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ABSTRACT
This manual describes MICROSCOPE: a portable FORTRAN software system for
the analysis of multivariate functions. Given an interpolation or
approximation scheme, it allows the following questions, among others, to be
answered: Does the scheme interpolate? How often is it differentiable? What
functions does it reproduce exactly? 1If the scheme is polynomial, what is its
polynomial degree? Where is the smoothness of a function reduced? Where are

the bugs in a FORTRAN implementation?
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SIGNIFICANCE AND EXPLANATION

In Computer Aided Geometric Design and other applications of Multivariate
Interpolation and Approximation it is often necessary to build complicated
computational procedures. These should have certain properties accordihg to
the mathematical theory, but the construction may have failed due to
oversights or simple programming errors. This report describes an interactive
portable FORTRAN software system, MICROSCOPE, that allows the following
questions, among others, to be answered: Given an approximation or
interpolation scheme, does the scheme interpolate? How often is the
approximant differentiable? What functions does it reproduce exactly? The
system also allows the identification of bugs in a FORTRAN implementation of
an approximation scheme, often pinpointing the faulty portion of the code
within narrow limits. MICROSCOPE is also useful in the corroboration of
theoretical results, in guiding a theoretical analysis, and for classroom
use. In addition to documenting the program package, this manual also
contains a thorough discussion of numerical differentiation.

For ordering information contact the first author.

p;(

The responsibility for the wording and views expressed in this descriptive
summary lies with MRC, and not with the authors of this report.
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2. About This Manugl

This manuai constitutes the comprehensive description of
MICROSCOPE, its operation, applications, foundotions, and inner workings.

Section 1.1 describes what kind of probiems con be oddressed by

MICROSCOPE . Section 1.2 describes the bosic opprooch ond is fundamental.
Section 1.3 describes the alphanumerical screen display ond is needed for
understanding the exomples given throughout this manual. It also

introduces some terms and concepts ond serves as a prelude to the

copabilities of MICROSCOPE.

Section 2 gives exomples that illustrate four major applications
(interpolation, smoothness, degree of precision, ond polynomio) degres).
These do of course not exhoust the potential of MICROSCOPE. In section 3,
one other applicotion (discovery or identification of a point where
smoothness is reduced) is used o8 a vehicle for introducing the mechonics

of using MICROSCOPE.

Section 4 gives a detailed description of all commonds ond
features, organized by type of feature or task to be accomplished. In
regulor use, this will probably be the most frequently consulted section.

In reading sections 2 oaond 3, it is desirable that a working
version of MICROSCOPE is available so thot honds on experience con be
gained. If this is not the cose the installation guide (section §) should
be consulted first. That section olso contoins o detailed discussion of
the portobiliity features and possible varionts of MICROSCOPE.

Appendices are included thot describe some technical features in
detail: the differentiation formuiaos, the orgonization of the progrom
package, and the test package. There should also be on oppendix 1V
containing pen plots corresponding to the cruder alphanumerical grophics in
the body of the monual. However, thot oppendix is not machine legible, and
is distributed separately.

The monuol itselif is in machine reodable form so thot it can be
distributed together with the package ond con be printed locally, and reod
on line using for example the search features of o text editor. It wos
generoted by o MICROSCOPE progrom, with the text of the manual being
"notes" and the exompie screen displays being computed by MICROSCOPE ond
outomatically embedded into the text. (Actually, the MICROSCOPE progrom
generated a data fite that was then fed into the text formotting progrom
DOCUMENT, see Beebe, 1980.) Machine legibility, however, accounts for the
somewhat owkward notation in some places. For example, greek letters have
been given abbreviations in terms of roman letters.

Definitions ore denoted by writing the defined term in single

@. About This Monual page &

—v. -

R

AT g

:
e




ag

g -

MICROSCOPE : A Software System for Multivariote Anolysis page 7
User's Manual Version of April 1984

quototion marks. Ordinary quototions ore in double quotation marks.

The examples in this manual are reproducible since the set of
routines wused for their generation is supplied with the pockage and can be
used for test purposes. To ensure uniformity of results obtained on
different mochines, a facility haos been odded to simulate rounding, and all
examples hove been computed in 10 digits orithmetic. More precisely, If x
is the quontity to be rounded to D digits, say, then x is reploced by

) -0
2 = (1+eps #10 )ex + ops »10
1 2

where eps ond eps are rondom numbers between -1 and +1. The addition of
1

the eps term is not staondord but aoppropriote in the present context,
2

because in investigations with MICROSCOPE smol! numbers are often due to
taking differences between very ciose large numbers, leoding to a
cancellation of significont digits. The larger the mognitude of x, the
more insignificant the second term wiil become. If x is roughly 1 or
larger (in magnitude) our rounding is essentiolly equivaient to the
standard rounding (where eps = 0).

This manual will rarely be reod sequentially from front to back.
Therefore, key ideas and concepts have sometimes been restated if they are
crucial in the given context. It is hoped thot this redundancy will

contribute to the usefuiness of this document.

Any crticisms, comments aond suggestions about MICROSCOPE are
welcome ond should be directed to Peter Alfeld, Deportment of Mothematics,
University of Utah, Salt Lake City, Utah 84112, 801-581-8842. We are
particularly (interested in any applicotions of MICROSCOPE that are not
described in this monual.

@. About This Monual paoge 7




MICROSCOPE : A Software System for Multivariate Analysis page 8
User's Manua! Version of April 1984

1. _Introduction

L1 Multivarigte Int lati L A imat ‘

This monug! describes a FORTRAN software package, MICRQSCOPE,
whose main applications are in the onalysis of functions of geveral

variables (or ‘surfaces’) as they occur e.g. in the approximation of
multivariote dota or in the design of geometric objects such os the body of
an aqutomobile or oan aircraft. This is o currentiy very active research 4

areo with many unsolved and difficuit problems. For a survey ses Barnhill,
1983, ond the references quoted therein.

MICROSCOPE is portoble to the extent that it has passed the PFORT
verifier (Ryder, 1974) with the exception thot it uses some non~FORTRAN d
chorocters (nomely ?,<,>,1,:,:). Some non—portable optional features are
supported by variants of the code. These inciude the use of lower case
lotters in Input and Output, and the use of modifications of an ]

alphanumerical display on a CRT terminol. If the software (<PLOT79>, Beebe
1979) ond haordware are available more sophisticated ond pleasing graphical
disploys caon also be obtained. However, even if none of the aodditional
features are provided by a particulor installation, o working, if somewhaot
crude, version of MICROSCOPE con be constructed. See the installation
guide (section 5) for details. t

The objects that can be exomined by MICROSCOPE are functions of
from one to three independent vaoriobles. Allowing only up to three
variobies enabled us to contain all numerical information on the CRT screen
and proved sufficent for all cases we hove encountered. If a function of

more than three voriobles must be exomined MICROSCOPE can be applied to o ;
suitable restriction of the function to o subdomain of dimension at most
three. If there is sufficent interest, future versions of MICROSCOPE

copable of handiing more than three variables will be provided. N

poe

The functions of interest ore usually obtoined by opplying on
interpolotion or approximation scheme to discrete or transfinite (i.e.

infinitely many) data. As far as the use of MICROSCOPE is concerned it -
maotters little if o function is obtained by interpolation or approximation
(except that one will not need to test for interpolation in the lotter

case), 80 we will use the two terms interchangeably. .

We will refer to the function thot is being examined as the
‘triol function’. The trial function may be different from the
interpolating or approximating function in which the finol user of a
numerical scheme is interested. fFor example, it is often wuseful to N

generate data from a ‘primitive function' ond then use the difference
between the primitive function and its interpoiant as the trial function.

1. Introduction
1.1 Multivariate Interpolation and Approximation
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This mokes discontinuities in derivotives lorge relative to the derivetive
value and thereby amplifies discontinuities which are then more easily
detected.

Four types of questions occur most frequentliy in the onolysis of
the trial function:

=i= Does the scheme interpoliate?

-2- How often is the tricl function differentiagble? (l.e.
what is its 'degree of smoothness'?)

Note:Throughout olimost oll of this monual we will consider only functions
that possess o step discontinuity in some derivative, for this is the

type of smoothness Iimitation that occurs in multivariate

interpoiation and approximotion. There are of course other
4/3

possibilities. For exomple, the function f(x) = «x is once

differenticble but its second derivative exhibits o pole rather thon o
step. The test pockoge (see oppendix I11) can be used to gain some
experience with such functions. In porticular, the exompies in
oppendix 111 show how to identify ond distinguish cusps and poles.

-3~ Which functions are reproduced exoctiy by the scheme? In
particular, which is the maximum degree up to which aif polynomiule are
reproduced exactly? In other words, whot is the ‘degree of (polynomial)
precision’ of the scheme?

-4~ If the triol function (or some of its derivatives) are
polynomial what is their degree?

It should be obvious that only in the very asimplest of cases
answers to these questions con be obtained from o plain display of the
surfoce of interest. Even given infinite disploy occuracy (although of
course any physical disploy is ultimately piecewise (inear or even
discrete), it seons impossible to distinguish opticolly o once
differentiable function from one that is twice differentiabie.

1.2 __Thea Baaic Approach

In the design of an approximation scheme one wusually knows the
‘critical sets’ where the phenomena of interest such as discontinuities in
derivatives, or interpolotion to certain dota, moy occur. For example, in
a bivariate interpolotion scheme defined on a trianguliation, critical sets
are usuclly edges of triongles, possibly internol edges, ond vertices of
triangles. In a trivariate scheme defined on o tesselation into
tetrohedra, critical sets are faoces, edges, maybe internal foces and edges,

1. Introduction page 9
1.2 The Bosic Approoch
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end internal and external vertices. 1f the criticol set is not known it
con be discovered with MICROSCOPE (see section 3), but for the present we
wiil ossume it is known.

The bosic idea of MICROSCOPE is very simple: Pick a random peint

(the ‘point of examination') in o specific critical set. We will refer to
thot set as "the front’. Then determine a 'direction of investigation’ and
consider a iine through the point of examinotion in the direction of
investigation. This is the 'line of investigation'. Depending upon the
opplication, the Iine of investigation may be contained in the front, or it
may be at an ongle (not necessorily o right one) to it. We will call any
derivative in the direction of investigaotion o 'tongentiol derivotive'.
Any pure derivative in o direction other than the direction of

investigation is a ‘cross derivative' ond its direction is the 'cross
direction'. MICROSCOPE numerically opproximates the relevont derivatives
(pure or mixed) and dispiays the opproximations on the CRT terminal.
Depending on the resulting picture, one may then take further action, e.g.
pick another point of exomination or onother direction of investigation,
consider other derivatives, or improve the existing plot by altering the
underlying numerical porometers.

In using MICROSCOPE it is important to choose the underlying
domain ond the primitive function so as to avoid artifacts due to the
regularity of the domoin or peculiorities of the primitive function, ond to
pick the points of examination randomly or arbitrarily within the criticol

sets. Usually different types of critical sets wil(l be present and of

course one will need to consider ot least one representative of eoch set.
Numerical differentiotion is a notoriously ill=-conditioned

numericel process. However, in MICROSCOPE, the appearance of round-off

errors is immediotely apparent because the points on the graph of the
relevont derivotive are scattered ocross the screen in o random fashion.

Moreover, by plotting derivotives of o high degree with o large
discretization parometer the Ilimitations imposed by round-off errors can
usuoily be overcome. For example, if the expected discontinuity in o

specific derivative is too unpronounced to be visibie ot the lorge value of
the discretization paorometer necessitated by round-off errors, then higher
order derivatives con be computed (on on even coarser discretization).

These will be opproximotions of the Dirac Delito function and its
derivotives, and usually will pinpoint even weak discontinuities.
Numerically, we proceed os follows. Let F denote the trial

function, P the point of exomination, ond d the direction of investigotion.
MICROSCOPE displays derivatives of F in the direction of d along the line
of investigation with P being the center point. A built—in focility alliows
the replacement of F with a derivative of F in some other, independent,
direction. More complicated mixed partial derivatives can be built by
modifying the trial function, and MICROSCOPE offers some help with that as
well, However, for the present we will restrict our attention to a

1. Introduction poge 10
1.2 The Bosic Approach
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tangentiaol derivative of F.
The directional derivatives ore opproximated at points
P(1) =« P & ieged, where | = =N, =N+1, ...., N=1,N

ond the quontity s > @ determines the spocing of the points. It will Dbe
refered to as the 'disploy interval’ or 'interval’ for short. The number N
determines the resolution of the display (as we!| as the numerical effort).
At each point P(i), we approximate the k-th derivative of F in the
(k)
direction d ot the i-th point by a quontity Q
i

The range of k in the present version of MICROSCOPE is from zero
to six. We hove found this sufficient for all of our applications. The
(k)
quontities Q ore determined by numericol differentiotion (i.e. by
[
differentiating an interpolating polynomial). The formulas, given below,
were determined by the following criteria:

=1=  Central Differences should be employed in order to ovoid
artifoct due to osymmetry.

=2- The discretization porameter (which does not necessariiy
equal s8) should be such thot the number of points affected by the suspected
discontinuity (in some derivative) is independent of the order of the
dorivative.

=3~ Other than the above, the degree of the interpolating
polynomial should be as low as possible.

Furthermore, we picked discretization formulas that use pointe at
equally spaced intervals. This moy be chonged in future versions of

Denoting the ‘discretization porometer’ by h > ©, the above
criteria give rise to the following formulos:

(@)
Q = F5
i

M
Q = (=F1 + F9)/(2+h)
i

1. Introduction page 11
1.2 The Basic Approach




MICROSCOPE : A Software System for Muitivariote Analysis poge 12
User’s Manual Version of April 1984 ‘

(2) 2
Q = (F1 - 2F5 + F9)/h
i

3 3
Q = 4s(=F1 + 2F3 - 2F7 + F9)/h
i

(4) 4
Q = 16e(F1 — 4F3 4 6F5 - 4F7 + F9)/h
i

(%) 5
Q = 243¢(=F1 + 4F2 — 5F4 + 5F6 - 4FB + F9)/(2h )
i

(6) 6
Q = 729¢(F1 — 6F2 + 15F4 — ~20FS + 15F6 - 6F8 + F9)/h
]

where
Ft = F(P(i) - hd)
2hd
F2 = F(P(i) - —)
3
hd .
F3 = F(P(i) - —)
2
hd
F4 = F(P(i) - —)
3 -
FS = F(P(i))
hd -
F6 = F(P(i) + —)
3
hd ]
F7 = F(P(1) + =)
2 ¢
2hd .
F8 = F(P(i) + —)
3
1. Introduction poge 12 B
1.2 The Bosic Approoch .
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F9 = F(P(i) + ha)

The first four of the obove formulias can be found in Abromowitz

)

(or o function of a continuousiy varying parameter () is o function of the
some degree of smoothness as the trial function itself. Just the number of
points of reduced smoothness is increased, there being one corresponding to
eoch point in the differentiation formulic passing through the point of
reduced smoothness. Thus numerical differentiation can be thought of as ¢
amoathing process. (This contrasts starkiy with its numerical property of
o roughing procedure due to round-off{ effects.) The figures in section 4.2
itlustrate the smoothing properties of numerical differentiotion.

For o more detailed discussion of the truncation ond round-off
properties of these formuloe see Appendix !

1.3 The Alp) ical Disol

In this subsection, the alphanumerical screen display generated
by MICROSCOPE is described in detgil. The purpose of the description is
twofold: Firet, it is necessary for on understanding of the exomples
sprinklied throughout this manual. Second, however, it aisc serves os on
illustrotion of some of the copobilities of MICROSCOPE ond os o first
introduction to the power and versatility of the pockage.

During a MICROSCOPE session the CRT screen wili usuolly be
occupied by the ‘'alphanumerical dispioy’ (ike the one illustrated in
figure 1. (More sophisticated grophical disploys can also be obtained, see
sections 4.14 aond 8.)

1. Introduction poge 13
1.3 The Alphanumerical Disploy

and Stegun, 1968, p. 914, ond the last two con be derived by the
techniques described there. Higher order formulas con of course also be
derived.
(k)
It is interesting to note that Q considered as a function of x
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222 1 0000800000000 0080000000000000000009¢
.22 1 o 1 22 .
222 1 . 1 222
22 1 1 22
22 H 1 22
222 1 te 1 222
.. 22 I : 1 22 ..
7654321, .876543212287654321.9876543214123456789 . 123456782212345678. . 1234567
222 1 : 1 222
22 1 . 1 22
22 1 : 1 22
222 1 : 1 222
221 . 122
22 » 22

ao-ooooootcooootooo;;00000.000000022222222 ..........

CD: deg = 1 dir = ( ©.000000D+00, 1.00000004+00) ch = 6.0000D0-04
Point = ( ©.000000D+00, 1.00000004+00) s = 5.00000-03
Direction = ( 1.000000D4+00., ©.00000004+00) h = 3.00000-02

Fo ( 9.390-09, 1.27D-02) F2 ( 1.20D-01, 2.22D+00) F3 (-1.20D+01, 1.21D+01)
I/0: 25 6 6 1 2 327 28 29 30 NRML on  current CALLS = 174

Figure 1 Demonstration of the Alphanumericol Disploy

2
In this example, the triol function is f(x,y) = x sysabs{xsy).
We analyze a cross derivotive of it in the direction (0,1). The direction
of investigation is (1,2), and the point of exomination is (0,1). Because
of the obsolute voiue term, the cross derivative is twice but not three
times tangentially differentiable at the point of exomination.

We explain the display storting ot the top and referring to lines
either by their position or by the first word contained in them.

The display ia naturally divided into two parts: The first 15
lines constitute the ‘graphicaol disploy’, and lines 17 through 21 form the
'numerical dispiay’'. Line 16 seporates the two displays and is present
only if there is sufficient space ovoilable.

-1- The Grophico) Display

Every MICROSCOPE display shows the graphs of o set of tangentiol
derivatives of degrees between © and 6. The function that is being
differentioted tangentially is called the *dispiay function'. It may be
the trial function itself (the most frequently occuring case), or, as in
this example, o pure cross derivative of o degree between 1 and 6.

1. Introduction page 14
1.3 The Aiphanumerical Display
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Distonce ciong the horizontal axis corresponds to displacement in
the direction of investigation from the point of exomination (which
corresponds to the center of the horizontal axis). The scale on thot oxis
has the same meaning for all graophs shown. The vertical oxis corresponds
to function values, but the vertical scale is different for esoch
derivative, and is chosen such that the graph fills the entirs vertical
oextent of the graphical disploy. This normalization is corried out ond
modified agutomatically aos the investigation proceeds. A period denotes the
graph of the displaoy function, ond the digit k, say, where k is between 1

and 6 and denotes the k-th tongential derivative. In this exomple, the
displtay function and its second and third tongentiol derivotives ore being
shown.

Sometimes some derivative is more interesting than others, ond
then it moy be useful to aoccentuote it with osterisks. In the oabove
exomple, the third derivative hos besen so emphasized. Usualiy, the graph
of o given derivotive overwrites the groph of aony lower order derivative.
However, the groph of an occentuated derivative overwrites all other
graphs.

Both the number of lines and the number of columns in the display
con be set occording to specific purposes. Throughout this manuat we will
use 75 columns ond 15 rows for the grophical display os this is appropriate
for the width of the printed output. A width of 79 might be preferable for
a stondord CRT terminail disploying 80 cotumns; 135 columns and a larger
number of rows might be used for printed output; ond o smallier number is
sometimes wuseful for preliminary investigotions when the trial function is
expensive to evaluate. An even number of columns is normally undesirable
because then the point of examination does not fie in the precise center of
the display.

Line 8 in the exomple contains a horizontal scale counting from
the center to the left ond right. This will usually be omitted so as not
to clutter the disploy, but it is sometimes useful for the identificotion
of points of interest. The distance from the center can be used to inquire h
about numerical values of certoin derivatives, or to shift the graph left
or right as required by the circumstonces. The scole can be turned on or
off, or replaced with a line of hyphens. The graph of any function
overwrites the horizontal scale. The center of the disploy con optionally
be marked with o "+" sign. This is sometimes useful to pinpoint symmetry
properties. In the obove example the groph of the third derivative passes
through the center of the display. The center mork overwrites the graph of
ony function possing through it.

The central column of coions marks the column corresponding to
the point of exaomination. The two columns of I's outline °the window',
i.e. thot set of points at which the numerical differentiation is offected
by the behavior of the trial function at the point of examination. (This
is not alwoys quite true when cross derivatives are being examined, see the

1. Introduction page 15
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discussion in section 4.11). For every point in the window, the interval
aobout the point spanned by the differentiation stencil contains the point
of examination. The differentiation formulos are chosen such thot the
window is identical for all tangential derivotives. Obviously, for the
disploy function itself the window contains only the point of exominotion.
For its derivatives, the window contains all points that con be written cs
P + td, where abs(t) does not exceed the value of h/s, (and, os befors, P
is the point of examinotion, d is the direction of investigation, h is the
discretization parometer, and 8 is the interval). We define w:=2¢h/s to be
the ‘window width'. Obviously, by picking the window width < 1, it is
possible to generate displays in which the only point contained in the
window is P itself. However, for severol reosons it is usually preferable
to use a larger window width. This ospect is discussed in more detail in
section 4.1. The defoult value of the window width is 12, os in the
exaomple, but this con be chonged os needed.

Without examining the numerical disploy, it is apporent from the
graphico!l display that some function is being investigoted that is twice
but not three times differentiable since the (occentuoted) third derivative
shows a clear step discontinuity. Note how thot step is smeared out over
the window.

=2~ The numerical display

The first tine of the numerical disploy storting with “CD:"
indicates that the derivatives are mixed partiole, i.e. they ore
tangentio! derivatives of a cross derivative (of the trial function). This
line is obsent if the tricl function itself is being exomined, and the line
carries only information that is pertinent to the cross derivative. In the
present example, the degree of the cross derivative (“deg") is 1, the cross
direction is (0.1), ond the discretization parameter used for computing the
derivative (denoted by "ch" corresponding to "h" for the tangential
derivative) is 60-4. The formulas for computing cross derivotives ore
equivalent to those for computing tangential derivatives.

The line starting with “"Point” describes the point of exomination
(which is (©,1)) ond the interval (which is 50-3). This display implies
that the trial function is bivoriote. Appropriote modifications take place
for functions of 1 or 3 voriobles. The next tine starting with "direction"
describes the direction of investigation (which is (1,0)) and the
discretization parometer (which is 30-2). Notice that the window width is
2h/s = 12 which is consistent with the grophical display

The "Point" and "Direction" descriptions are always present.

The next line, starting with "F@", gives the ranges of the
dispiayed derivotives. Ranges are iabeied Fk where k is the order of the
tongential derivotive. For exomple, F2 corresponds to the range of the
second (taongentiol) derivotive (of o first order cross derivative) which

1. Introduction . page 16
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here is (©.12,2.1). 1If more functions (up to seven) cre disployed, then
their ronges are also given, odding up to two lines to the numerical
display os necessory.

The next ond last line, starting with “1/0", contoins information
about the present configurotion of MICROSCOPE.

The 10 integers following "1/0" are the FORTRAN channel numbers
as they cre empioyed by MICROSCOPE ot the display time. They correspond to
the following:

~1-  ‘Input Device’ (here 25), i.e. the device from which
commonds are reod. In on interoctive session, this will usuoliy be the
terminol. But it may olso be o file of MICROSCOPE commands thot generate o
specific setup, or o documentotion Iike this monual.

~2-  'Output Device' (here 8), i.e. the device receiving the
command prompts and ony help informotion. Usually, this will also be the
terminat, or, if MICROSCOPE is being driven by commands in o file, it moy
be o Nui!l or Dummy device.

-3 ‘Grophice Device’ (here also 8), i.e. the device receiving
the oliphonumerical disploy Illustroted in figure V. This will egain
usuc!ly be the terminal, but it may c¢lso be o separate displiay device or a
file receiving information for subsequent printing.

~4~  'Help Device’' (here 1), i.e. the device containing the
MICROSCOPE help file, which is supplied with the pockoge. MICROSCOPE hos
several interactive help facilities and the information needed for running
them is reod out of this file when MICROSCOPE is first colled. Usually you
will not be concerned with precisely where MICROSCOPE receives its help
informaotion. However, the channei! number is printed in the disploy to help
prevent on occidentol overwrite of the help file.

~5- 'Recording Device' (here 2), a device that can receive
selected information from the MICROSCOPE session, e.g. copies of the
screen display or ‘'notes’ that explain the disploys. This manual is the
result of reading a set of instructions, i.e. o MICROSCOPE ‘progrom’ from
the Input Device (a data file), processing it and writing the results onto
the Recording Device.

<6~ ‘Restart Device’ (here 3). At any time during a session,
the current configurotion of MICROSCOPE can be soved, allowing o later
restart from the current status of the investigation. This is occomplished
by writing the values of all relevant variobles into o file pointed at by
the Restart device.

1. Introduction page 17
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~7- ‘lLogging Device' (here 27). It is possible to keep o diary
of th MICROSCOPE session listing the commonds ond doto entered os well as
th results effected by them. This feature is aoctivated by setting the
Logging Device number to o non—-zero value.

~8- 'Point Looding Device' (here 28). A device allowing you to
read points from a file, rather than hoving to type them in.

~9- ‘Direction Loading Device’ (here 29). Similar te -8~ for
loading the direction of investigation.

~19— 'Cross Direction Loading Device' (here 30). Similar to -8—
for loading the cross direction,

The first six [/O channel numbers are porometers of the master
MICROSCOPE routine (see section 3.1) ond con each be changed during a
session. The ilast four channels are zero (i.e. unused) by default, and
can be set to non—zero (i.e. active) values during o MICRQSCOPE session.

