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FOREWORD

The Program Evaluation and Review Technique
(PERT), in its broad sense, represents the concept
of an integrated management system which can be used
by program managers in controlling the variables of
time, cost, and technical performance. A major step
in the development of this concept was completed in
1958 when the PERT TIME System was implemented for
planning and control of time in research and develop-
ment programs.

As PERT TIME became established in both industry
and government, the Department of Defense undertook
the design of a PERT COST technique. Concepts were
clarified, a technique developed, and pilot tests
conducted. The resulting PERT COST System was
adopted by the Department of Defense and the National
Aeronautics and Space Administration. In June of
1962, the system was described in the DOD/NASA PERT
COST System Design Guide, and concurrent with the
publication, the Secretary of Defense directed the
three military services to implement PERT COST on a
test basis.

The Air Force and Air Force Systems Command under-
took a system study of the DOD/NASA PERT COST Guide
with the objective of implementing PERT COST as rapidly
as possible. As a result, "USAF PERT COST System
Description Manual (Preliminary Draft) - December 1962"
was established which definitized the basic PERT COST
System Design described in the DOD/NASA Guide. The
manual was later revised to incorporate the new uniform
PERT COST output forms package approved by 0SD PERT
Coordinating Group on 8 February 1963 and was reissued
under a March 1963 date still as a preliminary draft.
The technique described in the manual is used to test
PERT COST in connection with the development of a
major weapon system. |t may be assumed that the
knowledge obtained during the test period will permit
preparation of a more comprehensive and advanced
manual at a future date.







The content and criteria contained in this pamphlet
is based on the following USAF PERT manuals:

Volume [ - USAF PERT TIME SYSTEM DESCRIPTION
MANUAL

Volume |11 - USAF PERT COST SYSTEM DESCRIPTION
MANUAL

The purpose of this pamphlet is to present a condensed
description of the PERT COST System. Consequently, the
content is very basic in some cases and details are
purposely excluded.

This pamphlet was prepared by the Techniques Branch
(ESCPT), Programs Division, Comptroller, Electronic
Systems Division (AFSC), L G Hanscom Field, Bedford,
Mass. Additional copies may be obtained by addressing
request to the above office.







ABSTRACT

A general introduction to PERT COST, an innovation

in the field of management. This technique employs

a networking, statistical and scheduling methodology
using advanced data processing procedures. The PERT
COST technique is based on the principle that planning
must be developed in a manner that facilitates its

use as a management control tool and a management
control system must use as its base the planning

that governs the program. Accordingly, PERT COST

can be used in both the planning and control functions

of management.

This Technical Documentary Report has been reviewed
and approved.

AL, o St
PHILI A. FITTER

Lt Col, USAF

Chief, Techniques Branch
Programs Division

Comptroller
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Introduction
To PPERNE Cost

Complex research and development programs can be
managed effectively if program managers have the means
to plan and control the schedules and costs of the
work required to achieve their technical performance

objectives. Schedule slippages and cost overruns
indicate that managers at all levels need improved
management techniques. For example, managers at

each level must be able to determine:
* whether the current estimated time
and cost for completing the entire

program are realistic;

* whether the program is meeting the
schedule and cost estimate and, if

not, the extent of any difference;

* whether requirements for manpower
and other resources have been
planned realistically to minimize

premium costs and idle time;

* how manpower and other resources
(available within the program) can
be shifted to expedite critical

activities;




* how manpower and other resources
made available by changes in the

program tasks can best be utilized.

The PERT COST System, a complement to the basic
PERT TIME System, has been developed to meet these
planning and control needs for the various levels of
management. [n order to obtain an understanding of
the contents of this pamphlet, it is necessary that
you be familiar with the PERT TIME System. [f you
are not, another ESD Techniques Branch (ESCPT) pamphliet
titled "An Introduction to PERT - June 1963,'" which
is similar to this in explaining PERT TIME, is available
upon request to ESCPT.

In PERT COST, both cost and oy B gy o
schedule are planned and controlled 12
on a common basis. This inter- 348567859
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relation not only permits more
accurate measurement of progress
but also enables managers to
appraise more realistically the
consequences of alternative
courses of action.

Under the PERT COST System,
the program is specifically
defined and then broken down in
order to establish the work
breakdown structure including
work packages. Work packages
are identified with activities
on a conventional PERT network.

