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NETWORK ANALYSIS AS AN AID-TO MANAGEMENT

. 4 September 1963

. COLONEL MARTHENS: Admiral Rose, Gentlemen: First may I refresh your
memory concerning our procedure this morning. It is a little different from the
normal procedure. Each speaker will have a short question period after his
presentation. Will you please relate your questions to the subject matter and
keep your more general questions for the larger time period set forgguestiéns later
in the morning.

We asgk this‘sinceﬂogr‘mornfgé'speakers have kindly consented to form a
panel right here on the platform at which time they will field your questions
that might overlap into more tﬁan one of their areas.

Next I am sorry to inform you that we have a change in speakers listed for
this morning. Mr. Fouch, the Deputy Assistant Secretary of Defense for Equipment
Maintenance and Readiness, had planned for some_time thibewith us this morning,
dven though he would have had to fly here this morning from New York City to be with
us. He is in New York where the DOD is putting on a program for top management
in business, called the Valueg Symposiums. But late yesterday afternoon, he found
that he would not be able to pgme this morning to be with us.,

Mr. William.éusqhman, the Assistant for Industrial Management Practices of

* .the Office of Assistant Secretary of Defense, Installation and Logistics, who will
léter_agaihusPeak;to you this morning on future programs of the PERT Coordinmating

% tCommittee, has very graciously volunteered to make Mr. Fouch's presentation to us

on.management .and networking techniques.,

Gentlemen; Mr, Buschman.



MR, BUSCHMAN: Gentlemen: 1 have been advised a number of years ago
by a spegkar whom some of you may have heard at one time or another, Joe
- Powell, a. very fine talkers Hg said,.“Alyayq-get a symposium before you, because
this enables you to check and see whether you are all zippered up before you
talk,m

I am going te--dwell for a few wmements on the motivating forces that caused
us to go into networking agalysis and to go into PERT, which is our basic system
that has been developed for this purpose. These are the forces that are causing
men such as Secretary McNamara,VSecretary Head,s Secretary Morris, and Harold
Brown, the Directof,to have tremendous interest in this program, to the extent that
Morris would develop his own presentations and do it himself in this field for
the Secretary.

The best example I know of to illustrate what we are seeking is a study
known as the Weapons Acquisition Study by Merton and Peck of the Harvard Business
School, 1In this study they took twelve major programs of the Department of Defense
and anélyzed the original bids and analyzed the final costs of these programs.
Théy“found that the g#érggefgmogg;these tye1ve‘programs of the time overrun on the
programs was 1.36 .against 1. This meant thatu§hey exceeded their time in effect by
at least 36 percent, some of them as high as 2.3 and below .7 or an underrun in
terms of time.

Mo;ewstrikng gnd_mo;e §ost1y ip'qffe;; to us was the cost overrun, which
-was 3.2 times as an average over ;he ériginal bid; These ranged from again .7 to
- .as high as 7 t;mg§‘tye_p;ig§nal b%dg‘;pat had been submitted by industry.
~ This.is a startling series of figures and, believe me, it is a motivating
. f$rce.. What does this mean to us? Now, thesg are not all just poor management.
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Some of them are changes in the program, but changes in the program that had nogt
been foreseen and had not been planﬁed properly to begin with.
This is where our program, or PERT, begins to take effect. We find, of course
that the originallbid is.not just tﬁe'fault of the manufacturer. It's not just
a case where he w@nts to bid on a program, an event. He is partly to blame, but
we say we are partly to blame in not telling him what the program really is to be-
gin with., We say that in order for the manufacturer to do a better job we must

give better guidance.

¢
i

_As Coionel.Bennet;,.Who.will.fnllqw me, will}give you a netwofking.analysis,

: you wil1.beua5le,to~§eg;how;this,can bg imprqved through the network technique,

thraugh planning. We say we must enter into the picture at the time of the re-
.‘quegt,fqr proposal, .?his means then that we must develop what you will see is a
ﬂwork.breakdown.strggtgre qf‘what ;he item is to do and what it is to look like,

and we must give this kind of guidance to the manufacturer so that he in turn can
.do.a better job iﬁ.pipgiggw;his‘cost_curyevapd this time curve instead of having

it .go.like that from the original bitﬁ—to tip it like that. In effect it doesn't

appear that we are saving money becauge we are raising the original bid up to where

it should be.

We are attempting to cause the manager, right at>the time of the request
for proposal,. to know more about this program that he is going to bid on and to be
able to communicate better to us.

The seéond phase, then, that becomes very important is in the contract
negotiation itself, that this same type of network analysis is used there again,

a better planﬁfng tool, a better desc;iption of the program, and as a consequence
a better ability to communicate to you who haYe been procurement officers, to you

'
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who have'been~§0ntr&ct negotiators, so thgt‘you can commuﬁicate together and go
" that yeu can compare better.
) We have some very excellent illustrations of this. When the DOD and
NASA Guide was issued, we required that each servicé apply PERT cost to at
least one major program . Now, in fact, each service applied it to more, and
we have regarded all éf these--TFX, Mauler, Lance, Subrock, Titan, . the séfies-of
programs of the BuShips to be tests, to prove this system out and to learn from
it. /

Lance ié an excellent case, because here we had the use or the requirement
of PERT coét in the request for proposal, All the Government did was say, "Use
PERT cost.”" About this time the DOD-NASA Guide came out and again they said,
#'Use the DOD-NASA Gﬁide,"

So it wasn't any true guidance. In other words, we, the Department of
Defense, were not using it ourselves to give them the guidance of breaking this
thing down first and defining it better so they could use it.

As a consequence, eight proposals came in from industry, and you couldn't
make head nor sense of any of them. They just didn't communicate. They went
into a program definition contract, and here they gave a work breakout structure.
It broke this item up into its detail. It was a product-oriented work breakdown
structure, going into the components, and gave some form of network for them.

For the first time clarity came out. The manufacturer knew what the

-Government wanted, anq”asva‘conSeQuence, when the bids were received, they could
communicate. The contract negotiators understood and they could compare. As the
Army expressed it later, "They were excited, truly excited, about the potentialities,"

because planning had gone into this and discipline had been exercised both on
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themselves and on industry to present a uniform method of communication.

And of course the third phase is contract management. In PERT and
in the networking analysis tha% we adopt here, we are striving for a system.

We are not just giving reports to inéustry and saying, “Fill out these re-
ports." We are attempting to get a system below this that the contractor uses
and that will provide these data.

This 1s important because in this way the contractor will also usge this
system and he will make decisions based upon these dat:a»o We will make decisions
based upon the same data. The program manager will use it and on a day-to-day,
week—-to-week, month-to-month operation we can both feel assured that we are
looking at the same primary source of material.

This leads to another objective of the Department of Defense. That
is our PERT Coordinating Group which is striving to obtain uniformity. Obvious-
ly, if the Army or the Navy each go out on separate programs and go to a con-
tractor and they have a different system, this is going to become costly. If
you add to this the Navy and if you add to this NASA or the AEC, you could have a
series of systems each feeding up with different reports, each requiring different
techniques, each requiring different computer programs and different language.

The‘fir;t thing that would happen would be that the contractor wouldn't
use any of them: He would develop his own. The second thing that would happen
would be- that it would be extremely costly. The overhegad would go up, and we
would be charged for everything, including probably NASA's and AEC's costs,

So we é;e striving for uniformity. We know that you are not going to get
standardization as such in a system of this type. You mgy not get complete uni-~
formity. But what we will avoid is disuniforgity.
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Why is this all important to us? Obviously, if the programs are put into
effect and we don't succeed in-tipping this cost and getting it to a more level
effort and reducing this cost, as the program goes down the line it requires more
money. At this point we say to industry, "If you had submitted a good bid and
didn't come back in for this additional money'"--and even in fixed-price contracts
we have had to bail manufacturers out, as you all know--"the program you would
have saved might have been your own."

We can say this to you, too, because. coming in for more money means that
some other program which has been programed in the budget or with Congress, and
so on, must suffer. As a consequence you get this tremendous machination of pro-
grams and trading off back and forth, which can be reduced. I don't say it can
be eliminated, but we say it can be reduced. It can be reduced sharply. We also
say that, with a proper bid in the first place, the program cost may go up but it
isn't going to go up as much as it would go up if you had to make the changes as
you went along.

These, then, are the motivating forces. These are the effects, the overall
effects. And these are the objectives that we are attempting to achieve. As a con-
sequence of the.development of this program, recognizing that they, too, have a
problem, such agencies as the Atomic Energy Commission have come inr and have be-
come a part of the PERT Coordinating Group, also NASA, FAA, and the Bureau of the
Budget. You will hear a speaker from the Bureau of the Budget this morning. And,
tof course, we have the Army, thg Navy, and th?_Air Force. All of these organizations
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are striving to obtain this same uniformity.

We are selfish about it. We have offered them the use of a PERT Orientation
and Training School that we have. It hasn't cost them a nickel so far. Why?
Because we know that if they develop their own systems it will cost us in the
long run; So, while we seem very gratuitous, very kind, we have selfish motives
for doing this as well.

COLONEL MARTHENS: Gentlemen, Mr. Buschman will accept a few questions.,

QUESTION: Just how far along is this program mbw? Is it in effect?

MR. BUSCHMAN: It is in effect. This is something I do want to go into
later when I come up for my nmormal tour here of telling you exactly where the
PERT COOrdinating Group programs and projects are.

Let me say this: We have these ranging from six major programs to about
fifteen additional programs in being. We are at a stage now where we must evalu-
ate.these'tests; This memorandum has been issued by Secretary Morris causing an
evaluation of this. Our crucial period begins right now, to evaluate these so that
we in turn may ultimately issue a DOD Directive which broadens the actual applica-
tion and establishes the criteria for the application of PERT costs to many major
Jprograms,

At the present time it is up to the service to apply it in &as many more
programs as it desires. We have several kinds of tests going on. The Lance test
was righé:at thé outset of the request for proposal, on program definition. The
same thing is true with MMRBM, which was at least used in the program-definition
phase. TFX was:not used in the program-definition phase, but was set up at the
initfatioﬁ of tﬁe contract. PERT cost was applied to fhe Mauler Program when 1t
was qlreédy 25 ?ercent along the way. This is an important aspect of the study.
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Subrock, on the other hand, was 50 percent along the way and going into produc-
< tion when the PERT process was éapplied there,

So we have these different kinds of tests which must be studiéd° This will
take place in the next 3-month period, and at this point--plus an additional test
that.we have~~-we will be able to say, "You apply it to all these other programs."

Dr, Brown has already said that come the first of the year you will apply
it to a very broad scope of programs. We want to develop more criteria for this
and provide better assistance in the process.

QUESTION: Sir, will you identify specific program changes which in the past
have adversely influenced cost on any.particular program?

MR, BUSCHMAN: Specific program changes? 1In what sense?

STUDENT: You made the statement, sir, that the cost overruns were admittedly
due to the program changes.

MR. BUSCHMAN: Some of them are due to program changes and some are due to
mismanagement.

STUDENT: I would like you to identify for any particular program, if you can,
those program changes which had an obvious adverse influence on the cost.

MR. BUSCHMAN: I can tell you one on one major program. This was the Titan IILIL,
As they went in to analyze it, they found that the vehicle that they were using, I
believe in the second stage, would cost twice as much and would provide only half

che payload that ;hey had expected it to do. As a consequence, they had to change
+the program in the sense of moving that vehicdle out complefely and ﬁﬁtroducing a
new vehicle at ghis stage. This is a startling thing. It was something which
should have been known well before they got as far as they did into the program.
But the important thing is that they found this out during the program-definition
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- stage and-well before they sta;te@-the.development—prog;am.

. QUESTION: I understand thét this is applied to product- research and develop-
ment. Ig this to be al:dl or can it be applied to the basic information research and
development, such as the many contracts with our universities and also in-house
laboratories?

MR, BUSCHMAN: Let me put that this way. There is no requirement to apply it
to the types of programs you describe, but PERT, or networking analysis, can be
applied to any once-through objective-oriented program. You can do this for a
committee operation, for a task force. You can do it for your staff work. PERT
begins the.day you start the network.

ST wa will identify tour ultimate objective and work back from tﬁis, and
look at it as though it were hindsight--for years we said hindsight was best--

.and lat’s:assugé that we have accomplished the job, we ask, "What was it that we

- accomplished, and what was the last tHing we had to do to accdmplish thig?™ We

‘huoﬁknbackﬁard.instead,oﬁ‘lopkipg forward and saying, "Gee, I kpow just exactlj.What
I am dping," when we are abput a third of the way up the!nétWOtka . You stop and
skip.b You work it backwards on anything you do. You canibuild a house doing tﬂis.
You can apply it to the study that you are doing or the book tﬁat you are writing

. .or the report that ypu are writing.

