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1. Introduction

(‘olonc~l Geesey, General Welch , Professor Thrall , I)r . Andrew s , Ladies

and Gentlemen:

Over the past severa l days , I have heard the term s C2 and C3 mentioned

so many times by so man y speakers that I cannot avoid the feeling of being an ex-

pert on the aubj ect. Yet , wa s I an expert on the subject barely three days ago?

Certainly not.

Whe n I first gla nced at the program and saw the sym bols C2 and C3 re-

peated over and over , I tho ught: C2 must denote some function which is continuous

together with its first and second derivatives ; analogously, C3 must denote some

fu nction which is continuous together with its first , second , and third derivatives.

Then , I thought: What are the militar y up to? Why are they interested in functions

which mi ght exhibit a discontinuity in the fourth derivative?

Afte r listening to the opening speech of General Welch , it became apparent

to me that the te rms C2 and C
3 were being employed in a ;ontext quite different

f rom that familiar  to pure and appl ied mathematicians . After glancing again

at the program , I saw that one of the papers being presented had the tit le: (~3 
at

Sea: A Commander s View. Then , I said to mysel f: perhaps C3 denotes some

new kind of periscope , or atomic submarine , or periscope mounted on some atomic

subrn a rine.

Obv iou sly, not even my second interpretation was correct , and it took me

a full  day to establ i sh a m i n i m u m  of f ami l i a r i t y  with the jargo n of gene rals an ”

admi rals . Slowly , but surely, by the end of the first day , I f ina l l y unde rstood

I
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2 3I that C means command and control and that C means command, control , and

communication ,
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2. Existence of a Gap

Allow me to look back ward In time and gla nce panoramical ly  at the content

of this  three-day meeting. Aft er listening at the succession of presentations given

by generals , admi rals , professo rs, senior scientists , and various technical per-

sonnel , what is my overall feeling? Where do we stand now?

Somehow, I have the impression that there are two main possibilities :

(a) perhaps , the wrong people were invited at this meeting; in that case , I am

definitely one of the wrong people; or (b) perhaps , the right people were invited

at this meeting; in that case, it seems apparent that a considerabl e gap exists

between the top management of the mili tary on one side and the academic people

on the other side.

Under the assumption that interpretation (b) is correct , then the best thin g

which can be done at this moment is to make an effort in order to bridge the gap.

With this in mind , I shall devote the rest of my lecture to presenting my philo-

sophical views on research on al gorithms and computing methods in applied mathe-

matIcs. In particular , I shall focus my attention on the work of the Aero-Astro-

nautics Group of Rice University . After this presentation is completed , then each

of you can make up his mind as to whether (and to what degree) my work fits within

the fram e of a C2 -sltuation or a C3-sit uation . While I am not so sure that my

work is relevant to the C2 -point of view and/or the C3 -point of view , neve rtheless ,

the re is little doubt in my mind that my work is relevant to AE(meaning aerospace

englneering) , ND(mean ing national defense), and USA(meaning the United States of

America).

I
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1 3. Eng Ineering I~~sign

I 
First , let me give you my background . I graduated in Acr ospac hng inee ring

from the Universi ty of Rome in 1946 , and my in i t i a l  in tent ion was that of l~e~ ow ing

I a designer of al~ sorts of aerospace vehicles . Since the I ta l ian  indus t r y  was in

I tot al shambles in” 1946 (we had lost the wa r), I accepted a job at the \ l i l i t a rv .\ir-

craft Factory of Cbrdoba , Argentina . The director of the factory was Brigadier

I General I . San Martin , who had studi ed aerospace engineer ing in I tal y at the

I Pol ytechnic of Turin , and who had a very soft spot in his heart for I tal ia n technical

personnel. He was aff ~ctionatel y call ed “El Petiso” , meaning the short one , for

obviou s reasons.

As per my wishes, , ! was given several design assignments: first , the

aerodynamic design of a pr~pe1ler; next , the computation of the flight performance

of a t raining plane; then , the~çomplete preliminary design of a training plane. As
\

my work in design progressed ,, I started to become aware of the tremendous limi-

tations facing an aircra ft designer: there were deadlines to be met and design s

to be completed while employing very incomplete information. Early in the game

( I was then onl y 25 years old), I decided that I did not like this state of affairs.

