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Since March, 1964, a Calcomp 507 digital incremental plotter
has been operational on the Electrologica Xt computér at the
Mathematical Centre in Amsterdam. The following report
describes the specifications of this plotter, and of a
programming package developed for it. The procedures PLOT,
PLOTFRAME, PLOTTEXT, PLOTAXIS, PLOTCURVE, MARKEDCURVE, SCALE,
PLOTAXIS2, and PLOTPICTURE were all written in ALGOL 60 [t
and rigourously tested on the X1 in this form; the ALGOL

texts of all these procedures are included in the present
report. After this, the procedures PLOT, PLOTFRAME, PLOTTEXT,
PLOTAXIS, FLOTCURVE, FIXPLOT, ABSFIXPLOT, and FLOPLOT were
programmed in machine code for use with the :IC I ALGOL systemg;

these texts are not included in the report.

All the procedures except PLOTPICTURE may be reparded as
" more or less basic building blocks, whereas PLOTPICTURE
n be

used to construct extensions to the present system, such as

1s a completed '"building". The "building blocks" ca

logarithmic and polar scales, isolines, etc..

The authors wish to thank all members of the Computation
Department of the lMathematical Centre for their participatio
1in numerous fruitful discussions concerning this project.,

Also, we wish to thank Miss H. de Hoyer for her rapid an

accurate typing of this report.+

Erratum: The statement

alpha: ={phi + arctan(arg/sqrt(1 - arg *+ 2))) x rad + 180;
in Sample lrogram U4 is incorrect: the phi should be changed
" to read phil. However, this change makes very little

difference in the drawing obtained.
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define a system of co-ordinates by supposing
plotter from the front.

direction 1s to the left

back 3

front; +z 1s pen up,

and -z 1s pen down
The detalled specifications of the plotter follow

speed 300 increments/s

carriage speed 300 increments/s

pen up/down 10 operations/s

step size

step size ' 1 %x A2 mn
, ca. 3650 cm (12C )
‘width of paper ' ca. 30.5 em (12 in)
plotting ca. 27.9 cm (11 in)

ma.X 1mum

width avallable for




nt bits of (A) o

plotter (PL), with or without inversion

6Y 8 XP
6Z 8 XP
TZ 8 XP

The six least signific:

+(A) ==> (PL)
-(A) ==> (PL)
+(8) ==> (PL)
-(s) =:-> (PL)

An action is defined only for the following values of the six bits

reaching the plotter:

+X (drum forwards) .
-X (drum backwards) * “mm7im)¢ffh“”““°§
R e U ) A NN

(carriage left)

& F N =
<
<

-y (carriage right’)
16 +2 (pen up)
32 -2 (pen down)
5 +x and +y simultaneously
9 +x and -y simultaneously
6 -x and +y simultaneously

10 -X and -y simultaneously

If a plotter order 1s given within 3 ms after another plotter order
(100 ms after pen up or down), then the X1 delays the execution of
the given instruction for the appropriate length of time. No inter-

ruption facilities are provided.

A special condition setting P version of the above four orders

exists to determine whether the carriage is at the border of the

‘avallable plotting area. If the carriage stands at the right-hand
edge and an 1nstruction to move it further right is given or at
the left-hand edge and an instruction to move it further left

is giveh, the condition register is set affirmative and no motion

of the carriage takes place; in al.

] other cases, the condition 1is
set negative.






':'

In the sequel, we will make use of certain conventions concerning

aling. For any plotting job, 1t 1s necessary

to map from the
led
S ]

L "plotter w
("plits"). We will usually use capital letters to represent variables

units of the quan

am (hereafter cal

"data units" or "dits") to some sort of physics "

11t s

expressed in data units, and small letters for those in plotter units.

We imagine a rectangle on the paper (the "plotter space") extending
from the point (0,0) at lower left to (xmax,
thus:

ymax) at upper right,

(O,ymax)  (xmax, ymax)

(0,0) (xmax,0)

%

The unit in this plotter space is 0.1 mm in both x and y directions.

