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FOR EWORD

This handbook is part of an overall eflort to establish and maintain a
high level of expertise in our program business management operations. The
ability to apply and analyze various scheduling techniques is an absolute
necessity in doing our job of developing, producing, and delivering defense
systerns. We must relate schedules of a myriad of activities and partici-
pating organizations to accomplish this program management job success-
fully. Our intent here is to present some basics and practical approaches
that will serve is an initial training aid and give a roadmap of procedures to
integrate program office schedule information.

The key concepts here are the quantification and interrelation of the
scheduk, characteristics of program tasks through a systems approach. This
systems approach is simply an explicit structure that ties together the
engineering, financial, logistics, contracts and other functional perspectives
of a program. The ideas presented are workable, but we need more
feedbuck on tailoring schedule systems to individbal program circumstances
and infornation needs. Submil your suggestions to:

Comptroller
Business Management Division (ESD/ACBB) .
Kin on-m ir Force Base, MA 01731 Ace . ..

NflI

Colonel,U .

Comptroller _

.. ......-.. . . L
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Chapter One

INTRODUCTION
Purpose

This handbook Is designed to help those responsible for developing and
analyzing schedules ,)l activities for programs in the defense system acquisition
process. Our aim is not to replace the mote detailed and comprehensive
treatments cn st heduhing topics that are available, but to give a condensed
presentation of scheduling and analysis techniques and organize them in a practical
approach to solving typical program office scheduling problems. The examples
used will draw heavily on a( tual experience with acquisition programs at the
Electronic Systt.ms Division (ESD).

Background

The terms "scheduling" and "schedule performance" may seem a little arti-
ficia! to those who have dealt with management problems. There is no real way to
completely separate a set of tasks called scheduling and assign them to an
individual along with the responsibility for schedule performance. Schedules are
products of the planning process that lay out the expected time-frame of
performance of activities needed to accomplish program objectives. Whether they
occur "on-time" depends on how well each task is understood, in terms of technical
specification and resources needed, and if the interrelationships with other tasks
are known completely.

Scheduling is the process of obtaining the information on how long a job
should take, relating it to the other jobs required to deliver the product, and laying
out this data in a specific format to show when it must be done to fit all the
constraints we know about. That sounds fairly simple, but historically, in defense
and every other business, the track record is not good.

An analysis of our collective ability to schedule activities was presented as
one of "Augustines Laws" by Norman R. Augustine in the Spring 1979 Defense
Systems Management Review (page 55). Based on his own considerable experience
in government and jidustry, he derives the "fantasy factor" that predicts any
activity will take one-third more time than is currently estimated. Unfortunately,
something close to that factor seems to crop up in many programs. We believe
that the track record can be improved by establishing a clear set of groundrules for
scheduling activities (st,,'le, approach, techniques) and applying them consistently.

Schedules of activities and events form one of the basic languages we use to
communicate to get the job done. We "commit" to schedules by negotiating with
our bosses; all plans and budgets are meaningless without the schedule relating the
technical product and the cost. Especially in our business of developing and
delivering defense syitems, when the new capability can be put to use is of
supreme importance.

I-I
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We include scheduling as one of the six functions of Business Management in
the sense that it is a subset of the tools needed to apply a disciplined approach to
program management. Schedules are dlso a major part of our officially directed
Program Baseline, in other words, our contract with Hq AFSC and Hq Air Force to
deliver a specific product within cost and schedule constraints.

With the heavy en phasis on Progran Baseline Management (AFSCIZ 550-18),
the credibility of our schedule baseline is receiving increased attention. The
technical (or product per formance) baseline and the cost and schiedule baselines are
the three major quantities of the program management proce.s. Each is but one
dimension of a three dimensional whole. A change in any one of the dimensions
means that the basic program has been modified and the other two will be changed
as well. There is no way to describe a schedule problem without including the
technical and cost irnpa( ts. The key is to define the relationships linking technical,cost, and schedule during', the major planning efforts and as plans are updated.

Past performance in the area of scheduling has been criticized by the AFSC
Inspector General (IG) and Program Management Assistance Group (PMAG) in
reviews here at ESD and at the other AFSC product divisions. The recurring
problems cited include:

I. Lack of a Program Master Schedule that integrates all major program
activities, major decision points, and officially directed program milestone dates.

2. Schedules of major activities are not backed up by more detailed
schedules of lower level activities.

3. Schedule uncertainty and risk analysis is minimal.

4. Schedule changes (contractions or extensions) are not analyzed to guage
cost and technical impacts.

5. Contractor developed schedules are not given an independent analysis for
credibility.

These problems exist for a number of reasons but we feel that the chief
causes are: (I) a lack of staff guidance and followups, (2) a lack of working level
knowledge of scheduling techniques and applications, and (3) an overall tendency to
downplay the importance of schedule planning in favor of cost and technical effort.
Our attempt here is a modest start to describe schedule characteristics as just one
indispensible part of good planning and analysis. We hope to increase the working
vocabulary of our program management language to allow straight-forward com-
munication on such topics as network constraints, uncertainty calculations, and the
quantification of risks and impacts of changes.

Scope-

As stated earlier, we are not attempting to present a self-sufficient
treatment of tIle topics covered. There are many good detailed sources for basic
schedule techniques, and we assume that most readers have been exposed to some
of them in previous technical and business oriented courses. (A list of references
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will be giver) at the end of each chapter.) Each chapter will give a basic refresher
on the techniques cind then present sorne application cautions (strengths and
weaknesses) and examples. This procedure will be used for the inext four chapters
covering: Gantt Charts, Milestone Schedules, Networks, and Line of Balance.
Then, in Chapter 6, we will present a practical method for developing a Program
Master Schedule basted on a technique that allows easy nodification to a large-
scale network and lets us concentrate on the plannirg proess and not the
mechanics. Chapter 7 will expand the Master Schedule by looking at the need for
Intermediate Schedules which break down major activities into the key component
activities along with the identification of those r sponsible for completing them.
Finally, Chapter 8 concentrates on techniques to quantify schedule uncertainty
from the basic time estimates for each activity in a network. This last chapter
draws from a number of sources and is a much more mathematical treatment than
the rest of the handbook. It is intended for specialized applications such as
lndependen t Schedule Assessments (AFSCR 800-35).

Chapter One References

1. Augustine, Normin R., "Augustines Laws and Major System DevelopmentPrograms," Defense Systems Management Review, p. 50, Spring 1979, DefenseSystems Management College, Ft. Belvoir, VA.

2. AFSCR 550-18, Program Baseline Management, 6 December 1979.

3. ESD Business Management Handbook, Comptroller Business Management
Division (ESD/ACBB), HQ Electronic Systems Division, Hanscom AFB, MA, 3rd
edition, June 1979.

4. AFSCR 800-35, Independent Schedule Assessment Program, 31 January 1979.
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Chapter Two

(ANTT TE(HNIQJES

Descript ion

Ore of the carliest approaches to schedule planning control is a
technique known as Gantt Charts. Named after its devloper, Henry L.
Gantt, the Gantt Chart was originated to help Frederick T.ylr (The father
of scientific management) display information for work planoing arid con-
trol. The set ot (iantt techniques evolved into effective planning and
monitoring tools for operations in%olving many tasks.

The , oncept of Gantt C.harting is relatively simple. Down the vertical
axis are listed tlw subjects of interest. The subjects nay be tasks,
organizations, or people. The horizontal axis is used to portray time
a(-ording to some scale. Usually a bar depicts the length of a particular
activity.

As an example, suppose we want to chart the umajor activities of
business management people for the next year. The leopl, become the
subject and their planned activitie might appear as folIo,. s:

STAFF JAN FEB, MAR AlR MAY.JUN , JIJL, Al _lIP , OCT, NOV, DEC

MR. SMITH LOG CONF 1  DSMC__

MAJ JONLS ISOURCE SELECTION A

MS BROWN VALIDATION IFIN REVIEW] [VALID R E [PROJECT 3q

CAPT WHITE SOURCE SELECTION] SOURCE SELI cE-L!7 --M

CAPT MASON LEAVE

MS LEGG SELECTION SUPPORT REVIEW] E5

Figure I

At the beg, inning of the year, Mr. Smith blocked out the major commit-
ments of his people. He could have attached the planning process from the task
end as well:

2-I
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V TIVITIL _ I F E B _ MAR .\lPR 1MAY 1J;JN I1 SEP, OCTINOVI DEC

SoRJRCE [ ] [ 1
SELEC ION

LOG1ISTICS

CONFERENCE

VALIDATION

IPMP REVISION

I:INN AL l- E l \
R EVILU

Figure 2

The titne scale shown is the one most meaningful. The scale can be in

iiontths, days, or whatever. Sometimes the bars r(-,resent successive
a(tivitiec where one must be comupleted before the next tarts, as in Figure
3.

ACTIVITY 5 10 15 20 25 30 35 (Months)

DIRECTION 0--1

CONTRACTOR SELECT =

DESIGN L

FABRICATION [7 I

DELIVERY [Ii

DEPLOYMENT

TRANSFER

Figure 3

Gantt Charts with these characteristics are for obvious reasons often
called wat,-rfall charts.

There are a tiumber of innovations to make Gantt Charts more useful;

some of the more popular techniques are:

(I) Blu'k ,shading to show progress.

TASK A j (Task 50% Complete)

2-2
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(2) ,.i w ".As of" date with a verti, l line

TASK A L ---

TASK 1-

TASK C

TASK D)

(3) Arinotate with explanatory symbols

TASK A / bs = Behind Schedule

TASK B c = Complete

TASK C /I--- as = Ahead of Schedule

TASK D EZIZi is = Future Start

Strengths

Perhaps the greatest asset of a Gantt Chart is its simplicity both to
construct and to communicate it!ormation. They are easy to develop and
update and the mechanics are compatible with pen and pencil or compu:er
controlled automatic plotters working from a data base. The sophistication
depends on the purpose and the size of the job, but do not let color-coded
window dressing influence your assessment of what is needed. Grease pencil
on wall charts have been very successful and the fancy presentations require
many hours of preparation.

The Gantt technique is quite good for showing the summary levels of a
total program which will give a quick one page reference for the phasing of
all major program activities. They are also very useful for expanding a
single schedule task into the detailed activities that make it up. An
example would be to show the time phasing of effort for the key people
necessary to complete an activity. (This will come in handy when we cover
Intermediate Schedules in Chapter 7.)

Figure 4 is an example of a repetitive process, the budget cycle, that
has at least three different fiscal years being worked at any one time. The
Gantt display shows this relationship quickly and simply.
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FY 1982 J PLAN 1IRO A 111 1DG ET ENACT

FY 198 3 IPLAN IPROGRAM IBUDGET]

F-Y 19Y4 PLAN

Figure 4

The Gantt technique works well if the activities scheduled dre a fairly
coistant level of effort or a fixed resource that is being used to support
multiple activities, such a, test facilities or equipment. For more c3mplex
aci i, ities the Gantt Cha t has limited capability.

Wtikrnsses

This brings us to what the "adritt Charts are not good for and the
gre.atet weakness is tho inability to show interactions between activities
ex, ept on a very simplh level. Don't try to use a Gantt display to lay out
th( det.tiled planning for any phase of a program. As soon as the numbel of
a(tiities bet ones large (say more than a dozen) the Gantt Chart will cause
more questions to be a.ked than answered about the relationship betwen
tdsk.
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"i t., also lll short \ Icn ti> d to s hedule tutivitits that are ompli-
cated in iiature. This is " i)cially truet wieni the progr .',s display ie. ture is
being us'd. In otlier wor, is, 'iti the activity is riot hiest discribed by the
mere ptageg of tillie Iro ii star t to f Inishi, then i ,ar itt display cui be a
very mit h-tiding w.iy to i 0iltOr perftornance. The Jollowing are a few
exaniple,, o the ( onfusion Lat (on arisc.

1. The task is fron.-loaded in teriis of the effort and riaterial
resources required.

lI 7-596 Complete

time now (50% of elapsed time)

1The dirploy shows an ahead of schedule situation when it is in fact on-time;
it should be 75% complete at this point. In some cases it could be behind
schedule depending on how front-loaded the task is.

2. The bulk of activity is required toward the end of a task.

30% Complete

time now (50% of elapsed time)

The task may be ahead of schedule, but shows up as late.

The point is that a Gantt technique is not designed to easily show
completion progress on complex tasks and you can spend a great (leal of
time e\tplaining artificial performance variances which detracts from the
analysi. of the real situation.

The Gantt approach is also deficient in showing actual performance
versu!s the original planned schedule baseline. If the start and completion
dates are different than the plan, there is no simple way to displty that
inforniation. This leads to the next chapter on Milestone Schedules which is
a modification of the Gantt Technique.

2-5
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Chapter Three

MILESTONE SCHEDIJLL'

lntroIiJ( tion

Ia fr the Iiost common scheduling techtmlqoe at ESD is the milestone
chart. Milestone schedules are prepared by the conti actors as a contract
data itt m or used by the SPO for a myriad of plannini purposes. They are
requirt-d for the Command Assessment Review (CAR) and Program Financial
Reviews for Hq AFSC, and for a host of other briefing%. A week does not go
by within a typical SPO without the requirement to update and prepare a set
of milestone charts for one reason or another.

The milestone technique itself is quite sirripl,. For a particular
activity, a set of key events are selected. A milestone is an event that
.hould occur if a particular activity is to proceed as planned. In Figure 5
the a ctivity bving scheduled is the engineering development phase of an ESD
project. Milestones were selected based upon the SPOs plan for
accoinplishing the engineering development phase. By reviewing the status
of thome milestones, we can assess the overall schedule status of this
activity.

Description

The milestone type of schedule uses a fairly standard symbology
consisting of arrows and diamonds, or some similar system, to show
originally planned event dates and changed dates. Figure 6 shows the
symbols we use on the AFSC Form 103, Program Schedule, and the
interpretation of various combinations of the symbols.

Figure 5 shows the application of the symbology from Figure 6. Line
4, ADPE Installation and Check out, was completed one month ahead of
schedule. Both lines 6 and 7, Equipment Integration and Software Develop-
mnent were initiated one month behind schedule. The diamond symbol can be
used to show events that are rescheduled to account for changes as a
program progresses while the diamonds retain the c-iginally planned
schedule. So the milestone schedule allows us to improve o i the Gantt chart
by monitoring actual performance, retaining the baseline dates, and incorpo-
rating changes in the plans for future events.