9 10 11 12 13 14 15
16 17 18 19 20 21 22
23 24 25 2¢ 27 28 29

[f the time required to complete the program
exceeds the time available, the appropriate activities
in the network are analyzed to determine whether
their times can be reduced or whether some of the
activities can be performed concurrently. Such
analysis is continued until a plan is developed
which indicates that the program should be
completed by the directed or desired date. At
this point, scheduled times for the program
actions are established. -




After the schedule has been prepared, a cost
estimate is established for each work package. The
cost estimates are based on projections of manpower
and other resources that will be assigned for the
performance of each work package. Since responsible
contractor personnel should participate in estimating
the manpower and other resources required, the cost
estimates also serve contractors as yardsticks for
internal measurement and control of performance.

The PERT COST System requires periodic comparisons
of the actual costs incurred versus estimated costs
for each work package and the actual time versus
scheduled time for the activities concerned. This
comparison significantly inproves cost and schedule
control by establishing the cost and time status of
the program and identifying any potential cost over-
runs, underruns and schedule slippages. Concurrent
estimates of the cost and time needed to complete
work not yet performed are also made available.

The method of describing PERT COST in this
pamphlet involves the following approach:

Symbols and terms used in

| | —™ PERT COST are briefly defined.

TERMINOLOGY In addition to initially
identifying such symbols
and terms, the list of
definitions can serve as a
ready reference later on as

you progress through the

pamphlet.
2 m Fertinent elements of PERT
ELEMENTS COST are presented and

described. The sequence in

presenting these elements




> =

CASE
PROBLEM

“ 2 .
INFORMAL
LANGUAGE

is somewhat comparable to
the sequence of things you
would have to do in estab-
lishing and maintaining a

PERT COST System.

In an effort to better illus-
trate the manner in which

the above elements are
identified and used in a

PERT COST operation, a very
simple case problem of build-
ing a house is also included.
The case problem is progress-
ively applied as the PERT
COST System description

evolves.

As you will notice, portions
of this pamphlet are written
in an informal person-to-
person language. This
approach was taken because
we feel that an informal
language would be helpful

in putting across points in
cases, particularly when the

case problem becomes involved.
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Symmbols §_
Terms

You should readily recognize some of the symbols
and terms as those used in a PERT TIME operation.
However, to refresh your memory, the symbols and
terms peculiar to PERT TIME are identified with an
asterisk (*).

Common terms, such as commitment, expenditures,
etc., which are used in any kind of cost operation,
are not included below. Included below are only
those terms considered necessary to explain PERT
COST to the depth contained in this pamphlet.

Ng L o 8
SYMBOLS

\ )
<

*a = Optimistic time estimate for an activity.
*b = Pessimistic time estimate for an activity.
*m = Most likely time estimate for an activity.
*te = Expected elapsed time for an activity.

tg = Scheduled elapsed time for an activity.

Sg = Earliest completion date for an activity
(based on ts).

SL = Latest completion date for an activity
(based on ts).

Tp = Actual completion date.

_5_




*Tg = Earliest expected date for an event (based on

te).

Tp = Directed date (directed by USAF, DOD, or other
top level authority) for a specific accomplishment.

Latest allowable date for an event (based on

te).

Tg = Scheduled completion date for an activity.

*

—
=
]

ACCOUNT CODE STRUCTURE - The numbering system
used to assign summary numbers to elements of the
work breakdown structure and charge numbers to
individual work packages.

*ACTIVITY - An element of a program which is
represented on a network by an arrow. An activity
cannot be started until the event preceding it has
occurred. An activity may represent:

a process
a job to be performed
a procurement cycle

. waiting time

an interdependency or constraint between two
events.

ACTIVITY SLACK - The difference in time, comparing
the earliest completion date (Sg) with the latest
completion date (S| ) for a glven activity. The activ-
ity slack indicates the range of time within which
an activity can be scheduled for completion. When
the Sg for an activity is later than the S|, then
the activity is said to have negative slack and
either the current activities or subsequent activ-
ities must be replanned or the program schedule

-6-




will slip. When the S| for an activity is later than
the Sg, the activity is said to have positive slack,
and additional time is available for performing the
activity without causing the program schedule to slip.

ACTUAL COSTS - The expenditures incurred plus any
pre-specified types of unliquidated commitments
charged or assigned to a work effort.

CHARGE NUMBER - A number used for identifying
the costs charged to a work package.

*CONSTRAINT - The relationship of an event to a
succeeding activity wherein an activity may not start
until the event preceding it has occurred. The term
"'constraint'" is also used to indicate the relation-
ship of an activity to a succeeding event wherein an
event cannot occur until all activities preceding it
have been completed.

COST ACTIVITY - An activity which employs resources,
the cost of which is a direct charge to the program.