-QUESTION: .. How.was NASA intggra;ed into the uniformity program?

MR. BOSCHMAN: NASA is a participant. NASA has what they call PERT and com-
panion.cost. PERT and companion cost does not rely on the same system. NASA adopts
our principles. NASA can-use the same report, It»depends on whatever cost system
exists in an industry. |

There is a very, very important point. :They are planning upward from what
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we would call the program manager on upward. We are planning our system for the
program manager and later we will add the upward aspect of it to the decision
’ making process.
= 1 say this is important because, particularly in the development phase, we
have not had a cost-accounting system in industry. Induspry knows this. ~Our .
-ma jor programg were production, where you could accumulate cost on a functional
basis-—design engineering, manufacturing, assembling, et cetera--and you had com-
pleted units coming off all the time to define actual work being done related to
that cost,

When you get into a development program or a multi-development program, the
-whole unit is it, and it may be 3 or 4 years dong;  If you accumulate costs on a
functional basis, you've got a bookkeeping system and that's all.

‘PERT breaks that down, breaks the i;gm down, so that the Qaribus.eleménts of
it take place, We.go down.into what we call work packages. The various elements of
-that take place .at different times. As a consequence you can begin then to see
actual work that is completed. .You relate that to cost and you've pot.a.cost system.

In the companion cpstnthgyjralyton anything that is available. .Ultimately,
with the wide adoption that is taking place. in industry, the whole system will back
up the PERT and companion cost completely. We will have added upward and we'll have

identical systems up and down the line.
- This is just initiation in a different way. The principles and concepts they
believe in. |

Let me mention one other thing. We've had many conferences with industry

at the outset of this program. I think, to put it in industry's words--Jim Hanlon

of RCA4and.Lou*§bh:9ff of Western Electric are right now writing a report for the
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DIAC, the Defense Industry Advisory Committee, on Industry-Government Relations-—-—
if, in programs of this type, the Department of Defense will only work with industry
at the outset, they will get . participation, get a better program, and get better
understanding, and they won't have trouble with industry.

They say that there is only one program on which this has happened. They
didn't identify it in the report, but they told me it is PERT cost. We must have
had four or five such conferences, at least three or four organized by Colonel
Bennett here, much to his credit. It has been a help.

COLONEL MARTHENS: Gentlemen, we can come back to Mr. Buschman a little later.
Thank you,:Mr. Bugchman, for bravely stepping in and starting off our morning on
networking and PERT.

Now, gentlemen, It is my pleasure to introduce to the group Lt. Colonel John
J. Bennett, who is Chief of the Analysis Division of the Air Force Systems Command
at Andrews Air Force Base. He is also one of the leading experts on all aspects of
the PERT system. We are fortunate indeed to havé him with us today to discuss what
1 thipk is one of “his most favorite subjects, Networks Systems and Analysis.

Gentlemen, Colonel Ber_mett.

- COLONEL.BENNETT; .Thank you. Well, I guess you mighé;say I am on the receiv-
ing end. . This is the position you“may.fipd yourselves in:ﬁhen yéu finish school
here. ‘

.There isnafﬁighwlgygl;ofvipterest in%?ERT and some of these new, advanced
management techniéUes, and I have been affected. :During the last fiscal year
myself and two otﬁers from my office have aétende& 325 meetings in the Pentagon.
This is more than one a day. So this to me is a high level of interest.

I think I'd like to start off and try £B‘p1ace PERT in perspective initially,
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because it is just one of a series of new advancements in management techniques.
I'd like to say that it has been primarily in the development area, but it has
considerable merit for application to administrative tasks and things of this

-~ nature.

A recent survey of the Army, Navy, and Air Force shows that there are al-
most 800 applications of PERT in the services today. I think this is far more
than I personally would have any knowledge about or would have thought existed.

In the Systems Command we have over 40 major applications. This has been growing
since about 1959. Some of these are small. Some are a part, and some most recently
cover total major systems.

Let me start off with Chart No. 1 and tell you a little bit of how I see this
fitting into the picture. What is developing really is a new organization and a
new way of doing business. We are developing the Systems Command. I think you will
find this in the Army Materiel Command and in some of the program project manage-
ment offices in the Bureaus in the Navy now. Navy is starting to move toward pro-
gram management.

We are developing a command management system. PERT is one of the aspects of
this. Really, our job is systems acquisition. We are acquiring missile, space,
aircraft, and electronic systems. We are really trying to produce these products
and at the same time control resources. These are the two management tasks that we
have,

Our particular system is just one part of an Air Force system, and these
three particular management systems that are developing today all are being respon-
sive to the Department of Defense. This is the big motiving factor within the

services.
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(Slide) * New; leeking~at the next elemént, the management actions that we take
in the product area, this.is systems managemt and the nonsystems managément. Ve
manage the B-70, MMRBM, TFX, and Titan 1II. These are our products. These non-
systems are support producté~—persdnne1, equipment, aeromatics, base support, and so
forth.

Resoutces break down info the functions. Really, in the product area, we are
trying ta;tékeuaéﬁipns and control time, cost, and performance. And over in this
area (indicating) traditionally.&re men, money, and materiel,

(Slidﬁ) This breaks down into the typical management process—-plan, control,
performance, and so forth. I have here a subsystem matrix. This is the system
management cycle that you run through. I would like to blow this management cycle
up on my next chart and give you more information on that.

(Chart) That's quite large. And it's about fhis large, really. .This .. .
.acyoss here (indiéating) ig the cyecle we.run through.. We have a conceptuél phase.

- This: is .advance research, program indoctrinationsvwhich has been most recently
~ developed, and then there is our conditional development, condﬁcting, and
operating phase.

These are some of the processes that we run £hrough here. We have a top man-
agementlréporting cycle. W? have general conceptual program documentation. We run
~mthrougﬁwa systems:def;nition cycle,_scheduling,‘financial, prbgram'budget9 pexr-
formance., |

Then we get i“t°v$9m?‘?f the support areas here-—document control, cost analy-
.8is, interface, contract administration, aqﬁ“insPection,

Now, I couldfshow it on this chart, but our initial inventbry shows that
there are 85 new techniques developing here, all the way along. I have shQWn4some‘
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of these that comé in here--stystems of force structere, costing; new configurations,
man&gementmtechniquesy stapda:d PERT networks in this area, de&eloping the plantines
.to”su?pq;;vthe_SEOfsa ;q.iwprove techniques. gnd of.cqﬁrse here in the scheduling
is has;c EERT,fagd itﬁgoes.ononer to the line of balance.

I'd likevto get across to you just one point, that PERT is just one of the
techniques that are developing. It fits into a total management system in the
research and development area, but it's an important one. I think that is why we
are here today, because it has been recogniied as being important.

(Chart)_ What is developing in each of these proéeéses is a building-block
concept. In this particular ong, in PERT, the scheduling and costing area, we
have a qontréctdr {déﬁa‘ base., In some cases we would héve a functional dataj
ﬂ.bgseﬁwqrAsome;hingrqfvtbis natute. Information in.furnished out of the datatbase
in the form ofvPE#T cost for the costing area and DCPR. I am not goihg to touch
..0p.t§is°’ I?leiu%t gg.y_i;hafc‘.\t;hisnis/,.?lgf,ense?‘cgntrac.torg.man‘report‘5 and it gives
\fyouwmagpowarmda§a9.ﬁiggncgal.gtatusudata of.g.hiStorical nature, and it gives ypu
.cost data.  This data phase is used by the brogram manager for day-to-day madlige-
.ment.control.

(Flip) This information feeds up the line in this particular case into a
system called Whistpact. This is the computerized altarhythm system and provides
you simulations of the . individual programs. It answers the questions:
Should we go? No geo? What if we stretch it out? What if we add more money?
and things of this nature.

(Flip) Last}y, this information feeds up to the Department of Defense
and Air Force into & system called Prom. This is force structure costing. Again

it is computerized information, looking at the-individual programs, answering
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questions, one as to the same dgga’ ° base, and looking at:the total force, com-
paring one system to another.

This is one of the building blocks that we see developing. I will show you
the one on PERT a iittle later ons 1 wanted' to bring this concept to you at this
particular time. |

(Chart) Weli, here is what we are saying we are doing. We are going into
integrated management systems for program management., This is a sort of servile
mechanism. We are attempting to do a better job in setting our objectives and
planning, controlling time, cost, and technical performance, as I indicated before,
measuring results, and manipulating resources to do a better job in this area and
get a product done, hopefully, for the most effective optimum cost, and the best
that we can buy.

(Chart) PERT time came along in 1958 throughout the Polaris Program, which

I think is a Navy submarine. It was really the first step toward achieving this

-integrated management system. 1'd like to runm through for you some of the things

' - PERT time has been attempting to accomplish,

(Chart) We see it as an aid tolscﬁeduled planning. As you see, you people
~who‘inow more about it, PERT time gets into estimating and so forth, but it is a
~framework for later setting your schedules. 1'll cover this a little bit more as
we go along. |

(Chart) We think it highlights areas for management's attention. We see

it with the critical path, which I'1l1l explain. You are able to see which of your
" particular milestones and your particular paths or programs are the ones that are

in trouble or have a potential for being in trouble, and highlight them to the

manager and people who have this information. |
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(Chért) We see it as aiding communiéation. We commit our plan to paper
in a particuréf system, as understood by the person we are talking to, and we
find that we ;aﬁ coﬁmunicate with hi? muck easier and faster, particularly as it

pertains to chgﬁges in the prograi. ?
(Chart) We find that because we have dbne this planning, bécause we have
this base line, that'we can save time, again particularly in the replanning area,
-the communications-ared, and what have you, and we fipd with EERT.that-we,are»able
to focus.attention ¢n -more different actions. We are.able-to show the interfaces
- -between contractors, the ingfrfgggslye&wegnwcontractgrsiandngovernment»agenciesg
ﬁwanéﬁactivitiés of this nature.
(Chart) Here is the PERT network. I think we're going to have to get a
little bit of ithe terminology here. .It's.a_little bit differeat. A, B,.C, D, E,
.Nnhe7c;xc;g§,Wa;efﬁﬁgtﬂwg”gallmgvenps. These are just.moments or points in time.
wihey?dofnot7¢9n§umeﬂa§y“;g§pgg;gs,u,@hey are milegtpnes. _When you sign a document,
.Wﬁor“exaigle,“;hat,is‘gnjgvgntgZ:Bg;ween.;he‘gyents we have activities, and they are
,Hcgllgdmactivities.‘;th§g;%;pgs (;nd;e&;{P&)irgppgsgpt the.use of resources and they
- wconsume . time. ”Ihgtyp;kvggqe_inimggngyfingl.q;gwipgs is an activity. This is where
we will do our estimating and so forth.
Overall we have here a network, This is tﬁe mark of the PERT time technique,
Now, what does the network give us? By using a:series of events and activities, we
are able to show the dependencies and tﬁe interrelationships between the total job
of work to do. It is deceptivgly simple to understand theory, but implementation of
a large prdgrém‘beccmgs quite ﬁomplicated.
The first thing, as Mr. Buschman indicated, is that we set an objective.

You can work this either way, but basically it .appears to be more acceptable to
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work it back. 1 am going to accomplish semething. What am I going to have to do
to do that? I am going to have to do eveats E and F. These two parts of the job
~must be completed before the eﬁd objective is met. So I put these on a piece of
. ;paber and indicate the activities that must go on between these. 1 continue to work
back. To accomplish F I must accomplish events C and D, which will be part of this
activity, To accomplish E I must do activities B and C. In other words, events
E and F are both constrained by C. These two events are dependent on accomplishing
C. I work on back through the program until I get a starting event. I begin pro-
grams, end programs, carry out these activities, and accomplish these events.

That is the basic theory of networking.

(Overlay) The next thing that we accomplish is to indicate the time esti-
mates, and if you are in a program that has uncertainty you can indicate three time
estimates. 1In this case let's take final drawings, and we have estimates of 5, 7,
or 9. We think that normally, if everything goes right, we will accoﬁplish this
particular task in 7 weeks. However, if we have anything go wrong, it will take
9 weeks. Under the most ideal or optimistic conditions, it will take 5 weeks.,

This is a three-time estimate for this part of the technique.