I decided that Incomplete information was unappealing to me and that , by temper-

am ent , I required more comp lete information.  I felt that , in order to becom e a

really good aircraft designer , a knowledge of adv anced research techniques was

necessary . With this in mind , I undertook a fatefu l (onl y for Miete , not for the

rest of the world) and i rreversibl e step toward basic research In aerospace

engineering.
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4 . Eng Ineering Resea rch

Mv f i rs t  love was  flight mechani c s . In 1947 -48, the problem s of the

mechanics  of fligh t of turbojet-powered vehicles were all important , and I devoted

considerable dme to the stud y in depth of fl i ght trajectories . Wi th in  the class of

feasibl e flig ht t rajectories , the stud y of the optimum flight trajectories is of

particular iiapor tance , and this in tu rn leads to mathematical problem s which

bel ong to the realm of the calculus of variations and/or optimal control .

In 1952, the great and late Antonio Fern offered me to join his  research

group at the Pol ytechnic Institute of Brooklyn . I accepted with enthusiasm and I

worked with him for three years at the aerodynamic design of some of the hyper-

sonic wind tunnels of the Polytech nic Institute of Brookl yn.

In 1955, I joined the staff of Purdue University, and retu rned to my first

love (mechanics of fl ight), with a new twist: the stud y of the optimu m trajectories

of rocket-po wered vehicles. I was fortunate enough to convince both AFOS R and

NA SA to back my work on optimum fligh t trajectories . In particular , I sta rted

a long and rewarding association with AFOSR.

In 1959, I joined the staff of the Boeing Scientific Resea rch Laboratories

and continued my work on optimum fligh t trajectories . This work culminated in

the book Flight Mechanics (Addison-Wesley, 1962). In addition , I became interested

In th e theory of optimum aerod ynamic shapes. Together with my research grou p

at I3SR L, I tackled a wide variety of optimization problem s occurring in the aero-

dynamics of supersonic , hypersonic , and f ree-molecular flows. Mathematically
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L speaking, these problems also belong to the realm of the calculus of variat ions

I and /or optimal control .

In 1964 , I decided that it was t ime to ret urn to university teaching and

I research . The combination of Houston with Rice Universi ty  proved to be part icularl y

I 
att ractive , also in view of the fact that the NASA-J ohnson Space Center is located

in Houston . At Rice Unive rsity , I continued aggressively my work on optimum

I aerodynamic shapes under the sponsorship of AFOSR and NASA -Langley Research

I Center , This work culminated in the edited book Theory of Optimum Aerodynamic

Shap~s (Academic Press, 1965).

I
I
I

‘i i
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5. Applied Mathematics Research

About 10 ~‘ears ago , while working on the problem ~f upt i ni i zin g wings ,

fuselages , and wing-fuselage comb inatio ns unde r different flow regimes , our

research program reached a point where advances became increasingly d i f f icu l t .

My feelin g was that we were in the presence of a rather steep wa ll  and that a

tremendous amount  of anal ytical in genuity was required in order to make relatively

smal l advance s. Perhaps , the best way to portray the situation is this: I felt

like a man who is trying to walk on broken glasses without shoes .

The reason for the change d situation was the following . We had almost

exhausted our bag of anal ytical tricks , and we were facing numerical difficulties

of ever increasing complexity . When I sensed that this was the case, I said to

myself: An gelo, you can no longer be a first-rate engineer without a full  and

total knowledge of numerical methods . With this in mind , [ undertook another

fat eful (again , onl y for Miele , not for the rest of the world) and perhaps ir rever-

sible step toward basic research in numerical methods and computing techniques .

Since I felt that to work simultaneously on engineering research and mathe-

matical research was rather inefficient (any good general would understand that),

I dumped overnight all of my engineering problems and started to work at full  blast

on mathematical problems only.  My intention was to gain rapid knowled ge of

nu merica l techniques , in order to be able to ret urn to engineering at a later time

and then tackle more complex problems .

In the meanwhile , Mr . R. L. Pritchard , fo rmerly of the Boeing Company,

had joi ned my group at Rice UniversIty . Together with him , I undertook a review
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of previous wo rk in the area of a lgor i thms for optim al control theory. As soon

as we started this  review , we realized that we faced two severe li mi ta t ions .  First ,

the work of some of the leading authori t ies  on the subject was not exactly a master-

piece of cla rity. Second , there were some huge holes in the existing body of

knowled ge; and there were unanswered questions all over the place.

