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Abstract

We define local probabilistic sensitivity measures as proportional to JE(X;|Z = z)/dz, where Z is a function of random
variables X1, ..., X,. These measures are local in that they depend only on the neighborhood of Z = z, but unlike other
local sensitivity measures, the local probabilistic sensitivity of X; does not depend on values of other input variables. For
the independent linear normal model, or indeed for any model for which X; has linear regression on Z, the above measure
equals ox,p(Z X;)/oz. When linear regression does not hold, the new sensitivity measures can be compared with the
correlation coefficients to indicate degree of departure from linearity.

We say that Z is probabilistically dissonant in X; at Z = z if Z is increasing (decreasing) in X; at z, but probabilistically
decreasing (increasing) at z. Probabilistic dissonance is rather common in complicated models. The new measures are able
to pick up this probabilistic dissonance.

These notions are illustrated with data from an ongoing uncertainty analysis of dike ring reliability. (©) 1999 Elsevier
Science B.V.

Keywords: Local sensitivity measures; First Order Reliability Methods; Linear models; Dike ring reliability; Uncertainty analysis
Mathematics Subject Classification: 60E05; 60G50; 62E25; 62J05; 90B25

1. Introduction

The Dutch government is currently undertaking an extensive uncertainty analysis of dike ring reliability. The
reliability of dike section i is expressed in terms of the limit-state function,

Z;=model factor strength; x Strength; (X1, ... X;;,) — model factor load; x Load;( X1, ... Xiy) ,
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where strength and load are functions of uncertain parameters (global and section-specific) X,..., Xi,. The
model factors are used to express uncertainty in the modelling of strength and load. For dike section i the
strength is proportional to

2
grass factor,.3 x roughness®?

[1+ 0.8 % log(storm length) ]3 x tan(inner slope;)%7>

Roughness and storm length are global variables, although uncertain, which take the same value for each dike
section. The grass factor and inner angle are specific for each dike section. In the preliminary ‘in house’
analysis, the grass factor was treated as a constant. Evidently, Z; is increasing in model factor strength; and in
roughness, and decreasing in storm length.
The load is a complicated model depending on the river Rhine discharge, the North-Sea water level, wind,
and wave attack. This model does not lend itself for presentation here (see Van Der Meer & Janssen [1]).
The limit-state function for a dike ring consisting of k dike sections is

Z=min{Z1,...,Zk}.

The example discussed below involves one failure mechanism, overtopping, and some 300 uncertain param-
eters. Since all dike sections are exposed to the same sea water levels, the same Rhine discharge and the same
winds, there are significant dependencies in the reliabilities of different dike sections. Monte Carlo (MC) and
First Order Reliability Methods (FORM) have been used with an ‘in house’ assessment of uncertainty for
the purpose of comparing the dependency modelling and comparing the relative importance of various input
parameters.

In the next section, we review the FORM approach to identifying important parameters. In Section 3, we
discuss the assumptions underlying the FORM approach in the present case. Section 4 illustrates a phenomenon
called ‘local probabilistic dissonance’. Section 5 develops a ‘Local Probabilistic Sensitivity Measure’ (LPSM),
Section 6 presents some preliminary results, and a final section gathers conclusions.

2. FORM
Suppose Z (Xi,...,X,) is a ‘deterministic’ function of the random vector X = (X, ..., X,). Assuming that
Z is analytic, we can linearize it about some point x* = (x},...,x,),

Z(X)=Z(x*) + Z;;l(Xi —x)Z(x*) + ---HOT (higher order terms) ,

where d; denotes d/dx;. The point x* is chosen as the ‘design point’, that is, the point with greatest probability
density satisfying Z (x*) = 0.
Let u; and o; denote the mean and standard deviation of X;, respectively. Neglecting the HOT’s, we have

Z(X) ~ Z(x*) + 2L (Xi = xF)Z(x*) ,
E(Z) ~ Z(x*) + 20 (mi — x1)GZ(x*)
Var (Z) ~ 30, 07 (8iZ)* 4+ 3oy ey j#i91(Z2)8;,(Z) Cov (X, X;) (1)

and if the X;’s are all independent, Var (Z) ~ Y1, 07(8Z)>. Now suppose that Z is indeed linear and the
X;’s are independent. Then

Cov (Z X;) = p(Z X;)oz0; = 3;Z Cov (X, X;) = 024, Z ,
so that

o(Z X))oz )oi=0Z(x*). (2)
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Note that the Lh.s. involves ‘global’ parameters, whereas the r.h.s. depends on the design point x*. It is
characteristic of linear models that these global and local concepts coincide. p(Z, X;) is taken to represent the
importance of X; for Z. Note that in the FORM model this has both a global and a local interpretation. Note
also that the above makes no assumptions regarding the distributions of the X; except the existence of the first
two moments. In order to estimate the probability of {Z = 0}, the FORM method assumes that the X; have
been transformed to standard normal variables.

