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Abstract

In this paper we employ a rotation-based QR-decomposition-
based least squares lattice (QRD-LSL) interpolation filter to overcome
the difficulties associated with the least-mean-square ( LMS )
algorithm in the suppression of the narrowband interferences in direct-
sequence (DS) spread spectrum systems. Computer simulations
compare the results of using the QRD-LSL interpolation algorithm
with the LMS algorithm in terms of SNR improvement and rate of
convergence. The results show that the LMS algorithm exhibits
extremely slow convergence speed and the QRD-LSL algorithm that
has the merits of lattice structure displays excellent results in terms of

rate of convergence as well as SNR improvement.

Key Words: Narrow-band interference suppression, QR-deco-
mposition, least squares lattice, spread spectrum

communication systems
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I. INTRODUCTION

The digital whitening technique has been used to enhance the spread spectrum
communications performance in the presence of narrowband jamming and interference.
This is due to the fact that the interference is generally assumed to be nonwhite and is
therefore can be predicted by use of whitening techniques that can be implemented as a
transversal filter (or tapped-delay-line realizations) [1] - [11]. On the other hand.
both the spread spectrum signal and the thermal noise are wide-band processes and
hence they cannot be predicted (or interpolated) accurately by using the neighboring
samples. A one-sided prediction filter (or two-sided interpolation filter) is thus used to
suppress the interference in order to improve the performance of a direct sequence
(DS) spread spectrum. It has been shown in [3], [4], [12], and [13] that better
interference rejection may be obtained by using the interpolation filter rather than the
prediction filter with the same number of taps. This is due to the fact that the former
makes better use of the correlation between the nearest neighboring samples than the
latter.

Many articles have been published on the use of prediction filter employing the
lattice structure for suppression of narrowband interference [14] - [20]. The lattice
structure is known to have the advantages of modularity, robustness, and better
numerical conditioning compared to the transversal structure [21] - [23]. Simulation
results and experimental results in [14] - [20] indicate that the lattice structure has
great potential in narrowband interference suppression especially in complex jamming
environments (e. g., multiple jammers). However, to our knowledge, previous
references to the use of lattice filters for suppression of narrowband interference have
been primarily concerned with one-sided prediction only. For two-sided interpolation,
the literature has so far only considered the LMS algorithms. However, the LMS
algorithm exhibits an extremely slow convergence rate. Consequently, the two-sided
interpolation using the LMS algorithm may be unable to effectively suppress
narrowband interference with a fast time-variant frequency. Even for one-sided
prediction lattice filters considered in the available literature, except for [20] in which

least squares lattice ( LSL ) has been considered, almost all the previous publications
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use the gradient adaptive lattice (GAL) . The convergence behavior of the GAL
algorithm is more rapid than that of the LMS algorithm, but inferior to that of exact
recursive LSL algorithms [21].

This paper proposes the use of the order-recursive QR-decom position-based least
squares lattice (QRD-LSL ) interpolation filters developed in [24] for suppression of
narrowband interference in the DS spread spectrum system. As well known, the QRD-
LSL filter is the most important order-recursive adaptive filter since it represents the
most fundamental form of an order-recursive adaptive filter. It is also well known that
the performance of the QRD-LSL algorithm in a limited-precision environment is
always superior to that of recursive LSL and recursive least-squares (RLS) algorithms
due to the fact that the QRD-LSL algorithm is a “ square-root ” type algorithm and
consequently, this results in a significantly reduced dynamic range of data [21]. The
QRD-LSL algorithm combines highly desirable features of recursive least-squares
estimation, QR-decomposition, and lattice structure, thus offering fast rate of
convergence, good numerical properties, low sensitivity to round off error and
parameter perturbation, high level of computational efficiency, and order-recursive
property. In this work, the performance of the QRD-LSL interpolation filter in
rejecting narrowband interference is evaluated when the narrowband interference is
modeled as a single tone, multiple tones, and a second-order autoregressive (AR)
process respectively. Simulation results demonstrate that the QRD-LSL interpolation
filters can substantially outperform the conventional prediction and interpolation filters

in terms of rate of convergence and SNR improvement.
II. SYSTEM MODEL

The low-pass equivalent of a DS spread spectrum modulation waveform is given by

[10]

m(t) =§;ckq(t—krr) (1)

where L is the number of pseudonoise (PN) chips per bit, z, is the chip interval, {c,|
is the PN chip sequence used to spread the transmitted signal, and q(z) is a

rectangular pulse of duration 7, . The transmitted signal is expressed as
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) = .;E'b,em(t - kT,) (2

where {b,1 is the binary information sequence and T, = Lz, is the bit duration. The

received signal is then of the form
z(2) = s(2) + w(e) +i(z) (3)

where w(¢) is wideband Gaussian noise, and i (¢) is narrowband interference. After

the received signal has been processed by a matched filter and sampled at the chip rate

1 . .
o the received signal becomes

c

z(n) =s(n)+wn) +i(n) (4)
where { s(n)}, { w(n)}, and | i(n) | are the discrete-time sequences due to
ts(e)l, {w(e)t, and {i(2) |, respectively and { s(n) |, { w(n) !}, and | i(n)

| are assumed to be mutually independent. If the PN sequence is assumed to be truly
random, the sequence { s(n) | can be considered to be a sequence of independent and
identically distributed (i. i. d.) binary random variables taking on values + 1 or -1

with equal probability.

ITIT. QRD-LSL INTERPOLATION FILTERS

A. Least-Squares Interpolation Filters of Order (p, f)

An estimate of the interference i (7 ) can be formed from the received signal = ()
in (4). When using the (p,f) "order linear interpolation, we linearly estimate the
present interference i (i) from p past and f future neighboring received signal samples

as shown in Fig. 1, viz.,

i, 81) 2= 2, (1) =—k§?pb(p,f),k(n - fzi+k)1-f<i<n-f (5)

kB0
where b, , .(n-f) is the interpolation coefficient at time n which remains fixed during
the observation interval 1-f << i <{ n-f with the prewindowing condition on the
received signal samples. The reason that 7, (i) == £, (i) is because the spread

spectrum signal s(7) and the thermal noise w (i) are wideband processes and hence
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Fig. 1. (p, f)"™order linear interpolation transversal filter

they cannot be interpolated accurately using the neighboring samples, whereas the
interference i (i) is generally assumed to be nonwhite and therefore can be accurately
interpolated. The length of the signal, n , is variable. The order, N = p + f. By

using (5), the (p, f)" order interpolation error at each time unit can be defined as
e, (i) = §(i) = z(i) — i, (i) = z(i) - 2, (i)
i
= Z(l) +§2 b(_f‘-f)yk(’l _f-)z(z ¥+ k)ql =1 f S 1 g n _f (6)
==p
k0
Herein, we refer to any N order interpolation filter that operates on the present
received signal sample as well as p past and [ future received signal samples to produce
the (p, )" order interpolation error at its output as a ( p, f)" order interpolation filter
where N = p + fis assumed implicitly. If the most recent received signal sample used
is z(n) , then (6) can be written in a matrix form for 1-f < i << n-f as in (7), or
more compactly in (8).

r2(1) - 0 0 0 7

re,..(1 = 1)1 M= bypdn—1) 7
5 ] z(2) N
o : «3) 0 0 w0 5
co |- | o z(:l} 0 B )
D) e “buan =)
: (n-1) $ 1 : : ’
=11 le(n) = an-f+1) aln-1-1) - zn-Nd a1
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e,',‘,—(n -f=z2n-f)=-Z,,(n)b, (n - f) (8)

The least-squares solution to (8) can be determined by using the projection approach
(22] - [23], [25] - [26]. The projection operator that projects vectors onto the
subspace spanned by the columns of Z, , (n) (i. e., of p past received signal samples

and f future received signal samples) can be expressed by
Pz = Z,,J(n)[Z,TL,(n)Zp_,-(n)]_lZ:J(n) (9)

Its orthogonal complement is denoted by P7 = (I — P,) where I represents the identity
matrix. The interpolation error vector of (8) can therefore be determined by e:,‘j-( n —

f) =Pzz(n-f).

B. Order-Recursive LSL Interpolation Filters and Exact Decoupling Property of
LSL Interpolation Filters.

Order-recursive LSL interpolation filters that require only O(N) operations have
been developed in [24] by employing a modified version of linear forward and
backward predictions referred to therein as the intermediate forward and backward
predictions .

When a sequence of p past and f future signal samples is taken into consideration
to estimate the present received signal sample z(n-f), appropriate combinations of f
delayed intermediate forward prediction errors and p delayed intermediate backward
prediction errors, followed finally by the interpolation error, e, (n — ) , form Cf sets
of LS orthogonal bases [24]. Each of the CJ orthogonal basis sets can be shown to
provide an orthogonal basis for [ 2(n-N), ==+, z(n-f-1), z(n-f), z(n-f+1), -,
z(n) ], spanned by the present received signal sample, = (n-f), p past received signal
samples, and f future received signal samples. The LS orthogonality among all the
elements within each of these orthogonal bases is referred to as the exact decou pling
property of the LSL interpolation filters . The exact decoupling property of the LSL
interpolation filters has been verified in [24]. Owing to the exact decoupling property,
a(p,f)" order LSL interpolation filter automatically generates all N of the outputs

that would be provided by N separate transversal interpolation filters of length 1, 2,
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<+, N, (i. e., amultiple order filter) where N = p + f . Higher order lattice filters
are obtained from lower order ones by simply adding more stages, leaving the original
stages unchanged. This modular structure permits dynamic assignment, and rapid
automatic determination of the most effective filter length. Consequently, optimum
removal of strong narrowband interferences of unknown or time-varying bandwidth
may be achieved. The QRD-LSL interpolation filters are implemented by combining
the exact decoupling property of the LSL interpolation filters with the well-conditioned
and numerically stable QR-decomposition technique. The QRD-LSL interpolation
algorithm has been summarized in [24]. Fig. 2 presents a signal-flow graph that
shows the (2, 2)"order QRD-LSL interpolation filter using the sequence BFBF.

IV. SIMULATION RESULTS

Computer simulations have been carried out to compare the performances for
single tone interference, multiple tone interference, and a second-order AR
interference, respectively. The power of all the interferences is chosen such that the
jammer-to-signal power ratio ( J/S ) is 20dB. Each learning curve was obtained by
ensemble-averaging the squared value of [ s(2)-5(n) ] over 200 independent trials of
the experiment. Meanwhile, the power of the wideband Gaussian noise w(n ) is kept
constant at o5, = 0.01 . Fig. 3 compares the learning curves for a multiple tone
sinusoidal interferer, i () = Acos(0.15¢ + 8,) + Acos(0.4¢t + 8,) + Acos(0.65t +
#5) , where A is the amplitude of all sinusoidal interferences, and 8,, 8,, and 8, are
random phases uniformly distributed from 0 to 2x. This figure illustrates that the rate
of convergence of the QRD-LSL algorithm is much faster than that of the LMS
algorithm in the presence of a multiple tone sinusoidal jammer. Table I calculates the
average SNR improvement over last 500 data samples for both multiple tone and AR
jammers. The latter jammer was obtained by passing white noise through a second-
order IIR filter with two poles at 0.9557 +j0.1914 and 0.9557-j0.1914, 1. e., i (n)
= 1.9114i(n—-1)-0.95i(n—2) +e(n) where {e (n)} is white Gaussian noise. Fig.
4 shows results for a second-order AR jammer. The simulation results also show that
the QRD-LSL interpolation filter has much faster convergence and smaller steady-state

MSE compared with the LMS interpolation [ilter in the presence of the AR jammer.
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Fig. 2. Signal-flow graph (2, 2)™ order QRD-LSL interpolation filter using sequence BFBF [24]

V. CONCLUSIONS

This paper presents an order-recursive rotation-based QRD-LSL interpolation
filter as a solution to the narrowband interference rejection in a DS spread spectrum
system. The proposed N" -order interpolation lattice filter automatically generates all
N of the outputs that would be provided by N separate transversal interpolation filters.
This feature can effectively suppress the narrow-band interference of time-varying
bandwidth in DS spread spectrum systems. Simulation results indicate that the QRD-
LSL interpolation filters can substantially outperform the conventional prediction and
interpolation filters in terms of rate of convergence and SNR improvement for single

tone, multiple tone, and AR interferences.
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Abstract

Pearn and Chen (1997) proposed a class of capability indices
Cn,(u ,v) which generalize the process capability indices C,(u,v)
(Vannman (1995)) to accommodate cases where the underlying
distributions may not be normal. The current indices Cy,(u,v) are
functions of quantiles which may not be known. In this article, we
propose four estimators based on some quantile estimators which are
given by Cohen et al. (1985) for symmetric processes when the center
of symmetry is known. It is shown that these four estimators of
Cy,(u,v) are all asymptotically normally distributed, and are
asymptotically equivalent. When we compare these four estimators
with the estimator proposed by Pearn and Chen (1997), we found

that our estimators are asymptotically more efficient.

Key Words: asymptotic distribution; specification limits.

INTRODUCTION

A process capability index is a numerical measure which provides information on
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whether a production process is capable of producing items within the specification
limits predetermined by the designer. Recent research and advances made in this
subject are neatly summarized in Sullivan (1984), Kane (1986), Chan et al. (1988a,
1988b), Spiring (1991), Pearn et al. (1992), Kotz and Lovelace (1998), and
Viénnman (1995), among others. In addition to their typical applications in industry,
process capability indices are particularly useful in chemical batch processes (Morris
and Watson (1998)), rubber-edge production lines (Chen and Pearn (1997)) and
academic fields for studying the classroom performance (Johnson and Smith (1997)).

Vannman (1995) presented a unified approach to capability indices research by
introducing a class of capability indices C,(u ,v) that generalizes the fourbasic indices,
C,, Cu, C,, and C,,,. It has been shown that C,(u«,v) are appropriate for normal
processes, but not for non-normal process data. To deal with this difficulty, Pearn and
Chen (1997) and Chen and Pearn (1997) generalized C,(u,v) to a class of capability
indices Cy,(u,v). However, the current indices Cy,(u,v) are functions of quantiles
which may not be known. Chen and Hsu (2000) proposed two estimators of the
indices Cy, (u,v) based on empirical and kernel quantile estimators. It was shown
that estimators of Cy,(u,v) they proposed and the one proposed by Pearn and Chen
(1997) are all consistent, asymptotically normally distributed and asymptotically
equivalent.

In this article, we restrict our discussion on symmetric processes when the center
of symmetry is known. We propose four estimators based on some quantile estimators
given by Cohen ez al. (1985). It is shown that these four estimators of Cy,(u,v) are
all asymptotically normally distributed and are asymptotically equivalent. When we
compare these four estimators with the estimator proposed by Pearn and Chen (1997),
we found that our estimators are asymptotically more efficient. In section two, the
definition of Cy,(u,v) is given. In section three, four estimators of the the family of
indices are defined, and the asymptotic distributions of the proposed estimators are
derived. The asymptotic distribution of the estimator proposed by Pearn and Chen

(1997) is also derived. Section 4 provides the conclusions.
2. Process Capability Indices Cy,(u,v)

Let X,, -*-, X, be a sample of measurements from a process which has



distribution F with the A-th quantile F,, mean p and variance o°. Let L and U be the

lower and the upper specification limits of a product characteristic, respectively.

Denote by d = U2 L the half length of the specification limits, m = U; L the mid-

point of the specification interval, T the target value. A class of process capability

indices proposed by Pearn and Chen (1997) is defined as follows:
d—ulFg—ml

3\/(F.99865 g F.m135)2 e U(F,so _ T)z

Can(u,v) = (1)

where u, v=0.
When the process has symmetric tolerances (i.e. T = m ) and assume the
underlying distribution is normal, this new class of indices defined also generalizes the

four basic indices, C,, C,, C,.and C,,,.

3. Asymptotic Distributions of Estimators of Cy,(u,v)

3. 1 Estimator based on Cohen et al.

It has been pointed out by Cohen et al. (1985) that quality control data often
times entails repeated measurements with instruments. Frequently these data collected
regularly (weekly say) over many years reflect symmetry. For this reason, Cohen et
al. (1985) proposed some quantile estimators of a symmetric distribution and derived
some important statistical properties. Let X,, -, X, be a random sample of size »
from a distribution with c¢.d.f. F. Let & denote the Ath quantile, which is uniquely
defined under the conditions imposed on F. Assume F is symmetric with & as the
center of symmetry. In the case of known center, let § = ,. The order statistics are
XX < <X, and Y <Y ,<--<Y|, represent the ordered values of Y;=
|X,-0,, j =1, 2, -, n. Cohen et al. (1985) proposed the following four
estimators of the quantile:

. T(A)=(T"(A)-T (1-21))/2, where T"(1)=(T-6,V0), T =(T-6A
0), and T(A)=aXuisn+ (1 —a)X un, fora=nd —[nd]+1/2 and [a] is the

largest integer less thanor equal to a .
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2. (Flipped-Over estimator) T,(A) =a Y um-n.1 + (1 = @)Y (uar-n1s Where
e=n(2A—-1) - [n(2a-1)] +1/2.

3. Ti(X) is the Rao-Blackwellized version of T, (1) and it depends on the Y sample.

4. T,(a) is a nonparametric Bayes estimator using a Dirichlet prior and a symmetric
linear loss function.

By assuming that F' is twice differentiable in a neighborhood of &,; that is F'(z)
=f(x) is bounded away from 0 in the neighborhood and that F” is bounded in the
neighborhood, T,(A) are asymptotically equivalent and are all asymptotically normal
with mean £; and with variance A (1 =24)/2nf*(&,) if 0<A<0.5; with asymptotic
variance (24— 1) (1 —1)/2nf’(&,) if 0.5 <A<1, for i =1, 2, 3, 4. And T, are
asymptotically optimal in the sense of minimum asymptotic variance in the class of
regular estimators, i=1, 2, 3, 4. [Cohen et al. (1985)]

For a symmetric distribution with center of symmetry 6,, F 5= 20, — Fy .

Therefore, the indices can be reduced to
d—ulfy—ml
3J(F%.ms6_ -F0.135)2 . ‘0(50 _ T)z

B d—ull,—ml
\/(Foo.scs - 60)2 i 9'0(60“ T)z-

Consider the following estimator of Cy,(u,v)

d—ulby—m|

Coluyv) =

CNp(u ,'U) =

3J(Fw.%sg Fo.135)2 + "0(30 _ T)z
7 d-—ull,—m|
\/(ﬁ‘w.srss - 50)2 + 91’(30 - T)z

where Fy 4 is a quantile estimator of Fg gs.

Denote T,= Fy 4 be the four estimators of Foo 55 proposed by Cohen et al., i=1, 2,
3, 4.

Theorem 1:

Let
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B d—ulby—m|
VT, =6, +92(8,— TV

é;v,,(u,"u) : =1,2,3,4.

Then

Sr(C Cuye) — Cyla,w)) — ROH 5 = 1,2.54.
where O’Z=(2?\—1)(1*P\)/2f2(ﬁ1), A= .99865, and
(d—ulfy—m|)(Fogs— 0y)

P = (P = 627 + 99(0, - TV
Proof:
Leih (2) = d=u (6= m) -, then

o (2 =8, +9% (8,~T)
Y = (d-ulb,—m|) (£—8,)
[ {e=80+8y (G,~TYP*
Implies that A" (F45)70. Denote $ = h’(Fy4s), then by Theorem on page 24
in Serfling,

VA (C:u,v) = Cylu,v)) — N(0,#6%),i = 1,2,3,4,
where "= (20— 1)(1-1)/2f(&), A=. 99865, and

. (d—u\go*mD(Fw.s&s_gn)
=\ Fores = 07 + 90(8, — TP

From above theorem, by comparing the asymptotic variance of the four estimators

Cf\jﬁ( u ,v) we see that these four estimators are asymptotically equivalent.
3.2 Estimator based on Pearn and Chen

For unknown quantiles, Pearn and Chen (1997) applied the method in Clement
(1989) to find the quantile estimators for the generalizations Cy,(u ,v), and obtained

a superstructure for the estimators as follows:

d—-—ul&y—m|

3\/( E,gqses g Emms )z + "U(E.so _ T)z

Cnu,v) =



20 Estimators of Process Capability Index Cy,(u,v) for Symmetric Processes with Known Center of Symmetry

where
?.onws = X:{R,]) + (Rl - [Rw])(x(mlm) - X([R,]»)’
Es= Xqnt (R~ [ReD(Xryon — Xirp)»

&.omss = Xqrp T (R; — [RﬁJ)(X({R‘]-H) - Xqrp)s
R, = .00135»n + .99865, R, = .5n +.5; R, = .99865n + .00135.

In this setting, the notation [ R ] is defined as the greatest integer less than or
equal to the number R, and X, is the i-th order statistics of X,, X,, =+ , X,.
It was shown by Chen and Hsu (2000) that

N{O,DIED" ) ,if € « 7 m,

\/Z(CN',,(M,U)CNP(M,’U))L’{ 1 d 4
“30 | W, \*ﬁwz,zf Es=m,
where
(anz) - N((O,O);@Z(p’)s
o, 0,
2 = L]
o, 0,
and
Ly
e
_ & oomes — 5.m135[ (.5)(.00135)  (.00135)(.5)
2T 18 LfEDS (o) () F(E5) ]
g, =
(5_99365 - E,m,35)2{0.0135( .99865) i .99865(.00135) ) (.00135)° J
18 FCE i) FCE osis) FCE o03s) f(E ooes) |
U(E.s— T)
o - G
0 1
2G

1/2

G = G(E.mms’s.s,smﬁs’v’T) = (M—gmr'l' "U(S.s— T)z ’
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d s— T)H
D = (sgn(m - £5) 3% = U(ESG:, ) , —gg)

For a symmetric distribution with center of symmetry 6,, the estimator proposed

by Pearn and Chen (1997) is reduced to the following form:

C;IJJ(“7U)=3 ~ d_f{lan_m‘
x/<5’ms_m)2+kuﬂz

'\/(F;g.sas - 60)2 7+ 92!(90 - T)Z
where IA:;}_%S: Xrp t (R;— [RJ])(X([R)]H) - X([RJ});
Theorem 2:

VR (E5(u,0) = Cylu,v)) == N(0,86%) i = 1,2,3,4

where ¢’ = ;\irzl(; ;\) , and ¢ is defined as in theorem 1 above.

Proof:

By Bahadur representation (page 93, Serfling (1980)),
Vn iX([H.]ﬂ) - Xrp i = 0,(n 15y
[t follows that

Va(R, = [R, D Xaram — X({R,Dl = o0,(1).

