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Abstract In this paper, we construct a d*-disjunct matrix with subspaces in a dual
space of Unitary space IF((;;), then give its several properties. As the smaller the ratio

efficiency is, the better the pooling design is. We compare the ratio efficiency of this
construction with others, such as the ratio efficiency of the construction of set, the
general space and the dual space of symplectic space. In addition, we find it smaller
under some conditions.
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1 Introduction

Pooling designs have been widely used in many DNA-related applications, such as
clone-library screening (including physical mapping), counting sequencing, determi-
nation of exon boundaries in eukaryotic genes, detecting gene complex, etc.

The basic problem of group testing is to identify the set of positives (defective) in
a large population of items. As it is becoming more standard to use the term positive
instead of defective, we shall use the former throughout the paper. We assume some
testing mechanism exists which if applied to an arbitrary subset of the population
gives a negative outcome if the subset contains no positive and positive outcome
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otherwise. Objectives of group testing vary from minimizing the number of tests,
limiting number of pools, limiting pool sizes to tolerating a few errors.

Group testing algorithms can roughly be divided into two categories: combin-
atorial group testing (CGT)and probabilistic group testing (PGT). In CGT, it is often
assumed that the number of positives among n items is equal to or at most d for
some given positive integer d. In PGT, we fix some probability p of having a positive.
Group testing strategies can also be either adaptive or non-adaptive if all tests must be
specified without knowing the outcomes of other tests. A Group testing algorithm is
error-tolerant if it can detect or correct some errors in test outcomes. A mathematical
model of error-tolerance designs is an d*-disjunct matrix.

A (0, 1)-matrix is said to be d-disjunct if and only if no column is contained in
the union of d others. A d-disjunct matrix with t rows and n columns corresponds
precisely to a pooling design which can identify at most d positives from n items
with ¢ tests.

A d*-disjunct matrix is a matrix where given any d + 1 column Cy, Cy, ..., Cy,
the set Cp\ Uf: 1 Ci has at least z elements. A d*-disjunct matrix can detect z — 1
errors and correct | (z — 1)/2] errors. The error-correcting capabilities is doubled by
the addition of at most d confirmatory and guaranteed tests. A d-disjunct matrix is
d'-disjunct (D’yachkov et al. 2007).

A (0, 1)-matrix has column (row) weight c if every column (row) has exactly ¢
I’s.

Macula proposed a way of constructing d-disjunct matrix which uses the contain-
ment relation in a structure (Macula 1996). Ngo and Du extended the construction
to some geometric structures, such as simplicial complexes, and some graph proper-
ties, such as matching (Ngo and Du 2002). Huang and Weng gave a comprehensive
treatment of construction of d-disjunct matrices by using pooling spaces, which is
a significant and important addition to the general theory (Huang and Weng 2004).
Geng-sheng Zhang et al. constructed a d*-disjunct matrix by using the dual space of
symplectic space (Zhang et al. 2007).

In this paper, we construct a d*-disjunct matrix with subspaces in a dual space of
Unitary Space ]F(';). In Sect. 3, we will give its several properties. Given some fixed
items, our goal is detecting positive items. For a pooling design, the less the number
of tests is, the better the pooling design is. In Sect. 4, we will give a new definition
and compare the ratio ¢/n with others, such as in Macula (1996), Zhang et al. (2007)
and D’yachkov et al. (2005). We find it smaller under some conditions.

2 Preliminary

In this section we shall briefly review some concepts of geometry of unitary groups
over finite fields (Wan 2002). Let > is a finite field with g elements, where g is a
prime or a prime power. F> has an involutive automorphism, i.e., an automorphism
of order 2

ara,
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and the fixed filed of this automorphism is F;. Let

A = (air)1<i<m,1<k<n

be an m x n matrix over F >. We use A to denote the matrix obtained from A by
applying the automorphism a +— @ to all the mn elements of A, i.e.,

A= (@ik)1<i<m,1<k<n-

An n x n matrix H over qu is said to be Hermitian, if ﬁt =H.
We denote
0 A

0 JAR)
H=|1V o
1

In order to discuss these two cases simultaneously, we introduce the notation n =
2v + 6§ and Hs, where s =0 or 1.