Continuing,

oy =3 0Hd:2) =YL, PP (Z X))o
or
R=37" (ZX)=1.

In the terminology of linear models, R?> = 3 7, p°(Z X;) is the percentage of the variance of Z that is
explained by the linear model (1). If R? is less than one, this may be caused either by dependencies in the
X;’s or by contributions from HOT’s in (1).

Several authors (see McKay [2]) propose the correlation ratio CR; to replace p*(Z, X;) for cases when Z
1s not linear,

CR; = Var (E(Z|x;))/ Var(Z) .

Note that CR; generalizes the global interpretation of importance in (2), but not the local interpretation.
Moreover, CR; cannot be computed in a straightforward way by MC methods. )

3. How linear is Z;?

For dike section i, Z; is computed from a model involving many cutoffs, edges, and nonlinearities. Nonetheless,
because of its complexity, the question “how linear is Z;?” cannot be answered by inspection. Using the MC
calculation for section i, we can assess the linearity of Z; simply by computing R>. We find R? = 0.977, with
the largest contribution 0.903 coming from one variable (a ‘strength model factor’). This does not correspond
at all to the partial derivatives computed at the design point, which were dominated by the North-Sea level.
On the other hand, performing a conditional R near the region of greatest failure probability we find that (i)
the conditional correlations are sensitive to how the conditionalization is performed, and (ii) the conditional
R? is quite small, though still dominated by the globally dominant parameter. This strongly suggests that Z
is globally linear, as it is dominated by one variable, but in the region of interest, Z ~ 0, which has very
low probability mass, Z’s behavior is highly nonlinear. For this reason it is difficult to interpret the FORM
importance parameters in terms of (conditional) correlations from a MC calculation.

4. Local probabilistic dissonance

The present data set affords many examples of a curious behavior which underscores the need for local
probabilistic sensitivity concepts. It may be the case that Z is strictly increasing in some variable x;, but for
some value z, the conditional distribution X;|(Z = z) is stochastically decreasing in z, in the sense that for all
X,

Pr{X; > x|Z = 7 + 6} < Pr{X; > x|Z =z},

for suitably small positive 8. In this case we speak of local probabilistic dissonance.
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Hodel: HUGRPH; 200 sanples of 13584 total Beale: percentiles
TR

Fig. 1. Percentile cobweb plot of the joint distribution, in percentiles, of the limit-state function ‘Z” and 15 explanatory variables.

A very simple example illustrates how this may arise. Let Z = X 4+ Y with X and Y independent. Let X be
uniformly distributed on [0, 1] and let Y be uniformly distributed on [0, 1] U (2,3]. Then Z is concentrated
on [0,4]. As Z — 2 from below, the conditional distribution of X|Z becomes concentrated at 1; however, as
Z — 2 from above, the conditional distribution of X|Z becomes concentrated at 0. Hence for 2 > & > 0,

Pr{X > x|Z =246} < Pr{X > x|Z =2}.

In such cases, local sensitivity measures, like a partial derivative; indeed the partial derivatives of Z with respect
to X and Y are equal. Global measures will not reveal the local probabilistic influence in the neighborhood of
7 =2.