Therefore, \/H{é - &, =0,(1), for all A€ (0, 1). Hence, the theorem holds by the

same argument in the proof of Theorem 1. []

Theorem 3:

(Aj(\,,f (u, wv) are asymptotically more efficient than (A:;,,, (u, v).
Proof:

The result follows by Theorem 1 and Theorem 2. [
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4. Conclusions

By assuming that the process is symmetric and the center of symmetry is known,

we proposed four estimators C(\,j( u,v) of the index Cy,(u,v) based on Cohen et al.
(1985). And it is shown that the four estimators are all asymptotically equvalent, and

are asymptotically normally distributed. When we compare the asymptotic variance of
the estimator based on Pearn and Chen (1997), C;.P (u,v), with that of the
estimators Cfv;(u ,v), it shows that (AT(V;( u ,v) are asymptotically more efficient than

Cy,(u,v). i.e. Clements’ method is not proper in this case.
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Abstract

Traditionally, oscilloscopes were used to show analog voltage
waveforms of electronic circuits. Currently, analog voltage waveforms
can be digitized for easy processing, storing and transmitting of the
measured signal by computers and their networks. In this paper, we
propose a modified M/M/1/N queueing model for the analysis of
characteristics of sampled data arrival and departure from the data
buffer in a digital oscilloscope implemented by a microcomputer
system with interface circuits. The primary results from this model
and the measurement of the experimental system show that the
smaller the ratio between the sampled data arrival rate and departure
rate for the data buffer mechanism, the smaller is the loss waveform

interval for the dual measured signals.

Key Words: Microcomputer, Oscilloscope, Queueing Model,

Data Buffer, Loss Waveform Interval

1. Introduction

An oscilloscope is a measuring tool for analog waveforms and is used to verify the
p
design of electronic circuits. Over the past few decades, numerous researchers have

been working in different aspects in order to improve the functions of oscilloscopes.
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One of them is to digitize analog waveforms and to store the sampled signal for further
processing by computers. However, due to the speed limitation of the sampling
circuits, data buffers, and I/O channels of a microcomputer system, the bandwidth of
a microcomputer-based oscilloscope can be very limited. Fortunately, because of the
progress of VLSI technology, the sampling rate of sampling circuits can reach beyond
several GHz. In addition, the speed of data buffers has improved. It can reach a couple
of hundred MHz. However, the speed of an I/O channel of a microcomputer system
can still be a bottleneck from a continuous data flow point of view, although the speed
of 1/0O channels can reach several hundred KHz [1-5].

From the previous observation of the speed comparison of major modules of a
microcomputer-based oscilloscope, it is learned that either one must specify the lowest
bandwidth of all modules as the bandwidth of the whole digital oscilloscope system, or
avoid the bandwidth limitation by tolerating the existence of waveform loss
mechanisms. Due to the speed of I/O channels being slower than the one of arriving
data from a sampled signal, part of the waveform is neglected, causing waveform loss
as a result of the overflow of the data buffer during the data input to the
microcomputer. If the dual measured signals are periodic, then the missing part of
waveform is just an interval of repetitive parts of waveforms. Therefore, the missing
waveform problem would not cause a serious distortion from the point of view of the
signal amplitude. Thus, in this paper, we propose a M/M/1/N queueing model, based
on the random signal sampling method in order to model and estimate the loss
probability of the sampled data for input into the data buffer. In addition, by
transformation of the data loss probability into the relationship of stored and lost
waveform intervals of the dual measured signals, we can estimate the bandwidth
limitation for an individual module, which causes the length of waveform loss.
Conclusively, the primary results from the queueing model let the designers know the
relationship between the missing intervals of the measured waveforms and the
bandwidth difference among different modules of a microcomputer-based oscilloscope
system [6-11].

The rest of this paper is organized as follows. In section 2, the dual channel

microcomputer-based oscilloscope system and its modified M/M/1/N queueing model
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Fig. 1. A dual channel design for a microcomputer-based oscilloscope system

to analyze the characteristics of the data buffering are described. In section 3, the
estimation of waveform missing intervals is discussed. In section 4, the measurement
of an experimental platform for the microcomputer-based oscilloscope system is

presented. The last section draws conclusions.

2. The Dual Channel Microcomputer-based Oscilloscope and Modified M/M/1/N
Queueing Model for Data Buffering

Fig. 1 shows a dual channel design for a microcomputer-based oscilloscope
system. In Fig. 1, the original signals v,(t) and v,(t) are input to the wide-band
amplifier and then reach a analog to digital conversion module to receive the sampled
signal vy (t) and v, (t) in a digital format. The data from the sampled signal is
temporarily stored in a fast first-in first-out (FIFO) data buffer and then alternately
read into a microcomputer for storing as a computer data file. The data then can be
processed by curve fitting algorithms and displayed.

As a result of the speed difference between the arrival rate A and the service rate
of the data buffer in Fig. 1, arrival data may be lost if the data buffer is filled up and
the service rate p is not fast enough. Therefore, the data loss in the data buffer can
cause the measured waveform loss. In this section, we use a modified M/M/1/N
queueing model for the data buffering to estimate the data loss probability due to the

speed difference between the data arrival rate and the data service rate of the data
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Fig. 2. A modified M/M/1/N queueing model for the data buffering in a microcomputer-based

oscilloscope system
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Fig. 3. An equivalent M/M/1/N queueing model for dual data buffering

buffer as shown in Fig. 2 [9-11]. For the simplicity of representation, we set A, =, =
Aand gy, =p,=p.

There are a couple of ways to analyze the modified M/M/1/N queueing model
shown in Fig. 2. A simple way, we propose in this paper, is to separate the service
rate of the server into a set of two half of service rates. The equivalent queueing model
is shown in Fig. 3 where the two data buffer are working independently.

Because of the independent operations of the dual data buffer, the dual M/M/1/N
queues can be analyzed separately. To analyze a M/M/1/N queue in Fig. 3, we use
the state diagram as shown in Fig. 4 and find out the state probability for state 0 to

state N.
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Let P,, 0=n=N, denote the state probability that there are n data in the data

buffer. Based on the state probability model of a stationary non-time-varying system,

the rate-equality principle yields the following set of balanced equations:

State Rate at which the process leaves = rate at which it enters
0 AP,= (1/2) P,

1=n=N-1 (At pf2) Pi=iPiay® (/2 Pow
N (#/2) Py=APy_,

The argument for state 0 in the queue has no data in the buffer, namely, when in
state 0, the process will leave only via an arrival (which occurs at rate A) and hence
the rate at which the process leaves state 0 is AP,. On the other hand, the rate at which
the process can enter state 0 is (p/2) P,.

Rewriting the proceeding system of equations we get,

_ A
P, = -55P,
_ A A .
P =3P+ (P- 3P 1<a<N-1
_ A
Py = ,u/ZPN_’

Which, solving in terms of P,, yields

_ A
P\ = 5P,
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Py = 2P+ (P, *mPo):#/zp' - (;zL/Z)zp
Py =sz+ (P2~mP1)=#/2P2 - (;T,}E)P

0
0

_ (A
Pui= () Po
(A
Pu = (55) Po (1)

N
By using the fact that EOP,, =1, we obtain,

n=

lara) (1-25)

P, =-- N
1= (73)
A

Note that in this case, there is no need to impose the condition that# /2<l. The

n=0,1,"-N

queue size or the buffer size, by definition is constant so there is no possibility of
increasing [9,10,11].

When the queue is in state N, the arriving data will not enter the queue or the
data buffer, so the sampled data of the measured data in this interval will be discarded.

In other words, P, |,-nis the data loss probability.

N1 (2)

Fig. 4 shows the characteristics of Eq. (2). Assume the utilization p= ﬁ =0.1;

0.5,1, 2, 5, 10, 0=n=N, then we can obtain Fig. 5 in which the data loss
probability increases with the increase of the utilization p. Also the data loss probability
increases when the size of data buffer decreases. Therefore, to reduce the data loss
probability, one can reduce the utilization p, or increase the data service rate p/2 to a
certain level of the data arrival rate. In order to increase the data service rate n/2, we

can reduce the I/O time delay by using faster I/O ports, assembly code and direct
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Fig. 5. The data loss probability of the data buffer

memory access mechanism. Another way to reduce the data loss probability is to

increase the size of the data buffer.

3. The Missing Waveform Intervals of Dual Measured Waveforms

From the random sampling data point of view, the data buffer in Fig. 1 can be
modeled as a M/M/1/N queue as shown in Fig. 2. Given a data arrival rate A and a
data service rate u/2, from the analysis of an equivalent M/M/1/N queueing model in
Fig. 3, we can estimate the data loss probability of the queue, or the data buffer in
Fig. 1. Furthermore, by transferring data loss probability, we can also estimate the
measured and loss waveform intervals in a dual measured signal as shown in Fig. 6.

The data loss probability Pyshown in Eq. (2) can be approximately equal to T,/
Trew» where TLoss is a loss waveform interval and Ty, is the measured waveform

interval in Fig. 6 and p= ﬁ We can obtain Eq. (3) equivalently.

Tl_cm__(p)N (l—p)
TTmaI_ L= (P)NH )
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Fig. 6. Measured and loss waveform intervals in a dual measured signals.

Fig. 7 shows the characteristic curves for Eq. (3) with data buffer size N=1,
10, 100, 1000 bytes, and the utilization p varies from 0 to 5. The curves show that the
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smaller the utilization p, the smaller is the loss waveform interval in the measured
waveform interval, or the smaller is the distortion. In addition, the larger the buffer
size for data buffer in Fig. 1, the smaller is the loss waveform interval.

Although there exists a missing waveform interval of the measured waveform, the
microcomputer-based oscilloscope can still show part of the repetitive periodic
waveforms. If the missing interval of the measured waveform belongs to part of the
repetitive waveform, then a missing mechanism may not cause a serious distortion in

comparison with the functions of a traditional analog oscilloscope.
4. Implementation and Measurements of the Experimental System

In order to fulfill the dual channel microcomputer-based oscilloscope system shown
in Fig. 1, we have designed and implemented an experimental system based on the
hardware block diagram and software flowchart as shown in Fig. 8 and Fig. 9,
respectively. Fig. 10 shows the physical implementation of a dual channel microco-
mputer-based oscilloscope system circuit board. Fig. 11 is the program segment

translated into assembly code, which is shown in Table 1.
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Fig. 8. Hardware block diagram of the dual channel microcomputer-based oscilloscope system
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Fig. 9. Software flowchart of the dual channel microcomputer-based oscilloscope system
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Fig. 10. The circuit board of the dual channel microcomputer-based oscilloscope system

Since the quartz crystal frequency of the 8051 is 12MHz in this system, the clock
cycle period is 1/12us. Each machine cycle period is 12 times the clock cycle period in
a 8051 and a machine cycle period is lus. The 28 machine cycles in Table 1 need 28us
to read a byte, or a sampled point of the measured waveform. A 28us data input period

is equivalent to 36KHz bandwidth for the sampled point of the measured waveform. If
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void Save-X-RAM (void)
{
for (1=0; 1<240; i+ +) /" sample 240 points "/
{ FIFO1-CTL =FIFO1-RD-1; /"send out a READ signal */
FIFO1-CTL =FIFO1-RD-0; /"to read a byte "/
FIFO1-CTL =FIFO1-RD-1;
FIFO1-RAM [i] =FIFO1-DB; /" save to RAM "/
}

Fig. 11. The program segment for input data into a microcomputer

Table 1. The assembly code for input data into a microcomputer

Operator Machine Cycle Operation Times Required Machine Cycles
MOV 1 12 12
MOVX 2 5 10
ADD 1 1 1
ADDC 1 1 1
INC 1 2 2
DEC 1 1 1
CLR 1 1 1
28

we need ten sampled points for each period, we may only have 3.6KHz bandwidth for
the measured waveform without missing waveform interval as shown in Fig. 12.

If we can tolerate the missing waveform interval for the measurement of the
periodic waveforms, then we can obtain a scalable bandwidth of the measured signals.
From the scalable relationship shown in Eq (3), we learn that if the equivalent service
rate is u/2 = 18K byte/sec. , and the arrival rate is from A= 1K byte/sec. to 20M byte/
sec., then, we can obtain the ratio between the loss waveform interval and the
measured waveform. From Fig. 13, it can be seen that if we can tolerate the loss

waveform at 99% of the measured waveform, then we can have 350KHz of measured
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Fig. 12. A measured waveform without missing waveform interval shownin the experimental system
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Fig. 13. The relationship between sampled data rate and loss waveform interval.
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Fig. 14. A sampled signal shown in the dual channel microcomputer-based oscilloscope system.

yl =interpl (x1, sl, il, ‘cubic’);

y2=interpl (x2, s2, i2, ‘cubic’);

subplot (2, 1, 1);  plot (i1, y1, *-’);

xlabel ( ‘us’); ylabel ( ‘mV’); axis ( [0,50,0,150]);

subplot (2, 1, 2); plot (i2, y2, ‘-");

xlabel ( “us’); ylabel ( ‘mV’); axis ( [0,50,0,100]);
Fig. 15. A curve-fitting program for dual sampled signals

bandwidth shown as point “A” for the experimental system.

Fig. 14 shows a sampled signal in the dual channel microcomputer-based
oscilloscope system. This sampled signal is processed by the curve-fitting program as
shown in Fig. 15 with which we can obtain a reconstructed signal that is shown in the

display of our computer as Fig. 16.
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Fig. 16. A dual signal after the curve-fitting program

5. Conclusions

In this paper a modified M/M/1/N queueing model for the data buffering of a
dual channel microcomputer-based oscilloscope system has been proposed. In this
model, the arrival process and the departure process can represent the sampled signal
input and data output process of a data buffer, respectively. From steady-state
behavior analysis, we can obtain the approximate results for the data loss probability
and missing waveform intervals. This probability is dependent on the data arrival rate
and the data service rate of the data buffer in a dual channel microcomputer-based
oscilloscope system. The higher the bandwidth of the measured signals we need, the
higher will be the data arrival rate and the data loss probability. At the same time, the
higher the bandwidth of the measured signals we need, the higher will be the missing
waveform interval. Fortunately, the oscilloscope is used to measure repetitive periodic

waveforms, so the missing waveform intervals may not cause any serious problem from
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a steady-state point of view. We have also designed and implemented an experimental

microcomputer-based oscilloscope. The measured data is in very good agreement with

the result of the theoretical analysis. Furthermore, the post processing in a computer

for the measured signal can be done by many ways. A typical curve-fitting program to

reconstruct the measured signals has also been presented.
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Design and Implementation of a Microcomputer 8051
System Powered by Dual Batteries Charged by Solar Cells

Ying-Wen Bai and Cheng-Lun Chang
Department of Electronic Engineering
Fu Jen Catholic University
Taipei , Taiwan 242, R.O.C.

Abstract

Single chip microcomputer systems are becoming increasingly
popular in today’s control and information applications. But, due to
the limitation of battery energy, these systems only have very limited
operation time or recharge cycles, if their power is supplied by
rechargeable battery. Thus, in this paper, we propose a design and
implementation for the software and hardware of a microcomputer
8051 system powered by a dual rechargeable battery that is charged by
solar cells. From the feasibility analysis of the queueing model for the
stochastic charging and discharging process of the dual battery
system, we learn that the operation time in our design can be much
longer than that of a single rechargeable battery power supply. With a
two third utilization ratio, we can obtain an operation time four times
higher than with a single rechargeable battery power supply. In
addition, the technology trend shows the power consumption rate for
a typical microcomputer system is decreasing and the power
generation efficiency for typical solar cells is increasing. Hence, solar
cells as the power charging sources of the microcomputer 8051 system
supplied by a dual rechargeable battery can be feasible in the near

future.

Key Words: Microcomputer, Solar Cells, Queueing Model,

Operation Time.
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INTRODUCTION

Over the past few years, numerous researchers have been working with different
levels of low power technology for microcomputer system design. In terms of system,
circuits, and device power saving, the results show that the average power
consumption of a microcomputer computer has more than a twenty-percent and a ten-
percent reduction every year from 1992 to 1997 and 1998 to 2001, respectively.
Reducing power consumption is attractive due to its potential to extend the recharge
period of portable information applications. Further, the longer the battery operation
time before recharge, the more convenient it is for mobile users to operate a portable
microcomputer system [1,2,3,4].

Eventually, the power consumption of a single chip microcomputer system will be
small enough to be supplied or recharged by other power sources. One of the proposed
power sources is mechanic vibration [5]. Among others, we previously proposed solar
cells that can be used as power supply sources [9,10]. Although me-Si solar cell power
generation efficiency at present is not high enough, their efficiency increased from 14.2
percent to 16.8 percent during the years of 1990 to 1997. This improvement can also
reduce the gap between the charging and discharging rate of the power supply of a
microcomputer system, so the power exhaustion probability within a certain operation
time will be reduced year by year [6,7,8].

To prolong the battery operation time before recharging, in this paper, we design
and implement the software and hardware module for a single chip microcomputer
8051 system with a dual battery, charged by solar cells. Based on the design and
implementation, this paper also shows the estimation for the power exhaustion
probability and the experimental measurement for the operation time that depend on
the power generation efficiency of solar cells and the power consumption rate of a
microcomputer. In addition, due to the overlapping of charging and discharging
period, if the ratio between the charging and discharging rate is two third, then the
operation time can potentially be prolonged four times in comparison with the case of a
single rechargeable battery.

The rest of this paper is organized as follows. In section 2, the technology trend
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about the power consumption of a microcomputer and the power generation efficiency
of solar cells are discussed. In section 3, the queueing model for the stochastic charging
and discharging behavior for the dual rechargeable battery in a single chip
microcomputer system is presented. In addition, the feasibility estimation for the dual
rechargeable battery in a single chip microcomputer system is given. In section 4 and
5, the design and implementation of the software and hardware modules for this
system are provided. In section 6, the experimental results of this system are given.

The last section draws some conclusions.

2. Technology Trend about Power Consumption of Microcomputers and Power

Generation of Solar Cells

In order to extend the operation time before recharging the battery in a
microcomputer system, recently some research about low-power technology has been
conducted [1,2]. The typical low-power technology includes low-power electronic
devices, storage devices, displays and power management methods of communication
and computation systems. The results show that the power consumption of a typical
notebook computer, one type of microcomputers, has decreased over the last decade
[3,4]. Fig. 1 shows the technology trend. From this figure it can be seen that from
1992 to 1994, there was an improvement of more than 100 percent, but from 1994 to
1997 there was an improvement of 30 percent and from 1998 to 2002 there will be an
improvement of only 10 percent. Due to the computation performance consideration,
the curve in Fig. 1 shows that the power efficiency improvement is slowing down but
still gaining substantial value. In addition, the low power VLSI circuit technology is
improving year by year, so the power consumption of a notebook computer can be
below SW around 2002. Table 1 shows the recent technology level for the power
consumption efficiency of computers including microcomputer 8051 systems.
Currently, a microcomputer 8051 consumes less than 0.1W .

For the charging capability, the power generation efficiency of typical solar cells
has increased more than 20 percent in the last five years as shown in Fig. 2. With the
case of a typical area of 100 cm®, we learn that the power generation efficiency of solar

cells is still improving each year up to now, although there is a theoretical limitation
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Notebook Computer Power Budgets
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Fig. 1. The power consumption for a typical notebook computer
Table 1. The power consumption efficiency of microcomputers
Power Energy Weight Length Width Height
(W) (Wh) (Ib) (in) (in) (in)
Notebook Sto 15 18 1o 36 5.5t07.5 | 1112 | 7.5t09 | 1.5t02
Subnotebook 21010 51024 3105 951011 | 61tw8 1.5t102
Palmtop < 5 5.5 0.7 6.3 3.5 1
PDA <.5 5 0.75 7 4.5 1
8051 Normal mode <0.1W
Wiicrssatisii Idle mode <25mW 7 3.5 0.5
' puter Low power mode <0.25mW

for the power efficiency of photo-volt transformation. Form the above characteristics of
typical solar cell products, we can derive the power generation density (W/cm®), as
shown in Table 2. Currently, the area of a portable microcomputer is around 100 that
is estimated from the physical size of a handset. Combining the area of the handset and
power generation efficiency, we learn that the average power generation of typical
solar cells is at about the level of 0.384W under the sunshine.

Fig. 3 shows a typical design for solar cells powered microcomputers. The energy
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Fig. 2.  Efficiency progress of 1~4 cm? and 100 cm? mc-Si solar cells over the past 20 years [6—8].

Table 2. The power density of typical solar cells.

Type model Size, cm Power Power density
Width Length | Thickness| V., v I,, mA mW/em®

SP 1506 15.24 350 (¢:235 7.5 48.0 4.30
SP 1508 15.24 7.62 0.235 7.5 60.0 3.88
SP 1512-2A 15.24 15.24 0.235 7ia 130.0 4.20
SP 1512-2B 15.24 15.24 0.235 T 106.0 3.42
SP 1530 15.24 29.00 0.235 7.5 200.0 3.40
Average 3.84

Condition FL: 200 Lux, 25T

is generated by solar cells and is used to charge up the rechargeable battery. Usually,
the power generation should be greater than or equal to the power consumption, so
that the microcomputer can work without exhausting battery power. However,
because the power generation can be less than the power consumption, especially
indoor, the microcomputer will work with a power exhaustion probability. As the
rechargeable battery provides the energy storage mechanism, the power generated

from solar cells can be used to charge up the rechargeable battery even if the machine is
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turned off. The stochastic characteristics of power charging and discharging behavior
can be modeled by a queueing model [9]. The previous result shows that under certain
operational conditions there is only a 0.46 hours operation time in a 24 hours period

with a power exhaustion probability of less than 1% [11].

POWER
Charging
Charging :
k Solar | Gircuits Eecharguble battery] POWer consumption

Cells ‘l’ .@

Microcomnuter

Fig. 3. A typical design for solar cell powered microcomputer

However, as the operation time or the utilization rate of a microcomputer is not
long enough, the solar cell powered microcomputer may be not a feasible solution
nowadays. There are several ways to extend the operation time. One of them,
proposed in this paper, is equipped with dual rechargeable batteries as shown in Fig.

4. Its power charging and discharging behavior are discussed in the next section.

3. The Queueing Model for the Power Charging and Discharging Behavior of Dual
Rechargeable Battery

As shown in Fig. 4, the energy is generated by solar cells and is used to charge up
the dual rechargeable batteries alternatively. When ihe first battery power is low, the
second battery will be switched on as a power supply, and vice versa. The power
control mechanism includes voltage level detection; interrupt handling mechanism, and
sending control data to a switching box by an output port of the portable
microcomputer [10-12].

In a typical power charging and discharging model, solar cells can be viewed as
the charge sources for the rechargeable battery. The battery power increases when the
charges enter it at a higher rate than they leave. In other words, the battery power

decreases when the charges leave it at a higher rate than they enter. From a typical
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Fig. 4. A dual rechargeable battery design for a solar cell powered portable microcomputer
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Fig. 5. A meodified M/M/1 queueing model for a dual rechargeable battery system

random operating point of view, we use a modified M/M/1 queueing model, shown in
Fig. 5, for charging and discharging of the dual battery module in a portable
microcomputer [9].