It is of course unnecessary to have all channe!l numbers distinct. For
example, all three loading devices might be identical, allowing for the
possibility of having just one |list of points, directions, ond cross
directions.

Following the device numbers is o flag "NRML on" or “NRML off"
(here on), indicating whether the direction of investigation entered inte
MICROSCOPE hos been normalized or not. The "Direction" line always gives
the direction as entered by the user. If NRML is off, the direction of
investigation, d, is identical to thot printed in the display, otherwise it
is thot printed in the disploy normalized to hove unit Euclidean length.
With the normalizotion on, tangential derivotives ore the standard
directional derivatives as they are defined in Calculus Textbooks. With
the normolization off, they ore the more versotile Gateoux derivotives as
they ore used frequently in multivariate interpolation and approximation.
The NRML flog applies similariy to the cross direction.

Foliowing the NRML fiag is the word "current”. This indicates
that the numerical display corresponds to the graphics display. To explain
why this might not be so requires o brief excursion into the Organizotion
of MICROSCOPE. When drostic parometer changes are taking place it is often
more efficient to accumulate them before generoting the new display.
Usually in thot case the alphanumerical display is scrolled while commands
are being given, ond vanishes from the screen. However, sometimes it is
preferaoble to view the old disploy rather than the commonds given so far.
In that cose, the disploy can be recalled on the screen, and the word
"current” is reploced by "GO pndg" (i.e. the GO command needs to be given
to incorporate into the graphical display changes of porometers that may
already be shown in the numericol display).

1. Introduction poge 18
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The last item in the lost line is “CALLS = 174" where 174 is the
number of evaluations of the trial function expended up to this point in
the MICROSCOPE session. This allows monitoring the computationail effort
spent. A typicoi muitivoricte surfaoce will be expensive to evaluote, ond
its cost will usually dominote the cost of running MICROSCOPE and thereby
determine how long you have to wait for o reponse from the terminal.
Therefore, o significant effort haos been made to keep the number of
necessory function evaluations smali. This feature contributes in no small
mecsure to the complexity of the MICROSCOPE source code. The exomple
display hos 75 columns and we are examining o first order cross derivative
of the trial function. Each evaluotion of the cross derivative requires
two evoluations of the trial function. Disploying the graph of the cross
derivative alone would therefore require a volue of CALLS equa! to
2¢75 = 158. Note thot computing ond disploying the second ond third
tongential derivotives of the cross derivative requires an additional
effort of only 16X. This is not o trivial occomplishment os may be
suggested by the fact thot the some display with the siightiy different
window width of 10 would require 330 evaluations. For o detailed
discussion of the numericol effort associoted with vorious window widths
see section 4.3.

Notice that in the aqbove example we identified -] step
discontinuity in a mixed partial derivative of fourth order (a third order
tongentiol derivotive of o first order cross derivative) without fuss or
doubt. If this wos o real investigation we could state now that the
underiying scheme in any cose is ot most three times differentiabie.

1.4 Summary

With MICROSCOPE, one answers questions |ike those in section 1.1
for specific examples. Thus only negative resuits (e.g. thot o scheme is
net differentioble) con be proved strictly. However, positive resuits can
also be obtained. If the exomples ore chosen carefully to exclude
artifacts ond make them representative, our progrom allows for answers to
the above questions with o degree of confidence that borders on certainty!
Naturally, o computotional opprooch does not replace a rigorous proof.
However, in the outhors experience it is often possible to confirm (or
shatter) fuzzy notions with MICROSCOPE, and to generate further insight
into the phenomena under considerotion. Encouraging MICROSCOPE resuits moy
heip in buiiding up the stamina needed for attempting o rigorous proof, ond
detoiled investigotions moy help in providing ideos for carrying out the
analysis.

Often, of course, MICROSCOPE will be employed in hindsight, when

the analyst giready knows the answers to questions Jike the obove from
theoretical reasoning. The examinotion with MICROSCOPE then serves to
corroborate the regsoning, and also, more mundanely but no less

importantly, to eliminate bugs in the implementation.
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In the authors experience, MICROSCOPE proved invaluabie o8 o
debugging tool, often pinpointing within norrow limits thot part of a code
that was ot fault, but olso sometimes uncovering flaws in the theoretical
approach, and, on a few exhilarating occasions, leading to the discovery of
new and uniooked for results that could then be proved theoreticolly. Thus
MICROSCOPE is wuseful in the identification as well as in the verificotion
of results.

In the development of MICROSCOPE we were occasionally confronted
with the objection that our alphanumerical displays are rother crude. Our
primary response to this is that the very purpose of MICROSCOPE consists of
tronslating very subtle properties into displays that moke them glaringly
apparent . A large part of our interest centers around step functions, and
it seems fair to display them as such. Indeed, oany curve fitting might
disguise the very fectures in which we are interested. However, we do
provide an interface to o sophisticoted graphics pockoge. See sections
4.14 ond 5 for more informotion.
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2. Applications
In this section, we illustrate the main opplicotions of
MICROSCOPE . Consider the simpie exomple of interpolating to o primitive
function p by o cubic spline S, soy, occording to the conditions:
2 3
S(x) = a® + atex + 02¢x + a3ex it x <
ond
2 3 i
S(x) = b® + blex + b2ex <+ b3ex otherwise .
t
where the coefficients are defined by !
S(8) = p(e), S(1) = p(1), S(2) = p(2). §'(2) = p'(2). S"(0) = © }

and S is twice differentioble at x = 1. Thus we require interpolation to '
‘position’ (i.e. function values) at ©,1,2, and interpolotion to the first
derivaotive ot 2 by a piecewise cubic function thot is twice continuously
differentiable. At © we impose additionally a "free end” condition.
(There is an extensive literature on Spiines, see e.9. de Boor, 1978, or
Schumaker, 1981)

For our present purposes we assume that p(x) is the exponential,

x
p(x) = o

where ¢ is the bose of the notural logarithm. This function appears to bde
sufficiently non~polynomiol to avoid the introduction of artifacts.

A simple calculation shows that

Q0 = 1
2
ol = (=2e0 +12¢¢-9)/7

T R AT RSN

02 =9
2
Q3 = (2e¢0 -5ee+42)/7

ond
2
b8 = (See -1600+12)/7

2
b1 = (=17¢0 4+680¢0-24)/7
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2
b2 = (15ee¢ ~48e0+15)/7
2

bl = (=3ee +11e0-3)/7
In the following exomples we will verify that S with the above
coefficients does indeed possess the required properties.
2.1 Interpotation

The bosic ideo of verifying interpolaotion is to plot the
ditference between the primitive function and its interpolont, ond to check

that the error and its oppropriote derivatives are indeed zero. So we
incorporate the exponential ond S as defined above into MICROSCOPE (see
section 3.1 for detoils),. and stort on interoct ve session. After giving
the oppropriote commands we obtain the foilowing picture illustrating the

situation ot x = @:

1 I

1 1

1 1

I I

1 : 1

1 : 1

1 : 1

1 + 1

..... : 1

1 ..... 1

) I I

S

1

1 r

1 r .
Point - 0.000000D+00 s = 5.00080-03
Direction - 1.000000D0+00 h =  3.00000-02

Fe (-3.330-02, 6.760-02)
1/0: 25 6 & 1 2 327 28 29 32 NRML on current CALLS = 249

Figure 2 Interpolation to Position at Zero

We notice thaot the range of the error is from —2.8333 to ©.0676.
Since the graph of the error function posses through the vertical axis
slightly below the center, this ronge is consistent with the error being
zero, i.e. with interpolation. A more relioble confirmation can be
obtained by asking for the value of the displayed function at the center
(i.e. @) of the display. This procedure, which is not shown here, yields
a value of -9.4D-11, which is zero up to round-off errors. (If you try to
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. reproduce this exomplte with your own version of MICROSCOPE you moy get o

slightly different resuit becouse of the random noture of round—off
\ errors.) An alternative opprooch consists of halving the intervel, and
thereby decreasing the ronge covered by the graph. In the numerical

disploy the ronge should shrink correspondingly, maintaining the volue of
zero in ite interior. Halving the interval yields the display:
. I 1
1 1
1 I
I I
1 1
..... 1 : I
I : H
A 1
I ... 1
) S :
I I..... ;
1 ) S t
1
1 r
1 r e
Point - ©.0000000+00 9o = 2.5000D0-03
Direction - 1.0000000400 h = 1.50000-02
Fo (-2.03D-02, 2.88D-02)
1/0: 25 6 8 1 2 327 28 29 30 NRML on  current CALLS = 287

Figure 3

The range of the error hos been reduced to from ~0.0203 to ©.0288
and a zero value of the error at the point of exominotion is still
consistent with the graphicol display. This procedurs con be continued.
Proceeding similoriy ot the point x » 1 yields a similar result, aond you
might try this for yourself. At the point x = 2, however, we obtacin the
display:

-
.
i — ey

Applications page 23
2.1 Interpolation




MICROSCOPE : A Software System for Multivariate Analysis poge 24

User's Monual Version of April 1984
1 1
1 I ;
I 1 1
1 1 :
1 1 ;
1 I i
1 1
1 + 1 1
1 1
1 1 H
1 1
1 1 i
..... )| 1 ;
..... 1 1
|
Point - 2.0000000+00 3 = 5.0000D-03 )
Direction - 1.0000000+00 h = 3.00000-02 r
FO ( 2.64D-11, 1.420-02)
I/0: 25 6 6 1 2 327 28 29 30 NRML on current CALLS = 362 {
Figure 4 Interpolation at x = 2

The graph of the error function touches, but does not cross, the
x oaxis, which is consistent with our interpoloting to the first derivotive
as well as position. The value of the error at the center can be reod
directiy from the numerical disploy and is -2.4D-11 (you moy get a slightly

different value because of t+- random round—off errors). This confirms
interpolation to posit.... Interpolation to the derivotive is likely
becouse the graoph appears to have a horizontal tongent. However,

confidence can be roised by computing the first derivotive of the error as
well, yielding the display:
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I 1 AR
1 1 11.
1 1 111
1 1 mm
1 : 1 11
1 : 1 11
I : I 11
I + I 1111
1 : 1 111
1 : 1111
I 111111
. IM11111 I
..... 1111111 H 1
111111111, 1 H 1
MMM e
Point = 2.0000000+00 s = 5.00000-03
Direction - 1.000000D+00 h = 3.0000D-02

Fo ( 2.64D-11, 1.420-02) F1 (~6.11D-02, 1.770-01)
1/0: 25 6 6 1 2 327 28 29 30 NRML on current CALLS = 374

Figure 5 Interpolotion to the First Derivative

Inquiring about the vaiue of the first derivative ot the center
yields the number 5D-4. This is much larger thon the volue for the error
itself, and hence might couse some doubts. However, the derivative is
colculated numerically and hence not exoctly. The volue reported by
MICROSCOPE is octually the truncation error. This can be confirmed by
halving the discretizaotion parameter yielding the display:
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Point - 2.000000D+00 s = 2.50000-03

Direction - 1.000000D+00 h = 1.50000-02

FO ( 2.64D-1t, 3.03D-03) F1 (-4.21D-02, 7.09D-92)

1/0: 25 6 6 1 2 327 28 29 30 NRML on current CALLS = 418

Figure 6

Now the value of the derivative is 1.250-4 which is o reduction
from the previous value by a foctor 4. This is consistent with the
assumption that the reported error actually is the truncation error since
it decreases like the square of the discretization parometer h (see the
discussion in Appendix 1).

The free end condition (S"(2) = ©) con be considered on
interpolotion condition. However, it cannot be checked by examining the
error function, since the value of p"(2) is (in generol) unknown. So one
hos to consider the interpolant itself. We obtain the disploy:

et 2t g cin e
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1" 1 I 22222
1 1 1 22222 1
1 I 1 22222 1
11 1 1 22222 "
1 1 1 22222 1
11 1 1 22222 11
1" 1 T 22222 1"
1 1 22422 1 1
1 22222 1 1"
1" 22222 1 I 11
111 22222 I 1 11
222221 1 1 11
22222 11 1 : I 111
22222 1111 I H 1 1"n
22222 ARRRRRRRRARRARRARRRI
Point - 0.00000004+00 s = 2.50000-03
Direction - 1.000000D04+00 h = 1.50000-02

FO ( 8.830-01, 1.12D+00) F1 ( 1.260+00, 1.2704+00) F2 (-2.530-01, 2.53D-01)
1/0: 25 6 6 1 2 3 27 28 29 30 NRML on current CALLS = 505

Figure 7 Free End Condition

That the second derivotive is indeed zero con now be verified
using the same techniques as above (i.e. inquiring directiy or using ¢
decreased discretizotion parometer).

2.2 Smoothness
In the present exomple, the only critical set is the one

containing the point x = 1 (ossuming we are confident that S hos been

programmed to be polynomial eisewhare). When investigating smoothness it -
is usually preferabie to exomine an error (if @ primitive function Iis

ovailable) rother than the interpolant itse!f. In the present exomple, the

error function at the single criticol point yields the display:
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3333333333333333333333333333333333

1
1 ;31 .2222
1 HE 1 12222
1 : 1 112222
1 : 1 . 112222
1 :3 1 .1112222
1 H 11122222
1 +1112222
1111412222 1
. 1111222223 1
11112222221 1
112222222 I : 1
1222222 1 3: 1
1222222 1 3 1
3333333333333333333333333333333333 1
Point - 1.000000D0+00 s = 2.50000-03
Direction - 1.0000000400 h = 1, 5000002

FO ( 2.49D+00, 2.97D+20) F1 ( 2.390+00, 2.90D+00) F2 ( 2.48D+09, 3.11D+00)
F3 ( 2.730+00, 4.06D+00)
1/0: 25 6 6 1 2 3 27 28 29 30 NRML on  current CALLS = 592

Figure 8 Soothness ot x = 1
This display con be interpreted similarly as figure {, and

cleorly shows a function thot is twice but not three times differentiable.
This is what we expect from our construction.

2.3 D { P -
The ‘'precision closs' of on opproximation scheme is the set of
functions that are reproduced exactly by the scheme. Of porticular .

interest are the polynomials in the precision ciass. The l(argest number q,
say, such that o}l polynomiols of degree up to q ore in the precision closs
is the degree of polynomicl precision.

To decide if any particulor function is in the precision class
one approximates that function and investigates if the error is zero within
round—off effects. This applies even to non—polynomial functions.

To answer the more narrow question of polynomial precision it is
possible to proceed more systemotically and to exomine polynomiais of
increasing degree. The polynomicla should be os generol os possible, i.e.
they should be unlikely to introduce misieading artifocts. One possibility
is to choose the coefficients randomly. If really in doubt, one might
examine each polynomial in a suitable basis of the oppropriote polynomiol
space. The points of examination should be chosen such that eoch

Applications page 28
2.3 Degree of Precision .




P

MICROSCOPE : A Software System for Multivoriate Analysis page 29
User's Manual Version of April 1984

oppropricte part of the domain is covered. For instonce, in the pragent
exampie (which, incidentally, has linear precision) one should choose one
paint > 1. and one < 1, covering both coses in the definition of S.

The following figure illustrotes the typicol oppeoronce of a zero

error,

1 1

1 1

1 1

. 1

1. 1

i 1

1 I.

1 I

1 1

1 1

1 1

1 .

1 .1

I. 1

1 1
Point = 2.3423000-01 s = 2, 50000-03
Direction - 1.00000004+00 h = 1,5000D-02

Fe (~9.990-11, 9.78D-11)
1/0: 25 6 6 1 2 3 27 28 29 30 NRML on current CALLS = 887

Figure 8 A Zero Error

Notice how the values of the function ore spread randomly over
the entire disploy, accurately pinpointing the round-off nature of the
error. Sometimes, however, one hos o situation in which the gosffigients
of the interpofant are evaluated inaccurately, leading to an error thaot has
a scottered distribution with a bios tike thot in the following disploy:
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1 1

1 1

1 I

1 1

1 .1

1 1

.1 ..

I. 1

.. 1

1 |

1 1

1 1

I 1

1 1

1 1 i
Point - 2.3423000-01 s = 2.50000-03 |
Direction - 1.00000004+00 h = 1. 50000-02

Fo ( 2.16D0-10, 7.31D-10)
1/0: 25 6 6 1 2 327 28 29 32 NRML on current CALLS = 742

Figure 10 Round-off With ¢ Bias !

2.4_Degree of a Polynomial |

Verifying that a certain function is o polynomial of o certain
degree is often useful when examining cross derivotives. For exomple, in
the bivariate Clough-Tocher scheme (Alfeld, 1984) which is piecewise cubic
on o triangle, differentiability between triangles is forced by the
requirement that the normal derivatives aocross edges be linear (rather than
quadratic) along the edges. In this illustration, let us verify that our
interpolant is indeed cubic. This con be occomplished by showing thot the
third derivative is constant or that the fourth derivative is zero (within
round-off). One obtains for example the following display:
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3 1 1 22222
3 3 1 I 222221
3 1 1 3 3 32222211
31 : I 22222111
3 33 I 3: 3313 2222211114 3 3
3 33 3 3 : 3 32322 1111 3 3
333 33 1 T 22222, 11113 3 3
33 3 313 23222. 1113 33 3 3 3 33
22222. 11111 1 3
3 33 3 3 22222.1111113 3 3 1 3
22223, 11111 33 :3 I 3 3 3 3 3
3 22223 311111 1 : 1
22222111111 1 1 3 3 3
2222211119 1 I .
2222211 3 1 1
Point - 2.3423000-01 s = 2.5000D-03 &
Direction - 1.0000000400 h = 1.50000-02 !
FO ( 1.18D+00, 1.4304+00) F1 ( 1.290+00, 1.4104+00) F2 ( 3.870-01, 8.92D0-01) i
F3 ( 2.73D+00, 2.730+00) |

[/0: 25 6 6 t 2 3 27 28 290 32 NRML on  current CALLS = 841

Figure 11 A Cubic Function

Notice that the third derivotive is clearly offected by
round-off, without any apparent bias. On the other hand, since the
disployed limits of its range are identical the size of the ronge is (ess
thon 1/273th of the derivative volue. A <ioser examination reveals that
the third derivative ronges from 2.7306 to 2.7323. A telitole sign of
round-cff errors is thot they caon be dacreased even further by increasing
the discretization parometer. Doubling h yields the display: i

T

Apptications poge 31
2.4 Degree of o Polynomial




MICROSCOPE : A Software System for Multivariate Analysis page 32
User's Manual Version of April 1984
= I 1 3 322222
3 3 I3 1 2222231
33 1 I 22222 111
3 333 I ;3331 233223 1
3 3 33 : 1 3 22322. 31
3 3 1 : 1 22222. 111 3
3 3 33 1 3 33322222.33 33 1111 3 33 3
3 3 3 I 22222. 1 "N 3 3
3 33 3 32322, IGRRRI 33 3
22222.1 3 : 1111333 3 3
3 322222. I 11311 1 3
3 3 22222, 11111 i 3 3
22222. 11111 1 1
23222. 111111111 1 1
2222211111111 3 1 1 3
Point - 2.342300D0-21 s = 5 .0000D-03
Direction - 1.0000000+00 h =  3.0000D-02

Fo ( 1.06D+00, 1.56D+00) F1 ( 1.27D+00, 1.50D+00) F2 ( 1.34D-01, 1.15D0400)
F3 ( 2.73D+00, 2.73D+00)
1/0: 25 6 6 1 2 327 28 29 30 NRML on current CALLS = 885

Figure 12

o The range is now from 2.731361 to 2.731569 which is a reduction
by o foctor 8. This is consistent with the third derivative deing constant
since the round~off errors in the third derivotive increase like the third
power of h, see Appendix 1. Further increoses do not alter the basic
scottered structure of the third derivative (untit the range covered in the
disploy inciudes the point x = 1, where the third derivotive has o step
discontinuity). Increasing the value of h should eventually decrease the
round-off errors below a ieve! at which the true chonge in the derivative
becomes visible in the display if the third derivative was not constont.
The fact thot this does not hoppen indicates that there is no such change.
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3. Using MICROSCOPE

This section contoinse a description of the moster MICROSCOPE
routine MCRSCP ond o first introduction to the command language of
MICROSCOPE. For o more detailed description consult section 4.

During an interactive session the terminal screen may be either
‘active' or ‘inactive'. On an octive screen, changes in parometers ore
incorporated immediotely into the alphanumerical disploy which s
maintained on the screen. On an inoctive screen, commonds are occumuloted
and carried out only when the screen is octivoted by either the commond GO
or FORCE. An incctive screen shows the Ilast few commands ond the
corresponding dota whereas an octive ecreen shows ot most the current
command and ite dota, in oddition to the alphanumericol display. (However,
on incomplete alphonumerical display may be calfed on an inactive screen,
sees the description of the command RSCREEN in section 4.5 and the
discussion of the alphanumerical disploy in section 1.3.)

A second dietinction applies to the woy in which screen changes
are impiemented on an active screen. In one version of MICROSCOPE, which
we call the 'screen version’, the clphanumerica! display is kept staotionary
and only modified rather thon reploced. This version requires you or your
system manager to provide four eimple screen editing routines thot ore
specific to each computer/terminal combination (see chapter 8.) If this
facility is not availoble, or if you use o hordcopy terminal, then the
‘scroll version’ of MICROSCOPE may be employed, which scrolls the old
screen ond reploces it by o new version after each change.

The screen version is much preferable, ond in this monual we
usualiy ossume it is ovailable.

Another diatinction pertaing to the wutilizaotion of Ilower cose
letters. The use of Ilower cose letters in a FORTRAN progrom is not
portable, but now most installaotions do provide this focility. In this
manual we ossume lower case letters are available. If so, ony lower case
letters occuring in the input to the progrom are treoted as it they were
upper case. Thus commands can be given in lower case letters. Output from
MICROSCOPE consists of a mixture of lower and upper case l(etters. However,
to maintain portability we provide a version of MICROSCOPE thot works
solely with upper case letters. Section 5 contains more information.
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3.1 The MCRSCP Routine

To put MICROSCOPE into operotion, you wiil have have to write o
FORTRAN main progrom that calls the routine

MCRSCP(F, INPUT, OUTPUT, GRAPHC, HELP, RECORD, RESTART,
X LINES, WIDTH, PLOT, NUMRCL, PROMPT)

The first parometer is the nome of o DOUBLE PRECISION function
(the trial function). 1t has the form

DOUBLE PRECISION FUNCTION F(X)
DOUBLE PRECISION X
DIMENSION X(1)

F= ..
RETURN
END

and must be deciared EXTERNAL in the calling program. MICROSCOPE will set
ot most the first three components of X before calling F (i.e. it con
handle only functions of up to three variables). Notice that F does not
have any parameters other than the values of the independent variables.
Usually, however, it will also depend on parometers describing e.g. the
domain dota structure. These are most conveniently passed to F in o common
biock.

All of the remaining parometers of MCRSCP are input integers.
MCRSCP will not change them, and they moy therefore be integer values
rather than variables. The first six of them (i.e. INPUT, OUTPUT, GRAPHC.
HELP, RECORD, RESTART) are FORTRAN device numbers corresponding to the
first six I1/0 numbers listed in the numerical display (see section 1.3).
It is your responsibility to set up the necessary correspondences between
device numbers and physical devices or disk files.

The 1last five parometers describe the physical dimensions of the
screen dispiay. Their meaning is as foliows: (Numbers in parentheses give
the volue used for the examples in this manual, square brackets contoin the
allowable ronges for the parameters).

LINES (24): The total number of lines used on the terminal
screen [10 < LINES < 58].

WIDTH (75): The number of columns used for the grophical display
fe < WIDTH < 136]. Usually one will choose as large a value as possible
for moximum resolution. However. small values moy sometimes be preferable
for increased speed. For a symmetrically ploced vertical oxis, the value
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- of WIDTH should be odd. The numerical display occupies up to 75 columns.
Thie is therefore the minimum physical width of the output device. WIDTH
is also the number of points ot which derivotives ore sompled in the
<PLOT79> disploy.

PLOT (18): The number of Iines allocated to the grophical
display [0 < PLOT < 49). Again, o vaiue of PLOT as lorge os possible
should be suppiied. The numerical effort is independent of PLOT.

NUMRCL (8): The number of |ines above the screen bottom ot which
the numerical dispiay begins. [5 + PROMPT < NMRCL < LINES - PLOT]).

PROMPT (2): The number of |ines above the scre-n bottom ot which
the MICROSCOPE prompte are given. [1 < PROMPT < LINES - PLOT - 8).

Usuolly, MCRSCP will be called only once during o session.
However, it is possibie to call your own routines from MCRSCP. You hove to
supply o subroutine SUBUSR without ony parameters which con be colled by
MCRSCP A detailed discussion of this procedure is given in section 4.15 on
user intervention. For now we may assume that SUBUSR ie o dummy routine

SUBROUT INE SUBUSR

RETURN
END
(which s suppiied with the MICRO * package and which you can of course i
write yourself).
i1
When coiled, MCRSCP firet , .s an identifying stencii on the l
OUTPUT device. containing its version o r ond the lost modificotion
dote. Next, it checks to see if 1 & screen parometers sotisfy the
restrictions Iisted above. If not then MCRSCP exite, rather thon
terminates, in order to give you 0 chance to correct your mistoke. &

On the first coil to MCRSCP it computes the machine round-of?
unit (eee section ¢.1) and prints ite common logarithm to give you on ideo :

'! of how many decimol digits ore carried on the computer. The actuol number
relevant to your investigotion may of course be less depending on the ;
detoils of the arithmetic involved in evaluating the trial function.

