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Te introductiocn

Ip this report we describe IGDS {Interactive Graphic Display
of Surfaces), a system for the interactive building and
display of three-dimensional surfaces. Tthe probler of
representing surfaces of any shape 1is encountered in sany
different areas such as in car manufactuering, ship building,
ané aerospace and aircraft dindustries, im acrchitecture or
civil engineering, etc. Usually, for one reasom or ancther,
the shape of these surfaces pust be "fair", a car’s body
past be #fair®" wmainly for aesthetic reasomns, a ship's hull
pust be ®fair® painly for hydrodynamic reasons aad so on.
I6DS gives the designer the possibility of sodelling a
surface by manipulating interactively a set of easily
understood iaput parameters. Por this reason this type of
ffair® surface is cftesn referred to as P"sculptured
surfaces®™. The "sculptured surfaces® are usually treated as
intergpolated suxfaces not having a simple analytical
rerresentation. The initial data are commonly constituted by
a set of givem pcints om which the surface has to 1lie;
addit jonal points of the surface are wusually obtained by
using interpclation methods.

As a conseguence of the léck of an analytical
representatics, the representaticns ¢f the surface is
constituted by a large set of numbers, namely the spacial
coordinates c¢f the points lying on the surface. A graphic
display of these points can accelerate the process that

leads fros the preducticms ¢f a £f£irst rough surface to a
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fipal one satisfying the regquired objectives.
IGDS has tbeen designed to take advantage of the graphic
capabilities offered by interactive devices such as the IBR
2250 display vnit and the Pektronix 4013 storage scCope. The
APl language has Dbeepd ssed to isplesent 1I6DS, as it bhas
proven to be the most ccpvenient tocl in the implementing of
highly conversational systeams both from the systen
prcgrammer’'s point of view and the user's point of view.
In section II, there will be a general description of 1GDS
and the envircnmest in which it can le used.
in sectien III, theze js a detailed descriptiom of the
pathematical model used to represent the sucfaces.
in sectiom 1Y, the commands necessary to gork with I6DS are
described in detail.
in secticn ¥, there is an explanation of how to use 1IGDS
‘when ap IBM 2250 display upit is available.
in section VI there is an explanation of how to use IGDS
shen a 4012 Tektronix storage tube is available,
Iin sectionm 711, the impleﬁeatation of IGDS is described.
In Appendiz I, the principal CP copmands are described.
In Appendix II, the principal CBS ccmmands are described.
in Appendix III, +he steps of the cosputation of the

mathesatical mcdel azxe listed.
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2. Genexal description

IGDS is a software package implemented in APL and developed
im a CP-CHS wenvircesent. In the fcllowing paragraphs a
general descriptico of 1IGDS amsd its environment will. be

given.

2.1 Access to the systes

The IGDS system is constituted by two APL workspaces that
are available in the public APL libraries of CHNUCE. It can
be used following the procedure described helow.

Once <connected with the ccmputer, the user enters the
cogmand ¢n the keyloard of the terminal

1CGI8 <npane>

<pame> is the mname of the user®s virtual machine. After
CPs67 has requested the password of the virtual machine and
after the correct passwycrd bas beemn given, the user is in
the CP envircement. Any legitimate CP comsand can be issned
in this environment. One of the commands that can be used in

this envircameent is the following:
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HS¢ <naps> <textd
This «coszmand enables the usexr to cowmmrunicate with other
viztuwal machines and ian particular with that of the
operator, named CP. When the 2250 is used, a message has to
be sent te the cperatcr tec have the 2250 attached to the
virtual gachine.
IPL, is anmcther CP «ccsmand which is used to start an
operating system. Hith the command:
Ikl CBS
the CHS cperating syster is loaded into the virtuval machine.
Iin the CHS epvironsent the user esay enter any of the CES
ccrsands and is particslar the command APL.
#ith this command, the APL system is started and all the
public libraries of 2PL are made accessible to the user.
In the AFL environment all system commands must start with a
right parenthesis. By using cne of the commands:
JLCAD 5 16082250
YLOAD 5 16DS&013
depending on the output device available for the session,
the IGDS fupctions are 1loaded im core. To start 1IGDS the
following twe fuspctions sust be entered:
IRiT
- START
The first functica restcres the IGDS environment to the
sitwation it was im at the end of the last session. If this
is the very first sessiom, it initializes the systesn.
The second function activates the conversational environment
apd from this moment the user cam issue the I6DS cosmands
which azre fully described in this report.

The sequence cf ccmsands that follcws IPL CHAS, namely:
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APL

) 104D 16DS <device type>

I¥LIT

START
can be activated with the single CHS coapand
I6DS <device type>
The <device type> must be 2250 or 4013 depending on the
output device available fcr the sessicn. Once entered im the
CHS envircament, by typing IGDS 2250 or IGDS 4013 it is

possikle tc start the systes.

APL imgplesentation

8]
a3

»

16LS consists ¢f a set of APL functicns contained in the two
vorkspaces IGDSZz2%80 and 1GDS4013. The IGDS2250 workspace
centains all the functions mnecessary in order to use IGDS
with the IBE 2250 display unit and the plottexr HP.

The 16DS8013 werkspace ccptains all the functions mecessary
in order to use IGDS with the Tektrcomixz 4013 storage scope
ané the plotter HP. Because of the additional software
needed t¢ support the 2250, the workspace 1IGDS2250 can be
used only with a modified version of the APL systesn.

The standard progras APLCHS running under CP/67 has been
modéified so as tc¢ include a graphic package for handling the

22%0. The new systen has been called APLFGS because the
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graphic package used is the already existing Fortran Graphic
Support (PGS) package. This package is a set of Assesmbler
written routines that canm be called by Portran and has beem
develeped at the IBH Scientific Center of Pisa. Though it is
less powerful thanm €5F, the standard IEN package, FGS is
easier to use and requires less buffer space in the 2250

centrel zalit.

2.2 ¢Cutput devices

The graphic output devices supported by IGDS are:

2250 IBH display unit X

4013 TEITRONIX storage tube

72012 HP mechanical plotter

2he TIBE 2250 is a refreshable scope eguipped with an
alphanuseric keybcard, a prcgrasmed function keyboard and a
light ©pen. These facilities are 1used for doing the
interactive work during a session; the alphanumeric keyboard
is used to enter parameters, the programmed functicn
keyboard is used tc select acticas corresponding te the
lightened keys and the light pen 1is used to select commands
tc be execsted.

Yhen using the 2250, the termimal used to start IGDS may be

discopnected sipce all interactiocns are handled through the

4250,




PAGE 10

The Tektroniz 8013 is a storage tulbe equipped with an
alphanuseric leybtecard and a crosshair cursor. This termimal
may work either im alphanuseric mode or im graphic mode.
fhen operatiang 3in alphanumeric npode, it behaves as a
TTi-1like terminal with the omly difference that the writiag
aprears on the screen. ¥When using 1IGDS with the 4013, all
the interactions are handled through the terminal vwhich is
switched altermatively frcs alghanumeric wmode to graphic
mode and viceversa wvhen needed.

The 72012 Hewlett Packard plotter 1is constituted by a 30240
draving plane where the dravings are made on-line by a pen
mcving alcng two axes. This is an optional device that is

used by IGDS as am hard-copy device for the 2250 or the #4013

termsinal.

Z.8% List c©f comzands

%e shall give here a short summary of the copmands used when
working with I6DS. B fully detailed description uill be
given in the secticns fcllcuing.

The ccsmand may be fuscticnally divided into 4 groups:

Group 1: ccmmands for the building and changing of a surface

BUILD - this ccmpand is used to create a ney surface.
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The user must give all the data necessary for defiming
the new surface and the nueber o¢f points to be
interpclated.

CHARGE - this command is issued to modify an existing
sarface or to change the number of the interpclated
points.

BESTORE - this comsand substitutes the existiang surface
yith a new cne read from a disk file. This file must

have been previously written by using the SAYE ccmeand.

Group 2z: cosmands for displaying a surface
DISPLAY - this command enmables the user to display on
the output device a projection of the existing surface.
It is possible to display either the initial surface, er
the interzclated suyrface.
PLOT - this ccrpand dravs on the mechanical plotter the

last displayed image.

Group 3: ccmsands for savipg intersediate and final results.
SAVE - this command writes onto disk a binary file
containing all the data defining the initial surface and
the points of the interpolated surface.
¥BITE - this command is the same as SAVE except that the
file is writtem in character form and can be read by any
other lamguage.

STOBE - this command creates, in Bmemory or in disk
files, copies of the 1last displayed image. It can be
wsed to build an archive of pictures ready tc be

displayed.
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Grcup b: command for ending a session
EHD - with this «command the user ends a session and
exits fros the IGLS environment. The preseat status of
16DS is automatically saved so that it can be reproduced

at the beginning of another session.
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3. HMathematical gcdel

The majer properties that make Cooms model very suitable for
representing the sc-called nsculptured surfaces®, are:

a) the contipuity cf the first and second derivatives at the
points of the surface, thus obtaining the approxzimate shape
of minimuas streagth energy;

b) singular peints cam not exist on the surface because the
representaticn is parasetric;

c) the surface is defined by a few input parameters which
can be varied individually to produce easily predictable
changes im the shape cf the surface,

Cocns methed consists o¢f a parametric bicubic representation
ip which a surface Bmay be considered as lyiag on two
fapilies of intersecting curves, as is sbown in fig. 1. The
curves are defined by a set of initial points giving the two

fagilies of curwves.
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As the knowvledge of a cubic parametric representatica is
essential im order to fully usnderstand the behaviocur of a

surface, a description £followus.

3.1 Cubic parametric curves

The problea to be resolved is that of fittinmg a spatial
cuive on a set of giver jc¢inmts.

The problem c¢f passisg a cubic curve through two given
pcints ®ill first be examined. Pour conditions must be
specified in order to define a cubic curve; the conditicn
that we impcse op the curve is that it must pass through two
given pcints with given tangents at those points. The
defined cubic curve say be treated in parametric forn.

Pig. 2 represents a curve where parameter t varies from 0 to

the length L of the segment joining the two points.

TGO

TG1

fig. 2
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Expressicn 1) gives the egquation of the point P{t) renning

on the curve.

1) P(t) = PCxAO{t)+P13A1(t)+TG0xBO (t) +TG 1xB1(t)

Equation 1) may be split into the fellowing three

€xpressicns:

X(t) = X0 * A0(t) + X1 * Al(t) + TGO, * BO(t) + TGl * B1(t)
2) Y(t)= Y0 * AO(t) + Y1 * AL(t) + TGO, * BO(t) + TG1y * B(t)

Z(t) = Z0 * AO(t) + Z1 * AL(t) + TGO, * BO(t) + TGL, * B1(t)

It appears from 2) that the coordinates of the gemeric Eeisnt
P(t) are a functiom of the <coordinates of the two given
pcints PO and PV and cf the compcnents of the two given
tangents T60 apd IG61.

20,31,B80 asd B1 are cubic polyncsials in ¢ satisfying the

fcllowing conditions:

t =0 P{0) = PO
3?' (0) = 760
3)
t =1 BP(L) = P1
P' (L) = TG1

It «can be easily verified that the following four

Fclynemials satisfy the imposed conditions.
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, 3 2 3
30 = {2t =~ 2Lt + 1)/1
3 23
4) 21 = (=2t + 3Lt )/L
3 2 2 2
E0 = (t =~ 2Lt + L t)/1
3 2 2
E1= (¢ = It )/1

It can be seen frcm the eguations 2) that both the directionm
and the soduli of the tangents at the given points influence
the cocordinates 1(t), Y{(t) and Z(t) cf the running peoinst and
hence the shape c¢f the curve. As an example let us consider
a two dimensicnal curve with PO = 0,0 and P11 = 1,0 and with
TG{ has a slope of 45 degrees and IG1 has a slope of -45
degrees. Fig. 3 shows how the shape of the curve varies

derending on the moduli imposed op the tangents.

vh
15020 @
T61=0
o
0 1 X
vk
760=035
T61=035 b)

760
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yA
c)
16
S
0 ‘\\{m X
yh
160 d),
T
0 i X
761
e)
e
k4
761

fig. 3
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The probles of fitting a curve, passing through a set of
given points will ncvy be considered. It is possible to
copnect g series ¢t cabic arcs having the sage
characteristics as those previously described by imposing
the same conditions on the «connecting points. The isrosed
cocndition is that at each dipntermediate point the curve must
have the ccntinuity ¢f the second derivative and hence also
of the tangent.