In the light of this situation , we decided early in the game that we should

develop our own independent research program , leading to new algorithms fo r

sol ving all sorts of problem s of app lied mathe matics on a digital computer . Since

I could bank on my previous reputation in engineering research , it was not diff i -

cult for me to persuade AFOSR , NA SA, and later on NSF to back the work of the

Aero-AstronautiCs Group of Rice University in the area of numerical methods.

As soon as ou r program on algorithms for optimal control theory had

started , I realized that the solution of optimal control problems on a dig ital com-

puter cannot be divorced from the solution of differential equations. That being

the case, we started a second program dealing with the numerical solution of two-

point and multi -point boundary-value problem s on a digital com puter .

For several years , the comp uting center of Rice University had been

equipped with a Burroughs 5500 computer; more recently, it has been equipped

with an IBM 370/ 155 computer . In spite of the considerable capabilities of these

computers , we fou nd that some opt imal control problem could tax the memory of

th ese computers almost  to the l i m i t .  We also found that some optimal control

problem could be quite expensive on a digita l computer. Since our funds were

relatively l imited , it seemed diffic ult for us to he abl e to develop in this way the
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tv tx ’ of sys temat ic  i n f o r m a t i o n  which is  needed in order to g ive al go r i thm ~ for

optima l  control  theory t h e i r  most  usefu l st ruc tu re .

J o  offset the above d i f f i c u l t y ,  I reasoned as fol lows . For every problem

of op t imal  cant r o l , there mus t  be a counterpar t  in m a t h e m a t i c a l  p rog ramming

which is easier to solve: it does not test the memory capa b i l i t i e s  of a given com-

puter , and it does not require as much computer t ime ,  lii th is  sp i r i t , we started

a third program l eading to the development of computer a lgor i thms  for m a t h e m a t i c a l

programming problems.

Just  as the solution of optimal control problem s is related to the solution

of differential  equations , the solution of mathemat ica l  programrnir .g  proble m s is

related to the solut ion of nondifferential  equat ions  (namel y, al gebraic and trans-

cendental equations). As a con sequence , it was natural  for us to start  a fourth

program dealing with the numerical  solution of nondifferent ial  equat ions .

In summary,  after a few short years , our research program on comput ing

methods had grown to a considerable size . Indeed , it included ca lcu lus  of vari-

ation s, optimal control , differential equations , two-point and mu l t i -po in t  boundary-

value probl em s, mathemat ica l  programming, and solution of nondif ferent ia l  equations.

Several people have contributed in a substantial way to this  progra m . While the

list is a long one , I would like to ment ion  Professo r H .Y. I luan g (present ly wi th

EPR A, Exxon Production Research Com pany, Houston , Texas) and Dr . A. V . Levy

(presently with CIMAS , Computing Center of the Univers i ty  of Mexico , Mexico

City,  Mexico).
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6 , Thoughts on Al gor i thm I) evelu pment  and l 1 sage

I In Sect ion 5, I discussed t h e  n a t u r a l  deve lopment  of our resc ;i r c h  program

on comput ing  methods . In th is  section , 1 shal l  describe some of the phi l oso phica l

I thoughts  that helped shaping our program .

t (a) Fi rs t  of al l , the nature  of a dig ita l  computer is such tha t  the  u s e  of

vectors and matr ices is beneficial to problem formula t ion . On a d ig i ta l  computer ,

I a problem of f l i ght mechanics  is no d i f fe rent  from a problem of chemical  engineering,

I as long as both problem s are described by the same kind of vector d i f f e r en t i a l

equation and vector boundary condit ions , for example ,

I
x - f ( x , t ) = 0 , 0~~~t~~~l ,  ( I )

g(x , t )~~ 0 at t 0 , (2)

h(x , t) = 0 at t = 1 , (3)

I 
where f ,g, h are vector functions of appropriate  dimension s.

‘rhis concept helps gr ouping some apparently different  prohlems in to  broad

classes of problem s, such that a common algorithm can be developed for so lv ing

I 
every problem belonging to the same class. The fact that a par t icular  problem

deals with flight mechanics and another part icular  problem deals wi th  chemical

engineering comes into play onl y a posteriori , after an al gori thm has  been developed ,

through d i f fe ren t  special izat ion of the func t ions  f .g, h and the i r  der iva t ives .