Note that the milestone scheduling technique is limited to telling us
what has happened or incorporating changes in plans projected from other
sources. It is not very useful for forecasting future schedule changes like
the Network or Line of Balance techniques that we will cover in the next
two chapfers. The milestone schedule simply reiords the manager's
assessment. For example, a man.tger might reasonably predict that the one
month slip in the start of software development will probably result in at
least a one month slip in the completion of the engineering development
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SYMB1LOGY AND USE

Standard symbols have ben adapted for Air Force Milestone
Schedules. The most common symbols use and their meanings are shown
below:

BASIC SYMBOL MEANING

...... Schedule Completion

...... Actual Completion

. Previous Scheduled Completion-Still in
Future

...... Previous Scheduled Completion-Date
Passed

REPRESENTATIVE USES MEANING

S ...... Anticipated Slip-Rescheduled Conpletion

S ...... Actual Slip-Rescheduled Completion

S ...... Actual Slip-Actual Completion

... Actual Completion Ahead of Schedule

. Time Span Action

. Progress Along Time Span

.... Continuous Action

Figure 6 (from AFSCR 27-6, Sep 74)
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phase. The milestone schedule dou.s not tell him that - his experience does.
This is -cv to understanding the use of milestone charts. Unless we
understand the activity and the interrelationships of the milestones, the
chart only tells you what has iappened. However, if we couple the
informnationi on what has happened to the available cxp.rience/knowledge,
we can determine what may happen in the future.

Milestone charts are also used to lay out the detailed scheduling within
most contractor Cost/Schedule Control Systems. This includes planning and
performance measurement down to the level-of indivicual work units or
packav;es which can number in the tens of thousands on a large contract.
This quite naturally leads to an automated system and the milestone
approach is very amenable to a computer treatment. However, heed the
cautions in the last section on autoniated milestone systems.
Str rictur M ltestone Schedule System

For a complete large-scale milestone systemn tie key is a well
structured organization of the various levels of activitie, scheduled. This
structurt, must relate to both the product (equipment aid services) to be
delivered and to the organizations (or individuals) responsiule for performing
the w.ork required. A structure that accomplishes these requirements is
necessary to fulfill the DOD Cost/Schedule Control Systems Criteria
(C/SCSC)(see AFLCP/AFSCP 173-5 C/SCSC Joint Implcmentation Guide,
p.14) for contractor applications. The basic framework is the Program Work
Breakdown Structure (PWBS) which is the product oriented description of
the total job to be done. Military Standard 881A explaiw s the WBS and its
application to the generic types of defense systemns (ele( tronic systems for
ESD). AFR 800-17 implements ths MIL STD for Air Force a'quisition
program%.

The PWBS describes the program in levels where level one is the
system to be delivered, level two divides this into the major system
equipment and services (Prime Mission Equipment, System Test and Evalu-
ation, System/Project Management, Data, etc.). Level three expands each
level two item into its major components, and each succeeding level adds
more detail to form a tree structure. Many Contract WBSs extend to level
six or lower, which can encompass individual WBS items numbering in the
thousands.

The Responsibility Assignment Matrix concept adapted from C/SCSC
links the performing organizations with the parts of ihe WBS they are
responsible for. This can be used for both total Program and Contract
WBS's, but remember, the various contracts can only form a subset of the
total program activities that a PWBS must describe.

The milestone schedules are used to lay out the activities and events
in any of a number of cross-sections from this matrix. Figure 7 shows a part
of a Progtram WBS Responsibility Assignment Matrix. The intersections
identify both the work and the workers and schedules can then be called out
by responsible organization, by WBS item, or both. The level of detail is
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RESPONSIfII ITY ASSIGNM-NT MA rRIX

Responsibk. Or gdnizations

Work Breakdown O v -KiO( --
Structure A _,

Level: :I, -.- c'.'

Systemi ZX-

Prime Mission Equip.- . ,, I I
Integration & Asscm.- ---- 1
Radar ...-.
Commun. Equip. ......-- _- ---
ADP. Equip. -.. -

3oftware- ----
Displays _1-
Auxiliary Equip. - - - .

Training

Equipment - - -I
Servics--_Facilities _. - . .

Peculiar Support Equip.-- -j- ----

Systems Tebt & Eval. - - 1----
Development Tests -- I-.
Operational Tests -- - -- - -. ---- -

Test Support - - -

System/Program Mgt. - 1
System Engr.....
Project Mgt. .. ...
IL S .-. .... . ... .. - - - -

Data --- -
Site Activation _. ± --
Common Supp. Equip. - -- __---
Initial Spares ---.. i -

Figure 7
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varied by the W1 S level requirted. As stated earlier, the contrd, tor
application of this system will ir( lude schedules at levels five and si>. of
work planning and performance ini many areas of the WBS. The Program
Office application will normally be limited to a higher level for practical
maintenance of the system. (See Chapter 7 on Intermediate Schedules for
more gkiidance.)

Strengths

As with th" Gantt chart, the milestone schedule can b2 a very
effective method of communication. The symbology is relatively standard
and siiple to use. It also allows the presentation of actual progreis against
a baseline plan anid changes in future plans. The mechanics to construct
milestone schedulhs are also relatively simple, although it may seen that we
spend too much of our time with stick-on arrows and diamords and the
AFSC Form 103. As described earlier most of our contractors use milestone
schedules extensively and they are usually the type submitted for the
Programir Schedule contract data item (data item description (DID) Dl-
A 3007) ais well as their use in the Cost/Schedule Control Systems.

One very useful adaptation has been used for work performance
measurement. This technique is shown in Figure 8 below and consists of a
number of significant milestone points for an activity that correspond to
some measureable interim completion values. These are called "value
milestones" and ini this example the first milestone accomplishment repre-
sented 165% completion after all purchased parts art received to begin
assembly. The second milestone increases to a 65% completion as major
subassemblies are all completed. This continues to 100% after completion
of final tests.

Component Assembly and Checkout

0% 15% 65% 80% 100%16

I I

SART PURCHASED TESTING COMPLETE
PARTS RECEIVED TOTAL ASSEMBLY COMPLETE

SUBASSEMBLY MANUFACTURING
COMPLETE

Figure 8

As these more complex applications of milestone schedules are encoun-
tered we must remember that this scheduling approach is giving us a limited
view of what is in fact a network of activities. Milestone charts are used to
portra\ restults derived from network analysis or a line of balance computa-
tion which is a variation of networking. We will cover these in the following
chapters, but this points up the deficiencies of the milestone approach that
wc must keep in mind.
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Weaki ,e,

As kith the (,antt chart, a in., )r weakness of the milestone technique
is thc lack of a mechanisn to how interdependencies or interaction
between activities. Although Iwile tone schedules are used extensively on
complex programs, they are usuall the product of sone type of network
analy,,is. In fact, the milestone tee hnique is a good way to display various
areas of a network in a more familiar form, and we will look at this concept
in detail in Chapter 7 on Intermediate Schedules. The danger lies in our
tendenc, to focus oni the milestoite format and lose sight of the true
complexity of the relationship bet%%een the tasks we are dealing with and
the total program.

Th, Responsibility Assignnent Matrix structure discussed earlier does
give k.s a way to relate a large 'iumber of milestone events, but this
te hi,tqtje is simply setting Ip tl)( first stages of a network and a full
letw,,rk teatment should back it np. As an example of the problems with
the trw t milestone treatment, look at Figure 7 ugain. A milestone
schedule that shows all of the major events for the WBS item Systems Test
and lVvouation, Development Tests is backed up by fun tional schedules
from seven responsible organization s. Each of these organizations must
accomiplish certain key activities to complete testing for this system. The
mileston, technique will not tell us what the sequence ,,f a(tivities must be,
where the constraining points are, arid which activities are most critical for
managen-ent attention. In fact, there will be many opir ions about the above
information, but the manager will be left to sort it ,ut. The milestone
techniqut will not show it to us.

This type of problem becomes non-trivial quickly as the WBS level being
schedtiled increases. There is an ever-present danger that activities which
show Ip on product (WBS) oriented schedules and on several different
functional schedules may change in one place while the impact in other
areas is not real~zed until too late. Again, milestones do not depict
interactions, the manager must find them out.

Most programs require the contractor to submit nilestone schedules.
The contractor is generally expected to select the mi estones which he or
she belit:ves will indicate the overall status of activiiies. The data item
description normally allows the government to approve of the milestones
which ar-.. selected for periodic reporting. BEWARE! There are many traps
in this area. First, do not let the contractor report milt-stones which no one
in the SI'O understands. Avoid cryptic abbreviations. Avoid generating a
host of a phabet soup. The schedule is meant to commitunicate information.
It can not do theft without careful selection of the milstones. If you don't
understand every line in a contractor's schedule have it ,xplained to you.

Another danger to avoid is the tendency for "micr,-management." For
example, one of the writers had a contract with a larg,- contractor who had
automated a technique for producing milestone schedules. Working with the
SPO, generic milestones were identified for reporti ig. Since the SPO
softwre engineers had expiessed a requirement foi Computer Program
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Component (CP.) level visibility below the Computer Program Configura-
tion Item (CPCI) evel, a generic set of eight rnileston-s were selected for
each ('PC.. Mile-.tones such as start and complete dt.sign, and' start and
complete coding were at first considered reasonable types of milestones.
Not until the SPO had let the contractor implement this type of schedule did
we realize that there were more than 400 CPCs and that the software
milestones would therefore number 3200. Similar mistakes were made in
other disciplines with a net result of a program milestone schedule which
had 10,000 events. Needless to say, the presence of so many "trees"
prevented anyone from even finding the "forest." Remember, micro-
nanagernent can I ill.

Select nilest nies by having each functional Division Chief determine
what he. or she cot siders important. Keep count of the milestones that he is
requesting and avoid the CPC reporting problem above. Get feedback on
the utility of the first few schedules from each division and revise the
schedule accordingly. Work closely with the contractor in developing a
schedule which will communicate information. Your requests for changes to
the contractor's sibmission can be made as part of your official comments
on the data item.

Another problem with milestone schedules is in determing whether the
time depicted for an activity is reasonable. Past experience on other
programs or independent assessments by the SPO divisions are good tech-
niques, but tend tc be subjective because of the lack of a credible data base
of historical experience. However, if your contract requires a Cost

Performance Report (CPR) and the validation of the contractor's C/SCSC
system, there is another method for determing the reasonableness of a
particular schedule.

The contra( tor's C/SCSC system is required to have a scheduling
system which meets certain criteria. An essential criterion is the ability for
schedules at the work package level to support and track to the schedules at
the cost account level. Similarly, the cost account schedules must support
and track to the intermediate schedules and to the master schedule. For
any item on the milestone schedule, the contractor should be able to
demonstrate that lower level schedules support this item. These lower level
schedules can be ieviewed upon request. If you are lucky enough to have a
data accessiu.i clause on your contract, you can also request copies of the
lower level s( hediles which support a particular item. However, beware
once again of micro-management. A ?40M contract can have over 5,000
work packages - each with a schedule. Insure that you use these requests
sparingly to support a one-time review of a critical area. Do not allow

yourself to get driLgged into the trees. On the other hand, don't be afraid to
use this datp. Spot checks help insure that the contractor's schedules are
credible.

Most milestone schedules from the contractor contain a narrative
describing why changes occurred. This narrative is never complete and
there is a tenden y for SPO Divisions to bombard Business Management with
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data itc'it cowmriwnts such as "Why did this slip'."' or "Why will this item take
three Tin, iths'." Do not accept these comment! blindly and forward themi to
the cont:actor. A SPO cannot afford to communicate with the contractor
solely ul even prinmarily through the monthly schedule. If someone has a
question, let him call his counterpart at the contractor's and ask the
question. The only times that formal questions should be included in your
data comments are when the contractor relfuses to provide an informal
answer or when the SPO OPR wants the answer formally documented for
some re.,son. These questions should be limited. Answering these questions
can tie 1p a significant portion of the contractor's management resources -
resource that could probably be better applied elsewhere.

Mk;h-stone schedules require a significant amount of effort to generate.
Searching out the status of an item consumes more tiffie than making the
chart. Answering questions adds to the time. If you have ever developd a
set ol m lestone charts for a Pro.rarn Financial Review or for an internal
review >ou can quickly appreciate the amount of effort required. Rernem-
ber this when you ask the contractor to do something.

Chapter Three References

1. AFSCP/AF-LCP 173-5, Cost/Schedule Control Systems Criteria Joint
Lrnplemeitation Guide, October l976.(pages 10-16, especially p. 14 and
16, para. 3-3.c.)

2. MIL-STD-88IA, Work Break(lown Structures for Defense Material
Items, 25 April 1975.

3. AFR 800-17, Work Breakdown Structure (WBS) for Defense material
Items, 2 May 1975.
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C.hapter Four

NED% RKING

Introduction

In the previouis clhapters we have frequ.ntly ( ted the lack of a
inechanismii to show the interdepeidencies of schedule activities as a key
weakness of the Gantt and milestone techniques. Network analysis is
designt.d t, perforin precisely that function. This a pr(cach diagrams a
schedule h,. the fIok of activities that make it lip it. the sequences and
patterns th.it actually relate the tasks. Network techriqti.s are inidispens-
able to s),t .ins analysis in engineer ing the technical aslects of our systems.
Applying a similar approach to scheduling it simply A re-ognition of the
complexity of the job we are dealing with.

Befoim we even begin a description of network techniques we must deal
with some of the criticisms of them as management tools for planning and
control. There is no escaping the fact that networking is a major
u'dertakmg for any prograil. The level of effort is h gh initially, and the
questions that must be answered to identify the- re ti relationships and
, onstrain , between program tasks will involve almost ,very individual with
a respons bility to do a job. But, the process of constru'ting the network in
itself % ili prove a valuable expe, ence to the program, because you will find
that man channels of communiation will be opened up that would not have
existed otherwiie. We will describe this process in more detail in Chapter 6.