Now, the date of distribution we are able to compute and come up with a
statistical average. In this particular case the average would be 7. In this
particular case (indicating) as you can see, the average would be skewed off

_more toward between 7 and 14. This is usually done by a computer. In most small
projects, for administrative uses and so forth, we use one time estimate. If you
have a program that has some uncertainty, some unknown factors, you might use a

.;combination of one and .three time estimates., The computer, if you are using a

computer, will handle one or the other.
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After you have made your time estimates (Strip) and computed your statis~
tical average for your one-time estimate, you (Strip) thenm go through the program
and add all these facts up along the path. This particular path here is 3, 5, 8,
16 weeks to accomplish that task: This particular path here (indicating) is 4.5
and 8, 12.5, and 6.5 in 19 weeks. So you can see that this particular path
through the program is longer than this path (indicating) and it happens to be
longer than any other path that you might take.

This is another b;t of terminology. We call this particular Hath the
critical path, becquse any slip in the time along this program will be a slip in
meeting this end objective, If it takes 7.5 weeks here, this objectiveAis going
to be a week late. However, on any other path, a week will not have that effect.
A week on this total 16-week path may add a 17£ﬁ week up there but your program
will still take the time along the critical path of 19 weeks.

(Strip) Well, PERT has actually grown out of a need for showing this inter-
dependency and this interrelationship, and has evolved out of Gant charting and
outfof milestoning.

Here you see the typilcal milestone again--information. Let me show you what

we see as advantages and disadvantages with the problems in pure @ileétoninge
Here, for example, we have along the product milestone the cabling drawings,

the bréad—board assembling, and so forth, along with systems integration and

flight tests and vehicle drawings.

Let me shQW’yoﬁ this same information on a PERT network. (Strip) We
take all this and show all the interrelationships and the interdependencies.

Now let's take this flight test vehicle drawing. We ask ourselves the question:
Is there any effect on cable drawing or bread-hoard assembly on a different
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milestone and guess time than on the flight test vehicLe»@waing? Well, the nor-
mal reactopm- is, 'No, theré isn't.,’ But, when you put it imto the PERT net-
work, we find that cable drawings must be completed before the flight test
vehicle drawing starts;‘as digges the bread-board assembly. Now, we can answer
another question. A slip in cable drawing definitely means a slip in the flight
test vehicle drawing, but it's on a path that has additional time, or a slack
path, so that the probability that the total program will slip is not as great.
But, if you take the slippage in the bread-board assembly component, which will
have an effect .on.the flight test vehicle, and slip this somewhat, this particular
event is on the criticalbpath, so a slippage in this will slip the total program.
Let's go back again to the flight test vehicle and ask what the slippage in
this particular event or milestone will have .on.some things out here (indicating)
the flight test bread board assembly. We look at our PERT network. Normally if
. we saw this slippinnge-wqgld probably want to put in overtime to expedite this.
But we look at the flight test vehicle drawing and it has no effect, really, on
the bread-board sys}ems.test;, :?a:ﬁ%éédéboard systems test is on another path
in the particular program,. But it is critical. It is on the critical path.
Basically.tha;!s‘;heTEERT technique in use and how you would analyze to use
the information.
(Chart) This gives you a sample of one of the reports that we get out of
PERT. thgi the sa@e.milestone informatipp, to indicate whether we are ahead pr
ibehind on the overall pla.n_o This partiéular milestone 1s 7.2 weeks behind. Out
.here (indicating) we get additional inforﬁation, usually on a milestone printout.
We'll get the expected time on this particular printout. It comes out of the com-
puter. You get a barrier. You get the latest allowable time. It's expected on
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this date, but the latest time that we can have this without having a slip in the
program is this particular time.

Addition&lly it indicates the schedule, if you have one schedule. On this
form a little m is added by the analyst to ind;cate that he feels that management
action 1ib reduired. Of course, with this particular chart goes a narrative analy-
sis.

1 think we al] must recognize that PERT is an aid to management and not
something that actully makes decisions.

(Strip) As I;indicated,mPERT time, ;he_schedgling technique, has been ap~-
- plied since 1959. Within the last year we have.seen.PERTicost develop. This is
what Mr. Buschman Vgs.taikipg%abput,.wi;hwthemmajor service tests:going on in

: ; the
the Army, .Navy,.and Air Force, This is the latest step toward achieving/integrated

management system. ‘

- (Chart) What has been our problem? I think Mr. Buschman cévered it
rather nicely. 1I'd like toc repeat it: To édditionally budget cost procedures
and control costs by specific time periods--months, fiscal years, and things of
this naturp. They did not .control it by work accomplished, by the products to be
produced. The dollars were controlled by functional departments. ‘The organiza-
tion knew ﬁow much money it had but it worked on only part of the problem. So we
were not able to obtain product costs, because we did not break down the function-
al department costs. Atain it was not by work accomplished. We knew the cost by
project task-—so many electrical engineer man hours, so many design man hours.
But these again were not accounted for by the work accomplished.

We see PERT cost as providing this disciplined and orderly and systematic

approach to get our budget and cost by the products of the work we are going to
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accomplish,
are

(Chart) There/six basic concepts I would like to leave with you. The
first is a work breakdown structure. The object?ggﬂis set. We then divide the
program into subﬁ?éfemé, all product ori;;;;;j— The subsystems are divided into
components. We break this on down to the ménageable end-item subdivisions.

(Chart) The second concept: When we get to the lowest end-item sub-
division, we then break the program into work packages. These are the functional
work that must go in to produce this product. I'll show you this a little later
on in other viewgraphs.

(Chart) The thitd &oncept is a comeept of networking at this level.

When PERT originated, it networked the total program without regard for how thgt
would fit into the-cost. Now we have networkingibeing accomplished to reflect

the activities to accomplish these work packages. So that you have a link between
the cost in the work packages and the schedules for the actual work to be accom-
plished.

(Chart) 1In the last three concepts we estimate and report together with
linkage. In other wepxrds, wewp;an»and we have our actuals against the same base
line. We have a system in\here!frdmestimating to completion in a mathematical sys-
utem,wand.we<sum@a;§zgtsucgessfullﬁ-;p the levels, the building-block concept.

Let me go intq each of these in a little more detail.

(Chart): Heré 1§ aigypiggl work breakdown structure. The missile weapon sys-
‘tem is broken down }q;o a launching vehicle, missile guidance, control, and train-
.Wing,,and.subsystem55_1$hg'mi§sile is ;hen broken down into flight control, ballistic
.shell,.systems engipgg;iqg, and it kggps on:comiﬁg on down. Then it is broken down

into. the nose, first stage, second stage, inneg stage, equipment section. Then it
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is broken on down into missile instrumentation, power, cable, assembling, and
documentation.,

The dollar amount apd the time to accomplish this work are brought on down
within the contracting plan, and we try to use tﬁe guidelines far breaking down
our program so that when we get to work packages we Wiil have to controi approx—
imately $100,000 and 3 to -6 months of work activity.

- Then the eﬁveiapgueﬁ PERT activities that .go into working up instrumentation
is developed. Let me have the blow-up of the instrumentation and I will show you
.a little more of thisb' This is the work breakdown.structure concept. As I indica-
ted, when you -get to your lowest level, end-itep.subdivisi§n, you break down to the
functional work packages--engineering, mechanical, manufacturiﬁg,.and testing.

The activities that I have described before are the activities that make up

the electrical engineering and what have you.

(Chart) - These-then are assigned numbers on.the,activi;ies.that allow the
scheduling information and the cost information'té be summarized into the instru-
mentation, and summarized on up successfully.

I'11 skip the next apd go on to the one after the nex£, (Chart) I'd like to
come back here anitglk about estimates to record, estimates to complete, and sum-

-marize successfully, showing you the actual report, the major report that comes

‘M§ut of PERT cost, and showing you these particular concepts.

(Chart) This is the management summary report. The first line indicates

the total missile information. On the work performed to date, we had a contract

- estimate of $31,ﬁillion,ﬁ Our actual, which is our fourth concept, was $32 million.

‘We have an overrun or an underrun. This is the projected overrun (indicating) of
$1.3 billion. Totals and completions: The total contract was $48 million. The
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latest revised e;piﬁaﬁe says $51 million, and the projected forecast overrun is
$3.4 million.

These are projections. They did not\indicate that the program would necess-
arily meet these, but did indicate that if some management action was not taken
the possibilityngf.havipg an overrun of this nature was very serious.

We additionally have our scheduling information out here (indicating).

On the missile, the earliest that we can expect it is March of 1963. The latest
allowable time to meet our schedule is in January. In the missile we are 8 weeks
behind.

Let's break it down and take the flip off here. Where is our problem?

T TheAyork breakdown structure is.ig the. fimst and sécond,levels,. as you.can see
~here. Qur particular problem.appears to be centered in the propulsion, which is
. .forecast for a million-dollar overrun. It has the most delay in the schedule, 8
weeks., |

{Chart) We.:hen take a look.at the propulsion. Here's the inforﬁétion
- .again. (Flip) Within the propulsion we look down here and find that the major'
<ost overrun is projected in the control area, and this is also the mﬂjor schedule
problem.

(Chart) The control problem is centered in the pressure transducers, and
again this is the schedule slack. This is the information that comes out. I want
to use it .to illustrate ;hevestimaﬁ§band record on the same base, planned versus
.actual, the forecasting portion of it, and the successful levels of summarization.
This. is the major report.we use in PERT cost.

(Chart) I would like to now.say that PERT cost and PERT time is nearing the
point where.;t‘migbt bg callgd a stggéard gpergting procedure. Dr. Brown has
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indicated that inlJanuary~L964 we plan.to use it on most-of all the new major
weapen sydtem proggﬁﬁé;

1'd like to now just take & look at ene of zheuadditional.developments,
4whichvis!adding‘technﬁcgl performance, and give you a preview of something that
is. on the drawing board. This particular technique follows along ﬁhe-same work
breakdown structure.

(Flip) You can see thgt you have basically the same information in here--
the current contract and the total program cost avrea. (Flip) The schedule
information has a little bit different orientation here. We picked out the
ma jor milestones that everyone recognizes. This indicates the status, whether
they are scheduled, in.completion, and things of this nature, with, again, the
weeks ahead or behind. We have added to this some.ﬁgyamaters in the performanée
area. .He.re.we.have,;h_tnsen.fOuf° We _have chmsen.;ange as a.parameter, accuracy,
reliability, and weight, and then a narrative reference.

In this particular missile the accuracy that we are asking for is 50 feet.
The accuracy that we presently have is 125 feet. (Flip) Now, if we look down
zhere_Wef;l;sge ;hét”;p Fhigfagpn;acy §rga 80 percent of our problem appears to be
..in the guidance .and control. .The key indicates that it is thelgg;ot Let me go to
uthe~guidance‘and"cqq;g91{:.(Elip.opengd.up all the way) We look at the gﬁid&nce
.;Jand.controlwﬁo:.the.g@gejggstjigfprmation and. the. same schedule information, usiﬁgf

__zﬁe;EERT cost., .We ing}ca;e.hgre'gha; our accuracy is 25 feet. In other words,
when we get down into the components it must be greater if we are going to sum up
statistically andfreach,our 50-foot initial accuracy.

Against 25 fée%uwe have 100. We look down here and we find that our inertial

. component .accounts for 100 percent of the problem in this area. Again it is the
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No. 1 gy¥ro. {Flip all the way off) In the gyro area we call for an accuracy of
20 against & guidance control of 25 feet. We have approximately 60 feet. The
problem in this area--and again it is the gyro, as we have indicated-- is a
weight problem. We require a .1 . .. milorating. We have currently a 4.,1. Our
outlook is for a .1.

Now, how do we get this? Of course this is blown up in the narrative that
comes with the report. We indicate that we must subdue the gyrogetic gyro with
the unit cost increasing from $1,000 to $6,000 each. This is not only going to
have an effect on performance but is going to have an effect on the cost and
possibly on the scheduling.

This cost is reflected here. We have indicated the program increase to be
approximately $6.1 million. This is the major portion of the $6.8 million over-
run expected in the inertial components.

This is on the drawing board. We hope to test it throughout this fiscal
year in one of our major programs. ILt's this type of concept. It is not the only
technicaluperfotmance technique, but i¢ is one that ties very closely into the
PERT cost concept.

(Chart) Here is your building block in the PERT.area. This is strictly the
PERT time area. Again you have your data base .and your contractors-—codiractor
A or B, or your government agency, .0r your .o.ther_agen_cy° For example, this was a
DCA project. This would be either.Army or Navy.supporting DCA, and this could be
AEC, NASA, or something like that, and the contractors.

This information is summarized up, basically by computers in large programs,
into what we call an IAC condensed network. This is an integrating and check-out

contractor network which has jurisdiction for all .scheduling and integrating of all
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the activities. Thig takes various events, activities, and so forth, out of the
detailed events in the contractor plans and summarizes them to give you the net-
work that the integrating contractor uses. This is summarized by selecting key
and significant evengs out éf this particular network and putting them into a
prbgram manager'é network.