COST CATEGORY - The name and/or number of a
functional, hardware, or other significant cost
category for which costs are to be summarized.

*CRITICAL PATH - That particular sequence of
activities that has the greatest negative (or least
positive) activity slack.

DIRECT COST - Costs charged directly to the
contract.

DIRECTED DATE FOR AN EVENT (Tp) - Date for a

specific accomplishment directed by top level
authority.

EARLIEST COMPLETION DATE (Sg) - The SE value for

a given activity is equal to the sum of the scheduled
elapsed time (tg) for the activities on the longest
path from the beginning of the program up to and
including the given activity. Thus, Sg represents
the earliest date on which an activity can be
completed.




*EARLIEST EXPECTED DATE (Tg) - The earliest date

on which an event can be expected to occur. The Tg
value for a given event is equal to the sum of the
statistically calculated expected elapsed times
(te) for the activities on the longest path from
the beginning of the program to the given event.

ESTIMATE-TO-COMPLETE - The estimated man-hours,
costs, and time required to complete a work package
or summary item (includes applicable overhead except
where direct costs are specified).

*EVENT - A specific definable accomplishment in
a program plan, recognizable at a particular instant
in time. Events do not consume time or resources
and are normally represented in the network by circles
or rectangles.

*EXPECTED ELAPSED TIME (tgo) - The expected (or

statistically computed) time in weeks for accomplishing
an activity. The expected elapsed time is identical
to a single time estimate for the work to be accom-

plished or is calculated using the formula a + 4m + b =
6

FIRST EVENT NUMBER - The number of the first
event in time (based on Sg) for a work package or
summary item. This event number defines the beginning
of the work package or summary item in relation to
the network.

LAST EVENT NUMBER - The number of the last event
in time (based on Sg) for a work package or summary
item. This event number defines the end of the work
package or summary item in relation to the network.

*LATEST ALLOWABLE DATE (T ) - The latest date

on which an event can occur without creating an
expected delay in the completion of the program.

The T, value for a given event is calculated by
subtracting the sum of the expected elapsed

times (te) for the activities on the longest path
from the given event to the end event of the program
from the latest date allowable for completing the
program. T, for the end event in a program is equal
to the directed date (Tp) of the program. If a
directed date is not specified, the Tg for the end
event is used as the T| and recognized as such.

-8-




LATEST COMPLETION DATE (S.) - The s, value for

a given activity is calculated by subtracting the sum
of the scheduled elapsed times (tg) for the activities
on the longest path from the glven activity to the

end event of the program from the directed date or
latest allowable date (T ) for completing the program.
Therefore, S| represents the latest date on which an
activity can be scheduled for completion without
delaying the completion of the program.

MODULAR CONCEPT - The development and use of
separate but compatible data processing programs for
PERT TIME and PERT COST applicable to a common network.
The mechanics of data processing in the modular concept
involve the sequential processing of the time date
and the cost data. The following steps illustrate the
method of operating the modular technique:

Ist . Prepare networks and
comp. make time estimates.
run

Process networks through
the computer and cal-
culate expected times.

PERT TIME
MODULE . Return outputs to
task managers for use
in establishing
schedules.
2nd . Process networks to
comp. calculate earliest
run ) and latest (SL)
Eedule dates.
PERT COST . Prepare cost estimating
MODULE forms.
3rd . Accumulate cost data.
comp.
run . Generate reports inte-

grating time and cost.




MOST CRITICAL SLACK (WEEKS) - The worst (least
algebraic) slack with respect to designated program
or project end points, in weeks, for any of the
activities within the work package or summary item.
This slack is based on S| - Sg for each activity.
The slack indicated will not necessarily be the
difference between the S| and Sg for the end of a
work package or summary item since the worst slack
situation may be associated with an activity within
the work package or summary item rather than at the
end of the work package.

PERFORMING ORGANIZATION - The contractor or
government organization which will perform work
on a work package.

PLANNED COST - The approved planned cost for
a work package or summary item. This cost, when
totaled with the planned costs for all other
work packages, results in the total cost
estimate, committed under contract, for the
program or project. Planned and budgeted are used
synonymously.

RESOURCE CODE - The contractor's code for a
particular manpower skill or material type.

RESPONSIBLE ORGANIZATION - The contractor or
government organization responsible for management
of a work package.

SCHEDULED COMPLETION DATE (Ts) - A date assigned

for completion of an activity (accomplishment of an
event) for purposes of planning and control within

an organization. (Where no specific date is assigned,
SE equa]s Ts.