.Description

The term "networking" refers to any of a group of techniques that
portray the elements of a systen in a scheme that explicitly defines the
relationships between the elements (i.e. sequences of operations, c-ombina-
lion and divergene points, and the operations that occur between points).
When applied to s( hedules a network diagrams the activities or tasks that
are required and relates these activities in terms of their initiation and
completion points. As with the milestone approach, any single activity can
usually be broken down into the subtasks that make it up, or a group of
activities can be aggregated into a single equivalent schedule task with one
set of start and c(rmplete milestone events. So the level of detail can be
adjusted to fit the ipplicatiom.

The first use of network analysis for scheduling large engineering
projects was initiated in 1956 by private industry for their own use and this
was quickly folloved by an application on a defense development program
for the Navy, the Flect Ballistic Mis.,ile - POLARIS. The initial project was
(alled the Critical Path Method (WPM) and the Navy application was the
now famous (or inf mous - depcnd , on your viewpoint) Program Evalution
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and Vt-,iew Technique (PERT). Chapter 1 of reference I gives a good
accotuit of these developments.

PITIT and CIPM are both lairly standard techniqies and widely used
now. Thtre is. however, a great amount of managemenit enjotion associated
with 't.t.s atronyms, both pro nd (on, We will not get involved with the
contr I .rsy it this point. Both are very similar approaches to schedule
netwkiks and that is our subjtect now. Both also use the same basic
symbology which is where we will begin.

The basic graphical ingredients for a network are a symbol for the

"point ii tiune" events or milestones that start and stop each activity
(usually a circle or box) and an arrow between the events to represent the
activity itself. The direction of the arrow is from start to finish.

To start with an example, cnsider the activity on a program between
the initiation of the effort by the release of Program Management Direction
(PMD) by Hq JSAF and the first desired result--tne start of development
work by a contractor at contract award (CA). The network description is
shown below.

1 C2
@ 275 Days CA
REL

We have two milestones and the activity between points I and 2 is
estimated at 275 days to complete. Now we will look at an explodeJ view of
the activity to show a complete network in Figure 9.

Thi, network spans the same initiation and completion points but now
there are 17 activities and 15 events describing the process to obtain a
contraci award. The events are numbered so that any activity proceeds
from a lower number (predecessor event) to a higher number (successor
event). An activity is a process that consumes resources over a period of
time. The movement from one event to the next must represent progress
toward the final goal; if it does not, then you have not chosen meaningful
mile toiies for the events. The only exception is the use of "dummy
activities," shown by a dotted arrow, that do not indicate a time span--only
a dependency between events.

1) igure 9, the activity Irom points I to 2 is the coordination process
at Hq AI:SC tlat results in the issuance of an AFSC Form 56 tasking one of
the Pro, uct Divisions (here ESD) with carrying out the PMD reqnirements.
The ,ciir,tion is estimated ,t 10 days. Proceeding through the network, the
AFS( !',rw 56 release initiates two activities. Activity 2-4 is the internal
ESD , oordination tho1 t assigns the PMD task to a SPO and nakes an
asse' ,rnt of reour, e requirements; the result is the initiati, n of the
Purt as i. Request (PR-AFS(/AFLC Form 36) package that will ciefine the
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• i k orltrio tki.ll require rmcnts. \ t ivity 2- 1 is ti l i tort io rc -le se a
Iudget \ttho iz.,ti i, from l Ilq Al"( tlh.t tralsi, its tile fund-, 1or the
prograir to E- (the overill progrdl i 1td~ct reiquirelricits would liwe been
subnittecd aird approvtd piol ti thtl['\D ri"eds.

ELcntt 4 pic, ceds ictivities 4- ', 4-6, and 4-7 whil hi are in sequence:
preparation arnd ,oordirratioil of tit Acquiitio PlItn that lays out the
bu~si I e, and ont1act strategy lot I his offort; trt ,slkit ing the program's
tec'hni al requiremnents ilto exat ( ontrait i.1 language; and st-tting the
linanci.d requiremrrents for the contt a( t ilnCludrn , estIrr~tes of th, types of
Iunds ind the tilt 0-plhased alm Out r eeded fur this cowrtract effort. rhe
final coordination of the Purchase 'cquest package (point 9) is constrained
by the iplrovil of tirte Acquisition IP ti, in this (se.

Pli next point showing depeidency is point I I, the release of the
Reqturet for Proposal (PF1-1) to the industry source. (The RFP is plepared by
tile Deputy for Contracts based on the PIZ package.) This action is
constratied by tire receipt of tle Dletermination arid Findings (D&F),
approved by the secretary of the Air For(c, which grunts the authority to
negoti.Ite a cofit rct.

-V tivity 11-12 represents the 30 (lay period for tie potential i oritractor
to prepare the proposal. Once the proposal is received, tlhere is frequently a
need to rvvise our assessnent of the financial requireneirts (activity, 12-13).
This ritust delinitely be accomplished before negotiations are completed and
the constraint is shown by Jummy activity 13-14. The final task (14-15) is
contra( t %kriting, final approval, arid distribution. (This example is repre-
sentative of pre-rontract award activity in a fairly simple case, blit each
activit\ shown here could be broken down into further tasks an' relation-
ships. Also, tihe time estimates are not necessarily accurate.)

Network Analysis

With the basic symbology establitshed, we can now start the ':Inlysis of
the network. This will be an abbreviated treatment of the subject since any
of the sources referenced at the end of this chapter give sever..l hundred
pages of detail and applications. You will find many other sources as well.

The first step is to find the longest path through the netw rk, and in
PERT and CPM this is termed the "critical path." For the examplr in Figure
9, the critical path follows points 1-2-4-5-8-10-11-12-14-15 and tt - duration
is 275 days. You must add the durations sequentially for all pos' ible paths
to find the critical path. In this case two other paths are: 1-2-4-.-9-11-12-
14-15 - 230 days, and 1-2-3-7-9-11-12-14-15 = 175 days.

The criticatl path in a network becomes the focus of m, nagement
attention because any slip in the completion of an activity will cause an
equal slip in the final milestone, assuming that the other activit es remain
tire sariie. ' ith the sarne logic, a decrease in the duration of ai y critical
path .i t vity will decrease the duration of the entire network. Tiat is true
until Oi" or nore of the other possible paths takes over as the criti[ al path.
That irrtroduces the next key concept which is called "slack time."
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la i, tuiti rtfers to tIit- diletrtl(t in) Itir tioi b)tween the (riticail

path anid an altcri iate path ,it l ny point in tht. network. For examlple, in
Figure 9, the" slick in path 1-2-4-6-4-11, at poi t II, is 155-110 45 days.
That ilt-ians path 1-2-4-6 9-1 1 , orild inicredse by I, ) da ,s before ninatching the
*ritical jtth lnigth, or iI the 1)&[7 Fipproval (a( livt y 8-10) was obtained in
40 (lay, ii ,te~id of 90, tlhiei it would no longer bt on the critical path. The
-,lack tilt, vart is at each poir t in the network, and the amount of slack at
the stait ot any tc-tivity can be a good indicatur oh the importance of its
s'heduh. ~per t raindI1-e to the overall project.

For a large-s(ale network the (ritical path and ,ladck time calculations
are mad. by what are calltd "forward pass" and "bat kward pAss" op(.rations
along all paths of the network. The forward pass t-stablishes the earliest
expected (olmpletion (LE') dates for each event by adding the expected
,ativit( tiratious to that l)oiit (the longest time is used tor points where
, everal laths iimerge). The backward pass starts at the final event and
traces the patls back to the start point. This establishes the latest
allowable completion (LAC) date for each event by subtracting the activity
duratiois from the LAC for the previous event. rhe difference between the
earliesi expected and latest allowable comnpletion dates at each point is the
slack tfi r for that point. Along the critical path the slack is zero. (EEC
and L t t irnes ire the same).

With the (ceiicept of slack we can see the inportance of the estimates
of the time re(itiired for each activity. The critical path may be something
quite dil ferent than we expect if the accuracy of time estirmates is not
taken iirto accouint.

Timie E'! lates

The imost difficult characteristic to define for any activity is the
cxpected duratioii to complete it. This time estimate will set the
benichrinrk that schedule performance is measured against, but that perfor-
nance track rcord for both industry and government is far from good.

There seems to be a constant interaction between the expectations and
interpretations of the asker and the doer when we develop time estimates.
The nat ire of that interaction is not very well understood in many cases.
Referei. e I, page 78, gives a humorouis account of the interaction between
an indiv dual and the boss during the negotiating of a "reasonable" duration
for a pr,,<Juction run. Both are participating in a gaming process where each
is trying to anticipate the other's logic and expectations with the result
being a little dubious to both.

One of the first appproaches to improve estimates is to break an
activity down into greater detail and estimate smaller pieces of it. That is
the basi, rationale for the network approach because it allows us to add
many sinaller activities to give an expected (huration for a single overall
task. Nt,* we are still laced with the problem of estimating accuracy for
the lowe ,t lev.l activity. The next technique to improve accuracy is to use
multiple estiniates for each activity.
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The ,.forts tl at we normally deal with in acquisition scheduling are riot
always (II defin( d and frequently have not been done before, at least not
in the way that is required for a particular programii. If the product is not
new in somie way, hen we would not be given the job. This means there is a
degree of uncertainty involved and the time estimates should take that into
.rucount. The use of several time estimates that are combined through some
weighting scheme is a good approach and PERT employs such a technique.
We will discuss the merits of the PERT technique in Chapter 8 in some
detail and offer an alternate scheme to deal with uncertainty ini a
quantitative way. At this point we will only look at the PERT scheme,
which is used widely in our business.

The objectiv, of the estimating process is to arrive at the length of
time for an activity that is the best representation of the range of possible
circuinstrtices thtt may occur. We will leave the statistical details for
Chapter 8, but tht "expected time" is the characteristic that best describes
an activity for purposes of network analysis. This is the mathematical
approximation of a 50% total probability of occurrence or a weighted
average time.

In PERT the expected time is derived from three time estimates for a

single activity, these are:

1. most optimistic time (a)

2. most likely time (m)

3. most pessimistic time (b)

The most optimistic time estimate is about the shortest possible
duration for the activity assuming that everything required happens in the
most time efficient manner. Again, see Chapter 8 for the statistical
assumptions, but ihis represents about a I in 100 chance of occurring. There
is also no assumption of unusual external influences or interference from the
results of any other task.

The most likely time estimate represents the duration that would occur
most often for a repetitive activity ur has the greatest chance of occurring
for a one-time activity. This is riot necessarily the same as the 50%
cumulative probability point, hence the need for this treatment.

The most ptessimistic estimate is at the far end of the range of
possibilities and iias about a I in 100 chance of being exceeded. Again,
there is no assumption of unusual external influences (acts of God, strikes,
etc.) and it should not take into account the outcome of any other task.
Each activity must be estimated as a stand-alone entity from the network
(statistical indep ndence).

The expectec time (Te) is then given by the following formula:

Te = a 4m + b
6
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This dpH.roximates a cumulative ' )Pk probability of completing the activity
in that iirne or less. The formulc, was derived by the developerts of PERT
and is a ,iyiplilied form of A more ( omplex relationship.

The expected time estirmiate i, the value tht should be used for the
network calculations, but remember it is an average duration that should
give a s0/50 chance of accomplishment on or before that point in time.
There are useful techniques for developing confidence intervals for network
points that will answer questions such as: "A4 what point in time will we
have a /5% or 90% chance of cormpletion based on the estiiates?' We will
present these techniques in Chapter 8.

Thc important concept here is to use some consistent and logical
scheme to integrate multiple timie estimates for each activity in the
iietwork. These multiple estimates can come from the same source or
multiple sources but you will find that most estimates will be derived from
question and answer sessions with program office and contractor personnel.

Strengths

Network schedules give us the logic and organizational structure to
combine many activities and incor )orate the complexity of the relationships
betwt.e, tasks. This lets us gath( r schedule information from all available
sources within a program and then integrate that data in a graphical form
that cIt arly shows what we knaw about the way the program will be
executed. At the same time t ie process of building the network will
highligh what we don't know and ,ive us the chance to fill in the gaps where
possible.

A network is ideal for the planning phases of a program when there is
still some flexibility in the time-phasing of activities. A good network
analysis of a program sets a firm foundation for getting things moving in an
orderly 'ashion when the go-ahead is received for a project. If this initial
effort i, tied in with an organizing scheme such as the Responsibility
Assigirnent Matrix, discussed in Chapter 3, products from the network
schedule can be extracted either by responsible organization or the WBS
items. We can thus provide sub-schedules for the effcrt that a program
participint must accomplish over a period of time (this could be a simple
milestone chart or a network in itself). These products are well suited to
documents such as the Program Management Plan (PMP). AFR 800-2 states
that the PMP is directive on program participants!

A e -twork schedule can be developed at any level of detail and the
more ditail we can incorporate the greater the accura:y of the schedule
predictions. No one will argue much with a very generalizted schedule of the
prograi, but as soon as we start showing the level of dttail that explicitly
defines the interactions between groups for specific tasks there will be
plenty of -feedback. Some of ihe exchanges may be emotional as an
individu,l feels his area of responsibility is being encroached, but they will
be ex( h,.r-ges of information. That is the objective in the first place!
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Network analysis can be used at any phase during a program's life cycle,
but the objective and the use of results will vary. An analysis performed
during the Full Scale Engineering Development phase may indi(ate that we
have a low confidence of meeting the directed date for an Initial Opera-
tional Capability (IOC). That may be a very unpopular result, since most
progran parameters are already set (especially the budgets). But this type
ot analysis can give ideas of where to concentrate on improving schedule
performance. It may also show us that current plans cannot be accom-
plished and should be changed!

Weaknesses

There have been strong arguments voiced against the use of large
network schedules as a management control technique. These criticisms
halve t entered on the PERT and CPM approaches, but apply to networking in
genoral. Once an effort is underway a large network can become unwieldy
to hhintain as plans inevitably change. PERT-type efforts to control entire
programs or contracts within a program can collapse of their own weight.
The result may be a monthly report that is simply a minor rehash of the
initial plan and not descriptive of the current situation. With networks
bigger is rarely better.

