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11 ABSTRACT

The reearch in problems in applied probability and sttistics during;

the f'ive years of the project w-as concerned ith(a) waiting time dis-
tributin of Markov dependent Bernoul-li trials (b) Variational Methods
in Statiztics, (c) Stochastic Processes and (d) Miscellaneous problems.

Twenty-seven reports were iritten during the course of the project and
many of them havz been published in technical journals.
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With the support of' 1Ae U.S. Air Force Office of Scientific Research,

grant AFOS-130>-67, research was undertahen to study a collection of prob-
lems in statistics and probability with applic9tions to system evaluations.

j During the period of July 1, 1%7 to June 30, 1972, the following areas

were investigated and the results obtained were comunicated to the agency

as well as scientific journ2as. The details of the scientific reports and

I various other activities were provided in the annual reports given in the

appendix.

The zaajor pr'oblems studied are described below with the results ob-

tained and publications arising from thereon.

I. Waiting tk.e distributions under IVarkovian dependence.

An invcstiLation ,,as initiatcd in the study of the waiting time

j distribution under Markovian denendence. We are concerned here with the

number of trials recuired to obtain exactly a preassigned number of suc-

cesses when the transition probability matrfx for two states, success :and
failure, Js given. The probability distribution has been obtained in terms

4of transition orobabilities and the initial probbi.ity of the first tria'..

* The distribution has been studies in detail by Rustagi and Srivastava (1968),

LRushagi and Laitinen <19:5 3, 1971). The distribution has been extensively

tabulated by Hustagi, Srivastava and Pound (1968).

Bai (1ii) has studies the problem of efficient estimation in ,4-a2

I lyov chains and h-as obtained various sampling schcnes for estimation of tran-

sitien probabilities. The .bove distribution ploys an important part in

the study of' one of such schemes. Certa.in gencruaizations of the results

of DeGroot (Q959) for sequential esti n ntion in binomial nonulations are

also obtained.

Refeorences :

1. Rustagi, J. S. and Srivaatava, R. C., (3,6). "Parameter Estimation-

i in V.arkov DC.nendent Firing Distribution," Cicrrtions Res.ereh, 16,

1222-1227.

2. Rustagi, J. S. and Laitinen, Richard, (1O70) "Moment Estimation in

larhov Deponcicat Firi?!.g Distribution," Orr'miions Research, 18, 913-923.
3. R-Lstagi, J. S. and S12. C. and Poud, Cynth ia,

i "ables of the IarKov De,.ndent F7iring Distribution," :',port of Thu

Ohio State Univorsit. To be pvb]. shed.
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Der , orris 11.., (l959). "Unbiased Secuentia E stimtion for Binoial
Pupula- titons," An-nl:is of IahmtclStatistics 30, 80-101.

5. Ei, Do Sun, (19-71). "Efficient satr4liug- plans in aL two-state Wirkov

I ~chrain," Ph.D. isetioThe Ohic; State University.
TI. Some variational. problems with applicat ions in statistics.IA class of solutions to a momaent problem has been considered by Weiss

(1956). Integral of this type also occurs in a problem considered by Pitm-an

-(19) in connection with the discussion of the relative efficiency of the

Wilcoxon's, test. Shan~non (l5 i3) considered the proble.m of aximizing infer-
xaation in connection vith is dcvelopment of a rratheitical theory of corn-

I municationl with side conditions on the Wcflt),bility densi1ty. In obtaining a

lower bound for a probability imomnt of an rebsolutely continuous distribution-]I with finite variance7, lorig~uti (1552) has- considered siailar problems.

These problems are special- eases of a. more g.eneral problem of optimizing-

j a inegrl o a noe covex(concttve) furnction of a probability density Vu.nc-

tion havint; a fixed setG of momants. Sinilho problemsc have been considered by

v X.arlin (1>)and utai(1557, 15l.Ut-ilizing teclinicu.-es of RustagLi (195>7),A
Isaacson and Rubin (15)1*) and Krrlin (19-52)., characterization of the solution
of the snodre L-eneral problem was accompshSulvnad utg. (1970).

IReee neo:7

J1. Bellmen, Richard,, (1037). Dyn,:mric Pro[gramrming,, Princeton University

j Press, Princeton.