The corresponding rectangle in the "data space” extends from (X

1IN,

MIN) corresponding to (0,0) in plotter space to (

ponding to (xmax, ymax), thus:
(XMIN -

. YMAX)

(XMIN, YMIN) (XMAX, YMIN)
Defining the scaling factors -

MAX ~ XMIN)/xmax

YMAX - YMIN)/ymax,

ry points (X,Y) in the data space and (x,y) in the

plotter space are mapped onto one another as follows: '
(X,Y) <==>(x x Sex + XMIN, y x Scy + YMIN)

and

(x,¥) <==>(X - XMIN )/Sex, _ (Y -« XI IN)/ Scy ). .
We now proceed to the description of a number of standard

developed by the authors.



f plotter procedu

all the other procedure:

1t, elther to accomplis

S0nme
pen

movement, etc., or to obtain infor

&Wti@ﬂ WMWUt“HME{NMT@nt p@H

L

'Oﬁitl'i Scalin} _uantiti“s @tC@

- and Scy described above; xlast and

dinates of the pen in p

We now give the ALGOL heading of the procedure

procedure PLOT(X,Y,IPEN); value X, Y, IPEN;
real X,Y; integer IPEN;

real

X and Y usually represent the co-ordinates of a point and may then

be in either plits or dits. IPEN usually represents the desired

vertical pen position according to a code described below.

(a s to ion of the Pen (0 < abs( < L)

For all of these calls, the pen 1is moved from i1ts current position
(recorded in xlast and ylast in plits) in as straight a line as

'POSSiblE to the pOint repre5@ntew by X and Y; according as IPEN is

positive or negative, X and Y are in dits or plits, respectively.
If the point given by X and Y does not lie within the frame, an error

(no. 1-27) is signalled; if the program

1s then continued, the line

will nevertheless be drawn

to the prescribed point, unless it lies

outside the dimensions of the paper,



The pen is up or down during the drawing of the line depending on

the pen is down
the pen 1is up;

the vertical pen position is unaltered:

the pen 1s up, and the prescribed point may lie

outside the frame in the +x direction.

In this last case (abs(IPEN) = L), xlast and ylast are reset to zero,

thus defining the origin of a new frame. If IPEN = -4 and X < 0, th

the pen moves to the position (xmax + 3000, 0)- i.e. 30 cm beyond

the frame.

After each of these calls, PLOT has the value zero.

(b) Calls to Obtain Information (5 < IPEN < 19)

After each of these.calls, PLOT has some value which may be used

by the calling program.

IPEN = 5 I-'-'LO’I“'= the value of X (in dits) converted to plits
6 PLOT = the value of Y (in dits).converted to plits
T PLOT = the value of X (in plits) converted to dits
8 PLOT = the value of Y (in plits) converted to dits

For the above four calls, the

relevant

quantity X or ¥ must lie

within the frame or an error condition will be signalled; if the

program is continued, the conversion is carried out nevertheless.

"IPEN = 9  PLOT = the value of XMIN (in dits)
10 PLOT = the value of YMIN (in dits)
11 PLOT = the wvalue of Scx
12 PLOT = the value of Scy
13 PLOT = the value of xmax (in plits)
14 PLOT = the value of ymax (in plits)
15 - PLOT = the wvalue of xlast (in plits)
16 PLOT = the value of ylast (in plits)
17 PLOT = the value of xlast converted to dits
18 PLOT = the value of ylast converted to dits
19  PLOT = +1 if the pen is up, =1 if the pen is down




g to the various values of X have already been

o T
.

ted by this call.

quantities.xlast, ylast, and pen are not upde

abs{IPEN) = 21

This call causes

XIMIN to receive the value of X, and

the value of Y; 1f IPEN = +21, the pen is raised, and“the quantity

1zed,

pen 1s 1initial

IPEN = 22
This call causes Scx to receive the val
value of Y.

ue of X, and Scy the

abs(IPEN) = 23

This call causes xmax to receive the value of X, and ymax the

alue of ¥; i1f IPEN = +23, then xlast and ylast are initialized,

,0) in plits((XMIN, YMIN) in
dits). The frame is thereby centered in the middle of the paper

and the pen 1s moved to the point (C

in the y dimens ion.

IPEN = 2L

This call causes xlast to receive the value of X, and ylast
the value of Y,

- 25

This call causes pen to be set true or

false according as X

is lue of Y is irrelevant.

positive or not; the va



NOTE 1: Certain interlocks are built intb the procedure to prevent
the use of any quantities which are currently undefined.
The initialization éallsmaybeused at any time, but,
for all other calls, (0°< abs(IPEN) 5'19), 1t 1S necessary

SCX, Scy, Xmax, ymax, xlast, ylast, and pen have been

that calls to initialize all of the quantities

given previously. The easiest way to accomplish this is
to use PLOTFRAME,

Notice carefully that after_a call with IPEN = 20, the
quantities xlast, ylast, and pen become undefined, and
must be redefined appropriately before calls with

O < abs(IPEN) < 19 may be employed.