We can illustrate this phenomenon with percentile cobweb plots. The percentile cobweb plot of Fig. 1 shows
the joint distribution, in percentiles, of Z (‘relia’) and 10 explanatory variables. From left to right the variables
are: roughness (‘rough’), storm length (‘storm’), model factors for load, strength, significant wave period,
significant wave height, and local water level (‘mload’, ‘mstrn’, ‘mwvpr’, ‘mwvht’, and ‘mlwat’, respectively),
wind (‘wind’), North Sea (‘nsea’) and Rhine discharge (‘rhine’). Each vertical line represents one variable
and each broken line represents one sample, intersecting each vertical line in the appropriate percentage point.
These data are obtained by first conditionalizing on high, but not critical, sea and river water levels, giving 1354
samples. In 2% of these samples the dike ring actually fails corresponding to the lowest 2% of the variable
Z. These 1354 samples are uniformly distributed over all vertical lines (for black and white visualization only
200 samples are shown in Fig. 1). Since the water levels are obtained as a sum of contributions from the North
Sea and the Rhine, this conditionalization has the effect of negatively correlating the North Sea and the Rhine
discharge. These are uncorrelated in the unconditional sample. The negative correlation is shown by the fact
that samples with high values for ‘nsea’ tend to have low values for ‘rhine’; ‘wind’ and ‘nsea’ show a strong
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positive correlation.

Figs. 2, 3 show four conditional percentile cobweb plots, where conditioning is done on various values of
Z. The four cobweb plots correspond to conditionalizing on Z > zos, 235 > Z > 230, 215 > Z > 210, and
75 > Z. Departure from uniformity indicates that conditionalization affects the distribution of the corresponding
variable.

In the top cobweb plot of Fig. 2, the variables ‘storm’ and ‘mstrn’ differ most strongly from uniform. ‘mstrn’
is a global model factor to which the variables ‘Strength,” are positively coupled. We see that very high values
of Z are associated with high values of ‘mstrn’ and low values of ‘storm’. From the bottom cobweb plot of
Fig. 2, we see that values of Z near the 30th percentile are associated with low values of ‘mstrn’ and high
values of ‘storm’. From the bottom cobweb plot of Fig. 3, however, we see that values of Z between the Oth and
5th percentile are associated with distributions of ‘mstrn’ and ‘storm’ which more resemble the unconditional
(uniform) distributions. Hence, in moving from Z = z5 to Z = z39, the conditional distribution of ‘mstrn’ is
stochastically decreasing, and ‘storm’ is stochastically increasing. These variables are dissonant in this region.
Very low values of Z characteristic of dike ring failure are strongly associated with very high values of North
Sea, and ‘mstrn’ and ‘storm’ regress to their unconditional distributions. In spite of this, Z is strictly increasing
in ‘mstrn’ and is strictly decreasing in ‘storm’.

5. Local probabilistic sensitivity

In the literature, ‘local sensitivity’ is taken to refer to one point (xj,...,x,) in the sample space. Thus
dZ/dx; is a local measure. For other measures, see, e.g., Strozzi et al. [3]. g

In the present case we wish to focus on a unique value of a function of the uncertain parameters, and
hence we focus on a manifold of lower dimension, typically a hypersurface. For convenience in the following
discussion, we denote this manifold as the set

{Z =0} ={x € R"|Z(x) =0}.

We wish to identify those components of X which are important for {Z = 0}. For this purpose we focus on
the conditional random vector X|(Z = 0), and two approaches suggest themselves,

- compare X|(Z =0) with X, and

- consider the rate of change with respect to Z of (some function of) X|Z at Z =0.

The first approach may miss important local behavior at {Z = 0}. Thus the conditional distribution of the
storm length given {Z = 0} resembles its unconditional distribution, but it is not independent of Z. Using the
conditional expectation in the second approach affords good results which will coincide with FORM results
when the linear model (1) holds.

Consider

E(Xi|Z=0).

If X; were independent of Z, then this conditional expectation would be simply E(X;). If X; = Z, then clearly
E(X;|Z = z) = z. This suggests a local probabilistic sensitivity measure proportional to

IE(Xi|Z = z)
dz z=0'

By requiring agreement with the FORM measure in the case the FORM assumptions hold, we can determine
the appropriate proportionality constants. Proposition 1 relates this measure to the partial derivatives of a FORM
linear approximation. This proposition is normally proved using properties of the joint normal distribution;




R.M. Cooke, J.M. van Noortwijk/Computer Physics Communications 117 (1999) 86-98 91

Model: HUGRPH:; 72 samples of 1334 toial Scale: parcentiles

n sevpr awvht sisal

Fig. 2. Two conditional percentile cobweb plots, where conditioning is done on the limit-state function Z = ‘relia’ for Z > zg9s5 and
235 2 Z 2 230-
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Scale: percentiles

Model: HUGRPH; 60 sanples of 1354 total

Fig. 3. Two conditional percentile cobweb plots, where conditioning is done on the limit-state function Z = ‘relia’
i5=>2.

for z15 > Z > zj0 and
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however, the more general proof method sketched in the appendix can be used to obtain results under other
distributional and functional assumptions, examples of which are given in Propositions 3 and 4.

