
RD-fll?9 982 AFAILY OF LOCALY RESISTNT NONSYNETRIC 
BIB DESIGNS 1/1

OF DGREE K..(U) ILLINOIS UNIl AT CHICAGO CIRCLE DEPTI OF NATHEHATICS STATISTIC. A HEDRYAT ET AL. 15 FEB 86
UNCLASSIFIED RR-86-01 AFOSR-TR-86-8495 AFOSR-85-6320 F/G 12/1 NL

mhEhE



A1 3

1.8.

: 1... 111111 4 ,-.

ep

€I. 
'F - IItI

I Ill IIII [11111

.4

* r.
I

a..

a, 

U

,A

, *.. ... . ..- .. . . . . .. .. .. . .. . . . . .. .. .... . . ..* *



AFOSR-TR. 6- 0 4 5  (2)

00 THE UNIVERSITY OF ILLINOIS
AT CHICAGO

I

A FAMILY OF LOCALLY RESISTANT NONSYKMETRIC
BIB DESIGNS OF DEGREE k

BY

A. HEDAYAT AND H. OHMORI

RESEARCH REPORT IN STATISTICS

No. 86-01

February 1986

DTIC
ELECTE

JUL 2 3 1986

¢,.,1

'DEPARTMENT OF MATHEMATICS,
*STATISTICS, AND COMPUTER SCIENCE

L 1)UTON STATEMENT A

* Appioved Wot Iniblic releoa4
ilbution LUlimiitedj

.Ut~at.o,-, u,, ,,,,, -. _i



A FAMILY OF LOCALLY RESISTANT NONSYMMETRIC

BIB DESIGNS OF DEGREE k

BY

A. HEDAYAT AND H. OHMORI

RESEARCH REPORT IN STATISTICS

No. 86-01

February 1986

DTICCELECTE3
JUL 2 31986B

B

(VISTROL~MON STATEMENTA
Aproved for public rel"aL Pistibution Unimited

Research supported by Grant AFOSR 85-0320AIR  '7 C F E C '  r .....

',F OF TRN'.i TT.'.L T DTI V
This tc . rd, ii repc "I I 1 -- eview d nd ir
'pproved for pu'l i, "'ele -:.e IV,' AF. 19)-12.

"11EA J. KF 'E:

'hief. Tech:.ical Informat ion Division

. . , ,.,, ... .' -.. ... . ." V. ' . . -



SECURITY CLASSIFICATION OF TI4IS PAGE

REPORT DOCUMENTATION PAGE
I&. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS

UNCLASSIFIED_____________________

2a. SECURITY CLASSIFICATION AUTHORITY 3. OISTRIGUTIONIAVAILABILITY OF REPORT

NA Approved for public release;Distributi n
2. OECLASSIFICATION/OOWNORAOING SCHEDULE uni imi tted

NA__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4. PERFORMING ORGANIZATION REPORT NUMIERIS) S. MONI1TORING ORGANIZATION REPORT NUMSERIS)

a.NAME OF PERFORMING ORGANIZATION IL OFFICE SYMBOL 7NAEOTONI.TRN OR6ANZATIO

University of Illinois AFOSR/NM

4W. ADDRESS (City. State and ZIP Cod) 7b. ADDRESS (City. Stair end ZIP Code)
Bldg. 410
Boiling AFB, DC 20332-6448

Be, NAME OF FUNDING/SPONSORING 8b FFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
* ORGANIZATION (itapplicable)

AFOSR INM AFOSR 85-0320

SADDRESS (City. State and ZIP Code) 10. SOURCE OF FUNDING NO$. ____________

Bid. 410 PROGRAM PROJECT TASK WORK UNIT

Boiling AFB, DC E LE MENT NO. NO4. No. No.

11. TITLE (include Security ClemutlcatioR) 6.1102F 2304 9
A Family of Locally Resistant Nonsymme ric BIB De igns of Degree k

12. PETSJt4AL AUTHOPI(S) .Omr

13a, TYPE OF REPORT 13.TIME COVERED 114. DATE OF REPORT (Yr.. No., D4y I.PAECON

FROM ___ TO, ____Feb. 15, 1986 5
if. SUPPLEMENTARY NOTATION

17. COSATI CODIES 10. SUBJECT TERMS (Conanaa. an wrers af necosuaay and idmndify by blac number)

FIELD GROUP $S. GA.
Incomplete block design, BIB design, Resistant
design to the loss of observations

10. ABSTRACT lCaftlimin o i,..m If oraemr dad m*den Ufy by block number)

The existence of a symmetric BIB(4t+3,2t+1,t) design implies the existence
of a locally resistant BIB(4t+4,8t4-6,4t+3,2t+2,2t+1) design of degree
2t+2. There are infinite number of such designs. Such designs are useful

* for running experiment under hostile cicumstances where there are good
chance of losing one or more observations. Such designs will preserve

* the statistical optimality of the data . Other theoretical results are
also given.