If the above po in t  of view is taken , then one can develop a lgo r i t hms  useful

for a wide variety of problem s of the real world , even though the pr imary  interest

of a pa r t i cu la r  scient is t  mig ht he jus t  f l i g ht mechanics . Indeed , 1w g iv ing  generali ty
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to problem formulat ion , one can succeed in developing algorithms not onl y useful

in aerospace engineering, but also simultaneousl y usefu l in other areas of engineering,

science, and economics.

(b) In l ine with (a) , it is simply uneconomical and inefficient to try to

develop a new mathematical al gorithm every time one faces a new technical problem .

Usuall y, it is more economical and efficient to try to employ transform-

ation techniques such that a problem A belonging to a given class , for which al-

gorithms are not avai lable , is converted into a problem B belonging to another

class, for which al gorithms are already available.

Of course , transformation techniques have their own l imi ta t ions .  They

can he used providing the structure of problem B is not too different from the

structure of problem A. With these l imita t ions  in mind , judicious use of trans-

formation techniques can he helpful in l imi t ing  to a considerable degree the pro-

liferation of a lgori thms solving s imilar  and/or related problems .

(c) The successfu l development of algorithms for digita l computer usage

is partly a science and partly an art. Com puter experimentation plays a funda-

mental role , since this  is the onl y way to uncover possibl e weaknesses and correct

these weaknesses if they exist . Onl y in this way can one hope to develop algorithms

that are robust , that is , capabl e of leading to the solution of many different pro-

blem s under a wide variety of operating conditions.

(d) As a corollary to the above though t , it is rather unlikely that a success-

ful a lgor i thm migh t he developed by some mad scientist , who gets up on a gi ven
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morning on the right side of the bed . It is nice to dream of some genius who had

a wild idea that just happened to work without a hitch on a digital computer. But

frankly,  this is not the standard situation; and th is  is because a digita l computer

has its own rules of operations and its own internal logic; and while this logic is

limited , it is usually more consistent than our own human logic.

(e) A scientist has the duty to test his theories experimental ly, in order

to understand its limitation s and try to offset these l imi ta t ions , if at all possibl e.

I 
If this is not possibl e, then a scientist has the duty to state these l imitat ions clearl y,

so that they can be corrected through subsequent work of the same group of people

I or some other group of people .

I 
(f) Frank exchange of information , couabo ration , and interaction between

scientists belonging to the same group is fundamental in order to succeed in al-

I gorith m research and development. It is most important that both information

I 
relative to failures and information relative to successes be conveyed promptly

to every element in a group. Indeed , negative information can be as important

I as positive information in shaping the long-range goals of a group and in deter-

I mining the most efficient distribution of ta sks within a given group.

(g) When app lying optimizati on algorithms to the solution of engineering

I probl em s, It must he remembered that nothing catastrophic usuall y happens , from

the point of view of the performance index , if an exact optimum is replaced by an

approximate optimum . This is the same as saying that , in the real world , satis-

faction of the feasibi lity equation s is usuall y mo re important than satisfaction of

th e optima lity cond itions.
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Paradoxically,  it might seem that I am s ta t ing  that  op t im iza t ion  is less

important than we like to think , and th i s  thought m i g ht shoc k some professional

optimi zers. But , if one recove rs from the shock , then one can take advantage of

this thought when selecting the al gorithm to be employed in the solution of a given

engineering problem and when choosing the so-called stopping conditions for the

feasibility equations and the optimality conditions .

By adhering to the point of view expressed under points (a) through (g), the

Aero-Astronautics Group of Rice University has succeeded in developing a wide

variety of robust algorithms useful for all sort s of problem s of appl ied mathematics .

Perhaps, the best measure of this success is the fact that our group has received I
over the years some 5000 requests for the various reports and papers that sum-

marize the results of our research program. Does this mean that the proof of

the pudding lies in the eating? 

II
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( 7 . A View of the Future .  A l l o c a t i o n  of h u n d s

Even thoug h the di g it a l  c ow put er  is ha rel~’ 2 0— 2 5 years old , con s Lderab le

advances have been achieved thus  fa r  in the science and art of compu t ing .  It ap-

pears proba bl e tha t  these advances w i l l  c o n t i n u e  wi thou t  any sub s tan t i a l  slack-

ening over the next 2 5—31 ) years . It a l so  appears probable that , h~’ ftc b e g i n n i n g

of the next century , a r e l a t ive l y  steep wal l  might  be reached . Beyond that t i m e ,

I progresses might  become slower and more pa in fu l  to achieve .