SCHEDULED ELAPSED TIME (tg) - The period of time
scheduled for performing an activity.

SLACK - The difference in time, comparing the
earliest completion date (Sg) with the latest comple-
tion date (S;) for a given activity. The activity
slack indica%es the range of time within which an
activity can be scheduled for completion. When the
Sg for an activity is later than the §;, then the
activity is said to have negative slack and either
the current activities or subsequent activities must

_]O_




be replanned or the program schedule will slip.

When the S| for an activity is later than the Sg,

the activity is said to have positive slack, an
additional time is available for performing the
activity without causing the program schedule to slip.

SUMMARY ITEM - An item identified in the work
breakdown structure.

SUMMARY LEVEL - Any level in the work breakdown
structure.

SUMMARY NUMBER - A number which identifies an
item in the work breakdown structure.

WORK (PROGRAM) BREAKDOWN STRUCTURE - A family
tree subdivision of a program, beginning with the end
objectives and then subdividing these objectives into
successively smaller end item subdivisions. The
program breakdown structure establishes the framework
for:

defining the work to be accomplished;
constructing a network plan;

summarizing the cost and schedule status
of a program for progressively higher
levels of management.

WORK PACKAGE - The unit of work required to
complete a specific job or process, such as a report,
a design, a documentation requirement, a piece of
hardware or a service. A work package may consist
of one or more cost significant activities. The
content of a work package may be limited to the work
which can be performed by a single operating unit
in an organization or may require the contributing
services of several operating units. The overall
responsibility for the work content of a work
package should be assigned to a single organization
or responsible individual.

-11-







Worlk
Breakdown

A work breakdown is
simply nothing more than
taking a good hard look
at an end objective and
determining what type of
services and/or hardware
~are necessary to accomplish
§the end objective. To over
simplify it, say you want
to break down the manufacture
and assembly of a new model
automobile. You first
determine the major compo-
nents you want to control.
Let's say these are ini-
tially determined to be the -

Is that all? What about / ” e
documentation? You might
say, ''Well, what about it!"

When you buy a new car, you .
look in the glove compart- s\s
ment and expect to find an as

"Owner's Handbook." [f you 5 c\\
don't, you would most likely

tell the dealer to give you

one. So you see, as matter-

of-fact it may seem, docu-

mentation to the automobile q

manufacturer is a major item ”

because the "Owner's Handbook" al]d

is only one publication compared 0

to all other documentation that/ 0#
must be developed and printed,

such as service manuals, parts

catalogs, etc. Don't you think

you'd better add '"Documentation

to the above list of major

components?

-|13=-




Your next step is to take each
of these major components and break
them down to the next level of major
items. Take the engine for example.
You could break that down to items
such as -

¥ block
¥ Carburatiomn

¥ igmitiomn

You would break the engine down as far as it
was necessary to satisfy your requirement for schedule
and cost control. Now let's see how a work breakdown
can serve both a program manager and contractors
concerned.

During the initial planning phase
the work breakdown serves the program
manager as a basis for preparing and
publishing the Request for Proposal.

It provides the contractor with a
basis for developing:

a statement of work;
document specifications;

pricing documents and

A 2 2N |

PERT COST proposals.

=




During the acquisition phase the work breakdown
provides the contractor with a basis for continuing
the breakdown to successively lower levels until the
end item subdivisions become manageable units for
planning and control purposes. This detailed program
breakdown provides:

a basis for defining and relating
program objectives;

a framework for integrated cost
and schedule planning and control;

summarizing cost and schedule

w a framework and technique for
status of work packages.

During the contractor's proposal preparation
phase and continuing through the program execution
phase, the planning and control become more detailed.
Subdivision of the work breakdown structure continues
to successively lower levels. The end item sub-
divisions appearing at the last level in the work
breakdown structure are then divided into work
packages (which is the next element to be discussed).

In the operating phase, the program breakdown
serves as the framework for summarizing data '"from
the bottom up.'" Therefore, the decision-making
requirements of any level of management can be
satisfied. When summary reports indicate problems
in specific areas of the program, PERT COST permits
more detailed information to be obtained by merely
moving to successively lower levels of the program
breakdown structure.

-15-
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Weork
Packages

Work package deter-
$28 mination is nothing more
. than identifying the types
of work required to accom-
plish a program.

The size of work
packages will vary.
Assume that you have
established a standard
for the lowest level work
package to have a value
not to exceed $100,000 and
requiring no more than
three months to complete.
This work package standard
may, however, be modified
by one or more of the
following example consid-
erations:

¥ NATURE OF THE WORK PACKAGE

In some cases the nature of a work package does
not permit reduction to the standard value and
does not require such reduction for good cost
control. Program management, for example,
might have a cost value of $500,000 and
represent a fixed level of effort for the life
of a program.