Proposition 1. Let the random vector X = (X}, ..., X,) have independent standard normal coordinates and let
Z =3 Xy

then X|Z is normal with
E(X/|Z = z) = za;/ 2,
Var (X;|Z = z) = (£;/£)?,
p(Xi, X)) = —eya;/[0id;],

where £2 = 37| a7 and Z? = Z:;I,iséj a;.

Assume now that for X; ~ N(u;, o),

Z=% " aiXi=> 0 [aioi(Xi — wi) Joi + ajui] =Y 0, [aioiY; + aiuil

for ¥; = (X; — i) /oi ~ N(0, 1). Applying the above proposition, we find

IE(X|Z=17) OE(oYi+mlZ=2) 00EX|Z=2)  ola

9z 9z 9z Y oiad /

From (2) we have oia; = p(X;, Z) 0, and since }__, o7a; = 0%, we have
JE(Xi|Z = 7) _pXi,Z)oi
3z o, '

We therefore take

0, 0E(X)|Z =2z2) (3)

LPSM; =
0',‘192

as a local probabilistic sensitivity measure.
In the case of the linear model (1), we have LPSM; = p(X;, Z) in agreement with the FORM measure.

However, if linearity does not hold, LPSM can be used to capture the local interpretation of (2) and it can be

easily computed in MC calculations.
More generally, the above result holds whenever the regression of X; on Z is linear:

Proposition 2. Let E(X;|Z) = kZ for some constant k, then

0,0E(X;|Z =2z)

LPSM; =
gidz

=p(Xi,Z).

Propositions 3 and 4 present the local probabilistic sensitivity measures for sums of independent gamma
variates (with equal scale parameters) and sums of independent exponential variates (with different means),

respectively.

Proposition 3. Let X;,..., X, be independent gamma variates with mean «;/B and variance «;/ 3%, where
a; > 0and B> 0 fori=1,...,n Suppose further that W = Z,'.':l X;and Z = W — ag for ag > 0. It is well
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known that the conditional probability distribution of X; when W = w is a transformed beta distribution, i.e.,
that

I3 a) i1 i1 (i)
r(a,-)r(zlj",l:;#ia‘,-) [%J | [1 a ‘x_}

w w
for 0 < x; < w and zero otherwise. The conditional expectation of X; when W = w equals

fx,]w(xi! w) =

E(X)|W=w)=wai/[3_; a;].

The local probabilistic sensitivity measure for the sum of independent gamma distributed random quantities can
be written as

i1 @B SE(X W =
LpsM, = V2 T OE(X| W =2 + o)

Vai/B? 9z

Note that the LPSM does not depend on ay.

Proposition 4. Let X;,..., X, be independent'exponential variates with mean «; and variance a,-z, where a; > 0
and o; # a; unless i=j, i = 1,...,n. Suppose further that W = > X; and Z = W — aq for ap > 0. The
conditional expectation of X; when W =w = z 4+ a( equals

E(X)|W=w) =g(w)/fw(w), .

where the function g;(w) can be found in Eq. (A.7) and the probability density function of the sum W = 2:7:1 X;
is called the general Erlang or general gamma distribution,

" 1 1 w
v = T ayga] worla ) “

i=1

The general Erlang distribution has been used in theories of radioactive decay, queuing, psychology, and
reliability (see, e.g., Jensen [4], McGill & Gibbon [5], and Speijker et al. [6]). The local probabilistic
sensitivity measure for the sum of independent exponentially distributed random quantities can be written as

no 2
_ V2% gl(ao) fw(@o) — gi(@0) fiy(a0)
LPSM; = 5 . (5)
a; [fw(ao)]*
where g/(ap) can be found in Eq. (A.8). A special case of the general Erlang distribution, suggested by
Jensen [4], arises when o; =a/(b+i—1) fori=1,...,n,
_I'(b+n) { w }'Fi { w }"—11 w
fwn) = Tegra ({23 [1-ee{ -2 Zee{-T)

The latter probability density function can be recognized as a transformed beta distribution.