Now let H be an n X n nonsingular Hermitian matrix over F 2. An n x n matrix
T over IF 2 is called a unitary matrix with respect to H if

THT =H.

Clearly, n x n unitary matrices with respect to a nonsingular Hermitian matrix H are
nonsingular and they form a group with respect to matrix multiplication, called the
unitary group of degree n with respect to H over I 2> and denoted by U, (F2, H).
An m-dimensional subspace P is said to be of type (m,r) with respect to H, if
PHP' isofrank 2r.In particular, subspaces of type (m, 0) are called m-dimensional
totally isotropic subspaces with respect to H. Subspaces of type (m, r) exist in the
n-dimensional unitary space if and only if 2r <2m <n +r.

Two vectors x and y of Fq(';) are said to be orthogonal (with respect to H), if

xHy'=0. Let P be an m-dimensional subspace of Fq(;’) Denote by P~ the set of
vectors which are orthogonal to every vector of P, i.e., P-={y e Fq(;l) | yHX' =0

for all x € P}. Obviously, P is a (n — m)-dimensional subspace of F ('21) and is
called the dual subspace of P with respect to H. A subspace P is fotally isotropic
if and only if P € P+. The dual subspace of a subspace of type (m,r) is of type
(n—m,n—2m-+r).

(m, s)-space denotes a subspace of type (m, s). Let 0 <m < [%], then the number
of m-dimensional totally isotropic subspaces in the n-dimensional unitary space over
F P is

H?=n72m+l (qi — (=1
[TLi@* =1

N(m,0;n) =
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Specially,

2v—2mq
| | — (-1
N(@r —mg,0;2(v —mg) +68) =[r —mols = i=2v—2r+1+§ (¢' = 1) )

[T @¥ -1
N 0:2 5)— Tt — (=D
(m = mo, 0 2(v —mo) +6) = [m —mols = l—[m mo( 2 ’

N(m1,r1;m,r;n) denote the number of (m1, r1)-spaces contained in a (m, r)-
space in IF;’;). N’'(my,r1; m,r;n) denote the number of (m, r)-spaces containing a

fixed (m1, r1)-space in IF{(;;).

Lemma 2.1 Let

2r<2m<n+r

and
2my —r —ry .
max3 0, — <min{m —r,m—1—r}.
Then
min{m—r,my—ry}
N(ml, Flim,r }’l) — Z qu (r4r1—=2m+2k)+2(m—1—k)(m—r—k)
k=max{0,[ 211 F

X n;—r+r1 2m1+2k+1(q =D )l_[—m —r= k+1(q —-D
T @ — (DO g% = DT g% — D)

Lemma 2.2 Assume that

2r<2m<n-+r,
2ri<2m—1<n-+ry,
0<r—r1<2m-—2r,

holds.
min{m—r,my—ry}
N/(ml,rl; m,r: n) — Z q(n—2m+r)(r1+r—2m1+2k)+2(n—m—k)(m1—r1—k)
fe=max{0,[ 2211+
n—=2mp+r; i 1! mi—ri 2 _
[Ti= rtry—2my2k+1(@" — (=1) )Hi:ml—r|—k+1(q -1

X n— 2m+r m— r —k, 2i k 2i '
[1i= (@ —(=DOHITL @ —DIlii@ =D
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Set [2,0]; be the number of (r, 0)-spaces contained in a (m,0)-space and

r—mg
[':::':00]; be the number of (1, 0)-spaces containing a fixed (r, 0)-space in F;(;_m(’)H.

m—mo] _ IS 1@ =D
remols o [LS0@¥ -1

|:m - moi|>k _ H?Sfiﬁﬂw (' —(=1)"
r —mo s H;ﬂzflr(q% _ 1)

We adopt the convention that

[Tror=1,

ieM

where M denotes the empty set.