¥ ABILITY TO DEFINE WORK PACKAGE AS AN ACCOMPL[SHMENT

A work package must contain a clearly defined
'"'recognizable accomplishment." |f a work
package is clearly defined but extends beyond
three months, it should be recognized as a
larger work package provided it affords better
cost control.

-|7-




M CAPABILITY OF UPDATING

The usefulness of PERT COST is subject to the
timely processing of good updating information.
Therefore, work packages should be established

at a level of detail that will provide efficient
updating.
Read the case problem CASE PROBLEM

contained in Appendix A. We
will start using it to try to WORK BREAKDOWN
illustrate what is being
discussed. What are the AND
major items (first breakdown)
you might identify in Project WORK PACKAGE

IDENTIFICATION

HOME? They could be the QS.

House Landscaping

2 5)

Hardsurfacing Site

-18-




You will probably have your own idea of how the
work breakdown should look. The work breakdown shown
in Figure [V-1 is not the only possible one that could
be established for Project HOME.

Notice that the work breakdown is not complete.
The purpose of Figure [V-1 is not to show a complete
breakdown but to show you how the breakdown is devel-
oped. A breakdown to the sixth level is shown start-
ing from Project HOME and progressing downward to
HOUSE - to INTERIOR (of house? - to KITCHEN - to
ELECTRICAL and then to WALL OUTLETS and FIXTURES.
The other major items shown in the 3rd level could
likewise be broken down to lower levels.

In Figure 1V-1 notice also that some work
packages have been established. Under actual
conditions other work packages such as design,
masonry, etc. would be included, if you wanted to
maintain cost control on them. Also, under actual
conditions, you might want to have separate work
packages to identify rough carpentry and finish
carpentry rather than lump all carpentry costs in
one package.
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Ist Level

1 Project
HOME

PROJECT HOME WORK BREAKDOWN STRUCTURE

2nd Level

] Site

3rd Level

Purchase

Lth Level

5th Level

6th Level

Survey

Grading

2 House

Foundation

N =W No|—

Exterior

3 Interior

I Living Room

2 Dining Room

I Electrical

1 Qutlets

3 Kitchen 2 Fixtures
2 Plumbing
3 Paint
Bathrooms
5 Bedrooms
1 Shrubs
3 Landscape
2 Lawn
I Driveway
L Hard
Surfacing 2 Walks

26104
18753
15940
30621
28430
19256
13808
20010

WORK PACKAGES

Site work (other than landscaping)

Landscaping
Carpentry
Plumbing
Painting

Hard surfacing
Electrical

House construction - other

F1GURE
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Account Code
Structure

The account code structure consists of two types
of numbers. One is cailed "CHARGE NUMBERS'" and the
other ''SUMMARY NUMBERS."

A charge number is assigned by a contractor to
each work package with which he is concerned. He
will normally use the same numbers he is using in
his own cost system.

Summary numbers are assigned to each end item
subdivision of the work breakdown structure. The
numbers are used to accumulate or summarize costs
for each subdivision in the program breakdown.

The size of summary numbers depends on the depth
of the work breakdown. In Figure [V-1, note that
the breakdown is to the sixth level. This means that
the summary numbers for this work breakdown structure
must contain 6 digits. The lIst level is assigned
the basic summary number '"100000" for Project HOME.
As summary numbers are assigned to each following
level, the digit in the basic number corresponding
to the level is used.

WORK BREAKDOWN

LEVEL SUMMARY NUMBER
O 0 0 0 0 O
Ist > | 0 0 0 0 O
2nd ] 0 0 0 O
3rd t—+»1 0 0 O
Lth —d—»] 0 O
5th 1 0
6th bttt

-23-




Applying the above criteria to the Project HOME
work breakdown shown in Figure [V-1, you should be
able to see how the following example summary numbers
were determined:

SUBDIVISION I[DENTIFICATION SUMMARY NO.
Kitchen electrical outlets 123311
Driveway 141000
Bedrooms 123500
Site 110000

Therefore, if you wanted to summarize the cost
for the kitchen in Project HOME, you would have to
total the cost associated with all summary numbers
having '"1233" as the first four digits of the
number. The last two digits would not be considered
in this case. As you summarize at higher levels,
you would control on less digits. For example,
controlling on the first two digits "12" of the
summary number would summarize cost for the house.

