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| The researc .
- the apionren dn problens in avplied probsbdility and statistics during
L t*:;‘ Lln're years of the project was concerned with(a) waiting time dipc' E
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.lems -in statistics end probsblility with applications to system evaluations,

_as well as scicatific Journals, The details of the scientifie reports and Comrs

With the suppert of' the U.S. Alr Foree 0ffice of Scientifie Resecorch,

grant AFOSR-1309-07, reseavch was undertaken to study a collection of probe

Mol R, Tkt IR ) 4

During the period of July 1, 1997 to June 30, 1972, the following arees

were investigeted and the resulis obtained were cormunicated to the sgency

various other activities were provided in the annual reports given in the
appendix, '

The wajor problems studied are described below with the results oh-

Al

tained and puwblicatlons arising from thereon.
I. Waiting tine distributions under larkovian dependence.

An investigation was inltisted in the study of the waiting {ime
distribution under Markovian dependence. We are concerned here with the
number of triale recuired to obtuin cxactly a preassigned number of suc-
cesses when the Lransition probability metrix Tor two states, success ond
failure, 35 given., The probability distribution has been obtained in terms
of transition probsbilities and the initial probability of the first trial,
The distributicn has been studies in detail by Rustagi and Srivestava (1968),
Rusiagi and Laitinen {1658, 1971). The distribution has been extensively
tabulated by Rusiagl, Srivastava and Pound (1963).

Bai (1971) hos studies the problem of efficient estimation in Mar-
kov chains and has obtained various sanpling schases for estimation of trane
siticn probabilities. The cbove distribution plays an importaont part in
the study of cne of such schiemes., Certein generelizations of the results
of DeGroot (1959) for sequential estimation in binomial populations ere
also obtained.

Refeorences:
1. Rustagi, J. 8. ard Srivastava, R. C., (19€8), "Parameter Estimation
_in Msrkov Dependent Firing Distribution,” Cuorstions Research, 10,
leze-1227.

2. Rustazi, J. S. and Laitinen, Richard, (197C0) ‘'lMement Estimation in

I'artov Dependent Firing Distribution,” Operrticns Rescarch, 15, 018~g23,

3. Rustagi, J. &, and Srivastava, R. C. and Pound, Cynthia, (1559).
"ables of thc Markov Depondent Iirinz Distribution," Report of The

Ohio State University., To be prblished,
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b, Deoroct, Morris ., (1959). "Unbiased Sequentinl Estimation for Binominl
Pupulations," Aunnls of Mathematicnl Statistics, 30, 80-101.

5. Bai, Do Sun, (1971). "Efficient sampling plons in & two-state Markov
chain," Ph,D. Dissexrtetion, “he Ohic State University,
II. Some variationzl) problems with applications in statisties.
A class of solutions to a moment problem has been considered by Welss

(1956). Integral of this type also occurs in a rroblem considered by Pitman

T (19%9) in connection with the discussion of the relative efficiency of the

Wilcoxon's test, Shamnon (19%8) considered the problem of maximizing infor-
mation in cornecticn with his development of a mathenmitical theory of come-
munication with side conditions oun the probsbility deusity, In obtaining a
lover bound for a probability mowent of an sbsolutely continuous distribution
with finite variance, Moriguti (1952) has cousidered similar problems,
These problems are special cases of a more general problem of optimizing
an integral of & known convex (concave) fimciica of a probability density fune-
tion having a fixed sev ol momants. Similar preblems hove been considered by
warlin (1009) and Rustasi (1997, 1951). Utilizing technigues of Rustagi (1957),
Isaacson and Rubin (193h) and Knarlin (1930), characterization of the selution
of the mure general problem wos sccoiplished, Sullivan and Rustagi (19707,
Referenenz
1. Bellman, Richard, (1957). Dyniwic Progromming, Princeton University
Press, Princeton.

2. Isaaccon, 5. and Lubin, ., (395h)  "On Linimizing wn ixpectation
Subjoet to Cerioin Side Conditions," Technieal Report I. 2%, Applied
Patbomaties and Statistics Leboratory, Stonford University.