This is the tool tﬁat the program manager at the division or at the SPO
level in the Air Force uses to manage the total program. In other words, he is
not interested in every bit of detail. This is reflected in what we call a top-
management network or a common-milestone network. Basically this is set in ad-
vance. uWe.hopento.paveﬂspecific\milestones.Eh£t4ﬁhemcommanders, such-as General

- .Schriever, .in.our .particular case, wants knowledge of. These.are designated.
.ﬁIheymare-used.to“§prm,the basis for the program managers' net, and this goes on
down into the program.

There is a father-son relationship here. This is the father, and he would
have a son, tinditating). This is the father (indicating) and he would have a
son. This goes on down so that you are able to look completely down into the pro-
gram if you so desire. If a problem exists in this particular event (indicating)

.-here, you are(ahle ;oigqfdoyn.to the events .to find out the cause of some of the
problems. |
Basically we-have had. to agree with industry that we would not be involved
. -with .other thanaset;;ng‘the structutre and that we would be primarily interested in
.ﬁthiéAlevel.of“detaile

Let me-take.a look.at the next overlay. What we are really saying is that
.Wthé‘prggram:maqaggggyi;lfggt reporté at about three levels of adventure down to
v nh?Cg¥rp§vy9u.haye seen. These will be summar}zed up so that at thé commarnd and

2%



~-department level you will gef two levels of ;egort, and at the Department of
Defense you will get one 1ev§1. You can see that this plan is apreading this
information for decision making all the way to the top.

(Chart) 1I'd 1ik¢‘to talk a little bit about program definition and the use
of PERT cost duringbgbisi‘NBrogram definition starts before development. The way
the PERT technique is 1ai§ on, before a program manager can go to industry and
say, ML'd like you to give me a quotation on this particular program," he must
have produced an initial program manager’'s network and an initial work breakdown
structure. These are then issued with the request for proposal, the request
for quotation, and the contractors come back in with this information in PERT
and PERT cost format.

Thie PERT time network indicates how the contractor will carry out the pro-
gram. He is allowed to change this to show serious parallel activities and things
-~0f this nature. Aéiewsébsystem a2 breakdown in the work breakdown structure indjcates
- -a cost -that he .plans. in.each .of the product.areas, this then is used foxwtbeﬁﬁid
“apalysis_which bqumes a bart.of the source selection. This is call&d Phase 1-~A.
"In Phase 1-A you m;y have 7 to 10 contractors biddingAOnzg"suSsyétema In Phase 1-B
of“prpgr§m¢definiti§n, this is narrowed down to 1 or 2 contractors.

Then. you .go ;h&gggh a formal programvdeﬁinition, The first thing that oc-
curs is ypu:atgemptthhﬂefing'ypur_cpnf%guration requirements. This is your
Spec 3. This then.is used to revise your work breakdown structure. The work break-
down structure is then used for the contractor to make his detailed network. On

N ‘
completion of this thg cgntrgctor submits his final PERT and PERT cost plan, which
- is used for the final selection. It must be completed before the contract is

awarded.
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This particular PERT cost plan is %o go on up for review at the various
levels on up to the Department of ﬁefense.

(Chart) Additionally, i the cycle that 1 have shown you, development and
production, we have the PERT techniques, with time considered implemented, cost
partially implemented, and performance on the horizon. We see the requirement
to develop techniques throughout the life cycle of development and production.

So another big effort of the Department of Defense and the serviées is maryying
 dthe~EERTﬂ£echn;ques to the,Linefof.hattlevtechniquessftﬂihifs the productipn
scheduling technique--and adding to the line of balance some form of improved
costing.

(Chart) Another area I'd like to talk about is contracting. We've indi-
cated that contract PERT management systems must be considered in the pro@utrement
or the evaluation process. This is going to have a considerable effect on the pro-
curement techniques if this procedure is carried out. T might add at this point
that we have been through various phases of program definition but have not been
through a program definition where all of the new concepts were used.

The procurement people historically run a contract evaluation using the cost
category or the functional information--so many engineering hours, so many design
hours, so much fabrication, and so forth. This particular technique, if it is used,
will force these people to utilize product information--so much money for compo-
nepts X, Y, ?Qd;Z’~and things.of this nature.

What we see developing 'in the Airvﬁp;cer4éﬂa‘1.think this is true in the
services--is that we will not be eliminating,‘at least for 2 or 3 years, the pro-
curement way of estimating. We will be adding to that. We will have a matrix

where we will have our product information down our Y axis and our functional
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information across our X axis. ‘We will be evaluating on the product, but as the
product cost might qﬁ@ﬁ&é during the negotiation, this will change the functional
cost, 50 that we will have both produet and function costs giving us the same total
in the contract,process.

Additionally this will change the way contracts are written. We.have made
" some headway in this particular area. In the contragting area, the latest develop-
ment effort is the wse of PERT cost and PERT time for setting incentive targets, and
‘the schedule targé;s,‘ﬁQThe co§E poigt and éllowance out of PERT have been used in
‘Titan III .to set tﬁe‘targets that will be used for the”iﬁééntiyé marks, particular-

ly in the Martin Denver Company. This particular effort is presently being. docu-
—mented.and will.be presented to the Department of Defense, and we anticipate that
the PERT Coordinaﬁiﬁgiﬁrggp_in-DOD will continue research and development until we
: get.a.technigg¢ t§gt_wi11vtie PERT cost directly into.incentive contracts.

(Chart) 1I'd like to summarize this point and indicate again, as I did in the
beginning, thatkPERT and PERT cost is not the only thing that is available. 1t is
one of the thingsbwe are working on. 1I'd like to say that this is no substitute
for planning. First, planning cannot be delegated. You can’t say, '"Make a PERT
chart on this.” You must set objectives. You must set subobjectives. You can't
substitute PERT for it. You must carry out planning. 1In fact, PERT forces you to
plan, which is one of its advantages.

It is no substitute for decision making. It provides information and informa-
tion alone. It is an aid. 1It's a discipline. It's a communication device. It's
a technique that gives.Ybu visibility.

It's not a substitute for manggement organization. Organization is being
. affected because}of‘?ERTgFPERﬁ‘qpst, and technical performance development. But
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you must have good organizati§n and you must have good people in order to do the
job. I believe this goes without saying.

And last, in the computerization of the PERT technique, if the information is
poor, it gives you bad information faster.

I'd like to leave this thought with you. I think that in this particular
area there has been a lot of overseilingo There are problems in‘implementation
here. 1It's a long, hard process to develop computer programs. This is evolutionary,
we hope, rather than evolutiomary.

Thank you.

QUESTION:Your enlightened system, I think, was an early example in the Polaris.
They integrated your development and production data in it. At that time the Army
was very concerned with_the problem of operator and maintenance personnel. Hoe
does the Air Force incorporate the training of the users in the field when the

PERT system is introducéd?

COLONEL BENNETT:ﬁike Zeus was an early example of this type of approach. We
say Atlas was pr{or to Polaris, and of course the Navy had one before that.

What we have triéd to develop here is a particular system that can bring in
all the activities that‘must go on through the life cycle of the system develop-
ment;_ We have s;andard nets .for the training command. In your case they will be
your training people. Y‘Th_ey ."cox'ne:.i.ri at the ti;ue t_hat we are in the program defini-
~.tion~andmlatér,on, a@dﬂthgyAdevelop ;heir networks right~§long with our networks,
so .that we knowuwhgp‘wemyaye to have training_equipment and when we have to have
Aiinstxuctars,,and.so forth,

The same thing exists for the logistics, our logistics ommand, and generally
. we see‘evolving standard gepﬁq;ks to do this° They have teams that come in. Ad-
ditionally, each of these_ggenpies.has a liaisgn right in the program manager
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offiee——lvto 5 people,.particularly.inalogiatics and training.

The user has.also. On the TFX the Tack.people are also developing a
~network that fits into ghisvppogramvmanager“s net. On one chart you saw other
agencies. These are the other agencies.

QUESTION: vlg;ﬁhe»cgse-of_the PERT system you have described, is this to
be planned as a management-by-exception system at the very highest levels? After
you have done all the work and everything is progressing and if everything con-
tinues to progress, will the detailed reports stop at a low level and forget the
management?

COLONEL BENNETT: I know in our particular case General Schriever feels that
management by exception is a bit misused. Actually, we manage by problem. That's
our exception. . When a prpblem comes up it becomes an exception. What we are try-
ing to do is to develop a total bit of information. When you have the total bit
then you pick out the one problem area that is highlighted here.

I think what we will see developing is that there will be certain levels of
information that will go as you move up the chain of command. PERT cost I didn't
mention in here because, actually, what 1 tried to pour inte 50 minutes we try to
cover in 8 hours and 40 hours. It's based on the budget code. The structure that’s
in the budget code defines level two, subsystems, and some parts of level three.
We see this as thé information that will be going up to the departmental level and
the Department of Defense.

So there will be that shred-out of information. Your budget information and
your progress reporting will be to that.

However, it appears that each of these agencies will have the prerogative of
asking for more detailed information, on down the line. This will be & factor of
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how well the program is going, how well the program manager indicates in his
analysis the explénation of the problem, and the management action that he takes.
boes this answer your question?

QUESTION: With reference to the personnel resources in the services and
the Department of Defense, what effect is this new management system having? I
imagine it takes well qualified people. How are the services, particularly the
Air Force, coping with this effect on personnel resources?

COLONEL BENNETT: Basically wé are not doing a very good job., It's a boot-
strap operation. We find that in the program manager's office the?e is a require-
ment for more financial analysists and more scheduling type of people. We don't
have what we think are adequate resources. There's a lagging behind. This causes
problems, because, no" matter how much information you get,/iiu can't analyze and
use it it's of no value to you.

We are doing a little bit better at the command. levels. General Besson in

- .the Army has quite a.lot qﬁnpgpplg in the data systems, .in the analyses area, and

. in=thewsystemssma§§ﬁement;a:eaz»workiag-On these‘types ofAthingsq: We do in the

. .systems -command. mhewyayyf%nﬁthﬁléurgaQS'has started to move this way. As a matter
ofhﬁact,.Inhgargfyggpgydgy.;Pqt they have a new agency under naval management for

m¢eye;opipg‘;nfqrga§i9n‘systems”and management systems.

This is an gvolution that is moving this way. The type of people we find
is pretﬁy much the generalist rather than the specialist. You need a specialist.
We find that you need engineering people who understand the basic problems of éys-
tems aéquisition and who also have a flair for management and can understand ac-
gounting and scheduling. You see teams developing, sortof like the operation

xesearch teams, but not that long-hair type of .approach.
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1 hope I didn‘t embarrass anybody.

COLONEL MARTHENS: I think we'll hold the rest of the questions for the
panel, gentlemen. Colonel Bennett, I want to thank you for a real introducticn
to our program.

COLONEL BENNETT: Thank you.

COLONEL MARTHENS: Continuing on with our program this morning, Network
Analysis as an Aid to Management, it is now my pleasure to introduce to the class
Mr. Gordon D. Osborn, who is Chief of the Management Improvement and Research
Branch of the Bureau of the Budget. He will describe the overall requirements
and uses of PERT in govermment use.

Mr. Osborn.

MR. OSBORN: Thank you, gentlemen. I think I had better explain my presence
here. I work in the Bureau of the Budget, and obviously I can't deny the budget
process., 1 assume that almost everything I say will have an institutional bias,
but we do have other missions in life besides chopping all of your budget requests
in half.

As a matter of fact, I know of one case, and please don't ask me to cite any
more, where the Bureau of the Budget coerced an agency to take some more money.
Please keep this in this room, because I don't know how long I°'1l hold my job if
the news gets back around where I work.,

Let me explain this. Obwviously, and 1 think this is very apparent from a
-previous speaker, the full development of PERT cost will make budgeting more reai-
istic. If it doesn't make too much difference whether we are talking about getting
the costs down to the estimates or bringing the estimates up to where they actually
are going to reflect what the expenditures are going to be, and if we have better

estimates to start with, it is going to make the budget process more realistic, and
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we will come-out 8 lot cleser in the-end to expending the amount of money that
~we think we are going to. This, I am sure, will be of value not only to the
Congress and the Bureau of the Budget but internally in the agencies,

But, as 1 said, we have other missions in life. We have another interest
in Pert--two others. One of them, as some of you have unfortunately come into
the area of reports control know, is the function of protecting the American
public from the insatiablé demands of the Government for information. To carry
out this function we have the Reports Control Act. This specifies that, if any
.govefnmentuagency wants to ask.mqre then‘five people, or ten people--1 am not sure,
.I think the criterion varies——the,same question, you have to come over to the
Budget Bureau and get them to approve your ‘request.