2. Isadoc 4 0n, S. and 11~h I., (10954) "On 1fl1inizing un i tpectation

Subject to Certai..'n Slide Conditions," Technical Report N. 25, Applied

I atbc, rtirs and Sttilstics I.-boratory, S tcuvford University.
1 . Karlin, S., (JL. . thu! ci 5cxl I-'-thods und Thvter.r in Gzac, ''rrpfrarn

and cmoics, Vol. 1 and 2. Addisou-We; saey Publishing Co., Inc.

Reading;, i'ass.
0 4 KrliiS. and 11.on -u a:6.?ht~hf ~~'ihA~A

tana A Aal;; s "s:i S~t stes Itrcne Pbihrs, 1u;; York'.1 5 t~t~u, S, 1>?) " lesrPound for the Probability Mon-eat of any
Absointcily Continu-ous distribution with U'nite Varirance." Annals of

Math"i -tiesi_ Stati17cc,, 2u86-289.

Troc'-c Interzacience Publishers, 11W York

1 .Rus;trgi, J. S . Y o). "ZSci-cetel bi.bliography on ontimiizin irethods

p ~in saitc, e @tof Tle Chic Sta,-te Universoity. To be '-L'blishcd.
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8. Rnsagi, J. S., (17T(1). (Editor) O~tsimiini-1cthods in StatisticsI

IAcndc'Iraic Pres, New Yor ..

9. ihcai .S,(1957,). "On 1.~inizing and !:o)::imnizinu, a Certain

Itojal -with St-atistic-ni Aolicriticna," Artrof Vtonia

c3t t. ti1.st ieo., 2 30930
j10. ilustag), d . S ., (1961) . "Bounds for the Variance of IYhnn-lhitney{ i - Statisti1c," Annafle sh Institute of St..ti.stiUcal IMatbeprntics,

3-1. huastag-I,, so .~, (:)."Dynnnic Prorznaming tbodel of Patient Care,"

. 1>t~i~atc I-- B on c-cos,3 )4l-3.1I-9.1" 1. Vc-s, L.) i;.) "A (certoiin Class of Solutions to a Mome',nt Problem,"

A11inr.. of ?*IntclSL:tistics, 2 7, 851-653.

1 13. Sulivan, J. and lutaj J. .,(9)."On Vinimizing an Expectation
vwith Constr.aint.-;,' To be publishied.

f . HriB,(95)"eemnn Bounds on integrals with Applications

to Catalojuin- Problerms," Annals of' T4,themtic-a. Statistics255i-8.15III. Stochastic ProcesseIs

A% stochnstic rmodel of air interdiction a-to developed, Generalizing the 4

4nodcl of Armitrvll (170). The probabiliftty djistribution of the material

5re;Achiiing- agivcna objective uonder conditions of' air interdiction was obtained.

Somae rcm-arks a~bout thu ef fecti.'veness o - Air interdiction were made. Wtier

arens, of inferen-.ce in Stochastic Proces3ses vere studies also.

51. Arrdtage, J. V., (1970). "Alloca~lion of Sorties in. Air Interdiction",

Onertion Bt c-ach,19, 1483-i496.
2. D, 3. Crav;ford. and B. C. Siatv,(1771). "A Stochastic !flodel of

Air Interdiction", Th:e Ohio State University Technical 13eport. To be

IV. I-'iscellan.,ous problem..
Invstgeton wre ini t.ited on variLous other problems, some of which

are igacntioncd be~low.

(r,) -Inference in Pareto distributions.

(b) Estin-:ttion of cirnulative distribu-ntion functions and the study of

other nu.-;a. zcti problemis.

(0.) chatrac Ler i-At ion ofl distribut-ins.
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ACADIAIC Cc.....T ITrp ..1M

In add3.tion to providing a stimulating researen enviroinent in the

Division of Sttistics, the junior particip-an's earned advanced degrees

vith the help of research conductcd on the p',oJect. The rollowing stu-

dents receiw:d M.S. or Ph.D. degrees from The Ohio State University with

the partia. support of the project.

1969

1 1. Charles Oprian, Ph.D.

2. J. Richard Stewar' Ph.D.

3. Joseph Licing Ph.D.

Ii. Dnan Brc.,n, Ph.D.

19(0

3. Jmnes Sullivan Ph.D.

6. D. E. Crawford .S.

7. P. S. Bal Ph.,

8. !. G. Phadia Ph.D.