6. Results

Table 1 shows the LPSM results for (some of) the variables in Fig. 1. FORM results for the dike ring are
not available at present. Both the FORM and the Monte Carlo calculations identify dike Section 11 as the most
critical dike section. Results for dike Section 11 can be compared.
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Table 1
Probabilistic sensitivity in terms of LPSM and FORM

Variable Dike Ring LPSM Dike Section 11 LPSM Dike Section 11 FORM
North Sea location 0.29 -0.18 —0.043
North Sea shape —0.046 0.23 —0.0084
North Sea scale —0.083 0.083 —0.054
Rhine location —0.060 0.12 —0.024
Rhine scale —0.16 0.54 —0.078
Wind angle variability 0.30 0.13 0.063
Roughness —-0.22 —-0.24 0.012
Storm length 0.48 —0.10 —0.013
Independent wind location 0 0 —0.0038
Independent wind scale -0.27 —0.068 0.051
Model factor strength —0.47 —0.11 na
North Sea —-1.57 —0.70 —-0.72
Dependent wind —141 —-0.78 na
Rhine discharge —0.041 -0.12 —0.56

The low LSPM contribution of the Rhine discharge may be exaggerated by the negative correlation with the
North Sea induced by the sampling technique. Other variables would not be affected in this way. We see that
there are significant differences between the LPSM and the FORM measures. In light of Proposition 1, this is
most likely explained by nonlinearities in the Z function. Note that the variable ‘rough’ is quite dissonant for
dike section 11. This indicates that low values of roughness are strongly associated with values of Z somewhat
above zero, but near zero, roughness regresses to its unconditional distribution. Evidently, numerical measures
like LPSM or indeed the FORM measures must not be used uncritically. While they can be used to focus
attention on interesting variables, a full understanding of their role should be based on graphical inspection of
the joint distribution, as in Figs. 2, 3.

7. Summary and conclusions

For large models whose input parameters are uncertain, we are often confronted with the problem of choosing
a small set of ‘important’ parameters. Global measures like (rank) correlations, or correlation ratio’s may not
be appropriate when we are interested in a specific region of the output variable(s). Thus, in modelling dike
ring reliability, we are not interested in the variables driving dike ring reliability on normal days with low
wind and water. Rather we are interested in the driving variables when the dike is near failure. Of course, on
most days the dike integrity is not threatened, and global measures will be predominantly influenced by what
happens on ‘most days’.

Sensitivity measures such as partial derivatives, which are local in the input variables may miss important
local probabilistic behavior. ‘Probabilistic dissonance’ is said to arise when variables are ‘deterministically
increasing’ and yet ‘probabilistic decreasing’ (or vice versa) in certain regions. Such behavior is not at all
uncommon in complex models, and cannot be discerned by ‘deterministic’ local sensitivity measures.

The local probabilistic sensitivity measures proposed here (3) are intended to identify variables which are
active in a submanifold defined by a given point of the output variable. In the case of linear regression of input
on output, these measures coincide with the product moment correlation. In other cases, comparing the local
probabilistic sensitivity measures with correlations may be used to assess the departure from linearity.
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Appendix A

Proof of Proposition 1. The proposition can be proved using the conditionalization formula for the joint normal
distribution applied to (Xi,..., X,, Z), even though the covariance matrix is singular (Rao [7]). However, a
more flat-footed proof gives more insight. The basic steps are as follows.

(i) Express X; as a function g(Z, Xa,...,X,).

(ii) Write the conditional probability density function of X,...,X,, given Z as proportional to

fx (@ ITL, fx (%),

where fx,(x;) is the probability density function of X;.

(iii) Reduce the above, and set the coefficients of x?, x;, and x;x; equal to the corresponding terms in the
joint normal density for n — 1 variables. This involves solving a system of simultaneous equations. Terms
without any x’s are absorbed into the proportionality constant.

(iv) Since the system of simultaneous equations has a solution, it follows that the conditional distribution is
joint normal, and the parameters can be obtained from the appropriate coefficients.

Rather than giving a general proof, we illustrate the proof with an index-free version for n = 3. Let

Z=aW + bX +cY.