3 The construction

Definition 3.1 Select integers 0 < my < r < m < v. Assume Py is a fixed
(mo, 0)-space of IF;’;). Let M be the (0, 1)-matrix by taking all (m, 0)-spaces which
are contained in POJ- and contain Py as columns and all (7, 0)-spaces which are con-

tained in POJ- and contain Py as rows. M has a 1 in row i and column j if and only if
i is contained in j.

We can show that M is a d*-disjunct matrix with certain constant weights.

Theorem 3.2 M is a [r — mgls X [m — mqls matrix, whose constant row weight

(column) iS[ ;;1:;1”00] s ([ :ﬂ:nl’lﬂoo]a *) :

Proof By the transitivity of U,(F,2, H) on the set of subspaces of the same type we
can assume that Py and POl have matrix representations of the forms

Py = (1<mo> 0 0 0 ,
mo v—mgy my V—mg+35
[(mo) 0 0 0
Pi=1o0 [0=mo 0
0 0 0 JWw—motd)
mo v—mog mg v—myo+3d

Let R be a (r, 0)-space contained in POL and containing Py. Then

R Jmo) 0 0 0 0 \mo
—\o Ry 0 R> R3 r—mg’

mo v—mgy my v—mg O
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where RzR_lt + R1R_2t + R3R_3t =0.
It can be easily verified that (RyR) is a (r — myg, 0)-space in F,
the number of rows in M is N(r — mg, 0; 2(v —mg) +6) =[r — mo] .
Let Q be a (m, 0)-space contained in POL and containing Py. So

0= (mo) 0 0 0 0 \mo
0 01 0 0> Q3 Jr—mo’

mo v—mgy myg v—mg O

2(v—mg)+48 Hence

where 0,01 + 0102 + 0303 =0, where (Q10>03) is a (m — mg, 0)-space in

]P‘Z(zv_m())+5. Hence the number of columns in M is N(m — mq, 0; 2(v — mg) + ) =
[m —mo]s.

The row weight is the number of (m — myg,0)-spaces containing a fixed
(r — myg, 0)-space in FZ(” M)+ Hence it is

2w—2r+1 j j
[1; U2er2rm+1+5(‘I' —(=D")

[T (@ =1
_[m—mo]*
| r—mg 5

The column weight is the number of (r, 0)-spaces containing Py and contained in a
(m, 0)-space, namely the number of (R; Rj) containedina (Q1 Q7). Hence itis

H,r'n_;,mor 1(f]2i—1)_ m —my
l—lr mo( 2i 1) | r—my 5' O

2(m—mp—1) _ 1 2(m—mg) _ ,2(m—r—2)
(U] ) (g 2 lq ) Then
(@2 —1)(g* =D —1)—1

N'(r —mg,0; m —mg, 0; 2(v — mg) 4 8) =

N(r—mg,0;m —mg, 0; 2(v —mg) +68) =

Theorem 3.3 Suppose m —r > 2 and set b =
M is d*-disjunct for 1 <d < b and

_|m—mg m—mo—l m—mgy— 2
g it et e R e

Proof Let Cp,Cy,...,Cq be d + 1 distinct columns ((m, 0)-spaces contained in
POJ- and containing Py) of M. There are [:"7,:10] (r, 0)-spaces containing Py in

Cp. Let |C0\Ufl:l Ci| be the number of (r,0)-spaces containing Py and con-
tained in Cp but not contained in C; (1 <i < d). Noticing that |C0\U?':1 Cil=
|Co\ Ule (Co ) Ci)l, to obtain the minimum of |Cp\ Uﬁl:] C;|, we may assume that
each C; intersects Cp at a (m — 1,0)-space containing Py. Then each C; covers
[mr_f;‘;()_l] 5 (r,0)-spaces containing Py of Co. However, the coverage of each pair

of C; and C; overlaps at a (m — 2, 0)-space containing Py. Therefore only Cy covers
the full [0 o 1] (r, 0)-spaces, while each of C,, ..., Cy can cover a maximum

of ([ ™0~ ]]5 — [ 2]5) (r, 0)-spaces containing Py and not covered by Cj.