3. YXarlin, S., (29:2). Iathunedienl Metheds ond Theaorr in Games, Prosramnine

and Jcononics, Vol, 1 and 2. Addison~liesley Publishing Co., Inec.
3 v (%} 2

Reading, lass,

L, Korlin, S. and Stwdden, ¥,, (Q¢C6). Telt ehoff Svatens; With Avnlico-

tions dr Analsis owa Statistices, Interscicnee Publishers, ifcw Yorx,

[

Se Morirubi, S., (1002) A Lewer Pownd Tor the Prooability Momont of any
Absolutoly Continvous distrilution with Vinite Varicnce." Anmnals of

-289,

Mathr ~Licnl Suntbirtics, 23, 28

¢. Pontry-zing L. 8. eb al., (Ae¢i7

RRESE

~ Or

«  The Taiherratic~1 Thoenry of Oatimnd

Procairon  Interceicnce Tublishers, Licw York,

7. Rusirpl, Jo S., (3970). "Scleccted bibliogrraphy on optimizing wethods

in stalisties," Jeport of The Ohic Stotz University. To bie mublished,
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8. Rustazi, J. S., (1971). (Bditor) Ovtimizing iethods in Statisties,

Acadenic Press, New York.

g o rrv-«,—-m...-m-rm-‘nmm‘mw

9, dustogi, Je 8., (L957).  "Cn Mindwmizirg and louimizing a Certain
Intesral with Statistical Apnliealions,” Annxls of Mathowntical
Statisties, 28, 309-320,

Rustagi, J. S., (1951). "Bounds for the Variance of Mann-Whitney
Statistie," Arnals or the Institute of Stitistical Mathemoties,
seees a3, 219-12G, - L

11, Rustagl, J, S (l;«; . "Dymanic Programming liodel of Patient Care

i

Mothneatien) I‘,io:cﬁenog_s_, 3, i1-1ko,

"

P

? 12, Vedrs, L, (L320). "A Certain Class of Solutions to a Moment Problem,
3 Annnls of Yritraticen) Siotdsties, 27, 851-053,

13. sSullivan, J. wnd Rustozi J. €.y (1970). " On Vinimizing an Expectation
with Constraint:," To be published,

Norris, B., (1959) "Determining Bounds on Integrals with Applications

"y M - vt .
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e

ey

L

to Catslopguving Problems,” Annals of linthamaticnl Statisties, 25, S21-548,

III. Stochastic Proceasas

A stochastic model of air interdiction was develoned, generalizing the

s i Py
4
=~
*

rnodel of Armitene (1970).  The probability distribution of the material

reaching 2 given abjective wnder conditions of air interdiction was obtained.

e, WA S 1A i

Sorme rorarks about the effectiveness ol Alr interdietion were made, Other

L ] LT

arcas of infersnce in Stochastic Processes were studies also,

|
b Sl e I T P T MLMWAW

Reforences
1., Armitage, J. V., (1970). "Allocation of Sorties in Air Interdiction",

Coneretions Roseareh, 18, 483-LoS,
2. D, 2. Crawford and R, C, Srivastava, (1971). "A Stochastic todel of
Asr Interdiction", The Ohio State University Techniecal Report, To be

published,
IV, liscellanzous problems,

Investirations were indtinted on vurious other problemv, some of which

S E- - ——

are wmentioned heolow,
(n) Inference in Pareto distributions,
(h) Estipation of cusulotive disiribution functiens and the study of

' othier non parsmetric problens,

(¢) Time-series Aualysis

Lo T

(6) Characterization of distributions,




ACADRIC COMTRIPUTIONS

In additlon to providing a stimulating researcn environment in the
Division of Sintistics, the junior participanis earned sdvanced degrees
with the help of research conducted on the project, The followling stu-
dents received M.S. or Ph.D. degrees from The Chio State University with
the partial support of the project.

1969
1. Charles Oprian, Th.D, .
2. J. Richard Stewsrt Fh.OD, T e e e
' 2. Joseph Lieing | . Ph.D, o
i, Dran Browa, Ph.D,
| 1970
5. James Sullivan " Ph.D,
G. D, E. Crawford oS,
' . iorl
Te Do 8. Boi Ph.™,
8. ¥. G. Phadin Ph.D.
9, Y, H, Viaaeg Ph.D.

, ixpected in 1972
10. Richard Leitinen  TFo.D. '
1), R. 5. CGunty +  Ph.D.
PUALTCATION .\
Under the auspices ol tie project, the reporis and papers published

are given in the 2ppendii,

lm.“‘.kvmniﬂln o) LMW‘W
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Annual Status Report

on

"Walting lime Distribution Under
Markovian Dependence with Applications"
(AFOSR - 1305 - 67)

Tor the period
July 1, 1967 to June 30, 1968

Jd. 8. Rustagl
and

R. C. Srivastava
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I. Personncl

During the year, the Tollowlng persons vere supported.