Since the next 25-3 1) years appear to be crucia l  to the development of new

and more sophis t i ca ted  comput ing techni ques , the fol lowing question s arise: ( i )

I Should allocations for research in computing methods he increased” ( i i )  What is

the proper level of support’?

In approaching the above question s, the prope r reasoning is as follows.

I Basic research in numerical  methods and computing techniques t ranscends in im-

I portance basic research in every other area of eng ineering, science , and economics ,

for a simple reason. Real -world problems of aerospace engineering, electr ical

engineering, mechanical engineering, and so on , ul t imate ly  require that some

set of equations and/or inequalities be solved on a dig ita l computer . Therefore ,

to acquire a capability in numerical  methods and computing techniques implies to

acquire an enhanced capabi l i ty  in engi neering, science , and economics .

In the light of the above reasoning, it appears that the answer to question

( I )  is decisively a f f i r m a t i v e . Concerning question ( i i ) ,  one must  remember that

resea rch in computing methods is relativel y ine xpensive and occupies at t h i s
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moment onl y a t iny fraction of the overall budget of major government agencies ,

such as AFOSR , ARO , ONR , and NSF . Thus, it is entirely appropriate for the

top management of the mi l i t a ry  as well as for the top management of NSF to con-

sider doubling or tripling the funds presently allocated for computing research .

I
I
I

I
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8. Distr ibution of Funds

( In this section , I shall touch a very sensitive topic , that of the dis t r ibut ion

of research funds within the nation . The standard operating procedure of govern-

I ment agencies seem s to be more or less as follows. Suppose that government

I agency XYZ has a yearly budget of 2000K. Furthermore, suppose that we divide this

budget into 100 equal packages, each worth 20K. Then, it fol l ows that govern-

I ment agency XYZ can support 100 principa l investigators , spread m ore or less

I with uniform density all over the country.

in proceeding along the above lines , government agency XYZ avoids

I political criticism , At the same time , it buys technical insurance: if agency

XYZ supports 100 efforts , even admitting that only 20% of these efforts turn out

to be good , then agency XYZ is actuall y supporting 20 good research programs.

The drawback of the above operating procedure is that it is in direct con-

flict with two basic concepts of the real world: (I) even though the USA is the

kich est nation in the world , its fi nancial means are limited; and (i i )  in any given

area of research , the supply of tr ue talent is also quite limited .

Because of the realities of (i) and (ii ) ,  one must wonder whether a more

effici ent use of national resources can be achieved through concentration of effort ,

that Is, through the allocation of larger grants Into more capable hands. In suggesting

this course of action , I feel that some immediate clarification is necessary. I am

41n the C 1-language (C ’ meaning contracts) , it Is known that 1K = $1000.i; n’
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not really t h i n k i n g  about  semipol i t i ca l  handouts  of the Themis  type . I am rather

thinking about  al location of large r chunks  of research funds  into  the  hands  of the

best avai lab le  technical talent .

Now , I am ful l y awa re of the fact that a l loca t ion  of research funds  soleR

on the basis of technical considerations might  cause a nat ional  outcry: I can

envision scores of senators and congressmen f i r ing  telegrams al l  over the place ,

because their pet univers i ty  did not get the proper share of the research pie.

In the l ight  of the above possibility , it might be that the best course of

action is a compromise between national needs and local needs. As the Roman s

used to say, in medio stat virtus. For example , consider once more the bud get

of gover~iment agency XYZ (2000K),and suppose that this budget is split into two

equal parts: 1000K devoted to the support of small efforts (each worth 20K) and

1000K devoted to the support of large efforts (each worth lOOK). If this course

of action is taken , th en government agency X YZ might be supporting 50 small

research efforts pl us 10 large research efforts. In this way, political criticism

might still be avoided; technical i nsurance might st i l l  be bought. Yet , the realities

of the fi nancial situation of the country and of the nature of basic resea rch might

be more adequately considered than ever before.
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9. Lagrange and N apoleon

During the f irst  day of this  meeting, Gene ral Welch mentioned a part icular

technical  problem in which Lagrange mul t ip l i e r s  played a role. I would l ike  to

inform General Welch t ha t  I have been deal ing with  Lagrange mul t ip l i e r s  for the

past 30 years . At Rice Unive rsity, we have develope d all  sorts of al gorithms ,

even al gorithms capable of optimizing the distribution of Lagrange mul t ip l i e r s

within a system governed by equations and/or inequalities. Also , we have opti-

mized the distribution of Lagrange mult ipl iers  for systems described by differ -

ential equations and appropriate boundary conditions.