r—mq r—mo
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Consequently the number of (r, 0)-spaces containing Py and contained in Cy but not
contained in C; (1 <i <d) is at least

Z:[m—mo] _dl:m—mo—l:| +(d_1)|:m—mo—2] .
r —mo P r —mo s r —mo s
For M to be d*-disjunct, z must be positive, which implies

(q2(m7m071) _ 1)(612(7"*”10) _ q2(m7r72))
d<

(q2(m—r—2) _ 1)(q2(m—m0—1) —-1-1 +1.

2m=mo=1) _1)(g20m=mp) _g2(m—r=2)y

— U
Setb = (@2 =T=D 1) (g2m=mo-D_)_|

.Then 1 <d <b. O

Let Cg be a column of M, namely a (m, 0)-space contained in POL and containing
Py, and E be a fixed (m — 2, 0)-space containing Py and contained in Cy. Let D be a
(m — 1, 0)-space containing E and contained in C¢. By the transitivity of U,, (F, g2 H)
on the set of subspaces of the same type we can assume that

1mo) 0 0 0 0 0 0 0 0 0\ mg

G=|o [m=mo=2) o ¢ 0 0 0 0 0 0 |m—mo—2,
0 0 D, D D3 0 Dy Ds D¢ D7 1
mo m—myg—2 1 1 v—m m—-2 1 1 v—m 4

where (D1, Dy, D3, D4, D5, Dg, D7) is (1, 0)-space in quz(V_mOHS. Hence the num-
ber of (m — 1, 0)-spaces between E and Cy is

2(v—mg)+38 i i
[lim20 mp+s-1@" = (=DY)

bs = [(mo + 1) —mols = 3
qg-—1

Corollary 3.4 Suppose m —r >2and 1 <d <b', b’ =min{b, bs}. Then M is not
d**-disjunct, where b and 7 are as in Theorem 3.3.

Proof We will show that the minimum of |Cg \ U?:l C;| in the proof of Theorem 3.3
can be obtained. For 1 <d < b’, we choose d distinct (m — 1, 0)-spaces between E
and Cp, say G;(1 <i <d). For each G;, we choose a (m, 0)-space C; such that Co N
C; = G;. Hence each pair of C; and C; overlaps at the same (m — 2, 0)-space E. [

Corollary 3.5 Suppose r =mo+1,m=r +3=mo+4=vand 1 <d <q°— 1.
Then M is d*-disjunct, but not d**'-disjunct, where

z=(q" = D° = DI@G* + D> + 1) —d].
Proof Setting r = mg + 1 in the z formula of Theorem 3.3, we obtain
z=(q" = D(@° = DIg" + D(g* + 1) —d].

The second statement follows directly from Corollary 3.4. U
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In order to explain the pooling design plainly, we give an example to show that we
can use less tests to detect more items.

Example 3.6 Choose q =3, mo=3, r =4, m=7 and v =9. Then M is
7283358080_gjisiunct.

When § =0 it has 11767941640 rows and 91278020175614232720832 columns.
That is to say, approximately 10'° pools are necessary for identifying 728 positives
from 9 x 1022 items. Moreover, 5358080 errors can be detected and 2679039 errors
can be corrected.

When § = 1, it has 66430 rows and 374090246621369806528 columns. That is
to say, approximately 66430 pools are necessary for identifying 728 positives from
3 x 10! items. Moreover, 5358080 errors can be detected and 2679039 errors can be
corrected. O

The following theorem tells us how to choose m so that the test to item is mini-
mized.