In fig. 4 this condition has been visualized for two generic

arcs 1 and 1 of a curve.,

£ig. 4

# #

5) B it ) =1%¢ {0)
i-1 i-1 i
By deriviag twice 1) with respect to the parameter ¢, and
isrosing conditiom 5) we obtain the following equation:

where Bi is an expression depending on P
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6) 1 * 76 + 2% {1 + L) ®* TG + L * T6 = &
i i-1 i-1 i i i-1 i-1 i
211 the steps of the ccsputation ars listed in the Appendix
3.
It is then possible tc write an equation like the 6) fer
each intermediate point of the curve where the 76 , 1I6 and
6 are +the unpincwes and K are the known terms. W®ith a
set of 8 given peints it is them possible %o ¥rite B-2
equations ccatainisg R unkncwas, namely the tangents at the
B pecints. To specify conpletely the system, we must add 2
pore eguations. The two missiag eguations axe déter@imeﬂ by
imposing the bouzdazry cenditions fcr the curve. The boundary
conditions must be impcsed c¢n the first and last arc of the
CEBIVE.

possible conditions are for example:

a) zerc curvature at the end peints of the curve;
b) constant curvature in the ending arcs of the curve;
c) given tangents at the end points of the curve,

In our mcdel the condition <¢) has been imEposed. As a
conseguence, a curve is <completely defined by t he
coordinates c¢f all the pcints and the components of the
tangents at the end pcints.

By‘ wyriting H§-2 eguations 1ike 6) and by adding the 2
becundary conditions, we cbtain a system of ¥ eguations in N
ankncwns vwhose sclution gives the tangents at all given

points.
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161 1 0 ¢ 0 0 0 0 @ 16

K2

7)

TG,

16y ;0 0 0 0 L L
| - .

T{;n ] 0 0 0 o 0 i ',“3,’

It is pow possible tc interpclate in each arc as many pocints
as needed bv agpplying the 2). Taking as a constant the
nukbter ¢t points dinterpclated im each arc, in order to
obtain a vuvniform distribution of the pcints along the whole
curve, the following considerations must be taken into
account.

1) the secments ccanecting the input pecints must not differ
tco guch im length (ratios varying from .5 to 2 are
acceptable; the optimum is 1)

2) the mcdule of the tangents at the end pecints nust ke
close tc the length cf the ending segments (optimal
ratic i1s 0.7 - 0.8).

3) the <(¢istance frcm <che cubic arc to the segment
cecnnecting twc adjacent points increases ¥ith the
increasing of tha angles foraed ty this segment with the
two ad-acent cpes. Because the rarameter t varies along
the secment and not alcng th2 arc, it turns out that the
rcints on the arc are closer to its eands the further the

arc is from the segment.
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3.2 Bicubic parametric surfaces

In Coons nodel, the representation 0f surfaces is
paramstric. Considering the flane defined by two parameters
u and v, it is pcssible tc¢ establish a relation between the
pcints of this plane and the points of the surface. In this
¥ay a point omn the surface can be expressed as a functien
of u and v3

8) P=PF (u,v)

The basic surface unit ia Coons pmethod is called patch. 2
?atch is a pertics of surface delimited by four curves such
thet a relaticn like 8) has been established between the
points of the surface and the unit sguare in the n,v plane.

See f£ig. &.
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=
N

P(1,0)

P(L,v)

PO,

fig. 5

The boundary curves of the patch which correspoand to the
sides of the upit squate, are cubic arcs 1like those
deseribed in the preceding paragrath.

The equation which allcus to determine the coordimates of a

peint on the [patch 1is expressed by the double matriz

preduct:
PO {v)
Pi{w)
9) P{u,v) = } FC{u) Pi({u) G6O{u) 61{u) | I 8B | 60 {9}

G11{v)
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where ¥ is a 434 matrix contaipning the gecmetrical data

defining the fouzr boundary curves of the patch.

P (0,0) P (0,

|
i
10) B = ! v v
|
£{1,0) B{1, 1) | P {(1,0) P (1,1)
) ¥ v
i
N
2 {0,0) P {0,1)] 0 0
g 4] |
P {1,0) P (1,1){ 0 0

a g

The upper left gquadruplet contains the cccrdinateé of 4§
écxnez pcints of the patch, namely P (0,0), F{1,0), B{1,0),
P{1,1) . The upper right quadruplet «contains the tangents at
the cormer points in the directions of the parameter v,
nagely Pv{0,0), Ev{0,1), Pv{1,0), Pv(1,1). The 1lower left
guedruplet ccptains the tangents at the corner points in the
direction of the [faraseter u, namely Pu{(0,0), Pu(C,1),
Pa{1,0), Pu{1,1) . The lcwer right guadruplet is filled with
zefos because in the presest implementation we have not
exploited the possibility givem by Coons method of using the
second sixed derivatives for intrcducing tuists on the
surface.

FO0,F1,60,61 are cubic polynopmial which guantify the
influence of the boundary curves on the coordinates of a
generic pcint P correspending to the values u and ¥y of the
parameter v and v. These polynomials are called blending

functions and we can see from 11) that they are identical to
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the 4) except for the length L which has bees set egqual to

1.
3 2
FO (t) = 2t = 3t + 1
3 2
) F1 (t) = =2t + 3t
3 2
GO (t) = t - 2t + t
3 2
61 (t) =t =~ t

In practice, i@ crder tc obtaip the coordinates of an
interrolated point, the computation is made on the
co&pcﬂentsrof various guantities along the %, y and z axes,
resulting in three expressions like 9). A uniforas grid can
be interpclated cn the patch by incrementing the parameters
u and v frca 0 tc 1 with ccastant stegps.

3 sulti-patch surface is a surface constituted by several
patches arranged 1in such a way that their boundary curves

form a rectangular grid as shown in fig. 6.

Stringer

fig. 6
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As can te seep frcs fig. 6 the input points defining the
pultipatch surface individvate on it two families of
intersecting curves. The curves in cne set are called CORVES
and are characterized by the variation of the parameter uj
the curves in the other set are called STRINGERS and
correspond to the variation of the parameter v. To cbtain
the coordinates ¢f a poimt lying din an arkitrary place on a
pulti-patch surface, 9) RBust be applied ¥ith M corresponding
to the patch containing the point and with the appropriéte
values of u and v.
In order to determine the tangents at the corner pcints cf
an artitrary patch, the CUEVES and the STRINGERS are treated
as cubic parametric curves cf the type rreviously described.
By applying 7) fcr each CURVE and for each STRINGER it is
possible tc compute all the tangents at the given pecints
both in the direction of u and in directicn of v. From 7) it
ccres out that in order to define completely a multi-patches
surface, the tangents at the points of the LFoundary of the
surface ( that is tbe end pcints of the CORVES and of the
STRINGERS) Bust ke supplied.
The basic steps fcr the ccaputaticn of the coordinate of a
pcint 1ying on a mnmulti-patches surface are them the
fcllowings
1) definiticp cf the input pecints lying dn the CURYES and
on the STRINGERS and definiticn of the tangeats at the
bcundary points;
2) evaluaticm of all internal tamgents along the direction

of u apd v by applying 7) as many times as necessary;
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3} evaluation of the coordinates of the points by applying
9) with B corresponding to the patch containing the
poeint and with apprcpriate values of u and v,

In IGDS the third step is not executed singularly for each

pcint but is rather computed by setting fixed increments of

the parameters u and v which are assumed to be the sase fcr
all the patches., In such a way a nev grid with a fiper
resoluticn than the initial comne is obtained.

To copclude this chapter a list follcus of the data required

by IGDS for obtaining an interpolated surface.

a) the inprut points arranged in such a vay as to fcore an
initial rectangular grid of CURVES and STRINGERS;

b) the tangents alcng the CURVES at the end points of the
CURYES and the +tangents alcng the STRINGERS at the end
points of the STRINGERS;

c) the dimension of the grid to be interpolated in each
patch, namely the number of CURVES and of STRINGERS to
be interpclated betwveen the givén ones. These dimensicas
are taker as a ccnstant for all the patches of the

surface.
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. I6DS COHHABDSE

IGDS deals gith three-dimensional surfaces and
tuc-dipensicpal prejecticas which are stored either
tesporarily in memory or fersanently in disk files. 23t amy
moment there is present in &énery only one surface, which is
called the ®curremt surface®™, The current surface cam be
defined by data coming either from the keykoard, and hence
surplied by the user, or from a tinary file on disk which
must have Leen previcusly written in a suitable format.

A1l the relevant data on the current surface can be stored
in a disk file either in timary form or in character forsa.
The binary file is obviously vwritten in the format necessaxy
for re-reading ip memcry in crder to tedefine the current
surface. The file in character fore gives the possibility of
printing off-line all the data of the surface and gives an
easy way ¢f comaunicating with programs written in ethei
languages.

In order to be displayed cn the output devices, the current
surface Bust be projected in a two-dimensional dimage. The
image last displayed is stored in memory and is called the
“current iaage”; Copies of the <current image can be saved
either iz Bmemecry (at nes; t¥o) or im a disk file. These
copies may be used to redefine +the current image, so that
the user can easily re-display previous images.

Every time the information stored inm memory is changed, 1IGBS
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¥rites avtomatically a disk file <containing the relevant
data. IGDS uses this file at the beginmning of the next
session in c¢rder to restcre the sitvation existing at the
end of the last session. In addition it is also used as a
back-up copy 4in case of system failure.

%e shall ncw give a detailed description of the commands cf

IGLS and of their garaseters.
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.1 BGILD

?his coseand is uvsed ip crder to define the current surface
with data coming frcs the keyboard and supplied by the user.
16LS asks for the follcwing information:

1) the number of curves and the number of stringers; the
user must give two integer positive numbers. ,

2) the coordinates of the points of the surface; the pcints
are conceptually pumbered first along the curves and
then along the stringers. The <coordinates of the points
can be entered in any order as each entry must comsist
of the serial number of a point followed by its
coordinates alcng %,y and 2 azxes.

Several pcints identified by progressive serial nuabers
can be defined with only one entry by entering the
serial number of the first point followed by the
triplets cf the cccrdinates of the subseguent points.

As the +tctal number o¢f points is known to IGDS, the
coordinates ¢f the points not explicitly defined are set

{0 2€@XI0.

3) the compcments of the tangents at the Lorder poiats cf
the surface; each entry must consist of the serial
npumber of a berxdexr point £fecllowed by the x2,7,%
compcnents of the tangent aleng the curves or aloang the
stringers, as appropriate. Recalling the pmathematical
model, at the corner points both tangents nmust be
defined. Por that reascn, if the serial number refers to

a corner poimt, the ccrpoments cf the tangents must be
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followed by a "1" or by a "0" to indicate whether the
tangent is alcong the curves or along the stringers
respectively. Any tangent not explicitly defined is
assumed to be equal to zero.
the size of the interpolating grid; the user nmust give
two pcsitive integer numbers. The first number specifies
how many curves ®8ill be interpolated betueen two
adjacent initial curves. The second number specifies how
many stringers will be interpolated between two adjdcent

ipitial strizgers.

Error repcrts :

IBCORRECT ENTRY

the fcrmat c¢f the epntry is not correct; the entry is

ignored and IGLS waits for a nev entry.