The name Lagrange is of such a common usage in today ’s technical world

that a comment is in order . Contrary to superficial appearance, Lagr ange was

neither a French nor a Louisiana Cajun . He was an Italian , born in Turin in the

year 1736. Indeed , his certificate of birth bears the name of Giuseppe Lodovico

Lagrangia . He taught ballistics at the Mili tary Academy of Art i l lery in Turin and

found ed the Academy of Sciences of Turin , a dusty academy that still exists today .

By the way, I was just elected a Corresponding Member of that venerable academy.

At the age of 30, Lagrangla (already famous for his work on Anal ysis ,

Al gebra , Calculus  of Variation s, and Analytical Mechanics) left Turin , first for

Germany (where he spent 21 years) and then for France (where he spent the last

26 years of his life). In France , he chan ged the spelling of his name to Lagrange,

anJ this explains why we talk today about Lagrange multipliers rather than

Lagrangia multipliers.
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But Lagrange was not the onl y Ital ian who became prom inent in the French-

speaking world . Since this is a meeting of gene rals, I would like to mention the

name of the greatest general of all times , Napoleone Bonaparte , who was born in

Aiaccio , Corsica , f rom an Italian family. I
It is not ironic that the two greatest Frenchmen that ever lived , Lagrange

and Napoleon , both happened to be Italians ?

I
I



21 A A R - l 3 6

In .  Concludin g Remarks

I I have done my best to give every body in this audience an idea about the

nature of the work of the Aero-Astronautics Group of Rice Uni ~’ersity in engineering

I and applied mathematics . I have described some of the philosophical thoughts

I guiding our work in numerical analysis and computing methods.

I realize that our academic work has become so technical that , quite often ,

1 people in government agencies are at a loss in understanding the implicat ions of

I this work. This leads to the gap that I have described at the beginn ing of my ta lk .

To bridge this gap, it would be a good idea that government personnel (in

I particular , AF personnel) be sent to work with senior scientific personnel , working

I in the universities , for a period of one-two years . In this sense, I support the

recommendations provided by Professor R. E . Kataba in the opening lecture of

I this session .

I Concerning the relat ion of my work with C2 -situations and C3 -situatio ns ,

I cannot tell for sure whether a connection exists . But I can think of two problems to

which my work applies and which should be important to the top management of

the military: weapons allocation problems and interc eption problems . . ‘~t any

rate , while I am not sure of the relevance of my work to C2 and C3
, I am quite sure

of Its relevance to AE , ND, and USA.

Now , suppose that there is somebody in this audience who is st i l l  not satisfied

with m y statem ents and says: “Dr . Miele , I l ike  you r speech , hut I s t i l l  do not

understand the relation of your work with C2 and C3
” . Then , my answer would
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he more or less as follows: “Mr . so a n d so , I be lieve that  y our  ( 1U C S t i Ot l  i s  very

percept ive and s t imula t ing .  But I am unabl e to supply a clear-cut  answer , for

reason s of national securi ty.  Specif ical ly,  in order to expound about the relat ions

of my work with C2 and C3
, I would have f irst  to expound about the re la t ions  of

my work with C4 and C5
. And this I cannot do , because it is mi l i t a r i l y classified

informatio1i ” .

I

11



23 .\ \ l~~— l 3 ñ

I Reference ’-~

I Books

I
I .  M E E L E ,A ., Fl ig ht Mechanics , Vol . I , Theory of Fl ig ht Pa ths , Addison-

Wesley Publish i ng Company, Reading, Massachuset ts , l% 2.

2 . M I F L E , A ,,  Editor , Theory of Optimum Aerodynamic  Shape s, Academic

Press , New York , New York , 1965.

I
Reports

3 . MI ELE , A ., Extremal Problems in Aerod ynamics ,  Rice l, ’n iv e r s i t y ,  Aero-

Astronautics Report No . 1, 1965.