In addition, the probability distribution for the charge arrival process and the
charge departure process is dependent on the operation characteristics of mobile users.
The behavior of the power charging and discharging for every microcomputer can be
very different.

Because of the individual difference in operational behavior, it can be very difficult
to give a precise analysis for the queueing model. However, an approximate analysis
can be made, which can provide certain estimated characteristics for the charge arrival
and departure processes. For the sake of simplicity, the approximate analysis is based
on the non-time-varying and stationary queueing model. Recently, the steady-state M/
M/1 queueing model and the dynamic M/M/1 queue model have been analyzed [9-
13]. Both the models represent a Poisson charge arrival process and exponential

departure process. In addition, for the special user operation characteristics, the
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Fig. 6. An equivalent M/M/1 queueing model for a dual rechargeable battery
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Fig. 7. M/M/1 state-time diagram for the model of a rechargeable battery

characteristics for the specific charge arrival process and the departure process can be
used for the similar analysis.

For the approximate analysis of the charge arrival process and the departure
process, we use a single equivalent M/M/1 queueing model as shown in Fig. 6 in order
to represent the dual M/M/1 model shown in Fig. 5. The equivalent model is similar
to a single queue with a single-server type with double charge buffer, a Poisson charge
arrival rate of A, and an exponential charge departure rate of I-

As noted in the reference [13], concerning the static properties of the M/M/1
queue, the average rechargeable battery energy occupancy, and the probability of
using-up the energy of the rechargeable battery are readily determined once we find the
probabilities of state P, of the rechargeable battery. P, represents the probability that
there are n units of charges in the battery and P, represents the probability that there
are zero units of charges in the battery. In other words, P, is the probability of using-
up the energy in a rechargeable battery. If P, is small enough, based on a certain

operating environment, then the solar cell powered handheld microcomputer system
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can be acceptable from the power supply point of view. Specifically, we assume that
the charge arrival process to the rechargeable battery be a Poisson distribution, with a
charge rate A. Assume the charge departure rate to be exponential, with a discharging
rate 1, and then the probability P, (¢ + At) means that there are n units of charges in
the rechargeable battery at time (¢ + At ). Referring to the state-time diagram shown
in Fig. 7, it is assumed that if the rechargeable battery is in state n at time ¢ + A¢, it
can only have been in states n—1, n, or n+1 at time t.

The charging and discharging process of a rechargeable battery can be represented
by a typical queue. Therefore, the probability of the queue in state n at time ¢ + At can
be the sum of the state probability in state n-1, n, or n+ 1 at time t, each multiplied
by the probability of charges arriving at state n in the intervening At units of time. We

thus have, a generating equation forP, (¢ + At),

P,(t +At) = P,(£)[(1 = 24A¢)(1 — pAr) + pAtAA: + O(Ar)]
+ P, (£)[(AAt)(1 - pAr) + O(AL)]
+ P, (£)[(AAt)(1 = pAr) + O(A)] (1)

Since O (At) includes terms of orders ( At )? and higher, the terms involving
(At)in Eq (1) should be incorporated in O (Ar ). Simplifying Eq (1) by dropping O
(At) terms and higher order terms, one can obtain P, (t) shown in Eq (2) by

solving differential-difference equations.

Pe) = (1= ) (21 - 3 (G ()] &

In taking the limit as t—=c0, we see the terms of the formulation e =™ which

go to 0. Hence, when t—=© the result is,

lim it P,(e) = P.(t) = P, = (1-2)(2) (3)
s pl\p
When A/p<1 we get a valid steady-state probability distribution and when n=0,

we obtain the power exhaustion probability P,.

Z JZ

Where A is the charging rate for the power generation of the solar cells and e is the
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discharging rate for the power consumption of a microcomputer system. Because
common users are not using the microcomputer system all the time, the utilization of a
microcomputer could be smaller than 100% . Hence, we can consider the utilization

(u. t.) and then obtain an approximate equivalent power consumption rate as,

g=(u.t.)p (5)

In addition, because the solar cells may not generate power all day due to the lack
of sunshine, the duty cycle of the generating power could be smaller than 100 %.
Hence, we can consider the duty cycle (d. ¢.), and then obtain an approximate

equivalent power generation rate as
A=(d.c.)A (6)

If we rewrite Eq (4) with the equivalent power consumption rate ;x and power

generation rate A, we obtain

A d. 6.
P(] 1 ﬁ (u ot )lu ( )
During daylight, the duty cycle (d. c.) can be assumed to have a typical value,
for example, d. ¢. = 0.3. Fig. 8 shows the relationship between the power using up

probability and the utilization (u. t.) of a microcomputer system. Fig. 8 shows the

1
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Fig. 8. The relationship between the power using up probability and the utilization ration of
microcomputer system.
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smaller utilization with respect to the smaller power using-up probability for a given set
of parameters such as: the charging rate (1), the duty cycle (d. c.), and the
discharging rate (p).

For the current technology level, if we assume P,= 0.01, a very small probability

for using up power, then we can obtain Eq (8),

, <030 _0.3x0.384 W
Mot =0.99, ~ 6W

u. t. = 1.92% means the microcomputer operation time can be 0.46 hours per

=1.92% (8)

day. Gradually, when the technology improves, the ratio &/ increases, and the
operation time will be prolonged. Within five years, %/0.99u can reach (0.3) 0.5W/
0.99:2W, and u. t. = 7.6%, which means the operation time can be 1.82 hours in
24 hours, a reasonable operation time for a common mobile user per day. By applying
the same procedure, Table 3 is derived and it shows, sooner or later, that the solar cell

powered microcomputer systems will be feasible from a viewpoint of the power supply.

Table 3. The relationship among ratio, utilization u. t., and operation time

% (0.3) (0.384w) | (0.3) (0.4w) | (0.3) (0.5w) |(0.3) (0.6w)
(G99, (0.99) (6w) | (0.99) (4w) | (0.99) (2w) | (0.99) (1w)
Utilization (u. t.) 1.92% 3.03% 7.6% 18.2%

Clperatis; Hrriasidd 0.46 hours 0.72 hours 1.82 hours 4.3 hours

hours

3.1 The Relationship between Operation Time and Utilization for the Dual
Rechargeable Battery System

To prolong the operation time, we have designed and implemented a
microcomputer 8051 system powered by a dual battery charged by solar cells. To
estimate the total operation time for the dual battery system, we assumed that both the
rechargeable batteries are full at the starting point and summed up each operation time

interval for using the battery 1 and 2 alternatively.

£ = By o by ¥ laF L F

total operation time
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When t; =S, Q- Energy capacity of a Rechargeable Battery
t; :% t;+ Single battery operation time
.. B . A
-Azg _#tg --f3— _rz (9)
7
.-.11[3 = /lt4 -.-Iq = if_; == ifl_tz (10)
I

Following the same procedure, one can will obtain the total operation time for the

dual rechargeable battery of a microcomputer system as shown in Eq (11)

T.'mu!u,rx-m.'mn tme Q + Q + LQ + i Q A_ bog
Boopopp o ppp
- ZQ- + Q(i + (i)z + ...(i)n) g
poopr o p Iz
popp oA
M
A 1
= 2 Tiin gle battery operation time + Tsin gle batiery operation time -~ —A) (12)
Py
M
Tmla!upemlion time = (2 fia 1_i‘._|0) Tsin gle battery operation time 0 g p = ‘jT < 1 (13)

Fig. 9 shows the characteristic curve of Eq (14) that has the relationship between
the ratio of the single battery operation time to the total operation time and the
utilization ratio (p). When p=2/3, shown at point A in Fig. 9, i. e. the charging
rate is equal to two third of the discharging rate, then, from Eq (14), we can obtain
an operation time four times longer than a single rechargeable battery power supply. In
other words, if there is only a 0.46 hours operation time in a 24 hour interval for a
single rechargeable battery, then the operation time can potentially be prolonged four
times. Or the operation time can be extended to 1.84 hours in a 24 hours interval, due
to the overlapping charging period for a dual rechargeable battery.

In addition, the higher the battery charging rate and utilization ratio (p), the

longer the operation time prior recharging. Hence, the solar cells powered portable



Utilization ratio p

Fig. 9. The relationship between the total operation time and the utilization ratiop

microcomputer system with dual rechargeable battery can be feasible in the near

future.

Tmru!ﬂf*mrion tirme s % — 2 + l_f_; (14)

] sin gle battery operation time

4. The Software Design for a Microcomputer 8051 System Powered by Solar Cells

Fig. 10 shows the flowchart for controlling the switching activity between the
dual batteries in a microcomputer 8051 system. The software from this flowchart is
implemented by an assembly language program, which can proyide input/output,
arithmetic and data moving functions for the microcomputer system. In this
flowchart, at the beginning, the control program initiates the microcomputer 8051
system and executes an application program and LCD display program. If the battery
still has enough power, then the LCD display program will be kept in execution. If the
battery power is low, then the event will generate an interruption in the
microcomputer 8051 system. This system will record the CPU time or number of clock
cycles used as the message for further control. In addition, the microcomputer 8051
will send out a control signal for switching the batteries. The second battery will be set

to fit in and take the place of the first battery. The first battery will be switched to the
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Fig. 10. The software flowchart for a microcomputer 8051 system powered by solar cells

charging state. If the power of battery 2 is low then the second interrupt happens.
When both the batteries are low, the system will store the system status into an
external flash memory module. The system will enter power down mode. If the user
turns on the system again or the batteries are charging up again, then the
microcomputer 8051 system will switch back to normal operation state. It will restore
the data from the external flash memory and continue the execution that was
interrupted by the power low event. Overall, the controlling mechanism will preserve
the data integrity during state transition from the low battery power and charging up

events.
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5. The Hardware Design of Microcomputer 8051 System Powered by Solar Cells

Fig. 11 shows the block diagram of the hardware design of a microcomputer 8051
system powered by solar cells. Five major blocks are designed for controlling the
system operation according to the software [lowchart shown in Fig. 10.

Fig. 12 shows the circuit for solar cells and charging circuit.
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The solar cells we use in this design can generate a voltage of 7V ~9V and a
current of 0OmA ~44mA. The generated voltage from solar cells is input in a voltage
regulator circuit, and its output voltage is from 6V~7V and current is 0mA ~40mA.

Fig. 13 shows the controlling circuit for selecting batteries as the power supply.
This selecting action is based on the output to the voltage level detection circuit from
battery 1 or battery 2. When the voltage level is lower than the reference voltage level,
4.5 volts, then the voltage level detection circuit will send out the interrupt signal to
8051 system. When 8051 sends control signal 0 to P3.0 and 1 to P3.1, respectively,
battery 1 is at charging state by solar cells and battery 2 is used as the power supply for
the microcomputer 8051 system.

Fig. 14 shows the voltage level detection circuit that can detect battery’s low
power and send out the interrupt signal to the 8051 system. The interrupt service
routine in the 8051 system will send out the control signal to switch the battery into
charging state, and then select the second battery as power supply.

The Microcomputer 8051 system is used for controlling the LCD display. In
addition, it receives the signal from voltage level detection and sends out the control
signal to switch the battery. If both batteries are low power, the 8051 system will

enter power down state and store the current system status into an external flash
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memory module. When the battery power charges up, the 8051 system will recover
from power down state and restore the previous system status from the external flash
memory module.

Fig. 16 shows the whole hardware design for microcomputer 8031 system
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Fig. 16. The complete hardware design used in our microcomputer 8051 system

powered by dual battery charging by solar cells. In cooperation with the software
flowchart shown in Fig. 10, the system can operate by itself. The experimental

measurement data are recorded and shown in the next section.
6. Experimentally Measured Data

According to the hardware design shown in Fig. 16, we built the circuit board as
shown in Fig. 17. The operation of our circuit board is controlled by the program
bascd on the design from the flowchart shown in Fig. 10. The operation of our
experimenta! platform shows that the fundamental functions are presented. These
fundamental functions include, demo software operation, battery charging by solar
cells, and dual battery switching due to exhaust one of two batteries.

The energy generation of solar cells that we use is from two pieces of solar cells

that are not indicated in Fig. 17. The area of each solar cell is 29 cm X 15.24 cm. The
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Fig. 17. The circuit board for the 8051 system powered by solar cells

solar cells are exposed to indoor light or outdoor sunshine. From the experiment, we
learn that the energy generation from the outdoor light is much higher than the need of
the 8051 system. Therefore, there will not be any problem of battery power
exhaustion and battery switching. To demo the battery switching, we need to use the
indoor light of two 60W light bulbs placed within 10cm. Under this experimental
condition, we can obtain the energy generation from the solar cells that is slightly less
than the need of our 8051 system. Therefore, there will be problems of battery power
exhaustion and battery switching. The current generation and dissipation of each

module in Fig. 17 is shown in Table 4 and the supply voltage is shown in Table 5.
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Table 4. The current generation and dissipation of each module
Solar Cells and Charging vV
Cirsnios & Switching Lo\l?tf;ge Microcomputer
— : Control | Battery 1 | Battery 2 Ve 8051, LCD and
Dissipation | Supporting Circuit Retection Flash Memory
Current Current Circuit
Battery 1
disch
ischarge | 4 A | 0~40mA | OmA [19.5mA| Oma | 0TA 19.5 mA
Battery 2 (Note 1)
charge
Battery 1
charge 0 mA
4 mA 0~40mA | 34.7mA | OmA 19.5 mA 19.5 mA
Battery 2 (Note 1)
discharge
Note 1: The instantaneous current during battery switching is 2.82 mA
Table 5. The voltage supply of each module
Solar Cells and Chargin \V/
Clitaiits : Switching L:\Et:;ge Microcomputer
Control | Battery 1 | Battery 2 ¢ 8051, LCD and
Before After Circuit Tenention Flash Memory
Regulator Regulator Cireuit
Battery 1
discharge Battery 1 Battery 1
Battery 2 Supporting Supporting
charge \% pIAYS
7.0 i 5.36V 5.48V 4. 38
Battery 1 ~9.3V ~7.0V (Note 2)
charge Battery 2 Battery 2
Battery 2 Supporting Supporting
discharge

Note 2: Reference voltage for voltage detection

Fig. 18 shows the relationship between the charging current and the battery
voltage. When the voltages of the rechargeable battery increase, the charging current
will decrease. Fig. 19 shows the relationship between the charging time and the
battery voltage. When it takes more than 1000sec. charging time then the battery

voltage will increase to above 5.15 volts.
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xperilmenlal
esults

0.8 0.9 1
Utilization ratio p

Fig. 20. The comparison of the operation time between the theoretical results and the experimental
result

According to the provided experimental data, we have recorded every operation
time interval of the dual battery switching and found the total operation time. Fig. 20
shows both the theoretical results from Eq (14) and experimental results from Fig. 17
for the total operation time. These results agree with each other although there is a
slight difference. The difference may be from the error in the battery charging

process.
7. Conclusions

The design and implementation of a microcomputer 8051 system powered by dual
battery charged by solar cells has been presented. The hardware components we have
used are very common and are of low cost. The control program designed uses very
common assembly language. The experimental system has shown a very stable

operation. The dual battery design has also shown the potential that the total operation
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time can be extended more than twice as observed from the theoretical results and the

experimental results. For a two third utilization ratio, we can gain four times the total

operation time of the single battery design from theoretical results and three and a half

times the operation time from experimental results. The difference between the

theoretical results and the experimental results is from the error of the battery charging

process. In addition, when our system operates at the daytime outdoors sunshine, it

can work all the time without battery exhaustion because the energy generation by

solar cells is larger than the energy consumption of our 8051 system.
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(3)

(4)

(5)
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(7)
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A Profit Evaluation System (PES) for VLSI
Systems at Early Design Stage
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Abstract

In this paper, we propose a Profit Evaluation System (PES)
for IC designers. This system will help designers to determine the
yield and test plan when specified quality level is given. Type of
circuit fabric and raw manufacturing data (i.e., wafer size,
wafer cost, defect density and distribution) are given for the
system . The outputs of the system are the values of vield and fault
coverage that will generate maximal profit. Different yield models
and cost models are selectable for the users. Experimental results
show that the system can find the optimal yield and test plan for

generating the maximal profit .

Key Words: Profit evaluation system, Yield, Fault corerage,

defect

INTRODUCTION

The profitability of integrated circuits manufacturing depends on the fabrication
yield defined as the probability that a manufactured circuit chip is defect-free. Because
of the rapid increase in the complexity of VLSI integrated circuits and the ever
increasing quest for more functions on a single chip, the shrinkage of device geometry
is reasonable. However, both of these effects have caused chips to become more

susceptible to various yield loss mechanisms. This in turn increases the defect density
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per unit area. Therefore, a yield of 100% is virtually unlikely. In general, low
manufacturing yields also lead to high DPM (Defect Per Million) level and high level of
testability is inevitable. In particular, the emphasis on the quality of shipped products
makes testing an even more challenging topic. Let Y denote the manufacturing yield,
DL be the defect level, that is, the probability of shipping a defective product. The
fault coverage of the test used to check for manufacturing defects is denoted as FC.

Williams [2] has proposed the relationship between these variables as
DL =1=Y"™ (1}

From this equation, we can see that the quality level depends heavily on
manufacturing yield (Y ) and test quality (FC). In order to meet the quality
constraint, we can either add some form of redundancy to improve the yield or perform
high-quality test to increase fault coverage. However, defect-tolerant chips will
increase the chip area and lead to less dies per wafer. Therefore, the cost-per-die will
increase. Similarly, the test cost increases exponentially with the fault coverage. The
problem rises here is to determine the optimum number of redundancy and test quality
that will maximize the profits. In this paper, a Profit Evaluation System (PES) is
proposed and implemented with C language. The analyzed results are helpful for IC
designers to determine the redundancy and test plan in the early design phase.

Experimental results show that our system is valuable for gaining the maximal profit.
Flowchart of Profits Evaluation System

The flowchart of our Profit Evaluation System is shown in Fig. 1. In general, the
quality level (measured in DPM) is a mandatory constraint that must be met.
Therefore, one of the inputs to the system is the quality level constraint (1).
According to the constraint, we can estimate yield and fault coverage combinations
that meet the constraint (2) by using the above equation. Let (Y,, FC,) be a
combination that meets the quality level, i € N. Qur PES system makes tradeoffs
between yield and fault coverage to maximize the profit function P (Y,, FC,). Once a
combination is computed, redundancy analysis (4) is performed according to the
adopted yield model (3) and the raw manufacturing data (5). The number of spares

then can be determined. Similarly, the fault coverage required can be used to compute
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Table 1. Relative statistics and parameters.

Manufacturing Statistics
(including testing data)

Circuit Parameters

DL Defect level L Chip length

Do Defect density w Chip width

a Clustering parameter CKC Test pattern clock cycle

ape Fault coverage factor ) FFs No. of flip-flops

NWL Blet-veuder er Tt K Fraction of total chip occupied by
modules

R Waler radius m Identical modules

SL Scribe channel length c Control circuit overhead

SW Scribe channel width

TSE Test setup time

WLT Wafer loading time

DST Die stepping time
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Finally, profit model (7) is used to compute the profit. After [{inite number of
iterations, we can find the optimum combination of FC and Y that will maximize
profit. Table 1 list the raw manufacturing data including testing environment data and
circuit parameters in our system. The details of these models used in the flowchart are

illustrated in the following.
Yield Model and Redundancy Analysis

Recently, manufacturing technologies have brought out steady and significant
improvement regarding contamination and defect density and have forced us to re-
evaluate the economical advantages of circuits with redundancy. Many yield models
have been proposed in previous works. The most common statistical yield models are
the Poisson model and its derivative—the compound Poisson model. The Poisson

model can be expressed as
Y = eJ)A, (2)

where D is the fabrication defect density, and A is the critical area [2]. Since we are
dealing with large area ICs, it would not be realistic to use Poisson distribution,
because it has been clearly demonstrated that it does not reflect very well the yield of
large chips. Most recent models are based on the well-known negative-binomial

distribution. The expression for yield of a standard chip is:
Y = G(1+0A/a)™, (3)

where G, o, a denote the gross defect yield, the defect density, and the clustering
factor, respectively.

[n very large chips, if the whole chip is expected to be fault free, the yield will be
very low. Therefore, spares are added to the design and accepting these chips if they
have the required number of fault-free modules. To ease our discussion, we first deal
with chips, which contain one type of module. In other words, we consider an
idealized chip with a global area A divided in two main parts. The first part has m
identical modules occupying an area #A (k& = fraction of total chip occupied by
modules) and the second part contains the rest of the circuit. To make the first part

fault tolerant, we add “r” redundant modules and some control circuit. We define “¢”



,_
0]
TS
H

L 73

4
g
&

as the control circuit overhead. Then the compound Poisson yield model with
redundant can be modified as [7]:

S ('Z)(m * r) 1 1),(;:)(] Lt =i +j)akA)'")

=1 am

.(Hf’“";*fm)” (4)

If the required yield is computed, then the value of r can be determined. Similarly,
the users can select different yield models and the level of redundancy. Algorithms
proposed in [11] can evaluate the optimum number of spares in defect-tolerant ICs. In
PES, the conventional algorithm is implemented to find the suitable number of
redundancy.