Also on the firet coll only, MCRSCP then prints the firet tine of
ony aovailoble news (see section 4.10) to help you decide if you wish to
read them. ;

After setting some defaults MCRSCP then enters the command mode,
in which it occepts, interprets and corries out the commonds entered on the
Input Device.

Using MICROSCOPE page 35
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3.2 The Command Mode

The MICROSCOPE prompt is of the form:
n >
where n is the number of the command to be given. It starts ot t and is
incremented by 1 after eoch command.

A MICROSCOPE command is a string of at leost two letters ond

digits. However, only the first two charocters are significont and
recognized by the parser. They must be entered in the first two columns
immedigtely following the prompt. On an active screen, this will be in the

same line as the prompt, on an inoctive screen, or in the scrolling
version, on the next line. Biank spaces are significoant. (MICROSCOPE
simply reads the command using a 2A1 format. The remaining columns can be
filled with arbitrary characters. They are not read or processed by
MICROSCOPE. This is sometimes useful for including comments in o program.
A command line is terminated by pressing the RETURN button.

After o command you will be prompted for the appropriote data (if
any are needed). The prompt describes what dato are needed and is specific
to the command. There are seven types of doto requests:

=1-~ No Doto

—2— A command name (to obtain help on the requested command)

=3- 1 Integer

—4~ 2 Integers

-5~ 1 Double Precision variable

=6~ 1 Doubie Precision Vector

=7~ 2 Double Precision Vectors

The dimension of the vectors is identical to the number of
variables of the triol function. (The defoult is 2, see section 4.18 for a
listing of o}l defoults). Numbers ore processed by an internal parser and
ore essenticily format free. The following distinctions ond restrictions
apply, however:

— Blonks are ignored. For example "1 2" is considered the single
integer 12.

— Numbers on the same (ine must be separoted by commas.

— Numbers caon also be separated by writing them on seporate |ines
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(omiting the commg).

- If two vectors are requested the second vector must staort on ¢
new line .

~ An empty string (obtained by just pushing the RETURN button) is
considered to mean zero whenever a single number (Integer or Real) is £
requested. This is porticularly useful when a zero entry implies thot o
submode (see the descriptions of the PLOT and the USER commonds in sections
4.14 ond 4.15 respectively) is to be exited.

=

- When two integers ore requested either one or both caon be
represented by an empty string. (The only command for which this is useful
is TYPE.)

L

— Floating Point numbers (iike 1.8E~12 or 1D~4) are processed ﬁ
correctly.

- Floating Point numbers may also be represented os integers. i

‘ After receiving the data, MICROSCOPE processes the command and

the data. If the screen is active the command is corried out and the 1
alphonumerical display is updated, otherwise the next commond is prompted
for.

If o commond is not recognized o message is printed to that
effect and a new commond is prompted for. If data are requested, ond o
number is not recognized, then new data will be requested. However, if
dota aore syntoctically correct, but otherwise meaningless (e.g. you
request the graph of the 117th derivative), then the command wiii be
aborted oand @ new command will be prompted for. ﬁ

There are currently 63 commonds which divide into 11 major groups
corresponding to sections 4.5 through 4.15. Raother thon describing the .
groups in this wsection, we illustrote some of them in the course of o 4
search for a point of reduced smoothness (the 'active point*), gqiving the
names of the commands used, and further illustrating the capabilities of

MICROSCOPE . .t
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3.3 ADj L ia t I . R
The trial function underlying this exomple is

2 x
f(x) = (etoex )/2 + c‘ if x>0 aond f(x) = e otherwise

(where eta = -0.205). Cleariy f is once but not twice differentioble ot
the origin. The exponential term serves to concea) the discontinuity in
the second derivative. (Similor functions thot ore @ through 5 times
differentiable con alsc be examined for arbitrary values of eta.) The
porometers are chonged by giving the user intervention command USER
(ossuming the test pockage has been looded, see appendix 111 ond section
5).

Let us pretend we do not know the the degree of smoothness but we
wish to exomine it. We first inform MICROSCOPE thot the trial function has
one independent variable, using the DMNSN command. Then we enter o search
interval (here [~1,3], say) using the IINTVL command. At this stage, the
screen is still inactive. This is changed, ond the first display is
obtained, by giving the GO command. The display will remain octive
throughout the remainder of this section. We obtain:

1 1
1 1
I I
1 1
1 1
1 1
1 1
I I
I I
I 1
1 1
1 I .....
............ 1
........................... 1 1
Point - 1.000000D04+00 s = 5.4054D-02
Direction - 4.000000D+02 h =  3,.24320-01

Fe ( 3.680-01, 2.01D+01)
1/0: 25 6 6 1 2 327 2829 30 NRML on  current CALLS = 960

Figure 13
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This disploy shows no lock of smoothness ot all. So, not knowing

obout the noture of the suspected discontinuity ot oll we turn on the
horizontal scale (using DSCALE) to locate any phenomeno of interest and
activote (using DGRAPH) the graph of the highest possibie (i.e. sixth)
derivative. These changes are incorporated one by one (not shown here)
into an active screen. The final result is this:

] 1 : 1
1 : 1
(-] 1 : 1
1 : 1
6 1 : 1 ..
I : I . 666668868
6 6 1 : 1 666666666666666866
66666666666666321.987654666666666666666666666666123456789.123. .6789. 1234567
(] 6 1 : 1 A
1 : 1
(-] 1 1
1 I ...
]
............ 1
.................... 6...... 1 1
Point - 1.0000000+00 s = 5.4054D-02
Direction - 4.0000000400 h =  3.2432D-01

Fo ( 3.68D-01, 2.01D+01) F6 (~6.870+01, 6.27D+01)
1/0: 25 6 6 1 2 327 28 29 30 NRML on  current CALLS = 972

Figure 14

Now it is clear that there is o phenomenon of some kind occuring
at the point =17 measured on the horizontal scale. To examine this
further, we shift the groph by 17 (using SHIFT). This centers the
interesting parts of the graph, yieiding:
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1 6 1
1 : 1
1 6 : 1
1 : 1
1 : 6 1
1 : 1 ..
16 : 6 1 ..6666666666
6666666666666666666666666666666654321.12366666666666666666666666689.1234567
6 :6 1 e
1 : 1
16 : 1
I : I .....
1 6: .......
............ 1
........................... 1 6 1
Point - 8.1081080-02 s = 5.4054D-02
Direction - 4.0000000400 h =~ 3. 2432001

FO ( 1.47D0-01, B.02D+00) F6 (-6.07D0+01, 6.27D+0@1)
1/0: 25 6 6 1 2 3 27 28 29 30 NRML on current CALLS = 989

Figure 15

Alrecdy ot this stoge it is possibie to tel! the nature of the
reduced smoothness. The sixth derivative cleariy shows four distinct local
extrema. This qualifies it os the third (numericol!) derivotive of o delta
function. The second derivative of the trial function must therefore be a
step function. The trial function is hence once but not twice
differentioble. Derivatives of step functions ore discussed in detail in
section 4.2 and in appendix 1.

To confirm our diognosis directiy we examine the second
derivative. Turning on its groph ond erasing the distrocting graph of the

trial function (using EGRAPH), however, yields the following dispiay which
shows no lack of smoothness ot all in the second derivative:
Using MICROSCOPE page 40
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1 6 1 22
{ : 1 2
1 6 : 1 22
1 : I 2
1 : 68 1 22
I : 1 22
16 : 6 1 226666666666
6666666666666666666666666666666654321.12366666666666666666666666689. 1234567
6 16 1 222
1 : 1 222
16 1 2222
] : 1 22222
I 6: 2222222
222222222222 I
222222222222222222222222222 1 6 I
Point - 8.1081080-02 s = 5.4054D-02
Direction - 4.00000004+00 h =  3.24320-01

F2 ( 1.48D-01, 8.080400) F6 (-6.070+21, 6.27D+01)
1/0: 25 6 6 1 2 327 28 29 30 NRML on current CALLS = 989

Figure 16

The second derivative gppaqras smooth becouse the discretization
is too crude to show its discontinuity. $o we keep decreasing the value of
the discretization parometer (ond simultaneously the interval, keeping the
window width fixed). Since the active point is only approximately in the
center of the disploy, this will couse it to drift to one side which hos to
be counteracted by more shift commonds. Because of the orgonization of

it is particularly efficient ond convenient to divide (or
multiply) with powers of two. Halving h four times (using HALVE) foilowed
by a shift of 24 and four more halvings yields, after ercsing the scale and
the groph of the sixth derivative:
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I I 2222
1 1 2222
I 1 222
I 1 222
I : 1 222
222222 : 1 222
22 1 2: 1 2222
222 1 2 1 222
22 2 I 122 1 222
2222 1 22222
2222 1 1
22 1 1
2222 H I
222 1 1
2222 1 I
Point - ~1.0408340-17 s = 2.1115D-04
Direction - 4.000000D4+00 h = 1.28690-03

F2 ( 9.920-01, 1.000+99)
1/0: 25 6 6 1 2 327 28 29 30 NRML on current CALLS = 1353

Figure 17

Now it is clear that there is a jump discontinuity in the second
derivative of the trial function. The location of the active point can be
seen to be © +/- about s = ©.0002. Even the size of the jump can be
estimated. Inquiring (using TYPE) for the values of the derivative at the
left and right end points of the window (where in this crude display it
assumes its extrema) yields values of 9.98846D0-1 and 9.965220-1
respectively, corresponding to a jump of -2.320-3. The rec! jump is of
course eto = -5.8D-3. The discrepancy is due to ¢ truncotion error, not
just in approximating the derivotive, but olso in picking the points of
evaluotion. The estimate con be improved by extrapoloting (linearly) the
left and right parts of the second derivative to the point of exomination, -
using an estimate of the third derivative which can be obtained from one of
the earlier displays. With the third derivotive set equal to 1, this
procedure yields an estimate of -2.32D-3 -~ 128 = -4.86D-3 which is o very
good result considering the difficulties of numerical differentiation.

In the present setting. it is not possible to decreose the
discretizotion parometer further without succumbing to round-off errors in
the second derivative (you may wish to try this yourself). However, the
obove exompie illustrotes how to oiieviate the !imitations of round—otf

errors. We olreody recognized the true noture of the reduced smoothness
when exomining the sixth rother than the second derivative. With the
occuracy used for the exomples in this monual (10 digits), steps in the
second derivative 300 times as smai! os the one aobove can be detected. The
following disploy shows the groph of the sixth derivative for the some
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function as obove with eto = ~1.70-5 ond h = 8.24, These vaiues have been
token from table 4 in oppendix 1 (tou = 1.80~-19).

1 1 (.1
1 1 86
1 1 (13
1 ] 68
1 1 86
1 1 (1.1
1 : 1 (1]
1 : 1 (1.1 ]
I : I 8666
1 6: H 8666
1 6: 6 1 6666
1 : 6 668
666 6 1
886666686666 1 66 : 6 I
8868886666686568666 1 :6 1
Point =  ~1.040834D-17 s = 4.0000D-02
Direction - 4.0000000400 h =  2.4000D-01

F& ( 2.230-01, 4.40D+00)
1/0: 25 6 6 1 2 327 28 29 30 NRML on current CALLS = 14490

Figure 18 At the limits of resolution

The sixth derivative shows 4 extremo, identifying the step in the
second derivative.
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¢ A Detgi 0 S £ {

4.1 Round~Offt Effacta
The foct thot oll orithmetic operaotions are carried out with
finite occuracy is fundomental and oll pervasive in working with
MICROSCOPE, . Numerical Differentiotion is particularliy sensitive to

rounding since it involves the subtroction of nearly equal quontities,
leading to a cancellation of significant digits. Consequentialiy, the
error in numerical differentiation does not decrease indefiniteiy with the
discretization parometer, but rather starts to behave erratically beyond o
certain minimum value ond tends to increqse as the discretization porometer
is dacreqsed further. However, it is its very randomness thot makes
round-off errors readily apparent in o MICROSCOPE disploy so that you will
not be misled into accepting meaningless results ot their foce value.

The precise effect of rounded orithmetic depends on severol

factors:

~1- The number of significant (binary) digits carried by a
porticular computer. Most wuysers will prefer on approximation of the
equivalent number of decimal digits, and so MICROSCOPE computes thaot number
and prints it out at the beginning of o session. More precisely,

MICROSCOPE computes the smailest power of 2, tou, soy. such that within the
given computer arithmetic the quontity 1 + tau sotisfies o test for greater
than 1, and then prints the rounded value of the negotive common logarithm

of tou.

-2- The oaccurocy with which the trial function is being
evaluated. That accuracy will always be less thon or at most equai to the
accuracy indicated in ~1—. Usually it will be much less, for any of the

following reasons:

-2.1- Typical multivoriaote interpolants are very complicated
algebraically, involving many operations which tend to increase round—off
errors.

-2.2- 1If, os is frequently the cose, the trial function is the
difference between o primitive function ond its interpolant, then a
concellation of significont digits occurs.

-2.3- If the display funciion is o cross derivative of the tria!l
function it is olreody contominoted by round-off errors due to numericol
differentiation, thus exhibiting effects that one wouid normo!ly expect to
occur only for higher order tangential derivatives.
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-3- The precise nature of round-off effects is aiso very
sensitive to the relaotive mognitudes of various tangential derivotives
involved. For example, a constont function will exhibit round-off errors
ot any value of the discretization parameter.

Of the above three sources of round-off errors, you will wusually
have o firm knowledge only of the first. Knowledge about the other two may
be gained by using MICROSCOPE itself. This is usually more effective than
attempting o theoretical onalysis.

The precise nature of round-off errors is discussed in Appendix
1. Detailed formuias and tables are given. However, the usual approach
will be to experiment with various volues of the discretization parometer,
choosing it as small os possible without generating the tellitale rondom
pattern that indicotes round—off errors.

2 Darivati { Step Functi

One perhaps surprising feature of numerical differentiation is
that doubtful discontinuities in some derivatives can often be displayed
very clearly by plotting higher order derivatives, even though a large
discretization parometer is necessory to keep them free of round—offt
errors. This foct becomes quickly apparent empiricolly, and is analyzed in
Appendix I.

The conceptual bosis for the approach is provided by a Dirac
Delta function (see Couront ond Hilbert, 1962, p.456). A step function can
be thought of as rising ot the discontinuity with infinite slope from one
discrete vatue to another. If it is piecewise constant ite derivative can
be thought of as o function that is zero everywhere, except ot the
discontinuity, where it is infinite such thot the integral over the
derivative equals the jump in the step function. That derivative is o
deita function.

More precisely, a delta function about o point P, say, is defined
os the limit of o sequence of non~negotive functions thot are different
from 2zero only in neighborhoods of P. The diometer of those neighborhoods
tends to zero, and the value of the integral over the functions remains
constant (at 1 in the cliassical definition).

Derivatives of o delta function can be visualized by considering
a function in the obove sequence. Suppose it is bell shaped. Then its
derivative will have two locol extrema of opposite signs. The second
derivative will hove three extrema, etc. Taken to the limit, the k-th
derivative of a step function hos k local extrema of olternating signs, all
located at the same point.
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Numerical derivatives of o step function exhibit the some

phenomena, if the discontinuity is smeored out over a window containing
sufficiently many points. This is illustroted in the pictures below. The
step discontinuities occur in the m—th derivatives, where m = 9,1, ..., §.

The discretizotion parometer is h = 1, ond the size of the jump is 1. More
precisely, the m—th function is defined by

m
s(x) =@ if x<® ond x /m! otherwise,

where the exclomotion mork denotes the factoriol.

Notice thot os the degree of the discontinuous derivative
increases, the smoothness of the graphs of higher derivatives increases.
This is consistent with the interpretotion of numerical differentiotion os
o smoothing process. (The numericol derivatives have the same degree of
smoothness as that of the display function, just the number of the points
of reduced smoothness is increcsed.)

LR RS B B I IAPINIP 5555555555444444444466666666665555555555222222222211111111
1 : 1
1 H I
1 6666666666 : 1
1 : 444444444444444]
1 : 1
1 : 66666666661
66666661 : 66666666
55555556666666666 : 555558555
444444444444444 : 1
1 : 1
5555555555 : 666666666655555555551
1 : 1
1 ' : 1
333333333333333222226666666666555555555544444333333333333333........
Point - 0.000000D04+00 s = 3.3333D-02
Direction - 1.000000D0+00 h = 1.0000D+00

Fo (-1.e0D+00, 9.98D-11) F1 (-5.00D-01, 7.68D-11) F2 (-1.0eD+00@, 1.00D+09)
F3 (-4.000+00, 4.00D+00) F4 (-4.80D+01, 4.80D+01) FS (-2.4304+02, 3.650+02)
F6 (-7.290+03, 7.29D+03)

1/0: 25 6 6 1 2 3 27 28 29 3@ NRML on current CALLS = 1662

Figure 19 Derivotives of o Step Function (m = @)
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222222222211 665 444 86 33333 2222222222
1 221111 65 65 4 : 4 6 36 33 22 1
I 22 1111 865 655 4 : 4 633 868 33 22 1
1 22 11818 54 : 4 33 6 5 33 1
1 22 6 51111 6 45 436 8 35255533 1
66666666 266 8 1116 85 : 33 6 682 5553 6esss6es
1666666 6 25 4 11115:33 4 22 8 8666861
555555855 6666 5 22 4 8 3511 6 4 22 5 6668 555555535
1 555 ] 22 4 633 :551611 4 22 S 1
44444444 355 24 33 L] 11142 -] 44444444
1444 3555 5 42233 8 : 85 22 4115 444]

I 444 335 4 3322 6 : 6 5%2 45 1111 444 1
1 44433 4 33 22 : 225 854 11444 1
1 4443 433 226:622 5 5 4 444 N1 1

1 4443 262 55 444 ARRRRRRRRARI
Point - ©.000000D+00 s = 3.3333D-02
Direction - 1.0000000+00 h = 1.0000D+00

F1 (-1.000+00, 4.28D-11) F2 (~1.00D+0@, 2.850-10) F3 (-2.00D+20, 2.00D+00)
F4 (-8.000+00, 1.600+01) F5 (~8.10D+01, B.1@D+01) FE (-1.46D+03, 9.72D+02)
I/0: 25 6 6 1 2 327 28 29 30 NRML on  current CALLS = 1797

0
Figure 20 Derivatives of ¢ C Function (m = 1)

333333333333322222 B6EE6E5555555 4444444 3333333333333

1 33 22222 (] 56 544 44 33 1

I 33 2222 5 T 48 4 33

H 3 62 &5 8: 4 5 44 3 1

I 33 6 252 : 4 5 644 1

I 3 S 22 6: 5 666 6684 1

1 3 6 222:4 63 6668 I
8666668666666 36 § 62 S 63 886686856888
555555555 46866 6 S 4: 22 563 5555555585

I 585 46666666 3 6 22 3 555 1

I 85 4 35 4 : 222 &3 55 1

1 55 44 53 4 : 6 2625 55 1

1 S 4 33 4 : 33 222 5 1

I 5 455 344 : 6 336 55222225 I

I 55555 4444444 33333333366666 55555222222222222222222
Point - 0.000000D+00 s = 3.33330-02
Direction - 1.0000000400 h = 1.0000D+00

F2 (-1.00D+00, 1.99D-10) F3 (~1.00D+00, 1.74D-09) F4 (-2.67D+00, 2.67D+00)
FS (—8.98D+00, 1.350+01) F6 (~1.46D+02, 1.46D+02)
1/0: 25 6 6 1 2 327 28 29 32 NRML on  current CALLS = 1932

1
Figure 21 Derivatives of a C Function (m = 2)
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444444444444444443333 666 5555555 44444444444444444
1 444 3333 6:6 5 5 444 I
1 4 333 6 : 65 554 I
1 44 33 & : 8B 445 1
1 4 33 . 5 4 55 I i
1 4 633 : 5 6 4 5 |
I 4 33:5 4 555 1
55555555555555 4 6 53 6 4 55555555555555
I 555 4 5: 33 4 I
I 55 46 5: 3364 I
6666666666666666 S5 6 5 336 6666666666666666
1 66 S 4 5 433 66 I H
I 66 55 6§ 45 : 44 6333 66 1 1
1 6 5 6 54 : & 6 33336 1 ‘
1 666666555 4444444 666666333333333333333333333
Point = ©.000000D+00 s = 3 .33330-02
Direction - 1.000000D0+00 h = 1.00000+00
F3 (-1.00D0+00, 1.600-09) F4 (-1.330+00, 1.14D-08) F5 (-3.00D+60, 3.00D+00)

F6 (—1.28D+01, 2.70D+01)
1/0: 25 6 6 1 2 327 28 29 30 NRML on  current CALLS = 2067

2
Figure 22 Derivatives of a C Function (m = 3)
555555555555555555544444 : 666666 5555555555555555555
I 55 4444 : 6 6 55 1
1 5 44 : 8 86 S )]
I ) 44 : 65 I
1 5 44 : 6 566 1
I 5 4 :6 5 & ]

1 B) 44 S5 666 1
66666666666666666 5 6 5 66666666666666666
1 666 5 ;44 5 1
1 66 L) 6: 4 5 1
1 6 5 6 : 44 5 1
1 6 5 6 45 1
1 66 55 : 55 444 1
1 6 66 H S 444 1

1 66666 5555555 444444444444444444444444
Point - 9.000000D4+00 s =  3.33330-02
Direction - 1.0000000400 h = 1.0000D+00

F4 (-1.00D+00, 9.60D-09) F5 (-1.380+00, 6.61D-08) F6 (—4.13D+00, 4.130+00)
1/0: 25 6 6 1 2 327 28 29 30 NRML on  current CALLS = 2202

3
Figure 23 Derivatives of a C Function (m = 4)
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6666666666666666666665555 : 666666666666666666666

1 66 555 : 66 1

1 66 55 : 66 1

| 6 55 : 6 I

1 6 55 8 1

I 6 5 6 1

I 55: 1

I 6 5 ] 1

1 6 58 6 1

1 6 S5 6 1

I 6 556 1

1 6 655 1

1 6 6 55 1

I 6 : 6 555 I

1 66666 5555555555555555555555555
Point - 0.0000000+00 s = 3.3333D-02
Direction - 1.000000D+00 h =  1.0000D+00

F5 (-1.00D0+00, 5.09D0-08) F6 (-1.65D+00, 2.67D-06)
1/0: 25 6 6 1 2 3 27 28 29 36 NRML on  current CALLS = 2337

4
Figure 24 Derivatives of a C Function (m = 5)

4.2 The Window

Sometimes it is desirable to use very small window widths or even
compietely separcte differentiation stencils, for example when seorching o
large domain for a point of reduced smoothness. Then steps in o derivative
will oppear as such rather than as grodual siopes that might be obscured by
other features of the reievant graphs. Ailso, cusps and poles are best
disployed using small windows (see appendix II1 for some exompies).
Usually, however, it will be preferable to use larger windows.

There ore two moin reasons to use overiapping differentiation
stencils: first, os illustroted in the preceding subsection, this is
necessary to resolve ali the extrema of o derivative of a delta function,
and, second, it ollows the use of one evaluation of o trial function for
several values of o derivative, thereby increasing efficiency and
accelerating your interaoction with MICROSCOPE. Using overiopping stencils
is equivalent to having o window width (w = 2h/s) that is greoter than 1.

Due to the internal organization of MICROSCOPE, for any given
window width, the number of evaluations (of the disploy function) required
is determined solely by the largest degree of the plotted derivatives. The
following toble lists formulas for computing the number N of evaluotions
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required given the window width (w), .the highest degree of a plotted
derivative (k) ond the number of columns (C) in the grophical disploy.

max k: 0 1 or2 3 or 4 5 0r 6

w=2h/s
<1 c 3C 5C 9C

2 c C+2 2C + 3 4 +5
4 c C+ 4 C+ 4 3 + 8
6 c C+6 2C + 9 2+ 9
8 c C+8 cC+9 3C + 16
10 c C+ 10 2C + 15 4C + 25
12 c C+ 12 C+ 12 C + 12
14 (o C+ 14 2C + 21 4C + 35
16 c C+ 16 C+ 16 3C + 32
18 c C+ 18 2C + 27 2C + 27
20 c C+ 20 C+ 20 3C + 40
22 c C+ 22 2C + 33 4C + 55
24 c C+ 24 C + 24 C+ 24

Table: Efficiency of Window Widths

The special role played by w= 12 is obvious: the numericol
effort is independent of the degree of the plotted derivatives, and exceeds
the number of columns in the disploy only by o constant. This is true
whenever w is o multiple of 12. The reason for this is, of course, that
the display function is sompled at multiples of 1/2 and 1/3 ot the
discretization parometer. For efficiency, the defoult volue of w is 12.
This is also sufficient for most examinations involving delta functions.
Sometimes, however, a larger multiple, like 24 or 36 may be desirable.

A Detaciled Description of Fectures and Commands page 50
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4.4 Referepce Table of Commonda

This subsection contoins a quick reference table of all ovoiiabie
commands. For eoch command, o one—line description is given. Often, the
information contained in these short descriptions will be all thot is
needed. Therefore, the descriptions are used in severa! other plaoces An
appropriate selection of them occurs ot the beginning of esch of the
following subsections. The HSUMRY commond {ists them ordered by topics.
The more detailed HELP command gives o documentation of an individuo)
command heoded by the one—!ine description.

Name Description Date Error Screen
ACCENT mark derivative with asterisks TOGGLE & =1<k<?7 immediote
CICROSS reod 18t component of cross direction C1 C><@ deactiv.