Even so, we get tremendousvcomplaints from industry and people outside of the
. Government on the demands that . are put on them .for information from the Government,
.and, of course, as soon as you make PERT.cost a requirement in.submitting a proposal,
-or.actually in carrying &pt a .contract, you get involved with'a considerable number
of people-outside of the Government. So .PERT.cost has become a matter of interest
to theselpeople in the Budget Bureau. Fortunately, there has been a very close li-
aison, and people concerned with this par.ticularfresponsibility have worked very
.closely with the PERT Coordinating Group, and they have made arrangements for inter-
im approvals, even.as this thing has been developing or has become finalized,

When we finally get to the end of the road and we have a standard operating
_.procedure, there won't be too much difficulty in setting this up on a formalized
basis. '

in

So this is our second interest/PERT. And we have a third one., We are charged

- in the Bureau of the Budget with assisting agencies in improving‘the management of
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the Federal Govermnment. We are not so foolish as to think that the little
group of people who work in the Bureau of the Budget will do much themselves
to improve the management. Obviousiy9 management Iimprovements are going to
come from people out in the agencies, people who are responsible for getting
a job done.

When we heard about PERT, this seemed like a natural. Our interest in
it is to do what we can to assist in the development of this technique and
this process, and to spread it as far as we can so that people all over will
know about it and will apply it to their own situations.

I am completely in accord with this concept that in the military services
and even in NASA we need a high degree of uniformity in PERT. When we first heard
-~~about BERT, I think theiNavy was calling it PERT, the Air Force had gone down the
road with it, and they decided to call it PEP, and the Army was still trying to
make up its mind which way it was going to go, and I am sure that they had a new
' name that they were cooking up. The fact that they had different names wasn't so
important as the.fact that the systems were beginning to specialize and that the
inputs and the outputs were becoming different; Even the various commands in the
services were beginning to develop their own specialized version of it.

What was bad about this, of course, was that the poor contractor, who may
have had a contract with any one or two of the services and NASA and perhaps AEC,
if this were to continue, would have to develop his own system for each one of the
contracts. So we would find that one company perhaps would have to develop 3, 4,
5, ot any number of systems for reporting or controlling a particular contract.

So we thought it was very much in order to develop some uniformity. Our main

concern was that in the interest of standardization we didn't want to go so far in
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this direction that we would impede creativity in the development of something
better. I think we have done fairly well in this regard.

Now, I want toisay, however, that, if you are not dealing with contractors
and if you aré do;ﬁg things in house, since PERT is a management system, I think
it is perfectly reasonable and highly desirable that you tailor the thing to your
own problem and . to your‘own situation. A little later T am going to deécribe
some applications of PERT that come out a little bit different from the unified
system that we are trying to develop where we use the contractors. This thing is
a management tool, and all management tools should be developed to fit the problem
and needs of a particular situation.

There are certain elements, I believe, that are absolutely basic. What

the actual form of them takes, the wvarious inputs or outputs, or how you do it

- .can.vary. What I,tpinkmis”quite.basic.iswthat, if you aye saying you are doing

.quhis«netwo;king.p;aqadp;err‘PERT,H;here.are certain elements that you must have.

fThgnfirst one sounds very simple, and this is. that you must .determine and
. .define your objectives. This must be done in meaningful terms, not just vague as-
..pirations. Al1 Qvg:7§Be.GQvernment I find a great deal of confusion in people's
minds between the gctivity that they are doing, things that they are carrying out
right at the moment, and mission accomplishments. This idea of defining very
ciearly what the objectives are and where you want to go, and letting everybody
know about it and know that this is what you are trying to accomplish, makes it
possible then for them to relate their own activity to this final ambition.
‘Ihis.is.whét.ygg:pgyglto’dqriq_BERT. You can't start a PERT network withqﬁt having
dgﬁiped what your“ultimate objective is.

énptbe; elemgntl;pat‘is quite bgsic is‘to:develop a plan of action. These
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thingé‘all sound simple and very obvious, and a lot of activity goes on without
taking tﬁgse steps. We find that in PERT a discipline is exercised and it forces
people to think in detail about what they are going to do before they start.
- This plan of action divides roughly inkte two spheres. One of them is the

.. work breakdown s;ructufe.thatho&onelvBennett mentionad, which is what you are
. going to do, the steps invelved in getting to your end objective. Every step

- ¢hould-be-mission—erienteds -1t should be aiped at the ultimate objective, As 1
-BRY , 1 think this is-a geod~discipline,wand PERT requires you to go through

this m¢ntal process anpd then record in this thing what steps you are actually going
 to take.

Another element of a plan of action is the question of timing. I am par-
ticularly intereéted in the question of sequences and concurrences. Some of the
things mist be done in sequence., There is just no way out of it. Before you can
go to step three you must do step two. On the other hand, ;hrough working with the
...PERT nétwork, youﬂcan“dis;?ve:,that there are possible concurrencgss that some of
1 themthings.you can.do simultaneously.

One ,qf..the‘big_v‘gdygn;ta_g‘es of putting d_owq a ?ERT network and going through
.aiiw;hemt;cuble.of,W;§tiqg one up is that the sequgchs and the concurrences become
-apparent.’ S0.you.can rearrange your plan of action to take advantage of possible
- .CORCUTYences and pecomemaware of necessary sequences.

The critical path, in the red line that Colonel Bemnnett mentioned, is very
valuable. This will point out to you that, if you must shorten up the time span
rnn,.your\petwp‘;k,‘._.if_,yo_gl§Fg”§ogng to make'aqy shortening, you've got to do it on
- the critical path. It indicates the activities that you will be concerped with

and it points out the ones where you can accomplish some time saving.
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On the other hand, the activities that are not on the critical path by defi-
nition allow you some spare time. So you don't put your efforts on trying to shorten
those up. Then you still have that critical path which really determines thé length
of the project.

one

1 want to point out/thing, and I am sure this is where my institutional bias

will come' out. 1In PERT cost you notice there was no critical path mentioned.

This is my own‘interpretationu I think every path when you work with PERT cost

is a ¢g§tipal path. Every place you can save money, or where you have an overrun,
adds up and comes out in the end. In PERT time, the only place you save time
actually is on the critical path. But you can save money or lose money on any
path in cost. So you will find this fundamental difference. Yoﬁ have no eritical
path put out, per se, in a PERT cost network.

The scheduling of the critical path approach to networking enables you to
take some management actions. I'1l give you some examples without going into de-
tail. In one project that I heard of, one line manager kept coming into the pro-
curement officer with emergency procurement. It was possible to get the supplies
under emergency procedures, but it cost an awful lot of money. After they had
developed the PERT network and they found that this particular activity was on a
slack path, a path with a considerable amount of slack on it, they decided that
there was no necegsity for rushing out into emergency procurement each time.
Because it was on the slack path they could consolidate the procurement and put it
through the regular routine process, namely, competitive bids? and so on. In this
way. they were able to cut down on the cost.

building a skyscraper in New York, They weré }nterested in two things. One of
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them was skilled labor, and skilled labor in New York costs like the devil. 1
guess it does everywhere, but particularly so there. By setting out a PERT net-
work and determining what the sequences were and where they could make adjustments
in scheduling, they were able to schedule the skilled labor so that they had an
even flow of it. They didn't have tremendous peaks of, let’s say, high-priced
electricians br construction people. By using the network and seeing where they
could do things concurrently and where they could do them in sequence, they were
able to smooth this out. This was of considerable assistance to them.

Perhaps a thing that becomes more obvious is the question of building mater-
ials. If you are going to build a building in New York City, you've got a tremen-—
dous problem of where do you put the material. You'wve got a very limited amount
of space, and if you put things out in the street it doesn't take too long before
the police come along and make you move them.

By using.a PERT network, they were able to schedule the building materials
so that they didn't pile up a bunch of sand and gravel where they needed to put
bricks, and they didn®t have steel all over the place when they needed other mater-
ials. This helped them out considerably.

1 jﬁst méntioned these to illustrate the kind of alternatives in management
decisions that you can make when you've got this network all established. Of course,
scheduling, after you get through with your network and have made your decisions,
means you put some dates on them. This brings your whole plan of action down to
a boncrete action program.

Another thing, of course, that you get out of PERT is the system for report-
ing. It isn't much help just to set up a plan of action until you have also es-

tablished a system for finding out how closely actual events are taking place
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compared to your plan. You can get this from PERT. You can compare what you
1ntenﬂed to do with what you are actually accomplishing.
Now, there is one other aspect of PERT that 1 think makes the whole thing
worth &ﬁiie. 1f you have planned your work carefully and you have your PERT
| network and you have your reporting system going, it gives you an ability to
forecast the consequences of anything that happens. First, of course, you can
forecast the consequences of your original plan. 1f it doesn’t work out right,
then you cén go and redo your plan. As Colonel Bennett pointed out in one-point,
you can put it on a computer and simulate all the different networks and situa-
tions until you get one that you like. But also it will give you the ability to
forecast the consequences of any variation from this plan.
I think it was a nice example that he demonstrated. The normal thing,
when you've got a crash program and you are getting behind, is to punch the
panic button and speed up everything. This is a normal course of events. With
a PERT network, éomething happens. A contractor gets a fire in one of his plants
and he can then look at the PERT network and see whether you have to take some
very.egpensive emérgencyaaction to take.care of that particular situation, oy
whether|goufcan.ride it out and let him repair his plant and go ahead with iﬁ.
So this ability to foresee the consequences of anytHing that happens, or,
let's say, a variation from your plan, is extremely important.
_Noweygetting 9ver more to the ciVilian_ageneyvside of this thing, you don't
- need a.multiﬁbillion~dol1arwweapon~system project in order to take advantage of the
..PERT neﬁworking techniques. Any situgtion that has an end objective, is complex,
. has uncertainties;.apd is susceptible to management and there is something you
can do about it is a situation that is a candidate for using PERT.
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- -1 must emphasize that the project has got to be worth the effort. There is
no point in cranking up.a tremendous PERT effort, with a computer program, and so
on, if the project is one that is so insignificant as not to be worth this admin-
istrative type of effort. I think from this comes a lot of the talk--and we hear
it all over the place--that PERT has been oversold. A lot of people have heb;d
.abeut PERT, aad.tﬁgy;bave‘tried to apply it to situations that just.aren't-wofth

this kind of administrative effort. 1 think.a lot also comes from the fact that
the people who were working it really didn’t understand the last fact that Colonel
Bennett showed when he said it is not & substitute for planning, it is not a sub-
stitute for good organization, and so on. They thought that the system would take
care of this.

Then I am sure that there is this element, too: The management consulting
firms that have a sort of proprietary interest in PERT are all for it., They talk
about it all the time. The management consulting firms that weren't in on it and
perhaps don't even understand it too well élways go around and talk about PERT's
being oversold. So we have to consider the human element in evaluating this thing,
as well.

I think that, with some notable exceptions, the civilian agencies of the
Government will be concerned more with PERT time for some time to come‘than they
will be with PERT cost, for the simple reason that only a few of them have these
large, expensive regearch and development projects performed on the whole by con-
tractors outside of the Government. Of course there are some nctablé exceptipnsov
-One is construction work, particularly outdoor construction, and a lot of civilian
agencies are involved in this. They are finding PERT time very useful and they
. are beginning to learn abqqt‘?ERT cost. I think this will spread.
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If the fAA ever gets the go-ahead to start developing the supersonic
transport, I think this will be a natural for PERT time and PERT cost. I
don’t know whether I should call NASA a civilian agency or nct, but they are
heavily invoived in the thing, and of course they have the same sort of prob-
lems that you have in the military services.

I wish that FAA had investigated PERT sufficiently to apply it when they
were bu;lding Dﬁlles Airport. 1 talked,with‘people over there, and they were
: quize-sétisfied #hat the prdinary‘Gant.chart was perfectly suitable for this type
of operation. I don't know whether it was due to the lack of more sophisticated
management devices, but, as you know, that airport got a couple years behind, and
in the meantime the airlines had gotten accustomed to using Friendship. The
Congressmen are interested in Friendship, and I think it will be quite a while
before Dulles gets the traffic that they had intended for it. So I think this
would have been quite helpful if they had been using it.