In order to make our model more accurate, we have to evaluate Yo [6] that is the

fraction of chips already working after the first wafer test. Yo can be show as:
Y, = Gf (s -y (1+(’” +r—"+f)"kA)m
0 ol =0 ' am

_(1+a(1—lz+c)A)'°'o (5)

It also follows that (Y'-Yo) represents the number of circuits that can be repaired

and that need reconfiguration.
IV Test Cost Model

Once the test quality (fault coverage) is determined, test cost model is used to
evaluate the cost of testing. In general, the test cost is proportional to the testing
time, which is inversely proportional to the throughput. Test throughput is defined as
the average number of chips processed by a testing platform during a time unit. Time
model proposed in [5, 6] can be used to estimate the testing time. Test throughput is
determined by many parameters. These include the test setup time (TST), the unit
die stepping time (DST ), the wafer loading time (WLT), the number of wafers per
processing lot (NWL ), the number of dies per wafer (N,,), the chip yield (Y), the
chip testing time for a good die, T, and the chip testing time, Ty, for a bad
chip. In general, TST, DST, WLT, and NWL can be easily obtained for a given
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test platform and test environment. T, is proportional to the fault coverage. In our
system, we first estimate the yield model and apply for the given specification (i. e.,

defect level). Then, we use these factors to gain fault coverage from the equation:
FC = 1-log(1-DL)/log(Y) (6)
After knowing the fault coverage, the number of test patterns can be determined by
using the following equation [6]:
FC=1-¢"""
_ In(1 - Fc) 7

- a,

\%

where V and a, denote the test length and the increase rate, respectively. In general,
we have to know the number of flip-flops (FFs) and the clock cycle (CKC) from the
design. Then, the relationship of V' and T,ss can be expressed as [12]:

Hirase [ 10 ] approximated Ty, to a quarter of Tpes. When we know the test

parameters used in our model, the average testing time can be estimated as [6]:

TCH:F &=

TST + WLT X NWL + DST X N, X NWL + Tpus X NPD + Tpuy % NFD
N, X NWL ’

(9)

where the net passed die, NPD = N_,X NWL X Y, énd the net failed die, NFD =
N,*x NWL (1-Y). The numerator of Eq. (9) is the total testing time for a wafer

lot, and the denominator is the total number of chips tested.
V Profit Model

The profit of a design can be expressed as the difference between revenue (R ) and
the total manufacturing cost (MC). That is, Profit = R — MC. Manufacturing
cost counts for silicon cost, testing cost, packaging cost, and the final test cost. In
Sec. IV, we estimate the total testing time. In this section, we can evaluate test cost

for chips from the determined test time. We first define the test cost rate ( TCR , unit:
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$ /sec), which may be changed with different test platforms. Moreover, the wafer lot
cost of testing (C,,,) can be estimated by using Teyp and TCR. It can be expressed
as-

Cchip = Teur X TCR. (10)

Therefore, the total cost of testing then can be evaluated with the following equation:

CT=Y—C‘;"—YX N, X NWL, (11)
pack

where Y, denote the yield after packaging. The number of dice per wafer Ny is an

important parameter for cost evaluation that can be expressed as [7]:

(L +S,_)(W+Su.)rrJ( YR’ )]

_ V2 -
N, = TRUNCHl - - (L+S)(W +8,)

(12)

where L. and W denote the die length and width, respectively. “S,” and “S,,” denote
scribe channel length and width and “R” is the wafer radius. The parameter “7”
represents the useful inner portion of a wafer. If spares are included in the fault-
tolerant design, the total cost of testing then expressed as:
, (1+Y -Yo)C,,+(1-Yo)D
C o= 7

Y,ilY(Y - Yo) + Yo)

X N,/ x NWL, (13)

where D, Y,.., Y,, Ny’ and Y,, denote the diagnostic test cost, the yield after
packaging, the yield after the first wafer test, the number of fault tolerant dice per
wafer, and the restructuring yield. The diagnostic test identify possible defective areas
before reconfiguration. The silicon cost can be estimated from the cost of each wafer
(44 T)s G

C X NWL (14)

F T R K
the number of wafer per lot, NWL, and the manufacturing yield. It is given by

C.
S V(Y - Y+ v,y < NWL

C’ (15)

Similarly, the silicon cost for the fault-tolerant design can be modified as
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Whether design with redundancies or not, the packaging cost can be expressed as [7]:

YP x N, x NWL, (16)

pack

C, =
where P denotes the packaging cost per die. To lump under on hand, the final testing
cost can be estimated the same as [7]:

Cor = ?TixwwaWL
pack

Tf = (DST +* TPASS X Y) X TCR, (17)
where Tf [5] denotes the final testing cost per die. Similarity, Ny, Y is replaced by
Ny', Y when considering design with redundancy. The manufacturing costs for
either the design with or without redundant modules must count for package cost (Cp)

or the final test cost (Cyr). That is
MC = C;+C,+C, + Cer (18)

After knowing the manufacturing cost, MC, we evaluate the revenue, R later to
compute the profit. The revenue relative to the product price, yield, and the number
of passed dies is given by:

R=pP»xN,=2Y, (17)

where P, denote the chip price. When considering fault-tolerant designs, Ny and Y
are replaced with Ny " and Y. If the chip area is increased by adding redundancy, the
number of dies, Ny, will be less than Ny. On the contrary, Y  is higher than Y by
adding redundancy. According to the revenue and the manufacturing cost, the profit

can be estimated as:
Proﬁ't = R—MC (18)

The trade-off between the number of redundancies we add at least and the profit from
yield improvement we gain the most is our system’s purpose. Some experiment results

will be shown in next section.
Experiment Results

A practical example with manufacturing data [6] as shown in Table 1 is analyzed
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with our PES system. For practical applications, users can change these data to meet
their design.

Table 1. Manufacturing Data

Name Data

TST 2400s

WLT 30s

DST 0.1s

NWL 15
9R 15cm
Pr $25
e $ 3000
a 2.5

Now, we input manufacturing data and compute Y = 62.8% (without redundancy).
In this case, it is assumed that m = 32, and the added redundancy can not be more
than TRUNC (/ m ). So we can get 5 different yield levels. After input these yield

values to our system, we can evaluate distinct profits (as shown in Fig. 2).

Profit (§)
250000

200000 /
iso0m
100000

50000

0 1 ;) 3 4 5
Number of redundancy

Fig. 2. The relationship between profits and redundancy.
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From Fig. 2 we can find that the optimal profit does not occur at the highest yield
value. This is because that the growth rate of yield may saturate after some threshold
value is achieved. When beyond this value, the profit resulted from the improved yield
will be offset by the silicon cost. Fig. 2 shows that the threshold value occurs when 3
redundancies are added into our design and gains the highest profit. As mentioned
before, the chip area in this example is 0.3 cm®. Fig. 3 shows the profit improvement

when the chip area is reduced to 0.2 cm’.

Profit ($)
400000
300000 / i
200000
100000

0 1 1 1 1 L

0 1 2 3 4 5
Number of redundancy A=0.2 cm’

Fig. 3. The relationship between profits and redundancy.

The profits are more than that shown in Fig. 2 (because Ny increases ). It is evident
that profits are proportional to Ny. In fact, profit is relative to yield and fault
coverage. In our system, high yield usually combines with low fault coverage to
achieve specified quality level, and profits are proportional to yield but inversely
proportional to fault coverage (lower testing cost). Fig. 4 shows the relationship
between profit, yield, and fault coverage. With our PES system, we can find the
coordinate in the (Y, FC) plane that will result in the optimum profit as shown in this

figure.
CONCLUSIONS

In this paper , we propose a Profit Evaluation System for IC designers . This
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Y 085 0

Fig. 4. Economics analysis of profit, Y, and FC

system will help designers to determine the yield and test plan when specified quality
level is given. Type of circuit fabric and raw manufacturing data (i.e., wafer size,
walfer cost, defect density and distribution) are sent into the system. The outputs of
the system are the values of yield and fault coverage that will generate maximal profit.
Different yield models can be implemented in the system. The PES system is a
prototype for profit analysis of VLSI systems. Experimental results show that the
system can find the optimal yield and test plan for generating the optimum profit. In
the future, the building blocks for SOC (system-on-a-chip) designs may be a controller
core, embedded SRAM memory, and some dedicated logic. Therefore, we will find
the yield models and the cost models for these blocks to make our system suitable for

SOC systems.
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Abstract

Mining sequential patterns is to discover sequential purchasing
behaviors of most customers from a large amount of customer
transactions. The strategy of mining sequential patterns focuses on
discovering frequent sequences. A frequent sequence is an ordered list
of the itemsets which purchased by a sufficient number of customers.

The previous approaches for mining sequential patterns need to
repeatedly scan the database, and take a large amount of computation
time to find frequent sequences, which are very time consuming.
Therefore, it is important to reduce the number of database scans to
improve the efficiency of those mining algorithms. Moreover, because
the new transactions progress continuously and the obsolete
transactions need to be removed, the discovered sequential patterns
may be changed. In order to keep new information, it is very costly to
periodically rediscover the sequential patterns from the updated
transaction database.

In this paper, we present an algorithm SLP to find sequential
patterns, which can significantly reduce the number of the database
scans. Besides, we also propose an incremental updating algorithm
USLP to maintain the discovered sequential patterns when the
database is updated. USLP makes use of the discovered information
and considers the updated customer transactions to find all the new
sequential patterns. The experimental results show that our

algorithms are more efficient than the other algorithms for mining
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sequential patterns.

Key Words: Data mining, Knowledge discovery, Transaction
database, Sequential pattern, Incremental updating

technique

INTRODUCTION

Because the capacity of the storage is getting larger, large amount of data can be
stored in the database. Potential useful information may be embedded in the large
databases. Hence, how to discover the useful information exists in such databases is
becoming the popular field in the computer science. The purpose of data mining [1, 2,
5, 6, 7, 12] is to discover the useful information from the large databases such that the
quality of decision making can be improved.

A transaction database consists of a set ol transactions. A transaction typically
consists of the transaction identifier, the customer identifier (the buyer), the
transaction date (or transaction time), and the items purchased in this transaction.
Mining sequential patterns [2, 3, 14] is to find the sequential purchasing behaviors of
most customers from a transaction database. For example, there is a sequential pattern
“< |shirts, necktie] {jacket} {shoes} >70%" discovered from the transaction
database in a department store, which means that seventy percent of the customers buy
jacket after buying both the shirts and necktie, and then they buy shoes after buying
jacket.

The definitions about mining sequential patterns are presented as follows: An
itemset is a non-empty set of items. An itemset X is contained in a transaction T, if
XS T. A sequence is an ordered list of the itemsets. A sequence s is denoted as <s,,
2, ***» 8,2, where s, is an itemset. A sequence <a,, a,, **, a,>> is contained in
another sequence <b,, b,, **, b, > if there exist integers {,<:,< = <i,, 1=i,=m
such that a,<bi\, =+, an&bi,, and <a,, a,, ***, a,> is a subsequence of sequence
<by, by, b, >. A maximal sequence is a sequence that is not contained in any

other sequence.
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A customer sequence is the list of all the transactions of a customer, which is
ordered by increasing transaction-time. A customer sequence ¢ supports a sequence s if
s is contained in c¢. The support for a sequence s is the number of customer sequences
that supports s. If the support for a sequence s satisfies the user-specified minimum
support threshold, then s is called frequent sequence. Otherwise, s is a non-frequent
sequence . The length of a sequence s is the number of itemsets in the sequence. A
sequence of length k is called a k-sequence, and a frequent sequence of length % a
frequent k-sequence . In general, before generating the frequent sequences, we need to
generate the candidate sequences , and scan the database to count the support for each
candidate sequence to decide if it is a frequent sequence. A candidate sequence of length
k is called a candidate k-sequence .

A sequential pattern is a frequent sequence that is not contained in any other
frequent sequence, that is, a maximal frequent sequence. Rakesh Agrawal , and et al.
[2] proposed an approach to find sequential patterns. This algorithm needs to make
multiple passes over the database. For the k" pass, a lot of candidate k-sequences need
to be counted to generate all the frequent k-sequences. The algorithm DSG ( Direct
Sequential pattern Generation) [14] needs to scan the database only once to generate
all the frequent sequences. For this database scan, DSG records the related
information, constructs an association graph, and then all the frequent sequences can
be generated by traversing the constructed association graph. However, when the
database is getting larger, the related information may not fit in the main memory. In
this paper, we present an efficient algorithm SLP to discover all the sequential
patterns, which can significantly reduce the number of database scans.

Because the business is going, the new transactions are generated anytime and
some obsolete transactions need to be removed to keep the freshest information. The
previous algorithms for mining sequential patterns [2, 3, 14] do not consider the
situation described above. Thus all the sequential patterns need to be re-discovered by
applying those algorithms when the database is updated. However, the action of the
database updation is frequent. It is costly to re-find all the sequential patterns. Hence,
we present an incremental updating technique to discovering sequential patterns when

the database is updated. This technique uses the discovered information and consider
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the updated part of the database to discover all the sequential patterns.

The rest of this paper is organized as follows: Section 2 presents the algorithm to
discover sequential patterns, and section 3 presents the algorithm of incremental
updating for mining sequential patterns. The performance evaluation and the
experimental results are shown in section 4. Finally, we conclude this paper and

present directions for future research in section 5.
2. Mining Sequential Patterns

In this section, we present our approach for mining sequential patterns. We refer
to [2] to decompose our approach into five phases:

1. Sort Phase. The transaction database-D (e. g., Table 1.) is ordered by customer
identifier (CID), in which the transactions are ordered by increasing transaction
time, to form a customer-oriented transaction database-Db (e. g., Table 2.).

2. Fitemset Phase. In this phase, all the frequent 1-sequences are generated from

Db.
Table 1. The transaction database (D)

TID CID Itemset | TID CID Itemset
1 1 fa, bl 8 2 {bl

2 3 la, bl 9 3 fal

3 2 fal 10 3 (bl

4 4 la, cf 11 3 icl

5 1 {al 12 2 la, b, cf
6 1 (bl 13 4 {cl

7 4 ib, ci

Table 2. The customer-oriented transaction database (Db)

CID Customer sequence
1 fa, bl fal Ib}

2 {al Ibl {a, b, cl

3 {a, bl la} {b} {cl
4 {a, ¢t {b, ¢} el
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Transformation Phase. In this phase, each frequent 1-sequence is encoded and the
customer-oriented transaction database Db is transformed. Each transaction in Db
is transformed as all the frequent 1-sequences contained in this transaction, and
each frequent 1-sequence is replaced by its code. If none of the frequent 1-sequence
is contained in a customer sequence, then this customer sequence is removed. For
example, consider Db in Table 2, and assume that the minimum support is 3.
From the preceding phase, we can find all the frequent 1-sequences < {al >, < |b}
>, <{c}> and <la,b! >, and their codes are shown in Table 3. Finally, Db is
transformed into a transformed transaction database-DB which is shown in Table
4.

Sequence Phase. From the transformed transaction database-DB, all the frequent

sequences are generated in this phase.

- Maximal Phase. This phase generates all the sequential patterns. If a frequent

sequence s is not contained in any other frequent sequence, then this sequence is a

maximal frequent sequence, that is, a sequential pattern.

Table 3. Mapping table.

F;ngzﬁzel i Support Code
a 4 A
4 B
(e 3 C
a, b 3 D

Table 4. The transformed transaction database

CID Transformed customer sequence
1 <{A,B,D}| A} |B} >

2 <|Al!BI|A,B,C,D| >

3 <{A,B,DHA}BIIC}>

4 <{A,CHB,Cl{Cl>
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The major work of mining sequential patterns is to find all the frequent sequences.
Hence, in the Sequence Phase, we present an efficient algorithm SLP to generate all

the frequent sequences from a transformed transaction database.
2. 1 Algorithm SLP (Smallest and Largest Position)

Let L, be the set of the {requent k-sequences, and C, be the set of the candidate -

sequences.
Definition 1.

Let a sequence s = <s,, s,, ***, 5,>>, and a customer sequence ¢ = <c¢,, C,,
=ty ¢, >. If there exists i11<i,<--<in, 1=i{,=m, such that si&cty, v, 5,
¢i,, then the position of s in ¢ is i,. Otherwise, the position is 0.

For example, consider Table 4. The positions of 1-sequence < {A}> in customer
sequence 3 are 1 and 2, the position of 1-sequence < {C{> is 4, and the positions of 2-
sequence < {A}{B|> is 3 and 3.

Definition 2.

The position pair of a sequence s in a customer sequence c is denoted as (F, L),
where F and L are the smallest position and the largest position of s in ¢,
respectively. If s is not contained in ¢, then the position pair of s in ¢ is (0, 0). If the
position of 5 in ¢ is p, then the position pair of s is (p, p), where 1= p=the number
of the transactions in ¢.

For example, consider Table 4. The position pair of 1-sequence < |{A} > in
customer sequence 3 is (1, 2) and the position pair of 2-sequence < |A|{B|> is (3,
3)

SLP scans the database pass by pass and each pass includes three steps. In the
(k/2)" (B =2, 4, ) pass, SLP generates L, and L,.,. In the following, we
describe the three steps for the (k/2)" pass (£ =2, 4, ) of the SLP algorithm, and
use the transformed transaction database DB in Table 4 with minimum support=3 as a

running example throughout this paper.
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Step 1. Generate candidate k-sequences C,

SLP generates candidate k-sequences from the frequent (k-1) -sequences that are

generated in the previous pass. For every two frequent (k-1) -sequences s, = <a,,
“y Qpps @ > and s, = <by, vy by, by >, ifay= by, aw,= by, then the two
candidate k-sequences < a,, **, i1, @ui» b > and <a,, **, @y by apy >

are generated.

After generating candidate k-sequences C,, if C, is not empty, then the
candidates in C, need to be further pruned. Otherwise, SLP terminates.

Lemma 1. If a candidate k-sequence s is a frequent sequence, then all the (k-1)-
subsequences of s must be frequent (k-1)-sequences.

According to Lemma 1, if one of the (£-1) -subsequences of the candidate -
sequence s is not in L,,, then s is pruned from C,. For example, from Table 4, we
can find L,= {<A>, <B>, <C>, <D>| in the Fitemset Phase. The set C,of
the candiate 2-sequences generated from L, is: {<{A}{B| >, <{A}|C}>, <|A]
I3, 1B Al 2, €1BHEI S, <iBl D €18HAl 3, €1C1HBS, L6
{DI >, <{D{{A}l>, <{DI}{B}>, <ID}{CI>|.

Step 2. Scan the transformed transaction database DB to record the position pair
for each candidate k-sequence in each customer sequence, and count the

support for each candidate k-sequence to generate Lk.

In this step, SLP scans DB to record the position pair of each candidate k-
sequence in each customer sequence, and count the support for each candidate k-
sequence. If the support for a candidate k-sequence is no less than the minimum
support, then the candidate k-sequence is a frequent k-sequence.

For example, the position pairs of candidate 2-sequences in each customer
sequence in Table 4 are shown in Table 5, in which the candidates with underline are

frequent 2-sequences.

Step 3. Generate C,,, from L, and compute the simple position of each candidate in

C,., to generate L, .,.
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Definition 3.

Let a sequence s = <a,, ***, a,>>, and the two (k-1) -subsequences of s be s,
= <ay, "'y Aoy ap, > and 5;= <ay, v, @uas a;>>. Assume that the position pairs
of s, and s, in the customer sequence ¢ are (f,, {,) and (f,, [,), respectively. The

simple position of s in the customer sequence ¢ is denoted as Sim, (c¢), where
Q.if f, = 1,

Ly, if f < lyand f, 70, f,7#0

Consider Table 4. The position pair of < {A}{B}| > in customer sequence 4 is (2,

2), and the position pair of <{A}{C}> is (2, 3). Hence, the simple position of <
{A} {BI{C| > in customer sequence 4 is 3.

Sim,(c) —{ (1)

Table 5. The position pairs and the supports for candidate 2-sequences.

Position pairs
Candidate
S Customer Customer Customer Customer support
sequence 1 sequence 2 sequence 3 sequence 4

<{Al{BI> (3, 3) (2, 3) (3, 3) (2, 2) 4
<|AlICt> (0, 0) (3, 3) (4, 4) (2, 3) 3
<{A}{D|> 0, 0) {3y 3) (0, 0) (0, 0) 1
<{B}{Al> (2, 2} (3 3) (2, 2) (0, 0) 3
< {B}{C| > (0, 0) (3, 3) (4, 4) (3 3) 3
<{B}|D} > (0, 0) (4, 4) (0, 0) (0, 0) 1
<{Cl|Al> (0, 0) (0, 0) (0, 0) (0, 0) 0
<{C}iB}> 0, 0) (0, 0) (0, 0) (2, 2) 1
<|{ClID}> (0, 0) (0, 0) (0, 0) (0, 0) 0
<{DI{A}> (2, 2) (0, 0) (2; 2 (0, 0) 2
<{D} Bl > (3, 3) (0, 0) (35 3) (0, 0) 2
<{D}{C}|> (0, 0) (0, 0) (4, 4) (0, 0) 1
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Table 6. The simple positions and the supports for candidate 3-sequences.

Simple positions
Candidate .
Customer | Customer | Customer | Customer suppor
sequence 1 | sequence 2 | sequence 3 | sequence 4
<{AlBI{CI> 0 3 4 3 3
<{BHAIIC}> 0 0 1 0

Lemma 2. A customer sequence ¢ supports a sequence s if and only if the simple

position of s in c is not equal to 0.

Rationale:
Suppose that ¢ supports s = <a,, ***, a,>. Hence, c supports the two (k-1) -
subsequences of s: 5,= <a,, ***, @42, ak-1> and s5,= <a,, ***, ay,, a,>. Assume

that the position pairs of s, and s, in the customer sequence ¢ are (f,, /,) and (f5,
l,), respectively. If the simple position of s in ¢ is 0, then the position f, is greater
than or equal to the position 12 according to Definition 3. This means that all the
positions of s,in ¢ are less than all the positions of s5,. Hence, s is not contained in ¢,
that is, ¢ does not support s. It is contradictory to the supposition. So, the simple
position of s corresponding to ¢ is not equal to 0.

For example, SLP generates C,= {< {A} {B} {C| >, < {B} {A} {C} >
from L,, and computes the simple position of each candidate 3-sequence in each
customer sequence in Table 4. According to Lemma 2, if the simple position of a
candidate sequence s in c is not equal to 0, then ¢ supports s. Hence, the supports of all
the candidate 3-sequences can be found by computing the simple positions, and the
frequent 3-sequence < {A} {Bl {C| > can be generated. Table 6 shows the simple
position of each candidate 3-sequences in each customer sequence, which with
underline are frequent 3-sequences.

Finally, SLP terminates because there is no candidate 4-sequence generated in our

example.
3. Incremental Updating for Mining Sequential Patterns

In this section, we describe our incremental updating approach for mining

sequential patterns. We decompose our approach into five phases:
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Table 7. The new transactions

TID CID itemset
14 1 ib, c}
15 3 {dl
16 1 [d}
17 5 {a, b, di

1. InsDel Phase. In this phase, the new transactions are inserted into the original

transaction database-D, and the obsolete transactions which are deleted from D are
marked. After the updating, we have the updated transaction database D’.
transaction database-D’ is ordered by customer identifier (CID) in which the
transactions are ordered by increasing transaction time to form a customer-oriented
transaction database-Db’. For example, consider Table 1. The two transactions
TID 1 and TID 2 are marketed (deleted), and the transactions TID14TID17 in
Table 7 are inserted into Table 1. The customer-oriented transaction database-Db’
is shown in Table 8, where the transactions with dotted underline are the deleted
transactions.

ReFitemset Phase. In this phase, we discover all the frequent 1-sequences from
Db’. For example, assume that the minimum support is 3, and all the frequent 1-

sequences found from Table 8 are shown in Table 9

Table 8. The customer-oriented transaction database (Db’)

CID Customer sequence

v e | w
;;'{:_
o
o
S
e
a




oo 2 93

Table 9. all the frequent itemsets in Db’

frequent l-sequences support
{al 5
[bi 5
fel 4
ldl 3
(b, ci 3

4. Retransformation Phase. In this phase, each frequent 1-sequence is encoded and
the customer-oriented transaction database (Db ') is transformed. If the frequent
I-sequence is a frequent 1-sequence before the database being updated, the original
code is remained. Otherwise, the frequent l-sequence is encoded and its code
cannot appear in the original mapping table. Finally, the 1-sequence in the original
mapping table, which turn out to be a non-frequent 1-sequence is removed. For the
above example, the original mapping table is shown in Table 3, and the new
mapping table is shown in Table 10, in which the 1-sequence {a, b} in Table 3 is
removed since l-sequence {a, bl turns out to be a non-frequent 1-sequence after
updating the database.