A network is an approach for setting up a management information
system. There are other ways of fulfilling the information needs of project
management (i.e. planning, organizing, directing, and controlling), but no
approach will work unless we properly scope the amount of effort needed to
support it and make a conscious decision to commit those resources. A
network-based system can require a relatively large amount of time to setup
and maintain, although the degree of the application can be tailored by the
level of detail incorporated (and that is our suggested approach).

If there is not a clear commitment by upper level management (SPO
Director and Division Chiefs) to implement and use a network system it will
not be a medium of information exchange. The management style of an
organization is chosen by the boss, either explicitly or implicitly. It soon
becomes obvious to the members of an organization what information the
boss thinks is important and this is where the real effort is focused.

Computer based network systems are the next area ol problems. Large
network applications are normally automated to some extent since the
amount of data being maintained is extensive. Most coniractor developed
schedules are some form of automated network. Although there are efforts
in process to provide this type of computer support to our program offices,
the access to these resources is limited at this point, so we have a very
lirnited ability to handle large-scale networks internally.

The PERT and CPM systems have also been criticized for their

tendency tofocus attention on the critical path only. In Chapter 8 we will

show the mathematical detail, but there can be a considerable amount of
'optirristic bias" in the expected time predicted by the single critical path

calcuilations. We con get a general idea ot the extent of the problem for any

,ipplication by identifying the number of alternate paths through the

nmtwork that are (-lose in total length to the critical path (,ay within a few
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%). The slack time will be low on these paths. It there are multiple paths
close to the critical path length, then the expected time will be optimistic
to some extent ,nd a more complex method should be used.

Chapter I our References

1. Archibald, Rus.,ell D. and Richard L. Villoria, Network-Based
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Chapt(-r Five

I- INE OF BALANCE

Introduct ion

The line ot balance, techniqut. is a special application of networking
that is used for many repetitions of a set of activities, such as on a
production effort. It is a good mechanism to provide overall schedule status
infornationi for a large project and Will pinpoint problem areas for a more
detailed analysis. A line of balancc systen is not typically developed or
maintairned by a program otfice, but they are employed b) contractors on
riany of our systems.

pescrpt ion

The basic idea for the line of balance is to time phase a large number
of identic:al networks by setting the planned completion date for each one
and then backing up t'e events that (omprise it to find when they must be
accorriplishd to meet the planned ditc. Since each network is identical (as
with rianulacturing operations) we ( an find out how many of each type of
event must occur at any point in time to met the objectives.

The line of balance consists primarily of three omnponents; the
objective, the program and the progress chart. It is the particular line on
the progress chartIthat gives this technique the name "Line of Balance."
Contractor reports will contain the actual graphics portraying these three
components, and we will look at how each is constructed to make this
product useful to the program office.

The first component of the line of balance system is the objective
which is a graphic display of the cumulative end item delivery forecasted
(typically what is called for in the contract). The actual experience to date
would also be shown. For the example, shown in Figure 12 (stolen from our
sister service,reference I), the contract called for 30 units to be delivered
by the end of April. Only 14 have been delivered. Using the fingers and
toes of you and your neighbor, you can easily see that delivery is falling
behind by 16.

The second component is the program. This is a flow diagram
representing established events (control points) for the process. These
points are the key material, component, fabrication or assembly points
necessary to deliver the end item. The lead times for these points are
shown graphically on the chart or against the scale on the bottom. What are

I The Air Force Data item for thi,, is a Production Analysis Report, Dl-

P3455/P- 109-1; the Army has used DI-P-1607, Line of Balance Reports; the
Navy has used UDL-A-23001, Chart, Line of Balance.
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the ,ri tra tor a point to be dcgnated "key"? First, the point sh ould
repres etit a measurable progress to kard conpletion of the item, and second
it should be a potential hang-up or bottleneck for the process that can be
isolated for managernent control. The program or lead time diagram shown
in Figure 12 r-presents the points that one unit goes throueh froin start to
stop. lte scale is usually in work days; therefore initial pur hsing nust
begin 2,4 work diys before end item delivery. All otht r things being equal, a
I day slip here would slip the ship date by I day.

ie third conponent is the progrss chart. This .:hart shows the status
at edch of the control points. In our example, the n imbe-rs 1-12 along the
horizontal axis refer to the checkpoints 1-12 on tht program chart. The
scale along the vertical axis is the number of units. The scale reflects units
0-80 bcause that is what the contract calls for--delivery of 80 units. So far
we cai see that 60 units have passed through check point 1, 45 through
checkpoint 2, 49 through checkpoint 3,..., and 14 have )een shipped.

And now we get to the line of balance itself. Tt1o line of balance is an
actual line drawn on the progress chart. This line ,hows how many units
should have pushed through a given point by a certair, date. Examining the
line of balance drawn in the example we note the diiferences between the
line and the status shown by the vertical bars. Thee differences reflect
situations ahead or behind schedule at the given points. For example, note
that activity is ahead of schedule at points 1, 4, 6, an 9. Activity is behind
schedule at all other points.

The line of balance itself is constructed from information on the
objective, the program and the progress chart. The line is different for each
point and is calculated as follows. For example, let s compute the line of
balance at point 7. Say today is I May, how many inl uts should be at point
number 7? Since the lead time for this point is 1" work days (from the
program), we should check how many units are require.d at "ship" on 16 May
(12 workdays hence). Looking at the objective chait, we notice that the
schedle calls for 41 units to be shipped on 16 May. Therefore, 12 days
earlie:, i.e., on I May, we need 41 units through checkpoint 7. Since there
are oi ly 19 units we conclude we have troubles.

Strengths and Weaknesses

The line of balance technique is a special application of networking so
it shares most of the strong and weak points. However, this method is not
as difficult to maintain as a full network would be for a large production
effort. The tiering of many smaller networks is a much easier operation,
especially for computer applications. It also condenses the presentation of
current status to only flag significant problems. On the other hand, it will
not isolate the part of an operation leading to a check point that is causing a
behind schedule condition. The manager still has to ferret out that
information.
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F ,c13 is an cxamiple of a contractor pre-pared line of balance
report from~ the TIIl Programi 01 lice here at liSD. 1 he progr fn part of the
( hart has i 1IIJX iii un1 I lead iine of 18 months for each unit deli vcred. The
con'tra( t (Ails for I S Mitts to be delivered by April of 1980, ind each unit
hias S1 I de, kpoints or i-jor miilestonies to complete. The line of balance at
the "as ot" date s tows ti combinaotion of checkpoints ahead of and behind

A nuimber o! pont Jrc complete for all 18 units, while there are
problems, idicated at 8, 1 3, 16, 17, 18, 25, 30, 3 1, 32, 35, 36, 38, 40, 41, 42.
III this caethere \was IMtu1 dialogue between the SPO and the contractor on
p~roblem at vas.

Chapter Five References

1. Te( lniques fur Work Scheuhn- Army Management Engineering Training
Activity IAMTFY course handout, Rock Island Arsenal, Ill.
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Chapter Six

MASTER INTECRATED PROGRAM sCHEDULE

Introdict ion

In the previous chapters we have cover.d the major scheduling
technique,, that will be encountered within a Program Office. We have also
focused on the need to schedule program activities in a way that clearly
shows the dependencies or constraints between them while using a structure
that allows us to track directly to the definition of the total job to be done
(the [Progrirn Work Breakdown Structuire) and the organizations responsible
for getting it done. The experience here at ESD has shown that the most
difficult part of the planning arid scheduling process for a program is
defining anid relating the rany tasks that the program office and other
gevernmrenit people must accomplish. We are much more adept at laying out
what our (ontractors must do. That is why we stress the term program as
miiore in dUsive than contract in the WBS and Master Schedule.

In this chapter we will present one very usable approach to developing
a Master lhitegrated Program Schedule (MIPS) based on techniques that have
been successful in one ESD program (SACDIN-ESD/DCV). This approach is
based on a mechanism for networking coupled with a procedure for pulling
together all of the expert information needed to construct it. The next
chapter %ill show a practical way to maintain and report information from
this netwurk through a milestone schedule system.

Definition

The term "Master Integrated Schedule" is frequently found throughout
weapon system acquisition literature. Adopting a definition from Major
John Douglass (reference I: "Development of an Integrated Master
Schedule"), an MIPS is:

a detailed program schedule which portrays all of the
major elements of a program and all related development efforts
in such a nariner that the interrelationships are easily seen. The
schedule is updated regularly and is recognized by all program
personnel as the only schedule authorized for publication outside
the program. The schedule is reviewed and validated at least
monthly by the program manager.

Adding to that definition, the MIPS represents the Program Baseline
Schedule. It is a schedule prepared by the program office to address the
interrelations and interactions of all government and contractor organi-
Ldtions in the support of the program. It is not a contractor prepared data
item.
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!IJckj ! ound

Although the term "Master h ledule" i% req, c-ntl heard, a product
which resenble, the above detinit-.u las hben Licking in many ESt) SPOs.
rhis , onclusion is supported by p.it slat assitar.Ce visits. Based upon
findiig, of the liq AFSC Program Manageniert As,.istati.e Group (PMAG),
the sliie sittuation exists throughout essentially all 3POs within AFSC. To
date, most SPOs, have not developed (or have not Ieen able to develop) a
Master Integrated Progi am Schedulh.

Instead of a MIPS the typical schedtilig int rnation within a SPO
(OnSi,,ts of:

a. A single viewgraph used tor the Command Assessment
Revit.,A or in-house briefing which depicts the ov rail program schedule.
This i- Irequently referenced as the baseline or iia-.ter integrated schedule
but it only depiCts 10 lines of top level schedule inlormnation.

b. Contractor data iteris. These (omne in all shapes and sizes.
Sone ire good, but even the best generally only a ldress the contractor's
a( tiogiN. They generally do not adequately cover the actions and inter-
a( tions ot the many other agencies (including the Ml1)) which are key to the
total program schedule.

c. An assortment of schedules in the Program Management Plan
(PMP), Test and Evaluation Master Plan (TEMP), Integrated Logistic2
Support Plan (ILSP), MOAs, and many other plans which are frequently
inconsistent with each other and generally fail to co er all critical program
ac tions.

None of the above available scheduling infornration items by them-
selves represents a MIPS. After numerous interviews throughout ESD, we
believe that the reason for a lack of a MIPS within our SPOs is due to the
lack of an easily usable and responsive technique for developing and
miaintaining it. Our people know how to plan their individual disciplines
well. It is frequently the physical work which causes an inter-disciplinary
planning effort to be abandoned or causes a desperate and normally
unsuccessful turn to automation for help.

Anyone who has tried to build a network of any complexity recognizes
the immense amount of work required to draw (and redraw and redraw) a
network until an acceptable product is developed. When we consider that a
MIPS for a major program can require 200-400 events, it is easy to see why
most manual attempts have failed.

The failure of manual attempts has frequently made SPOs turn to
either automation or to outside contractors (or both) for assistance in
developing a MIPS. To date, results of their efforts have received mixed
|eviews. *There has been no sustained use of any single automated
schedulirg networking technique at ESD. Automated efforts tend to
produce large amounts of schedule data which can be useless unless someone
can analyze the information. Obviously, the computer is no panacea.
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.out .ide contractors are al'<) rot i (lt cu pl'te ', til jon. Wct irn qu r i t ly
,,,,suin that our inability to dc¢clop MIl S is duc to a Li.k of iite.rial
talent ani attemipt to rteiied tis by Lttsldc Jt pct .se. Ovt-r-relluaf(e of) a
(onitrt tot t also l-,d t, proltuis -ince the ilformiati i ilist still Cole
Int[ln and be Understood by thi progfai offi( e pcople.

,bject yves

ihi appjfod( I builds on tic st d performed by Major rxuglass (refer-
em-e I) %li11 dtst Lsses the problvirri o developing a \aster 1) hedule within
u SIPO and offers excellent, real-world advice bast'd oii rniimerou, PMAG
experien es Artd observations. The objective is to piovide dn effe( tive and
sirmple to use tehi iique for de.veloping i MIPS that:

a. ,is iiii i.&5 tit riced for extra training.

b. 1)istribiotes the schedule workload evenly throughout tie SPO.
This nijxiirie:es the irvolvcnic-iit of all divisions and their functional
di5 , iplinit in the MiI PS developiit process.

C. Emphasiies the actions arid interactions of all government and
ontractot organizations.

d. Supports numerous "what if" exercises and allows for easy
asscssient of schedule impact based on budget changes.

e. Supports internal workload planning, rtcogiiizing that staff and
program rest urces have limited flexibility and that workloz.d planning is
essential.

f. Develops "the" master integrated schedule. The MIPS serves as
the baseline for the planning of many organizations. A single recognized
MIPS is essential for the efficient and integrated planning of effort by these
organization!.

g. Enh ances communications on schedule issues and which can serve
as a didgnostic aid to schedule problems.

h. Can identify schedule problems early and can reduce the drain on
SPO resources created by "fire fighting."

FLEXIBLE NETWORKING

Definition

rhe flexible network is a tool for providing the entire SPO with a
visible and easily understood picture of the total program schedule. It
()nsists of a network of events posted on a large wall surface or on boards
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,tI t ' t, , . Ihe t'v-itit, are ( oiniew( td t,) dcp( t miterdepuiidencit-s.
t O!y t e" of the Illt-:ble iietvork is tie ease ol pre paring and m re

Lriport. , V lW a' e oI Of haiging the network.

P I oc kdI I

lo "vel jp a flexibh- nctwork requires (er tain materiis:

d. 4 r, in in whit h you can post a network on the \&ill. The network
size shoul I bc 16 ft long by 4 ft high. A longer area is desirable and the
technique wal work with only an 8 ft surface. An easily accessible
(:on -rer( ro. ji is ideal.

1.). ]1 wall surface should be covered with a cork type surface.
lIloneo oi, b, irds (W x 8') with a 'ray surface can be obtained from base
supply ( le .. However, a cork ,urface obtained through local purchase
11kes j ,ett( looking display. MNunting the boards is a great self-help
proJe( t.