(a)

Faculty

J. 8. Rustapl, Princlpal Investigator 2% percent

R, C. Srivastava, Co-principal Investigator 25 percent
Graduate Rescarch Assistants

Darral Clarke, summer gquarter, half time

R, 8. Gupta, summer guarter, quarter tinme

Richard Laitinen, half time

Charles Oprian, swaer quarter, hall time

Frank Samaniego, summer quarter, halfl time

II. Research Reports

The following papers have been prepared under the sponsorship

of t.e project.

1.

J.8., Rustagi and R. C. Srivastava, "Parameter Estimation in
Markov Dependent rfiring Distribution." Accepted for publication

in Operations Research

R. C. Srivastova, "Zstimation of Probability Density Function
Based on Randon Iumber of Observations with .pplications,"”
Submitted for publication.

J. 8. Rustari and Richard laitinen, '"Monent Estimation in the

Waiting Time bistribution under Mari:ovian Dependence.”" To be

published.

Tl i ¥ el
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Other Act.vitics:

L.

The tebles of the waiting time distribution are baing

compiled ond put in a suitable form for publication., Ccmputer
outputs will be utilized directly to reproduce the tables.

An intensive research study seminar on non-parametric methods
in statistics was conducted during summer, 67 in which the
graduage research sssistants participated.

J. S, Rustagli spent part of t.e summer quarter, 1967 st Stantord
Universivy, Department of Statistics, He gave a paper in the
Houston Symposium on biomathematlics end was chairman of a |
session on "Non-parametric methods" in the Second International
Sywposiun on Multivariate Analysis supported by the Ofiice of
Acrospace Research, U. S, Air Force. !

R. C. Srivestava spanbt the yesr at Stani'ord University,
Department of Statvistics where he was warking on the projectl
supported by the U, S, Air Force as well as on a project

supported by the U, S, Department of Transportation.
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"WJoiting Time Distribution Under %
Markovian Dependence with Applications™ i?
i (AFOSR - 1305 - 67)
for the period
July 1, 1968 to June 30, 1969 :

T

J. S. Rustegi
and
R. C. Srivastava

The Ohio State Unidversity




I. Personnel
buring this pcriod, the following persons were supported,
(a) Faculty:
| TJ . S. Rustagi, Principal Investigator 25 percent,
R. C. Sriwvastava, Co-~principal Investipgator 25 percent, 7
************* --J. 8ingh, Assistant Professor 11.1 percent, 7 T "7"’“’v"”m*“—*w;
(b) Graduate Research Associates and Assistant:
Richard Laitinen, whole year, half time,
-James Sullivan, wnole year, halfl time,
Joseph Liang, eignt mornths, full time,

Dean Irovm, three months, full tima.

II. Research Reports

The following papers have been preparcd under the sponsorship of the
- project dwing the period,
1. J. S. Rustagi, R. C. Srivastava and Cynthia round: "Tables ol

the Markov lependent Firing Distribution." To be published.

2. J. S. Rusbagl and 7. W. ioub: "Optimm Distribution of
Armor.” To be published.

3. J. Singh: "On a lodel of Conlagious Distributions.” To be

l . published.
4, J. S. Bustagli and Richard Laitinen: "On the Efficiency of
é Moment Estinates in the Markov Dependent Firing bistribution.”

5, James Sullivan: "Estimating of Probavility Nensity Punctions,"

A5
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| 24
£y
. III. Other Activities
1. J. 8. Rustagi ond Richard i;ai'tin‘on ga\_geré raper at e
- WAnnual Meetings of the .Institu’uc of I-:‘athéﬁatical Statisties,
Madison, Wisconsin, September, 1968, ( |
T 7772 R. C. Srivastava spent the su':n;ner, 1968, at Stenford University, e .
Departnent of Statisties, vhere he worlcle:.df'on this project i’j;
and a project swpported by the U, 8. Department of Transportation. : )
. /
' 3. J. 8. Rustagi and R. C. Srivastuva attended {he Spring Meeting
' 1
of the Institute of Mathematical Statistics and Biometric ‘
Society held at lowa City, Iowa March, 1963. |
IV, Iublications: ;
J. 8. Rustepi and R. €. Srivastava: ‘."a:‘ralmeter Istimation In ilarkov
hependent Firing Distribution, Cpereiions Reserych, 1968_: 1222- 1227, 1
J. 8. Rustagi rud Richerd Laitinen: loment Estim:;tion 1n Yarkov..’ .
Dependent Faring Distribution. Abstract, Annals of Mathematical l'
tatistices, 1008: 1781, B a e
i
i _
A6
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l. Pexrsonnel

During tne period, the following persons were supported:

Qe

[P

Faculty

Je S. Rustazi, Frincipal Investigator, 25 percent

R. C. Srivastava, Co-principal Investigator, 25 percent

Graduate Research Associates and Assistants

Yao Hung Wang, one ¢uarter half time
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IX. Research repoxtis

1.

e —— ——erizution of the Poisson Distribution, to appear in

.