You have seen the network that Colonel Bennett put up and the scene of
events he described. I think in my mind the most outstanding application of the
type of thing that PERT does—-~and of course it is never used in this regard--is
in French cooking. I am impressed with this, because they never take a thing
and just cook it once and then bring it right to the table with everything else.
They sauté this and add it to something else, and then they cook that for a while.
Then that all goes on to the top of something else. So they've got all of these
sequences and interdependencies. I think it's just marvelous that when the meal.
is ready the chef brings it in and everything is there all at once. Some of it
started -5 hours befbre and some 3 hours before, and youfve got all the interfaces

and everything else. Perhaps from this came the idea of PERT. This is the type
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of thing that goes on in the chef's head. He is so adept at this that he
doesn't neeé a PERT network. I think there are a lot of cases where you don't
need the'PEkT network, where you have been doing something and you ére quite
familiaf Qiéh the process, or it is so simple that you can do it mentally.

But life is getting more complex all the time, and the probleﬁs that
we deel with are getting more complex, and setting these things down on paper
and developing a network and tasks, and so on, i5 a very good aid, and it will
enable you to see the relationships, and it will prevent some of those very
obvious~gdofs th§t.thevGeneral Accounting Office loves to come along and point
out and1give us headlines on.

I think one of the most prevalent uses of PERT now outside of the weapon
systems development is in = - comstruction. Within the Government we find agen-
<ies,. such.as. the Bureau of.ﬁeclgmations.concerned.with large dams and water prp-
--cesses in the West.. The Park Services use PERT. The Veterans' Administration
uses PERT in.the construction of hospitals. The General Services Administration
I understand use PERT. They are responsible for constructing the U. S. exhibit,
the pavilion at the World®s Fair. TVA uses PERT.

In industry they are using PERT for..construction on a very wide scale, or
;hey use qne;pf the related network techniques.

In the Bur#8u of the Budget itself--and this is a thought that occurred to
me in listening this morning--every once in a while we employ a management consult-
ing firm to do a particular job for us. I've noticed now in the soliciting of
- proposals that several qf the cémpanies will submit their proposals in the form
of a PERT network.. This makes it very easy to analyze. It's much easier to eval-

uate the different proposals that come in if you have some of them on a PERT
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network. You can really see whether the contractor understands what you want
and how he is prepared to go about it.

Another activity where you can use PERT is in report preparation. This
doesn't sound like much of an gctivity9 but, if you are in the Bureau of the Cen-
sus, report preparation is quite a formidable task-—the production of the census
and the statistics. They are using PERT.

Another instance in this same regard is the Bureau of lLabor Statistics.

They have an enormous job in produéing the kind of reports they get out. They
have started using PERT to develop a system. Let me tell you a little bit about
this thing. Every month the Bureau of lLabor Statistics goes out and gathers some
statistics on a sampling basis. They have gotten quite good at this. They have
samples of up to 125,000 things that they sample. They're getting quite accur-
ate at this, and they do it on a monthly basis. Then once a year they take some
very basic statistics from the Census Bureau or possibly from the Social Security
people, where they have a 100-percent return on figures coming in, and they use
these as benchmarks. They relate these back to the samples they took and in some
cases this shows that the sampling results have to be adjusted.

Recently they have become so expert at sampling that the adjustments are npt
very large. When you consider the fact of the tremendous significance of the
cost of living index these Qa§s—wit“s the subject of labor contracts, and so on-~
these adjustments .are important and should be made.

They developed a PERT network for this thing. Of course it's in their inter-
~est and in the whole public interest to get these adjustments out and to get their
big annual reports out as soon as they can. If these statistics come out two years
after the fact, they’re not nearly so valuable -as if they come out six months
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after the fact, So they developed a PERT network and ran it through the com-
puter, and they were sheoting for 100 a year and found they had something
like -424 days. They began to analyze it in the critical path to find out where
the problems were. This was quite simple. They found that the majority of the
time was spen£ within their own agency just in the communication, in their mes-
sage center, and so on. So this was something they could do something about.

They ran this thing down eventually through simulation and running differ-
ent networks, until they got it down to somewhere in the neighbo:hood of 250
days.

This became interesting. You know, this IBM Company is quite fabulous,
and the whole thing was done on an IBM computer, a 1401. So IBM wrote a bro-
chure on this particular application of PERT. I think this organization never
misses a trick to advertise their own wares.

There are a lot of administrative situations that are ideal for using PERT.
I took a course one time, one of these training sessions on it, and the example
they gave us in the classroom was the installation of the computer. This can bg
a very.complex activity, wi;h_allﬂthe.prohlems of sequences, coacurrences and all
sorts.of things, and what happens if there is a strike in the plant, .and so on.
Itvworkeg,out,Very neatly. It was very helpful to use a PERT network to make our
decisions.

Two agencies are going to move. The Bureau of Standards is going to move
wfgpm/g?ge,.glqis;ered campus they have up on 16th Street out to Gaithersburg.
, ihey_are.planning the .move on a PERT network. FAA is going to move from the col-
lection.of buildings they are in into their own building, and this is being done
on a PERT network. I was told that in the last reorganization of the Army the
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actual carrying out of the reorganization was planned on a PERT network. AEC
has a problem. They are turning over the whole community of Los Alamos to the
paople who li§e there. Instead of a completely government-owned community it
will be a community of the people who live there. There are all sorts of prob~-
lems, legal problems, administrative problems, and so on. They are planning
this particular move, this turnover, on a PERT network.

When we are talking about this kind of thing, just imagine how helpful this
PERT technique would have been/gzoject Overlord, this just fantastic problem of
getting the military forces across the English Channel. I think it would have
been realiy an ideal -application.

There is a man in'the National Institute of Health who is working very hard
on developing a cold vaccine. 1 hope he makes it. They have been doing all kinds
of things but they haven'’t done much about this yet. He is using PERT techniques
in this whole research effort of trying to come up with a vaccine against colds.

Recurring maintenance is a good application of PERT, particularly in the
chemical process‘industri:es° AEC is using it here. Every once in a while in
the plant they have a préblem° This comes on a scheduled basis. They know it
happens and they anticipaté it. The thing gets an accumulation of scale and
deposits, and so on, and éhey need to shut the whole thing down and take it apart,
clean everything out, and put it back together again and start it up. By using
PERT networks they have been able to reduce the time tpat it takes to go through
this operation, by a considerable amount.

There was one fellow in the Corps of Engineers who was responsible for
one of the hydroplants on one of the rivers. They have this same problem.

Every once in a while they have to shut down a generator and overhaul it and
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put it back together. He read about PERT on his own and developed his own net-
work, and he was able to reduce the time from 11 days down to 8, simpiy being
able to perceive which were the concurrences and which were the sequences.

NASA, of course, uées it all over the place. 1 think this is an interest-
ing thing. I ran into a military officer the other day who is assignedito
NASA. He's responsible for this new installation down in Mississippi thét they
are working on. He told me that he was using PERT as a management device to
plan and control the development of this installation. You'‘ve had questions

there ‘

on NASA's use. PERT time/is quite similar to what the military services are
doing, and PERT cost is a little bit different. I would hate ta predict, but
1 think eventually this will have quite a bit of uniformity all the way through.

As for PERT time and PERT cost across the Government for research and
development and these large and expensive projects, we are encouraging the use
of it. We think that it is going to bring estimating and financial management
closer to reality and it will help people to manage.

As faf as PERT time is concerned, 1 think this is a management tool
that can help everybody. We are encouraging everybody--the military services
and the civilian agencies--to go to the PERT Orientation Training Center and
learn ébout it. We also are hopeful that we can develop some special courses
in that school that will be more closely oriented to administrative-type prob-
lemss that these people will be faced with.

This ié all a part of the Prgsident?s Program for improving the manage-
ment of the Federal Government, so we are interested in helping it and are giv-
ing it a boost along to the extent we caﬁ.

Thank you.
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COLONEL MARTHENS: Mr. Osborn, with your permission, I think we will hold
the questions for you until we have the panel, if you don't mind. Thank you very
much for telling us about the wide uses you find for PERT presently in existence.

Our next speaker, Mr. Buschman, will talk on the future programs of the
PERT Coordinating Committee. I might add that Mr. Buschman is the Chairman of
the group that got together and published this book which you all have received,
and it was 'through his courtesy that we have been put on distribution for each
one of you to get one of these. In fact, there were only 1,000 printed, and the
College got around 250 of them. But that doesn't mean that there will not be a
great deal many more printed.

As you know, this was coordinated by industry amnd all the government agen-
cies. There has been an order for 25,000 of these booklets. They are for sale.
Industry and everyone else are going to buy these things. There has been a great
deal of interest in it. I am sure you have gone through it and scanned it, and
you'll find that this is a very good booklet on the PERT network.

Therefore 1fd like to introduce again to you, Mr. Buschman.

MR. BUSCHMAN: 1I'd like to take a‘few moments to emphasize to you and to
give you a little bit of a picture of what this looks like. {(Chart) Thié will
lead into a few of our questions.

The PERT Coordinating Group followed the lead of the services, actually.
It was formed by Secretary Morris in 1961, in the fall. We brought in at that
time a series of firms, actually five firms, three associations, AIA, EIA, and
AMA. We had presentations made by management firms and by the services. 1t was
from that group that the so-called DOD~-NASA Guide was ultimately developed, on
a contract with both the Special Projects Offigce and the OSD, with Secretary
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Mpyrig, That Guide, incidentally, has sold about 35,000 to 40,000 copies right
pow to industry. From this effort we of course started to work on this new
document, and we found that the interest was quite great. It was not just the
Department of befense, the Army, Navy, and Air Force. The Bureau of the Bud~-
. get had come in right at that time, right at the outset of this program. Then
Atomic Eﬁergy<Gommission_jgined us, and ngeral Aviation joined us, and of
course NASA has been with us, as well,

1We formed several subgroups, one of which is the technical subgroup,
chairéd'byvColoﬁel Parker over at AEC.

This is where we get some uniformity--one of the areas, at least. This
group has responsibility, for example, of evaluating the test that I mentioned
earlier on Subrock, TFX, Mauler, and so on, sc that we can confirm our princi-
ples and concepts and apply them on a broader basis.

We also formed at that time a training subgroup. From this we recognized--
and this will answer a question asked earlier—-the fact that we didn't need
PERT specialists. We needed an awful lot of procurement officers, contract
negotiators,‘andso.on9 who needed familiarization with PERT., We estimated
this to bg in the neighborhood of 12,000. We also knew that irndustry would come
~in.and they would tellﬂn;.abqu; PERT every time cne of these people came in.

S0 we took our.cue from the Special Projects Office,

We.would sit . down.and spend an hour or two talking to them, and we would
-.get aothing else done. We.also had the other government agencies interested.

So from this we set up what is known as the PERT Orientation and Training
Center, currently located at Bolling Field. ISecretary-Gilpatric recently signed
g DOD Directive establishing this and designating the Department of the Air Force
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to run this center and to do -so for the Government.@s a whole. As a conse-
quence, although it has already processed 1600 or more students, at least

200 of these are from other gdvernment agenciés, and about 300 of them are
from industry. The center is also authorized to provide training for them.

Secretary Morris, recognizing the experience I described a little bit
earlier on Lance, realized that we needed more actual training. We came
across this, too, particularly when we were out giving a presentation to a
corporate organization, the Chrysler Corporation, at which time Tom Morrow
said to us, "We found that.the procurement people did not understand PERT."
This was true. This was on Lance, on Missile B. It was too new for PERT cost.
His people didn't either, .because he hired a management firm to come in and do °

/%¥§§Tﬁﬂh This was a.real problem.

So from this evaluation already madé ~ Secretary Morris sent out a memp-
randum just on August 10, calling for all procurement officers and contract
negotiators, and auditors--there .is no sense having an auditor talk to a con-
tract management officer and have neither one have any knowledge of PERT--to
obtain a minimum of 8 hours of orientation during the next year.

We've asked the Center to establish a training seminar with the other
schools in the services and with other government agencies mrticipating in this
as well, so that they can go out a?d provide the uniform concepts that exist
here. Each school that we have all over the country will assist in this tre-
mendous load which will run.into the thousands-~we have no knowledge how much.
It will have to be a cycle. It will have to be a repeat.

Now, someone during intermission asked me to mention line of balance.

We realize that PERT cost is a system which as originally conceived was through
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an -objective-oriented program. You will also realize that it is being applied
to repeiitiveidevelopment-and to production. Our original concept was that

we must develop some line-of-balance cenceptg, yhich is another industrial man-
agement technique, which would have costing principlgs in it.