The conditional probability density function given Z = z is proportional to

exp{— [(_z—b;c—cy) + £+ 5 } d

If the probability density function is joint normal, this must be proportional to

1 X — Mx ’ Yy — My : X — Mx Yy — My
ol -zt | (5522 + (H2) -2 (55) (452)

Expanding these expressions, and dropping terms not involving x or y, leads to the equations

B —

L1+ (bfa)’] = x*/[or(1 - pP)]1, (A.1)
Y1+ (c/a)’]1 =y*/lor(1—p)], (A2)
(1 = p*)[a = px/or — py/[0x0y] (A3)
(1= p*)/a* = py /o5 — ppx/l020,] (A4)
beja®> = —p/loxa,(1—p*)]. (A.5)

Solving these equations for iy, iy, 0y, 0y, and p leads to the desired expressions.
Some hints in solving these are as follows. Put D = \/(a? + b?) (a* + c2). From Eq. (A.1) follows

@/[(1-p*)D] = 0,0,. (A.6)
Egs. (A.5) and (A.6) give p = —bc/D. Putting this into (A.1) and (A.2) gives
ai:(a2+cz)/€2, a'_%,=(02+b2)/€2,

where (2 = a*> + b* + ¢?. Solving (A.3) and (A.4) for u, and u, proves the proposition for n = 3. O
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Proof of Proposition 2. Since

E(X,Z) = E(E(X/|Z)Z) = kE(Z?)
and

E(X)E(Z) = kEX(Z),
it follows that

k[E(Z?) —E*(Z)] _koz

p(Xl»Z) -
agz0; a;

O

Proof of Proposition 4. Let Xi,..., X, be independent exponential variates with mean @; and variance a?,
where a; >0 and «@; # a; unless i=j, i = 1,...,n. Suppose further that W = Y X; and Z = W — oy for
ao > 0. By using the general Erlang distribution given in Eq. (4) twice, the conditional probability distribution
of X; when W = w can be written as

D
ZH l—a.//ak] X“i"exp{_%}

jlj#k[

Fxyw(xilw) =

for 0 < x; < w and zero otherwise. The conditional expectation of X; when W =w =z +/a0 equals

exp{w/eud fon  [xi o f LX) )
s ZH"—z,#k[ 1 —aj/a] X/a’_exp{ Li ak} x,}dx,xfw(w)

=

exp {—w/ax} | 1
> x x
5 11

e L= ai/a] [l —1/a)]? @i
RN M S P

Z I = ajjar] [ak/al,- —1] {p{%} ‘e"p{‘aﬁfH

/l/%k[

MR
—exp{ ——
[Tt jui [l — @j/ai] e Pl a Jw(w)
&i(w)
7 : (A7)
Jw(w)
Taking the partial derivative of E(X;| W = z + ) with respect to z proves Eq. (5), where

gi(ao) = Z l_aj/ak] x [ak%:k_ 1] [GXP{_Z_?} _eXp{_gEH

k=2 )l/#k[

1/a; o { CYO}
—— X —exp4 —— ;. (A.8)
Hj:l,jae, { /a,] &y a;
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authority for publication.

Refereeing. Submitted papers will be refereed and, if necessary,
authors may be invited to revise their manuscript. If a submitted
paper relies heavily on published material, it would be helpful to
have a copy of that material for the use of the referee.

Types of contributions

Two classes of papers are published by Computer Physics
Communications:

(i) Papers in the general area of computational physics and physi-
cal chemistry including research papers, notes conference proceed-
ings, review papers and feature articles.

(ii) Write-ups describing programs to be held in the CPC Program
Library together with descriptions of new versions of existing pro-
grams and erratum notices. (A description of the CPC Program
Library is given in Comput. Phys. Commun. 93 (1996) ix—xvi)

Manuscript preparation

All manuscripts should be written in good English. The paper
copies of the text should be prepared with double line spacing and
wide margins, on numbered sheets. See notes opposite on elec-
tronic version of manuscripts.

Structure. Please adhere to the following order of presentation:
Article title, Author(s), Affiliation(s), Abstract, PACS codes and
keywords, Program summary*, Main text, Acknowledgements,
Appendices, References, Test Run Input* and Output*, Figure
captions, Tables. (Items marked with * are only requested for pro-
gram descriptions; see more detailed Instructions to Authors.)
Corresponding author. The name, complete postal address, tele-
phone and fax numbers and the e-mail address of the correspond-
ing author should be given on the first page of the manuscript.
PACS codes/keywords. Please supply one or more relevant PACS-
1996 classification codes and 6-8 keywords of your own choice
for indexing purposes.

References. References to other work should be consecutively
numbered in the text using square brackets and listed by number in
the Reference list. Please refer to the more detailed instructions for
examples.