(. Sin!l ( 2 i in. by 1%, in.) ,olored cards are used to identify each
event. I)iffetreit colors are used to indicate that the event is the
responstbility of a particular agency (SPO, contractor, AFTEC, AFCC, etc.).

d. Map tacks (the type with the spherical head) are used to post the
event cards to the cork board.

e. bla( k elastic thread, available at your friendly sewing supply
,tore, is ,used to connect the events. The elastic thread is tied from one
tack to wiotht-r to depict interdependencies.

The abo~e materials take a bit of effort to assemble, but the labor
they save in the long run is many tines the original effort to get started.

With materials in hand, you arc ready to start developing a network.

ejtc, I. Form an MIPS tearn within the SPO. Business Management
represent.itioau on the team is essential since that division will have the
ultimate responsibility for milintenance of the network. However, the team
should be chared by the most qualified "planner" within the team. The ideal
chairnan is ,, ineone who has been assigned to the SPO for at least two
ears and who has a solid working knowledge of the total program. He or

site may , onic from any division, but the knowledge ideally would be in more
than one I i onal area.

The tear is tilled by tour or live other people from other functional
divisiotis. The. best candidates are not necessarily the most experienced
one,. in sead, aggressive and imaginative people should be chosen.
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I r iis MIPS projeC:t is ,n op rt Wll ty I or pfovidirig somie of the SPO
entry lovel people with a good i',ight into the other sPO disciplines; an
Isi IIt th1at local traininy ( m- , 'c ( a,niot reproduce. The tearn will be
requirt I on a full time l)bais for the lirst two week,, and oii a half-time basis
for tie. hollowing two weeks. This , a significant aniount of work; however,
the air, rnative is to contiruec expeinirg Lill SPO resources without a definite
plan. The teami should be torrilly chartered by the Systen, Program
lire( tor (SI1D) with a licejise to ask questions and require responses.

"Ie!_ __2. leview other MIPS fforts. Contact another SPO that has
cond, ted the samne exercise and mJike an appointment to riew their flexible
netwoi 1,. At this time, networks ire available at the S, CDIN sPO and at
the I-3A SPO Ihusirness Managment Divisions. Seeing ,n actual network
makes It easie.r to bring the team ii up to speed ard is a good investment of an
hour ,) two.

Nte-_3. Determine the scope of the network. The network can be
built tor a single project within a basket SPO, for a single major program, or
for a ninber of small related projects which have significant numbers of
interd( i(endenc ies. It Is not applicable to building a network of projects
whi(h I re unrelated except by their technology or their assignment to the
same program office.

Step 4. Gather data. The initial set of data should be gathered from
written sources. These include:

a. DC1I, PMD, AFSC Form 56 and other progra n direction.

b. PMP, TEMP, ILSP, CIISP or any other SPO plan which exists.
Draft plans are adequate for this purpose.

c. Contract(s) delivery schedule(s), this sched ile is contained in
Section H of the contract.

d. Contractor action s( hedule. This is a d.,ta iter- available
withii, lusiness Managment and in most divisions. Some (ontractars deliver
both -,chedules and networks. Both are useful sources of d.,ta.

e. Contract GFE schedule. This is usually an attachment to the
contr.( t. Ask your PCO for it.

f. Any other source of either schedule or pla ining information.
Note that useful information is not limited to informat on that indicates
both ii event and a time. If a Test and Evaluation M. ster Plan (TEMP)
indicatt.s that Initial Operational Test and Evaluation (IOT&E) will be
condum ted and that a Logistics Supportability Plan will b written-but fails
to sa, Ahen, this is still useful information. It will sugport the obvious
question, "We plan to do this, when and who plans to do it' Memoranda of
Agreemcn? are also good sour(e of data. They f equently require
signifit int actions such as the provision of test resot rces without any
refert if, ed schedule. The scheduling of these resources i: a key element of
the MI I '" development.
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Sti,.p '. Develhp initial Ictwot.. ILaving v.%(-i-mbled your materials,
your teama aid your data, you are Ifirlly ready to stdrt. Divide up the work
surface into tine periods. You ri1ly Walnt to eXpalld the S(ale for the first
year to provide ample space. L; ,e the nap tacks and the black elastic
thread to make vertical lines dividing the board. If you decd,, to change the
time scale, you \kill only have to i,,ve the tacks.

Fill out the action cards like iuk:

Event Description No. 32

Purchase Request (WR) package
asseibled for external ,:oord.

WPBS Interface: 5.2.1.5

OPR Schedule Date
DCVX 6Nov80

Figure 14

The card- are large enough so that use of any uncommon acronyms can be
avoided. The network is supposed to answer questions, not raise them. Use
different colored cards to represent the SPO, the contractior, procurement,
and any other agency that play, a major role in the progran (e.g. AFCC or
AFLC). Use a separate color to identify miscellaneous organizations. (An
alphabetical code will also let you tie in to a Peesponsibility Assignment
Matrix scheme, reference Chapter 3.)

Using the source data, select events which you consider significant.
Do not waste time arguing over whether an event is signifi( ant. If you wind
up with too many low level events, it is easy to remove them later. Many
seemingly lhw level events tend to be critical path activities. Source coding
of system spares is an example of a frequently ignored event which can
significantly impact the program. A delay in source coding can delay the
development of Support Equipment such as Automatic Test Equipment (ATE)
which in turn can delay Initial Operational Tests. Make a point not to argue
over what is a significant event until after the first week. What you should
be conistantly on the lookout for are events that constrain the start of
activities.

Do not duplicate the contractor's action schedule in total. Select
some key events where the government and contractor lorrially interface
(e.g. providing G:E, accepting delivery, major design reviews, major
testin,, ,.t, .). Do not necessarily select the contractor's iite nal milestones
as e'cnts for tlhe network (e.g. start software spec, sukimit Preliminary
Design Peview' agenda, etc.). Remember that your objective is to develop a
prora;n (rot contract) network. You need to highlight the non-contractor
action, r,.quired since only the SPO can plan these actions.
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f cy oni the responsibilitites ul outside Theewies. "ht-e ure (our miiajor
scht.dui ii proble -s. It is the planning of the work of the numerous other
agen(i ic. involved whi h is the prim,,t y objeL:tive of the MIPS network.

It you are not Sure when to s( hedule an event, take a guess. When you
are not sure who is the OPR, take mnother guess. Ii y,,ku are wrong, the OPR
will be quick to identify it.

At first, the density of early events will ie quite large. We often have
little problem in identifying the fires which arc due in the next few months.
The expanded scale for the first year of the network should alleviate some
of the overcrowding. However, if the network becornes overcrowded, don't
be concrerned. You can clean it up later. Don't be concerned with eye
appeal. You are trying to mnake a nater plan - you are not trying to make a
displiv for visitmtug firemen.

tep6. Identify interdependencies. Begin wth the first event and
consider what following event is dependent upon successful completion of
that event. Tie the black elastic sting between the two events. You will
quickly become adept at tying knots. At first, some events will seem to be
totally indepc ndent from others. This usually indicates that other signifi-
cant events are missing. Most program event, are interrelated. The
exceptions (e.g. Command Assessment Review, Program Financial Reviews,
and Budget Submissions) are generally few. The I inctional areas also tend,
at first, to be independent of other areas. This indep endence also indicates
that some events are missing. Most functional ire is do have significant
interactions with other functional areas.

(:ontintie the process of identifying interdependencies uttil you have
tried to conmect each event to at least one following event. Note that
certain major events (e.g. PMD release) may be ne-cessary prior to the start
of numerous other events. Try to depict all of these interdependencies.

Step 7. Identify problem areas. Make small triangular "flags" out of
red paper. Pin a flag to any event for which a problem exists. If you had to
guess at the date or guess at the OPR, flag th-- event until the data is
confirmed by the OPR. If your written source data provided two different
dates for the same event (a common occurence), flag the event. If an event
occurs too late to support a following event, flag it. If an event provides
inadeqiJate lead time for procurement or for other activities, flag it. All
lines in the network are interpreted to flow forward. If a line flows
backward due to incorrect planning, flag the line. Events which need
further study to identify interdependencies also should be flagged. Try to
identify as many potential schedule problems as possible. The intent of the
network is to identify these problems so that they can be resolved.

Step8. Conduct initial division level review. Schedule each Division
Chief and.two or three of his or her staff for a tNo or three hour review of
the network. Schedule the divisions in series. Idt ntify the conventions and
explain all of the events to the Division Chief. Do not limit the review to
one functional area.
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S .eI to verily the inforinatini for that OIPR or any inforrmation upon
which he or she (an stied light. As soon as further infoririAtion is provided,
rnmedlately love or correct the event if the change is sinall. If the change

major, make detailed notes to support making the corrections later. A
Miajor benefit of the flexible netw(,ik should quickl become apparent. It is
,-asy to make even major chnges without redrawing the entire network. A
rnall shift of An event can be inidt, without eveim retying the elastic string.

Attempt to resol, *he flags in that division's functional area. If you
can't resolve the division's flags, :'.ake a suspense for solving the problem.
Try to issue one day suspenses. Avoid suspenses in excess of one week.
Many of the following events may be affected by the flagged event and
early resolution is essential. This effort should be the nuriber one priority
within the SPO at this time.

After verifying your initial data, ask the Division Chief to identify
events which should be added. Do not be surprised if little information is
volunteered. Some people do not like to post their plans because they fear
being evaluated against that plan, or for other reasons. Others will
volunteer a host of data which may be significant in their area, but which
may not be applicable to the MIPS network. Try to limit this data to those
areas which will involve interactions between functional areas or between
organizutions. If an event only (onnects to events within that division, it is
not a likely candidate for the network. It is, however, an excellent
candidate for the Lower Level or Intermediate Schedules discussed in the
next chapter.

After this set of questions, ask the Division Chief to identify any
events which should be added for other divisons or organizations to support
that functional area. This question usually leads to a significant outpouring
of useful data. While people may hesitate to identify their plans, they are
normally quick to identify the support they need from others. Remember
that each Divison Chief will have his chance to identify this type of data.
This niethodology has proven very successful. While most divisons will
quickly identify their need for contracting action, only the PCO will be
quick to identify when a complete contract package (e.g. PR, CCB
Directive, SOW, etc) must be provided to contracting for action. The PCO
will also be quick to identify the SPO, contract pricing, JAG, contract
writing, auditor and other support he requires to complete the contract
action. The MIPS network is an ideal tool for procurement planning.

After the interview, post all of the new information and continue with
the next interview. Interview all Division Chiefs. Interview the MITRE
project leader. He or she frequently directs more resources than any other
Division Chief and these inputs can be vital to the scheduling process.
Include the: PCO and your liaison officers in the interviews. Continue the
interviews sequentially.

Step__0. Revise the network. After the first series of interviews, the

network will look like a cluttered spider's web. Try to clarify the network
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by elhnirit ing events which you now know are not truly significant.
Rearrange the lines to eliminate the clutter. Try to keep functiorkl lilies
clear. These revisions can be initiated during the interview process when
there are slack periods. Don't postpone these updates.

St p 10. Staff Review (without Program Director). Schedule a review
ot the entire network by all Division Chiefs without the SPD in attendance.
Attempt to again verify data and to resolve flags. This is the last chance to
piovide data prior to the SPI) review. Stress the. tact that all flagged items
will be briefed to the SPD who will in turn expect briefings on the Division
Chiet's efforts to remove the flags.

Step 11. Review the MIPS Network with the SPD. After the division
level review, schedule a three hour review with the SIPD. He may
reconmend major changes in the schedule. If he does, make the changes,
and repeat steps 8 and 9 again. After you successfuily review the network
with the SPD and avoid major changes, you have establisied a baseline
schedule. Take a break. Then get set for a regular series ,f reviews and
updates.

Sdchedule Maintenance

Once the network schedule has been developed, tracking, controlling,
anid updating come into play. Schedule maintenance will coritinue through-
out the prograin. It is a dynamic process that laps many sources for
iniori ation.

Schedule a complishment is measured by more than the passing of
calen.lar dates. Accomplishment may be represented by milestone events
a( cornplished, percentages of tasks completed, and by expenditure of
resources. The most obvious measure is if the event has come and gone
(e.g., the request for proposal is on the street, the contract has been
awarded, the first article has been delivered). Accomplished events will be
reported by various means including contractor reports, and scuttlebutt.
One thing is certain: You will miss half of this information if you wait for it
to come to you. You have to stay on top of it. Start developing your
contacts early.

Another aspect you should be aware of is that "schedules ain't what
they seem." People can tell you that an activity is 90% complete, but
frequently this means only that 90% of the allowed time has passed. A
better measure would be that 9 of 10 meaningful sub-milestones have been
ri et. You will have to develop a feel for what is "meaningful."

Because schedule and cost go together, some schedule accomplishment
is mt asured in terms of cost. In contractor cost/schedule reports, schedule
varia ice rray be quantified by comparisons for work performed (earned
value) and work planned. If the performance is less than the planned, we
have an unfavorable schedule variance measured in dollars. This is but one
indicator of schedule performance. Whether this unfavorable sign is
(:orrc)'orted by other schedule data will remain unknown u'til you check
ihe other lata.
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I i.,vi g developed the schedule (and upd.,ted it as recessary) ind
having , -tablishcd a satisfactory ntaintenance sy!,tein, the next staje is to
crank mn ways to predict schedule ,)erforrnance. Trends can be id ntified
and pi,,gress can be forecasted at an extrapolated rate. Time series inalysis
and so, , parametric equations can be used to predict, but these itnust be
tempet.d by risk assessment. It is a good idea to identify the key risk areas
early i the program. For example, software s,:hedules are always risky;
contra, t award estimates are usually optimistic; arid fab-ication normally
encouri.rs a delay. You will need to know how much "cushion" you have in
each ait-d before the whole program has to slip: Keep in mind how far you
have (-mre, how tar you have to go, and what pitfalls you might en(ounter.
We wil ,how methods for dealing with these questions in a quantitative way
in Chapter 8.