INCORBRECT COMMAND OR PARAMETERS (IGDSHO13)

the user has given a parameter on the same line of the
compmand BUILL. The command is ignored and IGDS waits for

a pew command.
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B.2 CEANGE

This cozmand dis used tc¢ medify the current surface.
Depending on the cpticn chcecsen it is possible to modify the
interpoclating grid, the compcnenis of the tangents and the
coccrdinates of the dinput points. The input of the new data

is made in the same way as that of the BUILD command.

a) CHABGE GERITD

The user must give two positive integer numbers definimg the
new size o©f the intezpclatiang grid. The first pumpber
specifies bow mapy curves will be interpclated between two
adjacent dinitial curves. The second number specifies how
many stringers will be interpolated ltetween twe adjacent

initial stringers.

b) CHANGE TANGEN1S

The user must give the new components of the tangents at the
border pcints ¢f the surface. Each entry must consist of the
serial nusber of a berder point followed by the ¥,y and z
cosponents ¢f the tangent along the curves or along the
stringers, as\appropxiate. The components of a tangent at a
ccrner point must be followed by a ™1" or by a ®u0® <¢o
indicate whether . ihe tangent is along the curves or along
the stringers, respectively. The tangents not wmodified
maiﬁtain their previcus values. When the input of the new
values is terminated, the system allows the user to change
alsc the interpolatimg grid, if wanted, in the same way as

the CHANGE GEID command.
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c) CHREGE BCIET

The user must give the new coorainates of the points. The
new coordinates <can be entered inm any order as each entry
sust consist of the serial nusber of the point followed by
its ccordinates along x,y and z axes. The nev coordinates of
several points identified by progressive serial nuebers can
be defined by crly cpe entry by entering the serial pumber
of the first pcint fellcwed by the triplets of the
cocrdinates of the subsequent points. ®hen the input of the
nes values is terminated, the system allows the user - to
change also the taspgents and ‘the interpolating grid, if
wanted, im the same way as ‘the CHANGE TANGENTS and the

CHANGE GRIL ccmmands.
Erroxr reports @

INCORRECT ENTRY
the format of the entry is not correct; the entry is

ignored and 1IGDS waits for a nev entry.

IRFUT HOT FOUND
nc current surface is defined. The BUILD command must be
used before in order to definme it. The command is

igncred asd IGDS waits for a new commaand.

IBCORRECT CCEEARL CB PARAHETERS (IGDS4013)
the option <chosen is not a valid one. The command is

ignored amd IGDS waits for a new comnrand,
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L ] RESIORE

This cogmand is used in order to define the current surface
with data ccsisg frcs a CHS binary file wurittem om the
P-disk. Such binary files are usually created by using the
SAVE command. IGDS asks omnly for the name of the £file, as
the filetype 1is assumed to Dbe IGDSLATA. After the command
has been elecuted, the npumber of curves, the nusber of
stringers and the idinterpeclating grid of the new current

surface are displayed. ‘

Erxior repcrts :

IBCOBRECT PARAHETER
the filename given by the user 1is not a wvalid CHS

filepame. The conmmand is ignored and IGDS waits for a

ney ¢coBEARG.

PIIE HOCT FCUBD

the f£ile with the given name and type IGDSDATA does not
exist cn the P-disk. The command is ignored amnd I8LS

yaits for a new corpand.
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§.4 DISELAY

?his comepand pust be used in order to display on the sreen
of the 2280 or of the 4013 an image of the input points
{namely only those given by the user with the BUILD coraand)
or an image of the whole surface (namely the input pcints
and the interpclated pecints). 2 brief description of tbhe
type of the image also apprears om the screen. Every time the
DISPLBﬁ comsand is executed, a new currrent image is
defined. Depending on the option chosen, the current image

can be obtained from different sources.

a) TDISPLAY INPU1T

The current image is constituted ty a projection of the

ingput points. The input points at the border of the surface

are displayeé¢ copmected by segments and also the tangents at

these pocints are displayed. The wuser must specify which

prcjecticn is vanted, chocsing it among the following types

of prejection and giving the appropriate parameters.

1) CCHIC projection.
The user must give the coordinates of a point called the
view pcint. 1 conic projection is made from the view
point c¢o a plane perpendicular to the straight 1lime
joining the view pcint with the center of the surface as
shown in fig. 7. %0 avoid distorsion om the projected
image the view point must not bLe too <close tc the

surface.
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Puya)

2) ISCHETEIC projection

Z 4

<}

el
>
>

£ig. 8

The X,y amd 2z axes are projected on the plane as shown

in fig. € umder a cyclic permutation of the axes. The

user
fronm
ages

Bust

must give the axis N to be dropped and the angle
which the surface has to be seen. The X,y and 2z
are ideptified respectively by 1,2 and 3. The angle

vary between € and 90 degrees.
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3) ASSOECHETBIC projection

¥ N

fig. 9
The 3,y and 2 axes are projected on the plane as shown
in fig. 9 The user must give the values of the apgles
whose sus sust be 360 degrees. Each angle wBust be
’betseen 90 and 180 degreees. A good projection of the
surface is obtained with

a=110 a'=130 a’= 120

4) OBETHOGCHAL projection

The user Bust give the plane of projection with <the

characters 11, Y2 cr iIZ.

by DISPLAY SURFACE

The <current image 1is constituted ty a projection 0f the
current surface. The input and the idnterpoclated points are

displayeé copnected by segsents both along the direction of
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the curves and of the strisgers. The user must specify which
prejecticn is santed according to the specifications
described for the display of the input points. For further

possibilities when using the 2250 see section V.

¢} DISPLAY FILE

The contents of the current image are rtead from a binary
file on the P-disk, whcse name must be given by the user and
whcse type must be IGDSIMAG. The file contains a projection
either of the iaput points or of the interpolated points of
a suriéce apd sust have been previously written by using the
STOBE commBand. The display cf the 1ipage is made in the same
vay as described before according to whether the file
contains a projectiom of the input points or a projectiocn of
the interpclated pcints. The only difference is that in this
case the user has not tec give the type of projection because

the file must coxtain av already projected image.

d) DISPIAY PIEST

The contents of the current image are read from the first of
the twc ccpies of a previcus image which may exist in
merory. This copy must bhave been previcusly defined by the
use of the STOBE command. The sane remarks apply as for the
DISPLAY PILE option except for the source of the isage. No

further parameter is required from the user.
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e) DISPLAY SECCED
This optica behaves exactly as the DISPLAY FPIRST option,
except that the current isage is read from the second cf the

twe copies of a previous isage which nmay exist in memory.

ELIor <Ixepcrts @

INCORRECT PABAHRETER

The format ot the imput is not correct. The command is

ignored. 1GDS waits for a mew ccemand.

INEDT HOT FODUHRD
the user has requested a DISPLAY INPUT and =no current
input is defined. The command is ignored and IGDS waits

for a new¥ coummand.

SURFACE HOT FOUND
the user has reguested a DISPLAY SURFACE and nc curresnt

sarface is defined. The command is dignored and 1IGDS

yaits for a new corzand.

IEAGE HCT BCURD
the user has rtequested a DISPLAY FIRST or a DISPLAY
SECOND Lkut the first cr the seccnd copy of an image has
net been previously created. The command is ignored and

IGDS waits for a new command
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FILE HGT FOUHED
the wuvser has requested a DISPLAY FILE but the £ile
specified does not exist. The command is igpored and

1605 waits fcxr a3 nev c<smand.
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8.5 FiCT

This command is used to plot the «current image om the HP
72C1A mechanical flectter. Hc check is made to ensure that
the plotter is actually attached to the wuser’s virtual
sachine. The user must vérify the availability of the
plctter before issuing this command. The user is tequested

to specify the type of terminal which is being used.

a) PLCT SELECTRIC
this option specifies the user is working on a terminal
with a SELBCTBIC keybocard (the = sign is located at the

left side of the keybocard) .

By PLCT RECERIC
br this cpticn specifies that the user is working om a
terpinal witk an EBCIDIC keyboard (the = sign is located

at the right side of the keyboard).

BExrror regorts :

IBAGE HOT FOUND
ng current image is defined. The command is ignored and

I6DS waits for a nev command.

INCORRECT COMHANRD OR PARBABETERS
the format of the input is not correct. The command is

ignored and IGLS waits for a new command.
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4.6 SAVE

This comsand is used ic gake a copy of the current surface
in a binary file on the P-disk. The contents of the current
surface is written in a file whose name must be given by the
user and whose type is set to IGDSDATA. If a file with the
sase name and type already exists it is erased before
#riting the new one. These files constitute a permanent
archive of surfaces vwhich can be wused at any moment to
redefine the current surface by peans of the RESTOSRE

cogmand.

Error «repcrts

IRCOBBECT PARABETER
the filepame givez by the user is not a valid CHS
filenage. The comsand is ignored and IGDS waits for a

ney ccBpand.

IBEUT NCT FCOUED
a0 current surface is defined. The command is ignored

and 1G6DS waits for a new ccmpmand.
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4.7 BRITE

?his command is used t¢ make a copy of the curremt surface
in a character file cp the P-disk. The contents of the
cyrrent surface is writtem in a file whose name must be
given by the user and whose type is set to IGDSCHAR. If a
file with the same name and type already exists it is erased
betore writing the new cne. These (files constitute a

permapent archive cf surfaces which can be easily read froa
prcgrass written im other langmages cr printed off-line. PFor

the ezact forsmat of the file, see section 7.

Bxrcr reports

INCOBRECT PARABETER

The f£ilename given by the user is not a valid CBS
filename. The entry is ignored and IGDS waits for a new

cecnBEand.

IBEUT NCT ECURT
no current surface is defined. The command is ignored

and 1GDS wmaits for a new ccmmand.
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bo& STORE

This ccamand is vused to sake a ccopy of the curreant image
either in a file on the P-disk or in memory depending cn the
option chosen. These ccpies may be displayed later by using

the opticns cf the DISPLAY command.

a) STCRE PII1E

The contents of the current image is written in a binary
file on the F-disk whose pame must Le given bty the user and
whose type is set tc IGDSIHAG. If a file with the same nage
and type already exists, it is erased before writing the new

gpe.

b} STORE FIRST

At any mcEent there can be in memory at most two copies of a
previous image referred tc as <first copy and second copy.
This opticn is used to define in memory the first copy of
the current image. Ho further parameter is required by the

UEEL,

c) STCRE SECCET
This opticn i1s wused tc define in memory the second copy of
the current igage. Hc¢ further parameter is regquired by the

UEEZL.
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ELTOor EepoTis:

INCORRECT PARABETER

the filename givenm by the user is not a valid CHS

filenaBe. The entry is ignered asd 1IGDS waits for a new

coBBand.

INAGE NOT FOUND

no curreat isage is defimed. The ccmmand is ignored and

ICDS vaits for a Bmey ccmsand.
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4.5 ERD

This command is wused to exit from the 1IGDS environament and
to go in the 2F1L environment or in the CHS envircnment
derending c¢n the cpticn chcsen. The user does not need to
explicitly give the SAVE ccamand or the STGRE command
because 16DS autcmatically saveé the contents of the menmory

and restores it at the beginning of the new session.

a) EED AFL

By choosiang this cpticn, the APL environment is entered and
the wuser cam issue any legitimate AP1L statement. In
particular to g¢gc from the ABL environment to the CHS
environment, the user mpust issue the YOFF CHS command. The

werkspace is not saved, but remains as the active workspace.

k) EED CES
By checosing this option, the CHS environment is entered. The

user can issue any legitisate CHS command.
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4,10 BELY PEATURE

By usiag the help feature, information can be obtained from
the system whepever it is waiting for input. This feature is
in particular of advantage for teginners and less
ezrerienced users.

As the use of the belp feature varies . depending om  the
display output device used, a conmplete description is
deferred to sec. 5 and sec. 6, where an explanation of the

use of ICDS with a 2250 oxr with a 4013 is given.
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5. Using 16DS with a 2250

When using 1GDS with a 2250, all the interactions betwueen
the system and the user pass through the 2250 by means of
the programmed fumction keyboard (PFR), the alpbanueeric
keyboard and the light pen. The terminal is used only to
start the 1IGDS and can then be disconpected. Whem 1IGDS is
rusning, a semu of ccepands is alvays displayed on the

screen. The zesu of the available commands is the following:

ERD ARl
END CHS
BOILD

(B POIRT
CB  TAKG
CH GRIT
T IHEDT
I SUREACE
T FI1E

T FIBRST

L SECCEHD
ST FILE

g F1ast
ST SECOND

HBITE
HELP / BETURE

The optioms of the conmmands described im sec. IV are all
included in the @menu; therefore the command and the cption
chcosen are selected sisultanecusly.

At any umoment, IGDS can be in ome of two environments: the

“help environment® and the "execution enviromment®. Pointing
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the 1light pen to a command in tHhe wmenu gives éifﬁéﬁﬁﬁ%
results depending om the envigomment. In the help
environment, am explasaticr about the use of the compand is
displayed. In the executicn enviZonment the coamand is
ezecuted.

