of interface events (usually polygons).

36. The successor event number is the number used to designate the

completion of an activity. The earliest and latest finish dates as

well as the actual completion date are associated with the successor
event number,

37. A work-breakdown structure is a product-oriented systematic
structuring of the elements of a project. The result of a work
breakdown structure should be a comprehensive program activity list.

38. The WWMCCS is the World-Wide Military Command and Control System.
At Langley AFB, the WWMCCS consists of two Honeywell 6000 computers
with assorted peripheral equipment. This is the computer equipment
used to automate the TAC PERT.
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