Chaptwr Six References

1. Douglass, John Wade, Major, USAF, "Development of an Integrated
Master Schedule for Weapons System Acquisition," Study Project Report for
Defense Systems Management College Program Management Course, Class
77-1, Fort Belvoir, Virginia 22060, May 1977.
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Cho ptter 7

INTEIP N DIATE SCHEIDU LE,)

At' -i thle Flexiblt' Networking efft is (!ompleted, tie second phase
Oft a M I't niegrated Program Schedule can be implemrented. As we
dois(usst(d iii (li-pter 3, mtilestone schedules can be produced as an output of
a r it tr 1, ,(t'1 ldIe to adldress Iliited functional (orie nted to the performing

ilrgdi.{. ) 0 luo el level WIS aspects of tile prlugrdjii. We will use the
tin "ii>'r Idit'. scicdult,'," to id'.-ritify thii, tYIA(- J4 u tput. [or examrrple,

ii int t iii tiite, !.jdiie imii t depict the Tte, hn i. al Or der 1') pi o( ess and
idct it it y vien I rchlin lary l'0s would be available, when %~en fication and
va i ida t i, .;i pL oted, and when the TO's would be pr ited. The intermediate
st it-dulo jihuld be limilied in general to 10-20 triilostuicis I or aparticular
1.~ 't 01' Lhe pru~janl.

d!i, ie I t-vibl(- teiwoik an ik-di conirautor'b schedult s,, thee iciay be
,-)m (11iA-tion .-, to the need for ",t.11 mare ishedultes." l-o\&ever, the
i'.iTer :;;-flte s( edules are i ne:es-sa-ry eletrent of a MIS. Tie flexible

,,: to~ i alh\ will not tLddre,,ses -.l the rmajor pr ,)r .1-1 ctS For
exipi.' hilv lic nvt tkol iaay delpi. I when , key ;,ie( C (- f is required

by C~ie ( itric t r, it rn~tv not depict \Ahen it Will be ordered, who w'ill order
it, or whent it %, 11 be shipped. These events are, however, critical and must
)e planrwi. Th.s is the role of the intermediate schedule. Major events

ilIf Iiiv flexitft- netwoork' are se&:%cted arid art interiiied)ite schedule is
kivvelop' I whic! ijenitifios how the iietwm k mnilestore will be mnet. But
rent uinbr, the ..,twork is still thle u)tt~cial baseline schedl.~ and tile single
1),int to iorpot ate and distribute changes.

SrIIi(duh I lemneits

The intf-ri-i(ite se-hed:-ilt, over a fumicti.xa~l ar-'.. a flow of
listi. S .vei.t% luading t,. tli (~, c,,ry ' T03, i flow of o :-,iguirdtionl

mainugviient e~ outs leading to Furic tional andl PhysiCal COnfiguration Audits
Xa flow of entiiec., ;i t.,euits kdn to the itevelopiireiit of an

cexternJA i!terface, or uther .mtkulr fun:tijAal flows are ideal candidate:s for
i derm (h~iiate S( tiedijles.

('iitSi A,' ce.lntermedi..te ~iediule- idelitity wIhel a functtunal area
requirce u11'.ort I rorn anoth er agc-, The TO i low will Jeiki ly a support
requirei tnt toi lrii ting by the Air Logistio's ( :enter. Th., F('A/PCA fo
\ill irida:tev a ruqi~irorrierit for maiiliitu~ririg suppoi)mt. The engiiwerliiig

iriterLi. tI fl .i :1idi a t iiie lor Ifl Iritemface (Cntrol flra\%ing \ith
another ii,,ency. T i nterri', ite si 1 dIe not oily id,tlits the ri'quliied
o3ulSir' ,~'iy ipr it lst' Icl! t i whi Thit oti; 1, required. Thit
Iierrmi, the 1n IiiG ipitig ii . .i "jIii Ac 1 (:' c. e"1miia J the



ruqui i -d sulport can be mi iade .,vailible t,, "upport the currenit plan.
Interi ,iate s(htdules take tht gui ieralities t hat exi',t i) MOA's and other
agret-m i its and ( ojvert thei into spetifics.

TIh, intermediate schedule is an ideal % ay for insuring that outside
supper t requirements are c learly iduiitiied. The rlajor functional schedules
can lt. iade a standard part of the Program Managenient Plan (PMP)
through the Responsibility Assignment Matrix approach from Chapter 3.
The to+tal book of intermediate schetdules or only a sele< t few (an be made a
refer(Iit ( ei the appropriate MOA's. OrganiZations would then be commit-
ted t,- sipporting a spec:jfic- prograii schedule. If an organization has a
probl m with a change in the schedule at a later date, they have the chance
to it1hk itfy this problem during the update/coordination cycle of the
interi itiatu, schedules. The interinediate schedule offers a solid technique
for ( ei imiuni ating detailed schedule changes to supporting organizations so
that tlhe, can change their support plans accordingly. A key benefit of this
approah is the identification of additional interdt-pendencies between
netwOrk activities as outside support tasks becomie more clearly defined.

.....ndv hl _ponsbility. The intermediate s( hedule is assigned to an
indivilual within a functional area. The individual's namie is listed on the
schedtule and provides an easy point of contact to outside agencies.
Responsibility for planning and monitoring a particular facet of the program
is as-,igned down to the level that the actual work is being accomplished.
This has an added benefit of improving the use of MITRE resources. Many
SPO.s do not have sufficient visibility into their MITRE support staff which
creates a barrier to effective communication and limits the effectiveness of
the MITRE resources. By assigning specific schedules to individual MITRE
engineers, this problem of communication-, is avoid d. (The actual
assignment is done by the MITRE project leader.)

Problt-m Track41g. The intermediate schedule also oflers a method for
insurinig that fewer of our- problems fall through the cracks. Frequently a
problem is identified and there is no clear-cut means to insure that the
problem is resolved and not forgotten. By using the intermediate schedule,
a su-,pense (:an be issued to a SPO Division or external organization to add
an intermediate schedule which specifically addresse, and solves that
probl n.

Identification and Assignment. The selection of eveits or areas which
require an intermediate schedule is an important process. Too many
sch dules will overload the SPO's limited resources. Too few will result in
the expenditure of resources without adequate planning. The SPO needs to
start out with a "reasonable" number of intermediate schedules and to
gradually grow to a complete set of schedides. A "reasonable" number
depends upon the nature of the program and upon the number of resources
assitiel.to the program. One rule of thumb is to determine the total
nuniber of professionals assigned to the SPO. Include liaison officers, staff
suplpoirt (from AC, DE, PK, TOM, TOI) and any other resources either
col,1 rated or non-collocated. Include your MITRE support. It is reasonable
to teXpect that every professional assigned to the SPO can produce and
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maintjrrr one or two intermiediate s( l,,dules. In many SPO's, this calculation
will prod,ice mnire than 100 detailed intermediate schedules--an iinpressive
data bast to start with. (Note that workload inequaities may result in one
person h.iving more thani the "avera ,e" number of schedules. This may
requiie two actionis. Business Manag ment should examine whether critical
dreas of work %ere missed. If this is not the case, the SPD should review his
assignnent of resources to insure that resources arid workload have been
proper ly lbalanced.)

With the number of intermediate sctedules in mind, review the
flexible ietwork. Determine which events are critical to the program and
assign inierme iate schedules to the OPRs. Determine which events require
signif -art in-cractions between external agencies and assign an
intermediate s( hedule. Determine those events which the "lessons learned"
book indi, ates ire problem areas and assign intermediate schedules. Try to
distribute the workload to all of the divisions. Every division provides
imrportant and ritical support to the program and every division should be
assigned interii ediate schedule responsibility.

Coordinate the draft list of intermediate schedules. Don't back down
too soon. OPRs will identify a host of reasons why a certain area is not a
problem area. OPRs will also claim that insufficient data exist to make an
intermediate schedule. Assign the OPR a reasonable suspense and keep the
schedule on the list. Quickly accept any additions. The divisions are the
best source for identifying critical activities.

Have the divisions assign an individual OPR for each of their schedules
during the coordination process. Try to push the level of responsibility to
the lowest level to improve communications. Try to avoid assigning
schedules to division chiefs, branch chiefs or group leaders. However, if a
supervisor insists on keeping the responsibility at his level, don't argue. Let
him run his shop his way.

Suspenses and Coordination. Assign a one month suspense for the first
increment of schedules. Remember that developing an intermediate
schedule does not simply require putting a plan on paper. It may require
making the plan. Require the divisions to coordinate their schedules
throughout the SPO during that month and prior to the submission to
Business Management. This gives them a chance to iron out any of the bugs
in a particular - chedule.

After all of the schedules have been obtained, publish them as a draft
book and circ' late copies to the divisions for comment. Allow another
month for the divisions to determine if there are conflicts between the
schedules or it there are conflicts with the contractor's schedules. It is
important during this period to insure that the SPO has gotten it all
together.

The net -,tep is to issue the revised book of schedules to all external
agen(ie-s. S.nc one to everybody, especially those agencies tiat will provide
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upport the SIO. Identify to all -iatm rn s that the book of Literittedlute
cheduh i epiese it, wheii their siij.),ort is lequired d'ifd will be(-olie a

,eqtiireli -Ieren, e tin all MOA's. This is your opportt~iity to fiind out it the
external ,mpport (,in be miade availa!le when it is required. Allow the
.igenci.-, iiother iionth for review and (:olflmnut.

Alt (omi elats are in, inake the necessary revisions ,and issue the
lirst olli. iil book of intermediate scdules. Have the book signed by the
'hI). II lHow repre s. its the. official prograr i of fic e schedule and should
become a part of tWe Progran Manugement Plan by reference with key
product-, Ifu lUded.

5, hedul,. I pdates anid .aselirie Tra(kii,. All SPOs have a reqiirer,-.nt for
base linie, S, lcedule frialagermelnt. This ineans that some te( l rmqu. is required
to identity and track changes to the program sctedule in a siilar fashion
that chalij'i(_" to program costs are trd, ked. The miterriediate s, hedules can
provide ths schedule nanagemrent vehicle.

Boe,'y two or three months, have the OPRs update their intermediate
s. heduh.. The update cycle should be based on the extent of known changes
arid upont available resources. Assemble the book and coordinate it
throughout the SPO. The coordinatiom (:y(le for an update si ould be less
than tuo we.eks since the majority of the information will riot h,,ve changed.
After that cycle, send it to everybody once again. Again ask for comments,
integrate the coinrients and publish thce updated, sigiced book of schedules.
The book %kill serve as an ideal track of all schedule t hanges arid will serve
the same function as the cost track data maintained within the SPO.

Autoncuti,.. The above intermediate scheduling systems can be implemented
na-jall ithout automation. 3y distributing the vorkload, the average
individual shiould have to prepare two milestone charts every three months -
not an unrcasonable workload. However, automation has been successfully
applied to this technique by the AFSATCOM SPO and several others at ESD.
The automated technique uses a mini-computer with a plotter to draw the
schedules. The examples that follow (Figures 15 and 16) were drawn by the
plotter. The benefits of automation are significant. The drudgery of
making the milestone charts and updates is drastically reduced. The OPR
simply feeds his marked-up schedule to a secretary who inputs the data into
the coimpurter. The output is a professional looking schedule. This allows
the SPO to spend more time in planning and less time in drawing the plans.

An , Iditional set of benefits also comes with automation. Sorts of the

schedule d.ta base can be performed. The computer can identify all events
which wet e supposed to be complete by a certain date. This generates a list
of potential problem areas for review by the SPO. The compLter can also
pg-nerate .a list of events scheduled for completion in the next 30/60/90 days

to provide the divisions with an activity forecast. Other uses are also
possible.

Gett ig the intermediate schedu;es automated, however, can consume
,urisidertulh, effort. Unless a system identical to existing systems is
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procuit.l, ,t SP. roust expect to sl),.rd srgriificant resnimr( k-. in developing a
systeir. liuyirig computer hardwole for this ptjrp,st is ,also a difficult
proces . Hiring a contractor to ctalish the s stewi _dso is difficult and
drains l0t resources in the mainl ai.,rient of tnother ontiact. While the
long ttetti b-nefits of atloinatioiL will outweigh tis drain, the major
problemu is that the fascination of atitormation may detract from the primary
SPO objcctive - developme'nt of ilntermediate sch(dules. Note that the
computcr will not make the plans - it only will draw tlium. We recommend
that automation be deferred until after the SP) has published its first book
of intermediate schedules and worked the bugs out. Robert Townsend in his
book of management cautions and anecdotes "lUp the Organization"
(referei.ce 1) gives sound advice here. He suggests that if your current
system of reports is not running smoothly, then putting it in the computer
will only "speed up the mess." fie also advises that a manual backup
capability can coume in very handy.

Chapter Seven References

1. Townsend, Robert, Up the Organization, Alfred A. Knoph, Inc., New
York, 1970.
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t. k MlI t I l NG I !NKLRT.\lNT ILl OP\ NL-Tv. 0)I

'to thi-, pint we Iiave 'over, it the basiJ schedi-ling te( liniqueS and
kived (-,; fit( ipproach and procedur, sor deve Iopi g t kia ter Integrated
PIofII lt 't I I icle(ic otepI c w it h i I I ( x i ble t w \,or k atp I, )te rie d iate

t-~Ji t \o p~resen~tedt IhiS Ti tnt-iJ in a Iii qpi.a t it- tive manner so
v III *i(Idrcss tht. morc iititri~itj it aspe, ts n soiflC detail.

-iti I. .,it t 'iiitr.ites oii the ti''t)iud We ( 1t1 usO to deal With] the
ii 1, ,, cr tarit Iy s r rot ndifing , -it-dtI les o f program iti'. t ics.

L.: i,' S Of1 III,( IItjjt 1 tu i ik~ ially uised v,' a I i, Ietnent control
-ilii r tor thie ofitiriuing effort of schediilt. riaintcrnai ( , although it

1( '1 'po ,I t-d as a tegu ir prodwi t of a coinfu t er -bise( systemi. Wh Iat
V*II prim( ipal ly aitming at here Lire the initial t-f forts (tiring a planning
asi9_ tl, ilctworb. is construt ted or one-li n met~tiiis or foree-asts of

1jpir i p ro)gre,,,s to .upport financial pt mni mg, (.-I . Tht-S techniques i~re
.it tI tl for an idopenident Schedi ile Asess nici, as def in ed by A FS( R

t-3 'i, ;U(,; ted alo"ng With) an Indepenidtent (',)-t 11.it.ily is for key program
dc( I! (V, i

hasi; III P T P'ro bability

Tie 1)rilliarv -issumptions used in develapini; ti. Pt:R T statistical
~ppro,,ch %ker:

I . The uncertainty of completinig a schedule act. ity or task is, best
des(ribed by a btetaI type of distribution for the probability otcompletion on
aI p,,rticujlrr date or time interval. Figure 17 shows a RI 'a urve for a task
ineasurea in weeks from start. The CUmIulative probabil' ty of completion is
the total area undet: the curve to an point.