C2CROSS read 2nd component of cross direction c2 C><@:1 deactiv.
C3CROSS read 3rd component of cross direction c3 C><0;1 deoctiv.
4

CCHANNL change channel! number ic,nc —
CDIRCTN read direction of cross direction c C><@ deoctiv.
CHVALUE read ch for cross differentiotion ch 5 deactiv.
CORDER read order of cross derivative k -1<k<7 deoctiv.
CWINDOW change window width by foctor SIGN m m=d immediate
DICHDIR read 1st component of dir. of inv. Dt D><@ deactiv.
D2CHDIR read 2nd component of dir. of inv. D2 D><0;1 deactiv.
D3CHDIR reod 3rd component of dir. of inv. D3 D><@:1 deoctiv.
DCENTER draw center of graph. display TOGGLE — _— immediate
DGRAPH draw graph k -1<k<7 immediate
DIVIDE divide h by integer m SIGN m d><0 immediote
DMNSN  recd dimension v of domoin v O<v<4  deactiv.
DOUBLE double h —_ —_— immediate
DSCALE drow sccle in graphical disploy TOGGLE — —_— immediate
DXAXIS drow horizontol oxis TOGGLE = ~—— —_— immediate
EGRAPH erase graph k ~-1<k<7 immediote
EXIT return to colling progrom —_— _— deoctiv.
FLIP replace d by ~d TOGGLE = — — immediate
FORCE recompute everything —_— — activ

GO compute whatever is needed —_— _— activ
HALVE halve h -— — immediate
HELP obtoin detailed help on command cmd cmd 2 —
HSUMRY obtain o summary of all commands — -_— —_—
IDIRCTN read the direction of investigation D 0><@ deoctiv.
IHVALUE reod vaiue of h h h>o0 deactiv.
1INTVL read endpoints of line of investig. A.B A><B deoctiv.
IPOINT read the new point of examination P —_— deoctiv.
LCROSS load a new cross direction ke 3 deoctiv
LORCTN load o new direction of investigotion kd 3 deactiv
LIST print aill currently available commands — — _—

LOG give channel number for logging ne —_— _—
LPOINT load a new point of examination kp 3 deactiv.
A Detailed Description of Features and Commands poge 51
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MULTPLY multipiy h by factor m SIGN m m><e
NEWS print the news — _—
NORMAL turn normalizotion of D on/off TOGGLE — —_—
OUTPUT write screen immage on recording device — _—
PICHPNT read first component of P P —
P2CHPNT reod second component of P P2 1
P3CHPNT read third component of P P3 1
PAUSE pause until RETURN from channel nc nc —_—
pPLOT enter plotting (<PLOT79>) mode —_— —_—
QUIT terminaote MICROSCOPE session —_—
RCROSS read chonnel number for cross list nc —
RDIRCTN read channel number for direction iist nc —
RESTART reestoblish eorlier parameter settings — -—
ROTATE change direction of investigation Do D><@
RPOINT read channel number for point list nc 1
RSCREEN refresh screen —_— —_—
RWIND rewind device nc nc —_
SETDF reset defauits -_— —_
SHIFT shift point of exominaotion is _—
STORE store current paorometer settings —_— —_—
TCENTER type value of k-th derivative ot center k -1<k<7
TNOTE  toke @ note on recording device — —
TYPE Type vaiue of derivative at some point k,is =1<k<?
UNDO undo previous parameter changes —_— —
USER enter user mode —_— -_—
WAIT make progrom wait for GO or FORCE com. — —_—
Z00M change window width by factor SIGN m m><0
Quick Reference Table of commanda
Key to table of commands:
— Description —
TOGGLE the command reverses itself if called again

SIGN means that reversing the sign

generotes the opposite effect
divide).

— Data —

immediate

deactiv.
deoctiv.
deactiv.
deactiv,

BERERN

deoctiv.

pending
deactiv.
immediate

immediate

deactiv.
immediote

of the input porameter
(e.g. muitiply instead of

A one endpoint of the line of investigation
B
8)/2)
C cross direction
Ct first component of cross direction
Cc2 second component of cross direction

the other endpoint of the line of investigation (P = (A +
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c3 third component of cross direction

ch discretization parameter for cross derivatives

cmd commond nome

D direction of investigotion

Dt first component of direction of investigoation

D2 second component of direction of investigotion

D3 third component of direction of investigation

oD correction to be odded to D

ic type of device (1 = input, 2 = output, 3 = grophic, 4 =
record, 5 = restart)

is Integer shift in number of columns on display, +ve shifts
groph to right, point to left, -~ve is reverse

k degree of o derivotive (1o be plotted, erased, etc.)

ke position of the cross direction in a list

kd position of the direction of investigation in o 1ist

kp position of the point of examination in a list

m integer multiplier.

n integer divider

ne channe! (device) number

[ 4 polint of examination

P1 firat component of the point of examination

P2 second component of the point of exomination

P3 third component of the point of exomination

— no datc are required

— Error o

Restrictions on the doto ore listed in this column. The entry
"—" means that no check is made for errors. The symbo' "><" means ‘“not
equai”. It the error conditions cannot be given explicitly then the
following reference numbers have been used:

1. Components to be changed must not hove on index that is
greater than the current dimension.

2. The command must be a valid MICROSCOPE commond. If it is not
recognized you wili be prompted for another commond to be helped on.
Typing ony vaiid command will get you some information on it ond will then
return you to command mode.

3. There must be one vector in legal formot in eoch line of the
list. If illegal characters are encountered, an error terminotion of the
commond will occur. Aiso, the index number must not exceed the number of
lines in the list. If it does, the progrom will reoch the end of the file
contoining the Ilist, and the precise action after that depends upon the
computing system.

— Screen —
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octiv the commond octivotes the screen

deoctiv. the commond deactivates the screen — i.e. the GO or FORCE

command must be given before the computation proceeds. For
some commands, there is o check if the newly input daotum s
identical with the old one, in which case the screen remains
active.

immediote If the screen is active then the effects of the command core
incorporoted befores the next command is requested

pending If the screen is inactive, this command will put the ;
graphical disploy on the screen, even if computations are b
pending. j‘
—_— The grophical and numerical display, ond the screen stotus
are not changed. Notice, however, that the octuol! screen |
display moy be destroyed by error messoges or help

informotion. The next display changing command (or RSCREEN)
witl then refresh the screen.

4.5 Commanda to Control the Diapiay !
In this ond the following subsections, input to MICROSCOPE is vio :
the assigned input chonnel, unless otherwise stated. This wili usuaily be '

the terminal, but moy clso be o file for o botch type session.

ACCENT mark derivotive with osterisks TOGGLE &k -1<k<? immediate
DCENTER draw center of graph. display TOGGLE — —_ immediate i
OGRAPH draw groph k ~1<k<? immediate |
DMNSN  read dimension v of domain v O<v<4  deoctiv. H
DSCALE draw scole in grophical display TOGGLE — —_— immediate i
DXAXIS drow horizontal axis TOGGLE —  —  immediote . ,
EGRAPH erase graph k -1<k<?7 immediote R
FLIP replace d by -d TOGGLE — —_— immediate :
RSCREEN refresh screen — —_— pending |
TCENTER type value of k—-th derivative ot center k -1<k<? —_— 1{
TYPE type value of derivative ot some point k,is =-1<k<7 immedicte !
We now turn to the descriptions of individuol commonds. Screen 1

display commands control whot oppears on the terminal screen. (For the
effects of these commands on the <PLOT?9> draowing see section 4.14.) There §
are several subgroups of commands:

-1~ Deciding on the Tangentia! Derivatives to be Displayed.
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By defauit, only the display function is disployed. The graph of
the display function itself is morked by periods, the graph of its k—th
tangentio) derivotive (k = 1,2, ..., 8) by the digit k. Using DGRAPH or
EGRAPH respectively, you can turn on or off the graphs of the zeroth
through sixth derivotivea. It is olwo possible to display no functions ot
all. In ony case, the disploy function is evaliuated oniy ot the points
where it is needed.

-2- Accentucting o Groph.

1f you wish to emphasize the graph of o particular derivative
then you can plot its groph using osterisks rother than o period or the

digit k. The commond ACCENT turns this option on or off. Note that the
numerica! displaoy contains no direct information on which derivatives have
been accentuated. Also, if you occentuate several derivatives at once
their grophs cannot be distinguished from each other. The groph of on

accented derivative overwrites anything else in the disploy, except for the
conter mark. The ACCENT commond also hos the effect of turning the graph
of o derivative on, i.e. it does not need to be preceded by o DGRAPH
command. By defoult no derivative is occented.

=3- Drawing 6 Horizontal Axis

A horizontal axis can be drawn through the center of the
graphice! disploy, uvaing the commond DXAXIS. ]f desired, a scale con be
obtoined by using DSCALE. Both commands are on/off switches. The point at
which the axis or scale intersects the central column of the graphical
display does not in general correspond to the value zero. (That point is
different for ecch of the tongenticl derivatives plotted, and may not even
be contained in the graphical dispiay.) The purpose of the axis is to give
help in examining symmetry properties, and the scale is useful in locoting
points of interest for more detoiled exominotion. Both the scole and the
oxis are off by default.

-4— Marking the Center

The on/off command DCENTER may be used to mark the center of the
grophical displaoy with o plus sign. This is sometimes vuseful for
confirming symmetry properties. The center mark is off by defoult.

-5 Flipping the Direction of Investigation

The FLIP command hos the effect of replocing the direction of
investigotion d by -d. This turns the groph of ony derivative about the
vertical oxis, and it olso turns the groph of any odd degree derivative
about the horizontal axis, theredby possibly disentang!ing graphs thot hove
been overwritten by others.
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et Consider for example the exponential function and ite first

derivative. Ordingriily the two graphs would be identical, yielding o
dispiay in which the displaoy function is completely coverea by the graph of
its first derivative:

1 1 11
1 1 111
I 1 1111
1 : 1 11
I : 1 1111
I : I 1119
1 : 1 ARRR!
1 H I 1111
1 : 11111
1 11111 1
111111 1
111111 1 1
IRRRRRA] I 1
11111111 1 1
111111119 1 1
Point - ©.000000D+00 s = 1.6667D-02
Direction - 1.000000D4+00 h = 1.0000D-01 l
Fe ( 5.400-01, 1.850+00) F1 ( 5.410-01, 1.860+400) |
1/0: 25 6 6 1 2 3 27 28 29 30 NRML on current CALLS = 2424 |
Figure 25 An Invisibie Graph i
After using the FLIP command one obtains:
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1 1 RRRRRARRAI
1 i IRRARAR!
)] 1 1111111
I IRRRRARA]
1 HERRRRR!
I 1111 H
11111 H I
11111 1 1
L B B 1
1M1 I ... 1
1M1 I
ARRR! 1 I ......
1" 1
M 1
m 1 r e
Point - ©.000000D+00 s = 1.868670-02
Direction = -1.0000000+00 h = 1.00000-01

Fo ( 5.400-01, 1.850+00) F1 (-1.86D+00.-5.41D-01)
[/0: 25 6 6 1 2 327 28 29 30 NRML on current CALLS = 2424

Figure 26 The Disentangled Graphs

where the two graphs gre now clearfy visibfe.
-6- Obtaining Numerical Values

The alphanumerical display does not provide precise numericol
values. Values of any computed derivative to 21 digits moy be obtained by
using the TCENTER or the TYPE command. TCENTER provides volues at the
center of the dispiay, TYPE does so for ony point in the disploy. For
TYPE, measure the distonce in columns form the center of the graphical
display, positive to the right ond negotive to the left. For clarity, if
the screen version of MICROSCOPE is employed, the column in which the volue

is reod is briefly marked with exclaomotion marks. Returning to command
mode requires typing a corrioge return. This ias necessary so that the
prompt for the next commond does not overwrite the numerical information

before it con be reod.

Only derivative values thot have been previousiy computed con be
read. This includes ol) derivotives through [k) where k is the highest
degree of o derivative thot has been previousiy displacyed on the current
active screen, ond [k] is k+1 if k is odd or k if k is even.
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- -7- Refreshing the screen
The command RSCREEN has two distinct applications:

On an aoctive screen, it serves to refresh the screen imoge after
it has been destroyed e.g. by o system message or by HELP information.

On an inactive screen, the Ilost few commands instead of the
alphanumerical disploy are shown. 1In that situation, RSCREEN callis the
dispioy onto the screen without corrying out any compytations. Thus
changed parameters may be shown in the numerica! display without hoving
been incorporated into the graphical display. This condition is indicated
by the flaog "GO pndg" in the numerical disploy. (If the screen is octive
then the flag "current" is displayed instead). The second applicotion is
useful if the alphanumerical display has to be viewed in order to decide on
the next command.

When entering MCRSCP the screen is inactive.
-8~ Setting the Domain Dimension

The DMNSN command informs MICRQSCOPE of the number of independent

variables (1,2 or 3). It is listed here becouse it does affect the
numericaol dispiay. However, this command is usually given at most once ot
the beginning of the MICROSCOPE session. The default dimension is 2.

DMNSN also resets the point of exominotion, the direction of investigation,
the cross direction, and the order of the cross derivotive to their default

volues.
46 C 1a_to Control the Point of E inoti
LINTVL read endpoints of line of investig. A.B A><B deactiv.
IPOINT read the new point of examination P —_— deactiv.
LPOINT lood o new point of exomination kp 3 deactiv.
P1CHPNT read first component of P P -_— deactiv.
P2CHPNT read second component of P P2 1 deactiv.
P3CHPNT reod third component of P P3 1 deactiv.
RPOINT read channel number for point |ist nc — — -
SHIFT shift point of examination is -_— immediote

The simplest way of defining the point of exomination is to read
it from the input device by using the IPOINT commond. Individual
components moy be defined similarly by using the commands PICHPNT, P2CHPNT

or P3CHPNT.
¢ Sometimes it is useful to generate o Iist of possibie points of .
* exomination before the MICROSCOPE session, ond then refer to them by their

position (i.e. 1ine number) in the 1ist, rather than by typing the

A Detailed Description of Features and Commands page 58

4.6 Commands to Control the Point of Exomination .




MICROSCOPE : A Software System for Multivoriote Analysis page 59
User's Manuol Version of April 1984
individual components. This is focilitated by the LPOINT command, which

prompts for the position of the point and then reads it from a device
(usuolly o file) with o device number that has been set by the RPOINT
command (the defoult is zero). All point loading devices must contain one
vector per |line.

The SHIFT command can be used to shift the graph by o specified
number of columns to the right (if the number is positive) or left (it is
negative). There is no restriction on the number of columns by which to
shitt the graphs. In particular, the number moy exceed the number of
columns in the display.

It is olso possible to define the port of the domain thot is to
be shown in the disploy by defining its two endpoints. This is
accompiished by the IINTVL command, which will prompt for the feft and
right endpaint (in that order) of the graphica! display. These have to be
separated by at least one line feed. Notice that IINTVL defines
simultoneously the point of examination, the direction of investigotion,
the discretizotion parameter, aond the disploy interval.

7 ¢ 18 to Control the DI . f 1 Ligati

DICHDIR reod 1st component of dir. of inv. D1 D><@ deactiv.
D2CHDIR recc 2nd component of dir. of inv, D2 D><®:1 deactiv.
O3CHOIR reod 3rd component of dir. of inv. D3 D><@;?! deactiv.
IDIRCTN read the direction of investigation D D><® deactiv.
LORCTN load o new direction of investigation kd 3 deactiv
NORMAL turn normglization of D on/off TOGGLE —— _— deactiv.
RDIRCTN read chonnel number for direction )ist nc — -_—

ROTATE change direction of investigotion oD 0><@ deactiv.

The direction of investigation can be read from the input device
by using the command IDIRCTN. Individual components can be changed by the
commands D1CHDIR, D2CHDIR or D3CHDIR.

Similarly to the point of exomination, the direction of
investigation may also be defined by giving its position in o list. The
command LDRCTN loads the direction from the list (usually a file) whose
channe! number has been defined by the RDIRCTN command.

A new direction may also be defined by rototing the old one. The
command ROTATE will read the difference between the old and the new
direction, ond updote the direction. This is sometimes useful for
examining the effects of devioting slightly from the previous direction of
investigation.

The numericol display will alwoys contain the direction of
investigation as it hos been input to MICROSCOPE. Internally the direction
of the derivative (i.e. the vector d in the differentiation formulas) s
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usually the given direction divided by its Euclideon length. This leads to
the staondard definition of o directional derivative. However, sometimes it
is more useful to use the unnormclized direction for the differentiation

(i.e. to have d identical to the disployed numerical value). The
normalizotion con be turned on or off using the command NORMAL, ond is on :
by default. Normolization chonges the vaiues of the directional

derivatives, ond the domoin that is covered by the grophical display. An
identical graphical display (but with different numericol values) con be
obtained by dividing the display interval instead of the specified
direction of investigation by the same factor.

4.8 Commands to Control Accuracy. the Window, and Round-Off Effects

CWINDOW change window width by factor SIGN m m=9 immediote
DIVIDE divide h by integer m SIGN m d><0 immediate
DOUBLE double h —_— —_— immediote
HALVE halve h -— —_— immediate
IHVALUE read value of h h h>e deactiv.

MULTPLY multiply h by factor m SIGN m m><0 immediate
ZOOM enlarge central portion of displ. SIGN m m><0e immediate

This group of commands controis the three parcmeters h
(discretizotion parometer), s (the disploy intervai), and w (the window
width) which ore related by w = 2h/s (w must lie in the interval [1/16,576)
ond con ossume only certain rationof vaiues). Each of the commands chonges
two of the three parometers, leaving the third constant, according to the
following table:

Parometer left constant
w s h

DIVIDE CWINDOW ZOOM
DOUBLE
HALVE
THVALUE -
MULTPLY
Toble of Discretization Controling Commands

Most frequentiy, the window width is {eft unchanged, often
throughout the entire MICROSCOPE session. This occounts for the acbundance
of commands covering that case.

The commaond IHVALUE serves to define on entirely new value of the
discretization porometer (ond the display interval).

Often you will want to modify the current value of h, e.g. to .
get rid of the influence of round—off errors, or perhaps to increase the
accuracy of numerical! values. Due to the orgonizotion of MICROSCOPE it is
particularly efficient (i.e. requires few evaluations of the trial
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function) if h is multiplied or divided by powers of 2. The factor is
used 8o frequently that two specific commonds (HALVE ond DOUBLE) hove been
provided for this case, which require no arguments.

Multiplications or divisions with other integer factors can be
occomp!ished by using the commaonds MULTPLY and DIVIDE respectively. It is
possible to reverse the meaning of the commonds by entering negotive
foctors (e.g. MULTPLY followed by -3 is equivatent to DIVIDE followed by
+3). This is due more to the internal workings of MICROSCOPE than to any
ottempt to provide a truely meaningful convenience.

The command CWINDOW changes the current window width by the
specified foctor. A positive factor corresponds to an increase of the
window width, a negotive one to o decrecse. The change is obtaoined by
altering the value of the discretization paorometer while teaving the
disploy intervo! fixed.

The command ZOOM has a similar effect. However, it aliters the
disploy interval and leaves the discretization parameter unchanged. This
is useful when operating ciose to the round-off level with o value of h
that must not be decreased. On the other hand, if round—off errors oare
irrelevant then the CWINDOW command should be wused becouse it is more
efficent.

The primary purpose of the commonds described here (other than
IHVALUE is to alter the disploy while the screen is active. I1f aevergl
commaonds are given while the screen is inactive only the last one will
actually be implemented. 1f severol changes are to be affected before the
trial function is evoluoted, then this can be occomplished by erasing the
grophs of all derivatives, ond then octivating the screen (using GO or
FORCE), and making the desired changes.

For the following illustrotion it is ossumed that the screen is
activ derivatives through second order hove just been disployed, 79 columns
are being carried in the graphical disploy, ond the current window width is
12. The table below gives the additionali number of evaiuations of the
disploy function needed to accomodaote changes by factors 2,3,...,8. An
entry "—" indicates that the change is impossible (e.g. repected
applications of the HALVE command can only accomplish changes by powers of
2). Entries in parentheses indicate thot the chonge has led to o
non—integer half window width and therefore is unlikely to be empioyed.
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2 3 4 5 (] 7 8

DIVIDE 46 81 68 91 76 91 8e

MULTPLY 46 60 68 9 76 91 80

DOUBLE 46 _ 92 —_ —_ -— 138

HALVE 46 — 92 —_— — - 138

ITHVALUE 91 91 N 91 91 91 19

CWINDOW 12 24 36 48 60 163 84

(increcsing)

CWINDOW ] ) (82) (237) -} (237) (237)
(decreosing)

ZOOM 52 76 96 139 151 163 154
(increasing)

ZOOM 40 52 (116) (182) 66 (198) (204)
(decreasing)

Tobie: Relative Efforts

4.9 Commanda to Control Execution

EXIT return to calling progrom —_ _ deactiv.
FORCE recompute everything —_ —_ activ
GO compute whatever is needed —_— — activ
QUIT terminote MICROSCOPE session — —_ —_—
RESTART reestablish eariier porameter settings — _ _—
SETDF reset defoults — — deactiv.
STORE store current parometer settings -_— —_— —
UNDO undo previous pargmeter changes __ __ _
WAIT make program wait for GO or FORCE com. — _— deactiv.

To activate an inactive screen the GO or the FORCE command must

be used. GO ossumes that previous function evaluations are still valid and
FORCE reevoluates the trial function at all needed points regardiess of
prior evoluations. Ordinarily GO will be used for the sake of efficiency,

but the FORCE commond is necessary if changes have been applied to the
trial function (either after leaving MCRSCP or by using the USER command)
that invalidate the earlier evaluotions.
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Usually, the commond QUIT is wused to terminaote o MICROSCOPE
session. That command leads to a simple FORTRAN STOP stotement. However,
it is possible to leave the routine MCRSCP vio the EXIT command (leading to
o RETURN stotement), and then call MCRSCP ogoin, perhaps ofter changing
some screen parcmeters. After reentering MCRSCP, these will ogoin be
checked for consistency, and the screen will be marked inoctive. However,
the defaults will not be set, so thot it is possible to return to MCRSCP
ond find everything os it has been left with the exception of what you may
have reset yourself between MCRSCP colls. After reentering MCRSCP it moy
be necessary to use FORCE instead of GO to avoid peculiar displaoys due to
altered screen parameters.

The recommended way of changing problem defining porometers (e.g.
selecting o new trial function) is to use the commond USER (see section
4.18).

Usualiy the screen is set inoctive by some drostic chaonge of key
parometers such as the point of exominotion or the direction of
investigation. It can agiso be set inoctive by using the command WAIT. This
option is particulariy useful in the scrolling version when it moy be
convenient to effect several changes before scrolling the display just
once, rather than having it scrolled after each individual command.

The stote of o MICROSCOPE investigotion con be stored using the
command STORE, ond fater restored using the command RESTART. STORE writes
the values of all relevant parometers onto the Restart Device and then
rewinds that device. Thus, if the command STORE is given several times
only the stotus during the last issue of the command can be restored. It
it is necessary to store severail data settings, then the restart channel
number has to be changed by using the CCHANNL commond (see section 4.13),
or o different file has to be assigned to it by the command USER.

If desired, some of the defoult settings con be reestabiished by
using the SETOF command. More precisely, the effects of SETDF ore:

=1- The screen is deoctivated

-2—- All previous function evaluations are discorded

=3~ The window width w is set to 12

=4- Only the disploy function itseif is flogged to be plotted

~5—- Any cross derivatives are turned off

-6~ The discretizotion parameter h is set to its default vaiue (10-4)

=7- The x-axis, center mark, and horizontal scale are all turned off
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-8- If the test pockoge has been loaoded (see Appendix I1Il) then
the test function is reset to its defoults (N= 1, D = 10,
no exponential is added).

While the screen is inactive, it may be possible to recover from
on erroneous command using the command UNDO. This has on effect only on
quantities set ofter the last GO or FORCE command, ond resets them to their
values prior to that command. The following parameters are reset (i.e.
any chonge is undone):

-1~ The point of exominotion

-2- The direction of investigation

-3~ The left and right endpoints of the investigation interval
—4— The vatue of the discretizotion porometer h

=5- The window width w

—6— The number of independent variabies

=7- Marking the center point

—8- Drowing o horizontal scole

~8- Drawing o horizontol oxis

~10- Selection of graphs to be plotted

Note that any changes regording o cross derivaotive or the
normolizotion of the direction of investigation are not undone.

£.10 C s to Obtain On-Line Hal

HELP obtain detailed help on commond cmd
HSUMRY obtain o summary of all commands

LIST print ao!l currently ovoiloble commands
NEWS print the news

[+]
3
a

BRN

The quickest way of obtoining information on possible commonds is
the commond CLIST which will print a list of all currently aovailable
commands on the screen. More detoiled informotion on gll commands can be
obtoined through the HSUMRY command which prints the table in section 4.3
reorganized by topics.

Information on o specific command can be obtained by typing HELP,
followed by the name of the command you want help on. MICROSCOPE wil)
print not only a short description of the commond, but olso the current
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o

values of those porameters that are affected by the conmond. Thus if, for
example, you wish to find out what the current number of independgent
voriables is you can request HELP on DMNSN.

The command NEWS will print o text that moy chonge from time to
time ond will also depend on your porticular installiation. At the time of
this writing the "news” are a very brief primer on MICROSCOPE.