Theorem 3.7 For 0 <m < v — my, the sequence N (m — myg, 0; 2(v — mq) + 95) is

unimodal and gets its peak at m = [2”+42m°] or [2”+21"°_1 ].

Proof
2v—2m+38 i i
N(mz —mg,0;2(v —mg) +6) 125 s 14s(@ — (1))
N(mi —mo, 0;2(v —mg) +6) HT:Zn:Im—OmO-H(qu -1
When § =0,
202 i i
n[iZUTZIm2+1(ql _ (_l)l) 3 q2v—2m2+1 +1 q2u—2m2+2 -1 q2v—2m1 -1
H?Zn_lin—omo+l(q2l _ 1) q2(m1—mo+l) _ 1 q2(m1—m0+2) _ 1 qz(mz_mo) — 1
Note that
q2v—2m2+1 41 q2v—2m2+2 -1 q2v—2ml -1

g2m—motD) 1~ g2m—mox2) _1 7 g2mmme) _ 1"

If[zvttﬂ] <mi <my <v—mg, then

q2v72m2+1 +1

2= <

ie.,
N(@my —myg,0;2(v —mg)) < N(my —myg, 0; 2(v — mo)).
If0 <my <my < [23™], then
2v=2m; __ 1

q

g2m2=mo) _ | > 1
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ie.,
N(@my —myg,0;2(v —mg)) > N(my —myo, 0; 2(v — my)).
When § =1,
Hf;flentzlﬂ(qi — (=) B gRmImR2 | gv=2mat3 g g2+l g

l—[mz—Wlo (612i —1) qz(m1—m0+1) -1 q2(m]—Wlo+2) —1 o q2(mz—m0) -1

i=mj—mo+1
Note that

q2v—2m2+2 -1 q2u—2m2+3 +1 q2u—2m1+l +1

g2m—motD) 1 T g2m—mexd) _1 7 g2mme) — 1

If[z"t‘ﬂ] <mj <my <v —myg, then

q2v—2m2+2 -1

g2m=mo+D) _ | <1

ie.,
N(my —mp,0;2(v —mg) +1) < N(mi — mg, 0; 2(v — mg) + 1).

If0 < my <mp <[220t then

q2v—2m1 + 1

g*m2=mo) — 1 > 1,

ie.,

N(@my —mg,0;2(v —mg) + 1) > N(my — mo, 0; 2(v —mg) + 1). O

4 Comparison of test efficiency

In order to explain whether a pooling design is good or not, we give a measure of the
constructions. As the less the number of tests is, the better the pooling design is. So
we should compare ¢ with n, where ¢ denotes the number of tests, i.e. the number of
rows of inclusion matrix, n denotes the number of detected items, i.e. the number of
columns of inclusion matrix.

In Erdos et al. (1985), P. Erdos, P. Frankl and D. Fiiredi give a formula that
t(d,n) >d(1+o0(1))Inn, where t(d, n) denotes the minimum number of rows for a
d-disjunct matrix with n columns. To take ¢/Inn as a measure of the construction of
d*-disjunct matrix is meaningful.

Definition 4.1 We call the ratio ¢/ Inn test efficiency 1, denoted by R(¢/1Inn), where
t denotes the number of tests, n denotes the number of detected items.
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From the definition, we know that the smaller the value of R(¢/1nn) is, the better
the pooling design is. But in this paper, the number is very complex, it is very difficult
to compare R(¢/Inn) among the constructions.

One of our goals is to identify most positive items with least tests. So we can take
t/n as a measure of the construction of the d*-disjunct matrix also. The smaller the
ratio of ¢/n is, the better the construction is. Another definition is given as follows.

Definition 4.2 We call the ratio #/n test efficiency 2, denoted by R(z/n). Where t
denotes the number of tests, n denotes the number of detected items.