The help environment is entered w@utomatically whem IGDS
starts and can be entered by the user at any momeat by
pointing the light pen tc the HELP command in the senu
whenever the systerm is waiting for iLnput. TGpon entering the
help envircnment a general explapation appears on the screem
and a light pem imput is ezpected. By pointing the light pen
tc the BETURH command of the w®esu, IEDS exits from the help
envircnment and enters the execution environment. The first
tize that the e3zecution environment is eantered, at the
beginning of a session, the menu only remains on the screen.
At subseguent times the isage existing on the screen when
the execution envircanment was left is restored. In addition,
every tise that the execution enviromment is entered, the
RETORN ccmmand is substituted by the HEIP command and the
message WREALY" appears on the screen. This message appears
also at the end of the execution of any command.

Once a command has been selected with +the light pen, any
adéitional input is ezplicitly requested by the systes and
is entered through the alphanumeric keyboard. The end of an
input line is indicated by am EOB character, namely by
pressing simultanecusly the alternate key and key 5 om the
keyboard. If an dinput is ccostituted by several lines, the
end of the input is signalled by pressing key 0 on the
programmed functiom keyboard after the last EOB.

vhen wusing the 2250, the DISPLAY SURFACE command gives




PAGE 49
further possibilities in addition to those already described
ip sec.b4. The defanlt display consiste of the points of the
surface connected bty segmemts along the curves and alomg the
stringers. By degressinmg key 6 and key 7 on the programaed
function keyboard,an asizated display <an be obtaimed where
the peints of the surface are connected one after the other
in the direction of the strimgers or in the directiom c¢f the
cnrves, respectively. Key 8 causes the points of the surface
to be aisplayed witheut any comnecting lines and key 5

restores the default display.
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6. Using 1IGDS with a 4013 cr 84015

When using IGDS with a Tektrcnixz 4013 or 4015 storage scope,
all the interacticns pass through the . keyboard of the
tezminal. After IGLS has started, it displays the message
BEADY on the screen and unlocks the keyboard (@ small red
light is turned off) waiting for a command. This sase
bebaviour is repeated at the end of the execution of every
cosmand. The user camn emter, in the same line, the ccamand
apd omne of its cptions or parameters, according tc¢ the
following table, where cnre of the bracketed itenms can be
either tyred cn the same line of the command or omitted. In

the latter case IGDS asks the user to specify the option.

BUILD
CHGRID
CHANGE TABGENTS
POIRTS
RESTORE [<pase>
IEAGE
DISELRY [FIBST
SECOED
DISPLAY 1z [gnaueﬂ]
INPOT CONIC
DISELAY SURFACE ISOMETRIC

ASSORCHETRIC
- ORTHOGONAL
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PLOT [SELECﬂEIC}
FECDIC
FIEST
STORE SECORD
FILE [{name>}
SAVE Ename>]
$RITE Ename)]
END AEL
cHS
HELP saoxw}
LCHG

~

Any commeand or cpticn can be abbreviated up to only one
letter, havipg in mind that the search is made according the
order shcun above. Thus, for exanmple, if the user enters the
lire S ¥I, after the nessage READY has appeared on the
screen, tkis is interpreted as STORE FIRST. 1f the  user
enters SPF 1L, this is interpreted as SICBE FILE and the user
is reguested to give the =nanme of +the file into which the
isage has to be saved {(the type is set to IGDSIHAG).

iAbcut the <conmands, the only remark to add to the general
descripticp ¢f sec. 4 is that the DISPLAY <command does not
erase the screen before saking the display, which is made in
the left portion of the screen.

THe HELP reguest can be issued any time that the keyboard is
unlocked amd IGDS is waiting foxr an input (not omly after
the READY zessage). The copticns SHCBT and LONG determine the

length of the exrlanatcry message that IGDS displays on the



PAGE 52
scieen (without erasing it before) 1in reply to the BHELP
reguest. If +the SHORT option is in effect, a very brief
message {one or two lines) is displayed, specifyimg what
kizd of input IGDS is waiting for. If the LOHNG option is in
effect, a detailed éxplanaticn cf +the command that has been
issued is displayed on the screesn.
1f no cpticn has be given with the HELP request, the user is
not requested to specify it, but the last ocption specitfied
is considered in effect. HELP LOWG is the default opt'ion,
that is, it is the ome with which IGDS starts the very first

tise. The setting of the cption remains in effect from omne

sessicn te the other.
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7. IGDS isplementation

#e shall ¢ive here a brief descripticn of the principal
functions and global wvariables contained in the two
workspaces IGLS22%5C and IGDS4013. This section 1is included
cnly as a reference source for maintenance and modificaticn
purroses. A ccsplete understanding of this section reqqirés
the knouledge cf APL, and 1its reading may be completely

skipped Lty those interested only in the use of IGDS.

IGLS GLOEAL VARIABLES ccasmcn to both workspaces

NOSTR scalar

is the number of the input stringers

HOCQR scalaz

is the nusber ¢f the imput curves

Inist gcalar
is the nusber of the stringexrs +tc¢ be interpolated in

cach patch




PAGE 5%
IHTCO scalax
is the number of the curves to te interpolated in each

patch

INEPHN 2-dimensicnal matrix with (NOSTR x NOCUR) rous and 3
cclusns

each 1rtow contains the coordinates x,y,z of an ;npvt

point. The peocints are ordered along the curves and then

along the strimgers.

INTPH J-digensicpal smatrix of (NOCUR+INTCUX(ROCUR-1))
planes, yhere each plane is coastituted by
(BCSTHE+IFTSTxX (BGSTE~1)) rows and 3 coluans.

each row contains the coordinates x,y and z co¢f an
intergeclated point amd each plane contains all the
pcints cf ope curve. The matrix is filled in with the

interpclated points ordered along the curves.

IHEPIG 2-dimensional matrizx with 2 x (NOSTR ¢4 NOCUR) rous
and 4 colurns.

the tirst 3 cclumas of each row contain the coordinates

along x,y and 2z axes c¢f the tangent at a border point.

the fourth cclumn contains the peint mumber the tangent

refers to.
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PATCHES 5-dimensicpal patrixy with rank HOCURBR, BOSTH,3 4 &
each subsatriz of rank 3 4 4 contains the gecmetrical
data of a patch of the surface. The 3 planes correspond
to the 3 componaents of the various quantities along the
coordinate azes. The laycut of each plane is the sase of

the matrizx B ({expressics 10) described in sec. 3.

IB2GE 3-disensicpal Batrix. The nusber of planes and rowus
is that one of INPPN or INIPH, derending on the
cption requested with the last DISPLAY comaand.

each row contains the x and y coordinates of a projected

peint.

DESIA f-glement vecter

contains the description of IHAGE
DESIH{1)=0 1f IBAGEF contains the projection of the input
points
DESIH (1)=1 1if IHAGE «contains the projection of the
interpclated gpcints.
The subseguent elements contain the type anrd the
parametezrs of the projection requested.
Conic projection:

DESIE(2) = 1

DESIH (3 4 %) contain the ccordinates of the wiew point
Assoncmetric prcijectice:

DESIE(Z) = 2

DESIE{3 4 5) contain the values of 3 angles
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Isosetzic projection:

DESIE(2) = 3
DESIH (3) = 1,2 or 3 if the axzis specified is x,y or z
respectively

DESIE(4) contains the value of an angle
DESIE({5) unused

Crthcgonal projection:

DESIE(2) = 4
* 2 o o +
DE53I¥{3) = 1,2 ot 3 if the plane specified 1is 2y, Xz

or yz respectively

DESIH {4 %) unused

TEER1 3-dimensional matrix
contains a copy of IMAGE and therefore has the sawme rank

of TEAGE

DEST1 S-element vector
contains a copy of DESIN related to IHAGE stored in

TEBEY

TEEPRZ 3-dimensicpal gatriz
is set up with the contents <¢f IHAGE when the command
STORE SFCOED is executed and therefore has the same rank

of IBAGE
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DEST2 5-elemrent vector
centains a copy of DESIN related to IHAGE stored in

TEHP2

STATUS 10-element vector
STATUS (1) is 0 cr 1 depending whether the leangth of the
explanation given whem usiang the 4013 is short or lopng.

The subseguent elesents are reserved for foture use.
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Functions common to both workspaces

ASSOF arg(s) 1left arg: 3-dipensiopal matrix of the points

te be prcjected

right arg:

yalues of 3

3-element vector containing the

angles in degrees.

result 3-dipensional matrix

the values ¢f the 3
degrees inp radiants.
third <ccluas c¢f the

respectively by

—

angles a,8,y are converted from
The f£irst, the second, and the

left argument are Bultiplied

sen arctg l/tgy sen arctg l/tga sen arctgl/tgy
tga tgy tgp
seny sena sen’y

The values obtained in

of the sase rank cf

this way are arranged in a matrix

the left argument. The exzplicit

result is constituted by the parallel projection of such

matrix with paraseters

AUTCHSAVE arg{s) none

result none

Y L -
2 7 %73

saves the IGDS glcbal variables in the file BINSAVE

IGDSCCRT
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CCEPPICIERTI argls} none
result 2-disensicpal matriz
This fupcticn computes the matrix of coefficients of the

system 7), described in sec 3.1.

CORIC arg(s) left arg: 3-dimensional matrix of the point
to be projected, A
right arg: 3-element vector containing the
ccordinates of the view point, V
result 3-disemsicpal matrix

the center of precjecticn (Q), the direction of sight

(CcS), and the distance of the plane of projecticn are

evaluated by the following formulas:
Q=AM A A +LALIA)F2
D=VIV -Q )+ V,~Q)+(V,~Q)
Cos=(Q,~V,)*D , (Q-V,)*D , (Q-V,)*D

The coordinates ¥ and Y of the projecticn of a point in
space P{%,3,2) represented Ly a row of the left

argument, are obtained by computing:

K=D+|(p,~V,)COS 1] + (B,~V,) COS (2] + (7,~ V) COS [3]
£=V +KP,-V,) ; wu=V +KE-V,) ; Z=V+KE-V,)
X=I(E—QX)COS[Z]~(;u-Qy)COS[1] + sen arcos COS [3]

¥ = (Z - Q,) + sen arcos COS [3]
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if ses =0 then the ccordinates Y e § are @valt

using the following foramulas:

X=|-(t-Q,) COS{3]+(Z-Q,) COS[1]} + sen arcos CO8 [2]
Y = (u - Q,) * sen arcos COS [2]

CCCHS axg(s) none
result necne
by 1using the data ccrtained im the global variables
NOCDB, ¥ISTH, INPPW and 1INPIG, the function CGOES
defines the global variable PATCHES, according to the

procedure described im sec. 3.2.

CUSYITINEL axrgi{s) none
result 7-ccluen patrix
this functiom sclves the system of egquation 7) described
in sec 3.1, by computing the tangents at the internal
peints of a cubic curve passing through given points and
with giver tangents at the ends. The necessary data are
defined in CCCHS, the function calling CORVIFEO. EBach
row of the result is related tc a point of the curve amnd
ccntains, in the ordex, the distance fron the successive
point, the 3 coordinates of the point, the 3 coamponents

of the tangent at the point.
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DEFYAE arg{s) none
result none

initializes 1GDS glckal variables

LISTA arg{s) 3-cclumb patriz
reselt vector
given the coordinates of a set of points, this functien
conputes the vector c¢f the distances from a point to the

successive ape.

PIT arg{s) =none

result 3-dimensional matrizx vith the same format as
IETER

by wusing the data ccatained inm the glcbhal wvariables

HOSTR, ROCUR, IHTS1, 1IRTCU, IwPPH and PATCHES, this

functicn computes the <coordinates of all the poimts te

be interpeclated ob the surface. Eguation 9) of sec. 3.2

is sclved sisultanecusly for all the patches of the

surface.

PO axg{s) vector
result scalar
this function computes the value of the blending

foacticn PO (see sec. 3.2) for all the values of the

input vecter,
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arg(s) vector

result scalarx

this <fumction <computes the value of the Dblending
functicn P11 (see sec. 3.2) for all the values of the

imput vector.

arg(s) vecter

result scalar

this functica <corputes the valwe of the blending
functicn G0 {see sec. 3.2) for all the values cf the

input wector.

arg({s) vector

result scalar

this functices corputes the value of the blending
functicn G1 (see sec. 3.2) for all the values of the

input vector.

arg(s) left arg: 3-dimensional matrix of the pocints
to be projected
right arg: 2-element vector containing the
Farageters of the projection {1 2 3 to specify
the azes 2, y,and z respectively and the valﬁe
of an angle in degrees)

result 3~dimensional matrix
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froe the ceccrdimates x, y and gz ¢f a point acre selected
those ncol corresponding to the axis chosen. The
coordinate dropped multiplied by cos is suamed to the
£firt of the 2 coordinmates selected. The <c¢oordinate
dropped spltiplied by sem is summed to the seccnd cne.

the result is constitoted by the values s0 obtained.