9. Y. . Ucg Ph.D.

Thyectcd in 1972

10. Richard L 'ctinen Ph.D.

31. R. S. Gu.ta Ph.D.

PWNITCATY-fl

Under the auspices oV tiue project, the ruports and nmpers published

are Givoai in Che ppcndax.

I'
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lMarkovian Dependence with Applications"

I(AFosn - 1303 - 67)
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July 1.. 1967 to June 30, 1968

I and

R. 0. Srivrastava

I
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I. Personnel

During the year, the following persons were supported.

(a) Faculty

J. S. Rustagi, Principal Investigator 25 percent

j H. C. Srivastava, Co-principal Investigator 25 percent

(b) Graduate Research Assistants

IDarral Clarkc, su nner quarter, half time

R. S. Gupta, suinmer quarterj, quarter time

Richard Laitinen, half time

~Marles Oprian, snmncr quarter, half time

Frank Samanjogo, sunner quarter, half time

II. Research ilEports

The following papers have been prepared under the sponsorship

I of t.,e project.

1. J.S. Rustagi an:d 2. C. Srivastava, "Parameter Estimation in

3l~~arkov Dependent Firing Distribution." Accepted for publication

in Operations Research

2. R. C. Srivastava, "Estimation of Probability Density Amction

Based on 21ando Ihumber of Observations with 4pplications."

Submitted for publication.

£ 3. J. S. ustagi and Pichard Laitinen, "Moment Estimation in the

Waiting Time Distribution under MIarovian Dependence." To be

I published.

A2
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III. Other Act.vities:

1. The tables of the -aiting time distribuuion are being

compiled and put in a suitable form for publication. Ccmputer

outputs will be utilized directly to reproduce the tables. I
2., An intensive research study seminar on non-parametric methods

in statistics was conducted during svmmer, 67 in which the

graduaae research assistants participated.

3. J. S. Rustagi spent part of t.e summer quarter, 1961 at Stanford

University, Department of Statistics, lie gave a paper in the

Houston Symposium on biomathemnatics and was chairman of a

session on "ilon-paraietric methods" in the Second International

Syuposilzn on Multivariate Analysis supported by the Of'ice of

Aerospace flesearch, U. S. Air Force.

4. R. C. Srivastava spent the year at Stantord University,

j Department of Statistics where he was we'bing on the project

supported by the U. S. Air Force as well as on a project

supported by the U. S. Department of Transportation.

I

A3A
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mnual Status Report

on

i "Waiting Time Distribution Under

Marhovinn Dependence. writh Applications"

(AFOSR - 1305 - 67)

for the period

July 1, 1968 to June 30, 1969I

J. S. fustagi

Iandi
R. C. Srivastava

The Ohio State University
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I. Personnel

During this period, the following persons were supported.

(a) Faculty:

SJ. S. Rustagi, Principal Investigator 25 percent,

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

....-... . J. Singh, Assistant Professor 11.1 percent. - - - -

(b) Graduate Research Associates and Assistant: I
Richard Laitinen, whole year, half time,

Janmes Sullivan, hole year, half time,
A

Joseph Liang, eight months, full time,

Dean Frowm, three months, full time.

11. Research Repor-ts

The follo rin papers have been prepared under the sponsorship of the

project during the period.

1. J. S. RPusagi, R. C. Srivastava and Cynthia Pound: "Tables o,

the Markov Dependent Firing Distribution. To be published.

2. J. S. Rustagi and T. U. Loub: "Cmtimm Distribution of

Armor." To be published.

3. J. Sing1: "On a Model of Contagious Distributions." To be

.published.

4. J. S. Bustagi and ichard Laitinei: "On the Efficiency of

Moment Estim:ates in the .iarkov Dependent Firing Distribution."

5 . es Sullivan: "Estimating of Probability Density Functions."

A5

I
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III. Other Activities

1. 4.S. RustaGi and lichard Lait Inon gave a paper at the

Annual Meetings of the Institute of M.1atheatical Statistics,

ladison, Wisconsin, September, 1968.

A R2. itC. Srivast-ava spent the sun-er, 1968, at Stanford5 University

Department of Statistics, wher_.e lie worked, on this project

and a project supported by the U. S. Deportment of Transportation.

3. . S. Rustagi and R. C. Srivastava attended the Spring Meeting

of the Institute of Mathematical Statistics and Biometric

Society held at Iowa City, Io.a MIrch, 1969.