Illustrations

Illustrations should also be submitted in triplicate: one master set
and two sets of copies. The line drawings in the master set should
be original laser printer or plotter output or drawn in black india
ink, with careful lettering, large enough (3—5 mm) to remain legi-
ble after reduction for printing. The photographs should be origi-
nals, with somewhat more contrast than is required in the printed
version. They should be unmounted unless part of a composite fig-
ure. Any scale markers should be inserted on the photograph, not
drawn below it.

Colour plates. Figures may be published in colour, if this is judged
essential by the Editor. The Publisher and the author will each bear
part of the extra costs involved. Further information is available
from the Publisher.

After acceptance

Notification. You will be notified by the Editor of the journal of
the acceptance of your article and invited to supply an electronic
version of the accepted text, if this is not already available.
Copyright transfer. You will be asked to transfer the copyright of
the article to the Publisher. This transfer will ensure the widest
possible dissemination of information.
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Computer programs. After acceptance of the description of a com-
puter program, you will be asked to send the program file to the
CPC Program Library.

Electronic manuscripts

The Publisher welcomes the receipt of an electronic version of
your accepted manuscript (encoded in LaTeX or dialect). If you
have not already supplied the final, revised version of your article
(on diskette) to the Journal Editor, you are requested herewith to
send a file with the text of the accepted manuscript directly to the
Publisher by e-mail or on diskette (allowed formats 3.5" or 5.25"
MS-DOS, or 3.5" Macintosh) to the address given below. Please
note that no deviations from the version accepted by the Editor of
the journal are permissible without the prior and explicit approval
by the Editor. Such changes should be clearly indicated on an
accompanying printout of the file.

The Elsevier LaTeX package (including detailed instructions for
LaTeX preparation) can be obtained from the Comprehensive TeX
Archive Network (CTAN). Search for Elsevier on the CTAN
Search page (http://www.ucc.ie/cgi-bin/ctan), or the CTAN-Web
page (http://tug2.cs.umb.edu/ctan/), or use direct access via FTP at
ftp.dante.de (Germany), ftp.tex.ac.uk (UK), or tug2.cs.umb.edu
(Massachusetts, USA) and go to the directory /tex-archive/
macros/latex/contrib/supported/elsevier.

The Elsevier package consists of the files: ascii.tab (ASCII table),
elsart.cls (use this file if you are using LaTeX2e, the current ver-
sion of LaTeX), elsart.sty and elsart12.sty (use these two files if
you are using LaTeX2.09, the previous version of LaTeX),
instraut.dvi and/or instraut.ps (instruction booklet), readme.

CTAN is a mirrored network of ftp.tex.ac.uk, ftp.dante.de and
tug2.cs.umb.edu, which are widely mirrored (see http:/tug2.
cs.umb.edu/ctan/ctansite.txt) and hold up-to-date copies of all the
public-domain versions of TeX, LaTeX, Metafont and ancillary
programs.

Questions concerning the LaTeX author-prepared article project
and requests for the booklet with instructions to authors should be
directed to the address below.

If sent via electronic mail, files should be accompanied by a clear
identification of the article (name of journal, editor’s reference
number) in the “subject field” of the electronic-mail message. An
ASCII table (available from the publisher) should be included in
the files, to enable any transmission errors to be detected.

. Author benefits

No page charges. Publishing in Computer Physics Communi-
cations is free.

Free offprints. The corresponding author will receive 25 offprints
free of charge. An offprint order form will be supplied by the
Publisher for ordering any additional paid offprints.

Discount. Contributors to Elsevier Science journals are entitled to
a 30% discount on all Elsevier Science books.

Contents Alert. Papers scheduled for publication in Computer
Physics Communications are included in Elsevier’s pre-publica-
tion service Contents Alert (for information, please contact:
C-alert.mathphys@elsevier.nl).

ContentsDirect: Free e-mail service ContentsDirect. Please, regis-
ter at http://www.elsevier.nl/locate/ContentsDirect.

Further information (after acceptance)

Elsevier Science B.V., Computer Physics Communications
Issue Management

P.O. Box 2759, 1000 CT Amsterdam

The Netherlands

Tel.: +31 20 4852579

Fax: + 31 20 4852319

E-mail: r.sanden@elsevier.nl

ﬂ North-Holland, an imprint of Elsevier Science