Finalty, if you type ¢ question mark to MICROSCOPE., it will

invite you to enter o commond, and will suggest HSUMRY and LIST as
possibilities. 1
4.11 Commanda {o Keep g Record
i
LOG give channel number for logging ne -—_— _— |
OUTPUT write screen immage on recording device — —_ -—_ “
TNOTE taoke o note on recording device text — _—

the Record Device. The command TNOTE wil!l copy aony text you type on the
Input Device until it encounters the string ‘EC’ (End Comments, both E and
C must be capital) in columns 1 ond 2. It then returns to command mode.
The tength of text lines may be up to 80 columns or the number of columns
specified for the graphical display, whichever is larger. Trailing blonks
are stripped, to make the record file more compact.

Results obtaoined with MICRQSCOPE can be recorded permanently on {
!
i
|
i
1
|
i

The command OUTPUT causes MICROSCOPE to write o copy of the
graphic ond the numerical display onto the recording device. This manual
is generated by using TNOTE and OUTPUT throughout o lengthy string of
MICROSCOPE commands.

There is olso o logging device which is active if its chonne!
number is different from zero (it is inoctive by defoult). The commond LOG
sets the logging device number. If the device is octive all commands,
dota, disploys, and notes are recorded on it.

$.12 C 1a_to Angl c Derivati

CICROSS read 1st component of cross direction [0} C><0 deoctiv.
C2CROSS read 2nd component of cross direction c2 C><0;1 deactiv.
C3CROSS read 3rd component of cross direction c3 C><0;1 deactiv.

CDIRCTN read direction of cross direction c C><@ deactiv.
CHVALUE read ch for crose differentiotion ch 5 deoctiv.
CORDER reod order of cross derivative k -1<k<? deactiv.
LCROSS l10ad o new cross direction ke 3 deactiv
RCROSS read chonnel number for cross |ist nc — —_—
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Cross derivotives, Ilike oll derivatives in MICROSCOPE, are
calculated using numerical differentiction. The formuios are cnalogous to
those given for tongential derivatives. In general, the cross stencils
will have no points in common. Therefore, one evaluation of o k~th order

cross derivotive requires k+1 evaluations of the trial function.

By choosing the cross direction to be paraliel to the direction
of investigation the range of tangentio! derivotives con be shifted from
[e.6] to [k,6+k]. This situction, however, is not treated separateily by _
MICROSCOPE and does not leod to savings in function evaluations. L

The commonds controlling the cross derivative (if ony) ore
similar to those controling the direction of investigation. By default, no
cross derivotive is computed. It is activated by reading o non—-zero order
of the derivotive, using CORDER, or by defining o cross direction using
COIRCTN (which reods the cross direction), CICROSS, C2CROSS, or C3CROSS
(which read individual components), or LCROSS which loads o cross direction
from o channe! defined by RCROSS (the default channel number is zero). The
default order is 1 if the cross derivative is activated by setting @ cross
direction. If it is octivated by setting the order its defauit direction
is the vector with oil of its components equa! to 1.

B AW

The cross discretization parameter ch is either set explicitly .
using CHVALUE, or by default, in which cose it cssumes the some value os i
the tongential porometer h ot the time when the cross derivative is
activated. For efficiency, later changes of h have no effect on the value
of the cross porometer. Note that any change of ch requires o reevaluation
of the display function at all needed points.

Cross derivatives are turned off by setting their order to zero

1

(using CORDER). The NORMAL commond has the some effect on cross '
derivotives as it does on tangentiol derivatives. H
When plotting cross derivatives it is important to keep in mind H
that the significance of the window may be blurred if o stencil used for - o
the cross differentiotion, ond centered outside of the window, nonetheless o
crosses the front. This con be ovoided either by keeping the cross '
discretizotion parameter much smalier than the display interval, or by _q

|

i

choosing the cross direction paraliel to the front.
In the following example, the trial function is
4
2 i
f(x,y) = x eabs(x)eysabs(y) f
the point of examinotion is [0,1], the direction of investigation is [1,0], L
and the cross direction is [1,-1]. The value of h = 30-3 and ch = &D-3. |

Obviously the effects of the discontinuity in the second tangential .
derivative are carried beyond the window. ;
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Figure 27 An Extended Discontinuity

4.13 Programming MICROSCOPE
CCHANNL change channe! number ic,nc 4 —_—
PAUSE  pause until RETURN from chonne! nc ne — —
RWIND rewind device nc ne —_— —_—

Some rudimentary progromming of MICROSCOPE is possible. The
basic approach consists of writing o sequence of commonds into a file ond
ossigning it to the input device. The vorious devices can be switched by
using the CCHANNL command. It will prompt for two integers, the first
defining the type of channel to be switched, the second giving the new
channel number. The types are

Input Device
Output Device
Graphics Device
Recording Device
Restart Device

PN -
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For on explanotion of these devices see soction 1.3. Their
channel numbers are defined originally by parometers possed on to the
routine MCRSCP (see section 3.1). Upon entering MCRSCP these are copied
into voriables that moy be chonged by CCHANNL. Thus the input parameters of
MCRSCP are not chonged by that command ond cssume their old values should
MCRSCP be exited (using EXIT) ond loter reentered without changing its
parameters

The ioading devices for the point of examination, the direction
of investigation, ond the cross direction can be switched by using the
commands RPOINT, RDIRCTN ond RCROSS, respectively. The Help Device connot
be switched oas the intormation contoined in it is an integrol part of the
MICROSCOPE package and is only reod during ¢ session. Indeed, it is
advisoble to protect the heip file against an accidental overwrite if
possible, e.g. by using o READONLY switch in on OPEN stotement.

Any chonnel can be rewound by the RWIND commond. This facility
con be used ¢.g. to regenerate o specific porameter configuration or to
overwrite previously generated informotion thot is no longer needed. An
infinite loop can be created by putting o rewind command ot the end of the
input file.

The PAUSE command can be used to view the output of o MICROSCOPE

progrom ot Jeisure during run time. It will ask for o channel number and
then suspend computation until o dummy character is received from that
channe!. The channel will usuglly be the terminol.

Computotion by o program caon be suspended by changing the input
device to the terminol (entering interactive mode) ond loter continued by
switching the input channel back to the appropriate device.

Note that for all of the device handling commands no precaution
has been taken to ensure that only lega! chonnel numbers ore given, ond
that oppropriate devices are ossigned to the channel numbers.

Comments caon be included in @ program in two ways. Firstly, o
‘comment I(ine' replaces a command line and is marked by a "+" character in
column ¥ or 2. Secondly, ony charocters contained in the spaoce starting
with column 3 of a command line are ignored by MICROSCOPE. This facility
does not exist for lines containing data. Indeed, ony spurious characters
moy lead to the rejection of the data by the parser.
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¢ 14 The PLOT ! btoini PLOT79> Diap!

PLOT enter plotting (<PLOT79>) mode —_— —_ —_

The alphonumerical displays usually generated by MICROSCOPE ore
adequate to obtain the desired answers to your questions, but they moy not
be suitoble e.9. for publicaotions, reports, etc. Depending upon the
ovailability of suitable hord- ond software (<PLOT79>. see Beebe, 1979) you
may be able to generate more presentable plots. This is accomplished by
the commaond PLOT which generctes a drowing of the current alphanumerical ;
display, ougmented by some special options. f

Detailis about the link between MICROSCOPE ond <PLOT73> are given !
in section 5 ond your system manoger may have put out suitoble local i
information in this respect. For the remainder of this subsection, we will {
assume that the <PLOT79> package is availaoble, that you have linked it with {
MICROSCOPE ond your own program, and that you have some suitable plotting :
device availablie. Appendix IV containes copies of black and white pen
plots corresponding to the alphanumerical plots scottered throughout this
manuol .

The command PLOT puts you into the plot submode. The precise
kind of plot you wilt eventually generate depends upon the WMICROSCOPE
commonds given so far, ond the specifications you are going to make in plot

mode . i
We first discuss the PLOT specifications. After entering the

PLOT submode you wili see o list of current options on the screen. You can

change these options one by one. After each change aon updated {ist wili be i

disployed. To enter an option change enter the reference number of the
option foliowed by the appropriote action (os prompted by the program), to
octivate the actual plotting process enter @, ond to leave the plotting h
mode and return to command mode without piotting anything enter any
negaotive number. The list of PLOT options is left unchonged between caolis
to PLOT. *

There are 12 PLOT options:
-1- Title (Defoult: blonk)

A title printed above the alphanumerical disploy, consisting of
up to 72 characters con be drawn. ¥

-2- Legend (Default: blank)

A otring of text printed below the alphanumerical display, N
consisting of up to 72 charocters caon aiso be drawn.
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For both the titie and the legend, o default character height is
provided which will be decreased automatically if insufficient space s
available.

-3 Labeling of grophs (Defoult: ON)

If ON, lobels are drawn giving the degree of the derivative of
each graph. On o crowded displaoy, these are sometimes owkwordly placed,
and marking the grophs (option 4) may be preferable.

-4~ Marking of Grophs (Defoult: OFF)
If ON, each point at which a derivotive has been evatuated is

marked with o special symbol, similarly to the graphical display on the
termino The symbols for the k—th derivative are

k: ) 1 2 3 4 5 6
Symbo : dot plus asterisk circle x square triangle

Marking the graphs insteod of labeling them has the advantage
that it is possible to tell from any small part of the graph to which
derivative it corresponds, making it unnecessary to trace o graph from the
point of interest to its label. It has the disodvantage that it slows down
significantly the speed with which the grophs con be drawn. Also,

accentuating o groph is only possible with the marking on (see below). The
marking symbol is repeated in the numerical display if the marking option
is on, enabiing eosy ossociotion of marks ond degrees of tongential
derivaotives.

=5— Drawing the plot in color (Defoult: ON)

The graph of the tangentiol derivatives can each be drawn in o
different color, if supported by the existing hardwore. In the most
extreme case, when aoll derivatives are to be plotted in different colors,
seven pens for their graphs plus an eighth pen for the numerical display,
scales, axes, etc. must be supplied.

MICRQSCOPE selects a pen by calling a routine SETPEN(I) where
I = 1 corresponds to the pen droawing the axes etc., and I > 1 corresponds
to the groph of the (I-2)th tangential derivative (1 = 2,3,...,8). This
ronge of I has to be transioted into the appropriote <PLOT79> range. On
some installations the pens are numbered © through 7, on others from 1 to
8. The appropriate SETPEN routines are contained in the files PEN®7 aond
PEN18, respectively (see section 5). If only a smallier range of pens is
availaoble you may want to write your own pen selection routine, tailoring
it perhaps to the apecific range of derivatives in which you are
interested. Your routine must be of the following form:
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SUBROUTINE SETPEN(I)

INTEGER 1,J
CI is in the ronge from t to 8

J = gsome function of I
CJ is in the ronge of pens ovailable
C on the loca! plotting device

CALL STPEN(J)

RETURN

END

The subroutine STPEN is o MICROSCOPE routine that colis the
<PLOT79 routine SETPN(J) it the value of J has changed since the last call
to STPEN. SETPEN i» not referenced it the color option is turned off.

In the numerical display, the ranges of the tangential
derivatives are drown in the same colors as their graphs.

Using color mokes for very nice drawings, but for reproduction
purposes it may be preferable to use black and white (like the <PLOT79>
drawings in Appendix V).

-6— Drawing o page number (Default: None)

A lorge and prominent integer can be drown below the iegend. We
hove found this wuseful, for example, for associating o drowing with the
reference number of o point in o list (e.g. the point of exomination), and
associoting or defining o figure number (like in this monual).

No page number is drawn if its value is zero.

~7- Left bottom lobel (Defou!t: none)

A label of up to 20 characters of smaii type can be drawn in the
teft bottom corner of the plot.

-8~ Right bottom labe! (Default: none)

A similor labe! can be drawn in the right bottom corner of the
plot.

-9- Time (Default: off)

The time at which the plot wos generoted can be drawn in the top
left corner of the plot.

-10- Dote (Defouit: OFF)

Similarly, the date of the plot generotion can be drawn in the
top right corner.
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Both time and date are printed in the same size os the bottom
labsls. They are sometimes useful for identification and record keeping.

—11- Numerical Disploy {Default: ON)

If desired, the numericol displaoy con be turned off. This is
sometimes useful to obtaoin quick drawings.

-12- Frome (Default: ON)

It desired, the frome thot is norma!ly drown oround the entire
<PLOT79> drawing can be turned off.

We now turn to the MICROSCOPE options. Essentially everything
thot oppears in the alphonumericol screen display is also contained in the
<PLOT79> drawing. although it moy assume a slightly different form.

-1- Horizontol scale

I1f a horizontal scale is activated (by the DSCALE commond) then o
stondord iabeled horizontal scaole is drawn on the bottom of the graphical
<PLOT79> drawing. The labeis on the scale give the distance from the point
of examingtion in units of the direction of investigation. Notice that
this may be the normalized version of the direction given in the numerical
disploy, depending on whether the normolization option is on. If it is,
then the scaie in the <PLOT79> drawing gives the Euclideon distance from
the point of examination.

s ¢ |
'

~2- x Axis

A horizontal line is drown through the center of the graphical
display if the x axis is turned on (using DXAXIS). This is sometimes
useful for illustroting symmetry properties.

e

-3~ Marking the center of the display

If this option is turned on (using DCENTER) the center of the
graphical display is morked with o cross.

—4- Accentuating o groph
If o groph is to be accentuoted its marks (os discussed above)

are drawn twice their normal size. However, if color is avaiiable, o
better emphasis can usually be obtained by using o special color.
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4,15 User Intervention

USER enter user mode —_— -_— —_

Upon receiving the command USER, MICRQSCOPE calis a subroutine
SUBUSR which is often o dummy routine, but which can be written to suit
special purposes. SUBUSR hos no parameters, but it can communicote with
MICRQSCOPE routinea or your own routines via COMMON blocks. In utilizing
this faocility it is importont to keep in mind that ordinarily MICROSCOPE
has no means of determining that the trial function has changed ond theot
previous evaluations of it are no longer valid. Therefore the command
FORCE may have to be used rother thon GO.

Five examples of possible applicaotions follow:
~1- Mixed portic) derivotives
If derivatives other than pure tangential derivotives of pure

cross derivatives aore to be examined this con be occomplished by defining
the triol function to be the derivative thot is to be displaoyed, or to be
further differentioted, ond moke it dependent upon parameters that are
modified by SUBUSR as needed. In this context, it may be convenient to use
the routine

DOUBLE PRECISION FUNCTION DERIV(F,NDIM,P,I1ORDER,DIR,H)

DOUBLE PRECISION F,P(1),DIR(1),H

INTEGER NDIM, JORDER

RETURN

END
which computes ot the point P the JORDERth derivative in the direction DIR
of the double precision function F, using the formuias given in section 1.2
with the discretization parameter H. F must be declared EXTERNAL in the
calling program, and is of the some form os the trial function described in
section 3.1. NDIM is the number of independent variobles F depends on and

must not exceed 3. DERIV is used within MICROSCOPE (to compute any cross
derivatives) ond con therefore be readily called by your own programs.

Obviously, the modified triol function moy itself be a tangential
derivotive. Then the ronge of derivatives that con be displayed is shifted
from the normal @th through 6th order to o higher one.

-2~ Switching Trial Functions
If several trial functions are to be investigated in o single

session (or with a single linking and loading process) they can ali be
written into one DOUBLE PRECISION FUNCTION, ond distinguished by o
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parometer that is passed in o common block, and that may be altered by
SUBUSR. The exampies in this manuol ore hondled in this monner (see
appendix 111 for details).

=3~ Switching Dota or Parometers

Often the trial function depends upon data or parameters that con
be changed by SUBUSR without having to leave MCRSCP.

-4~ File Hond!ing
File handling is system dependent. You moy find it convenient to
handle the assignments of fiies or devices to channe! numbers vio USER.
4.16 Defaylt settings

In this subsection, E denotes a vector of 1 to 3 components that
ore all equal to 1. The defauit settings for MICRQSCOPE are as follows:

Number of independent voriobles: 2

Point of examination: ® (the origin)

Direction of Investigation: E

Discretizotion parometer: 1D-4

Window width: 12

Cross direction: E

Order of Cross Derivotive: ® (no cross derivative)
Order of Tangentiol Derivotives to be displayed: @

No scale or x oxis is drown, the center of the display is unmarked, and
no derivative is accentuated.

PLOT options: see section 4.14

¥+ v 2
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- 5 lnstallati Guid
5.1 Description of the Package

In this wsection, which is directed mainly to the local system
manoger, we describe the files supplied with the MICROSCOPE pockage, and 3
how they can be put together. Usually, it will be the best procedure to

select or write files thot genercte the most powerful and convenient locol H

version of WMICROSCOPE. to put them into one file or a library and to make

the aoppropriate informotion available to your local users. ¥
MICROSCOPE is o portable set of FORTRAN routines. The user must i

supply o main program ond one or two subroutines that are specific to the &

appiication. Thus users must hove occess to ot lecst the relocatable

vergions of a suitable subset of MICROSCOPE, if not the source codes.

You should have obtained a magnetic tope containing 21 files in
the following sequence:

oo “vorons

HELPLC  (902) {

1.
2. HELPUC  (902)
3. (e (1889)
4. MAIN (48)
5. MANLC (5150)
6. MANUAL  (7456)
7. MANUC (5150)
8. PENO? (9)

9. PEN1B (8)

10. PENDMY (3)

11. PLTOMY (189)

12. PLTLC (978)

13. PLTUC (980)

14. POS (14)

15. SCREEN (89)

16. SCROLL (86) N
17. SUPPRT (3894)

18. UC (1862)

19. USRDMY (8) M
20. USRLC (271) )
21. USRUC (270)

Numbers in porentheses give the number of lines (of up to 80 y
characters each) in the files.

Below, the files ore divided into severol groups. One or two
files have to be picked from each of the groups 1 through 6. Within o .
group, files are listed by decreasing convenience, and increosing
portability. I[f the bottom files are chosen from each group a compietely

Instaliation Guide poge 75
5.1 Description of the Package




R ——————trl

MICROSCOPE : A Software System for Multivaricte Analysis poge 76
i User's Monual Version of April 1984

- APV A .

portoble version of MICROSCOPE (except for the use of o few non—FORTRAN
characters, namely ?,<,>,!,:,;) is obtained.

~1- Case Dependent Support Routines

LC: Contains those subroutines that require the support of
fower case letters in order to work properly. This feature ia not
portable, but widely available, ond greatly increases the convenience in

using MICROSCOPE.

UC: To be used in cose of LC, if lower caose letters are not
available. UC is supplied os part of the package, but it can aiso be
generated from LC by replacing all lower cose letters with their upper cose

equivalents, and by replacing the subroutine LCUC by o dummy routine.
(Upper case versions of all other files can be generated from their (ower
case counter parts by replacing lower cose letters by uppercase ones
everywhere. The leading comments describing the file will of course no

longer apply.)

If UC is used in case of LC all output will be in wupper case
letters, ond iower case input will not be recognized.

LC and UC contain their respective versions of the master routine
MCRSCP, which is the first routines in each of the two files. All other
routines then follow afphabeticaliy.

-2- Case Independent Routines

SUPPRT: This file contains the bulk of the MICROSCOPE package,
consisting of completely portable routines.

-3- The File Access Routine
POS: This file contains a
SUBROUTINE POS(IDEV,N)

which positions the device IDEV ot the N~th record, such that subsequent

reading from IDEV yields the N-th record. This is occomplished by
rewinding IDEV and then reading a dummy charocter from the first N-1 lines
(records) in IDEV. 1If this at oll time consuming it moy be worthwhile to
reploce POS by o faster system dependent routine. ]
"
; —4~ The Screen Display Poackage
&5, SCREEN: To be used if screen editing is locally available, and .
F ¢ highly recommended over its alternative, SCROLL, described below. To take
1 odvontoge of screen editing, the following four smoll interface routines
: Installation Guide page 76
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= must be written for esch possible computer/terminat combination (in oll

cases, IDEVCE is the channe! number of the relevant terminal):

SUBROUTINE CLSCRN(IDEVCE,1.J)
INTEGER IDEVCE,1.J j
C Clear the screen of the device with number IDEVCE below the point with
C the coordinates (I,J) where 1 is the horizontal coordinate meosured
C from the left of the screen starting at 1, and J is the vertical 3
C coordinate measured from the top of the screen storting ot 1.
RETURN
END
SUBROUTINE PCURSR(IDEVCE,1,J)
INTEGER IDEVCE,I,J 1
C Position the cursor at the position (I,J) of the device with number
C IDEVCE, where I,J are as for CLRSCRN a
RETURN
END
SUBROUTINE PLCHRS(IDEVCE,1,J,N,CHARS)
INTEGER 1DEVCE,I,J ,N,CHARS(135)
C Write the string of N charocters contaoined in Al format in the integer

C orray CHARS, starting ot the locotion (I,J). 1,J, and IDEVCE are as
C in CLRSCRN.

RETURN
END
SUBROUTINE BLSCRN( 1DEVCE) }
C Blank the screen of the device with number IDEVCE f
RETURN H
END
SCROLL : SCREEN can be reploced with SCROLL if the SCREEN package

cannot be used. This will have the consequence that the entire screen
display is regenerated aofter each change, rather thon just modified. »

==

=5- The PLOT package:

PLTLC: This file contains the interface between MICROSCOPE ond ¥
<PLOT79>. The routines use and recognize lower cose letters.

PLTUC: The equivalent of PLTLC, but without the Ilower cose
3 letters. Note, however, that <PLOT79> supports Hershey Fonts that include \
lower caose letters regardliess of the computing system. Hence the <PLOT?7

Instaliation Guide
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- drowings generaoted by PLTUC do contoin lower cose letters. The
communication with the termingl vio the commond PLOT is completely in terms
of upper case !~tters, however.

With both the PLTLC or PLTUC pockage o pen selection routine also
has to be supplied (see section 4.14). The MICROSCOPE pockage contoins
three routines in separote files: PEN18 corresponding to 8 pens labeled 1

to B, PEN@7 corresponding to 8 pens lobeled @ to 7, ond PENOMY to be used 4
if color is not ovailable (e.g9. on dot matrix printer). However, you may

wish to leave it up to the user to select or write his own pen selection 9
routines. [

PLTOMY : To be used if <PLOT79> is not available. In this case
only alphanumericc) screen displays |ike those shown throughout this manual
can be obtained. However, the dummy routine simulates the interaction with
<PLOT79> up to the point at which the octuol drowing tokes place. This 4
feature is useful for the development of MICROSCOPE progroms, and makes it
possibie to run progroms without <PLOT79> even if they call the pockage.

There is only the upper case version of PLTOMY.
-6~ The Test package
Ordinarily, users will not be interested in the specific routine
SUBUSR employed in the generation of this monual. They will want to write

their own. However, the manual version of SUBUSR, ond the routines called
by it, ore contained in the files:

USRLC: contains the lower cose version.

USRUC: contains the wupper case version, to be used if lower
cose letters are not available.

USRDMY : contains a dummy SUBROUTINE SUBUSR, which disabies the m
USER command. If the MICROSCOPE routines ore held in o library it may be .
possible to keep this dummy routine in it os a standby if the user does not 4

supply his own version.
~7- The <PLOT79> package .

Obviously the <PLOT79> package must be linked with MICROSCOPE if
it is to be utilized. This is o large graphics paockoge thot can be easily

interfaced with olmost ony grophica device. It can be obtoined for o 1
nominal charge from Dr. Neison H.F. Beebe, Department of Physics,
University of Utah, Salt Lake City, Utah 84112, Tel.: 801-581-5254.

-8- Data files ©n

Somple Driver Program
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The file MAIN containe the driver program as it waos used in the
generation of this manual. It is listed 08 o doto file becouse the progrom
needs to be modified to suit local circumstonces. In particular, the OPEN
stotement is not portable.

Interactive Help Fiias
The package inciudes two heip fiies that contain relevont help
information (but no c¢ode). Again, there ore the lower ond upper case
versions:
HELPLC
HELPL

One of these fiies (preferably HELPLC) must be reodable by the
user prograoms, and the users must be informed how to occeas them. It is

possible to design a sequence of MICROSCOPE commands that overwrites the
heip file, and, if possible, the user shouid be denied write access to it.
You may o!so wont to keep easily accessible bockup copies of these files.

The help files eoch contain the following items:

1. On the first tine there are three integers [ ,M,N in 313
format. These have the following meonings: I is the number of |lines
occupied by the toble of commonds that con be accessed by the command
HSUMRY. M is the totol number of lines occupied by the detailed information
occessed by HELP. N is the number of ovoilable commands.

2. The next four lines are occupied by N numbers written in 20812
formot. The k=th such number gives the length (in )Jines) of the detailed
HELP information on the k-th command. These N numbers must add up to M.

3. The next 1 lines contain the HSUMRY information
4. The next M lines contain the detailed MELP information.

S. The next line contains an integer J in I3 formot that
contains the number of (ines occupied by the news.

8. The lost J lines contain the news.

Manugl files

MANUAL : containes o verbatim mochine readable copy of this
manual. It is written with FORTRAN carriage contro) ond reody for printing
(ot 60 Iines per page and up to 75 charocters per line). Underlining is
accomplished by hoving the underiines in o seporote line with o "+"
charocter in the first column, indicating that the line is to overwrite the
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preceding one. There is no upper case version of this file. If lower case
letters are not ovailoble a xeroxed copy of the manual rother thon o
printed version should be distributed.

This installation guide is chopter five of the manuat.

MANLC: This file contains o version of the manual that is
suitable for on-line reading and editing. Page brecks and underiines have
been elimincted, otherwise the text is identical to that in MANUAL.

MANUC: The upper case equivalent of MANLC.