IV. 1ublications:

J. S. Rustr:gi and R. C. Srivastava: loraneter Estimation In Uarkov

IDependent Firing Distribution, EpScroriaon- Resor-!ch, 1968: 1222- 122'1. t

J. S. Rustagi ad Richard laitinen: M1noment Estiation in 1arkov,,k

Dependent Firing Distribution. Abstract, Annrals of iMthemnatical

Statistics, 1968: 1781. .

A6I
I"

I)

A6
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I

J.S. Rustagi and R.C. Srivastava

Division of Statistics

iThe Ohio Ctatc University
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1. Personnel

During the period, the following persons were supported:

a. Faculty .

I J. S. Rustagi, Frincipal Investigator, 25 percent

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

b. Graduate Research Associates and Assistants

Yao Hung Wang, one quarter half time

I
I
I
I

I Asa

&
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i1. Research reports

5 ho following papers have been Prepared under the sponsorship
-of the project during the period.

. . C. Srivastava and A.B.L. Srivastava: On a charact-

- -erization of the Poiss;on Distribution, to appear in

Journal of Applied Probability.

2. J. S. Rustag i: A selected bibliography of optimizing

methods in statistics. To be published.

3. Richard Laitinen: Parameter estimation under a

sampling schee in a Markov dependent firing system.

To be pfblished.

4 Charles Cprian: On The Exact Power Functions Of Some

j -Rk Tests For The Trend Alternative. To be published.

R. C. Srivastava: On a Characterization of the Poisson

Distribution, II. To be published.

I

II

I

1 '
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III. Other activitie 
z

a. J. S. Rustagi spent the sumer 1969 at the Indian T

Institute of Agricultural Research Statistics and

gave lecttres at the following:

i) Department of 4anhcmatics, University of Delhi

ii) Deparatment of Mathcmatics, Indian Institute of

Technology

iii) Department of tathematics , Indraprastha College,

Delhi

iv) Department of Statistics, Rajasthan University

v) Inditn Institute of Agricultural Research Statistics

vi) Departrent of' Mathomatics, University of Punjab

b. R. C. Srivastava gave an invited talk at the statistics

section, Indian Science Congress on 'Some Nultiuo.riate

I Stochastic Models for Virus Populations', Jr; 1970

and presented a paper at the Annual meeting "i.istitute

[ I of Matheinatical Statistics meetings in New York, August

1969.

c. J. S. Rustagi attended the Houston Smn posium on Bio-

mathematics and Computer Science in the life sciences.

-

I

I

,i
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i Publication:

J. S. RustaGi and T. W. Doub: Optimum distribution of Amor,

Operations Research, (1970). 559-562.

IR. C. Srivastava a-n A.B.L. Srivastava: On a Characterization

of the Poisson distribution. Abstract, Annals of Mathematical

I Statistics, 1969; 38711.

I
i
i
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I
I
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+Personnel

I .iuring the period, the followuing persons were supported:

) aculty

I J. S. Rustagi, Principal InvestiCator, 25 percent

R. C. Srivastava, Co-;rinclpal Investigator, 25 -percent

(b) Graduate Research Associates and Assistants

I (i) J. Richard Stewart. one quarter half-tzae

(ii) Richard Oprian, one quarter imlf-time
(iii) Y. H., Wang, four quarters, half-time

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

(v) Richard Laitinen, t.o quarters, half-time

(vi) Chun Choon Lam., one quarter, half-time

(c) Clerk - typist

JKaren St. Andre, typist, partime

I
i
I
I

I
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I II. Research Reports

I - The following papers have been prepared under the sponsorship

of the project during the period.

........... 1. J. Richard Stewart: Principal Component Analysis of Time -

Series

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

straints

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

Ibution function

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

Cor air Interdiction

J 5. A. C. Srivastava and Y. f. Wang: On some characterizations
of the qxponential and related distributions

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

J •Poisson distribution

7. Y. H. Wang: Estimation of a parameter of the rareto distri..

bution

S8. Y. H. Wang: Sequential estimation of the scale parameter

of the Pareto distribution

Al1.
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III. Other Activities

(a) J. S. Rustagi and James Sullivan gave a paper on 'Appli-

cation of Hahn - Banach theorem to a moment problem' at

the Annual meetings of the Institute of Mathematical

Statistics held at Laramie, Wyoming, in August , 1970.