2gSB OoSTR1ISUTION/AVALABiLiTY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION

UNCLASSIPIEO/UNLIMITEO C] SAME AS RPT C OTIC USERS 0

* 22& NAME OF RESPONSIBLE INDIVIDUAL 21b TELEPHONE NUMBER 22c OFFICE SYMBOL

* 00 FORM 1473.83 APR EDITION Of I JAN 73 IS OBSOLETE. _______________

SECURITY CLASSIF ICAT 'X 'r .u PAGE



A FAMIT.Y OF LO0CALLY RESISTANT NONSYMMTRIC
BIB DESIGNS OF DEGREE k

By A. Hedayat and H. Ohmori
University of Illinois at Chicago

and

Eh~ime University

Abstract
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A FAMILY OF LOCALLY RESISTANT NONSYMMETRIC
BIB DESIGNS OF DEGREE k

By A. Hedayat and H. Ohmort
University of Illinois at Chicago

and

Ehime University

1. Introduction and Background. Hedayat and John (197*)

introduced and studied the concept of resistant and susceptible

balanced incomplete block (BIB) designs based on v treatments

in b blocks of size k each. For convenience, we shall recall

two of their concepts. They defined a BIB design to be locally

resistant of degree n _ v -2 if upon deletion of the experi-

mental units assigned to a specific set of n treatments, the

remaining design preserves the original property that under

the usual homoscedastic additive linear model all normalized

estimable linear functions of the remaining v- 2 treatment

effects are estimated with the same precision. Further. they

defined a BIB design to be globally resistant of degree n if

it has the above property with respect to all (nV) subsets of

n treatments out of v treatments.

One obvious message which we can get from the results of

Hedayat and John (1974) is this. Not all BIB designs. and

certainly not all observations within a fixed BIB design are

created equal. Specifically. their Theorem 5.5 states that a

sufficient condition for a BIB design to be locally resistant

of degree k is v = b. The necessity of this condition was
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left as an open problem. In Section 2, we show that fortunately

this condition is not necessary. We have identified a family

of BIB designs with v + b which are locally resistant of

degree k. Therefore, our catalog of locally resistant BIB

designs is substantially enlarged. In Section 3. we point out

that some conditions stated in Hedayat and John (1974) can be

improved upon and list some interesting and related papers

which have appeared since 1974.

2. A Family of Locally Resistant BIB Designs of Degree k

With v + b.

Theorem 2.1. The existence of a symmetric BIB (4t+3,

2t+l, 1) design implies the existence of a locally resistant

BIB (4t+4, 8t+6, 4t+3, 2t+2, 2t+l) design of dgree 2t+2.

Proof. Let j and M be the incidence matrices of

symmetrical BIB (4t+3. 2t+l t) and BIB (4t+3. 2t+2, t+l) designs

respectively. Note that the existence of H implies the

existence of M. Without loss of generality. N and M can be

written as

N 1P M
L22t+2.l1 Y2j 42t+2. 1 -2j

where both N2 and _42 are incidence matrices of a



-3-

BIB (2t+2, 4t+2, 2t+l, t+1, t) design. Let

1 J1, 4t+2 0 01, 4t+2

-2t+l, 1 l 92t+l, 1 -I

Then H is the incidence matrix of a BIB(4t+4. 8t+6, 4t+3,

2t+2, 2t+l) design (see Lemma 2.1 of Bhat and Shrikhande

(1970)). If we lose all the experimental units related to

the first 2t+2 treatments as specified by the first 2t+2

rows of I we will be left with a design whose incidence

matrix is given by IN2 J2t+2,1 -M21, The C matrix of this

remaining design can be easily computed to be the following

complete symmetric matrix

(4t+l)(I 2t+2 - (2t+42)- J2t+, 2t+2

Therefore. by Lemma 1.3 of Hedeyat and John (1974). N is the

incidence matrix of a locally resistant BIB(4t+4. 8t+6, 4t+3.

2t+2, 2t+l) design of degree 2t+2.

It is known that there are infinitely many symmetric

BIB(4t+3. 2t+l,t) designs. Therefore. there are infinitely

many locally resistant nonsymmetric BIB design of degree k.

Fortunately. the family of symmetric BIB design and the above

family of nonsymmetric BIB designs are not the only locally

resistant designs of degree k. For example, the BIB(6.10.5.3.2)

• , .-q ,,, .. -., " -.." ,"=" •.-' . . . .. . -' '''% . " '. " "-%2'",'% " - - *'* ''. '% ' ''% ' . .
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which is not a member of the family of designs in Theorem 2.1

is locally resistant of degree k = 3 with respect to any set

of treatments within the same block.

An obvious way of generalizing the outcome of the above

example is this. Suppose a BIB design. d, has the property

that its b blocks can be partitioned into 3 sets of blocks.

say S1, S2 and S3  such that: (i) All blocks in S1 are

identical (S1 can have a single block); (ii) Each block in

S 2has k-i treatments in common with a block in SI;

(iii) If we remove those treatments which appear in blocks of

S1 from the blocks of S3 then the remaining part of S3

forms a BIB design with or without repeated blocks. Then d

is a locally resistant design of degree k with respect to

those k treatments which appear in S

3. Closing Remarks

We like to point out that Corollary 4.2 of Hedayat and

John (1974) could be improved upon by adding (N 4 ) b v + r- 1

and replacing (N3 ) X > 1 by (N3 ) 3 X k-l.

Since 1974 several papers have appeared on this topic. We

would like to mention the following selected papers. John (1976)
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analyzed the performance of BIB designs upon the loss of an

arbitrary treatment and proved that. in general. BIB designs

are highly efficient in the sense of A-optimality among all

equireplicated designs. Most (1975) generalized Theorem 4.3

of Hedayat and John (1974) characterizing globally resistant

designs of degree n. n < k < v. Constantine (1986) proved

that a BIB design preserves its optimality by loss of up to

t-2 treatments if and only if it is a t-design. For a survey

article on t-designs see Hedayat and Kageyama (1980) and

Kageyama and Hedayat (1983).
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