4 . MIEL E, A .,, Summary Report on Configurations Having Maximum Lift-

I to-Drag Ratio for Hypersonic Plight (NASA Grant No. NGR-44-006-034 ,

( NASA Grant No . NGR-44-006-045 , and NASA Grant No. NGR-44-006-063),

I 
Rice Unive rsity , Aero-Astronautics Report No. 52, 1968.

5. MIEL E, A ., On the Theory of Optimum Aerodynamic Shapes, Rice Univers i ty ,

I Aero-Astronautics Report No. 53, 1968.

I 
6. MIELE , A ., Summary Report on General Stud y of Optimum Aerod ynamic

Shape s in Supersonic, Hyp ersonic , and Free-Molecular Flow (AFOSR Grant

No. AF- AFOSR-828-65 and AFOSR Grant No. AF-AFOSR-828-67), Rice

Unive rsi ty,  Aero-Astr onautics Report No. 54, 1969 .

Only general bibliograp hical  references are supp lied here . For detai led references,
the reader should consult the bibl i ograp h y l is t ed in Refs. 1-22.



24

7 . M I F L E , A ., Gradient Method s in Opt imal  Control Theory , R i c e  Un ive r s i t y ,

Aero-As t ronau t ics  Report  No . 98 , 197 1 .

S . M I E L E , A ., Final  Report on Air  Force Grant  No. AF-AFOSR-52 5-67 ,

Ana ly t i ca l  and Numerical  Methods in Aerospace System s Theory, Rice

University , Aero-Astronautics Report No. 100, 197 1 .

9. MIELE , A ., Recent Advances in Gradient Al gori thms for Optimal (‘on-

trol Problem s, Rice Universi ty , Aero -Astronautics Report No. 129 , 1975.

10. MIELE , A ., Summary Report on Computer Algori thms for Opt imiza t ion

Theory (NSF Grant No. GP- 18522 , NSF Grant No . GP-2727 l , NSF Grant

No , GP-32453 , NSF Grant No . GP-4 1158, and NSF Grant No. MPS-75 -

18488), Rice University,  Aero-Astronautics Report No. 131 , 1976.

I I .  MIELE , A ., Final Report on Air Force Grant No. AF-AFOSR-72-2 185 ,

Numerical Method s in Aerospace Systems Theory , Rice Univers i ty ,

Aero-Astronautics Report No . 132, 1976.

12. WILSON , E .C., Publications of the Aero-Astronautics Group, 1965-76 , 3
Rice Universi ty , Aere-Astronautics Report No. 133, 1976 .

Papers

13. MIELE , A ., Extremal Problem s in Aerodynamics, SIAM Journal on Con-

trol , Vol . 3, No. 1 , 1965 .

14 . MIELE , A ., On the Prediction of Opt imum Hypersonic Shapes, lourna l

of the F r a n k l i n  Insti tute , Vol . 283, No . 2, 1 967.



25 A A R - l 3 6

1.5 . MIELE , A .,, On the Theory of Optimu m Aerod ynamic  Shape s, Vis tas  in

Science , Edited by D. L. Arm , The Univers i ty  of New Mexico Press,

Albuquerque , New Mexico , 1968 .

16. M I EL E , A ., Optimum Aerodynamic Shapes , Encyclopaedic D i c t i o n a r y

I 
of Physics , Supp lementary  Volume No. 3, Edited by ~~. Thewl is , Pergamon

Press , Oxford , Eng land , 1969 .

1 17 . MIELE , A ., Flight Mechanics , Encyclopaedic Dictionary of Ph y sics .

I 
Supp lementary Volume No . 3, Edited by i . Thewlis , Pergamon Press ,

Oxford , England , 1969 .

I 18 . MI ELE , A ., Optimal (~~ntr ol Theory , Encyclopaedic Dict ionar y of Ph ysics ,

I 
Supp lementary Volume No . 3, Edite d by J . Thewlis , Pergamon Press ,

Oxford , Eng land , 19 69 .

1 19 . MIEL E , A ., Optimum Fl i ght Trajectories , Encyclopaedic Dic t ionary  of

I 
Physics , Supplem entary Volu me No. 3, Edited by J . Thewlis , Pergamon

Press , Oxford , Eng land , 1969 .