©ho following papers have been preparcd under the sponsorship
~“of the project during the period. e e i

‘methods in statistics. To be published.

stk bl i AR

R, C. Srivastava nnd A.B.L. Srivastava: On a charact-

3ot i

Journal of Applied Probability.

Sl e J)

J. S« Rustagi: A selected dbibliography of optimizing

Richard Laitinen: Parameter estimation under a
samplins schane in a Markov dependent firing system.
To be published.

Charles Cpxian: On The Exact Power Functions Of Some

Rank Tests For The Trend Alternative. To be published.

i
R. C. Srivastava: On a Characiterization of the Poisson . %
Distribubion, IL. To be published. 3

§
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III. Othexr activities

8. J. S. Rustagi spent the summer 1969 at the Indian
Institute of Agricultural Rescarch Statistics and

gave Jectures at the Tollowing:

e e ) “Department of Mathcmatics, University of Delhi

ii)  Depariment of Mathematies, Indian Institute of
Technology ‘

iii) Department of Mathewaties, Tndraprastha College,
Delbi R

iv)  Department of Statistics, Rajasthan University

v)  Indiun Institute of Agricultural Research Statistics

vi)  Department of Mathematics, University of Punjab 7

b. R. C. Srivastava gave an invited talk at the statistics
section, Indian Science Congress on 'Some Mulbiveriate
Stochastic Models for Virus Populasions', Je.» - - 1970
and p;csented a paper at the Annual meeting: o i.astitute
of Mathematiczl Statistics meetings in New York, August
1969,

¢. J. S. Rustagi attended the Houston Symposiwm on Bio-
mathematics and Computer Science in the life sciernces.




R B i i b A e B T

Publication:

'J. S. Rustegi ana T. W. Doub: Optimum distribution of Armor,
Operaticns Research, (1970). 559-562. '

MR. Ce Srivastava and A.B.L.VSrivastava: On & Characterivation
of the Poisson aistribution. Abstract, Annals of Mathematical
Statistics, 1959; 187h.

A1l
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I. Personnel

{

N —Z“é"(a).' F&Clﬂ.‘ty‘
Js Se Rustogl, Principal Investigstor, 25 percent

. Re C. Srivastava, Co-principal Investigator, 25 percent

(b) Graduate Research Associctes and Assistants
(1) J. Richard Stewart, one quarter half-time

(ii) Richard Oprian, one ynarter half-time

'[‘Hm

- l ) 7 Daring the period, the followlng persons were supported:

(iii) Y. H. Wang, four quarters, half-time

(iv) E, G. rhadia, one quarter, half-time : .

(v) Richerd Laitinen, tuo quarters, half-time

(vi) Chun Choon Lam, one quarter, half-time
(c) Clerk - typist

I
|

|

! ] _ : Karen St. Andre, typist, partime
E

|

[

l

A13
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IX. Research Reports
o The following papers have been prepared under the sponsorship ?
of the project during the period, %’
. :?‘
....... l, J. Richard. Stewart: Principal Component Analysis of Time B *ﬁ” 3

2. Jemes A. Sullivan: On minizing an expectation with Con-

straints

l Series

3. B, G, Phadia: linimax Estimation of a cumulative distri-

bution function

4, D. E. Crawford and R, C. Srivastava: A Stochastic Model

5 R. C, Srivastava and Y. H. Wang: On some characterizations
of the exponential and related distributions

) ] Tor air Interdiction

"

)

6. Y. H. Wang: On a characterization of the normal and the

Poisson distribution

7. Y, H, Wang: Estimation of a parameter of the Iareto distrie

2 . bution

| 8. Y., H. Wang: Sequentia) estimation of the scale parameter

of the Pareto distribution

Al




111,

Other Activities

(a)

(e)

(a)

(e)

(1)

Statistics held at Laramie, Vyoming, in Avgust , 1970.

i

il

J. S. Rustagi and James Sulliven gave & poper on 'Appli-
cation of Hohn ~ Banach theorem to a moment problem' at i
the Annual meetings of the institute of Mathematical

J, S, Rustagi attended the meetings of the American
Mathematical Society, held in Atlantic City, January, _
1971, meetings of the Institute of Mathematical Stote- - 3
istics held at College Fark, in April,1971, and the b
Houston Symposium on biomathematics and computer science
in the life sciences, March, 1971.