HOT0 arg(s) a ccde indicating which component has to be
evaluated
result vector
this function computes the vector of known teras in the
systes 7) described in sec. 3.1. This vector refers to
the x, y or z ccepcnent according to the values 1, 2 or

3 of the argueent.

OBRTHBOGP arqgi{s) left arg: 3-dimensicnal matriz of the
points to Le projected
right arg: a nusmber which specifies the
coordinate to be drcpped

result 3J-dimensional matrixz

the result is constituted by the left argument without

the c¢clugn specified

PLCTRP argq{s) none
result none

the cortents c¢f IHAGE is scaled and then plctted cn the

plotter HP 2701-3.
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PLCTG arg(s) 2-cclues matrix
resualt 1ncoe
each row coptains the coordinates of a point. This
function Gplots a segment connecting each pair of
adjacent ro¥s (point 1 connected to point 2, point 3

connected to poimt B, and so on)

BLCTP argds) 2-columm matrix
result ncae
each row contains the <coordinates of a point. This
function plots a point for each row without a ccannecting

segnent.

PLCTY arg(s) z-cclumg patrix
result ncae
each ©row contains the <coordinates of a gpoint. This
functicn plots a seguence of segsents connecting the

poinsts in the crder of the rcus,

PROSPAR arg{s) left arg: 3-disensicnal matriz of the
points tc be projected
fight arg: 2-element vector specifying 2
angles o, Q:

reselt 3-dimensional matrix
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the cocrdinates I asnd Y of the projection of & point P
{contained in a <trow of the left argument) are obtained

by

T =P c¢cesg - (P + P seng + P seng )
b 1 Z ® i ¥ i

¥ =P c¢cecsag =~ {F + E senq + P senqg )
¥ 2 z bi 2 b 2

REESTOBRE arg{s) none
result none
sets up the glcbal variables of IGDS with the contents

of thke £ile BINSAVE IGDSCOHRT.

SCRLE argis) right arg: 3-dimensional mpatrizx of the
coordinates of the pocints to be scaled
left arg: 4-elenent numeric vecter
specifying thé cocrdinates of the origin of
the axes and the greatest value possible of
the ¥ and the Y cocrinate
result 3-dimensional matrix
the right argument is scaled according to the parametexs
specified by the left argusent. The result has the sase

rank as the right argument.

S9ATE arg(s) a character vector «containing the name and
the type 0f a file separated by a blank

result 0 ¢z 1
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the result is 1 if the file specified exists on disk, 0

othersise

arg{s) right arg: the matrix to write in a file
left arg: 10-element numeric vector

result epcoe

the left argusent is ccnstituted by:

1

£33
£ile has

ks
&)
Ly
o

{1y = or 0 to specify i a new
¥ritten, or nev records have to lLe added to an
already existing file

v(z) = 1, 2, 3, or 4 to specify if the data are in
integer, character, floating-point or exponential
fornm

V{3 4 5) specify the fcrmat cf writing

v(6 7 £ 9 10) specify the APLBAHME of the file

According tc the rparameters specified by the left

argument, this functicn writes a new file with the

centents of the right argument or adds records tc¢ amn

existing file.
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The follcwing functions, that are common to btoth workspaces,
have been <c¢cpied frcocm the workspace 1 I0OPHS and are

described in the APLCHES user's Hanual.

APLHAERE
CHS
CHMSHARE
DFT

BFT
FILESI1ZE
IBEAD

oF
BERDEBECH
¥RITE:

URITEEERRCH
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7.1 The workspace IGDS2250

Tthe main function of this workspace is +the function START,
vhich must be called to get a session started. The call to
START Bust ke preceded bty a call tc¢ the fumction INIT, which
sets up the glcbal variables peeded by IGDS either with null
values, if the sessicp is the very first one, or with values
read from disk, if the session 1is the continuation of a
preceding one. The function START initializes the graphic
environment and enables all the attention sources of the
2250. Sulbsequently calls the functicn HENUGEN to prepare the
display cf thke senu. Then the function HELP is called to
enter the HELP environment. ¥hen the execution environment
is entered, this <function waits for a 1light peﬁ attention,
recognizes the command selected and calls the functiocn EXVOH
in crder to execute the command. ¥When the execution cf the
coepand is terminated {(mormally or not), this function waits
again for a new light pen attention, and so on.

The flow ¢t ccntrol in the workspace 1GDS2250 is indicated

schematically in tbe diagram of fig. 10
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Functions used only in the workspace 1IGDS2250

ASSORP arg{s) right arg: 3-dimenmsional nmatrix of the
pcints tc be projected

left arg: enmpty vector or 3-element

vector of the values of 3 angles

result none

it the lett arqusewrt is ap emrty vector, the values of 3
angles are read frce the keyboard. Then a call is made
to the functien ASSON tc project the right argument. The

global variables IHAGE and DESIH are properly set up.

BUILD arg{s) none
result none

execntes the ccgmpand BUILD

CHERIT1 arg(s) ncne
result ncpe

verifies if the «command CHANGE GRID is executable and,

if sc, calls the function CHGRIL to execute the cozmmand

CHERIL arg{s) ©ncne
result =zcre

executes the command CHANGE GRID
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CEEQIRT1 argis) none
tesult Bone

verifies if the <ccmeand CHANGE POINT is executable and

in such case <calls the fancticn CHPFOINT to egecute the

copBand.

CHEQINT arg{s) none
result none

gxecntes the ccergand CHANGE POINT

CETARE1 argis) ncne
result BCne

verifies if the command CHANWGE TARGENT is executable and

in such case calls the function CHTANG to execute the

conmand

CHTANG arg (s) BCRnE
resuit Bncoe

ejecutes the command CHARGE TANGEERT

CCEPLIC arg{s} none
result none

egxecutes the ccocmrrand BLOT




CCEBES argis)
result

ezecutes the

CCESAVE arg(s)
Tesult

executes the

COETEHP1 arg{s)
result

executes the

COBTENP:z arg|{s)
result

ejecutes the

CCEBRI arg(s)

result

BPAGE 72

none

Tgcne

conpand RESTORB

none
none

ccegapd SAVE

nGte
none

ccprand STORE FIRST

ngne
pcne

copmand STORE SECOWD

none

ncoe

ezecutes the command WRITE. The global variables STATUS,

Hgcua, BCSTR, IRICY,

are w¥ritten

fcllcwing PCBTRAR forpat:

1C1¢

41¢

1137, PATCHES, IRPPHN, INPTG, INTPER
in a file on disk in card image with the
/ STATUS
/ BOCUR, BOSTIR, IETCU, INTST (1 card)
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215 / IHEER {1 card)

{8%16.37 / s INPPH (as many as needed)
215 / INPTG (1 card)

{BF10.3) , INPIG (as many as needed)
31¢% / INTPE {1 card)

{8%10.3) / , INTE® (as many as needed)
515 / PATCHES (1 card)

{8710.3} / , PATCHES (as many as needed)

CORICP arg(s) - right arg: 3-dimensional matrix of the
reints tc be projected
left arg: empty vector or 3-element vectcr
of the coordinates of the wiew point
result ncae

if the left argument is an empty vector, the ccordinates

of the vwiew point are read from the keyboard. Then a
call is made to the function CONIC to project the right
argusent. The glcbal variables DESIN and IHAGE are

properly set ug.

DISPINP arg{s) nene
resplt none

executes the ¢ccepand DISPLAY INPUT

DISPOEJ argi{s) ncue
result € ¢ 2

ejecutes +the command DISPLAY SUBFACE. If no current
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surface is defined, or the type of the projectionm chosen
is nct a valid cpne, the tesuvlt is 0. = Otherwise the
interpolated pcints are prcjected and the proper display

is made by calling the function DSORF.

DISPHABR azg{s) ©none

result 0 or 2
gxecutes'the ccgpand DISPLAY FILE. The name of the file
to ke displayed is tead from the keyboard. If the file
with tke gives filenase and type IGDSiaAG does not exist
or ccntains the input points, the result is set to 0. 1If
the file contains the interpolated points, the result is

set to 2

DISPT1 ar¢{s) ncue

result € or 2
executes the «command DISPLAY FIRST. 1If +the glchal
variable TEHBE1 is empty or «contains a projection of the
input pcints, the result is set to 0. If TEMP1 contains
a prcjecticn ¢f the ipput pecints, the result is set to

~

£e

DIEPT2 argi{s) none

tesult 0 or 2
executes the command DISPLAY SECOND. 1If the global
variakle TEHPZ contains a projection of the input points

or is empty, the result is set to 0. If TERPZ contains a
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prejecticn of the interpolated points, the result is set

to 2.

DISPY axrg{s) ncoe
result none
displays «c¢n the screen of the 2250 the explanaticns

akout IGDS.

DIsPZ arg(s) nobe
resylt none

displays cn the screen ¢f the 2250 the menu of comeands.

DECINT argi{s) =ncre
result ncre
the glcbal variable IMAGE containing a projecticn cf the
input points is scaled. The tangents not equal tc 0 at
the becrder points of the surface are visualized with
arrows. Tc¢ make this, the coordinates of the end of every
arrcvy are calculated. 1The input points, the arrous and
the parameters of the projection used are then displayed

on the screen.

DSLRF atrg(s) none
result ncoe
the glotal variable INAGE containing a projection of the

interrclated surface is scaled. The points are displayed
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connected with segmsents along the stringer and along the
curves. If a PFK attention occours, the proper display
is made. If the HRELF command is selected, the HELP
envizonment is entered. When the execution envircnment

is reentered, this function vaits for a new attention.

ERLAPL arcg(is) ncre
result gchne

ejecuvtes the FED AFL command.

ENLCHBS arg{s) none
result ©ene

executes the ENL CHS command.

EXCCH arg(s) an integer number between 1 and 19
result 0, 1 or 2
calls the furctioes which ezecute the IGDS ccemands, as
the arcgurent specifies. The result is that one of the

functicn called is the fuaction has an explicit result,

othersise is €.

EIGEN atg(s) right arg: an integer nusmter between 0 and 11
left arg: an integer numter between ¢ and 6
result ncre
prepares the 1IGDS messages to be displayed on the

screen. The left arqument selects an error message. The
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right argumesnt selects a pessage describing the
additicnal input for the command being executed. If both
arguments are 0, the execuntion of this function causes
the disappearance c¢f 1IGDS pmessages displayed on the

S5C€T €&,

GETINP arg(s) Becne

tesult am empty vector or a character vectox
yaits for am input from the user unlocking the keyloard.
Bfter the user has entered an input string and has given
an EQB attention, the imput string is read and
constitutes the 1resvlt. If the user before giving the
ECB attenticm asks for the HELP command, the BELP
envircnment is entered and the keyboard is locked. #hen
the ezecution environment is reentered,an input line is
requested again tc the user. If the user signals the end
of an input ccostituted by several lines by pressing the
key 0 on the PFK, the result of this function is an

eppty vector.

HEIP arg(s) necse

result Bcre
executes the command HELP. HMakes a copy of the buffer of
the 2250, calls the function SPIEG and DISP1 to display
the exrlanations atout 1IGDS and then waits for a light
pen attentice. If the BETURN command has been selected,
this functicn restcres the previucs image on the screen,

otherwise calls agaip the functions SPIEG and DISF1 to
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display the explanation related to the ccmmand.

IBLESCR 81g({s) ©BDcRE
result ncne
displays on the screen the type and the parameters of

the projection of the image appearing on the screen.

ISCHP arg(s) right arg: 3J-dimensional matrix of the points
t¢ be preciected
left arg: an empty vector of 3-element vector
resylt ncone
If the left argument is an empty vector this functicn
yaits for the input line constituted by the parameters
of the projectionm and reads it. Then a call 1is made to
the function 1SOB to project the right argument.The

global variables DESIH and IHAGE are properly set ug.

BERUGEY axrg(s) nozne
resunlt 1ncoe

prepares the menu to be displayed on the screen.