After encoding each frequent I-sequences, the customer-oriented transaction
database Db’ is transformed into the transformed updated database DB’. The
method of the transformation is the same as the method described in the
Transformation Phase for mining sequential patterns in section 2. For example, Table
8 can be transformed into Table 11, where the inserted transactions also are marked
with underline.

Besides, we decompose DB’ into two parts. The customer sequences, which do
not contain the inserted or deleted transactions, are included in the first part which is
called unchanged part. The other customer sequences, which contain the inserted or
deleted transactions, are included in the second part called changed part.

During the database decomposition, the frequent 1-sequences in the changed part
but not in the unchanged part, which are not the frequent 1-sequences before the
database updating, are put in the set Bseed. For example, after the database

decomposition, the decomposed updated database DDB’ is shown in Table 12 and B,
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= {<{E1>|.

Table 10. The mapping table after updating the transaction database.

Frequent itemset Codes
lal A
{b} B
{el C
{d} E
{b, ¢} F

Table 11. The complete updated database-DB’

CID Customer sequence

1 <{A}BI>,<{Al>,<{B|>,<{BI{CH{FI>,<|El>
2 <{Al>,<|B}>,<{Al{B}ICI|F}>

3 < Al Bl > AL > Bl 2 L Bl 2, < {E} >

4 <{Al{ClI>,<{BI{CHFI>,<ICl>

5 < {A}{B}|E|>

Table 12. The complete updated database DB’ after the decomposition

CID | Customer sequence CID | Customer sequence
5 <{A}l>,<{Bi>,<|A}l B} { <|A}BI>,<|Al>,<{B|>,<{B}{CH{F| >,
{C}HFI> <{E|>
4 iié;;d)‘m”mpb’ 3 | <ia}BI>,<{Al>,<IBI>,<[C]>,<|E|>
5 | <{AlBHE|>
Unchanged part Changed part

5. Resequence Phase. From the decomposed updated database-DDB’, all the frequent
sequences are generated in this phase.
6. Remaximum Phase. This phase generates all the sequential patterns.
The major work of the incremental updating for mining sequential patterns is to

find all the frequent sequences after updating the transaction database. Hence, in the
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Resequence Phase, we present an efficient algorithm USLP to generate all the

frequent sequences from an updated transaction database.
3.1 Algorithm USLP (Updating of Smallest and Largest Position)

Let be the set of the frequent k-sequences, and be the set of the candidate k-
sequences after updating the database.

USLP scans the database pass by pass. For the (£/2)" (k= 2, 4, --+) pass,
USLP generates L,” and L,.,". In the following, we use Table 12 as our example
database throughout this section and describe the steps for the (£/2)" pass (k =2, 4,
w1 af USLP.

Step 1. Generate C,” fromL,_,".

This step is the same as the step 1 of SLP. For example, from Table 11, we can
find L,/= {<A>, <B>, <C>, <E>, <F>! in the Retransformation Phase.
The candidate 2-sequences generated from L," are <{Al{B}>,<{A}{C}|>, -+, and
<AF}E >

Step 2. Decompose C,” into ClassA,, ClassB,, and ClassC,, respectively.
Definition 4.

ClassA,= {Candi|Candi € C,’N L,|

ClassB,= {Candi|Candi € C,", Cand;i at least contains a 1-sequence x € B.,. |

ClassC,= {Candi|Candi € C,"s Candi & ClassA,, ClassB,|

Because each candidate k-sequence s ClassA, was a frequent sequence before
updating the database, we need to check if it is still a frequent sequence after updating
the database. In the unchanged part of DDB’, the number of the customer sequences
which support a sequence s is unchanged after updating the database. Hence, we only
need to scan the changed part of DDB’ to determine the supports for the candidate
sequences in ClassA,.

For each candidate k-sequence s € ClassB,, we also only need to scan the
changed part of DDB’ to determine if s is a frequent sequence, since s is not contained

in the unchanged part of DB’
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For each candidate k-sequence s € ClassC,, we need to scan all the customer
sequences in DDB’ to determine the support of s, because s may be contained in the
changed part and unchanged part of DDB’. According to Definition 4, we can see that
C, = ClassA, U ClassB, U ClassC,, and ClassA, N ClassB, = ClassA,  ClassC, =
ClassB,N ClassC, = ¢

For above example, before updating the database, the frequent 2-sequences L, =
[<{AHBI>, <{AllCI>, <{Bi{A}>, <{BI{C|>|. From Table 12, we can
obtain B_,= {<{E|>1}. Thus, according to Definition 4, C,” can be decomposed
into: ClassA,= {<{A}{B}>, <{AlCI>, <{B}{A|>, <{BH{C|>!}, ClassB,
= {<{AHE}>, <{BHE!>, <{CI{El>, <{E}{A}>, <{E}{B} >, <{E}{C|
>, <IEWF|>, <{FHE|>|, ClassC,= {<|A}{F}>, <{BHF}>, <{C}{F}
3, CiF{ AL 2, €F} B>, <IFHC| 3.

Step 3. Scan the changed part of DDB’, and record the position pairs of each candidate
k-sequence in each customer sequence.

In the following, we first redefine the position for a sequence.
Definition 5.

Let sequence s = <s,, 5,, ", s,~> and customer sequence ¢ = <c¢,;, €3, **" ,
c.>>. Suppose s is contained in ¢ and there exists {, < ,< - < {,, 1 = {,= m,
such that s, &ci,, =+, 5,&ci,. If ¢z, 1s not contained in the deleted transactions of ¢,
then the position of s in ¢ is +1i,. Otherwise, the position of s in ¢ is -7,. If 5 is not
contained in ¢, then the position of 5 in ¢ is 0. For example, consider Table 12, the
positions of 1-sequence < {A| > in customer sequence 3 are -1 and +2, the position of
<|{C}>is +4, and the positions of 2-sequence < {A}{B}> are -3 and +3.

Definition 6.

Given a subsequence r of the customer sequence ¢, the position pair of s at » in ¢
is denoted as (F, L), where F and L are the smallest position and the largest
position of s at r in ¢, respectively. If s is not contained in ¢, then the position pair of
s at r in ¢ is (0, 0). If the position of s at » in ¢ is p, then the position pair of s at

rincis(p, p). If the positions of s at r inc are p, q, |p|l = |g|l,and p > q ,



then the position pair of 5 is (p, p).
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For example, consider Table 12. Suppose the subsequence r of customer sequence

3 is ranging from transaction 1 to transaction 4, thatis | <|A}{B}> , <{A]> , <

{BI >, <{CI>1. The position pair of 1-sequence < {Al > at r in customer sequence
3is (-1, +2), and the position pair of 2-sequence < {A}{B}>is (+3, +3).

Table 13. The related information of candidate 2-sequences.

Candidate Position pairs S—
2-sequence CID 1 CID 3 CID 5
< {Al B} > [(+3, +3) (+3, +4)|(+3, +3) (+3, +3)[ (0, 0) (0, 0) 2
< {AL{CH > | (0, 0) (+4, +4) |(+4, +4) (+4, +4)| (0, 0) (0, 0) 2
< {B} {A} >| (-2, =2) (0, 0) (-2, =2) (0, 0) (0, 0) (0, 0) 0
< {B} ICI >| (0, 0) (+4, +4) [(+4, +4) (+4, +4)| (0, 0) (0, 0) 2
< {Al {F} >| (0, 0) (+4, +4) (0, 0) (0, 0) (0, 0) (0, 0) 1
< (B} {F} >| (0, 0) (+4, +4) (0, 0) (0, 0) (0, 0) (0, 0) 1
< ICl ¥} = (0, 0) (0, 0) (0, 0) (0, 0) (0, 0) (0, 0) 0
< {F} {A} > (0, 0) (0, 0) (0, 0) (0, 0) (0, 0) (0, 0) 0
< {F| B} > (0, 0) (0, 0) (0, 0) (0, 0) (0, 0) (0, 0) 0
< {Fl IC} > (0, 0) (0, 0) (0, 0) (0, 0) (0, 0) (0, 0) 0
< {A}l [E} > (5, 5) 5, 5} (0, 0) 2
< {B} {El > (5 ) {5 5} (0, 0) 2
< {Ct {E} > (5: .3 (5, 5) (0, 0) 2
< {El {A}l > (0, 0) (0, 0) (0, 0) 0
< [E} |B} > (0, 0) (0, 0) (0, 0) 0
< {E} {CI > (0, 0) (0, 0) (0, 0) 0
< {E} {F| > (0, 0) (0, 0) (0, 0) 0
< {F} |E} > (5; 5) (0, 0) (0, 0) 1

For each candidate k-sequence s € (ClassA, U ClassC,), two position pairs in

each customer sequence ¢ in the changed part of DDB’ are recorded. For the first

position pair, we record the position pair of s at r,in ¢, where r, is ranging from the

first transaction to the last transaction before updating the database. For the second

position pair, we record the position pair of s at r,in ¢ where r, is ranging from the

first transaction to the last transaction after updating the database. For example,
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consider the customer sequence 1 in Table 12, where r,is <{A,B} {A|{B|>, and r,
is <{A}{B}{B,C,F|{E|>. Thus, the two position pairs of the candidate 2-sequence
<{A}{B} > in customer sequence 1 are (+3, +3) and (+3, +4), respectively.

For each candidate k-sequence s € ClassB,, we just record a position pair at r;in
each customer sequence ¢ in the changed part of DDB’, where r;is ranging from the
first transaction to the last transaction after updating the database. For example,
consider Table 12. The candidate 2-sequence < {A|{E} > & ClassB,, and the position
pair of <{A|{E|> in customer sequence 1is ( +5, +35).

Hence, in the changed part of DDB’ scan, the position pairs of each candidate k-
sequence in each customer sequence is recorded. For the above example, USLP scans
the changed part in Table 12 and records the position pairs of each candidate 2-
sequence in each customer sequence. Table 13 shows the related information about
candidate 2-sequences after scanning the changed part. In Table 13, we use double line

to distinguish the candidate sequences that belong to different classes.

Table 14. The increase count and the decrease count of some candidates € (ClassA,U ClassC,)

Candidate 2- Increase Decrease
sequence count count

< {Al {B} > 0 0

< {Al {CH > 0 0

< {Bl {A}] > 0 2

< {B} {Ct > 1 0

< {Al IF} > 1 0

< Bl {F} > 1 0

For each candidate k-sequence s & (ClassA,U ClassC,), we also need to compute
the increase count and the decrease count. From scanning the customer sequence ¢ in
the changed part of DDB’, if ¢ supports s after database updating, then the increase
count needs to be increased by 1. If ¢ does not support s after database updating but

supports s before database updating, then the decrease count is increased by 1. If s €
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ClassA,, after scanning the changed part of DDB’, we can obtain the support of s as

follows:

The support of s = the support of s before database updating + the increase

count of s - the decrease count of s (2)

Table 14 shows the increase count and the decrease count of some candidate 2-

sequences& (ClassA,U ClassC,) after scanning the changed part of Table 12.

Step 4. Find the frequent sequences from ClassAk and ClassBk , and prune the
candidates which cannot be frequent sequences from ClassCk, .

For each candidate sequence s € ClassA,, the number of the customer sequences
which support s in the unchanged part of DDB’ is unchanged after database updation.
However, in the changed part of DDB’, the number of the customer sequences which
support s may be changed. In step 3, after scanning the changed part of DDB’, the
increase count and the decrease count for candidate sequence s can be obtained. We use
expression (2) to compute the support of candidate sequence s to determine whether it
is a frequent sequence. For the above example, sequence < {B}{A}|> € ClassA,is a
frequent sequence and its support is 3 before database updating. After scanning the
changed part of DDB’, the increase count and the decrease count of < {B}{A}> are 0
and 2, respectively. By expression (2), the support of <{B}{A}>is3+(0-2)=1,
which is less than the minimum support threshold. Hence, < {B}{A|> is turn out to
be a non-frequent sequence after updating the database.

For the candidate sequence s € ClassB,, because s is only contained in the changed
part of DDB’, the support of s can be obtained after scanning the changed part of
DDB’. Hence, we can determine if s is a frequent sequence. In our example, all the
candidates € ClassB, are non-frequent sequences after scanning the changed part of
DEB”.

Lemma 3. Let sequence S ClassC,, R = the increase count of S - the decrease count of
S, Cuy.be the number of the customer sequencesbefore updating the database , and
C.jerbe the number of customer sequences after updating the database. S is a non-
frequent sequence, if one of the following conditions holds:

(1) Cuo < Chies R<0, and |R| = C,- Coore | (the minimum support
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threshold/C,...)

(2) Cina=Crapiss and RED

(3) Cyww>Chies R>0, and R= (C,iu- Cieiore) (the minimum support threshold/
Citer)

By using Lemma 3, we can prune the candidate sequences € ClassC,, which are
the non-frequent sequences. For the above example, candidates < {C}{{A} >, <{C}
{BI >, <{CHF}>, <{F}{A}>, <{F!{B}{> and <{F}|{C} > can be pruned from
ClassC, according to Lemma 3, and the candidates < {A|{F{> and <{B}{F{> are

remained in ClassC,.

Step 6. Scan the unchanged part of DDB’, record the position pair of each
candidate k-sequence ClassCk in each customer sequence and find the

frequent sequences from ClassCk.

In this step, for each candidate £-sequence s € ClassC,, we record the position
pair of 5 in each customer sequence ¢ in the unchanged part of DDB’ according to
Definition 2. After scanning the unchanged part of DDB’, the support of s can be
obtained. For example, Table 15 shows the related information of the candidate 2-
sequences € ClassC, after scanning the unchanged part of DDB’ (i.e., customer
sequences CID 2 and CID 4), and the candidate <{A}{F} > is a frequent 2-sequence.
Finally, USLP generates all the frequent 2-sequences L,"= {<{A}|B} >, <{A}{C|
>, < {BliC}>}.

Step 7. Generate C,.,” from L,”, and Decompose C,., into ClassA,.,, ClassB,.,,
and ClassC,.,.

After generating C,.,”, USLP decomposes C,.," into ClassA,.,, ClassB,.,, and
ClassC,., according to Definition 4. For example, before updating the database, the
frequent 3-sequence L, = < {A|{B{{C|>. Hence, L, can be decomposed into
ClassA,= <{A}|B}{C|> and ClassB;= ClassC,=$.

Step 8. Compute the simple position of each candidate (k + 1)-sequence in the
changed part of DB’, and then find the frequent 3-sequences from ClassA,

and ClassC,.



W - & 3 101

In the following, we first redefine the simple position for a sequence needs to be

redefined first.
Definition 7.

Let sequence S = <s,, ' , 50> (ClassAy., U ClassCy.,), and the two k-
subsequence of Shea = <s,, ', 5oy ;> and & = sy, 5 Spo1s S > where
a, b € (ClassA, U ClassC,). If the position pairs of a and & in the customer
sequence ¢ are ( fu1, L) (fuzs L) and (fus L) (fias L), respectively, then the
simple positions of S in ¢ denoted as (sim,, sim,, sim;) are defined as follows :

(). I £, 0, [,#0, and f,,< [, then sim,= [,,. Otherwise, sim,= 0

(2). If £,,70, 1,70, the sign of £,, is the same as the sign of /,;, and f,,<

l,, then sim,= 1,. If £,70 , 1,70, the sign of f,, is different from the
sign of 4,,, and f,,< [,;, then sim,= —1,. Otherwise, sim,= 0.

(3). If f,20, [,,7 0, and f,,< [,,, then sim;= [,,. Otherwise, sim;= 0.

For example, the position pairs of <{A} {B|> in customer sequence 1 in Table 13
are (+3, +3) (+3, +4), and the position pairs of <{A|{C}> are (0, 0) (+4,
+4). Thus, the simple positions of 3-sequence < {A}{B}{C|> in customer sequence
1 are (0, 0, +4).

Definition 8.

Let (£ + 1) -sequence S = <s,, *** , 841> € ClassB,.,, and the two %-
subsequences of St a= <s,, ** , 531, &>, and b= <y, ", Se-ny 541> . The
simple position of s in the customer sequence c is defined as follows:
(1). If a € ClassB,, b€ (ClassA,U ClassC,) , the position pair of a in ¢ is (f,,
1,), and the position pairs of & in ¢ are (f,1, Ly) (fizs li2), then the
simple position sim of S in ¢ is * If £,70, {,,70, and f,</,,, then sim =
l,;. Otherwise, sim= 0.

(2). If a € (ClassA,U ClassC,), b € ClassB,, the position pairs of a in ¢ are
(fis L) (furs L), and the position pair of b in ¢ is (f,, [,), then the
simple position sim of S in ¢ ist If £,,50 , {,7°0, and f,,< [,, then sim

= [,. Otherwise, sim = (.
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(3). If a, b€ ClassB,, the position pairs of a and & in ¢ are (£,, {,), and (f,,
{,), respectively, then the simple position sim of S in ¢ is: If £, 0, [,
0, and f,< {,, then sim = [,. Otherwise, sim = 0.
For example, the position pairs of 2-sequence < {A} {B| > in customer sequence 1
in Table 13 are (+3, +3) (+3, +4), and the position pair of 2-sequence < {A/
{El > in customer sequence 1 is (5, 5). Thus, the simple position of 3-sequence <

{AHBIHE}! > in customer sequence 1 is 5.

Lemma 4. For a (k+1)-sequence SE€ (ClassA,.,UClassC,.,), let the simple posi-
tions of S in the customer sequence ¢ be (sim,, sim,, sim,). If sim,is not equal to 0,
then c supports S before and after updating the database .

Rationale :

Suppose the subsequence r of the customer sequence ¢ is ranging from the first
transaction of ¢ after updating the database to the last transaction of ¢ before updating
the database. If » contains S= <s,, -+, 5,,,>> , then ¢ supports S before and after
updating the database. Thus, ¢ also supports the two k-subsequence a = <s,,
Sp-1» e, and b= <s,, ***, 5., 5,.,>> of S. Let the position pairs of a and & at r
in ¢ are (fu,0a)(fuzs L2) and (fo1,0,) (fi25 1,2) 5 respectively. If the simple position
sim;of S in ¢ is 0, then f,,is greater than or equal to /,, according to the Definition 8.
That is, the positions of & are smaller than all the positions of a at  in ¢. Thus, r
does not contain S. It is contradictory to the supposition. So, sim, must be not equal

to 0.

Lemma 5. Let the simple positions of the (k + 1)-sequence S = <s,, =+ , 5,.,> €
(ClassA, .U ClassC,.,) in the customer sequence ¢ be (sim,, sim,, sim,). If sim,is
less than 0, then s, is contained in the deleted subsequence of c. If sim, is greater
than or equal to the position of the inserted subsequence of ¢, then s,., is contained in

the inserted subsequence .

Lemma 6. For a sequence S € ClassB;.,, if the simple position sim of S in c is greater

than 0, then customer sequence ¢ supports S.
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Hence, in this step, we first compute the simple positions of each candidate (k
+1)-sequence in each customer sequence in the changed part of DDB’ according to
Definition 7 and Definition 8. From Lemma 4 and Lemma 5, we can obtain the
increase count and the decrease count for a candidate (& +1)-sequence s € (ClassA,.,
U ClassC,.,). From Lemma 4, we can find whether the customer sequence ¢ still
supports s after updating the database. According to Lemma 5, we can check whether
s is contained in the deleted subsequence or the inserted subsequence of ¢. After this
checking, the increase count and the decrease count of s can be obtained.

After computing the simple positions of each candidate (% + 1)-sequence
corresponds to each customer sequences in the changed part of DDB’, the frequent (%
+ 1)-sequences can be obtained from ClassA, ., and ClassB,.,, and some candidates can
be pruned from ClassC,,,. For the candidates ClassA,,,, USLP computes the
supports of them by using expression (2) to determine whether they are frequent
sequences. For the candidates ClassB,.,, the supports of them can be obtained by
computing the simple positions of them in the changed part of DDB’ according to
Lemma 6. For example, the increase count and the decrease count of < {A}{B}{C|>
are 1 and 0, respectively. The support of < {A} {B} {C| > before updating the
database is 3. By expression (2), the support of < {A}{B|{C|> is3+ (1-0) =4,

which is a frequent 3-sequence.

Step 9. Compute the simple position of each candidate ( k + 1)-sequences €
ClassC, ., in each customer sequence in the unchanged part of DDB’, and

then find the frequent (k +1)-sequences from Class C,.,,.

USLP computes the simple positions of s € ClassC,,, in the unchanged part by
using expression (1) in Definition 3. The number of the customer sequences which
support s in the unchanged part of DDB’ can be obtained according to Lemma 2

According to above expression, the simple position of candidate s € ClassC, ., can
be obtained, and the frequent sequences can be discovered from ClassC,.,. In our
example, because of ClassC,,,= ¢, there are no frequent sequences generated in this
step.

Finally, USLP generates L,’= {<{A}|{B}{{C} >}, and stops running.



164 An Incremental Updating Technique for Discovering Sequential Patterns in Large Databases

Table 15. The related information for some candidate 2-sequences < ClassCy.

Carididisa Position pair
Support
2-sequence CID 2 CID 4
<|AHF}> (3, 3) (2; 2) 3
< B > (3 3) (0, 0) 2

5. Experimental results

We refer to [2] to generate three synthetic transaction databases. We evaluate the
performance of SLP by comparing this algorithm with Aprioriall [2]. Suppose the
maximum length of the candidate sequences generated by Aprioriall is q. Hence,
Aprioriall has to scan the given transaction database g-1 times, but SLP needs only
to scan the database [q—1/27 times. Figure 1 shows the relative execution times for
Aprioriall and SLP over the minimum support ranging from 20.2% to 19%, SLP
outperforms Aprioriall, and the performance gap increases as the minimum support
decreases because the number of database scans increases for Aprioriall .

We evaluate the performance of USLP by inserting transactions into and deleting
transactions from the three tested transaction databases, and then compare this
algorithm with Aprioriall [2].

Assume that the number of the transactions in the original transaction database is
n. we delete n X 1% transactions from and insert n X 1% transactions into the three
tested databases, and then execute the two algorithms USLP and Aprioriall. In the
situation of a few data updating, most of the frequent sequences can be found
efficiently by using discovered information by USLP, but Aprioriall not. After
inserting 2500 transactions into and deleting 2500 transactions from the tested
databases, Figure 2 shows that USLP outperforms Aprioriall. When the number of
the inserted transactions and the deleted transactions increase, the relative execution
time for Aprioriall and USLP decrease, since the number of the customer sequences
in the changed part of DDB "’ increase. USLP needs to take more effort to record the

position pairs of candidate k-sequences and compute the simple positions of candidate
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(k£ +1) -sequences in the changed part of DDB’. MQreover, the relative execution
time for Aprioriall and USLP decrease more quickly in the case of deleting transactions
than the case of inserting transactions, since Aprioriall needs to scan fewer transactions
than USLP when the transactions are deleted. However, USLP needs to scan the
deleted transactions to compute the supports of some candidates. Figures 3 and 4 show

the relative execution time for Aprioriall and USLP when the transactions are deleted

and inserted, respectively.
6. Conclusion

When the customers are getting larger, in order to record all the position pairs of
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each candidate in the database, SLP/USLP may run out of memory. For such a
situation, we can segment the database into segments. For each segment, only the
customer sequences which related the segment are processed, and only the position
pairs of each candidate in the segment are recorded.