Line of balance‘per se is a control-type technique. Actually, what you
are attempting to do is to have a series of charts for this purpose, and you
can actually set up your whole imventory control system and your schedule of
output and relate these two so that you don't have tremendous overinventorying
in relation to the lead time that that inventory in effect is required to be
used on,

It is a control technique. It doesgit”measure the amount of manpower or

.cost that is.used. This.is where it gets its name. It is a line of balance,
the line that balances right across to. the end assembly. So we said we must
apply a line-of-balance technique to PERT cost.

This was an. .assumption which may have been . fallacious, because it was an
assumptiog.that éERTlcost.would not negessarily apply to repetitive development
or repetitive production. The repetitive production we are talking about, of
course, is truly more repetitive development, each of these items being so tre-
mendous.

We find industry already applying PERT cost to repetitive items and still
using line of balance only as a control technique and not as a cost technique.
We don’t know where this is going to go.

In any case we felt that we should set up a coordinating group, and as you

_will see there is considerable activity in this area that is being carried out
with industry.
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The Reperts Simplification Group is no lenger & part of our responsibility,
but this is an area in which tremendous effort is going on.

These two (indicating) in the middle are tied together, and they work
with the Industrigl Mapagement Practices Group, which is attempting to keep for
the Government as a whole its horizons relatively broad.

Now let's see what we are doing at the present time in our program.

(Chart) I put this chart up because I believe it illustrates some of the
opportunities which we must take advantage of if we are to make the greatest
use of this. We have already put out the so-called PERT Guide for Management
Use, and you have copies of that. In all of our efforts, and in the clearance
we did with the PERT Guide.for Management Use, we have attempted a top-~down
approach. So we went to presidents of corporations, 27 of them, and asked
them to review a draft of this. They did, and we asked again their financial,
their development, and their production vehicles to all make inputs on this,
which again were very gratuitous.

We recognized from one of the cbmments we got on the original document,

- which was quite différent and quite valuminous, much more so than the one you
have, that we needed a docgment for thg presidents of corporations, for the
board of directors, and_for the vice presidents, which was small and would be
readable. That's the purpose of the PERT Orientation for Managers, which will
. be forthcoming. It still is not available.

Also,. the Technical Evaluation Group had a job to develop uniform output
-reports based on the implementation teams' gxperience= This has been done. We
have a draft of this, and we will hold a conference onm the 1st and 2d of October
which will be sponsored by the Pert Coordinating Group and which will be hosted
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by
/ AMETAG, Army Management, Engineering, and Training Groups. We will have 300

people from industry there and each will have received a copy of these reports.
We will go over the entire reports with industry. Then after that we will go
back to the Bureau of the Budget and review with them the extension of the
reporting teghniques involved here.

I mentioned the evaluation. I mentioned the DOD Directive on the PERT
Orientation and Training Cepter. I might add that this Center has é b—
hour. VIP orientatioen, an_g’hOQr orientation5 and a-40-hour course.

The Technical Evaluation Subgroup has also been given responsibility for
uniform input data. This is a part of the system itself. It is a very impor-
tantv;hatuwe ultimately.achieve uniformity.

We have to know;abgut.the cost of_PERT cost. Any. time you . have a good man-
agement technique, and this is ménagement, you are going to have a dickens of a
~time. trying ‘to measure thg.cosp of this. We have come to the conclusion that
the cost .of PERT cost.should be treated as an overhead item, that its maximum
cost is somewhere in the neighborhood of 2 percent, and that it ranges from .5
.of 1 percent with one of the implementations to about iqs percent. We do rec-

- ¢ommend that it will be a part of overhead.

This is important because many companies--Hughes for one, General Dynamics
for another--are applying PERT cost on any and all projects, whether or not the
services requi:e it as part of the contract. This I obtained directly from
Mr. Highland, Executive Vice President of Hughes, and General Dynamics made the
same kind'of statement. Aerojet has also made a statement of this type.

This will be a relief, instead of treating it as a line item and having
profits and everything else, with overhead piled on top.
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We have a series of NSIA studies that have been proposed, and I am going
to show you a separate chart on those. Mo, let’s go back for a moment.

The PERT Guide for the Evaluation of Technical Uncertainties is in that
network that you saw. You can define an activity that you know you have not
too much of a problem about. If you can define an activity that is technically
uncertain--and many of them are technically unknown--top management in sub-
mitting a bid doesn't always know this--they know that there are some there
but they donft know what--and if vou can interface those with other activities,
we may have a whole new critical-path concept on just those. |

The three-time estimate will tend to point some of these out. But they
may not be on the critical path, This is an area which, having defined it,
you may want to make a subnet right at the outset of the contract. This is an
area that is being studied and that we will work on, the PERT Coordinating Group.

As you can sée inithe pasg»of Titan I1I, PERT has become an invaluable
tool to incentive-type contracts. 1 discussed this with General Bleymar. The
important thing is that it works very much like the old incentive-wage con-
tracts, in that it shows those activities that are contributing to a plus fee
or, more important; a negative fee, a loss.

Immediately, it also shows the effect on other activities. As a conse-
quence, the management within the firm and the personnel involved in other ac-
tivities begin to apply it. It's an aid to the decisioh-making process. It is
an aid to contract‘negotiation, These are all activities that we are involved
in. |

The biggest item is ultimately a DOD Directive establishing the criteria

for the application of PERT cost to major programs. This must follow the

r
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evaluation that T spoke of a little bit earlier, and so on.

Now, we -do need-a PERT Guide for emall business, for small organizations.
We are working on this. This is the time phase that I mentioned & little bit
earlier.

(Chart) N8IA--and this will give you indication of some of their interests--
came to us and said,'ﬁWe want to review all of your output reports.' We said,
“"We don't bélieve that this is a technique. The Bureau of the Budget does have
an Industry Advisory Counsel, but since_ydu are offering to do wérk for us, we
will be tickled to death to accept it." We“&e adcépted it first in the field
“of ASPR. One of the first things that Secretaty Morris asked for was, "How should
ASPR be changed to accommodate PERT cost?" We found that the ASPR people didn't
know about PERT and we ddidp't know enough about the ASPR regulations to reallyvcome
up with good, tangible recommendations.

So wé asked NSIA, because, after all, the two systems are impinging right
on industry. They said, "Yes, fine, we‘d_like to do that, and we'd also like to
do some of these other things." We hawe eight subgroup studies of the National
Security.lndustrial Association Finance Committee, which are being headed up by a
-man by the -name of Stanley Sjosten. He..isu-Comptrollervof.Melpa.rc We have about
«40‘peop1e‘frpmfindus;:y.op~these»variohsvgroupso. I don't have to read the gamut
of theﬁ,'but you can see.that;éach of them is important subject matter, and they
will represent a ;rééendous input to the program as .a whole.

We have established quite openly liaison for them which split the job all up.
We've been quite random in doing so. I believe that this gives you an indication
of the type of things we still have to do, to take it down to all the opportunities

that do exist here. Our greatest fear is that we will permit some of them to drop
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through the cracks.

1f anybody'says, "Oh, PERT cost can go into effect; it's all done; things
are laid out; we have beautiful guides here; it's a pity:; this is the end of it,"
I think you can see from this that we have a lot of problems. We are going to
depend upon a lot of inputs from every place that we can, including from you.

I do want to add one thought to something else that was said here. One of
the basic reasons that this system is so desirable is that it has this forecast
ability. T didn't mention this early, but Jack Bennett mentioned i§1,and’you

:
could see it in the management summary reports. That forecast ab11;;§xtells you
what is happing to the ultimate cost, what is happening to the ultimatérﬁimé,
and it .makes this a very important tool, because you can forecast now that you are
in trouble, now, in time to do something about it.

I think this summarizes.about exactly what I want to put across at this time.

COLONEL MARTHENS: Again, with your permission, Mr. Buschman, 1'd like to take
a shqrt'bfeak here while we set up the panel and hold the questions which might be
directed to you for the panel. Thank you, Mr. Buschman, for the very interesting
talk on the PERT Coordinating Group and its future activities. Thanks very much.

Now we've got theﬁ all tqge;her up here, and we'll try to field your ques-
tions.

Before we start--1've heard a lot about PERT and what you are doing in DOD
and industry and everything, and I thought it might be interesting to our panel
here to know that we here in ICAF are getting on the bandwagon of PERT and we've
got a few PERT networks of our own being designed here.

Now we are ready for your questions.

QUESTION: Mr. Buschman, you indicated that there is under the PERT system
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communication upward, primarily on the etatus andproblems and then communication
downward -on the problems. There seems to be an insignificant amount of resistance
on thg part of industry in furnishing this information upward. I am wondering what
the program includes for -automatic feedback to the people who are working on these
things, to tell them the status of the overall program.

MR. BUSCHMAN: Of course, No. 1, industry is going to have the same report
that we have. This feeding upward takes place in two ways. It takes place to the
vice presidents and presidents within the corporations, and the reports will feed
. up to them. .They will be the PERT cost factor reports, and thePERT time reports.
They may at that point translate them into something that the particular manager
undersiands more or is used to. They will have the same type of reports,

Reports.xright now, as far as pefense isrconcerned, feed to the program mana-
ger. He maintains .an overall master network and relationships. This is up to him,
We have no requirement whereby he ~ .transmits to the contractor the program for the
total system. I .don't know how he could do otherwise than to have his regular brief-
ings.and discussions with these people.

Jack, you can probably answer that.

COLONEL BENNETT: There are two or three different things that occur. A lot of
the actions that take place in changes require the program manager to feed back in-
formation. On the analysis fhat comes in with the information, the contractor will
indicate some action that he plans to take, but, prior to his taking this, the pro-
gram manager will feed back, indicating that he should do this or something additional.

There are other aspects to it. One is interface log, which shows all the inter-
faces between all the contractors, all the agencies, everyone involved. This inter-

face log is an example of information transmitted on the particular log plan and
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changes to this, so that he can see what effect changes in other contractor plants
have on his particular program. 4
There are regular quarterly meetings and members of the teams attend, such
~.as on the Minuteman. These all fit in to make a total control system with PERT
just being part of this particular system.
QUESTION: Colonel Bennett, in your list of what PERT is noﬁ you included
that it is not a safeguard against erronebus input. When you are controlling the
progress status on a project, how do you go about keeping the progress fed :in from
your contractors?
COLONEL BENNETT: This is part of the structuring. Theré are several ways.
Of course you have your checks and balances with your plantines, and what is devel-
oping in this plantitne. We call in Accro. They do an independent analysis on ...
this information. Then we have the plant check. The auditor goes in and does a
random sampling of information to see if it is accurate, and things of this nature.
I'd say that one of the basic controls is the fact that you've got these work
packages broken down into 3 months and $100,000. He can fudge you for a certain per-
iod of time, but when he comes to that 3-month period, he's got to say, "I
don't have enough monéy or time," or he's got to say, "It's complete," because he
-.can't charge that account any more after that period of time. So you have that check

and balance. And there are others that are built into the system,

QUESTION: I read in the Sa;q;day Evening ?ost recently that the CIA had a
$3.5 billion budget. I'd like to ask Mr. Osborn if he knows whether CIA has‘any
“application for PERT .

MR. OSBORN: 1I'm sure I don't know whether or not the CIA has a $3.5 billion

budget. There aren't very many people in the Government who do. I don't know what
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they go. Unless you have 4 -special reason fer looking into what the CIA does, you
stay eway from it. We have three people in the Budget Bireau who concern themselves
with- that agency, and I'm not one of them. So I can't tell you a thiﬁgAabout them.

QUESTION: Mr. Osborn, =~ ¢ in making appropriationsCongress obligates
and orients, and management must watch efficiency. Meanwhile, back in the Bureau
of the Budget, you are trying to sell the cost-type budget and you take into account
such adjustments as inventory, depreciation, orders not delivered, and that sort of
thing. And now we have PERT cost. Does this add another bookkeeping system to
keep? What does is infer in terms of other management responsibilities with réf;%;
ence to the appropriations structure?

MR. OSBORN: 1In the Bureau of the Budget, we haven't required anyone to use
this PERT cost up until this time, and I don't think we will. It‘s advantage is
that it is an internal management system. If you in OEP come to the conclusion
that PERT time and PERT cost are of advantage to you to use in internal management
then go ahead and use it. i think it will be a long time before we will put out a
requirement that this is a system that you must use.

So, if you want to call it another bookkeeping system, I don’t think that PERT
can be described this way. 1If you find it useful to use, go ahead and use if. If
you use it, I think you'll find a lot of other things that you are now doing that
you can eliminate. In particularly the.application you were. talking about, inlthese

.cost-type budgets, it seems to me.that the use of PERT cost is going to be extreme-
ly.useful in developing the information that you peed for proper cost-~type budgeting,
if this is your way of doing it.

MR. BUSCHMAN: Let me add one comment to that as far as we are concerned.