The PERT COST System provides the flexibility
for a contractor to assign charge numbers to work
packages and summary numbers to end items.
Contractors can assign charge numbers which have
significance to their existing accounting systems
without regard to the PERT COST summary require-
ments. For contractors having a functional account
code structure, the costs of the work packages can
be summarized for progressively higher levels of
functional management, such as engineering,
manufacturing, and testing. Although summary
numbers never appear in the contractor accounting
system, the PERT COST System will regroup the
contractor assigned charge numbers so that
summarizing up through the work breakdown
structure is accomplished to satisfy the
Program Manager's requirements.
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Networking

As previously stated, this pamphlet was prepared
under the assumption that the reader has an under-
standing of the PERT TIME technique. The details
and logic for constructing a time oriented network
will, therefore, not be repeated. In general,
the criteria for constructing a PERT TIME-COST
network is the same as for a pure PERT TIME network
except that, in the case of TIME plus COST, the
network must be constructed so that cost data can
be associated and recognized within the network
structure.

Two types of networks are maintained during
operation of the PERT COST System:
* the Program Management
Program Network which is used
by the Program Manager

Management
to reflect the total

G program in summary

form and
NET WOR Ks * the Detail Networks

Q which are developed and

used by contractors and
Detailed other agencies as operating
level plans for their

portions of the program.

-25-




There are two versions of the Program Management
Network. The first, known as the PRELIMINARY PROGRAM
MANAGEMENT NETWORK, is constructed by the Program
Manager at the beginning of the program as a planning
network to use for:

the preparation of the

program plan, the work

statement, and the Request

for Proposal; the evalua-
tion and source selection
period; the conveying of
summary events to the
contractor and other
agencies for their
guidance in continuing

the program breakdown

and preparing detailed

networks.

The second, known as the OPERATING PROGRAM MANAGE-
MENT NETWORK, is developed by the Program Manager in
collaboration with all participating organizations
after award of contracts. The method of creating
the operating version is described later under
"Network [ntegration."”

The Program Management Network is a generalized
network, yet it must contain the level of detail
required by the Program Manager for overall planning
and control of the entire program. This network should
enable the Program Manager's staff to survey the entire
program and quickly ascertain the critical areas insofar




as milestones and schedules are concerned. Program
Management Networks must also include the interface
events that identify the inputs of the various
contributors to the program.

Figure VI-1 illustrates the general concept of
developing an Operating Program Management Network.
Each contractor and other agency prepares a detail
network representing his area of responsibility. The
summarization and integration of these detail networks
produces the Operating Program Management Network.
Summarized networks are established by each contractor
and agency for the portion of the program concerned
and submitted to the Program Manager for acceptance.
Upon acceptance, the summarized networks of the several
contributors are fitted together, through the inter-
faces, to form the Program Management Network.

The prime or integrating contractor maintains
and updates this network giving the results to the

Program Manager in accordance with the requirements
of the contractual work statement.
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Each contractor and

supporting agency involved
constructs a Detail Network
or networks based on the
Program Management Network
O and the program breakdown.
O

-t
———"
~Of These networks reflect the
—C<”/ activities at the work
ol
1//

Vi

fox 1Y

package level of the program
breakdown and should provide
program management at con-
tractor and participating
agency level. In addition
to normal PERT TIME iden-
tification, network activ-
ities are also identified

by appropriate charge

;O/ numbers.

PRODUCT

—_—
-
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PROGRAM MANAGEMENT NETWORK

DETAILED NETWORKS OTHER AIR FORCE
CONTRACTOR A | CONTRACTOR B | GOVERNMENT AGCY | AGENCY

FIGURE vi-] —DEVELOPMENT OF THE OPERATING PROGRAM
MANAGEMENT NETWORK

-28-




Detail in the initial network should be kept to
a level that will readily enable the network data to
be computed and analyzed. Too much detail at this
time can delay the first analysis of the network.
More detail can be added later by:

breaking up numerous activities in
the entire network and inserting
more activities and events;

adding detail to only the most
critical areas to provide more
detailed information concerning
critical paths;

progressively adding detail to
the portion of the plan in the
immediate future (say the next
three to six months), while
maintaining less detail in the
more distant future. In most
cases, this method is considered
the best and is particularly
useful in the PERT COST System
due to the requirement to
estimate the cost of the total
program.

pAAgAS

Networks may include additional activities not
normally required for PERT TIME networks to take care
of allowable direct charges to the contract. The
system described in this pamphlet involves the use of
a common network for both time and cost management.
Therefore, there will be some activities on the network
for which there are no cost factors involved.