Mining traversal patterns [15] is to discover the sequential traversing behaviors
of most users in the network from a data log. Therefore, when a user is visiting a web
page, we can use this knowledge to predict what webs the user wants to traverse next,
and then pre-fetch the web pages. In the future, we shall consider to apply our

approaches to discover the frequent traversal patterns in the world-wide-web.
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Universal Cascadable Current-Mode Biquad Using Only
Three CCIlH+s and One CF+

Yung-Chang Yin
Department of Electronic Engineering
Fu Jen Catholic University
Taipei , Taiwan 242, R.O.C.

Abstract

A novel configuration using three plus-type second-generation
current conveyors (CCIHs) and one plus-type current follower (CF+ )
is proposed to realize current-mode lowpass, highpass, bandpass,
notch and allpass filters. These current-mode filters have high-output
impedance, so they can be cascaded without any additional matching
circuit. The proposed filters in the paper required less active and
passive components than the previous filters. The use of only CCll+s
and CF+ simplifies the configuration expectation for class-A opera-
tion. Finally, experimental results are included to certify the

theoretical prediction.

Key Words : current conveyor, current follower, sensitivity

INTRODUCTION

Some recent literature has mentioned that the circuits that utilize a current-mode
amplifier will operate at higher signal bandwidths, with greater linearity and with a
larger dynamic range, than their voltage-mode counterparts [1]. Hence, several
generic current-mode biquads using current conveyor have been described [2~8].
However, all of these that have been proposed have some disadvantages, such as high
input impedance, low output impedance, an excessive number of active and passive

components and the inclusion of some minus-type current conveyors (CCIl-s).
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Basically, the CCIl+ is a simple current mirror and the CCIl- is used two cross-coupled
current mirrors. However, the CCll- must suffer from the limitations imposed by the
frequency response and mismatch of the transistor mirrors. In this paper, a new
configuration using only three CCIl+s and one CF+ for realizing the cascadable current-
mode filters is developed. The proposed circuit can realize highpass, lowpass,
bandpass, notch and allpass filters from the same configuration. The major goal is to
reduce the number of the required CCIl- elements for the current-mode filters.
Finally, experimental results are given to confirm the afore mentioned theoretical

analysis.

X
v AD844 Z |—o2Z

CF+

X
v AD844 7 |—o7

CClIl+

XX z X
Vi YADBH YADB“ ZroZ

CClIl-

Fig. 1. CF+, CCII+ and CCII- implementation using AD844s
(a). CF+ implementation using AD844
(b). CCII+ implementation using AD844
(¢). CCII- implementation using AD844s
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Fig. 2. Proposed universal active current circuit using three CCll+s and one CF+

CIRCUIT DESCRIPTION

The plus-type CF, plus-type CCIl and minus-type CCIl implementation using
AD844 are shown in Fig. 1 (a), (b) and (c), respectively. The proposed filter circuit
based on and employing three CCll+s and one CF+ is shown in Fig. 2. Using standard
notation, the port relations of a CCll+ and CF+ can be characterized by i.= 1,, v.=
v,, and i,= 0 for CCIt and v,= 0 and i.= i, for CFt+, respectively. From a routine

analysis, the transfer function of the Fig. 2 can be given by:

!&_Y3—Y4 (1)

Iiﬂ B Yl + YZ
where Y, - Y, are admittances. If Y,= Y,and Y,=2Y,, equation (1) will be

I ¥y=2Y,
I, Y, +Y, (2)

If the admittances are chosen as Y, = sC, + (1/R,)and Y, = 1/ ( R, + 1/5C,),
equation (2) will be
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L,

1 .
% *1 (PR
1.

in X
Z CFs X Z CCII+ X
Z CCll+
il 1

R _EQ 5 o

G

p 1o
CCIl+ Zp——
Fig. 3. A current-mode second-order notch/allpass filter
I, s’C,C,R\R,+s(CR, +C,R,~2C,R )1 (3)

0

I, = s’C\C,R R, + s(C,R, + C,R, + C,R,)+ 1
Hence, if C\R, + C,R, = 2C,R, , a second-order notch filter shown in Fig. 3 can be
realized. If 2(C,R, + C,R,) = C,R,, a second-order allpass filter shown in Fig. 3
can be also achieved. Furthermore, if Y; = 0 (open-circuited), Y, = Y, = sC,and Y,
= G, , equation (1) can be expressed as
I =56

To -~ C, + IGZ 5)
Thus, a highpass filter can be obtained.
If Y; = 0 (open-circuited), Y, = sC,and Y, = Y, = G, . Equation (1) can be

written as
— iy (6)

Thus, a lowpass filter can be obtained.

To realize a bandpass filter, the admittances in Fig. 2 might be chosen as follows:
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Ry
L R
m x 1
Ay Z X——2z ccu+
CF+ v " X

Z CCh+

X
YCCII!-Z—-—..

Fig. 4. A current-mode second-order bandpass filter

Y, = 0 (open-circuited), Y, = Y, = 1/ (R, + 1/sC,)and Y, = sC, + ( 1/R,) .

Equation (1) can be expressed as

ID - SC]RZ (7)

I, SCCRE;+s(CiRo+ C:Rs+ CiRay% 1

Thus, a second-order bandpass filter shown in Fig. 4 can be obtained. The resonance

angular frequency w,and the quality factor 9 of the current mode bandpass filter shown

in Fig. 4 can be expressed as

_ 1 id o = —LCCRR,)"”
e (C]CleRz)”’z B CIRI + CZRZ + CXR?.

By relating a sensitivity parameter F to the element of variation X

X; dF
sy = 2idE

- F dX,
The passive sensitivities are given by
Sg = Sg =8¢ =5¢= - i

o _1p, R+ R,
Se, = 21 - ZCR.RY]
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L’_L _ RZ
S =211 " ACR R
T
SR‘ 2[1 A(C]Csz)]
, 1. C+C
S, =21l - ZcERY]

where A = (C,R,+ C,R,+ C,R,) . All the passive sensitivities are quite small. From
the above mentioned, these filters provide the following advantage: a saving of the
active components (AD844), low input impedance, and they are capable of cascading
without current buffers. The comparison between this paper and the previous one
(Hou and Wu 1997) is shown in the table. From the table, the required number of
active components (AD844) is indeed reduced.

Table 1. Number of AD844 components

lowpass highpass notch bandpass allpass
Previous paper
(Hou and Wu 1997) ? 1 ¥ 7 8
Present paper 4 4 4 4 4

Comparison of the active components (AD844)

EXPERIMENTAL RESULTS

To demonstrate the feasibility of the of the proposed circuits, the circuits in Fig. 2
are implemented by using the commercial available CCI[+ and CF+ IC (ADS844). A
second-order notch filter is shown in Fig. 3 withC,= C,= 1lnFand R, = R, = 10k
. A second-order bandpass filter is shown in Fig. 4 withC, = C,= luFand R, = R,
= 10k . The Matlab has carried out simulating the ideal curves of the proposed
filters. The experimental results above are measured using the Hewlett Packard
network/spectrum analyzer 4195A. Figure 5 shows the experimental results for notch
and bandpass filters. The theoretical analysis correlated with the measured results with
few errors which were due to the errors of the use of active and passive elements.
However, the measured frequency response of the filter is in good agreement with the

theory.
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Fig. 5 (d). phase-frequency response for bandpass

Fig. 5. Amplitude-frequency response and phase-frequency response
(a) Amplitude-frequency response for notch
(b) phase-frequency response for notch
(¢) Amplitude-frequency response for bandpass
(d) phase-frequency response for bandpass

— ideal response

*

, + measured response

CONCLUSION

A new configuration using only three CCll+s and one CF+ for realizing various
types of cascadable current-mode filters is presented. The lowpass, highpass,
bandpass, notch and allpass filters can be achieved from the same configuration. This
paper has improved the previous one of Hou and Wu (1997). Finally, experimental
results confirmed the theoretical analysis. The results will be useful in analogue signal

processing applications.
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Ethoxyaniline) -Clay Nanocomposite Materials
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Abstract

A series of lamellar nanocomposite materials that consisted of
poly (aniline-co-ortho-ethoxyaniline) and layered montmorillonite (M-
MT) clay were prepared by effectively dispersing the inorganic
nanolayers of MMT clay in organic poly (aniline-co-ortho-ethoxya-
niline) matrix via in-situ polymerization. Both organic aniline and
ethoxyaniline monomers at specific feeding ratio were first intercalated
into the interlayer regions of organophilic clay hosts and followed by
an one-step oxidative polymerization. The as-synthesized poly(aniline-
co-ortho-ethoxyaniline) -clay materials were characterized by infrared
spectroscopy, wide-angle powder X-ray diffraction and transmission
electron microscopy. The effects of material composition on the
properties of anticorrosion and molecular barrier of bulk poly (aniline-
co-ortho-ethoxyaniline) along with a series of PCN materials, in the
form of coating and free-standing film, were also studied by
electrochemical corrosion potential measurements and gas permeability

measurements , respectively.

Key Words© Nanocomposite, Clay, Aniline, Barrier, Corrosion
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INTRODUCTION

Conducting polymers, such as polypyrrole, polythiophene, polyaniline, etc.,
consisted of conjugated electronic structures have received considerable attention lately
because of many promising technological applications. Some specific conducting
polymers, e. g., polyaniline and its derivatives, have been found to display
interesting corrosion protection properties. In the past decade, the use of polyanilines
as anticorrosion coatings had been explored as the potential candidates to replace the
chromium-containing materials, which have adverse health and environmental
concerns. [1-6] Wei et. al. [6] demonstrated the corrosion protection effect of
polyaniline through a series of electrochemical measurements on the doped or undoped
polyanilinecoated cold rolled steel (CRS) under various conditions. Wessling [ 5]
proposed a full mechanism that the corrosion protection of polyaniline on steel is
attributed to an increase in the corrosion potential and to the redox catalytic property of
polyaniline in the formation of passive layer of metal oxide.

Layered materials, such as smectite clays (e. g., montmorillonite, MMT ),
attracted intense research interest for the preparation of polymer-clay nanocomposites
in the past decade, because of their lamellar elements displayed high in-plane strength,
stiffness as well as high aspect ratio. [7] The polymer-clay nanocomposites were
found to enhance the gas barrier [8], thermal stability [9], mechanical strength
[10] and fire retardant [ 11] properties of polymers. Recently, there are a number of
reports on the preparation and properties for the lamellar nanocomposites of polyaniline
with various layered materials. [12-18]

In this paper, we present the preparation of poly(aniline-co-ortho-ethoxyaniline) -
clay nanocomposite (PCN) materials by incorporating nanolayers of MMT clay into
soluble polyaniline derivative matrix, i.e., poly(aniline-co-ortho-ethoxyaniline), and
study their anticorrosion performance on cold-rolled steel coupons in comparison with
that of the emeraldine base of poly (aniline-co-ortho-ethoxyaniline) by performing
electrochemical corrosion potential measurements in 5 wt-% aqueous NaCl electrolyte.
The PCN materials were characterized by infrared spectroscopy, wide-angle powder X-

ray diffraction and transmission electron microscopy. The effect of material
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composition on the molecular barrier property was also investigated by the gas

permeability measurements.
Experimental Section

Chemicals and Instrumentations Aniline (99%, Fluka) was doubly distilled
under a reduced pressure. 1.0 M HCl and 1.0 M NH,OH were prepared from diluting
the concentrated ammonia and hydrochloric acid (Riedel-de Haen) with distilled water
for preparing the acidic and basic aqueous media, respectively. 1-Methyl-2-
pyrrolidinone (NMP) (99.97% , Tedia) and o-ethoxyaniline (99% , Acros) were used
as received without further purification. Ammonium persulfate (98% , SHOWA) was
employed as oxidant. The used montmorillonite clay consisted of a CEC value of 114
meq/100 g and an unit cell formula Ca, 3:Nag 1i; [Al Mg o551,0, (OH),*2H,0 was
provided by ITRI. The used intercalating agent was tetradecyltrimethylammonium
chloride (Fluka). |

Wide-angle X-ray diffraction study of the samples was performed on a Rigaku D/
MAX-3C OD-2988N X-ray diffractometer with cooper target and Ni filter at a scanning
rate of 4°/min. The samples for transmission electron microscopy (TEM) study was
first prepared by putting powder of PCN materials into epoxy resin capsules followed
by curing the epoxy resin at 100C for 24 hours in a vacuum oven. Then the cured
epoxy resin containing PCN materials were microtomed with Reichert-Jumg Ultracut-
E into 60 ~ 90-nm-thick slices. Subsequently, one layer of carbon about 10 nm thick
was deposited on these slices on mesh 100 copper nets for TEM observations on a
JEOL-200FX with an acceleration voltage of 120 KV.

Electrochemical measurements of sample-coated CRS coupons were performed on
a VoltalLab 21 Potentiostat/Galvanostat in a standard corrosion cell equipped with two
graphite rod counter electrodes and a saturated calomel electrode (SCE) as well as the
working electrode. FTIR spectra were recorded on pressed KBr pellets using a BIO-
RAD FTS-7 FTIR spectrometer. A Yanagimoto Co., Ltd gas permeability-measuring
apparatus (model GTR 10) was employed to perform the permeation experiment of

air.
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1. Synthesis of Poly(aniline-co-ortho-Ethoxyaniline)

In a typical procedure, both 10 ml of doubly distilled aniline (0.107 mole) and 1.4
ml of ortho-ethoxyaniline monomers (0.012 mole) were dissolved in 600 ml of 1.0 M
HCI and the mixture was precooled to ~0C in an ice bath. A solution (200 ml) of 5.6
g (0.025 mole) (NH,),S;0sin 1.0 M HCl was added to the solution dropwise over a
period of 15 minutes with vigorous magnetically stirring. After ~ 2 hours, the
precipitate was collected on a Buchner funnel. Upon drying under dynamic vacuum at
room temperature, the HCl-doped poly (aniline-co-ortho-ethoxyaniline) was obtained
as a green powder. The HCl-doped poly (aniline-co-ortho-ethoxyaniline) was subse-
quently converted into emeraldine base form by stirring ~ 3 g of the poly (aniline-co-
ortho-ethoxyaniline) fine powder in an excess amount (500 ml) of 1.0 M ammonium
hydroxide at room temperature for 3 hours. Upon filtering and drying under dynamic
vacuum for 48 hours, the emeraldine base (EB) form of poly (aniline-co-ortho-

ethoxyaniline) was obtained as a blue powder.
2. Preparation of Organoplilic Clay

The organophilic clay was prepared by a cation-exchange reaction between the
sodium cations of MMT clay and alkylammonium ions of intercalating agent.
Typically, 5 g of MMT clay with a CEC value of 114 meq/100 g was stirred in 500 ml
distilled water (beaker A) at room temperature overnight. A separate solution
containing 2.5 g of intercalating agent in another 100 ml of distilled water (beaker B)
under magnetically stirring, followed by adding 1.0 M HCI aqueous solution to adjust
the pH value to about 3-4. After stirring for 1 hour, the protonated amino acid solution
(beaker B) was added at a rate of approximately 10 ml/min with vigorous stirring to
the MMT suspension ( beaker A). The mixture was stirred overnight at room
temperature. The organophilic clay was recovered by ultracentrifugating (9000 rpm,
30 min) and filtering the solution in a Buchner funnel. Purification of products was
performing by washing and filtering samples repeatedly for at least three times to

remove any excess ol ammonium ions.
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3. Preparation of poly(aniline-co-ortho-ethoxyaniline) /Clay Nanocomposite Mate-

rials

As a typical procedure for the preparation of the PCN materials, first, an
appropriate amount of organophilic clay was introduced into 400 ml of 1.0 M HCI
under magnetically stirring overnight at room temperature. Aniline monomer (0.1
mol) and ortho-ethoxyaniline monomer (0.012 mol) were subsequently added to the
solution which was stirred for another 24 hours. Upon addition of ammonium
persulfate (0.025 mol) in 20 ml of 1.0 M HCI, the solution was stirred for 3 hours at
5 C in an ice bath. The as-synthesized HCl-doped lamellar nanocomposite precipitates
were then obtained by filtering and drying under dynamic vacuum at room temperature
for 48 hours. The final PCN products in base form were obtained by immersing the
HCl-doped nanocomposites into 400 ml of 1.0 M NH,OH under magnetically stirring
for 4 hours at room temperature, followed by filtration and drying under vacuum at

room temperature for 48 hours.
4. Preparation of Coatings and Electrochemical Measurements

The emeraldine base of poly(aniline-co-ortho-ethoxyaniline) and PCN fine powder
were dissolved in NMP to give typically 1-wt% solutions. The solutions were cast
dropwise onto the cold rolled steel (CRS) coupons (1.0x1.0 cm) followed by drying
in air for 48 hours to give coatings of ca. ~ 10 pm in thickness. The coated and
uncoated coupons were then mounted to the working electrode so that only the coated
side of the coupon was in direct contact with the electrolyte. The edges of the coupons
were sealed with super fast epoxy cement ( SPAR® ). All the electrochemical
measurements were made at room temperature and repeated at least three times. The
electrolyte was NaCl (5 wt-% ) aqueous solution. The open circuit potential (OCP) at
the equilibrium state of the system was recorded as the corrosion potential (E_. in V

vs. SCE).
5. Preparation of Free-Standing Films and Barrier Property Measurements

0.3 g of poly(aniline-co-ortho-ethoxyaniline) and PCN materials in base form was

dissolved in 10 ml NMP under magnetically stirring at room temperature for 4 hours.
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The solution was cast onto a substrate (e. g., a microscope glass slide). The solvent
was allowed to evaporate at 90 ~ 100 C under the hood for 24 hours. The sample-
coated glass substrate was then immersed into the distilled water for 5-6 hours to give
the free-standing film of poly (aniline-co-ortho-ethoxyaniline) and PCN materials.
Molecular barrier property for free-standing film of samples was determined by air
transmission through the nanocomposite films according to ASTM standard E 96. A
Yanagimoto Co., Ltd gas permeability-measuring apparatus (model GTR 10) was
employed to perform the permeation experiment of air. The pressure on one face of the
free-standing film was kept at 200 kPa and the other face was at zero pressure initially
to allow the air to permeate through the free-standing film. The rate of transmission of
air was obtained by gas chromatography, from which the air permeability was

calculated.
Results and Discussions

To synthesize the PCN materials, organophilic clay was first prepared by a cation-
exchange reaction between the sodium cations of MMT clay and alkylammonium ions
of intercalating agent. Organic aniline and ortho-ethoxyaniline monomers were
subsequently intercalated into the interlayer regions of organophilic clay hosts and
followed by an one-step oxidative polymerization. The composition of the PCN
materials was varied from 0 to 1 wt-% of clay with respect to poly(aniline-co-ortho-

ethoxyaniline) content as summarized in Table 1.

% 1 Sample composition and electrochemical corrosion potential measurement data.

feed composition (wt-% ) Ecorr

Compound Code P MMT (V)
Bare -- -- - 641
PANI 100 0 - 556
CLANO025 99.25 0.75 - 554
CLANOS 99.50 0.50 - 540
CLANO75 99.25 0.75 -371
CLANI 99.00 1.00 - 361
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Characterization

The representative FTIR spectra of the organophilic clay, bulk poly(aniline-co-ortho-
ethoxyaniline) and PCN materials are shown in Figure 1. The characteristic vibration
bands of poly (aniline-co-ortho-ethoxyaniline) are at 1498 em ' and 1583 cm ™', and
those of MMT clay are shown at 1040 cm ™' (Si-O), 600 cm-1 (Al-O) and 420 cm ™'
(Mg-O) [17]. As the loading of MMT clay is increased, the intensities of MMT clay
bands become stronger in the FTIR spectra of PCN materials.
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Fig. 1. Infrared spectra of copolymer, clay and nanocomposite materials.

Figure 2 shows the wide-angle powder X-ray diffraction patterns of organophilic
clay and a series of PCN materials. There is a lack of any diffraction peak in 20 = 2-
10° as opposed to the diffraction peak at 26 = 5.0° (d spacing = 1.65 nm) for
organophilic clay, indicating the possibility of having exfoliated silicate nanolayers of

organophilic clay dispersed in poly(aniline-co-ortho-ethoxyaniline) matrix.
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Fig. 2. Wide-angle powder X-ray diffraction patterns of copolymer, clay and

Nanocomposite materials.

In Figure 3, the TEM of PCN materials with 1 wt-% clay loading shows that the
lamellar nanocomposite has a mixed nanomorphology. Individual silicate layers, along
two, three and four layer stacks, were found to be exfoliated in the poly (aniline-co-
ortho-ethoxyaniline ) matrix. In addition, some larger intercalated tactoids

(multiplayer particles) can also be identified.
Corrosion Protection Properties of Coatings

Corrosion protection of sample-coated CRS coupons can be observed from the
values of corrosion potential (E_,), as listed in Table 1. The CRS coupon coated with
emeraldine base of poly(aniline-co-ortho-ethoxyaniline) shows a higher E_,, value than
the uncoated CRS. However, it exhibits a lower Ecorr value than the specimen coated
with PCN materials. For example, the CLANO75-coated CRS has a high corrosion
potential of ca. -372 mV at 30 min. Even after 5 hours measurement, the potential

remained at ca. -390 mV. Such a E_,, value implies that the CLAN075-coated CRS is
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Fig. 3. Transmission electron microscopy of CLANI..

more noble towards the electrochemical corrosion compared to the emeraldine base of
poly ( aniline-co-ortho-ethoxyaniline). Visual observation of the corrosion products
clearly reveals that the PCN samples exhibiting corrosion protection have a grayish
oxide layer form over the bare exposed CRS surface, similar to what was observed by
Wessling under the polyaniline dispersion coatings on steel. [5] Enhanced corrosion
protection effect of poly(aniline-co-ortho-ethoxyaniline) -clay nanocomposite materials
compared to bulk poly (aniline-co-ortho-ethoxyaniline) might be resulted from dispe-
rsing silicate nanolayers of clay in poly(aniline-co-ortho-ethoxyaniline) matrix to incre-
ase the tortousity of diffusion pathway of H,O molecules. This is further evidenced by

the studies of the H,O molecular barrier effect as discussed in the following section.
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H,O Molecular Barrier of Free-Standing Films

The free-standing films of PCN materials and bulk poly ( aniline-co-ortho-
ethoxyaniline) used for the molecular barrier measurements were prepared to have film
thickness of ~ 70 pum. Compared to bulk copolymer, free-standing film of PCN
materials at low clay loading (e. g., 0.50 wt-% ) shows about 40% reduction of H,O
molecular permeability, as shown in Fig 4. This is caused by the barrier properties of
the nanolayers of clay dispersed in the composite. [8] Furthermore, it should be noted

that a further increase of clay loading results in a further enhanced molecular barrier

property of bulk PCN materials.