2. The curvc must bc estimated without referciire to any other
network detivities on the samne path or elsewhere. Statistical independence
is a key iiipredient to the cakrulatioim used. Also, thme cuirve does not take
into0 ac< i1t unLIS,',d irifluetwes such as accidents, strikets, acts of God, or
IIny extraordinary tffforts to compress the activity duration.

Th~e heta di'.tr~bution was selected because(- it tdo'- iot have to be
!,yrminetri, at (cmi he skewed right or left), the mathemat i -,1 behavior of the

IrV(' IS AUll known, arnd there was no better alternative that suited the
PLOT d .rlpCes.
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a b
I

0 1 2 3 4 5 6 7 8 9 10 11 12

Task Duration: Weeks

FIGURE 17

% thout trying to get too deeply into statisti.cal theory, there are a
few bis,c ch.trdcteristics of this type of curve that are used in PERT. The
most optimistic time occurs at point a and represents a very small chance
(about 1%) of hdppening. It should i)e arrived at by considering the shorte,t
possible a;nouit of time for a task, assuming that everything went well.
Rerneiber, at this point the ubject.ve is to pin down some of the "natural"
characteristics of a task, ind there is a length of timrnu that could Ite
achievc if .aich subtask was accot, plished in the most time efficient way.
(This is liot "crashing," however; no extraordinary means for shortening the
aCtivit' tire, such as overtime, is assumed.) T'ie fact that this time would
rarely (it ever) be achieved agrees xith the 1% probability of occurrence.

T'lie next point on the curve is the most likely length of time shown at
m or about 8 weeks. This is 'iiiiply the high point on the curve, but it does
not ,,c.essarily represent a curiulative 50% chance of comnpletion by that
date. IlI tact, it was the intuitive -isstimptiun that the most likely time was
not e ltal to, ,lid usually edr'!er than, the )0% point that led to the
statisti, al tl .dtri~eit of 3 Time t stirnates in PEP Y.

1nhe fiiial -)oint thdt riu t be estimated to defilie the curve for an
atLivity is the triost pessimistic tine b, or 12 weeks. This point represents
.bout - )9% chance of completion or only a 1% chance of being exceeded.
The assirription lor estlnda'rng b is that (tverything reqired to complete the
task 1,rkes-tlhe rnxinu1n ltune; every tl ng goes xronr (I.. Mirphv's Law).
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\!it i o*sina~mg OIL the o -1t tic txr * inic ,ri tin most likely timne for
th aI I II \ , tIl Iv c t ' I Il Ii W , I li bc ca -diated 1- the 11IPICil furniuld:

V( a t til I

Pit* cxpt ' it d tili& .holld app)i oxihte j 50% Itali of completion
Ir ld ti', the 110c US 1,1 usl hiara' teristic of tit a( I vi! y for laying out a
p(0gr~wi I, I t ~rk. A\ thOiiUgh the furn tula is sirm ple tioul h, the statistical
tiheor thiat back!, it tip is fairly ditl i 'at to fotlow. C' icl- reference 1, 2 or
3 for a dt-tailed treatmnt.

I 1we tin jor dif ficult y with the PIART method is ob; aining representative
e.stimiiaie for the two extremies, a aid b, anid thle mTo t pessimistic is more
difficili -4 the two to got a handle ont. -The most likt ly time is rmuch more
reAdily oiailable and probably is the basis for mosi milestone schedules
alreadd tit existence. for a programn. We will present .in alternative mnethod
later that can Itel: eliminrate some of this difficulty, but the overall strength
arid wcaku.' ss of cither mnethod lies in the estiniating process itself.

The use of multiple estimates for an activity allows us to construct a
network that is much mnore representative of the real-world problems
inherent in the program. It also lets 'is make use of mathematical statistics
to c:haracterize each activity and to calculate results at the total program
level. These results can either quantify what we air.oady felt was true or
show tl.,At plans need to b-- changed to modify the schetoule performance.

On thit other hand. the basic Itccuracy (or inai :uracy) of the inputs
cannot be improved by any form of calculation. Ti e best we can do is
structure the methods used to derive the inputs s(. the most confident
informiation available can be ferreted out and applied to) the network.

PERT arid Risk Assessment

One of the most powerful aspects of the statistics used in PERT
icalculat ions is the approximation of the inherent spread or variance of
completion ines for an activity. For the Beta type of distribution the
variance (if ) is given by the formula:

The standard deviation is simply the ,quare root of the vat iance or one sixth
of the range from the most optimistic to the rrost pessimistic time
estirnittes.

Mhe real benefit of this number comes as the statisti.:-al theory is again
applied in two important steps:

1. 1 he variances ( it 2 ) of sequential activities (such as along the
network tnitical path) are additive tit give a total variance for completing
thre entire. pa di, or to any interim point along the path.
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2. %1 ct Ol ) it low or li t c x l t it I l tes art dddt', Ill, tot l listribtittil

ol i oninl tIotn tirrit for the pi o)jt I is .pproxmliately t hi al (syrnletrical
or bell -,niped) tua, e v, ith a at i,11(' ,r qual to tle sii, of the illdividual
activlt) ".jrlances A loiig the (I lit a pa) of the Fletwo t_

Th tscond ,.icep allows tm to t.-i, advintge of t,. well do( kifI-ited

_hracte v i-ttc of tile nornal distrilbution by virtue -A the most famous
tiieoremi iii :,,atisti( s: The ('t'itrl Lii tit Theoreii (for ti t" miiathenatically
curious sce refertence 2, page 200). Ahis simply tlieafv. th.t the possible
completion times for each a( tivity t\ id add up. to .ive .; nuinal curve of
probability for the duration ol the entir,- project.

This greatly siiplifies the ('a( Ulations along any t, twork path. All
we need I,, the celnter pkuit of tile fiial curve aid the tu!,il variance. The
center point is the expccted fime iii the pathi whi, h is the sum of the
individual itivity expvc ted tiimiis, I v (50% culidiative .robability). The
total varince is the sum of all acti ity variances on iie path, and the
square rott of this total gives tie standard deviation of tlh norinal curve.

For the cri icaf path of a hypothetical progra, with I I major
ditivities oin the -ritical path, the range of unc:ertaini in durationt for
colpleting the entire project is slhowit by Figure 19. Ti,,- ,seritial data are:

Expvctd Tinte, Te 2 58.11 months
Total \ariance, 0 21.
Standard Deviation, 1 - 4.1.4 months

116% CUM 150% CUM 14% CUM
I I I

Probability I I
of I I

Completion 54 '\lo. = - If =63 Mo.
II

III
III
II

re = 58.4 1

I 'z 4.6 1
II I

II I

50 55 60 65

Project Duration: Months
FIGURV 18
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A \, kist ont. exaliiple of what i tll 0< ( tL 1li .1 prugralii sC.it Jie, the
additioti tI all ol the mcost likely time estirm.ates for this exaviiple gives 52
itonths, %hi0h is over 6 iionthis less than the expe( ted le, with only about
a 10% 1hant e of occurring. Moving up higher tu reach an 84% total
confidtejnce of cnompletion takes 63 Months or II montlhs longer than the
total of most likely times.

Tlete are inany sour(es for tables of the normal distribution, but
Table I below is a sunmary of some of the key points based on adding or
subtracting fractional values of the standard deviation from the center point
of the (urve. The cumulative probability for any point is reached by
totaling the area under the curve to that point.

Cum Probability Variation from Cur Probability
of Completion Te (X O) of Completion

1% -2.32 t2.32 99%
5% -1.64 +1.64 95%

10% -1.28 *1.28 90%
16% -1.00 +1.00 84%
20% -0.84 +0.84 80%
30% -0.52 +0.52 70%
40% -0.25 +0.25 60%

-50% -0.00 +0.00 50%

Table I (Ref 2, p. 222)

Cornmeuts on PERT Probability

There are many sources of analyses on the usefullness, strengths, and
pitfalls of the statistical approach used in PER r. Each of the references
given for this chapter deal with the topic in much detail and should be
examined for a good understanding. Reference I is particularly readable
and complete (see Chapter 4 and Appendix C).

The heart of the method is the technique used for the basic time
estimates for each task. The use of multiple point estimates is much more
useful than aiy single time estimate because experience has shown time and
again that ti t single estimate won't happen and is more often optimistic
than not. (Stitistically, the probability of single point occurrence is zero.)
Even ( ritics (I I ERT, CPM, and network techniques in general, agree that a
range of estiniat,.s is the best approach; the argument comes from the math
used to , orb nie them.

1rving i etimnate the hypothetical 1% and 99% confidence points on
an assrnied h tu distributioni is a pretty tricky business for an activity that
will o( (ti only mnce m=cd has not been done quite the same way before, if
ever. I silig soii.e other type of distribution has been suggested, but each
has its own pitfalls.
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O'im way arouwid the p roblem v ith estinat iri, the k-y points of a
distribtjtin is a method used in Opera : ons Research or decision theory. In
this nlietlhitd we estimate the. probability of occurren, e of cei tain events, or
group o1 events, that will have the reatest eflect on the duration of an
activity. For instaince, tho time re.quired to prepare ano coordinate a
Purchtse Request package with all of the Nupporting do, ument~ition is
heavily d( pendent on the number of problems that are identilied during the
variou, (,ordinatioi cycles .ind must be corrected by revisions. %%e could
estiiate, based on soimie prior experience and (orrelatinig witil other
program elforts, that the whole job should take 6 months with normal
problem~s (nioder ate recycling, for revisions) and about a 70% probability that
we will .crhieve this figure. The other alternatives are estimate.d at 5
months %k ,th miiiinuln probl,,rns, but only a 10% chance, and 7 months with
some mal)r problems with 1-usiness strategy, funding, etc., ( ausing another
month of ework on the pacl.age, but only about a 2096 chdnct, of happening.
We assumi, that one of these 3 possibilities will oc( ur (10,7020 = 100%).

In t1t next section we will show that all of the statistical simplicity of
the PER' I technique is retained with this approach, and the basis for
estimatim: is tied to alternatives within the range of expertise available to a
progran, olice. It also allows us to deal with another network problem
more easilk.

The other major drawback to a strict PERT or CPM dinalysis is that
they boil, concentrate on the critical path only. This becomes a problem
when th- e are a number of other paths through the ne.twork that have a
mean or .xpected time clo:se to the expected length o; the crith al path.
The uncu tainty of completion (variance) for these parzllel paths interfere
with the ',trict critical path results, and there can be a I.ood possibility that
one of these other paths m,,y exceed the critical path l-ngth. The problem
is usually compounded by interactions between the paths. by either common
activitie-s or merging points.

This problem with PERT and CPM has been given a good deal of
coverage in Operations Research and Management Science publications.
Reference 4 gives a good idea of the order of magnitude of the optimistic
bias errors involved if the single path treatment is used.

The example in the reference, a fairly complex program (1,100 activi-
ties) consisting of 11 identical parallel projects and 100 common activities,
was found to be as high as 50% in error (worst (ase) by comparing a critical
path calculation with a simulation involving the entire network. Even for
less severe situations (3 parallel paths) the single path length had to be
increased by 8 to 25%, depending on the average variance of the activities.

Although somi useful techniques will be presented in the next section,
full network simulation (a computer-based technique using many
combinations of possible outcomes for all the activities) is the best approach
if a prograom contains many multiple paths through the network that are
close in expected length to the critical path length. The question to ask is:
"How close is too lose'?' There is a rule of thumb answ-r.
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Re Ik.i cnce 2, 1). 2 19 slo.t t.s Ia iI the dil ferei'e 1. tween tte ,nean or
-,pet t.d values ot two parall.l p.iths is greater thais tk,, e the ldrger of the

two starikt.d de.viations, the errui in using the criti al path only will be less
than a lt\k pert ent. The rule siiply states that tie two distributions are
iiot "intr 1,-l ring" with each other and any joint effe, t caI be ignored.

Iln ummrIarv the PERT or ('PM statistical approach does have some
basic et i oi )urces and we huve covered two of the lajor ones here:

1. tdi activity time estimating method, and

2. sii,,,e path analysis of uncertainty.

Both Of these can cause an optimistic bias in the expected completion
time for a Irogram. Reference I, p. 463, outlined the results of a series of
cases ini %liich the single path analysis of uncertainty caused 1 to 30% error
(optim ti, . The possible error in the basic activity time estimates is
difficult t,. pin down, but is potentially the largest consistent source of
errors, atcr definitely the most important part of the whole process. This
leads to our treatment here of a practical alternate method, which also
allows us to deal with some of the other PERT error sources.

Network Anlysis with Discrute Time Estimates

As d +c(ribed earlier, the upproach is based on estirriating several
alternative for an activity with each tied to the possibility of a discrete
event, or roup of events, o-curring that will have the greatest effect on
the time nr.wded to complete the activity. The objectives of this method are
to aid the ,.timator by relati i the tas . duration to effects within our grasp
of person. I experience or resources ,nd to still retain the simplicity of
uncertait calculations for the network. it even allows us to apply some
full networ 1. statistical calculations, if the network is relaiively simple or
computer resources are available for simrulation.

As described in the previous section, this approach associates a time
estimate %.ith the probabilit) of occurrnce for that particular task length.
The sum of all of the discrete piobabilities for the alternatives must equal
100%, sin ,e one must occur. This section will concentrate on the network
calculatioi s used with this method and what the results look like.

The niotation used, for ( onvenience, is shown in Figure 19 below. The
activity 0-1 is estimated with three alternative durations: 6 months with a
50% probability: 6(.5); 8 months with a 30% probability: 8(.3); and 10 months
with 20%: 10(.2).