In fact, #/Inn can be converted to ¢/n under some conditions. It is easier to com-
pare t/n in this paper. We compare test efficiency 2 in the following.
Now we give the comparison of test efficiency 2.
In this paper
[T5 0@ =D
R(s/ns) = =5 553 ; N
i=20—2mt145(q" — (=17

Zhang et al. (2007) construct a d*-disjunct matrix with subspaces in a dual space
of Symplectic Space IF;ZU) , where ¢ is a prime or a prime power. Each of the columns
(rows) is labelled by (m, 0)-spaces ((r, 0)-spaces) which are contained in POL and
containing Py. m;; =1 if and only if i is contained in j. The test efficiency is

[T @ = 1)
T2 @ =D

A.G. D’yachkov et al. (2005) constructed with subspaces of GF(q), where
q is a prime or a prime power. Each of the columns (rows) is labelled by a
m(r)-dimensional space, m;; = 1 if and only if the label of row i is contained in
the label of column j. In order to compare with R(t5/ns), let the dimension of the
space be 2v — mg + 8. Assume the test efficiency is R(¢5*/ns*), then

R(t/n) =

R(t5* /ns*) = [, _ MMtne =1

2v—mop+§ 2v—mo—r—+§8 ; '
[ m ]q Hi:ZV—mo—m—i-S—H(ql -D

Macula (1996) proposed a way of constructing d-disjunct matrix which uses the
containment relation in a structure. More specifically, let S = {1, 2, ..., s} be the base
set, Then each of the columns (rows) is labelled by a k(d) set of S, where d <k <s.
m;;j =1 if and only if the label of row i is contained in the label of column j. In the
same way, let S = {1, 2, ...,2v — 2m( + 8} be the base set. Assume the test efficiency
is R(#5/n3), then

2u72m0+8)

R /ig) = ot = .
(t3/ms) (2r=2mot9) T Qv —2mo+8—r) -+ Qv —2mg—m + 1)

m!

Theorem 4.3 If2v +mqo > 2m +r — 26, then R(t5/ns) < R(t/n).

@ Springer



J Comb Optim (2009) 18: 51-63 61

Proof

R<t—8>/R<t> _l_[;n;rrf(;)noﬂ(q% -1 ]_[:.’Z_:imﬂ(qﬁ 1)

- ; Cq2v=2r+8 : j
s n HT:rT?nOH(‘]l -1 Hiini_gnH»lJrS(ql — (=D
T iy, i@ =D
- l_[ (q + ) 20—=2r+48 ( i i :
i=r—mo+1 i=v—2m+14s@" — (=D

When § =0,

o(2)/x(%)

_ mﬁo G +1)- [omn@™ =D
- q 20-2r i )i
i=r—mg+1 i=v—2m+1(@" — (=1

=@ " D@+ D
(qZ(V—m—H) _ 1)(q2(v—m+2) _ 1) . (qZ(U—r) _ 1)

x (@20—mFD 1 1)(g20-m+D — 1)... (g20-20 _ 1)
m—r qr—m0+i +1
G221 [

i=1

Whenr —mo+i <2v—2m+2i — 1, ﬂ% <1
That is, when 2v + mg > 2m + r, [/, Mﬁ% < L, ie. R(to/no) <
R(t/n).
When § =1,
m—m - 2i
n A L | | )
R\ R\, )= [[ @+0 =55 ; D
1 i=r—mo+1 i=v-2my2(q" — (=1)")
m—r qrfmoﬂ' +1
q;"7m0+i+1

When2v—2m+2i+1>r—m0+i,q

PPl TTETE W 1.

m—r qrfm()+i+1
i=1 q2v—2m+2i—1+1

That is, when 2v +mg > 2m +r — 2, [

R(t/n).
Therefore when 2v + mg > 2m +r — 28, R(ts/ns) < R(t/n). O

< 1,1i.e. R(t1/n1) <

Theorem 4.4 If2v 4 mo > 3m — 3, then R(t5/ns) < R(t5 /ny).
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Proof When § =0,