500 ¢

400 1

Water Permeability (g/m’h)

0 - L 2 LJ . T & ¥
PANI  CLANO025 CLANO5 CLAN075 CLANI
Sample

Fig. 4. Water permeability of PANI and a series of nanocomposite

materials.

CONCLUDING REMARKS

A series of lamellar nanocomposite materials that consisted of emeraldine base of
poly (aniline-co-ortho-ethoxyaniline) and layered montmorillonite (MMT) clay were

prepared by effectively dispersing the inorganic nanolayers of MMT clay in organic
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poly (aniline-co-ortho-ethoxyaniline ) matrix via in-situ polymerization. The as-
synthesized PCN materials were characterized by infrared spectroscopy, wide-angle
powder X-ray diffraction and transmission electron microscopy. Anticorrosion effect of
emeraldine base of poly (aniline-co-ortho-ethoxyaniline) -clay nanocomposite (PCN)
materials at low clay loading compared to conventional poly (aniline-co-ortho-ethoxya-
niline) was demonstrated by electrochemical measurements of corrosion potential on
CRS in 5 wt-% aqueous NaCl electrolyte. The coatings of PCN materials were found
to offer good corrosion protection and showed a better anticorrosion performance than
conventional poly (aniline-co-ortho-ethoxyaniline) coating. The H,0O molecular barrier
of PCN materials in the form of free-standing film (e. g., CLANOS) exhibits a 40%
reduction in permeability compared to the emeraldine base of bulk poly (aniline-co-

ortho-ethoxyaniline) .
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Document Structure Analysis using
Back-Propagation Network

Yuan-Kai Wang
Department of Electronic Engineering
Fu Jen Catholic University
Taipei , Taiwan 242, R.O.C.

Abstract

The digitalization of paper-based documents is an important issue
in information era. The digitalization means the process of scanning
paper documents, analyzing the layout of document image, and
converting it into texts by Optical Character Recognition (OCR)
technique. Due to that texts recognized by OCR do not contain
structural information, digitized document cannot derive hierarchical
structure. In this paper, we propose a document structure analysis
technique by means of layout information and neural networks. The
objective is to classify blocks in a document, such as title blocks and
paragraph blocks, into a structural hierarchy and transfer it into an
XML ( eXtensible Markup Language ) document automatically.
Conference paper is chosen in our experiments. In the experiments,
we can achieve 94.44% correctness rate using the back-propagation
network (BPN) model. Experimental results validate the feasibility of

the proposed scheme.

Key Words: Document Analysis, neural networks, back-

propagation networks
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INTRODUCTION

The objective of document structure analysis is to classify text blocks in document
image and extract logical structure automatically. This is an interesting research topic
since a fully automated document digitalization cannot be achieved without considering
recovering document structure. In previous studies, traditional approaches are based
on bottom-up method [ 1], both characteristics and threshold values obtained from
statistical analysis of the pixel distribution of digital image data are applied. These
approaches strongly depend on heuristic information derived from locally analyzed
samples. They often failed to recognize various kinds of documents. Recently,
approaches characterized as the top-down method had been proposed for the
recognition of documents. The capability of recognition mechanism is based on global
and conceptual knowledge, rather than on the local characteristics used by the
statistical recognition approaches .

Knowledge-based methods play a very important role. The main characteristic is
to define the knowledge about documents as document models and then interpret
document images analytically using the document model [2].

To sum up, various methods [1, 3-10] are compared in Table 1. These methods
have learning mechanism but they cannot learn automatically.

In this paper, we propose a recognition approach using layout knowledge and
neural networks for understanding document blocks. Neural networks have the
capabilities of mapping, fault-tolerance, learning, and parallel processing. These
capabilities make neural network suitable for designing a complex classification
methodology. Some neural networks use supervised network learning strategies to
adjust weight. With the optimal weight matrixes, the neural network can analyze a

new document.



Table 1. Comparisons of various document understanding methods

Characteristic Method Approach Learning
Esposito et al., 1990 [3] Rule-based 0
Watanabe et al., 1993 [1] Rule-based X
Watanabe et al., 1995 [4] Rule-based X
Parmentier et al., 1997 [5] Model-based X
Walischewski, 1997 [6] Heuristics-based O
Lin et al., 1997 [7] Heuristics-based X
Watanabe et al., 1997 [8] Rule-based X
Brugger et al., 1998 [9] Model-based 0
Chang, 1998 [10] Model-based X

2. The Framework

To analyze document structure, it means to identify the role of each text block in
document structure. Since every kind of document has typical structure, a template
about structure definition is needed. The template is a priori knowledge that includes
all necessary and optional elements in that kind of document, and hierarchy, sequence,
and occurrence information of elements. The template, of course, should not contain
layout information.

In addition to template structure, our framework utilizes neural network to
recognize document item blocks. The system is illustrated in Figure 1. A paper
document processed by image segmentation, block identification, and OCR, will then
subsequently processed by our approach, which includes geometry data transformation
and neural learning and recognition. The logical structure tree in Figure 1 is a
knowledge store that contains template structure. It is important that neural networks

are usually adopted for “flat” (vector-based) or sequential representation.
3. Structure Analysis of Conference Paper

To learn the layout information about one sort of documents, we have to provide

priori knowledge . The priori knowledge is the template structure of the kind of
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Fig. 1. The process of the document structure analysis with backpropagation network

documents with tree representation. Conference papers from the proceedings of
International Conference on Document Analysis and Recognition (ICDAR) in 1997 are
taken as our target for structure analysis.

Conference papers, with the very similar structure with journal papers, are
composed of title, author, affiliation, abstract, section, sub-section, paragraph,
reference, footnote, page number, graph, table and equation etc. Some elements are
necessary, some can be ignored, some can appear with many times, and some must
appear after some other elements.

The structure and relation of these elements are illustrated in the structure
diagrams of Figure 2. It depicts where elements fit in terms of hierarchy, order, and
occurrence. The notation “ +” represents that the element can appear one time or more
than one time (occurrences (1), and “ * ” represents none or more than one time
(occurrences (0).

According to the structure diagram shown in Figure 2, it is easy to derive a
document type definition (DTD). Shown in Table 2 is the DTD following XML
specification. The terms in Figure 5 and Table 2, such as “+7, “ %7, PCDATA,

”

Empty, “,”, and “|”, are adopted from XML specification. In addition to “+” and

[

* 7, we use EMPTY to represent graph, table and equation elements in conference

paperss PCDATA represents composite elements of document; “,” represents order
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Fig. 2. Structure diagram of conference paper

sequence; and “|” represents logic OR relation. Footnotes and page numbers are
ignored in our analysis and experiments for simplification.

Every element in table 2 corresponds to a text block in document image. The title
element usually corresponds to the text block that has large font size with bold
fontface, and is always at the top of a page. Other elements also have similar layout
information. Since every element has corresponding and characteristic layout

information, the information can help identify unknown text block.
4. Learning and Recognition

Learning is the process of automatically obtaining layout information for each
element in document type definition. Recognition is the process of identifying an
unknown text block as a characterized DTD element. Here we use backpropagation

network to accomplish both processes.
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Table 2. Document Type Definition of conference paper.

< | ELEMENT Paper (Header, Article, Biblist) >

<! ELEMENT Header (Title, Author) >

<! ELEMENT Article  (Abstract, Section+) >

< | ELEMENT Biblist  (Bib-not, Bibitem+) >

<! ELEMENT Author (Name, Affiliation) >

<! ELEMENT Abstract  (Abs-not, Abs-para) >

<! ELEMENT Section (Stitle, Sbody) >

<! ELEMENT Bibitem (Source) >

<! ELEMENT Shody  (Paral Sub-set| Equation| Pict| Table) * >
<! ELEMENT Sub-set  (Sub-title, Sub-body) >

<! ELEMENT Sub-body (Para| Equation| Pict| Table) * >
<! ELEMENT Pict  (Graph, Caption) >

<! ELEMENT Table (Caption, Graph) >

<! ELEMENT Graph EMPTY >

<! ATTLIST Graph content ENTITY #REQUIRED>
<! ELEMENT Caption (#PCDATA) >

<! ELEMENT Equation EMPTY >

<! ATTLIST Equation content ENTITY #REQUIRED>
<! ELEMENT Table EMPTY>

<! ATTLIST Table content ENTITY #REQUIRED>
<! ELEMENT Title (#PCDATA) >

<! ELEMENT Name (#PCDATA) >

<! ELEMENT Affiliation (2PCDATA) >

<! ELEMENT Abs-not (#PCDATA) >

<! ELEMENT Abs-para (#PCDATA) >

<! ELEMENT Stitle (#PCDATA) >

<! ELEMENT Para (#PCDATA) >

<! ELEMENT Sub-title  (#PCDATA) >

<! ELEMENT Bib-not ( # PCDATA) >

<! ELEMENT Source ( # PCDATA) >

4. 1 Geometry information conversion

The purpose of this stage is to adjust the input parameters of backpropagation
network in both learning and recognition processes. To feed layout information into
backpropagation network, coordinates of block are one possible information.
However, it is too sensitive to be a good feature. A conversion stage is then proposed
to preprocess the coordinates of block.

In this stage, document image is divided into m X n areas which is obtained by

equally splitting the document image horizontally and vertically. Each area has an area
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Fig. 3. The conversion of coordinates of block.

number. The two coordinates of each block, left-top and right-bottom corner, are
converted into two area numbers. An example is shown in Figure 3. Document image
is divided into 4 X 3 blocks. A block with left-top coordinate (196, 2162) and right-
bottom coordinate (1164, 2394) will have two area numbers 2 and 6, since its left-top

corner falls in the number 2 area and the bottom-right corner in the number 6 area.
4. 2 Backpropagation network

Backpropagation network (BPN) belongs to supervised learning network and suit
to classification, and prediction. A BPN contains an input layer, hidden layer, and
output layer. Input layer includes input units with given input characteristics. Hidden
layer shows interactive effects of input units. Output layer contains output units for
derived output of recognition.

BPN in common uses a nonlinear transfer function named sigmoid function which

1
1+te ™

F (X) =

To evaluate the learning performance of backpropagation network, we often classify
learning and testing examples during collection. In network learning period, we can

input testing examples while learning cycle. We evaluate the convergence of BPN
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Fig. 4. Backpropagation network.

classification by total error rate. Its value range between 0 and 1. The equation is

following:

total error examples
sum of examples

total — error — rate=

It is necessary to analyze geometry characteristics and mutual relation of document
elements, and then learn and classify by using neural network to map logic structure of

document for document understanding.
5. Empirical Experiments and Analysis

Our hardware includes a Pentium 166MMX PC and a Mustek 600CP scanner.
Programs are implemented by C. Experimental samples contain ten conference papers
from ICDAR’ 97. Each paper has many blocks such as title block, name block, and so
on. Nine papers are taken for training, and one for testing. The number of block for
learning and testing is show in Table 3.

Although conference papers have formal and fixed format, the following questions

still complicate the structure analysis problem:
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Table 3. Number of blocks for learning and testing.

nggfl:e Learning Testing

Title 9 1
Name 10 1
Affiliation 10 1
Abs-not (Abstract notation) 9 1
Abs-par (Abstract paragraph) 9 1
Stitle (Section title) 49 4
Paragraph 389 46
Sub-title (Sub-section title) 28 3
Caption 53 3
Bib-not (Bibliography notation) 9

Bibitem (Bibliogrpahy item) 87 14
Source (Bibliogrpahy content) 89 14
Sum 751 90

* Because “paragraph” is the most popular block in learning examples, testing blocks
are easy to be recognized as “paragraph”.

* “paragraph” can appear anywhere such that the position information of

“paragraph” will confuse the recognition of other blocks.

¥ There is the same parameter for different elements such as line height such that
“Stitle” and “Sub-title” can have the same line height.

* Scanned paper image may be inclined.

* A complete paragraph may cross pages.

There are three tests with different neural parameters. The parameters and results
are explained as follows.

For the first testing, there are five nodes in the input layer of backropagation
network. The five nodes represent five parameters: block width, block length,
average line height in the block, the left-top area number, and the right-bottom area
number. Qutput layer has twelve nodes representing DTD elements such as Title,
Name, Affiliation, Abs-not, Abs-para, Stitle, Para, Sub-title, Caption, Bib-not,
Bibitem, and Source. There are eight nodes in hidden layer.

Recognition rate of the first test is 86.67% . The convergence performance is

illustrated in Figure 5. A confusion matrix is tabulated in Table 4 to analyze errors.
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There are twelve errors among 90 testing examples. Title is recognized as Affiliation
that appears in header of paper. Name is recognized as Stitle that has one line. Abs-
para is recognized Para that is paragraph text of paper. Para is recognized as Stitle or
Caption because Para may appear one line. Sub-title is recognized as Stitle that has one

line. Caption is recognized as Para.

Table 4. Confusion matrix of test 1.

; - | BIB- | CAPT- - P 4 ] 2
1\:1;;]?2(;121& HELRCE ]?‘l[?M NOT IOF;\J ﬁl‘ifiﬁ G}?,f]i{ PRIELE, Eﬁ\BliA Q(EJST f\:'?ri:lg“.\ﬂ L
SOURCE 14 0 0 0 0 0 0 0 0 0 0 0 14
BIBITEM 0 14 0 0 0 0 0 0 0 0 0 0 14
BIB-NOT 0 0 1 0 0 0 0 0 0 0 0 0 1
CAPTION 0 0 0 0 0 2 1 0 0 0 0 0 3
SUB-TITLE ] 0 0 0 1 4] 0 0 0 0 0 0 1
PARAGRAPH 0 0 0 3 0 43 0 1 0 0 0 0 47
STITLE 0 0 0 0 3 1 3 0 0 0 1 0 7
ABS-PARA 1] 0 0 0 0 0 0 0 0 0 0 0 0
ABS-NOT 0 0 0 0 0 0 0 0 1 0 0 0 1
AFFILIATIOON 0 0 0 0 0 0 0 0 0 1 0 1 2
Name 0 0 0 0 0 0 0 0 0 0 0 0 0
Title 0 0 0 0 0 0 0 0 0 0 0 0 0
Sum 14 14 1 3 3 46 4 1 1 1 1 1 90

For the second test, the input layer has two more nodes: one for bold typeface of
block text, and another for italic typeface. The hidden layer has nine parameters, and
the output layer still has twelve nodes.

The recognition rate of test 2 is 92.22% . The convergence performance is also
illustrated in Figure 5. The test 2 has better performance than test 1. Confusion
matrix is shown in Table 5. There are seven incorrect testing examples. Name is
recognized as Para. Stitle is recognized Sub — title or Caption that may appear one line
and bold posture. Para is recognized as Caption that may appear one line and normal
posture. Caption is recognized as Title that appears bold posture.

The third test fixes the typeface of title element as bold, name and affiliation as
normal, abstract as italic, paragraph as normal, and bibliography as normal. The
recognition rate is 94.449% . Its result is also shown in Figure 5. Confusion matrix is

shown in Table 6. There are five incorrect testing examples. The incorrect results of
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Table 5. Confusion matrix of test 2.
TARGET = BIB- BIB- | CAPT-| SUB- ARA | e ABS- ABS- |AFFILI- 4
INFERENCE | OVRCE| 1TeM | NOT | 1ON | TITLE GPRAPH STITLE| para | NoT |aTiON| Neme | Title | SUM
SOURCE 14 0 0 0 0 0 0 0 0 0 0 0 14
BIBITEM 0 14 0 0 0 0 0 0 0 0 0 0 14
BIB-NOT 0 0 1 0 0 0 0 0 0 0 0 0 1
CAPTION 0 0 0 1 0 1 1 0 0 0 0 0 3
SUB-TITLE 0 0 Q0 0 2 0 i 0 0 0 0 0 3
PARAGRAPH 0 0 0 0 0 45 0 0 0 0 1 0 46
STITLE 0 0 0 0 1 0 2 0 0 0 0 0 3
ABS-PARA 0 0 0 0 0 0 0 1 0 0 0 0 1
ABS-NOT 0 0 0 0 0 0 0 0 1 0 0 0 1
AFFILIATIOON 0 0 0 0 0 0 0 0 0 1 0 0 1
Name 0 0 0 0 0 0 0 0 0 0 0 0 0
Title 0 0 0 2 0 0 0 0 0 0 0 1 1
Sum 14 14 1 3 3 46 4 1 1 1 1 1 90

Name and Sub — title are the same as Part I1. Stitle is recognized as Caption that may
appear one line and bold posture. Bib-not is recognized as Abs — not that appears one

line and bold posture.
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Table 6. Confusion matrix of test 3.

JET 1B- i CAPT- S :, - S- “FILI-
an;-‘};i(éf\llclz SOURCE I?FEM IEE)BT Llx‘(‘j].\ll rbl{i]?]- upr?pﬁii SLEILE E;A.\ABRSA ,\x'g:,] ?\P"iflgf\[l hiame: | “Tive [SUM
SOURCE 14 0 0 0 0 0 0 0 0 0 0 0 14
BIBITEM 0 14 0 0 0 0 0 0 0 0 0 0 14
BIB-NOT 0 0 0 0 0 0 0 0 0 0 0 0 0
CAPTION 0 0 0 3 0 0 2 0 0 0 0 0 5
SUB-TITLE 0 0 0 0 2 0 0 0 0 0 0 0 7
PARAGRAPH 0 0 0 0 0 46 0 0 0 0 1 0 | 47
STITLE 0 0 0 0 1 0 2 0 0 0 0 0 3
ABS-PARA 0 0 0 0 0 0 0 1 0 0 0 0 1
ABS-NOT 0 0 1 0 0 0 0 0 1 0 0 0 2
AFFILIATIOON 0 0 0 0 0 0 0 0 0 1 0 0 1
Name 0 0 0 0 0 0 0 0 0 0 0 0 0
Title 0 0 0 0 0 0 0 0 0 0 0 1 1
Sum 14 14 1 3 3 46 4 1 1 1 1 1 90

6. Conclusions and Future Works

Layout information is useful for document element classification and structure
analysis. We analyze document structure structure diagram that implies the hierarchy,
order, and occurrence of element, and construct document type definition for
conference paper. Neural Networks provide inference and learning capabilities and
experimental results to validate the feasibility of the proposed scheme. The more fixed
the layout characteristics present, the more correct the recognition result is.

Technology progresses rapidly, and the capability of software and hardware
advance substantially. As a result, the recognition result of OCR will be more correct.
We get geometry information of text blocks easily in the process of segmentation and
these are useful to document image process. QOur preliminary study focuses on text
blocks. However, it will be useful if we add the information from non-text blocks.

In the future, we will develop XML editor and tools that automatically edit
document DTD according to document logical structure, then we use text blocks and
non-text blocks of OCR recognition and neural networks to learn and classify document
elements, and automatically tag and produces XML documents according to DTD. We
will also develop a robust XML parser that automatically correct recognized wrong

elements from neural network.
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Hypo-Osmotic Stress Induced Immune Suppression
and Apoptosis in Mice
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Chien-Chang Chiu, Huei-Ling Lian
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Taipei, Taiwan 242, R. O. C.

Abstract

The effect of hypo-osmotic stress on immune changes was
examined in this study. Male, inbred BALB/c mice were received the
intraperitoneal administration of 0.5 or 0.2% saline solution to induce
acute hypo-osmotic stress response. Mice received 0.9% saline
injection as control. Results showed that stressed animals have higher
hemoglobin release in plasma than control animals. Hypo-osmotic
stress significantly suppressed T- and B- lymphocytes proliferation to
mitogen Con A and LPS, but increased the proliferation of bone
marrow derived granulocyte-monocyte precursors in stress mice.
There was no change of nitric oxide production between stress and
control groups. Additionally, hypo-osmotic stress enhanced the
percentage of corticosterone-induced apoptoic cells and dead cell
population in the thymus of stressed mice. Ladder-like DNA
fragmentation was also increased in the thymus of mice received 0.5%
or 0.2% saline injection. Thus, this study suggests that the hypo-
osmotic stress-induced immune suppression of spleen and thymus may

be caused by stress-mediated apoptosis in vivo .

Key Words . hypo-osmotic stress, hemoglobin, apoptosis, cortico-

sterone, and epinephrine, DNA fragmentation
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INTRODUCTION

It is well accepted the concept that stress contributes to pathophysiology of nearly
all psychiatric illnesses and a range of medical illness (Joasod and McKenzie, 1976;
Keller et al. , 1981 Kiecolt-Glaser et al. , 1984; Cohen and Williamson, 1991). Many
illnesses are exacerbated by improper dietary intake or water output (Schuppan et al. ,
1995). Osmosis is major cellular mechanism to maintenance the body physiology
homeostasis. Recent investigations have shown that change of cell osmolarity can
significantly affect the cellular mediated immune function and exacerbate the sensibility
to pathogen invading. For example, hypertonic saline injection after trauma can
increased human peripheral blood monocyte number, T-cell proliferation, and the
delayed-type hypersensitivity reaction ( Junger et al., 1994 ). Dehydration after
exercise can decrease the ratio of CD4" to CD8" in man peripheral blood (Greenleaf et
al., 1995 ). Moreover, Exposure to hyperosmotic condition increased the
proinflaimmatory cytokines such as IL-la, IL-18, TNF-a, and IL-8 production
(Shapiro and Dinarello; 1997).

The balance between cell proliferation and programmed cell death is a key factor
to regulate the cellular homeostasis of the immune system. It has been reported that
programmed cell death or apoptosis plays an important role in development and
regulation of the immune response (Wyllie et al., 1980; Raff, MC, 1992). The study
of osmotic stress indicated those stress signal induced Ras activation and O, formation
and subsequently induced apoptosis in Jurkat T cell line (Gulbins et al., 1997). In
addition, Sorbitol-induced osmotic stress can caused P38 protein and protein kinase C
mediated apoptosis in rat alveolar type II cells in wvitro ( Yasmin et al., 1998).
However, most reporters of the effect of osmotic stress on immune function were done
in wvitro estimation. There are not many reports on in vivo animal study.

Therefore, the purpose of this research was to characterize the effect of the hypo-
osmotic stress on multiple measures of immune function using mice. To evaluate
immune function, this study included a measure of the proliferative response of
lymphocytes to T and B ell mitogens, nitric oxide production from mitogen-stimulated

cell culture, and thymus and spleen apoptosis induced by stress hormones such as
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corticosterone or epinephrine. Additionally, measurement of plasma hemoglobin level
was used as indicator of a stress response. This study suggested that the out of balance
in cell osmolarity can induce immune suppression in wvivo system and this suppression

may be caused by stress-mediated apoptosis.