J. S. Rustagi was elected I'cllow of the American Stat-
istical Association at Annual meeting of the Association
in Detroit, 1970. .

J. S. Rustegl was chairman of' the Organizing Committee
of the Symposium on Optimizing Methods 1n Statistics,
held at The Ohio State Univer: 'ty in June, 1971, with
the support of the Air Force Of'fice of Scientific Re=
scarch.

R. C. Srivestava attended the meetings of the Institute
of Mathematical Stetistics held at Laramie, Wyoming in
Auvugust, 1970,

R. C. Srivastave and Y, H, Wang gave a paper on 'Char-
acterization of the exponential and irelated distributions’'
et College Poark meetings of the Institute of Mathcmatical




III, (cont,)

' Statistics, April, 1971.

(g) E. G. rhadia gave @ paper on 'Minimax estimation of a
distribution fwiction at the meeting of Institute of

ST T 7 T Mathematical Statisties held at College Fark in April,

1971,

Al6




IV, Publicetion

l, J, 8., Rustagl and Richard Laitinen: Moment estimation
_in Markov « dependent Firing distribution, Operations
Research, (1970) : 918 - 923.

‘_2. R, C. ®rivastnva end A. B, L. Srivastava : On a charac-

terization of Poisson Distribution, Journal of Applied
Probability (1970): 497 - SO0L.

‘3. J. S. Rustegi and James Sullivan: Application of Habn -
~ Barach Theorem 4o & moment problem, Abstract, fumals of
Mathematical Statistics, 1970.

4, R. C. Srivastave end Y. H. Wang: On characterization of

the Exponential and related distributions, Abstract,
Annals of Mathematical Statisties, 1971.
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I. Personnel

During the year, the following persons were supported

(8) Facwliy

J. 8. Rustagi, Frincipal Investigator, 25 percent

- R. C. Srivastava, Co-principal Investigator, 25 percent
Jagbir Sinph, Research Associate, 2% percent

E. G. Phadia, Rescarch Associate, 5O percent

D, S. Bai, Rescarch Associate, 50 percent

Y. H. Wang, Rescarch Associate, 50 percent f ;

(b) Graduate Resecarch Assistan.s
R. S. Gupta, sumer quarter, half time o

(¢) Cleru-typist

Diann: Marting, 25 percent
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II.

Research Reporss

The following papers have been prepared under the sponsorship of

the projecs.

1. Jagbir Singh, "Two-stage Inference for a Simple Linear Model

2, Jagbir Singn, "On 8 Convolution of Poisson Distributions with
the Zero Clacs nissing.™

3, Do Sun Bai, "Efficient Estimation of Transition Probabilities
in & liarkov Chain."

4, ¥. H. Wang, "A liote in Homogencous Iroccsses with Independent
Inercnents.”

5. Y. H. Wang, "On Characterization of Certain Probability

bistributions."

using Prior Beliefs." -~ —— e R

6. Jordbir Singh, "raired Comparison Rawtings by Linear Programming,™
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IIT. Other Activities

1. J. S. Rustagi visited the Department of Statistics, Stanford

fUniversity during <he Academic ;'car 1971-72, and worked on &
textbool on Statistical Theory in lledical Research.
e~ —p., J. S. Rustagi aticnded the regional meebings of the Institute
of Mathematical Statistics and the American Statistical
! Association at Ames, Iowa dwing April, 1972.
-3, R. C. Srivastava, B. G. Phadia; Y. H, Wang and D, S. Dai
attended the meetings of the Institute of Mathematical
Statistics in Blaci:sburg, Virginia during lurch, 1972.
4, J, 8. Rustagi wvas namcd on the Intcrnational Edicorisl Board

of the Journal on Communications ir Statisties,

5. J. 8. Rustagl vas arpointed o nember of the Prize Committee of

Technoneurics.

6. Jagbir Singh visited the Departmcnt of Statisties, University

of Missouri.

7. J. S. aquztagl gave a seminar talk in the Department of Statistics,

Stanford University on "Waiting Time Distribution under Markovian
Dependence" in April, 1972.
8. R. C. Srivestava visited “he Indion Statistical Institute,

New Delhi dwring suwaner, 1971.
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