5.2 A Key to Selecting the Appropricle Files
The following is o quick key to selecting the appropriate subset
of the above files. Proceed by onswering the questions and following
instructions wuntil you reach o Iine giving the relevant file nomes or
descriptions. The pen selection routine is described in section 4.14 (aond
can be supplied by the wuser if necessary), cll other ingredients are
described in this instafiation guide.

1. Are lower cose [etters available on your mochine? Yes GO TO 2
No GO 7O 3
2. Hove you suppfied an interface to screen editing? Yes GO TO 4
No GO TO 5
3. Have you suppliied an interface to screen editing? Yes GO TO 6
No GO TO 7
4. Is <PLOT79> available? Yes GO TO 8
No GO TO 9
5. 1s <PLOT79> avoilable? Yes GO TO 10
No GO TO 11 .
6. Is <PLOT79> available? Yes GO TO 12
No GO TO 13
7. ls <PLOT79> available? Yes GO TO 14
. No GO TO 15

8. LC, SUPPRT, POS or local equivolent, SCREEN, PLTLC, pen selection
routine, possibly USRLC, screen interface, HELPLC, MANUAL, MANLC

9. LC, SUPPRT, POS or local equivalent, SCREEN, PLTOMY, possibly USRLC, '
screen interfoce, HELPLC, MANUAL, MANLC
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10. LC, SUPPRT, POS or local equivalent, SCROLL, PLTLC, pen selection
routine, possibly USRLC, HELPLC, MANUAL, MANLC

1. LC, SUPPRT, POS or local equivalent, SCROLL, PLTDMY, possibly USRLC,
HELPLC, MANUAL, MANLC

12. UC, SUPPRT, POS or Ilocal wequivaient, SCREEN, PLTUC, pen selection
routine, possibiy USRUC, screen interfoce, HELPUC, MANUC

13. UC, SUPPRT, POS or local equivalent, SCREEN, PLTOMY, possibly USRUC,
screen interface, MELPUC, MANUC

14, UC, SUPPRT, POS or local equivalent, SCROLL, PLTUC, pen selection
routine, posaibly USRUC, HELPUC, MANUC

15. UC, SUPPRT, POS or local equivalent, SCROLL, PLTDMY, possibly USRUC,
HELPUC, MANUC
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\ fix L N ical D;[! -
In this appendix, we will discuss in some detoil the properties
of the formulas listed in section 1.2. Without Jloss of generolity we

assume the point of exominotion is the origin. We also restrict our
attention to purely tongential derivatives. Thus we may assume there s
only one independent variable. Of porticulor interest are step
discontinuities in certein derivatives (for other types of reduced
smoothness see the examples ot the end of Appendix III). Thus we consider
the triol function

F(x) = PHI(x) + S(m,eta,x)

where PHI(x) is o smooth function (i.e. all its relevant derivatives are
continuous) ond S is determined by the requirements thaot its m—th
derivative be piecewise constant and have a jump discontinuity of magnitude
ota ot x = @. Explicitly, S is defined by

m
S(m,eta,x) = @ if x < © and etasx /m! otherwise

where the exclamation mark denotes the foctoriol.

To simplify matters we will assume S is evaluoted exoctly, ond
all round-off errors occur in PHI. The properties of the numerical
differentiaotion formulas depend very critically on the relative sizes of
the derivatives of PHI, about which little con be ossumed in generol. Our

approach will be to derive general formulas incorporating the derivatives,
but to illustrate the relevant phenomeno by using
x
PHI(x) = @
since the derivotives of the exponentiol ore all identical (assuming the

normalization option is on).

We will denote the degree of a derivative by parenthesized
superscripts.

A simple calculation shows that, for k >= m, the approximation

(k) (k)

Q of ¢ at x = @ is given by the fundomental equation
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(k) (k)
Q = PHI true value
2 (k+2) i
+ h egamma ePHI truncation error :
k i
(1)
-k
+ toush e(1+abs(PH1))saipha round-oft term 1
k
m—k i
+ stasdelto *h delito term
m, k .
!
If k <m the delta term is absent. We discuss the individual f

terms in turn:
- The true value
This is the expression which we ore trying to opproximots.

(k)

PHI is evaluated ot zero.

- The truncation error.

This term caon be obtaoined by exponding the error into o Taylor

series obout h = @, as is done in any textbook on numerica! analysis. The

(k+2) i

function PHI is to be thought of os hoving been evaluoted at o )

suitable (unknown) point in the domain of the disploy. The gomma are
k

constants given in table 1.

~ The round=-off term

We assume rounding is taking ploce as described in section @,

i.e. if x is the quontity to be rounded to D digits, say, then x is :
replaced by _“
- -0 !
2 := (140ps +10 )ex + ops ¢10 (2) ]
1 2 i
where eps and eps are rondom numbers between —1 ond +1., The quontity tou ;
1 2

in (1) is o suitable average of the eps aond eps terms in (2). We will .
1 2 i
il
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-D
set it to 1@ . The function PHI is agoin evaluoted ot a suitable point in
the displaoy, and the alpha are the sum of the absolute values of the
k

coefficients in the k~th differentiotion formulo. Their values ore fisted
in toble 1.

- The delto term.

We use the expression "delta term" because it arises from
differentiating the step function s(m,eta.x), and the first derivative of ¢
step function is o Dirac deita function. The delta ore constants that

m, k
can be read off the MICROSCOPE plots in section 4.2. They are olso given
in toble 1.

k alpha gamma delta
k 3 m,k

m= 0 1 2 3 4 5 6
1 2 1/6 1/2 1 - - - - -
2 4 1/12 1 1 1 - - - -
3 24 1/16 4 2 1 1 - - -
4 256 1/24 48 16 3 1 1 - -
5 2430 1/27 365 81 14 3 1 1 -
6 46656 1/36 729@ 1458 146 27 4 2 1

Table 1: Constants for Differentiotion Formuias

We now oddress three questions:
1. When do round-off effects become visible?
2. When do round—off effects exceed the truncation error?

3. How small a discontinuity can be detected with MICROSCOPE?
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1.1 The Round=Off Threshold

We ore concerned with the question of when round-off effects
begin to obscure the graph of o derivotive. More precisely, we ask when
the round-off term becomes iarger than a certain fraction of the rise in

(x)
the groph of the derivative PHI over an interval of length s. An
equation for the critical step size, which constitutes a limit on h below
which no clear graphs con be obtained, is generated by ignoring the delte
(x)
term and the truncotion error, ond approximating the rise of PHI dy the
mean value theorem. This leads to:

~k (k+1)
psi sh ¢(1+obs(PHI))estousalpha = 2shsabs(PHI )/w
1 k

(k+1)
where w = 2h/s is the window width, PHI again is evaluated at o
suitable point, and psi is a safety factor. The larger psi , the clearer
1 1
(%)
will be the groph of PHI

Solving for h yields:

(k+1)  (
h = [psi (t+abs(PHI))etousalpha ew /(2eabs(PHI N v/ (k4
1 k

Table 2 contains threshold values for various volues of D (the
number of digits caorried) ond psi = 5, for the case that PHI is the
1
exponential. All derivatives hove been evalucted ot x = @.
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Degree of Derivative (k)

N Digits (D)
1 2 3
1 3.46D+00 2.88D+00 3.46D+00
2 1.10D+00 1.34D+0@ 1.95D+00
3 3.46D0-01 6.210-01 1.10D+00
4 1.1eD-01 2.88D0-01 6.160-01
5 3.46D—02 1.34D-01 3.46D-01
6 1.100-02 6.210-02 1.950-01
7 3.46D-03 2.88D-e2 1.10D-01
8 1.100-03 1.340-02 6.160-02
9 3.46D-04 6.21D-03 3.46D-02
1@ 1.100-04 2.88D-03 1.950-02
11 3.46D-05 1.34D0-03 1.10D0-02
12 1.100-e05 6.210-04 6.160-03
13 3.46D-06 2.880—~04 J3.46D-03
14 1.100-06 1.34D-04 1.95D-03
15 3.460-07 6.210-05 1.10D-03
16 1.100-07 2.88D-@5 6.16D-04
17 3.46D-08 1.34D~05 3.46D-04
18 1.10D-08 6.21D-06 1.950-04
19 3.46D-09 2.880-06 1.10D-04
20 1.1eD-29 1.34D-06 6.16D-05
21 3.46D-10 6.210-07 3.46D-05
22 1.1eD-10 2.88D-07 1.95D-05
23 3.46D-11 1.34D-07 1.10D-05
24 1.10D-11 6.21D~08 6.16D-06
25 3.46D-12 2.880-08 3.46D-06
26 1.18D-12 1.34D-08 1.95D-06
27 3.46D-13 6.210-09 1.10D-06
28 1.1eD-13 2.88D-09 6.160-07
29 3.46D-14 1.34D-09 3.46D-07
3e 1.10D-14 6.21D-10 1.95D-07
31 3.46D-15 2.880-10 1.10D-07
32 1.18D-15 1.34D-1@0 6.16D-08
33 3.46D0-16 6.210~11 3.46D0-08
34 1.1eD-16 2.88D-11 1.95D-08
35 3.46D-17 1.34D-11 1.10D-08
36 1.100-17 6.21D-12 6.16D-09
37 3.46D-18 2.88D0-12 3.460-09
38 1.100-18 1.34D-12 1.95D-09
i 39 3.46D0-19 6.210-13 1.100-09
40 1.100-19 2.88D-13 6.16D-10
%- Table 2: Guide to selecting o value of
14

P = s NP2 v NID A= NER AN BN aNEN 2RI NED = =N,

. 29006
.56D-06

.240-05
.610-05

4 5 6 ;
34D400 4.94D+00 6.00D+00

740400 3.37D+00 4.320+00

730400 2.29D+00 3.110+00

090+00 1.56D+00 2.240+00

BBD-01 1.06D+00 1.61D+00

34D-01 7.250-01 1.16D+00 3
74D-21 4.94D-21 B8.340-01 ;
730-01 3.370-01 6.000-01

@9D-01 2.29D-01 4.32D-01

88002 1.56D-01 3.11D-01

34D-02 1.06D-01 2.24D-01 4
74D-02 7.250-02 1.61D-01 ‘
73002 4.94D-02 1.160-91

09D-02 3.370-02 B.34D-02

88D-03 2.29D0-02 6.00D—92

34D-03 1.56D-02 4.320-02

74D-03 1.06D0-02 3.110-92 1
73003 7.25D-03 2.24D-02 ,'
09003 4.94D-23 1.61D-02 !
BBD-24 3.37D-23 1.16D-02 '
34D-04 2.29D-03 8.34D-03 ,
74D-04 1.560-03 6.000-03

730-04 1.06D-03 4.320-83

@9D-24 7.25D-04 3.11D-03 ‘
B8D-05 4.94D-04 2.24D-03

34D-05 3.37D0-04 1.61D-03 |
74D-05 2.29D-04 1.16D-03 \
730-05 1.560—04 8.340-04 "
99005 1.06D-04 6.00D—04 :
88D-26 7.250-05 4.32D0-04 -
34D-06 4.94D-05 3.11D—04 1
74D-06 3.370-05 2.24D-04 i
730-06 2.29D-@5 1.61D-04 |
@9D-06 1.56D-85 1.16D—04 ﬂ
B8D-07 1.06D-05 8.34D-05

34D-07 7.25D-06 6.00D—05 -
74D-07 4.94D-06 4.320-05 ]
730-07 3.37D-06 3.11D-95

2 2
1 1

the discretization paromete
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1.2 Round-off verays Truncation Errors

In working with MICROSCOPE, one will rarely be interested in
obtaining occurote numerical values of derivatives. Rather, qualitative
features will be of primary concern. However, if accuracy is paromount,
then the discretization parometer should be picked os small as possibie
without the round—off term swamping the truncation error. The optimal step
size is obtained by equating the round-off term with the truncotion error
and solving for h. This yields:

(k+2) 1/(k+2)
h = [(1+0ba(PHI))stousaipha / (gamma PHI 3
k k

Table 3 lists values of h for the exponentigl.

ywe
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Digits

WONOUMEUN=

(©

S UN—SUNAUNSUNSUN=UNL AN UNNS W= NP W= N~ U=

)

.69D+00
.830-01
. 63D0-01
. 89D-01
.830-02
.630-02
.690-02
.830-83
.630-03
.69D-03
.830—-04
.63D-04
.69D-04
.83D-05
. 63005
.69D-05
.83D~06
.63D-06
. 69006
.830-07
.630~07
.69D0-07
.830-08
.630-08
. 89008
.830~-09
. 83009
.69D-09
.83D~-10
.630~-10
.69D~-10
.83D~-11
.63D0~-11
.890~11
.830-12
.630-12
.890~-12
.830~13
63D-13
.690~-13

Table 3:

PNANBENARNEAENANENANEIEN2NENANEN=SNIEN=2NEN=NNEN=-N

. 49D+00
. 40D+00
.87D0-01
.43D-01
. 49D0-01
. 40D—-01
.870-02
. 43002
. 490-02
. 40D-02
.870-63
. 43D-83
.49D-03
. 40003
.870—-04
.43D-04
.49D—04
. 40D—04
.870-@5
. 43D-05
.490-05
. 40D-05
.87D0-06

430-06

. 49D-06
.40D—06
.870-07
. 430-07
. 49D0-07
. 40D-97
.870-08
. 43D-08
.49D-08
. 40008
.870—-09
. 43009
. 490-09
. 400-09
.87D-10
.43D-10

Degree of Derivative (k)

N s NAN= 2 NEN=L S NEN= w NI 2 NEN= 2 NAEd 22N R d= =N

.50D+00
.84D+00
. 79D0+00
. 13D+00
.130-01
. 58001
.84D-01
.79D-01
.130-01
.130-02
.50D-02
.84D-02
.790-02
.13D-02
.130-03
.50D-03
.84D-03
.790-03
. 13083
13004
.500-04
.84D-04
.79D-04
13004
.130-05
.560-05
.84D-05
.79D-05
.130-05
.130-06
-56D-06
.84D-06
.79D-06
.130-06
.130-07
.500-087
.84D-07
.790-07
.130-07
. 13008

NUDRD = =N UWODD>=2NEN0 = NUONB = =2NUDAD 2= NP0 == NWOND

. 25D+00
.62D+00
.830+00
.610+00
.78D+00
. 210400

250-01

.62D-01
.830-01
.61D0-01
.780-01
.210~01
.25D~e2
. 62002
.830-e2
.610-02
.780-02
.210~02
. 2503
.620~-03
.830~03
.610-03
.78D-03
.21D0-03
.250-04
.620-04
.83D-04
.61D—-04
.78D-04
.210-04
. 25005
.620-05
.83D-05

610-085

.780-05
.21D-05
.250-06
.620-06
.830-08
.61D-06

5 6
1.180+01 1.88D+01
8.49D+00 1.41D+01
6.11D+00 1.06D+01
4.40D+00 7.930+00
3.170+00 5.950+00
2.280+00 4.46D+00
1.64D+00 3.34D+0€
1.18D+0@ 2.51D+00
8.49D-01 1.88D+09
6.11D-01 1.410+00
4.400-01 1.06D+00
3.170-01 7.93D-01
2.28D0-01 5.95D-01
1.64D-01 4.46D0-01
1.180-01 3.34D-01
8.490-02 2.51D0-01
6.110—-62 1.880D-01
4.400-02 1.410-01
3.170-82 1.06D-01
2.28D0-02 7.93D-02
1.64D-02 5.95D0-02
1.180-02 4.460-02
8.49D-03 3.34D-02
6.110-03 2.51D-02
4.400-03 1.88D-02
3.170-03 1.410-02
2.28D-03 1.06D-02
1.64D0-03 7.930-03
1.180-03 5.95D-03
8.43D-04 4.460-03
6.110-04 3.34D-03
4.400-04 2.51D-03
3.170-04 1.880-03
2.280-04 1.410-03
1.64D-04 1.06D-03
1.180-04 7.93D-04
8.49D0-05 5.950-94
6.11D0-05 4.46D-04
4.400-05 3.34D-04
3.170-05 2.510-04

Vaiues of h for maximum accuracy

| % -
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1.3 Darlvati { Step Functi

It turns out that very smail jumps (of mognitude eta, say) in
some derivotive can be detected only by examining o higher order derivative
rather than the discontinuous derivative itself. We determine optimal
values of h and minimum vaiues of eto by imposing two requiremente. First,
the delto term shouid be significontly larger thon round-off errors, ond,
second, the delto term should be significantly larger than the rise of

(k)
PH] over half the window. This leads to the equations
m=k -~k
etoedelta eoh = psi oh e¢(1+abs(phi))stousalpha

m,k 2 k

and
m—k (ke+1)
stasdelto sh = pai shePHI]
m,k 3

where psi and psi are safety factors.
2

We consider two coses. It m= @ (i.e. there is o step in the

trial function) equation (4) is independent of h. Solving for eta yields
the minimum value

oto = pai ¢(1+abs(PHI))stausalpha / delte
2 k 0,k

The moximum volue of h (obove which the delta term wiil be
(x)
obscured by the growth in PHI ) is obtained by solving (5) for h:

(k+1)  1/(k+1)
h = [etaedelta / (pei oPH] )3
0.k 3

1f m> @ (i.e. the discontinuity occurs in o derivative) the
minimum valus of eta can be computed by eliminating h between (4) and (5),
ond solving for eta. This gives

Appendix 1: Numericaol Differentiation page 89
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(k+1) m
eta = [(psi eaobs(PHI ))
3 :
ktl=m 1/(k+1)
s(psi »(1+abs(PHI))stausalpho ) )] / deltom,

2 k ( ;

The corresponding optimal value of h (above which the delto term
(k) 1
is too smal) to be visible in the general growth of PHI ond below which t

-

it is obscured by round-off errors) con be obtained by eliminating eta
between (4) and (5) and solving for h, giving

P

1/(k+1)
h = (psi »(1+obs(PHI))salpha stau / psi ) i
2 k 3

Notice that this expression is independent of m, the degree of the
derivative in which the jump occurs.

Table 4 lists minimum values of eta (in the lost seven columns)
and the corresponding optimal volue of h (in the second column) for the
case of the exponential, and for a few volues of tau. Notice how the size
of the jump that can be detected is sometimes decreased by several orders
of mognitude if higher order derivatives are examined.

tou = 1.0D-10
Degree of discontinuous derivative

k optimat h @ 1 2 3 4 5 [

@ S5.eD-10 1.5D-09

1 4.5D-05 1.2D-028 1.3D-04

2 1.6D-03 1.20-08 7.6D-06 4.8D-03

3 1.2D0-02 1.80-08 2.9D-06 4 6D-04 3.7D-02 -
4 4.8D-02 1.6D-08 1.0D-06 1.1D—04 6.90-03 1.4D-01

5 1.20-01 2.0D-08 7.8D-07 3.9D-05 1.6D-03 4.0D-92 3.5D-01

6 2.4D-01 1.90-08 4.0D-07 1.7D-05 3.7D0-04 1.0D-02 8.70-02 7.20-01
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tau = 1.0D-17

k optimal h

§.00-17
1.4D-08
7.4D-06
2.20-04
1.9D-03
7.90-03
2.4D-02

DAL~

tau = 1.00-24
k optimal h

5.0D-24
4.5D-12
3.4D-08
3.90-06
7.6D-05
$.4D-04
2.4D-03

DAL UN—-O

- D) s s s b s

-— R -t o s b

tou = 1.0D-31

Degree of discontinuous derivative

(] 1 2 3 4 5
.50~16
.20~15 4.2D-e8

.2D~-15 1.68D-10 2.2D-05

.8D~15 1.6D-11 1.5D-07 6.6D-04

.6D~15 2.5D-12 7.0D-09 1.10-05 5.7D-03

.00~15 1.1D0-12 8.30-10 4.90-07 1.90-04 2.4D-02
.90-15 4.00-13 1.70-10 3.7D0-08 1.00-05 8.70-04 7.20-02

Degree of discontinuous derivotive

e 1 2 3 4 L]
.50~23
.20~22 1.3D-11

.2D-22 3.5D-15 1.0D-07

.80-22 9.10-17 4.60-11 1.20-05

.6D0-22 6.3D-18 4.4D-13 1.7D-08 2.3D-04

.00~22 1.70-18 1.80-14 1.6D-10 8.70-07 1.60-03
.8D-22 4.0D-19 1.70-15 3.7D-12 1.0D-08 8.7D-06 7.20-03

Degree of discontinuous derivotive

k optimal h @ 1 2 3 4 -]

@ 5.00-31 1.50-30

1 1.4D=-15 1.2D~29 4.2D-~15

2 1.8D-1@ 1.2D~-29 7.6D-20 4.8D-10

3 7.%0-08 1.8D-29 5.1D-22 1.5D-14 2.10-07

4 3.00-06 1.6D-29 1.6D-23 2.8D-17 2.8D-11 9.1D-06

5 3.70-05 2.0D-29 2.50-24 3.9D-19 4.9D-14 4.0D-09 1.1D-04

6 2.4D-04 1.90-29 4.00-25 1.7D-20 3.70-16 1.0D0-11 8.70-08 7.20-04
Taoble 4: The superiority of testing Delta Functions and their o ‘vatives
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lix 11: O izati { MICROSCOPE

This oppendix contains (1) a brief discussion of the
organizotional framework upon which MICROSCOPE is built, (2) o detailed
explanation of the sampling scheme and logic which MICROSCOPE wuses to
calculote the tangentiol derivatives, and (3) o brief description of the
common blocks used.

MICROSCOPE hos evolved over a period of several years,
progressing through several preliminary versions. The core of the present
version was designed and written by Bill Harris during the summer of 1983.
MICROSCOPE then grew, under the hands of Peter Aifeld, to o substantially
larger package which is the current version. This explains lock of
uniformity in the commenting of the source code. It also accounts for the
inconsistency in the nototion used within the program versus that employed
in this manual. However, only very serious users interested in
understanding aond possibly manipulating the code (for whome this oppendix
is written) should suffer from such idiosyncrosies of the pockage.

11,10 Lzt { the P Pact

MICROSCOPE follows o common and well established format for
interactive programs in FORTRAN. The wuser must provide o short main
program, which assigns FORTRAN Input/Output device numbers and screen
parameters, ond then cails o master routine (MCRSCP). MCRSCP is o driver
program from which all other routines ore colled and to which execution
returns after each command has been completed. This is accomplished by (i)
prompting for o new command, (ii) reading and recognizing the new command,
(iii) using o computed GO TO to branch to the appropriate routine, (iv) a
bit of togic and computation (i.e. sampling the function and calculating
the derivatives), (v) displaying the results in some grophic form, and (vi)
updating an options table and returning to step (i).

To help understanding the following flowchart several ideos and
their representative variabies need to be introduced. The logical variable
LGO indicates whether the screen is octive (LGO = .TRUE) or inactive (LGO =
.FALSE.). It is set and reset at a number of places in the pockoge. The
only place where the value of LGO has an effect on the progrom flow is in
the routine MCRSCP, between statements 7900 and 8300.

There are 4 basic types of commands. These correspond to the
integer variable ITYPE which is set approprictely by each command.
Commands of ITYPE = 1 imply thaot the function must be sompled from scrotch.
Since other changes may be desired before computation begins, these
commands deaoctivate the screen ond this is occomplished by setting
LGO = .FALSE.. Commands which are of [TYPE = 2 require some computation.
Two special ITYPE = 2 commands ore FORCE and GO. These cause LGO to be set
to .TRUE. and are the only commonds that activate an inactive screen. The
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remaining commands of ITYPE = 2 only maoke modifications of the current
setup and usually only require small omounts of additionai computation.
When LGO = .TRUE. any ITYPE = 2 commond is sxecuted before the next command
is prompted for. ITYPE = 3 commands do not require computation but cause
the alphanumerical display to be altered. Finglly, commonds of ITYPE = 4
do not alter the display and do not require computotion.

The other major logical control variable is LSCRN. Its main use
is in screen-editing versions of MICROSCOPE. LSCRN = .FALSE. means that
the aiphanumerical display hos been overwritten by text ond must be
regenerated. LSCRN = . TRUE. means thot the display is intact from the
previous command and only selected pixels need to be wupdoted. LSCRN is
used by the disploy routine SGRAPH in the file SCREEN .

Computation time for evaluoting displey functions con be sizable.
The program logic aond sompling scheme were designed to uti!ize previous
compytations ond eliminate unnecessary recomputations to the extent
possible. For example, shifts and magnification chonges often require only
o few ocdditional evaluations.

The flowchart that follows gives an overview of the logical flow
in the MCRSCP driver routine. It concentrates on the portion between
stotement 1500 ond 8300 where the logic is somewhat involved.

Appendix Il: Organization of MICROSCOPE page 93
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Epitome Flowchart

from Main Progrom

!
!
!
v

* output message identifying MICROSCOPE

» check screen poraometers

¢ copy channei numbers, screen parameters, and set flags

e set LGO = .FALSE.

s compute round—off charocteristics (NUMD1G)

¢ set default volues for some of the variaobles contained in

the various common biocks

¢ input some of the help documentation o3 we!l os news ( INHELP)
1500 ¢ prompt/input/parse commond (DIALOG)

e reset error flags

s branch to the appropriote subroutine (using o computed GO TO)

This corresponds to stotements 1600 through 7800. Many
of these commands aglter variables, with subscript 2, in
the common block OPTION. These will then be used by
fater routines.
7960 o if command is of ITYPE = 1 (i.e. requires complete recomputation)
then set: LGO = _FALSE.
e if JTYPE = 2 ond LGO =  TRUE.
then calculote values for NUM and DEN corresponding to
samp! ing changes. (See documentation in part 2
of this appendix) (SGAMMA )
* check for errors and output aoppropriate messoges if any occurred
s if error = .TRUE.