Work packages are generally represented by activ-
ities in the Detail Networks. A total work package may
sometimes be represented by only a single activity, for

example:
@Work Pkg. A @
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or a work package may be represented on a network
by a number of activities separated by events which
serve as beginning or ending points for other activ-
ities in the program, for example:

D2 (——— F——()

In some cases, work packages may not be repre-
sented on the PERT network. For example, work
packages for such items as 'purchasing'" or 'travel"
(assuming they generate direct charges to the
program) may be subdivided to the desired level of
the work breakdown structure. In those cases, the
costs are accumulated and summarized up the work
breakdown structure by including such data in the
data input forms for computer processing.

Network integration will be
discussed very briefly for two reasons:

network summarization and inte-
[E§2§?:D gration results from proper network
coding and by the processing of a
computer program for that purpose;
and to fully explain the integration
[Eig%?gg technique would require a detailed
explanation of the computer program
logic which was not intended for
this pamphlet. Therefore, only the

principle of network summarization

and integration is included.
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Network integration consists of three basic
steps:

summarization of the individual

l ¥ detail networks (see Figure

2 Vi-2);
=\integration of the individual
5 summarized networks (see

\ Figure VI-3).

Updating of the interface events in the individual
detail networks is then accomplished by updating
of the integrated network which can affect the
detail network as a whole.

As an example of summarization, note that the
computer (by use of a computer program) has iden-
tified the path between events "B'" and "G" in
Figure VI-2 and added all of the activity times
along that path to identify a single activity
between these two events for a total activity time
of 25 weeks. Look at the activities between events
"A'" and 'D'". You can see that there are two paths
between these events and that the most time consuming
path (19 weeks) is included in the summary network.

The summary technique is applied for the purpose
of reducing a network to a "minimum." This "minimum'
is defined by the user by specifying the events he
wishes included in the summary network. The computer
then determines the relationships between the spec-
ified events to form the summary network.

All interface events must be included in the
summary networks. Other events of special significance
(major milestones) can also be included. Note in
Figure VI-3 that event '"C" is an interface with the
summary network below whereas event 'D'" would be a
major milestone within its summary network.

=3~




DETAIL 2 s O)—40O
NETWORK

SUMMARY
NETWORK

FIGURE vi-2 Network Summarization
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NETWORKING THE CASE PROBLEM &

Let's take the case problem now and apply what
has been discussed up to this point and establish
the required networks. For the purpose of this
pamphlet, the networks, including the detail
networks, must be kept small. Under actual
conditions you can imagine how much more detailed
the networks could be depending on the degree of
management control you would want to establish
from the start to the end of Project HOME.

In addition to the assumptions and requirements
included in Appendix A for the case problem, we
will also establish the following to facilitate
working of the problem:

You are the Program Manager for Project
HOME and will need a Program Management Network
(Event numbers in 100 series).

You have separate contractors for the
following work and each of these contractors will
establish detail networks which you will have
summarized for integration into your Program
Management Network.

Contractor A. SITE PREPARATION
(Event numbers in 200 series).

Contractor B. HOUSE CONSTRUCTION
In this case, the contractor has included electrical,
plumbing and painting work in his contract (Event
numbers in 300 series).

Contractor C. LANDSCAPING (Event
numbers in 400 series).

¥ Contractor D. HARD SURFACING (Event
numbers in 500 series).

NOTE: The USAF PERT operation on which this pamphlet is

based requires an 8-digit event number but we will use

a 3-digit number with this problem, as it will be easier .
to read and will serve the purpose.
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Before you take a look at the networks you may
want to review the case problem and the work break-
down structure for Project HOME to refresh your
memory. A brief explanation is associated with
each network but a clear understanding on your
part of the problem and work breakdown should
help in more readily understanding the networks.

If you are ready, let's take a look at the
networks. The detail network is the one submitted
by the contractor receiving the award and shows
only PERT TIME calculations. To provide simplicity
we can either assume that 3-time estimates were used
and the te's shown on the network resulted from the
3-time estimates or the tg's represent I-time
estimates if you prefer a l-tnme estimate operation.
The version of the detail summarized networks
indicates how you (the Program Manager) specified
the events for data reporting. Keep in mind that
at this point we are only talking about PERT TIME.
Application of PERT COST to the networks will be
explained later.

CONTRACTOR A's NETWORK

(See Figure VI-4.) § _‘ ' E

Due to the nature VAl
of the work, the contractor's
network is very simple. It
indicates that he intends to
start work 1 week after contract
award and will parallel survey- g
ing and grading work with the e /¢
grading continuing approximately 'k
1-1/2 workdays (3/10ths of a a
week) after surveying is completed.