NOTE 3: Failure to observe the above points will result in an

error condition (no. 1-206).

NOTE 4: A call of PLOT with an invalid value of IPEN will also

result in an error signal (no. 1=25),



the y direction on the

1s specified
alled, and, if the

position described above; it does not draw any lines

around the edge of the frame,

: Suppose we desire to leave a border around the actual

area (for scales, labels, etc.); that is, suppose we want
plits to the left, rb to the right, bb below,
and ab above. Then, we may use the to
define this fra

a border of 1lb

following program

e :

- XMIN)/xmax;

MIN)/ymax;

x 1o, YMIN « R x bb,
MAX + R * ab,

xmax + 1b + rb, ymax + bb + ab);

pl~ttin;
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2.3 The Procedure PLOTTEXT

We here give only the ALGOL 6Q‘procedfeiheading:

R

value X, X, first, i; '

icity;

Boolean first;

By means of the procedure PLOTTEXT, it is possible to draw a

string of any ALGOL 60 basic symbols, with the exception of those
delimiters represented by strings of bold=-face or underlined letters.
Furthermore, it is possible to precede the symbols of the (possibly

. empty) string by one of the special characters given below. The first

nine of these characters are intended for the marking of points on

urves, etc. Whether any preceeding character 1s drawn,

which one, is determined by the absolute value of the parameter 1

according to the following schedule:

abs(i) = no extra character precedes the string

precedes the sﬁring @

]|
it
"
]
1
)
i

B | |




<

Y

angle prescribes the

1 (32)3 in degrees@ measured countere

clockwise from the x

ht) specifies the heij

i S %

abs(hei ht h

1

plotter 4its;

italicity gives the value of the

measured clockwise.,

The Form of the String

The

quantities height, angle, and italicity are evaluated

preclsely once for each character to be drawn, before the drawing
of the ch:acterbegins, and in the order given above (notice that

v these gua

iﬁr#r@térs ao not appear'in the are thus
lled by name")., Thus, it is possible

the plotting

these

value list,

Wea to va tities

during f the string,
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After drawing each character, PLOTTEXT calculates the

following "reference point"; that is, the position of the corner A

of the next parallelogram. This point lies on the continuation

@.

This is determined by the quantities X, ¥, height, first,
and sign(i).

The Boolean first specifies whether a new reference point must
be calculated (first

i

true), or that the reference point calculated
during the last call of PLOTITEXT, FIXPLOT, ABSFIXPLOT, or FLOPLQOT

1s to be used (first

i

false). For this purpose, PLOTTEXT maintaina

the co-ordinates of the reference point in two own varilables

(FIXPLOT ABSFIXPLOT, and FLOPLOT function by calling PLOTTEXT, and

do not requlre direct access tC?thlu 1nformatlon) Because of this

scheme, 1t 1s possible to call any ol these four procedures with

first = false provided that any one of them has previously been

i

called with first = true. Thus, text and numbers may follow directls

after one another without the programmer having to concern himself

with the calculation of the proper co-ordinates.

We conslder now the case first = true. Then, the sign of i

determines whether the given co-ordinates X and Y specify the
point A of the diagram (i > 0) or the point E(i < 0). The case
1 < 0 1s particularly important for the drawing of the special

curve marking symbols described above; then X and Y do notl5pcéi

the reference point, but it can easily be derived from them. The
sign of height specifies whether X and Y are given in data units,
and must be scaled to plotter units (height > 0), or are given

directly in plotter units (height < 0).

» The qual

1

In the case first tities X, ¥, and sign(height )

are completely 1rrelevant The new'reference point is simply

derlved.from.the last one calculated by PLOTTEXT,




always left lowered on the paper.

: abs(i) > 12 or a call with

first = false which has not

been preceded

HH

by a call with first

error being signalled (no. 1-31).

omment, value, true, and false, along with tab

carriage return, all correspond to a single space.

allelogran. Thus, for -~10 < 1 < =2, the
drawing ends at the given
that first = .

point X, Y (provided, of course,
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The purpose of thils procedure is to facilitate the drawing of

co-ordinate axes. We here give the ALGOL procedure heading.

procedure PLOTAXIS(X, Y, angle, LENGTH, DL);
X, ¥, angle, LENGTH, DL ;
real X, Y, angle, LENGTH, DL;

pracedufe draws a line beginning at the point given in X and
Y, in the direction given by angle, for a distance given by LENGTH.,

Tick marks are made along this line at intervals given by DL.