MATERIALS AND METHODS

Mice

Inbred male mice of the BALB/c strain (10-12 weeks) were purchased from
Laboratory animal center in National Taiwan University College of Medicine (Taipei,
Taiwan R.O.C.). Upon arrival, mice were caged in a colony room where a 12-hour
light-dark cycle was maintained through artificial illumination. They received free
access to both food and water throughout the experiment except as noted and a 2-week
acclimation period prior to the experimental manipulation. Additionally, animals were
handled on a bidaily basis to prevent the hyperactivity that occurs when they are left
untouched for a prolonged period. All animal manipulation were followed in the rule of
Guide for the Care and Use of Laboratory (NRC, 1996).

Reagents and Chemicals

Complete culture medium (CCM) consisted of RPMI 1640 supplemented with L-
glutamine (2mM), Hepes (10mM), gentamycin (50 pg/ml) and 10% heat-inactive
fetal bovine serum (HIFBS). The mitogens Con A and lipopolysaccharide (LPS) from
Escherichia coli and Herchest 33342 and properdium iodide were purchased from
Sigma (St. Louis, MO, USA). Thymocytes, splenocytes and bone marrow cells were
collected used collecting buffer that consisted of Dulbecco’s Phosphate Buffer Saline
Solution without calcium and magnesium (cmf-DPBS) supplemented with 10 mM
Hepes, 2mM EDTA, 50 pg/ml gentamycin and 2% HIFBS. Red blood cells were
removed used osmotic lysing buffer: 150mM ammonium chloride, 10 mM sodium
bicarbonate, and 1 mM EDTA.

Experimental Paradigm

Mice were randomly assigned to one control or two experimental groups (n = 4/
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group). Control mice received an injection of sterile 0.9 % saline solution. The
experimental groups of animals received either 0.5% saline or 0.2% saline solution
injection to induce hypotonic osmotic stress. Each injection was 3 ml / per mice
administrated intrapertoneal (IP). For 2 h following each injection of 0.2, 0.5, 0.9%
saline, all animals were deprived of food and water. Two hours following the
injection, each subject was anesthesia by ether gas. One ml blood was harvested from

heart. After blood collected, Mice were rapidly sacrificed by cervical dislocation.
Tissue Collection and Preparation of Leukocytes

Tissue and blood were collected as described previously (Chou et al., 1997).
Blood . After sacrifice, the animal was placed on its back. Whole blood (1 ml) was
collected from each subject’s heart using heart puncture through 22-gauge needle into
3.8% sodium citrate contained syringe. Blood was transferred into 1.5 ml
microcentrifuged tube and storage in the ice until assay.

Spleen and Thymus. Each subject’s spleen and thymus were dissociated into a
single-cell suspension by grinding the spleen between the frosted ends of two glass
slides. The single-cell suspension was collected after 8 min of unit gravity
sedimentation to remove cell debris and clump. Subsequently, the splenocytes and
thymocytes were enumerated and diluted to 5 % 10°/ml with completed culture
medium.

Bone marrow cells.  Bone marrow cells were harvested by flushing the femoral and
tibia shafts with collecting buffer. Red blood cells were lysed with osmotic lysing
buffer and washed three times with collecting buffer and CCM. The cell number and
viability of bone marrow cells were determined by 0.2% trypan blue. The
differentation of bone marrow cells to granulocyte-monocyte precursors (GM-p) was
induced by cultured bone marrow cells with optimal concentraiton 1.929 cells culture-
derived conditional medium. One hundred pl of 5 X 10°/ml bone marrow cells mixed
with equal volume conditional medium and culture at 37 C for 48 hours. The
proliferation of GM-p was determinated by MTT assy (detail referred in mitogen

proliferation assay).
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Hemoglobin determination

The effective of hypotonic solution induced stress response was estimated by
relative hemoglobin level in the blood. The method to measure hemoglobin in blood
was modified by Boyle et al. (1979). Brief, 100 el fresh whole blood was mixed with
900 21 D-PBS, then centrifuged at 1500 rpm for 10 min. 600 pl of supernatant was
collected from each treated mice and the hemoglobin release level was determined on
spectrophotometer (U-2000, Hitachi, Japan) by measuring optical density at a
wavelength of 410 nm.

Mitogen Proliferation Assay

The mitogen proliferation assay was performed with thymocytes and splenocytes
to assess lymphocyte proliferation. The method was modified from Chou et al.
(1996). Con A was used as T -lymphocyte mitogen and LPS as a B-lymphocyte
mitogen. The proliferation response was evulated with the reduction ratio of MTT
(Sigma, Chemical Co, USA) by mitochondrial dehydrogenase of viable cells to a blue
formzan product which can be measured spectrophotometrically. Brief, 100 ul of 5%
10° splenocytes or thymocytes were incubated with Con A (1.5 pg/ml for spleen, 3 ug/
ml for thymus) or LPS (2.5 pg/ml for spleen, 5 pg/ml for thymus) for 48 hours. In
the end of incubation, 10 pl of stock MTT solution (5 mg/ml) was added to all wells
of an assay and plated were incubated at 37 C for 30 min -1 hour. Acid-isopropanol
(100 gl of 0.04 N HCl in isopropanol) was added to all wells and mixed thoroughly to
dissolve the dark blue crystals. After a few minutes at room temperature to ensure that
all crystals were dissolved, the optical density was measured in an ELISA microtiter
plate reader (BioRad 550, USA) at 570 nm.

Nitric Oxide Assay

Supernatants were harvested from cultures of mitogen-stimulated lymphocytes
prior to add with MTT. The nitric oxide concentrations were determined as nitrite by
a microplate assay (Stuehr and Nathan, 1989). One hundred pl sample aliquots, were
mixed with 100 pl of Griess reagent (0.5% sulfanilamide / 0.05% naphthylethylene
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diamine dihydrochloride / 2.5% H;PO,) and incubated at room temperature for 10
min. The optical density was measured in an ELISA microtiter plate reader at 550 nm
against PBS as a blank. A sodium nitrite (NaNQ,) standard curve (0-100 gzmole/ml)
was generated in parallel. Results are expressed as the mean of nitrite concentrations in
the supernatants of triplicate wells and analyzed as repeated-measures ANOVA by

using the no-mitogen control and all concentrations of a given mitogen.
Corticosterone and Epinephrine-Induced Apoptosis Assay

Apoptotic cells were quantified by fluorescent microscope to measure the
incorporation of Hoechst 33342 ( Sigma, St. Louis, USA) fluorescent dye in
thymocytes (Sun et al., 1992). A single cell suspension of thymocytes (2 X 10°) were
incubated with or without corticosterone (0, 0.1, & 1.0 M) and splenocytes were
incubated with or without epinephrine (0 & 10 M) for four hours and then stained
for 10 min. with 1 pg/ml Hoechst 33342 at 37 C. The cells were rapidly centrifuged;
(5 min. 450 xg), and all media and Hoechst dye were removed. The thymocytes and
splenocytes were resuspended in propidium iodide (PI, 5 psg/ml; Sigma) in PBS and
analyzed on phase-contrast fluorescent microscopy (Nikon Labophot-212A, Japan).
The cells staining positive for Pl were excluded from the analysis because they
constitute dead cells. The apoptotic cell was identified by a decrease in mean size and
bright blue staining with Hoechst dye. Data was reported as percentage apoptotic cells

and dead cells.
Gel Electrophoresis

The apoptosis induced DNA fragment was expressed by agarose gel
electrophoresis. The method to run gel was modified from Perandones et al., 1993.
Brief, at the end of corticosterone or epinephrine incubation time, 1 X 10° thymocytes
or splenocytes were harvested and wash with D-PBS twice, then cell pellets was
centrifuged and collected into the tube. Cell pellets were resuspended in 400 pl
hypotonic lysis buffer (0.2% Triton X-100, 10mM Tris and | mM EDTA, PH=8)
and centrifuged 15 min at 13800 xg. The supernatant was collected and treated with an
equal volume of absolute isopropyl alcohol and 0.5 M NaCl to precipitate the DNA.
The samples were stored at -20 C overnight, and centrifuged at 13800 x g for 15 min.
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The pellet was washed with 200 pl of 70% ethanol, then allowed to dry at room
temperature. The DNA was resuspended with 12 pl of TE solution (10 mM Tris Cl,
ImM EDTA, pH7.4) 3 ul loading buffer (50% glycerol, 1X TAE), incubated at 37
T for 20 min, then electrophoresed on 1% agarose gel containing ethidium bromide
for 1 hour. Gels were photographed using UV transillumination (Image master -VDS
Pharmacia Biotech, USA).

Tumor Necrosis Factor (TNF) Assay

The concentration of TNF in the supernatants of Con A- or LPS-stimulated spleen
culture was measured. Whole spleen leukocytes (2.5 X 10°/ml) were incubated in
complete media and Con A (3pg/ml) or LPS (5pg/ml) for 48-hr at 37T in 5% CO,.
Culture supernatants were harvested and stored at — 70C until the assay. TNF
production by stimulated splenocytes was modified after that described by Wang et al.
(1985) and Hogan and Vogel (1988). The ability of splenocytes to produce TNF was
determined by using a TNF-sensitive, actinomycin D-treated murine L929 fibroblasts
cell line. This assay, however, cannot distinguish between the a and 3 form of TNF.
Brief, 1.929 cells were collected and washed once in complete media. The cells were
diluted to 2.5 % 10°/ml and 100pl of suspension added to a 96 wells plate. The plate
was incubated 18-24hr. At this time, the growth of 1.929 cells were stopped by adding
10ul of actinomycin-D. Later, 100ul of diluted supernatants were add to wells in
triplicate and incubated for 24-hr at 37C in CO, incubator. The plate was washed
twice with phosphate-buffered saline (PBS) and stained with 0.2% crystal violet / 2%
formalin in PBS. The fixed cells were washed several times with tap water and allowed
to dry overnight at room temperature. Ethanol (50% ) in PBS was added to each well
of plates to dissolve the stain-fixed cells. The optical density was measured in an
ELISA microtiter plate reader at 550-595 nm. A TNF standard curve (0-200 units/ml)
was generated in parallel on each plate. The TNF content of each sample was

calculated from the standard curve and reported as units/ml.
Statistical Treatment of Data

A computerized program for analysis of variance (ANOVA; Statistix, NH
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Analytical Software) was used to assess differences among experimental and control
groups. For the present experiment to characterize the effects of osmotic stress an
ANOVA to compare 3 stress-levels (0.9 % saline injection/non-stress, 0.5% and
0.2% saline injection/stress) was used to assess significance of the various measures.

The level of significance for the F test was set at P less and equal than 0.05.

RESULTS AND DISCUSSION

Hypotonic-induced osmotic stress increased the release of hemoglobin in the blood

plasma

An elevated level of hemoglobin in blood plasma provided an indicator of stress
(Figure 1). The plasma supernatant in mice which received 0.5% and 0.2% saline
injection had shown significantly higher absorbency at 410 nm than mice that were
received 0.9% saline injection (0.74 for 0.5% saline treated mice, 0.695 for 0.2%
saline injected mice, and 0.373 for control mice), p < 0.05. However, there was no
difference between groups that received 0.5% and 0.2% saline injection. The leak or
rupture of leukocytes in the peripheral induced increased hemoglobin level in the
plasma. The morphology of leukocytes was shown the increase of cell size and shape of
cells under microscopic observation (data was not shown). This result indicated that
administration of hypotonic solution into mice induced a effectively osmotic stress

response in experiment subjects.

Hypotonic-induced osmotic stress decreased the mitogen-stimulated lymphocyte
proliferation in spleen and thymus, but increased the granulocyte-monocyte precursor

(GM-p) proliferation in bone marrow

The proliferation response of splenic leukocytes and thymocytes to various
mitogens was measured as an indicator of functional potential. The result indicated
that the hypotonic-induced osmotic stress significantly decreased the splenic (Figure 2-
A) and thymic (Figure 3-A) T - lymphocytes proliferation activity to mitogen Con A,
P < 0.05. However, there was no significantly dilference between groups that were
received 0.5% or 0.2% saline injection for spleen and thymus T-lymphocyte

proliferation . Suppression of Con A mitogen suggested that in vivo cell - mediated



1.500
0.9%
0.373
ABS l
—_‘//_‘ Sz
0.000 r s —
nm
400 500 600
1.500
-
0.740 0.5% !

ABS a\

0.000 : , e
T 400 500 600
1.500

0.695 0.2%
ABS l

Vi \‘.

o \

\.

0. 000 o T
nm

400 500 600

Fig. 1. The change of relative hemoglobin levels in heart blood for mice received 0.9 (top), 0.5
(middle), and 0.2% (button) saline injection. The absorbency value of OD 410 was

indicated by arrow symbol. Data only presented for one mice from each treated group.



158 Hypo-Osmetic Stress Induced Immun~ Suppression and Apoptosis in Mice

0.12

0.08
=
2 0.06
Q

0.04

0.02

0.1
0.08
=0.06
A
S0.04

0.02

(A) Con A=15 gg/ml

0.90%

0.50%

(B)LPS=25 pg/ml

SPLEEN PROLIFERATION ASSAY

0.20%

0.90%

0.50%

0.20%

Fig. 2. Proliferative responses of spleen leukocytes to the optimal concentrations of mitogen Con A
(panel A) and LPS (panel B) as noted in A — B. Mice received 0.9 or 0.5 or 0.2% saline
injection. Results are expressed as the mean ( £SE) in absorbance (OD); n=4/group.
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Fig. 3. Proliferative responses of thymus leukocytes to the optimal concentrations of mitogen Con A
(panel A) and LPS (panel B) as noted in A — B. Mice received 0.9 or 0.5 or 0.2 saline
injection. Results are expressed as the mean ( £SE) in absorbance (OD); 4/group.
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immunity can be suppressed by osmotic stress. In addition, the LPS-stimulated
proliferation of spleen and thymus were also significantly decreased in mice that were
received 0.2% saline injection, p < 0.05 (Figure 2B and 3B). Suppression of LPS
mitogen suggested that humoral immunity also was affected by osmotic stress.
Inversely, the hypo-osmotic stress increased the proliferation of bone marrow-derived
granulocyte-monocyte precursor, p < 0.05 (Figure 4). Stressed-mice received 0.5 or
0.2 % saline injection presented higher GM-p proliferation response than control mice
did. In general, stress can induce leukopenia because of production of stress hormones,
in addition, stress hormones such as corticosterone released during physiologically
conditions plays an important role in regulating the trafficking of leukocytes between
the blood and other immune compartments (Dhabhar et al., 1995; Chou et al.,
1996). Therefore, result of increase proliferation in marrow-derived GM-p can be
explained that body compromises to the decrease in thymus and spleen lymphocytes

proliferation for maintenance of homeostasis.

The hypo-osmotic stress-induced immune suppression was not caused by nitric oxide

but induced by DNA apoptosis.

In conjunction with mitogen-induced blastogenesis, the production of nitric oxide
(NO) was measured in the same culture prior to the addition of MTT. The NO
production of mononuclear cells in spleen and thymus was measured as an indicator of
macrophage function. As nitric oxide was rapidly reduced to the stable products nitrite
and nitrate, NO production was quantified from the concentration of nitrite. The
result indicated that hypo-osmotic stress did not change the production of NO in the
spleen and thymus in comparison to control mice (Table 1). There is no significantly
difference in control and stress mice. This result may suggest that the decrease of
lymphocyte proliferation to mitogen stimulation may not induce by nitric oxide. It is
well known that stress affects the cytokine production (Chou et al., 1996). Hence, it
is not surprising that hypo-osmotic stress also disturbs the balance of TNF production.
TNF is an inflammatory and antiviral cytokine. It has been reported that TNF plays
important roles in cell activation, proliferation and apoptosis (Baker and Reedy,
1996). Results from this study indicated that hypo-osmotic stress decreased the

production of TNF in Con A-stimulated splenocytes culture of mice that received 0.5%
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Fig. 4. Proliferation response of bone marrow cells to non-conditional (open bar)
or conditional medium (solid bar) for mice received 0.9, 0.5, 0.2% saline
solution injection. Conditional medium was prepared by collected culture
supernatant from 2-day 1929 cell culture. Results are expressed as the

mean ( £SE) in absorbance (OD); n=4/group.

or 0.2% saline injection ( Figure 6-A ), but mild decreased in LPS-stimulated
splenocytes culture of mice that received 0.2% saline injection ( Figure 6-B).
However, hypo-osmotic stress significantly increased the percent of thymic apoptoic
cells in mice received 0.5% or 0.2% saline injection, p < 0.05 (Table 2). Moreover,
the percent of dead cells in thymus mild increased in stress mice. DNA fragmentation
and nuclear shrinkage are one of characteristic morphologic changes in apoptosis.

Hence, DNA fragmentation from control and stress mice thymocytes supernatant was
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Fig. 5. The degree of DNA fragment in thymus (panel A) and spleen (panel B) for mice received
0.9, 0.5, or 0.2% saline injection. 1-2 X 10° thymocytes and splenocytes were isolated [rom
each group mice and cultured with corticosierone (0.1 and 1 pM) or epinephrine (10pM) for
4 hours. Small DNA fragments from supernatant were harvested and estimated with 1%

agarose gel electrophoresis. A 100-bp ladder was run as a size standard.
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production were expressed as the mean ( £ SE) of units/ml (lunit=3.7 pg.): n=23/group.
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Table 1. Effects of 0.9, 0.5, 0.2% Saline Injection on the Nitric Oxide Production of Splenic and
Thymi Leukocytes.
Injection manipulation
0.9% 0.5% 0.2%

Spleen®

Con A 3.99+1.74 3.98+1.61 3.45+1.21
LPS 3.29+1.18 3.06%0.82 3.44+1.38
Thymus"

Con A 2.74+0.03 2.81x0.29 2.59+0.09
LPS 2.80+0.21 2578017 2.80x0.29

* Production of nitric oxide by splenocytes and thymocytes cultures incubated with 1.5 or 3 pg/
ml Con A or 2.5 or 3 pg/ml LPS. Nitric oxide was measured as nitrite in supernatant by use of
the Griess reagent in the supernatant of blastogenesis cultures.

" Nitrite is expressed as means = SE of average triplicate umole/ml; n=4 per group.

Table 2. Effects of 0.9, 0.5, 0.2% saline Injection on corticosterone-induced apoptosis in thymus and
epinephrine induced apoptosis in spleen.

Injection manipulation

0.9% 0.5% 0.2%
Thymus®
% dead” 43.95+3.23 45.09+3.78 47.26 +4.31°
% apoptosis’ 9.12+0.79 14.23+7.46 14.16 +1.32
Spleen® .
% dead" 32.11£1.73 30.29+10.97 38.74+5.70
% apoptosis 9.92+6.77 52 1167 7.56+4.84

* thymocytes from each mice were exposed to corticosterone (0.1 or puM) for 4 hours.
Splenocytes from each mice wrer exposed to epinephrine 10 pM for 4 hours.

® Percentage of apoptotic cells and dead cells were calculated based on the results of Hochest
33342 and PI, stain.

“ Percent of apoptotic cells and dead cell are expressed as means + SE; n=4/group.

determined by gel electrophoresis ( Figure 5, panel A). Results indicated that
corticosterone-induced a ladder-like DNA fragmentation in thymus was significantly
higher in stress mice than control mice. The percent of apoptoic cells in spleen was
mild decreased in stress mice (Table 2). However, the result of DNA fragmentation in

epinephrine-induced spleen apoptosis assay had showed mild increased in the stress
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mice (Figure 5, panel B). The density of DNA fragmentation in the spleen was very

weak. This may be explained that the insensitivity of splenocytes to epinephrine may

be affected by osmotic stress. This finding may suggest that the hypo-osmotic stress-

induced immune suppression may be caused by the induction of apoptosis response in

stress animal’s thymus and spleen. However, the signal to induce apoptosis in thymus

or spleen may not directly relate with TNF production.
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BhLZRENENPEYER, HKEECEERN, FIt R
FEVEGR BRI, AT KRS, BAREZE (F£ 100 T) RER
1 C/min ARRET, BERETEEITHES (turnaround), tHELEHE
HCATRIRBRRHE T, B HO, BRI EE, RRRENEE
BRI RYE; BBEABREEAS (1T /min > dT/dt = 30 T/
min), PHERGEES, BELREIRS, FEEEREE S S
PuEREIN, FEEEERRS S B A R T FE R RS N, (B4R ki
BB E 2R3 ETEE ST 3bar RIE ST, ¥ HO, RS EAIGE;
EAREZEEREER 40 C/min, BPEESHBESRMERKRHE
28, HmE LRSS, S EOREEm, BagiEakt e
11, BIAAGEE. EAFEBEROKHEBNERITEZ 22, SR
CIESHE/ANRE, PERR i = BE S i, EREMESHIg R, £ 5
R EE BB EHINGE, PERGEZRES, RN BGEZERE,
EIRFEEUATIR AN, WARH—RYIGHE, PR SE TR
FOHERUERERRRAN T LogA = 41.88/P,.. + H#, TE[EFFEE
BRET, FHEHBIAERERE, BREREERTE2M,
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MIFEEBEEE2 TIEAIZ ® (AIChE) Frl8 B FBRIAEET & (Design
Institute for Emergency Relief Systems, DIERS) $ A tHHER B HE EA ZHET,
HF R B E H TR PTER . DIERS #7081 K JEM B2 & B R Mt
mENZHER, BEIBNHEREEMBRECNEE, BB MAHEA R EEA
REHAE, HO5ER, & LREVHIKERERZL AP] ZHRBHMIEERH
ATIRIRRE, AR TELZMGHEREEFAREBEEMN 1~2 &, AMERESHERT
EEE LERETHRAIES, (A ATRESEER B A RS EE

BLABMZ B RRGEERER O, KIERERFEEIK=REE, 8ET (1)
ZIR (vapor) Fffts (2) RHs (gassy) Fiffts (3) ZIRHREZEA (hybrid) F
o ZREHBIERMIRIEERREF K IEVSEY G4 MZR RS, Bk R E
AT FEHARE AR B8R, [BE1EE ([ERMAVIR R B HFBCATRE Rz KA
(turnaround) ; REABERMAMMEILRERT<RR, HEREHEARNEL LA
FEERS (critical) MREELA L, TIHRBGEFE A Mk BRI AT RS MAS AR ZE

AARMBBESERNER R BRI A a3 B EISR A i 2 52
(14], HEBRHEZRREARBEZREEGZM (hybrid) RPLERZERHBESE,
HE LERSEEEENFH, RASCYRIRIERIS EEUT MELS SRR A
=T

FIFH Leung BESETERELKRIE [5-6] REMEGATEE VSSPH (Vent Sizing
Software Program for Hybrid System) #tf5, AHF5E#E—EiEE B AR AE A 0] B
FB