< then go to 1500
¢ it LGO = .FALSE. and the Refresh Screen (RSCREEN) commaond is given
then disploy the old graphical informotion (SGRAPH)
¢ if LGO = .FALSE.
< then go to 1500

+ branch to the oppropriate section of the progrom depending on
the value of ITYPE (using o computed GO TO) )
8008 o (if ITYPE = 2)
s check to see which ospects of the sampling have been oltered
by the command and set the oppropriate logical flags (CHKCMP)
* call the routines flogged by the CHKCMP routine.
(the actual sompling and computation of derivotives occurs
only in the routine SCMUPD)
8100 o (if ITYPE = 3)

e set up the graphics datao (i.e. update plot arroy) {SGRUPD)
¢ graph the data {SGRAPH)
s if logging is required
then output a copy of the grophical display in scroll mode
* copy current set of parameter values from new to old. (OPCOPY)
< * go to 1500
Appendix I1: Organization of MICROSCOPE page 94
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11.2 S ing S .

In the remainder of this appendix an explanation of the sompling
scheme ond computational logic is given. The variabie h, as used in the
source code, is not the some as the varioble labeled as h on output. To
reduce contusion we will use the following notation in this appendix (but
nowhere else in this monuoal):

Variable in Variable in Variable in Output
Source Code Appendix and eisewhere in
the monual
h ss (step size) s
sw sw (stencil width) h

The output names correspond to the common usoge while the nomes
used in the program and appendix have the meanings defined below.

The basic f[dea of the sampling scheme consists of representing
the relsvant part of the line of investigation in two |lineor arroys, one
corresponding to points in the domain, and one containing corresponding
values of the display function (if it has been evaiuoted). Any chonges in
. the stencil width ond step size, os well os small shifts of the point of

o.amination are then implemented by shuffiing the information in these two
arrays. The size of the arrays has been chosen to accomodate fairly large
changes in parameter values with littlie computation. The key varigbles ond
arroys used in the program are os follows:
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XS{IXSIZE): the sampling arroy for the domoin space, giving the
distonce from the point of exominotion in units of the direction
of investigotion.

FS(IXSIZE): the sompling arroy containing the vaiue of the display
function f ot the corresponding point in XS().

IXSIZE: the dimension of the XS() and FS() arrays. (the current
value of IXSIZE is 5377)

ICENTR: the index of the center element of the XS() and FS() arroys.
(the current value of ICENTR is 2689)

ROPSTS(2): this is the "step size" corresponding to 8 points in the

XS() orray. (see the illustration beiow) It appecrs in the common
block OPTION. The reason for introducing it here is thot for most
computations it will remain fixed while the other porometers,
such o8 sw ond ss, will be doubled, halved, etc.

88 (step size) the spocing between the points plotted oalong the
fine of investigation. This is h in the source code.

swW: (stencil width) the width of the interval over which the
finite=difference formuios are calculated. This is h on output.

nh: the spacing between pilotted points in the index space. It must

be a pesitive integer muitiple of 4.

nw: holf the stencil width in index space. It must olsc be a
positive integer multiple of 4. The number of points in index
space corresponding to the stencil width is 1 4+ 2enw.

The sompling points are spaced unevenly along the Iline of
investigation, but evenly in index spoce. In the following figures,
osterisks denote the points at which the display function needs to be
evaluated. A hyphen marks a point for which space for o function value haos
been provided in the arrays XS ond FS, but where no evaluation is
necessary. Consider a point p at which we wish to evaluate the display

function and its derivatives up to order 6. The stencil is centered obout
p.
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p
- e e ..., e e - t(p)
(1)
e, T T — e TN JUUN . f (p)
(2)
S L LI S Y . t (p)
(3)
it Y I S e U T S . t (p)
(4)
. ...... Y PO . ... - = e . t (p)
(s)
..., o, .= .0 ... P L=, ..., . t (p)
(e)
. JR e, L= ... PP T S . f (p)
ow sw  sw ew sw sw sw sw
- - o - — 'y — - - —
2 3 4 6 e 4 3 2
< sw >

(h on output)

The figure describes the actual sompling structure along the line
of investigation. Space has been provided only for points ot which the
disploy function may hove to be evaluated. Providing epace for sompling ot
increments of sw/12 would be sim- er but wastefu! since ot most only §
points (not 13) are needed in each stencil.

Next, consider the probliem of extending the sompling over on
entire I|ine segment. The poarticultar extension used in MICROSCOPE wos
chosen 80 that changing the step size and stenci! width by powers of two
would require minimo! computation. Other factors are cllowed but require
greater computation.

Considering a portion of the {ine segment containing e sequence
of three plotted points: p1,p2, and p3, the spacing (for the ratio ew/es =
2/1, nw = 4, and assuming aii tangential derivatives are to be plotted)
looks like:
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.. ..., LI I S o ... s..8. .8, ... ... PV P T . ... LI T SR .
pt p2 p3
.. ..., “ e, ..., ..., o..e..0. ..., . (stencil for pi1).
-4 -3 -2 -1 ] 1 2 3 4
.o ..., .8, .8, ..., “.... s..0. .0, ... . (stencil for p2).
-4 -3 -2 -1 [] 1 2 3 4
.(stencil for p3) o..... .0, 0. ... ... s..0. .0, ... .
~4 -3 =2 -1 ] 1 2 3 4
< sw >
< ss > < s >

Note how the stencils overiap, allowing the use of one value of
the display function for more than one (here two or three) values of a
derivative. 1f the stencil width is doubled while the step size is kept
constant (corresponding to on increase in the window width by a factor 2)
we obtain: .

...... e..0..8, ... ... ... 8. 0. ..., ... o, 0. 0., ... . .... e..0. .8, ... .

p1 p2 3 .

s..... L T SN  J ——.t ., .. ..., . ... e + (stenci! for pt).
-4 -3 [} 3 4 5 8

... - .o L IR ., ..., - ..., o..... L .

-8 -5 -4 -3 [ 3 4 5 8

.(stencit for p3) »..... -t ..., ..., L ... - ... .

-5 -4 -3 ) 3 4

< sw >
< ss > < ss >

The above operotion requires additional evaluation of the display
function only ot the boundary of the interval of investigation. The
reverse process of halving the window width would require no additional
evoluotions at all.

So that oll derivatives, up to ond including the sixth, con be
evaoluated, the minimai number of points between plotted points (such as
p1.p2,p3) is 4. Furthermore, the distance is always o multiple of 4,
Similarly, the minimol number of points needed in o stencil is 9 (i.e.
-4,...,0,...,4), ond it is olways of the form 1+(an integer muitipie of 8),
although evaluotion takes place at at most 9 points. These features are
illustrated in the following progression of increasing stencitis:
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N A LI DI SRR o..... o.. 8 .0, ... o ..... .., .0, .., “..... LI T DA .

. p2

. . ... o .0 .8, . ... ..., o 0. ..., .

. -4 =3 =2 -1 e 1 2 3 4

N - ... L .- - ..., . ... ...... - .
-8 -5 -4 -3 0 3 4 -] 8
..; ..... —..o..-.....;.....-..-..—.....-.....-..—..-. Y TN -t = ...
-8 -8 -4 ° 4 6 s

These 3 stencils span Iindex sets of 9,17, eond 25 points,

respectively (olthough the third set would not fit on this poge). The

variagble nw for these is 4,8, ond 12, respectively.

The relation between the quantities ss and ROPSTS(2) is given by

nh
ss = — o+ ROPSTS(2)
8
The progrom strives to maintain ¢ vaiue of nh = 8. For o more

detailed discussion see the description of the routine SGAMMA below.

The relation between the point of exomination, P, o point of
evojuation, PS, the distonce t of ps from P, the direction of examination,
d, and the quontities in MICROSCOPE, is given by:

XS(ICENTR=2) =  -ROPSTS(2)/4
XS(ICENTR-1) =  -ROPSTS(2)/6
XS(ICENTR) = )

ond

XS(ICENTR$1) = ROPSTS(2)/6
XS(ICENTR+2) = ROPSTS(2)/4
XS(ICENTR+3) = ROPSTS(2)/3
XS(ICENTR+4) = ROPSTS(2)/2
XS(ICENTR+5) =  2eROPSTS(2)/3
XS(ICENTR#6) =  3eROPSTS(2)/4
XS(ICENTR47) =  SeROPSTS(2)/6
ROPSTS(2)

XS(ICENTR+8) =

Appendix 11:
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P = ROPPNT(s,2)
d = ROPUDI(»,2)
t = XS(i)
PS=P 4+t ed
FS(i) = f(PS)

LDEF(I) = .TRUE. «<=m> FS(I) has been evaluated

To expiain the calculotion of the derivatives, consider @ point p
at which we wish to evaiuate the function and its derivotives. To evaluate

oil derivatives up to the sixth we need 9 points. We number them os
follows:
1 2 3 4 5 6 7 8 9
L LI T L N .. .8 0., ... .
[
W SwW  Sw 8w [ sWw Sw 8w sw
2 3 4 6 6 4 3 2
Instead of using the formulos given in section 1.2 directly, the
following equivolent but more efficient formulos are used:
90 - 5
gt - ft + 9
92 - -(f1-¢9)
93 - 4 (134 17)
g4 - 40 (13-17)
g5 - 4¢ (f2-18)+5¢( 6~ f4) }
g6 - -~ 692 (f241t8)+15¢ ( f4+ 6 )
(e)
Q - go
i
e

Q = (1/8w) . 92
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- (2) 2
Q@ = (2/sw) s (g1 - 2eg0 )

h
Q = (4/ow) /4 o ( 2992 + g4 )

(4) 4
Q = (4/sw) o ( g1 — g3 + 6¢g0 )

() 5
Q = (6/aw) /2 ¢ ( g2 + ¢g5 )

6
Q w (6/sw) o ( g1 + g6 - 20eg0 )

The sequence in which MCRSCP co)!ls the moin routines is:

SGAMMA ~ calculotes gomma (see following discussion)

CHKCMP =~ checks to see whot chonges in computations are needed
SSMPUD -~ shift aond copy

SCMUPD -~ compute new values

When a step eize/stenci! width changing command is given, the
progrom wil) ottempt to change nh and nw without having to change ROPSTS(2)
(ond hence copy or throw out dota). Otherwise, MCRSCP attempts to choose o
change in scoling (ROPSTS(2)) which saves as much data as possible. This
is the purpose of the routine SGAMMA which we now discuss in some detail.
First we introduce aodditional notation.

width: the number of columns on the terminal screen used for plotting

L H scoling faocter for step size (either o positive integer or 1/(positive
integer) )

v: scaling factor for stencil width (or window), (either positive integer
or 1/(positive integer) )

rho: lowest common muitipie of the denominators of m ond v.

s: = ROPSTS(2). (bose step size when nh = B), (this differs from the s
that denotes the intervol elsewhere in this monual)

Primes will denote the new volues for nh,nw,es,ond 8. Ffor
exomple: h' denotes the step size after changes have been made.

Define: gomms = g/g° = num/den > @
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Constraints: The commands set the volues of m ond v. There ore S
constraints which are then used to choose the value of gomma. They are not
all independent of each other.

(1) 4 <= nh’ <= IXSI12E/width

(2) 4 <= nw' <= I1XSI12E/2

(3) nh'/4 must be integer (mw=> mod(nh',4) = @

(4) nw'/4 must be integer <me=> mod(nw’',.4) = @

(5) effective sompling width = nh’ » width + 2 ¢ nw’ <= IXSIZE

in the index space
We have:
ss = (nh/8) » o and 83’ = (nh'/8B) » »°
Also:
s’ =m s h
Hence:
s8’ = (nh’/B)es’ s m e h=mm s+ (nh/8) ¢ s

— (nh°/8) o 3*' = m ¢ (nh/8) ¢ o

— nh* = m s nh » 8/8' = m s nh « gammo
Similarly:

sw = (nw/4) » 3, sw’ = (nw'/4) ¢« 8', and sw’ = v » sw
—> sw' = (nw'/4) ¢ 8’ m v s swm v s (nW/4) ¢ »
— nw' = v ¢ nwe g/s’ = v e nws gommao

In summary:
nh’ = m =« nh » gomma
nw' = v & nw ¢ gammo

Referring to the conditions numbered aobove, divide (1) by m ¢ nh and (2) by
v ¢ nw to get:

4 IXSI1ZE 1
<= gamma <= .
m ¢ ph width m e nh

aond
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4 IXSIZE 1
<= gomma <= .
v s nw 2 v ¢ nw
Let
4 4
e = max( . )
m ¢ nh v » nw
and
IXS12E 1 IXS1ZE 1
b = min( . . . )
width m s nh 2 v & nw

From above, gamma must sotisfy:
6 <= gowma <= b
Furthermore:
Ah' = m ¢ nh ¢ gamo ond mod(nh’,4) = 9
wamy (o) mod( m » nh » gommo , ¢ ) = @
nw' = v ¢ nw ¢ gamma and mod{ v » nw e gommg , 4 ) = @
- (o) mod( v s nw e gommo , 4 ) = @

The routine SGAMMA uses the above two conditions (s) ond (ee) to
choose acceptabie values for gomma (ond hence num and den since gammg =

num/den) .
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~ Quiline of SGAMMA

o check to see if the changes m and v can be accomodated by changing
nh ond nw, but not ss (h in code).
* if no changes in ss are needed
€———————— then num = den = 1 a=m> gomma = 1 and return
s calculote c ond b
s ifm=y
€~—————— then set gaommo = m, ROPSTS(2) = m ¢ ROPSTS(2), ond return
s calculate rho
m' = rhosm (m" ond v’ ore positive integars)
v' = rho » v
s determine "ali" possible numerators and denominators for gommo
(up tp 32) which sotisfy:
Q <= num/den <= b
mod( m » nh s gommo , 4 ) = @
mod( v ¢ nw ¢« gamma , 4 ) = @
s rank the candidote values of gamma occording to 4 criteria

(1) ph' & width + 2 ¢ nw' <= IXS1ZE

(2) 8 ¢ width <» nh’ * width + 2 « nw’ <= ICENTR
(this oliows for halving and doubling without rescaling)

(3) gamma a power of 2 (positive or negotive)

(4) nh’ >4 ond nw > 4

¢ choose the combination of num and den which has the highest cor~
responding rank and set the vaoricbles occordingly.
<—se return

11.3 Common Blocks

Mere we Jist the COMMON blocks used in MICROSCOPE. This
information may be useful in modifying the code ond in accessing the data
structures of the package vio the command USER (see section 4.15). For

each common block we list in parenthesea the number of words (i.e. 2 words
] for eoch DOUBLE precision variable and 1 word for each REAL, INTEGER, or
LOGICAL variable) occupied by the biock. The blocks are listed in the some
sequence as they appear in the routine MCRSCP.

CB (16) controls cross differentiation.

CBDSW : width of differentiotion stencil

CBD(3) : normo) ized cross direction

CBDU(3) : unnormaglized cross direction

1CBD : order of cross differentiation

LCBD : .TRUE. if cross differentiotion is on, .FALSE.
otherwise
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- 10 (5) contains the input/output device numbers. ;
RECORD : Record device number. (Output dato file for recording
screen images and comments)
GRAPHD : Grophics device number. (terminal or graphics dispiay)
HELPD : Help file device number.
RSTRTD : Restart file device number. (unformatted output dota
file tor use in restorting ot o loter date)
INPUTD : Input device number. (usually the terminal)

LOG (1) controls logging
LCHN : Logging device number (= © <mem> )ogiing is off

LOGCOM (5391) contains logical arrays used primarily by SCMUPD

to keep track of what hos olreody been computed.

LDF(7) : Denotes whether the (i—=1)°'th derivative has been calcu—
loted. LDF(i) = .FALSE. means the (i~1)’'th derivative
has not been calculoted. LOF(i) = .TRUE. means it has.

LPLT(7) : Denotes whether the (i-1)'th derivative is currently
being displayed. LPLT(i) = .FALSE. meons the (i-1)’'th
derivotive is not being disployed and LPLT(i) = .TRUE.
means it is.

LDEF(5377) : Denotes whether or not the interpolotion function hos
been calculoted at the coordinates corresponding to
XS(i). (i.o. whether FS(i) has been assigned)
LOEF(i) = .FALSE. means the i’th vaiue has not been
sampled and LDEF(i) = .TRUE. meons it hos.

FUNCOM (23,426) contains arroys pertaining to the values of the
interpolation function at its sompied points.

XS(3377) : The distance array, always centered cbout ©. Its defini-
tion and usoge is given in the second part of this
appendix.
FS(5377) : The array containing the vaiues of the interpoiation
function corresponding to the points specified by the
XS() orray. See the second part of this oppendix for N id
discussion. ]
DF(135,7) : The finite differences. DOF(i,j) corresponds to the i"th
plotted point and (j-1)’'th derivotive. These ore the .
p1,p2,p3's of the discussion in the second port of

this oppendix.
DFMNMX(2,7): These ore the minimums/maximums of the finite differences
in the DF() array.
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= ERRCOM (2) used to hondle error checking and reporting.
When errors are detected in any of the sub routines
or computation routines, the errors are fiagged ond
then reported by the CHKERR routine.

ERRCOD : This is on integer code number for the type of error
detected.
ERR : This is the logical flog which denotes whether or not

an error has occurred. ERR = _FALSE. means no error
hos occurred oand ERR = .TRUE. means an error has
occurred.

BLICOM (16342) contains display versions of the derivatives.

I1PLOT(135,7): IPLOT(i.j) is the “screen coordinate" (integer) of the
(j~1)"th derivotive in the i*th column.

ISCRN1(135,57): The previous screen image. ISCRN1(i,j) contains the
Hollerith representation of the charocter to be
disployed ot the (i,j)'th pixel on the screen.

(where indexing starts at the upper left corner
of the acreen). i is the horizontal component and
j is the vertical component.

ISCRN2(135,57): The current screen image. This has the same description
as ISCRN1(,) above.

SCALE(7) : The scale factors used to individually scale, up or down,
the finite diffearence "curves" (in the DF(,) array)
so thot the curve fills up the entire screen in the
sense thot the maximum point lies on the top row and
minimum point lies on the bottom row of the screen.

LOADIO (3) contains channe) numbers of the loading devices.

PLOAD H point loading device
DLOAD : direction loading device
CLOAD : cross direction foading device
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11.3 Common Blocks




MICROSCOPE : A Software System for Multivariate Anolysis poge 107

User's Monual

Version of Aprii 1984

SCREEN (7) containa the volues of parameters describing the

OUTPUT

LINES

WIDTH

ILP

IPRMPT

1DSPLA

LSCRN

OPTION (122) contains

device on which most interoction occurs (i.e. the
screen of the terminal in most coses)

The device number of the graphics device (usuolly the
terminal)

The number of usable lines on the screen. Note thot
this moy have to be one less than the number of
dispioyobie lines.

The number of coiumns to be displayed. It is best to
choose an odd number for this so that the center
can be plotted. It must be less than or equa! to
135. 75 is o common value.

The number of Iines in the curve plotting portion of the
displaoy. It must be less thon or equai to 57.

The number of |ines cbove the screen bottom at which
the prompting commands are given. It must be at
least 2.

The number of |ines above the screen bottom at which the
numerical dota region begins. It must be grecter than
IPRMPT by 6 or more.

The logical varioble denoting whether the curves are
currently being displaoyed or they have been over-
written by text. This is to allow the progrom to
toke advantage of terminals which aliow screen
editing. LSCRN = .FALSE. meons that the screen has
been overwritten since the previous command ond
LSCRN = _FALSE. means that the acreen is intact from
the previous commond.

most of the voriaobles, other than the
sompling arroys in FUNCOM, which moy change due to
commonds. There are 2 copies of each variable.
(1) is the previous value and (2) is the current
volue. If mistokes ore mode in the inoctive (deactiv)
mode (i.e. LGO = _FALSE.) then the UNDO command will
erase the chonges ond copy the old set (1) to (2).

ROPD1(3,2) The vector specifying the direction of investigation.
Note that for all vector volued quontities, the
dimension is specified by 10PDM() below.

ROPPNT(3,2): The vector specifying the center of the line of
investigation. If the shift is @ (i.e. IOPSH(2) = @)
then this is the point which is ot the center of the
screen.

ROPDR1(3,2): Currently unused vector.

ROPDR2(3,2): Current!ly unused vector.

ROPSTS(2) The nominal spacing between the points at which the
finite differences are calculated. These will de
the piotted points. "Nomina!" refers to the base
step size when nh(2) = 8, os discussed in the second

Appendix 1I: Organization of MICROSCOPE page 107

. L] ‘ .
- x.,;Jl_ A | P —

11.3 Common Blocks




MICROSCOPE : A Softwore System for Multivariate Analysis poge 108

User's Manuai Version of April 1984
part of this oppendix. As noted earlier, this is
not the h which appears on output.

ROPSTW(2) The stencil width (sw). This corresponds to the h which
appears on output. It is discussed in the second
port of this appendix.

ROPUDI(3.2): The normalized (unit) vector specifying the direction
of investigotion. This is the normalized version
of the ROPDI() vector.

NH(2) The step size in index space. See the discussion in the
second part of this appendix.

NW(2) Half of the stencil width in index spoce. See the
discussion in the second part of this appendix.

ILEFT(2) The index of the left-most element of the FS() arroy
which hos been assigned o value.

IRIGHT(2) The index of the right-most element of the FS() array
which has been assigned o value.

10PDM(2) The dimension of the domain space. It can be 1,2 or 3.

[OPSH(2) The shift, in integer increments, of the plotted points
from the center defined by ROPSTS(s,2).

10PSS(2) The scoling factor for the step size. It is set by
the commands.

10PWN(2) The scaling factor for the stencil width. This
multiplies/divides the current window, as it oppears
on the screen. [t is set by the commonds.

OPDC(2) The logical flog determining whether or not the center
of the screen is to be marked.

oPDS(2) The logical flog determining whether or not a scole is
to be displayed along the horizontal oxis.

oPDX(2) The logical flag determining whether or not o line of
dashes will be displayed to represent the x—axis.

OPCMP(2) The logicol flag denoting whether or not any computations
hove yet been done for the current set of ROPPNT and
ROPDI .

OPSPL(2) : Currently not in use.

oPOF1(7,2) : The logical array specifying which derivatives aore to
be disployed. It is set by the DGRAPH and EGRAPH
commands .

OPDF2(7,2) : The logical orray specifying which derivatives are to

to be accentuated as they are displayed. It is set
by the ACCENT command.

NRML2E (1) controls normelizotion of derivotives

NORMAL

= . TRUE. <===> normolization is on
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ROOM (2) controls whether one line of the grophical
disploy is tronsferred to the numerical disploy.
This is only necessary if oll six tongential
derivatives of a cross derivative are plotted.
ILPUSR : User apecified spoce for the graphical dispfay
1DSUSR H User specified spoce for the numerical display
The corresponding variables ILP ond IDSPLA in
the common biock SCREEN ore modified os
necessary.

HELPER (7330) contolnn help information

HELP Help device channel number

JHELP1 : Length of the HSUMRY information (in lines)
JHELP2 : Length of the HELP information (in iines)
JHELP3 : Number of availgble commonds

JHELP(99,2): (1.1) Vine in which detaiied help for I-th

command begins
(1.2) length of detailed help
IHELP(72,99): (e.1) prompt text for I-th commacnd

USER (S) eee oppendix 111

PLOWN (296) contains current PLOT options

ITITLE(72) : Title

1BOTTM(72) : Legend

NUMBR : poge number

BL(20) : left bottom labe!

BR(20) : right bottom !obel

FRAME : w TRUE. «===> frame is drown
COLOR w TRUE. «<==m> plot is in color
NUMRCL = .TRUE. «<===> numericol disploy is drawn
LMARK w . TRUE. «mm=> graphs are morked
LBLS w . TRUE. «wm=> grophs aore lcbeled
DATE = . TRUE. <w=mm> dote is drawn
TIME = TRUE. Cwm=> time is drawn

EQOWN (1) controls revaluation ofter the command FORCE hae
been issued.

LFO : = . TRUE. <wm=> reevoluate
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Appendix 111; The Teat Package

The examples in this monuol con be reproduced, and experience
with MICROSCOPE con be gained, by using the test routines (o special choice
of the trial function F ond the user intervention routine SUBUSR, plus o
few asupport routines) supplied with the package. The test code is
contained in the files USRLC and USRUC (see chapter 5).

Several different trial functions are availoble for examingtion,
and rounding to ony number of digits up to the number supported on your
loca) installction con be simulated.

All options are selected using the command USER, which puts you
into user mode. You can change options similariy as in the PLOT mode until
you ore saotisfied, ond then return to the command mode.

Options are chosen by passing numbers to the progrom occording to
the prompts given. A current list of options is maintained on the acreen.