6(.) Te = 7.4 months
8(.3) 4. 2 = 2.44

10(.2) 4 = 1.56 months

Figure 19
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I ,t-it - rti c vveral \.ay, to dr, .ith this (list tt-te typt of -tatistical

distriiit,,n, btit e.e will uN,. thli sit )lest first ( lRctrtii' e 5, p. 91-95). To
talcul.ito tht- uxp'( ted or in+ear tim, iultiply each alternative honyth by the
prob,!)ility ot o, cclrrrcnce and sum tl,,. )roducts. In this case:

Tt- 6 x .0 , 8 x .30 10 x .20 7.4 nnonths

Thu variance (or spread) is git-n by squaring the difference between
each tin t-stin.ate and the mean, multiplying again by the associated
probaiiltity, and adding the products, ot:

It" (7.4-6) ? x .50 + (7., -8) 2 x . ;0 f (7.4-10) 2 x .20 = 2.44

Th. sta lird deviation is the sqkuare root of this:

4 V'2.44 1.56 montns

, ith these paraineter,. we can proceed with the saine single path
probo'idlty calculations as shown with PERT. That is, the expected length
of a pth is the sum of the activity expected lengths and the total path
variL, ,. is given by the sun of the activity variufices. We can also apply
the (Cvttral Limit Theoren, for about four or mce aciivities in series to
give i:n approximately normal final cistribution, as )efore, with the variance
and mean known.

S-) the e timating process can be improved while still keeping the
simpli, ty of (alculation that PER1 gives. But, for "trouble spots" in the
netwcrk %khere the single path analysis is in errt r, we can uso another
appro., i to deal with interferring jpraflel paths.

lit this cast we assume two activities are constrdined at the start and
completion events, as shown in Figture 20, the expected times are close to
the s.i e length, and the standard deviation of the shorter path is large
compairtd to the mean.

0r

7(.2) Te 2  10 months
l00.) r 3.0
12:(.3) 4 1.73 months

0.0 Te 2 9.9 monthi
8(.6) if2 11.49

l5(.3) j" 3.38 months

Figure 20
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l'o .sI, ulatc the effect ol bith v. tiviti',s tog'-tl,,r we iftst tilt(d the
joint priohLtbility liAr ibutron ind th ii ( tila the exj( ted tir (- ad
VJl IJItt llo Ill it.

lht" joint di ,tributon d+-lile', J1 of the I, O)lt.- onhiidil )fls of
tcoinphetior, t iis lo, botf, .activitit", lo ig with, the prob.bility that mr ry pdir
of tines Aill o,( ur togcti'r. The longest int. of tl,,++ ,Jir i+ chosen for the
joint proh.ibilitles hte dU, it is Tihe 3me thut ( , r.r t ,1c di stributioui (both
must bL . onpletd). In this thd' e tl i probability ,, task 0-1 taking 10
ioinths iS SO% and that ol task (,-2 for a 15 month di, ati ".n is 30%. The
probabilit of both of these alternat ives (X iirrrig r tht. product (,, their
individual probabilitio-, or .'(i x . r .15, or a 151 ( dril( . But, f this
happened, task 0-2 would (ollst aill tit, total collll i let to ', 15 month total,
so %ke get a joit probability o)f 15 (.15).

The t,.tal distributio)n ( *ill !)-- -'t ,pill rI a implte - ,ti ix '.town in .ble 2.
I r e+.h rnter-,wction ill tilt- Natro', ti piobarbilitc'" irt niltiplied Jnd the
loigest titmie ol tile ptir is ( lo tln. We then add all tl,,. prubabilitie>. for any
g:ven length thlat OUk, urs iit the prodict matrix to get i,, ttal distribution.

Parallel - Joint ProbabilityMatri

Task 0-I J'oint Distributiii

12(.3) 12(.03) 12(.18) M.09)

10(.5) l0(.05) 10(.30) 1S(.15)

7(.2) 7(.02) 8(.12) V.06)

6(.i0 8(.6) M5.3)

Task 0-2

Table 2

Table 3 stiows the resulting distribution arid the new values of
the expected time and the variance. The expected time is increased by 16%
and the joint standard deviation is inbetween the two original %alues.

S-9
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Task I ci.+,th (Prohability) Te 2

15 (.09 .15+ .06) (.30) 4.5 (1 1.6-15)2 x .30 z 3.47
1 (.0 3 .18) (.21) 2.52 ( 1.6-12)2 x .21 .03
1 (.0) + .30) (.35) 3.5 (l 1.6-1 2 x.35 l 2 .90
8 (.12) (.12) .96 (11.6 8)2 x .12 1.56
7 (.0?) (.02) .14 (11.6 7) x .02 = .42

TOTALS: (1.00) 11.62 2 6.38

Tv 11.6 tionths vs 10.0 from single path

d 2 6.38

- 2.5 months vs 1.7 and 3.4

Table 3

Ttis procedue can be used in simple cases thitoghout the nt-twork to
take iijor inte,,actions into account by cofideiising them it,to single
equiv.,cjt activities. Larte scale interactions, tu' h as long parallel paths
inust be treated by some form of computer simulation. Thme matrix
calculations get out of hand quickly!

The important thing to remember is that after you have identified areas
of a program schedule that will cause errors in a criti al path analysis, they
must be dealt with somehow. Even a "seat of the pants" addition of 10 to
20% to account for the optimistic bias in the mean is better than nothing.
But if you can deal with these areas quantitatively, the rule of thumb or
management judgement can be left for issues that roally don't have a better
alternative. The schedule st.,rts losing its value as a well disciplined
communication device if we let "windage" calculations take over.

The discrete probability calculations can also be used to condense more
(omplex areas in the schedule. This is done in steps to combine sequential
aictivities and then the equivalent parallel elements. Figure 21 shows a
typical problem area that cannot be treated with the critical path only, and
it can be reduced to a single equivalent activity.
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Ser ies/iPjrallicl lutera( t ion

2(.2) Tee 4

3(.2))

0 20Figure421

Th critial path,0-1-3-5,gives a epeed(raonf124mth

witha ~and~rd evitionof .8 onth. Bth f th oter ossile.ath

sincecrieiao at, occurring ie seneeTbe duato sows 1mothesri n

Th reuls rs ortiiis aocviti tesresattes 0-2 and 2-4ad h

Series - Joint Probability Matrix

T isk 0-2 Joint Distribution Result: 0-2-4

2) 3(.04) 5(.12) -7(.04) 3(.04)
-2 .(.12) 6(.6) 8(.12) 4(.12)

4.12.0) 7G3H) 5(12(.16)
2.2Y) 7.1) 6(9.04 6(.36)

I 7(.16)
Task 2- 4 8(.12)

9(.04)

TAB~LE 4
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T1 It tuIeI basi ( pr,., e iirv 1 1, Ied t o g". t trI "'~r al I p( ut)II It prou b I IIies
for paths r,-2-4 in ( .ljUnction with path 0-I-', (r, f.ren c table 2). Then
activity 4 - is a(id(ed in a series iratrix , alcul~itiot givingy d single distribu-
tion that .t courits for iath .0-2-4-5 and the tI f- ts of irltersectiig path
0-1-4.

Th. jetxt step I- to run the straight seri.s C , ulatii,)Fs for the critical
path 0-1 - . Again combining by matrix form and two dt a irne. First 0-I
is cortubil.d with 1-3 and that result with 3-5. (Ngte-: the ar tlnietic is a lot
easier if you round off sensibly and throw out itignifl, ai t points in the
inter ed.o te results, or prograri it in yoir cal( tjlat,,r!)

The !ial it atrix is a parallel <ornbina tion of the t v,) major path
results, .id in th- case it (cotitaiited 9 x 8 +-iriefnts. The detailed
( lt( ulatt,, , for thIis t.xatiple wtere- run iII about art hour atid i half with only
a simuple ( ilculator. As discussed earlh-r, this examiple is in obvious ,ase
where single path tr,.-atinent is riot very accurate aid the r,.sults bedr that
out. The critical path gives an expected time of 12.4 mutIths while the
matrix combinations give 14.4 months for the 50% confidem point. In this
case the standard deviation was almost identical: 1.8 rnot ths single path
versus l.S4 months for the whole netmork, but thetre is ito itultive way to
find that out beforehand.

Full Network Simulation

If you are fortunate enough to have the access to con,,)tter resources
with a networking capability, the hest way to treit this typ of problem is
to make multiple runs of the entire network. In a Monte Carlo simulation
the discrete, probability estimates for the durationi for ea. h activity are
coupled % ith random number generators. So, with each "run' one duration is
randomly s( lected from the possibilities for every activity n the network,
and then a ( ritical path analysis is done giving the total proj,-ct duration for
that run and all the activities that were on the critical path. As the number
of runs made increases, the times selected for each task by the Monte Carlo
method begin to approach the dist rete estimates. That is, for an estimate
of 8 months and 60%, the number of times 8 months is selected will
appro'ach 60% of the total number of runs.

A full network simulation may give many different cr tical paths and
one useful output is the number of times that a specific activity was on the
critical path or its "criticality" to the program. Reference 6 shows a system
that has been used on some Navy programs. It is based ,n full network
simulation and gives outputs such as task criticality and a spectrum of
earliest and latest start and complete dates for each activity. It will also
a( cept various probability distributions, including the discreie type wE have
been using here.

What wke.have presented in this chapter are some techniques that can be
used manu,,lly, but they are also adaptable to a range of automated
treatments starting with programmable calculators to do the matrix arith-

ilceti-.
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l'criatiT, 1 1) trtolity iid lk

No ri -it icr %hic quiaiititati ~c Iiietkiod is iWour objective is to express
thle tot .1i elfc* t Of the- irrdiV~dtual Cilrirerrts of ,(h ed ile uncertainty or)
projgrarrr( ornpletioii. The, keys irc to establish a lIear set of ground rules
for e t no iting scedctile raniges for activities, nfeuitif.' interactions and
iterierdtItrLVliCS, arid U-S a Conisis tent arnd cxplto it method for combining
these in rotal.

Altho igli getting to this point miay seemi anl iii.urinolintable workload, a
final st lit rjule with ( oinpletioii dates expressed as a corifiden.-e range is only
the first rigredient for ri sk a sessrnent. Uncertainty talcrilations give us
aris~kcr- to questions like: "When will I have a 75% confidence of
(corirplet to (" Risk asses,rent at temrpts to quantify the irmpact of a 25%
Chfiil( C Ot no0t Lcon I~ipling b)' th.at sam e date.

We c triot mrake the point too strongly that Schedule performance is
inti'uatel) relited to the (ost o.d technic:al sides )f prograin performance.
Each s.ike can only be separated as a one difmenlsional look at a 3-D problem.
There are dh'AlwiS imTpacts, anld tile trick is to tic the schedule range to thle
other two piroireters in any way possible.

Strrirrary

fIn tii chapter we have covered sorne fairly straight-forward methods
for (lealiri , with schedule Uncertainty in a quantitative fashion. We look,!d
at the Pt-lI'T probabiity treatment, some of its shortcomlings, and presented
several w. ys around PERT or CPM problem areas.

Statistical methods can be employed to quantify the collective wisdom
of programn participants about when tasks will be completed. The results
can he used to define risks inherent in plans and budgets. The methods used
should niot acid significantly to the normal errors in the basic estimating
process, so imuprovemrents to the input data (i.e. by ad& ing sources) should
increase the overall accurocy.
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APPENDIX A

LIST OF ACRONYMS

A- ESD Comptroller organization

AIPE - Automatic Fata Processing Equipment

AI CC - Air Force 'ommunicat.iorii Command

AFLC - Air Force Logistics Cornand

AFSATCOM - Air Force Satellite Communications Program Office (ESD/DCK)

AFSC - Air Force Systems Command

AFSC Form 1,6 - AFSC Program Direction

AMETA - Army Management Engineering Training Activity

ATE - Automatic Test Equipment

BA - Budget Authorization

CA - Contract Award

CAR - Command Assessment Review

CCB - Configuration Control Board

CPC - Computer Program Component

CPCI - Computer Program Configuration Item

CPM - Critical Path Method

CPR - Cost Performance Report

CRISP - Computer Resources Integrated Support Plan

C/SCSC - Cost/Schedule Control Systems Criteria

DCP - Decision Coordination Paper

DE - ESD Civil Engineering organization

D&F - Determination and Finding3

DSMC - Deferx;e Systems Management College

DT&E - Dejvel,,pment Test and Evaluation

EEC - Earli.:-t Expected Completion time

A-i
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:: - : ::trLc lyzt..rn Divi irJ

"CA/' 'A - Fu,:tional Conl'i6uratiui, Auitli'hysicj or.l'iguration Audit

GFE - Govtrru:,,nt Furn~shed Equipmerit

IG - Inspect, r General

ILS - Integr,.ted Logi.;tics Support.

iLSP - Integrated Logistics Support P1 a,

IOC - Initial Uperatinal Capability

1OT&E - Initiil Opera' ional Te:st and Evaluation

JAG - Judge [dvocatc (;eneral

LAC - Latest Alloiilile Completion time

MIPS - Maste Integrated Program Schedile

MIrriL - MIT Iesearch Engineers Corp. - ESD's Systems Engineering support - a
Federal Contract Research Center.

MOA - Memorardum of Agreement

OPR - Office of' Primary Responsibility

PCO - Purchasing Contracting Officer

PERT - Progrzm Evaluation and Review Technique

PK - ESD Cont acts organization

PMAG - Program Man igement Assistance Group - HQ AFSC

PMD - Program Nanaiement Direction

PME - Prime I i.sion Equipment

PMP - P-ograt, Management Plan

PR- Purchas, Requ,!st (AFSC/AFLC Form 36)

PWBS - Progr, :n Wor. Breakdown Structure

RFP - Request for Proposal

SACDIN - Strategic Air Command Digital Network Program Office (ESD/DCV)

SPD - System Program Director (als3 called SPO Directtr)

.]PC - System 'rogram Office (uaed iame as Program Of:!ic( here)
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SOW -St -muint of Work

If-hMP - T~tand Fviluatiori Mas~ter I'l~in

,ti ii - i i ica iribA'mcitiol Procct,:,. 1rig arnd lrti',tdt.tiun Program Office

Yi - ISD 1hiri Operations organization

W!, Work brt-akd-,wri Structure
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