Lo e s

.....

You (the Project HOME
Manager) through the summary
technique have told Contractor A
that you have included only the
""Start'" and "End' events in your
Program Management Network.
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* CONTRACTOR B's NETWORK

(See Figures VI-5 &
\N VI-6.)

Contractor B has in-
dicated by his network
(Figure VI=5) that he expects
to complete the house 27.5
weeks after contract award.
He has included activities
and events in his network
which will permit you to
accumulate time and cost
data, as you indicated in
your request for bid.

Now let's see how
Contractor B's network was
summarized. (The summary
network represents a coor-
dinated position between you
and Contractor B who has
agreed to the changes
reflected in the summary
network.) Look at Figure
VI-6. Remember that you
desire to have the project
completed in approximately
7 months after you have
purchased the land. In this
connection, you have told
the contractor that:

He will have a signed contract on or before

3 June 1964,

His original estimate of 27.5 weeks to complete
the house is too long if you intend to stay within

the 7-month span for the project. (Five weeks of
this 7-month period will already have been used by
the time the contract is awarded, as you will be

able to see later when you look at the Program
Management Network.)

Therefore, the total time has been reduced to
24 .5 weeks which results in 3 weeks negative slack
along the critical paths in the network. You and
the contractor have agreed to try to take care of
this excess time by:
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2

Using quick drying latex interior
paint which could reduce the
interior painting time from 12.0
weeks to 10.0 weeks (activity
311-312 in detail network).

Using an additional electrician
in the installation of electrical
fixtures which should reduce
such time from 3.0 weeks to 2.0
weeks (activity 314-317 in detail
network). Also, by completing
the interior painting 2 weeks
sooner than originally estimated,
the electricians could start
fixture installation 2 weeks
earlier than originally planned.

By taking the above actions, the summary network
would be changed as follows:

%*

%
%
¥

Activity time between events 30l
and 314 would be reduced from

1.5 to 19.5 weeks, as it includes
interior painting time.

Activity time between events 314
and 317 would be reduced from 3.0
to 2.0 weeks, as it includes
electrical fixture installation
time.

Activity time between events 310

and 317 would be reduced from

15.0 to 12.0 weeks, as it includes
both interior painting and electrical
fixture installation time.

Both the T and T for the final
event (3185 would be 24.5 weeks
which would result in zero slack
time along the critical path.

This would likewise establish a
completion date of 20 November 1964,
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NOTE: Under normal conditions, the summary network
would already reflect the above changes. The summary
network is shown in Figure VI-6 as it is so that the
negative time condition and actions taken could be
illustrated. You will notice later that the changed
activity times appear in the Program Management
Network.

CONTRACTOR C's NETWORK
(See Figure Vi-=7.)

Contractor C by his
detail network has indicated
that he expects to complete
the landscaping work 1.9
weeks after he starts work.

He considers his immediate

job completed after the grass
seed is planted (event L407).
He could always come back
after the house was occupied
to see how the lawn and plants
were progressing and do any
additional work required to
comply with the contract.

His main problem is knowing
when he can start work which
must be a point in time when
there will be no obstructions
to his work such as workmen
and trucks needing to use the
general land area. For that
reason, he has included an
interface (event 401) which
you and he will have to agree
to connect to the Program
Management Network which will
permit him to start his work
at a time of minimum inter-
ference. After the Program
Management Network is estab-
lished and the estimated times
are converted to calendar dates,
he will have an approximate date
established for event 401 for
starting his landscaping work.
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In the summary network notice that you picked up
the interface for your Program Management Network
and you also included event 406 which is along the
critical path. The duration of this work is so short
(1.9 weeks) that only the start and end events would
be included under actual conditions.

CONTRACTOR D's NETWORK
Ha/Td (See Figure VI-8.)
° The logic for Contractor
u’r a/c/[/ng D's network and summarization
is the same as for Contractor
C; so there isn't much point

in discussing the networks
shown in Figure VI-8.

PROGRAM MANAGEMENT
NETWORK (See Figure
Vi-9.)

You, as the Program
Manager, must now develop
your Program Management
Network using and inter-
facing the contractors'
summary networks and
adding events and activ-
ities which are important
to your administration.

So take a look at Figure
VI-9 and let's see how

you could have accom-
plished this based on the
following assumptions and
guidelines.

On 29 April 1964 purchase of the land was
completed (event 100) and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>