The triol function is selected by giving its reference number.
The parometer eta is 1 by default ond con be changed by typing -=3. By
default rounding to 10 digits is simulated. Rounding con be chonged by
typing =1 ond giving the desired number of significont digits. It c¢an be
turned off by giving @ os the number of digits. The foliowing trioil
functions are ovailable:

+
[

1:  F(x) = s(0,eto,x) o; F(x) = s(@,eto,x)
2:  F(x) = a(1,eta,x) or F(x) = s(1,eto,x) + e

3: F(x) = 8(2,eta,x) or F(x) = s(2,eto,x)

+
L

4: F(x) = a(3,eta,x) or F(x) = a(3,eta,x) + e

S: F(x) = s(4,eta,x) or F(x) = s(4,eto,x) + e

x

6: F(x) = s(5,eta,x) or F(x) = s(5,eta,x) + o

The addition of the exponential in the above functions is off by
default, and is toggied on or off by typing -2.

etaex
7: F(x) = e
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2
8: F(x,y) = otaeabs{x)ex + (1-eta)eabs(y)ey

2
9: F((x,y) = x sabs(x)eysaba(y)

x
19: F(x) = the spline interpolant to o used in section 2

x
11: F(x) = @ =~ function 10
{(i.e. F(x) is the error in the spline 10)
12: F(x) =@
13:  F(x) = etosx

eto
14:  F(x) = x

ota
18:  F(x) = x

The user mode is left by typing zero (or just RETURN).

The commands STORE and RESTART are effective on the test
parometers which are stored in the COMMON block USER. The paraometers have
the following meanings:

ETA: DOUBLE PRECISION variable containing the vaolue of eta.

IROUND: Number of digits to which function values are rounded (IROUND = @
<==> no rounding is taking place).

N: reference number of the trial function.

ADD: LOGICAL variable that indicotes whether an exponential term is to be
odded to the trio) functions defined by N= 1,...,8.

The following table gives the USER defoults ond the parometer

settings necessary to generate the figures in this monueal. N is the
reference number of the trial function, D is the number of digite rounded
to. The entry "—" means "does not apply”. The defouit settings are

effective on the first USER and after giving the commond SETDF. Other
parometers necessary for reproducing the exomples in this manual (point,
direction, dimension, interval etc.) con be read off the alphanumerical
dispiay in ecch figure.
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Figure N D ETA exponential odded
Defoult 1 19 1 NO
1 ] 10 —_— -—
2-6 11 1@ —_— —
7-8 10 10 — —_—
9 12 190 —_— —_
10 13 10 20-9 —_—
11-12 10 1@ —_— -_—
13-18 3 10 -5D-3 YES
19 1 10 -1 NO
20 2 10 -t NO
21 3 19 -1 NO
22 4 10 -1 NO
23 5 10 -1 NO
24 6 190 -1 NO
25-26 ? 1e 1 —_—
27 9 19 — -
28 14 10 1.5 e
29 15 10 1.5 —_

Toble of test parameters

Becouse of the random nature of round—off errors, somewhot
different dispiays moy be obtoined even with the above parometer settings.

Some of the obove test functions so far have not been used in

this monual. They illustrate more subtle phenomena that will not normally
occur in multivariote interpolotion ond opproximotion. In o typical
opplication, the trial function will have a finite degree of
differentiability ocross the front, and be infinitely often differentiable
in any direction contained in the front. Function 8 illustrotes a

situation where the degree of differentiability is finite in any direction,
but is dependent upon the direction of investigation. The function is once
differentiable in the y direction ond twice differentioble in the x
direction. The relative sizes of the jumps in the aoppropriote derivotives
con be controlled by the parameter eta.

The functions 14 and 15 can be used to illustrote discontinuities
other than step discontinuities. The functions differ in the way they are
defined for negotive volues of x, for which the value of function 14 s
negative, and that of function 15 positive, if the integer part of abs(eta)
is even, and of the opposite sign if it is odd.

For both functions 14 and 15, the volue at x = @ is @ if eta is
negative. This prevents o flooting point overflow and a meoningless
display. .
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The following two figures illustrote functions 14 and 15 for
eto = 1.5 (i.e. o function thot is 1.5 times differentiable). The first
derivative is continuous, but the second derivative exhibits a poie. The

itiustration of these fectures is enhanced by choosing the window width to
be less than 1.

2 IRRRRRRRAR
1 1111911
1 ARRRRA!
1 ARRRANI
1 111
1 11t
It
?
11
111 1
. 1111 I
L1 212
111111 212 e
111111119 ...2222 1 2222...
2222222222222222222222222222222 ........... 2222222222222222222222222222222
Point - 9.0000000+00 s = 4.0000D-04
Direction - 1.00000004+00 h = 2.00000-04

FO ( 2.14D-11, 1.80D-93) F1 (-1.820-01, 1.820~01) F2 ( 6.17D+00, 1.410+02)
1/0: 25 6 & 1 2 327 28 29 30 NRML on  current CALLS = 2901

Figure 28 A 3/2 times differentioble function
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12 11111
1 1111,
12 1111,
1 22 1111,
11 I 2222 1M1,
1 22222222222222222
I 111 222222222222
2

222222222222222 NS 1
22222222222222 11 1
cen 22221 1 1"
22 1
21
111
21

Point - 0.000000D0+00 s = 4.00000-04

Direction - 1.0000000+20 h = 2,00000-04

FO (-1.86D-03, 1.800~03) F1 ( 1.41D-02, 1.82D-01) F2 (~3.81D401, 3.81D+01)
1/0: 25 6 6 1 2 327 28 29 30 NRML on  current CALLS = Jos2

Figure 29 Another 3/2 times differentioble function

Figure 29 shows a cusp in the first derivative whereas in figure
28 the first derivaotive posses vertically through the origin. Both
derivatives are continuous at the point of exomination ond have a vertical
tangent there. The foct thot the second derivative has a pole can be
verified by observing that the extreme function value increases as the
discretization parameter is decreased. For o cusp, the extreme function
volue opprooches o limit os h decreases. This phenomenon con be utilized
to distinguish between a cusp and a pole.

It is of course stroightforward to progrom other or additional

examples for a trial function by modifying the routines in the teat package

appropriately.
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A e IV £ ! for Grophical (<PLOT?9>) Diap!
The following poges contain <PLOT79> Equivolents of the figures in this

manuat
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09:20:49

27-APR-84
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PR

—

0.185 -0.0925 0.0 0.0925 0.185

CD: 1 Dir = (0.0, 1.000) ch = 6.00E-04
Point = (0.0, 1.000) s = 5.00E-03
Direction = (1.000, 0.0) h = 0.0300
FO « (9.386E-09, 0.01266) F2 *(0.1200, 2.220)
F3 O(-12.04, 12.07) Number of Evaluations: 174
This plot corresponding to figure
PLOT?79 University of Utah

it
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| Point = 0.0 s = 5.00£-03 .
Direction = 1.000 h = 0.0300
FO « (-0.03332, 0.06764) Number of Evaluations: 249

This plot corresponding to figure

2

PLOT7S9 University of Utah
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iy

R e o

e
\ |
Point = 0.0 s = 2.50£-03 !
Direction = 1.000 h = 0.0150 T
FO < (-0.02027, 0.02884) Number of Evaluations: 287
t
t
This plot corresponding to figure y i
- 8 l
1 PLOT79 University of Utah i
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MM
Point = 2.00 s = 5.00E-03 )
Direction = 1.000 h = 0.0300
FO « (2.638E-11, 0.01415) Number of Evaluations: 362 |

This plot corresponding to figure

4

PLOT79 University of Utah
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MM
Point = 2.00 s = 5.00E~03 N
Direction = 1.000 h = 0.0300
FO « (2.638£~11, 0.01415) F1 +(-0.06111, 0.1768)

Number of Evaluotions: 374

This plot corresponding to figure *

O

PLOT?7S9 University of Utah
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Point = 2.00 s = 2.506-03
Direction = 1.000 h = 0.0150
FO « (2.638£~11, 3.029E-03) F1 +(-0.04209, 0.07089)

Number of Evaluations: 418

This plot corresponding to figure

6

PLOT7S9 University of Utah
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Mg+ i

Point = 0.0 s = 2.50E-03 J

Direction = 1.000 h = 0.0150 ‘?

FO +(0.8828, 1.117) F1 +(1.263, 1.274) ]

. F2 *(-~0.2526, 0.2526) Number of Evaluations: 505 ',

This plot corresponding to figure

~

PLOT79 University of Utah
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Point = 1.000 s = 2.50E-03
Direction = 1.000 h = 0.0150
FO » (2.486, 2.973) F1 +(2.387, 2.898)
F2 =*(2.478, 3.106) F3 0(2.730, 4.058)

Number of Evoluations: 592

This plot corresponding to figure

8

PLOT78S University of Utah

-




09:25:36 27-APR-84

MICROSCOPE: A Software System for Multivariate Analysis

Point = 0.234 s = 2.50E-03
Direction = 1.000 h = 0.0150
FO « (-9.993E-11, 9.780E-11) Number of Evaluations: 667

This plot corresponding to figure

9

PLOT7S9 University of Utah
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Point = 0.234 s =
Direction = 1.000 h
FO + (2.162E-10, 7.314E-10) Number of Evaluations: 742

2.50E-03
= 0.0150

This plot corresponding to figure

10

PLOT79 University of Utah
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Point = 0.234 s = 2.50E-03
Direction = 1.000 h = 0.0150
FO +(1.180, 1.428) F1 +(1.290, 1.408)
F2 = (0.3871, 0.8924) F3 0(2.730, 2.732)

Number of Evoluotions: 841

This plot corresponding to figure

11

PLOT79 University of Utah
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Point = 0.234 s =
Direction = 1.000 h
FO « (1.062, 1.563) F1 +(1.266, 1.503)

F2 = (0.1344, 1.145) F3 0(2.731, 2.731)
Number of Evaluations: 885

5.00E-03
= 0.0300

This plot corresponding to figure

12

PLOT?7S

University of Utah
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M

Point = 1.000 s = 0.0540 &
Direction = 4.00 h = 0.324
FO + (0.3678, 20.06) Number of Evaluations: 960

This plot :orresponding to figure

13

PLOT?7S University of Utah
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!M

> A

~2.00 ~1.000 0.0 1.000 2.00
Point = 1.000 s = 0.0540
Direction = 4.00 h = 0.324
FO + (0.3678, 20.06) F6 & (-60.68, 62.69)

Number of Evaluations: 972

This plot corresponding to figure

14

PLOT7S9 University of Utah
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[

~2.00 ~1.000 0.0 1.000 2.00
Point = 1.000 s = 0.0540 -
Direction = 4.00 h = 0.324

: FO « (0.1467, 8.002) F6 & (-60.68, 62.69) ]

Number of Evoluotions: 989

This plot corresponding to figure

15

PLOT 79 University of Utah
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~2.00 —1.000 0.0 1.000 2.00
Point = 1.000 s = 0.0540
Direction = 4.00 h = 0.324 1
F2 =+ (0.1480, 8.078) F6 & (-60.68, 62.69) ;

Number of Evaliuations: 989

This plot corresponding to figure |

16

PLOT79 University of Utah I
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Point = —-1.04E-17 s = 2.11E-04
Direction = 4.00 h = 1.26£-03
F2 *(0.9922, 1.002) Number of Evaluations: 1353

This plot corresponding to figure

17 N

PLOT7S9 University of Utah
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09:36:05
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M

Point = —-1.04E-17 s
Direction = 4.00
F6 4(0.2233, 4.395)

This plot corresponding to figure

18

PLOT?789

= 0.0400

h = 0.240
Number of Evaluations: 1440

University of Utah
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Point = 0.0 s = 0.0333
Direction = 1.000 h = 1.000
FO < (-1.0000, 9.977E-11) F1 +(~0.5000, 7.683E~-11)
F2 » (-1.0000, 1.0000) F3 0 (~4.000, 4.000)
F4 x (-48.00, 48.00) F5 0(~2.430E+02, 3.645£+02)
F6 & (-7.290E+03, 7.290E+03) Number of Evoluations: 1662
This plot corresponding to figure
PLOT79 University of Utah
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Point = 0.0 s = 0.0333

Direction = 1.000 h = 1.000

F1 +(-1.0000, 4.284E-11) F2 = (-1.0000, 2.851E-10)

F3 0(-2.000, 2.000) F4 x (-8.000, 16.00)

F5 o (-81.00, 81.00) F6 & (-1.458E+03, 9.720E+02)

Number of Evaluations: 1797

This plot corresponding to figure
PLOT79 University of Utah
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Point = 0.0 s = 0.0333
Direction = 1.000 h = 1.000
F2 =+ (-1.0000, 1.987E-10) F3 0(~1.0000, 1.736E-09)

F4 x (-2.666, 2.666) F5 o0 (~8.977, 13.50)

F6 & (~1.458£+02, 1.458E£+02) Number of Evaluations: 1932

This plot corresponding to figure

21

PLOT 79 University of Utah
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Point = 0.0

Direction = 1.000

F3 o{(-1.0000, 1.600E-09)
F5 b (~3.000, 3.000)
Number of Evoluations: 2067

h
F4 x(-1.333, 1.139E-08)
F6 & (-12.84, 27.00)

This plot corresponding to figure

PLOT?7S9

22

University of Utah
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Point = 0.0 s = 0.0333
Direction = 1.000 h = 1.000
F4 x (-1.0000, 9.600E-09) F5 D (-1.375, 6.609E-08)
F6 o (-4.128, 4.128) Number of Evaluations: 2202

This plot corresponding to figure

23

University of Utah x
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Point = 0.0 s = 0.0333
Direction = 1.000 h = 1.000
FS5 o (-1.000, 5.093£-08) F6 & (-1.650, 2.666E-06)

Number of Evoluations: 2337

1 This plot corresponding to figure

; 24

PLOT?79 University of Utah
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Point = 0.0 s = 0.0166
Direction = 1.000 h = 0.1000
FO « (0.5397, 1.852) F1 +(0.5406, 1.855)

Number of Evoluations: 2424

This plot corresponding to figure

2O

PLOT729

University of Utagh
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By ape- oo

SN

Point = 0.0 s = 0.0166
Direction = —~1.000 h = 0.1000 '
FO « (0.5397, 1.852) F1 +(-1.855, -0.5406)

Number of Evaluations: 2424

This plot corresponding to figure

26
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PLOT789 University of Utah
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i 09:52:08 27-~APR-B84 i
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Mo

N -
a ITERES. A

CD: 1 Dir = (1.000, -1.000) ch = 6.00E-03
Point = (0.0, 1.000) s = 5.00E-04
Direction = (1.000, 0.0) h = 3.00E-03
FO  (-7.491E-04, 7.284£-04) F1 +(0.01050, 0.08002)
F2 +(-4.401, 4.183) F3 0(-13.42, 1.002£+03) A
Number of Evoluations: 2598 j
|
This plot corresponding to figure : i
PLOT79 University of Utah
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Point = 0.0 s = 4.00E-04 -]
Direction = 1.000 h = 2.00E-04 7
FO e« (2.141E-11, 1.800E-03) F1 +(-0.1824, 0.1824) y
F2 *(6.166, 1.414E£+02) Number of Evaluctions: 2901

This plot corresponding to figure

208

PLOT?7S9 University of Utah ..
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|
i

Point = 0.0 s = 4.00E-04 i
Direction = 1.000 h = 2.00E-04 |
FO « (~1.800E-03, 1.800E-03) F1 +(0.01414, 0.1824) !
F2 » (-38.13, 38.13) Number of Evaluations: 3052 1“

This plot corresponding to figure

<9

PLOT79 University of Utah
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Abramowitz, 13, 116

ACCENT, 51, 54-55,
108

Alfeld, 1, 7, 30,
92, 116

cipha, 83-85, 87,
89-90

Bornhit), 8, 116-17

Beebe, 6, B, 69, 78,
116-17

bivariote, 9, 16, 30

BLSCRN, 77

de Boor, 21, 116

CICROSS, 51, 65-66

C2CROSS, 51, 65-66

C3CROSS, 51, 65-66

CBD, 104

CBDSW, 104

CBDU, 104

CCHANNL, 51, 63,
67-68

CDIRCTN, 51, 65-66

i CHVALUE, 51, 65-66

i Clough=Tocher, 30,

] 116

E CLSCRN, 77

| commond, 3, 56,

17-18, 22, 33,

‘ 35-38, 41,
44-74, 78-79,
92-94, 101-2,
104, 107-11%

CORDER, 51, 65-66

Courant, 45, 116

critical, 9-10, 27,
85; see also
set

cross, 3, 14-16,
18-19, 24, e,
44, 51-53, 58,
6366, 68,
72-74, 104,
106, 109; see
also
derivative,
direction

CRT, 8, 10, 13, 15

cusp, 9, 49, 114

LNDEX

CWINDOW, 51, 60-62

D, 7. 14, 22-32,
38-43, 46-49,
51-53, 56-57,
59, 64, 67, 83,
85-86, 88,
11114, 116

d, 10-11, 16, 18,
51, 5455,
59-60, 99-100

DICHDIR, 51, 59

D2CHDIR, 51, 59

D3CHDIR, 51, 59

DCENTER, 51, 54-55,
72

Deita, 10, 40, 45,
49-50, 83-85,
89-91

DEN, 94

derivaotive, 3, 5,
9~11, 14-18,
19, 2V, 24-27,
30-32, 37-60,
64-66, 70,
73-74, 82,
84-86, B88-91,
98, 105-6, 109,
113-14

DF, 1056

DGRAPH, 39, 51,
54-55, 108

Dirac, 10, 45, 84

direction, 3, 10-11,
14-16, 18,
22-32, 38-43,
46-49, 5153,
55-60, 63-68,
72-74, 96, 99,
104, 106-8,
111-14; see
olso
investigation

displocy, 3~6, 8-11,
13-20, 22-35,
37-42, 44, 46,
49-51, 53-61,
63, 65-66,
69-72, 74,

76-78, 83-84,
93-98, 105-7,
199, 111-12,
115; see olso
function

DIVIDE, 51, 60-62

DMNSN, 38, 51, 54,
58, 65

OOCUMENT, 6, 116

DOUBLE, 34, 51,
§0-~62, 73, 104,
MM

DSCALE, 39, 81,
54~-55, 72

DXAXIS, 51, %54-55,
72

., 8-11, 1519,
2122, 27-28,
34, 37-39, 52,
84~55, 58-61,
63~64, 88-69,
71, 78, 82-83,
89, 92, 94, 98,
104-5, 107,
110=-11, 113

EGRAPH, 49, 51,
54~55, 108

eps, 7, 83

eta, 38, 42-43,
82-84, 89-90,
11e-13

examination, 3, 10,
14-16, 19, 23,
28, 31, 42,
50-53, 55,
58-59, 63-64,
66, 68, 71-72,
74, 82, 95-96,
99, 119, 114

EXIT, 51, 62-63, 68

External, 10

F. 10-13, 34, 73,
78, 82, 110-11,
116

FLIP, 51, 54-56

Font, 77

FORCE, 33, 51-52,
54, 61-64, 73,
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92, 109

front, 7, 10, 66,
112

FS, 96, 100, 105,
108

function, 2-5, 8-10,
13~17, 19-22,
24, 26-31,
34-36, 38, 40,
42-50, 55-56,
61-64, 66, 71,
73-74, 82-84,
89-93, 95-98,
100, 105,
110-14, 116

Gaoteaux, 18

GO, 18, 33, 38,
51-52, 54, 58,
61-64, 73, 80,
92, 94

GRAPHC, 34

h, §, 11-12, 14,
16, 22-32,
38~43, 46-52,
56~57, 6e-61,
63-64, 66-67,
83, 85, 87-91,
95-97, 102,
104, 108,
113-14

HALVE, 41, 51, 60-62

Harris, 1, 92

HELP, 34, 5t, 58,
6465, 79, 109

HELPLC, 75, 79-81

HELPUC, 75. 79, B1

Hershey, 77; see
also Font

Hilbert, 45, 116

HSUMRY, 51, 64-65,
79, 109

1CBD, 104

IDIRCTN, 51, 59

IHVALUE, 51, 60-62

T1INTVL, 38, 51,
58-59

investigation, 3, 7,
1@, 14-19, 35,

INDEX

51-53, 55,
58-60, 6364,
66, 68, 72, 74,
95-98, 107-8,
112

IPOINT, 5t, 58

ITYPE, 92-94

k, 11, 13, 15-16,
45, 50-55, 57,

65-66, 70,
82-91
LC, 7576, se-8t
LCBD, 104

LCROSS, 51, 65-66
LDEF, 100, 105
LORCTN, 51, 59
LGO, 92-94, 107
LINES, 34-35, 107
LIST, 51, 64-65
LOG, 51, 65, 105
LPOINT, 51, 58-59
LSCRN, 83, 1e7
MANLC, 75, 8o0-8t
MANUAL, 75, 79-81
MANUC, 75, 8e-81
MCRSCP, 3, 33-35,
58, 62-63, 68,
74, 76, 92-93,
101, 104
MICROSCOPE, 1-4,
6-8, 10-11,
13~14, 17-23,
25, 32-45, 49,
52-54, - 79,
84, 87, s2-110,
117
Mode, 3, 35-37,
52-53, 57, 65,
68~69, 73, 94,
107, 110-11
muitivariate, 1-3,
8-9, 18-19, 44,
112
MULTPLY, 52, 60-62
NEWS, 52, 64-65
nh, 96, 99, 101-4,
107
NORMAL, 52, 59-60,

66, 108
NUM, 94
NUMRCL, 34-35, 109
nw, 96-97, 99,

1014

OUTPUT, 34-35, 52,
65, 1@7

P, 10-13, 16, 45,
51-83, 58, 73,
99-100

PICHPNT, 52, 58

P2CHPNT, 52, 58

P3CHPNT, 52, 58

pockoge, 3-4, 6-9,
13, 17, 2@, 35,
38, 64, 68-69,
75~79, 92~94,
104, 110-14

PAUSE, 52, 67-68

PCURSR, 77

PENO7, 70, 75, 78

PENIB, 78, 75, 78

PFORT, 8, 116; see
also Verifier,
Portable,
Portability

PLCHRS, 77

PLOT, 3, 34-35, 37,
52, 69-72, 74,
77-78, 109-19@

PLOT?79, 3-4, 8, 35,
52, 54, 69-72,
77-78, 8@,
115-16

PLTDMY, 75, 78,
80-81

PLTLC, 75, 77-78,
80-81

PLTUC, 75, 77-78, 8%

point, 3, 6, 10-11,
13-16, 18-19,
22-32, 35,
3743, 45-49,
51-59, 62-64,
66~68, 70-74,
77-78, 82-8S,
95~100, 105-8,
111-14; see
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also
examination

poie, 9, 113~-14

Portobility, 6, 33,
75

Portable, 2, 8, 33,
75-76, 79, 116

POS, 75-76, 80-81

precision, 3, 6,
28-29, 36, 73,
104

primitive, 8, 10,
21-22, 27, 44;

see also

function
PROMPT, 34-35
PS, 9S-te@

psi. B85, B9-90

QUIT, 52, 62-63

rondom, 7, 10,
23-24, 45, 83,
112

RCROSS, 52, 65-66,
68

RDIRCTN, 52, 59, 68

RESTARY, 34, 52,
62-63, 111

ROPPNT, 100, 107-8

ROPUDI, 100, 108

ROTATE, 52, 59

round-off, 3-5, 10,
13, 22-24,
28-32, 35, 42,
44-45, 60-61,
82-90, 94, 112

RPOINT, 52, 58-59,
68

RSCREEN, 33, 52, 54,
58, 94

RWIND, 52, 67-68

Ryder, 8, 116

s, 11, 14, 16,
22-32, 38-43,
46-50, 56-57,
60, 67, B84-85,
95, 101-2, 110,
113~14

scale, 15, 39, 41,

INDEX

51, 54-55,
63-64, 72, 74,
106, 108

Schumoker, 21, 116

SCREEN, 75-77,
80-81, 93, 107,
109

screen, 6, 8, 10,
13, t7-18,
33~39, 51-54,
57-58, 61-65,
69, 72, 76-78,
8081, 92, 94,
181, 105-8, 110

SCROLL, 75-77, 81

scroli, 33, 94

set, 7, 9-10. 14-15,
17-18, 27-28,
34, 42, 59,
63~66, 75, 84,
92, 94, 99,
102, 104, 107-8

SETDF, 52, 62-863,
119

SETPEN, 7@-71

SETPN, 71

SHIFT, 39, 52, 58-59

spline, 21, 111, 116

ss, 95-99, 101-2,
104

Stegun, 13, 116

STORE, 52, 62-63,
119

STPEN, 71

SUBUSR, 35, 73-74,
78, 110

SUPPRT, 75-76, 8e-81

surfoce, 9, 19

sw, 95-98, 100-102,
108

tangential, 11,
14-16, 18-19,
44-45, 54-55,
66, 70~71%,
73-74, 82, 92,
97, 109, see
also derivative

TCENTER, 52, 54, 57

terminal, 8, 10, 15,
17, 19, 33-34,
54, 68, 77-78,
101, 105, 107

test, 4-9, 38, 44,
64, 78, 110-14;
see also
pockage

TNOTE, 52, 65

trial, 8-10, 13~16,
19, 34-36, 38,
40, 42, 44, 49,
60-63, 66,
73-74, 82, 89,
11012, 114;
see olso
function

trivoriote, 9, 116

TYPE, 37, 42, 52, 54,
57

uc, 75-76, 81

UNDO, 52, 62, 64, 107

USER, 37-38, 52,
62-63, 73-74,
78, 104, 199-11

USRDMY, 75, 78

USRLC, 75, 78,

8e-81, 110
USRUC, 75, 78, 81,
110

Verifier, 8, 116

w, 16, 49-50, 60,
63-64, B85

WAIT, 52, 62-63

WIDTH, 34-35, 107

width, 5, 15~16, 19,
35, 41, 48-52,
60-61, 63-64,
74, 85, 95-98,
101-4, 108, 113

window, 3, 5, 16,
18, 41-42, 46,
49-52, 60-61,
63-64, 66, 74,
85, 89, 98,
101, 108, 113

XS, 96, 99-100, 105

Z00M, 52, 60-62
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