_ . Qy—p— .
R<t—0>/R(£) _IZ 5 @ = Tl nlmen@ =D

no no* i@ =D 2% @ — (=D

r—mo+i __ 1 m—r (q2u7m7mo+i -1

-11¢ Tl
= qr+i -1 Pl (q2U72m+2i + 1)(q2v—2m+2i _ 1)

(q2vfm7mo+i _ l)

<I1 (@2V—2mF20 J 1)(q2v—2m+2 _ 1)

Whenm —mg—i —1<2v—2m+2i —1,

(q2ufm7mo+i _ 1)
(q2v—2m+2i + 1)(q2v—2m+2i _ 1)

< 1.

Therefore when 2v + mqg > 3m — 3,

m—r 2v—m—mo+i _ i)

l_[ q <1
P (q2u72m+2i + 1)(q2v72m+2i _ 1) ’

i.e. R(to/ng) < R(ty*/ng*)
When é =1,

20—r—mo+1 ;
R<i)/R(£)—H7"rmo+l<q D I ntn@ — D

n [T @ =D 125275 @ — (=)

r+m0+, m—r 2v—m—mo+1+i _ 1)

l (q v m 1 )(q Vv m 1 1)
m-—r

(q2vfmfmo+l+i _ 1)

= 11] (q2V—2m+20 _ y(g2v—2mt2i+1 4 )

Whenm —mo —i <2v —2m + 2i,

(q2vfm7mo+l+i _ ])

(q2V—2m+2 _ [y (g2t 4 1) I

Therefore when 2v + mqg > 3m — 3,

m—r (q2v—m—mo+l+i -1
E (@222 _ ) (g2 —2mH 2+ 4 1) L,
ie. R(t1/n1) < R(t1*/n1™). Il
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We do not find a general method to compare f5/ns with s /ns. However We can
show that R(f5/ns) is smaller than R (75 /ns) sometimes through an example.

Example 4.5 Wheng =3, mg=3,r=4,m=T7and v =9, R(ts/ns) < R(ts/n5).
[T (@* 1)
R t = /s .
(s/n8) = Foss =)
When 8 =0, R(io/m0) = §,

4
_ g*-1 _ 80
Rito/n0) = GG @ 0—1) — 22188 1968459048

Clearly R(t9/ng) < R(to/no).
When é =1,
R(i/mr) = 75,

4
— q" -1 _ 80
R(t0/10) = G757 1)@ T51) — 2T88x 19684 59048 < 177148
Clearly R(t1/n1) < R(t1/ny).

References

D’yachkov AG, Hwang FK, Macula AJ, Vilenkin PA, Weng C (2005) A construction of pooling designs
with some happy surprises. J Comput Biol 12:1129-1136

D’yachkov AG, Macula AJ, Vilenkin PA (2007) Nonadaptive and trivial two-stage group testing with error-
correcting d-disjunct inclusion matrices. In: Boylai Society Mathematical Studies, vol 16. Springer,
New York, pp 71-83

Erdos P, Frankl P, Fiiredi D (1985) Families of finite sets in which no set is covered by the union of r
others. Isr J Math 51:79-89

Huang T, Weng C (2004) Pooling spaces and non-adaptive pooling designs. Discrete Math 282:163-169

Macula AJ (1996) A simple construction of d-disjunct matrices with certain constant weights. Discrete
Math 162:311-312

Ngo HQ, Du D-Z (2002) New constructions of non-adaptive and error-tolerance pooling designs. Discrete
Math 243:161-170

Wan Z (2002) Geometry of classical groups over finite fields, 2nd edn. Science, Beijing

Zhang G, Li B, Sun X (2007) A construction of d*-disjunct matrices in a dual space of symplectic space.
Discrete Appl Math (in press)

@ Springer



	Error-correcting pooling designs associated with the dual space of unitary space and ratio efficiency comparison
	Abstract
	Introduction
	Preliminary
	The construction
	Comparison of test efficiency
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