CRTHOGP arg{s) right atrg: 3-dimensiopnal =matrix of the
point to te projected.
left arg: an empty vectexr or a 2-element
character vector which specifies the plane

of projection.
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rséult BChe
if the left argument is an empty vector, this fuwnction
vaits for an input line containing the parameter cf the
projecticnp amsd reads it. Then a call is made to the
function ORTHOG tc¢ yproject the «right argument. The

global variables IBAGE and DESIH are properly set up.

PRCIEZ arg(s) 3-dimensional matriz of the points tc be
projected
tesult 0 cr 1
waits fer an ipput 1line containing the type of
projection by vwhich the argument has to be projected
and the parameters of the projection. After the line bas
been read, 1if the specified type is correct, the
argueent 1is rrcjected and the result is set to 0.
Ot hervise am errcr wmessage is displayed and the result

is set to 1.

RDGER axg(s) ‘1 O 2
result ncne
if tbhe arqument is 1, the functicn prepares the display
of the message 'BEALY'. 1If the arqument is 2, the

pessage 'BEALY® displayed on the screen disappears.

SPIEG ar¢{s) an integer number between 1 and 19
result ©rpene

this function reads from the file EXIBL IGDSEXPL the
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record specified by the argument. the file EXPL IGDSEXEL
is in character form. The first record contains the
general explanations atout IGDS which are displayed upcn
entering the HELP environment. The subsequent rtecords
contain the EXplamaticpns about the use 0of the compands

in the same seguence as the commands appear on the menu.

STTILE azgis) pene
result none

execotes the ccmpand STOBE FILE

YERIF arg(s) a character vectcr

result the scalar 0 or a numeric vector

this function checks if the argument represents a legal

API number. If so, the <character vector is converted in
a numeric vectcr which constitutes the explicit result.

Othervise the tesult is the scalar 0.
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The follcwing functions correspond to the routines with the
sase pame ¢f the rackage Fortran Graphic Support {FGS) and
have been <ccgied frce the workspace 1 FGSPNS. Their
descripticn caB be found in the APLFGS “Technical Report or

ins the PGS Usert's Hanval.

ERDISP
GECEF
CECBP
GEPE
CEVH
GEXEC
ESRT
GSTCP
¢TEIT
GTRU
€X3
D B 84
iNBa
JHCSHE
InGa
BAT BT
KATHHW
EDSP
KERR
EDERA
RDIC
EDAYE
BEALY
FESET
BMCSR
SADR
SDSP
SPFER
THBA
THGA
YRBA
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Complete cress-teference of the workspace 16DS52250

FUOICTIOHS CALLED FUHBCTIORS CALLING POURCTIONS
BPLBARE OF AUTOHSAVE
COH¥RI
CCHRES
DISPHEAR
LEGGI
RBSTORE
SPLEG
STPILE
ASSCH EBQSPAR ASSORP
ASSONE EXGEN PROIRZ
GEREC1
ELARBK
GETINP
VEBIF
ASSON
AUTONSAVE CHS CHGRID
WRITE CONMTEHNP1
APLEARE COHMTEBE2
PROIEZ
BLREER : ASS0ORP
BUILD
CHPOIRT
CORICP
IS0HP
CRTHOGP
PROIEZ
BUILD EXGEN BXCOH
GE3EC1
ELAKK
GETIIRP
VEBRIR
CHPOIRT
CHERID EIGEH CHGRID1I
GEX EC1H CHTAESG
GEIINP
EL2EK
VERIF
FIT
AUTCHSAYE

SEEK
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D D D D D D D D D WD D D D D D T G D DD D W D o D I D D I D D D > < D D > T A G B G w G OB AP D D A D D T B

CHGRIDY

EXGER
GEIECH
SPF¥K
CHGRID

BICOR

D D D R TR R W W @ W D DD D W W D D W D DD AR WD D D WD D D P TR WD D D GO D G WD D D b W D GO D D w1 DD R T B

CEEBOIRT

SPFE
GEXECH
GETIINP
ELABK
YERIP
CHTRRG
BAGEHW

BUILD
CHBPOINTI

D D TR D SR P D AR T G W T G O D AR B b D TP R D G TD D GO D G WD U D D D D D G WD G T D i > G A W T B ST T T T e G D>

EIGEN
GEXECH
CHPOINT
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CHETARG

EIGER
GEXECH
GEIINP
ELAEK
YERIF
CCCHs
EPFR
CHGEID

CHPCINT
CHTARG
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EXGER
GEIECH
SEFR
CHIARG
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AUTOHSAYE
Ci

COH¥RI
RESTOCRE
STATE
STFILE
URT
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D D R Y T D WD D D D D S U T D T D D WD D T WGP WD @D Gmy R D W D G T e G D D AT G A WD A G Ol G G G G W VD D G G a5

COEFFICIERTI

CORYVILIHEO

D G D D D TS DD D D U WD D D W D T D WD T T D O SID W D W D U G D D D R D D W D D T R D ED D O W R S e W G D

CCEZLC

FXGER

GEILERP
FLCTHP
GEIECH

G D R D D D W D SR T T A AR TP U W T D D D WD KO D D D D D T D AN R D D D T D R WD T G D AT T e T W D D D G SR D G

CGHRES

IRE2D
APLEAHNE
GEXECH
GET1IH¥P
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STATE
OF
SDsP
TXT
DEB1
GTBU
SADR
WEER
KDSP

CCHTEMR1 AUTONSAVE EXCOH
EXGER
GEIEC1

CONTERP2 AUTONSAVE BXCOB
EXGEB
GR1IEC1

CORERI EXGEER BACO8
GEXECH
GEIINP
CHS
APLEANE
¥ BT

CCHIC®E EXGEH PROIEZ
GETINP
GEX ECH
BLANK
VERIF
CORIC

- > > B o T G P @ G D D G D D @ D WD LD D D W D D D D D G D DD R DG LD S DGR U > S G 0D

> < D <D T D > > > R G D D D AD o W D D D T D D T U A D D D WD P DTS D D W T D W D W W D T Sy D > D > G >

ECTC

- o > D > D D D> W D D DD T T AR B W D D WD D A T CD D D D G D D TR D G S Y D @ R S

DEF1 CCHEES
IADESCH
HART
DISPIEP EIGEH RICOH
GEXECH
PROIEZ
DECINT
DISPHAR EXGEN EXCOH
GEIEBCH
GETIHP
STATE
¥
IREAD
APLHARE
DBOIRT
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PRCIEZ
DSURF
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EiCDE
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DISPT 1

BEXGER
GEXECH
DPOINT
ESURP

#ICOR
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DISPTZ

D D G D D WP WD D A B A GH GH D W AR D D WD D D D D D @ <G AP T ND D D WD D D

EXGEH
GEIECH
DPCIHT
DSORF

SDSP

BXCO0H

HELP

D D T > W D R D D A R D GD TS W D T D ED D B WD G mp wd G D D AP D D DO GR D > wn D OB G D G B D S T e D G D 2 BD G U D D

DISTA

- D B D DD A T W D D W U D G =D

DPCINT

D G WD TR D W D U O G WD WD B D

GXYE
I¥DESCE
GTHRU
SADR
HBRER
EDSP
GEXECT

CORVILINEC

- T D R R CDED D Gb R DD G T D e e S D D D T W

DISPINE
DISPHAR
DISPTH
DispT2

@ D W A D D D R D D DG D P U U @D D D CY AP D DGR T D W D T T WD D D D A S G O D D R D GR ED C D T D D G G D

SDSE
INDESCR
RESP
GEVH
GXI?P
GR1

GT BU
SADR
BWEES
BDGEH
GEX ECH
KATHT
KATHE
HELP

DISPHRH
DISPOEJ
DISPT1
DISPT2
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EHNLAPL RESER EZCOH
EWICHS RESET BICUH
ERISP START
EXCOH EIGER START
GEXECH
EEDAPL
ERECHES
BUILD
CHBCINT T
CHTAHGT
CHGRID1
DISPINP
DISECEJ
DISPHAR
pIseT1
DISPR2
STEFILE
COHBTRARY
CCHTERP2
COHBSAVE
CCHEES
CORPLO
CCRERI
HELP
EXCEN sDsp ASS50RP
TET BUILD
GIRYD CHGRID
SATLE CHGRID1
¥RBA CHPOINT
KDS?® CHPOINTY
: CHTANG
CHTANGT
CCHPLC
COHMBES
COWTEHPY
COHTERP2
COH¥ BRI
CONICP
DISPIR?E
DISPHAH
DISPCBJ
DIsPT1
DISPT2
EXCOH
GETIRP
1508?P
QRTHOGP
PBOIEZ
STPILE
F11 F0 CHGRID
GO
Fi

> T D D DD T D D T T R D T T W D D D Y GTD W W S5 S W D < W S G W0 W e WD v A WD < S A A B D b P WD KD M > D T s
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GEELH DPOIRT
TXT
GETINP CL ASSOEP
GEXECH BUILD
INCER CHGRID
KATHT CHPOIRT
RATIRY CHTARG
RpIIP COHPLO
RHC SR COBRES
HELP COR¥RI
RDIC DISERAH
EXGENH IS0HP
CRTHOGP
PROIEZ
STFILE
CORICP
GEVE DPOINT
DSYURF
INPGEN
MEHUGER

G D o G WD D W R D G R W b Wm SD G S O b o D D mD U uh e A e oD R R D W W s G W R T O i < < < D A < > T D < W <

D D ap D D @ S W D G h U TR D UR D D T D D G WP GH D P W A R D G G D WD U T D A G G R G D i A D < T S A < S < A I <

BUILD
GEIECH GEXEC ASS0OHP
CHGRID
CHGRIDI
CHPOIRT
CHPOTIHNTAI
CHTAEG
CHTANGH
COHPLO
COHMRES
CCETEHNRPT
COHTENP2
CCH¥RI
CORICP
DISEIRE
DISPHAH
DISPCEJ
DISPT1
DISPT2
DISP1
DPOIRT
DSURF
EICOE
START
GETIHF
I50KP
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CBTHOGP
PROIEZ
STFILE
G5R% ' IBPGEE
GTEIT : INPGER
%%
G1BY COHRES
DPOUIRT
DSORY
EXGER
HENUGER
BDGEXN
SPIEG
G311 DPOINT
) DSURF
HENUGER
GIiFP DPOIRT
T3IT
DSURF
IHPGER
HENUGEW
GO PIT
G1 FIT
RELP SALE DSURF
SDsp EICOH
BLE2 START
SPIEG GETIEP
DISP1
KATHRT
KATRY
RDAYP
LISE2
IBELESCE TXT DPOIRT
DET DSURF
INCSR GETIR?
I8¢ca START
INPGER
HAERUGEN
IHFGEN INGA 5TARY
GSRT
GEVH
GIYIF
GECBF
RDSE
GIEXT

WO DD TR WS S S @ e W e W S W W A D U O 6 @D D R A W e e G S < < s < S < € G

IREAD READERROR DISPRAH
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COHRES
BESTORE
1s0M ISONE
ISCHP EXGEN PROIEZ
GEXECT
BLABK
GETIN®
VERIF
1SCH
KATHT DSURF
START
GETINP
HELP '
KATNE DSURF
START
GETINP
HELP
KDSP cL
COBRES
DPOINT
DSURF
EXGEN
START
INPGEN
HENUGEN
HENUGEN INGA START
TXT
GEVH
GXTE
GXY
EDSE
GTIRU
NK VERIF
NOTO
CURVILINEO
oF APLEAHE
CHSNAME
COMRES
DISENAN
VERIF
CBTHCG ORTHOGP
CRTHOGP EXGEN PROIEZ
GEXEC1
ELAKK
GEIINP
OBTHOG

D D TR G A T D R W D O AR D T I TP D Dl > D D D e D o D D > D WD D R WD o A WD R D A G G > D D T D 0

PLCIG ' PLOTHP
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> D T D T > T T D D D D wUp T D T D D T T D DD o W D D D S WD D G g WD G D D D e wm D W A W0 G0 U Up T D S aD <