We have taken PERT cost recently, and you can see this in the NSIA studies and also
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in the studies of the ECG. We are taking PERT cost, we are taking the DCPR, which
is the old Defense Contractors® Planning Report, and we are taking tﬁe 1097 and the
" 1177 forms, and different forms of this type and systems of this type, to attempt
to see to what extent we can follow one system, one system that will provide the
data we want.

The only reason I mention this is, DCPR being the old aircraft manufacturers®
planning report, and missile manufacturers' planning report, we have already caused
them to say, '"We want to go on a work breakdown structure basis." This leads into
the fact also that in contracting, as Colonel Bennett pointed out, you are going
into a work breakdown structure. Many of the contract tasks will be spelled out
in this manner.

Ultimately you can budget along these types of lines. In our PERT Coordina-
ting Group, as far as the OSD participation is concerned, Secretary Morrisis organ-
ization is represented by myself. Secretary Hitch's organization is represented
by Ed Wood, who is now with them, through Deputy Secretary Asher. Then you have
Eric Varney of DDR&E representing that corner. We are all working toward this same
objective, all working in the field of PERT cost.

I haven't answered your question, but I have given you some lead or some
.directionvthét.is«taking placej Remember, as far as DOD is concerned, you have
your.financialvmanagement,rlogistics, comptroller, and DDR&E all participating in
_ this thing.

As to whevre it will ultimately take us, we don't know the answer. We think
we know. I can give you a prediction on a very nésty question thrown at me by
Arthur Toner., I thought, "This man is an enemy." He aske&; WWhere is PERT cost

going to be 5 years from today?" We told him that we thought the advantages to

60



industry were so great that any top management person would find it to his competi-
tive advantage to use it. He proved himself to be a friend. He turned around and
said, "I will make the prediction that every producer within 5 years will be using
this system and applying it in some form to all of their programs." Arthur Toner
is from Price Waterhouse, an accounting firm.

So there is a tremendous movement. We don't know fully where it is going to
lead or how it will effect the budget submissions or the Congress. We get calls
right now from Congressmen for the PERT Guide and the DOD-NASA Guide,

MR. OSBORN: I am going to take this a little further. 1 know that
people in tﬁe reports control function up in the Bureau have been concerned with
one thing, the same sort of question you had: "Is this just another requirement
for reports?® They are interested in what can be done away with after you have
fully developed PERT time and PERT cost as a reporting requirement. Of course
this is from industry.

I understand that this is a closed room, so let me go a little further In
the Budget Bureau once a year we publish a publication about financial management.
This is put out under the auspices of the Joint Financial Management and Improvement
Group. I think this is the Budget Bureau, the Treasury Department, and the GAO.

As far as I know, the GAO has had absolutely nothing to do with the development of
either PERT time or PERT cost. But one of the men who are responsible for this
publication came down to us yesterday and got a briefing on PERT cost, and this is
going to come out in a publication when it next comes out. As far as I am concerned,
this is sort of committed to GAO, since their name is on the cover, too, in that
they are going along with us.

How many years it will take us to educate the General Accounting Office people
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that PERT cost is a legitimate and acceptable way of developing an accounting
system, your guess is probably better than mine. Until it happens the thing will
" be completely spontaneous on your own part.

QUESTION: By now, on the past applications of PERT, haven't we got a
civilian number of.similar instances of using this technique so that a library
source to which others who face similar problems might go? Are there repositories
for both industrial and construction types as well asdmilitary and government appli-
cations of PERT?

COLONEL BENNETT: 1 might take a crack at that. There is a sufficient data
bank of information concerning the subject. We haven't done a complete job of dis-
tributing this, however. The Air Force just this last year has put out some 35,000
publications of all types in the area.

This is another preblem, the proliferation of publications, because you don't
know where to go to get the correct answer. But through the PERT Coordinating Group

- we are getting ready to publish an inventory of approximately .800 projects that we
have, breaking them down by .certain categories--administrative use, and so forth.

We have a series of five manuals that have evolved during this last fiscal
year; one on Pert Time Computer Program, one on.a PERT Cost Computer Program, one
on the PERT Time Systems Description, one on the PERT Cost Systems Description,
.and one on Implementation that goes into organization, preplanning, and so forth.

We do see evolving‘the doéumentation that doeg provide the steps necessary
to do a good job of implementing the techniques.

- MR. BUSCHMAN: This leads almost to a suggestion made in the PERT Coordina-
ting Group the other day, the fact that there is considerable latitude, and while
we have prevented this many different applicat}ons, there is still room in here for
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better applications and more uniform applications.

One of the services was suggesting the other day that we have some tech-
nique whereby upon implementation of the system to a major program they can get
some sort of certification from the PERT Coordipnating Group that this does fall
within the concepts and principles and so on being adopted on a uniform basis.

But, as far as the tests on PERT cost are concerned, the types of reports
that Colonel Bennett was mentioning earlier started to flow about in April, May,
and June, around this time period, to the program ménagers. They are reworking
these and so on, so that we have only just reached the point where in this evalu-
ation that I . mentioned we can begin to téke those and document them. There will be
.this.documentation of those tests. That data will be available to everybody before
we are through.

QUESTION: Colonel Bennett, in .determining with respect to contractors that
they must include PERT cost in their bids, are there generally acceptedfground rules
-.within DOD, such .as estimating cost .and complexity of the overall écdpé of the prp-
ject?

COLONEL BENNETT: Yes, these are in draft form. The first DOD document came
out on the 17th of January. It set the criterion that you would have program def-
inition. Once you have program definition this means that you do have PERT cost.
It stated that this Qould bé on operational development systems, and another cate-
gory of $25 million or more for a total program and/or $20 million in any one year.
This means that the DOD is going to direct that we have program definition which in
effect directs PERT cost.

Now, the services are all in the process of coming up with program definition

manuals, conceptual manuals, basically now, that hit procurement planning, systems
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definition, programs and plans, and PERT and PERT cost. These are all going to
be integrated into one manual on the program definition concept.
MR. BUSCHMAN: One of the most startling thiﬁgs about this whole program
) has been the willingpess of one organization to adopt the techniques and the
documentation of another organization. Colonel Bennett has mentioned the sys-
tems manual here, in which ;he Navy came along, Special Projects instituting the
request, and the Navy as a whole picking it up and saying, "We would like to take
your Air Force systems manual and adopt it to our use." We said, "Fipe. While
you are doing it, can you adopt it to the use of the Department of Defense as a
whole and the Government as a whole?" They said, "Yes, we can." 8Seo Arthur
Gurringer of O&M has a project right now of putting the kind of language, the
more uniform language, taking away the AFS such and such and putting in DOD or
what have you type of language in this manual.that.can later be adopted as a whole.
This is a tremendous thing and it takes place every day. It's quite start-
ling.
QUESTION: From some of the background reading I gained the impression that
PERT was more.suitable‘to R&D projects and somewhat less suitable in certain other
types of endeavor. This morning I gained the impression that PERT could be used
possibly to the exclusion of other types of management teqhniques° Is that correct?
MR. BUSCHMAN: Ngt to the exclusion of other techniques, no. Let's put it
this way. We,.too,_thpught that it would be suitable only to research and develop-
.ment, When you have General Dynamics and firms of this.type, and Douglas, saying
E that it is easily applied to the mul;i—output types of techniques--I am not talking
‘about commercial day-to-day competitive production, I am talking about major pro-

grams here--you are gquite convinced that this.will take place.
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Now, what happens? You must apply a learning curve, which is the DCPR-type
curve, to your netwqu>in effect. Douglas has already developed a system whereby
the network, with the application of the learning curve to the human resources
in there, gradually closes in. They have picked out certain standard items in the
network where this will actually happen, and they follow that.

So you have-a big network based on the first item, or, let's eay, the first
group of items, perhaps 10 items. Then you have another network, and another one.
And these gradually, in a period of time, with the application of the learning
curve, come down into a smaller area.

There are complications here. Line of balance has to be used. We originally
thought the line of balance had to have costing in it, but PERT already has the
costing in it.

. . presented

Army has developed and presented, and this will be/at ouwr industry meeting in
October, a PERT cost line-of-balance technique. We had them present it to us. We
also had them present it also to the NSIA Group. .It was quite clear that they had
a PERT cost system period, and the only way they were using line of balance was as
a control technique, and not as a costing.technique.

So the story that is coming back to us, we realize more and more, is that the
Pert cost isa management technique and that these other controls and so on will be
used more as supplementary techniques to assist it.

We can get some long discussions, disagreements, and so on, in this area. 1
am just trying to give you a feel as to the way I see it going.

QUESTION: Mr. Buschman, are PERT techniques being adopted by é,ny of the other
nations?

MR. BUSCHMAN: Yes. There have been quite a few people who have been in to talk
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to us. A man from Saud came recently and said that as far as his firm is concerned
they have been using PERT time for about 3 years. He came in to obtain whatever
infermation he could on PERT cost. From England I keep getting considerable commun-
ications from similar study groups that are going on this area, although I don't
know of any big applications there. We have a man by the name of Murphy who is
coming through an arrangement with the British Embassy to see us the first week of
October. He is from their atomic energy group in England. We have made arrange-
ments for him to see atemic energy here and to see the PERT Orientation and Train=-
-ing Center, and to go around to many of our contractors to obtain as much informa-
tion as he can.

The PERT Orientation and Training Center is authorized to give its courses to
foreign nationals. I'd say that we get requests for the PERT Cost Guide from Africa
and different p{aces.like that and on how they can apply it.

But to give you goeod illustrations of actual applications, we just haven't
had the time to really seek these answers out,

QUESTION: Mr. Buschman, in your opening remarks you mentioned the weapons
acquisition study and the fact that it had cited cost and time overruns of a signi-
ficant nature. You stated reasons for these. Could you elaborate as to what pro-
portion of the overruns were due to such things as poor management and what pro-
portion might be due to other factors, such as inadequate forecasting?

MR. BUSCHMAN: I can't, no. I don't truthfully know to what extent the
weapons acquisition study has really dwelt on this. I haven't got through it. It's

| - about that thick (demonstrating). I read a draft of chapters when it was being put
together. This has been over a period of about 3 years during which they have been

doing this study.

bb



I can mention to you, and 1 think it is important for you to know, that
the 12 programs were such programs aé Polaris, Nike Zeus, Hercules, and so on,
which were part of the program. So that it covered major programs of the De-
partment of Defense, not small programs. Jupiter was also one of them. But I
can't break this down for yoau.

Regardless; you hear some pecple say, '"Oh, that was a program change that
caﬁsed the cost overrun.” 1T don’t regard this as any excuse, personally., This
is a form of poor management on our part and on industry‘s part in the original
development of the program, on what the objective truly was and what it consisted
of. So I blame myself and us collectivelyvfor not giving better guidance and not
thinking the thing through,

This is why everybody is so interested in cost effectiveness reports, which
require a complete definition. Hew can you possibly do a cost effectiveness re~
port, for example, on the actual use of a program and its ultimate operational use,
if the thing is going to cost so much more and there are so many program changes
take place? /iiydon’t think the thing through. you can’t evaluate it. .It's im-
possible.

That's what we are up against. That's why we need it. Maybe it should have
a different name. Maybe it should be a different program. The important thing is
that we need something that will forecast what the cost will be, so that we will de=-
fine what the objective really is and what the program will look like, and so that
we .can make these analyses on what kind of weapon we really are going to use and
what it will cost to operate.

There is no sense in develoPing 40 programs that will cost $150 billion a year

and all to be operated simultaneously, when we don't have that kind of money.
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QUESTION: What is the expected effect on manpower requirements in the
government agencies of the widespread use of PERT techniques in procurement
contracts. : Can we hope to get a reduction there?

MR. OSBORN: 1I think that everything that affects management, good man-
agement or bad management, affects manpower. If you start out a program and
the program is basically bad because you haven't planned it properly, you are
going to use up manpower that you shouldn“t>use, If you ean emplby the .PERT
techniques to set your objectives and .to make your plan of action properly, so
that you can quickly make adjustments.and so on, I think that inevitably you are
going to use less manpower.

I don't think this will bring about any reduction in- the use -of .manpower,
but I think we are going to get better output.as a result of it. I don't think
that PERT itself is going to be something you can point to and say, "We are going
to reduce manpower this way.™ .1 think you are going to get better results with the
same resources you have been using.

COLONEL MARTHENS: Mr. Buschman, Mr. Osborn, and Colonel Benmett, I know I
-speak for us all here here when Iisay that we;gfe indeed grateful to you all for
coming here today and giving us so generously of your time to help us understand

PERT and PERT techniques. We thank you very much.