20. M I E L E , A ., Recent Advances on Gradient Methods in Control Theory,

Paper presented at the 22 id Annual  Southwestern I E E E  Conference and

Exhibit ion , Dallas , Texas , 197 0.

21. M I E L E , A ., Gradient  Methods in Optimal Control Theory , Optimizat ion

and Design , Edited by M.Avr ie l , M.J .  Rijckaert , ~nd I) . j .  Wilde , Prentice-

H al l , Englewood Cl i f f s , New Jersey, 1973.



26 AAR- 136

22. MIELE , A ., Recent Advances in Gradient Algorithms for Optimal Control

Problems, Journal of Optimization Theory and Appl ications , Vol . 17,

Nos , 5/6, 1975.

I
I
I



SECURITY C L A S S I F I C A T IO N  OF T H I S  PA(~E (N7ian Data Fni.r.d)

REPORT DOCUMENTATION P~.GE READ f NSTRUCTIONS

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~ 
~~~~~~~~ GOVT ACCtSSION NO. 3. RECIPIENT’ S C A T A L O G  NUMBER

BEFORE COMPLETING FORM

~~~~~~_____ —. 

~~ . TYPE OW REPORT & PERIOD COVERED

,1 SOME~PHILOSOPHICAL ~ IEWS ON ALGORITHM S 
Int,~~mAND COMPUTING METHODS IN~~.PPLIED

ER6, P&N~~ MINE S~~~

~~~~~~~~~~~ 
S. CO1T~i~~~l ~~~~~~~~~~ niJUWER(5)

AFOSR 76-3075 . / t~
N S~~~~~~ 

C)

-~~~~~~~~~~ 

. - .—

~~~~~~~ 

w. PRO G R A M  E L EM E NT . PR O J ECT . T A S K~ _ _ _ __ _ __ _ __ _ __ _ _I 6. PER?O RMING O R G A N IZ A T I O N  NAME AND ADOR S

~~, Rice University AREA A WOR K U N I T  NUMB ERS

61102F -D~~~~~~~Mee~~ n~ea4r-~~ngineering and Materials 
~~~~~~~Houston Te~’as 77001 __________________________

~~ ~~~ . 
~~~~~~~

( 
Air Force Office of Scientific Resear ch/NM

‘• ..- It .  CONTROLL ING OFFICE NAME AND ADDRESS

• Boiling AFB DC 20332 13. NUMBER OF PAGE

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~ _ _$4. MONITORING AGENCY NAME A AODRESS(i~ dilI. r.nt f r om Controlling Oflic.) IS. SECURITY er*~ . (of H.4..4&pan~~~

UNCLASSIFIED

ISa. DECLASSIF ICATION DOWNGRADING
SCHEDULE

‘4 
__________________________________________________________________________________________ ____________________________________________________

$6. oI~~T RIeuT IoN STATEMENT (of this Rsport)

Approved for public release; distribution unlimited

-I -
‘7. DISTRIBuTION STATEMENT (of If,. abstrac t .,ii .r.,f in Block 20. ii diliacant Iron, R~por()

IS. SUPPLEMENTARY NOTES

Worksho p on Decision Information for Tactical Command and Control , Airlie
House , Airlie, Vir ginia , Sep 22-25, 1976, pp 1-36 , Jan 1977.

I,

IS. KEY WORDS (Conilnu. on r.v.rs. aid. Ii n.c.a.ary and ld.ntlfj. b~’ block n.a,b.,)

• ~i’~ Summarizes some of the work done by the Aero-Astronautics Group of Rice
2L ASST RACT (ContlnuI on r..’.r.. aId. If n.c.ssa rv and ldintit y by block n~ mb.r)

1’ University in the area of numerical methods and computing methods. It des-
cribes some of the philosophical thoughts tha t have guided this work throug hout
the years. Recommendations are offered concerning allocation of fund s and dis
tribution of funds. Additional recommendations are offered in order to bridge
the gap between the top management of government agencie s a~~ the acaci~~nic
community.

Lisp I j~~~ 7) 147~ EDITION OF I NOV 63 IS OSSOLETE UNCLASSIFIE D _Q
~ry ‘~

_-~~~~ FORM

~/ 
(
~ 

~~~ -
. 

/ 
~~~ / SECURITY CLASSIFICATION OF THiPA~~~~~~ISn Dais Ent.r.d’

S