(b) J. S. Rustagi attended the meetings of the American

I Mathematical Society, held in Atlantic City, January,

1971, meetings of the Institute of Mathematical Stat-

j istics held at College Park, in April,1971, and the

Houston Symposium on biomathematics and computer science

I in the life sciences, March, 1971.

() J. S. Rustagi was elected Fellow of the American Stat-

istical Association at Annual meeting of the Association

in Detroit, 1970.

(d) J. S. ,Rustagi was chairman of the Organizing Comnittee

of the Symposium on Optimizing Methods ii Statistics,

held at The Ohio State UniverL ..ty in June, 1971, with

I the support of' the Air Force Office of Scientific Re-

search.

I(e) R. C. Srivastava attended the metings of the Institute

of Mathematical Statistics held at Laramie, Wyoming in

August, 1970.

(f) R. C. Srivastav and Y. 11. Wang gave a paper on 'Char-

acterization of the exponential and related distributions'

at College Park meetings of the Institute of Mathematical

A
A15I
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I. (cont.)

I Statisticsp April, 1971.

I (a) E. G. Phadia gave a paper on 'Mininiax estimation of a

distribution ftuiction at the meeting of Institute of

... .Mthmatical Statistics hold at College Park in April,

1971.

, |A1
I

!I
!I

I
I
!
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I
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IEV. Publication

1. J. S. Rustagi and Riehard Laitinen: Moment estimation
in Markov - dependent Firing distribution, Operations
Re.earch, (1970) : 918 - 923.

2. R. C. Srivastava and A. B. L. Srivastava : On a charac-

torization ofC Poisson Distribution, Journal of' Annied

frobability (1970): 497 - 501.

j 3. J. S. Rustesgi and James Sullivan: Application of Ha n -
Barach Theorem to a moment problem, Abstract, Annals of

j athematical Statistics, 1970.

j 4. R. C. Srivastava and Y. H. Wang: On characterization of

the Exponential and related distributions, Abstract,

5 Annals of Mathematical Statistics, 1971.

I
I
I
!
I
I
I

A!
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by
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I. Personnel

Dlring the year, the following persons were supported

(aL) Facut3 1 I
J. S. Rustagi, P-rincipal Investigator, 25 percent _

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

Jagbir Singh, Research Associate, 25 percent

E. G. Phadia, Research Associate, 50 percent

D. S. Bai, Research Associate, 50 percent

Y. 11. Wang, Research Associate, 50 percent

(b) Graduate Research Assistan.s

R. S. Gupta, strnmer quarter, half time

J (c)xCle--typist

I Diann. Irting, 2o' percent

A

l l



II. Research Reports

j The following papers have been prepared under the sponsorship of

the project.

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

I -- -- . ... using Prior Beliefs." - ... . . .. . . .

2. Jagbir Singh, "On a Convolution of Poisson Distributions ith

j the Zero Claz:s nissing."

3. Do Sun Bai, "Efficient Estimation of Transition Probabilities

in a 11arkov Chain."

g 4. X. H. Wang, "A Irote in Homogeneous Processes with Independent

Inercnuents."

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

Dis U-x ibutions.

6. Jazbir Singh, "!aired Comparison Rariings by Linear Pro&Tw.aing."

I
I

I
I

A 20
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III. Other Activities

. . . Rustagi visited the Department of Statistics, Stanford

University during the Academic ycar 1971-72, and worked on a

textbooZ on Statistical Theory in Medical Research.

--2. J. S. Rustagi attended the regional meetings of the Institute

of 14athenatical Statistics and the American Statistical

Association at Ames, Iowa during April, 1972.

jI 3. R. C. Drivastava, E. G. Phadia; Y. H. Wang and D. S. Dai

attended the meetings of the Institute of Mathematical

Statistics in Blacsbirg, Virginia during I-larch, 1972.

I. J. S. Runtagi was nx:qcd on the Intcrnational Ediorial Board

of the Journal on C..nu icat. o -ir 1tati nties.

J5. . S. Rustagi vms appointed a ncmbcr of the Prize Coxsittee of

Techno:,mtrics.

6. Jagbir Sngrh visited the Departnc;nnt of Statistics, University

of Missouri.

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

F Stanford University on "Waiting Time Distribution under Markovian

Dependence" in April, 1972.

8.R. C. Srivastava visited the Indian Statistical Institute,

New Delhi dtring simruner, 1971.

II
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