PLCTHP SCALE COHEPLO
PLOIG
ELCTP
PLOTY
ELCTP PLOTH?
PLCTY PLOTRP
PECSP AR ASSCH
PROIEZ EXGEN DISPI®P
GEXECT DISPOBJ
GETIRP
EL ARK
CONICP
ISCHP
ASSONRP
CBT HCGP
AUTOHSAYVE
RIEA REL?P
RICEN SDSP DSUBF
TXT START
GIRU
SALE
¥REBA
RTIC GETIN?P
BLXYP START
GETIR?
HELP
REZD READERRBOB LEGGI
SPIEG
READERECE IREAD
READ
REEDY START
RESET EHDAEL
BNDCHS
START
BESTORE STRIE
DEFVAR
CHS
IBERL
APLRAHE
RHCSR GETIRF
SA1IR ‘ C1L
COHBRES

DISP1
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DIsp2
DPOINT
DSURF
EXGEFR
START
HELFP
RDGEH
SCALE ’ DPOIET
DSURF
PLOTHP
SDSP CL
CCBRES
DISE1
DISE2
DPOINT
DSURF
EXGEN
HELP
RDGER
SPIEG
SPEK CHGRID
CHGRID
CHPOIRT
CHTAHNG
CHTARG1
DSURF?
SPIEG SDSP HELP
TXT
READ
AELEAME
GIRU
ST2RT RESET
RERLY
ERDEP
IRG2
INPGEN
HEBUGER
YREBA
SALS
KDsP
HELE
BRDGEH
GEXECH
KATHT
KATHY
BDX3iP
EXCCH
STATE CES COHRES
DISPHAH
RESTORE
STFILE EXGER EZCOH

GEIECH
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GETIRP
CHS
¥RITE
APLNAHE
TZT GEPH CCHRES
GXYE EXGEH
GECBP IHMDESCE
GTEXT BERUGEN
RDGER
SPIEG
VERIF HE ASSONP
OF BUILYD
CHGRID
CHPOINT
CHTANG
CORICE
ISOHP
BREA COHRES
CL
DIsP i
DIsp2
DPOINT
DSURF
EXGEN
START
RDGER
HRITE : WRITEERBOR AUTOHSAVE
STFILE
HRT
HRITEEHRBCE HRITE
BRI CHS5 COHMWRI
CHSRARE
DET
EF1

HRITE

- > D D > D D D D D D D R DD W D D LD D D T D e D D LD D D D T LD T D D I D D D D DA D WD TR D D TRl B D D G T G D
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7.2 The ucrkspace 16DS4013

The main function of the workspace 1IGDS54013 is the functien
ST3RT, vhich @must be called to get a session started. The
call to STAERT must be preceded by a call to the functicn
iIBIT, whbich sets up the glcbal variables needed by IGDS
either with 1pull values, if the session is the very first
one, or with values read from disk, if the session is the
continuation of a preceding one. The function START wurites
the message “"REALYI® on the screen of the terminal and calls
the functics GETCOM which waits £for a command and its
parameters. Upon returas frecm the functiom GETCCH, if no
error has been found, the appropriate fumction is called to
egecute the command. At the end of the execution, the
message "READY® 1is printed again, the <function GETCOEH is
called, and so on until the command END is issued.

The flow c¢f ccntzel i3 the vorkspace IGDS#013 is indicated

schematically im the diagras of fig. 11
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START
GETCOM
PARCH PAREN PARRE PARST
; | i
PARBU PARDI PARPL PARSA PARWR
GETCOM
START
YES
ERROR ERROR MESSAGE
NO
COMCHA COMEND COMRES COMSTO
S ¥ / [
coMBUI COMDIS COMPLO COMSAY COMWR

{ EXIT ’
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Puncticns osed cnly ip the workspace IGDSH#013

ALFIEP arg(s) a code indicating the functionm <calling
ALPINP
result a character string read from the keyboard
after baving read the keyboard, a check is 8made to see
if it is a HELP 1reguest, with or without length
specification. If so, the status is changed according to
the regquest of is left unchanged, and the function BXPL
is called, passing to it the code of AL?IHP'caller, fpon
retura frce EXPL, a 1new reading is made from the

keylboard.

CAGRID arg({s) a code indicating the caller of CHGEID
result none
the glekal variables INTCO and INTST are set according

to the values cbtained from the keyboard.

CHPOINT arg(s) a code indicating the caller of CHPOIRT
tesult @none
the glcbal wvariable IWEBPN is changed with the values

obtained fror the keybcard

CHTABG arg({s) a code indicating the caller of CHTANG
tesult none
one or @Bore entries «c¢f the glcbal variable IHNPTG are

changed with the values obtained from the keyboard.
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COMBUI arg¢i{s) an empty vector. The argument is not used in
the actual implementation
result none
ejecutes the command BUILD. By reading from the keyboard

and by calling the functions CHPOINT, CHTANG, CHGRID,

CCORS and P11

|

s Sets the new vyalues for +the fﬁiléﬁiﬁg
glokal wvariables: NOCUR, NOSTR, INPPH, INPTG, IRTCEH,

INTST, INTIPH.

CCECHA arg(s) a 1-element vector specifying the cption
chosen |
result pcne
elecutes the command CHANGE. According to the value of
the argument and by calling CHGRID, CHTANG and CHPOINT
executes the three options of the command CHANGE, nasmely
CHANGE GRID, CHAFGE BCINTS, CHANGE TANGENTS, changing
the wvalues ¢f the glcbhal variables involved in the

change.

CCEDIS azrg(s) a vector specifying what +to display, the
type ¢f projecticn and the parameters o¢f the
frcjectica

tesult =none
executes the «ccassand DISPLAY. After having set the

glokal variakles DESIN and IMAGE with the appropriate
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values, the function DISPL is 'called to perfors the

actual display.

COHEND arg{s) a code specifying the option chosen

result ncne

ezecutes the command FNL. Hote that if the optiom cheosen

has been EBD CBES, this function works only under APLCHS.

CCEPLC arg{s) a code specifying the type of teraminal
result mcme

eyecutes the command PLOT.

CCRRES arg(s) a vector containing the APLNAHE of the file
tc be read

result ncne

executes the comrmand RESTORE. The global variables of
IGDS are set with new values read from a bimary file c¢n

disk.

COMSAV arg{s) a vectcr ccntaining the APLNAME of the file
to he written.
result none
executes the ccemapd WRITE. The glocbal variables ROCUR,
HOSTR, I¥TCU, 1INTST, INPPN, IHPIG, IBTEHR, PATCHES are

yritten in a tinary file on disk.
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COHMSTO arg{s) a vector specifyimg the optiom chosen andgd,
if required, the APLWAHME of the file tc be
grittes

result ©pone
executes the ccssand STORE. Depending on the optican
chosen, the glecbal variables DESIN and IBAGE are copied

ma
i

into the glokal variables DESTY and TENPT or DEST< and

TEBP2, or are wyritten in a Lkinary file on disk.

CCFWBI arg(s) a vector containing the APLHNANE of the file
to be written

result gnone

executes the ccgprand WEITE. The glotal variables STATUS,
NQCUR, HOSYR, INTCU, INTIST, PATCHES, IRPPFE, IRETG, IETEW
are written din a file on disk in card image with the

following FORTRAN formate

1C1I5 / STATUS

435 / NOCUR, NOSTR, IETCU, INTST ({1 card)
Z1% / IHPPH {1 card)

(P 10.3) + INPPYN (as pany as needed)

218 / INETIG (1 card)

{8P10.3) / s INETG (as many as needed)

315 '/ INTPE (1 card)

8P10.3) / » IHNTPH (as many as needed)

51% / PATCHES ({1 card)

(EP10.3) , PAICHES (as many as peeded)
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DESCBR arg (s} the vector L[ESIH
reselt a character string
the result is a descrigtion of the displayed image and

will be disglayed cn the screen.

DISPLA axg(s) B¢ RE
tesult none
the ccrtents o¢f IHAGE ie scaled and then displayed c¢n
the screen cf the 4013, together with a brief

descripticn ¢f the image.

EXEFL arg{s) a code indicating the caller
resdlt none
- this function is called by ALPINP or NUHINP if the user
issues an HELP request instead ¢f entering the required
input. The code indicating the <caller of ALFIEE or
HOEI®E 1is passed to EXPL so that the aprrorriate
explapaticns capn be given. If the length indicator is

set to long, the fusncticn EIPLCHG is called

EXEFLOBG arg{s) a code indicating the caller of EXPBLOEG
result nomne
this fuscticn reads from a diskfile the appropriate
explanatices, as dindicated by the reguirement, and

displays ther on the screen.
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GEICOR axg{(s) none

L81

result a vector encoding the <ccamand apd its
jaraseters

this function gets a line from the user and search in
the command table for the first word of the line. If the
comrmand is found, the appropriate function is called to
exanine the rest ¢f the line and to ask for further
parameters, if they are needed. Upon return, if the
retuzn EBRROR c¢ode is 2zero, the result is set to the
compsand number, catenated with an encoding of its
parameters, If the ccasand is net found in the taltle cr
if thke called fubncticns returns with an error code 7 0,

the result is set to 0.

arg{s) «right arg:s a character string
left args a characer patrizx
result a row numker
this function lcoks up the left argument for the first
row satching the character strinmg up to the length of
the character string itself. The result is set to to the

rov¥ number if a match is found, othervise is set to 0.

HOEIHP arg (s) a code indicating the function <calling

BUBINE

result a nuserical value read from the keyboard
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after having read the keyboard, a check is wmade to see
if it is a HELF reguest, with or without length
specificatict, It sc, the status is changed according to
the request ¢r is left unchanged and the function EXEL
is called, passing tc it the code of BURINP caller. Upon
retuvrn frcm EXPL, a new reading is npade from the

keyboard.

CUT arg(s) a character string

result nchne

this function handles the length of the line sent to the

terminal, when it is used in graphic Rrode.

PAEFRU arg¢s) a character string
result opcre
the argument ccntains what follows the ccmmand BUILL in
a input line. This function checks only that the line is

empty, ctherwise ap errxcr indicatcr is set.

P2ECH arg{s) a character strirg
resyv it DCpe
the argusent contains what follows the ccmmand CHARGE in
an input line. This function checks the correctness cf
the «cjpticn specified (either in the argument cr
reguesting it tc the user) and sets the result

accordingly.
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PARDI arg(s) a character string

resuylt none
the arguesent ccntaiss what follcus the command DISPLAY
in an input line. This function checks the correctness
of the cpticn and parameter specified (either 1in the
argusent or requesting it to the user) and encodes then

in tkte result.

PAREN arg(s) a character string

resvlt none
the arcupert ccntaips what follcws the ccmmand END in an
input line. This fupction checks the correctness of the
cpticn specitied ({either in the argument or reguesting

it to the user) and sets the result accordingly.

PAFPL axg{s) a character string

result ncee
the argument contains what follows the ccmmand PICT in
an input line. This function checks the correctness cf
the ggption specified (either in the argueent cr
requesting it to the user) and sets the result

accordingly.

PARRE arg(s) a character string

resuylt none
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the argusent copntains what follcws the <command BESTORE
ip an inpvt line. This function checks the correctness
of the option specified (either in the argument cr
requesting it tc the user) and sets the result

acccrdingly.

PABSA arg{s) a character string

result ncne
the argument ccatairs what follcws the command SAVE in
an ipput line. 1This furction checks the <correctness of
the cpticn specified (either in the argument or
reguesting it to the user) and sets the result

acccrdingly.

P2EST arg(s) a character string

resuylt none
the arcusent ccntains what follcus the command STORE in
an irprut line. This function checks the correctness of
the optice sgecified (either 1in the argument or

requesting it tc the wuser) and sets  the result

accordingly.

PAF¥R arg(s) a character string

result pcoe
the argument contains what fcllcws the command ®RITE in
an input lime. This function checks the correctness cf

the ojption specified (either in the argueent cr
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requesting it tc the user) and sets the result.

STRART arg(s) ncne
restlt none
this is the @®ain furctionm of the workspace and its

tehavicur has been described at the beginning ot sec.

7.2.

TEXC argi{s) none
result ancee
this function displays on the screen the message
contained in the left argument, starting at the screen

ccordinates specified in the right argument

TEKG arg(s) a ckaracter string
resuylt bpcroe
this function displays on the screen a segment
connecting each pair of adjacent points, Whose

coordinates are ccded in the atrgument.

TEKP arg(s) a character string
result Bone
this function displays omn the screen all the pcints
vhose <cccrdirates are coded in the argument, without

conpecting segeents.
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TE¥V arg(s) a character string
result none
this functicn displays on the screen a series cf
segments cocmpnecting the rpoints whose coordinates are

coded in the argument, in the order given.

TKY arg(s) 2-column matrix
result none
each rcw cf the arqument ccntains the screen coordinates
of a point. 1his functicn encodes the coordinates of the
pcints in the sequence of characters necessary to drive

the terminal in graphic mode.
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Complete cress-reference of the workspace IGDS4013

EUHCTIONS CALLED FUBCTIONS CALIING PUNCTICNS

G D A WD T D AU DD T D D T W TH R B D GO WD W D W D D Ws A D D A TP D D b D W E W wm oo WD S D W GD ED G D> G T D o

ALFIRP EiPL GETCCH
PARCH
PARDI
PAREX
PARPL
PARRE
PARSA
PARST
PARWE

APLNABE OF AUTOHSAVE
PARDI
PARRE
PARSA
PARST
PARHR
RESTCRE

DR D R D D W D D D WD D T G WD U UD W OB D W W T W D D ND 4B 4D D Th U GD G D aD mp OE TR TD G D D D W W b A G D

TR D R R D G R G SR D ) D D TN WD ME D D D D D WD D G 4D OB D 4% ) W D YD Un mn ap D D <D W WD WD T D UE D D 4D D G Gh CHS A €D O A s e s A

AUTOHSAVE CHS CCHEUX
CONCHA
WRITE CeHbDi1s
BELBARE COHMRES
CCHSTO
CHECRIL BUBIERP CCHBUI
CORCHA
CHICINT FUMIND COMBUI
CCHCHA
CETANG HOBINP CCEBUI
COMCRHA
CES AUTOM SAVE
CCHSAY
CORSTO
RESTOEE
STATE

D @D D S D D@ DD W DD D DD D D W D @D W 9D OO D D SR LB aP R WD TR Wh WD D oD GD b > D W W G 6D e @D e A D

D D R D DD D D B R D D B D W D D D DD D D D WD D D D W A D D W i G D D N D T D S > v G D < v G S S > <

CORFFICIENTI CURVILINEC
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> > > > G > B D T s e W DD W R D D T D W D D Y W O W D D A W TR WD WD D A D D S D D D D AD 2 LD D S S

COMEU] NOMINP START
CHPCINT
CHTANG
CCONS
CHGRID
FIT
AUTCHSAVE
CONCHA CHPOINT START
' CHT BHG
CHGRID
CCCHS
FI1
AUTCHSAVE
CCEDIS CF START
IREAD
CONIC
1SOH
BSSCN
ORTHOG
AUTCHSAVE
DISPLA

D D D > > A T G @ GO W D B D P DD D D T D D D D T W W D WD SN D WD WD 6B G DD 0 D G T TR D WD SR WD O
> > @ T D D D D G > T D D m > WD W D s D W D D W D WD D D D D W R TR D Us WD WD MO OWUD T B TO @ YD D O CD TR  TD R G

 p T > D D G D G D T D D WD W W s D D WD ED U QB T P LD UGB P GD GD T D AR D GD O WD D T S W WD D D MR W e O I G e S S D D o e

COMBES QF START
IRERL
AUTOMSAVE

> i > > > T @ m O G > W D GO G G D G D G D GO G D D D T G T DT> O W WD G D T WD WS D D D P WD e OB G T D SR G D WD 0w

- > > > > > G > W D D D B D T G D W W D D @ e T T D ED GB v W Sm 0D L D T W W TD GG G A D WD W Sh D G GRS 6D D S G < D

> D s > WD D > D U D D A T D > T WD P W WD T < T T UV D D D D WD D D G D TR D G W T WD G D TGS WD 4D B D W R WD W D wp
- D D AT D @ D T G A T WD D B D T D T S W D D <> D UD D T D S 4D W R OB W D W WD e 6D W O D G G T @ D B e D em

> D > > D > W ay UD G G A T T D TGP < DD D R D D T G A W WD S B W D G WD MR @ mp D D AR DGR TR G D W D D D W G @ W 9 wH = D

CCCNS CORVILINEO COHMBUI
COHCHA

ip > T D > D D D D W D AP D D D B T UD GO O W WD VR CH 0 Gh T W <D R WD PGP TP YR T D GD AR TR AR D D D WD W T G D 4w wn 6D €S

- D D D @ D D G WD D T GD T T G Am np B D AR TR WD A RGP WD W WD D G WD Wb A D W up G T T UD T D G B U R WD W D N WD GR D R o
> T G W D D @ T D G TR D WS WD D W UD e WD b b D €D B B D WD W A AP WS 6D DGR WD Wh SD D W W TH D W D A D WD D @D wn S e D G on
i D > D D KD D G AP @ D ED W W W W @ W A T D D D T W AR D G W A T TR AP D G D D WD D D B T D Gy G TP D D W WD W D D T o

> s o D D WD U D T G D D D G WD AP D D T D GO G D D LD TR D Gn U UD O W €D D W R CD OGP D Gh W @ WD DD D G D D < D TP T




PAGE 108

DISPL2 SCALB COHDIS
TEKY ,
1K ¥ )
TEKG
TEKP
TERC
DESCR

LISTA COBVILINEC

EFT RRT

EXEL EXPLONG ALFINP

NUMINP
ESELCHG EXPL
FIT ¥0 COHBUI
F1 CCHCHA
GO
G1
FO PIT
F1 FIT
GETCON ALFINP
10T
PARBU
EABCH
PARRE
EARII
PARPL
EARST
PARSA -
EAFHE
PAREN
GO FIT
1 FIT
IREAL CCMDIS
COMRES
| RESTORE

1scH COHDIS

LOT GETCOH
PARCH
PARDI ~
PARER :
PARPL -
PARST

HCIC CURVILINEO

EORINE EXFL CHGRID

CHPOIRT
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CHTARG
COHBUI
PARDI
0% APLNABRE
CHOWANE
CCHDIS
COHEND
CORRES
COMsSAY
CCHSTO
RESTORE
CRIHCG COMDIS
081 TEKG
TEKP
PARBU GETCCH
PERCH ALFINDP GETCCH
JRIEY
PARDI ALEINP GETCOH
Li1
STATE
APLHEANE
RUMINP
PAREN ALFINP GETICOH
Lo1
PAEPL ALFIN? GETCCH
LT
PABRE BLEINP GETCOH
STATE
BELNAME
PABSA ALEINP GETCOH
APLNANE
P ARST ' ALFINP GETCCH
107
APLBAHE
PARYR ALFINP GETCCH
BPLUAHE
BELICTIG PLOTHP
PLLTHP SCALE COHPLO
BLOIG
FLCTY
PLOIP
ELCTP PLOTHE

- > D R R D G D D D W LB W D P D D IE G D B TR G WD D D U R 4D O W W O Wh WA D G Oh WP R D 6 T D R D W R R e W S G W @

PLOTY PLOTHP
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- > > > > B T D WD G D KD D WD B LD D G W TR G T G W G D D R SO D SR WD D R D B G WD OR IR WD UD We wr WR WR w2 S W wDWn mm ww @ W e

EECSP2AR ASSON
RESTORE STATIE
LCEFVAB
APLEARE
cHs
OF
IBERL
SCALE DISPLA
PLOTHF
STIRT GE1COH
CCHEUI
CORCHA
CCHEBES
COMDIS
CCHELOC
COHBE10
CCHS2AY
COMERI
CCHEND
STATE CHs PARDI
PARRE
RESTORE
TEKC DISPLA
1IR3
TERG 0U1T DISPLA
TEKP 001 DISPLA
TERY DISPLA
TKX DISPLA
TEKC
BRITE AUTOHSAVE
CCHSAY
COnsic
HRT
BT CHsS CCHUERI
CHESRANE
DE1
EFT
¥RITE
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Appendix I - grincipal CP ccumands

He give here a brief description c¢f the wmost common CP
coegmands as a gquick reference guide. For a <cosplete
descripticn ¢f these commands and for additiopal cosmands

see the CEs/67 CHS USER®'S GUILDE FCRHM NC. GHZ0-0859.

LCGIR <userid>
the virtual machine whose name is <userdid> is 1lcgged
into the systes, 1if the correct password is given, and

the CP eanvircppent is eptered.

1CGOUT
The virtual machine is lcgged cut of the system and any

attached device is released. The session is terminated.

IPL CHS

causes a copy of the CHS nucleus to be loaded in the

yser's virtual memory and to enter the CHS envircneent.

BSE gserid> {pessaqge>
sends the <sessage> specified in +the command tc the
virtual machine whose name is <userid>. If the specitied
<userid> is C?,rthe message is sent to the systesn

operatcr.

DETACHB <devaddr>

detaches the specified device frem the wvirtual machine
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configuratiosx.
<devaddr> is the virtual address of a device that has

been previously attached to the virtual machine.

QUERY VIBTUBL(

TIEE /
FILES

gives scme ianformation about the status of the systen.
JIRTUAL types at the terminal the configuraticm cf the
virtual machine

TIME types at the terminal the connexion ‘time, the
virtual time and the total time used in the actual
sessice

FILES types at the terasinal the anusber of the files not

yet printed or punched or not yet read

BEGITW

XPER 00D 1IC

the systes enters the sage envircnment in which was

before entering the CP envircnment.

<userid>
QFF

the output of punch operation 1is tranferred tc¢ the
virtual reader of the virtual machine vhose nase is
<userid>. No teal deck is gpunched. If CPFF is specified,

subseguent punch coferaticns are really performed.
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Aprendix II - principal CHS commands

We give here a Lbrief descripticn ¢f the mpost commom CHS
copmands as a quick reference guide. For a complete
descripticn ¢f these ccrrards and for additional command see

the CPs/67 CHS USER'S GUIDE FORH AO. GH20-0859.

<filenane>
2

LISTEF

<filetype>

*.
types at the termiral infcrmation about the file{s)
specified in the ccamsand. The star means all filename
andser all tipetyres.

<filename> <fi1etype>$$
-]

B

ERASE

erases the file(s) specified in the ccamand from the
p-disk. The star @seans all filenames and yor all

filetypes.

STIAT
types at the terminal informaticn about the status of

the P-disk, namely the number of the files vwritten, the

punber of records in use, etc.

DEEILINE SPBIH?
FUKCHE <filename> <filetype>

)BEAD
controls the inputs/output devices.
PRINT - the specified file is printed on the 1line

printer
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PUNCH - the specified file is pumched on the puncher
READ - a deck of <cards is read from the virtual cazd
reader and it is stored on the P-disk with the given
fileraege and tiletyge

PRINTE <filenase> <filetype> nl1 22
types at the tersival the contents ¢f the specified file

from line n1 to 1lime n2. If n' and n2 are omitted, the

whole file is printed.
ATTIH

if the ATTR key is depressed, the CP environsent is

entered.
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Appendix 111 - mathematical steps

In fig. 4, the connection between two

subsequent cubic
arcs of

a spline curve is shown. The conditicn of
centinuity im the fpcinmt connecting the two arcs is
expressed by %)

5) " (L ) = P® (0)
i-1 i-1 i
The steps cf the ccaputation which lead to the
ezpressicn 6) are now shovn.
€) 1 %46 ¢ 2% {1 ¢+ LYy * I6 + L * 76 = K
i i-1 i-1 i i i-1 i+ i

By deriving twice the #4) with respect

to x, it comes
out:
2 3
¢ A0 = (12t - 6L ) / L
2
dt
2 3
g B1 = ( =12t # 6L ) /L
Z
dt
2 2z
4 B0 = { €t - 41 ) /L
pi
dt
é 2
d E1 = (6t - 2L ) /L
2
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Once substituted 1) derived twice on 5), we obtain:

6L, oL, , 2L 4L,
'I‘:i:'j X Pi_1~i*:1-§ x P, +-I:'—1—§- xTG, , + f‘.—12~ x TG, =
—6L 6L 4L, 2L

i i i i
=73 XPi+L—i—3— xP,, ”‘L‘ii XTGE'"E‘F x TG,,,
1

and then:
1 Zx(Li+ LH) 1
LT_; xTG, , + MLM x L, x TG, + LT xTG.M =
3 3
:-L?f-x P4y _Pi) +E.—_—2_ x (P=P )

i-1

Finally we obtain:
LxTG , +2x(L +L_)xTG +L_, xTG,, =

—P)+ Li2 (P, =P y)
X Li

_3 I"i~1 : (Pi+1
- L

i-1

where the known term is an expression depending on