X, ¥, LENGTH, and DL are 1in dits 1f LENGTH > 0, and otherwisc
in plits; angle is given in degrees measured counter—clockwise

from the +x axlis on the paper,

If DL < O, the tick marks are made 15 plits to each side of the line.

If DL > O (but DL < abs(LENGTH)) then the ticks are made to one sid
of the line only (either above, or to the right, whichever is
appropriate).

If abs(DL) > ats(LENGTH), no tick marks whatsoever are given,

If angle 1s other than a multiple of 90° and the scaling factors,
Scx and Scy, are unequal, then no simple interpretation can be

given to the quantities LENGTH and DL.

At exit from the procedure, the pen is always down, at the point
(X + abs(LENGTH) x cos(angle), Y + abs(LENGTH) x sin(angle)).



dits) of one of the

pass, Lhe

quantity I is used

%z, or ending the curve,

The desired initial value of the slope of the curve 1s

by X (in dits); the value of Y is irrelevant. This call serves to

:' the interpolation PX‘OQQSS@

This call is used to initialize the procedure when no initial

3 the values of X and Y are irrelevant,

This call supplies the co-ordinates of one of the points

through which the curve is to pass, in X and Y (in dits),

I =3
This call is used to term
ﬁ.:é; t ® |

lnate the cu

rrent curve; the values
of X

and Y are irreleY:

alue of Y 1is




a N

NOTE 2:

' NOTE 6:

16

The procedure is intended to be used by first giving

a call with I = 0 or 1, followed by a number (at least 3)
of calls with I = 2, followed by a call with I = 3 or k4.
The pen position is not altered until the third call with
I = 2; during this call, the pen noves to the first point
given (pen up, of course!) , and then draws the segment

of the Eurve to the second point ( peﬁ down). During
successive calls with I = 2, 3 or 4, the procedure first

moves the pen to the last point draw

n on the curve (pen up),
1f necessary, and then continues the curve to the point
given in the previous call, Thus, it is possible to use
other plotter procedures during the drawing of a curve

(e.g. PLOT, PLOTTEXT, etc.). '

If a call with I = 2, 3 or 4 is given before a call with

I =0o0or 1, or if a call with I = 3 or 4 is given before

3 calls with I = 2 have been given, or if a call with

I #0, 1, 2, 3 or 4 is given, an error is signalled (no. 1=28

: By slope, we mean dY/dX.

After a call with I = 0 or 1 and after the first two cal
with I = 2, PLOTCURVE has the value zero and the pen

position is completely unaltered. After any other call,

PLOTCURVE has the value of the slcpe of the curve at the

previously given point and the pen is down at the previously

given point.

: 1f any part of the curve falls outside the frame, an error

is signalled (no. 1-27). If the program is continued, the

curve will be drawn nevertheless.

In order to guarantee proper interpolation, the following rule

of thumb 1s suggested - Imagine straight lines drawn connecting

the successive, given points on the curve. Then, for best

results, the angle from each of these lines to the next

should not exceed 20 degrees, and should preferably be less.

1f the curvature becomes too great, ar
be signalled.

\ error (no, 1-29) may
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All three of these procedures may be used to draw numbers on the

paper. The three procedures differ only in the format in which

the number 1s drawn.
We here give a typical ALGOL procedure héading.

Pro FIXPLOT (X, ¥, angle, height, it alicity , first, 1, n, m s

number);

value X, ¥, first, 1, n, m, number;

real X, Y, angle, height, 1italicity, number;

integer n, m, 1;

first;

The interpretation of X, Y, angle, height, italicity, first,and. 1
is the same as for PLOTTEXT. In all cases, number 1s the number to
‘be drawn; the interpretation of n and m dapends on which of the |

three procedures 1s used.

FIXPLOT
The quantity number is drawn in fixed-point representation

with n digits before the decimal point and m after. More exactly:

the sign of number (+ or -);

the integer part of number, in n digits;
a decimal point;

m digits of the fraction part of number;

a space.
If m = 0, the decimal point 1s suppressed.,

Nonsignificant leading zeroes 1n the integer part are replaced by

spaces, except in the units position when m = 0,
The number 1is correctly rounded in the last decimal place. If
followed

by spaces, space permitting; otherwise, a shortened version,

abs{number) > 10 ¢+ n, then "+inf" or "-inf" will be drawn

"#in", "-in", "+i" or "-i" will be drawm.



The quantity numb

0 e e t @ I n S ' e c i f i

103
the s1

gn of d;

ponent d, in m (1, 2 or 3) aigits, with lead

by spaces;

a space,

&

00

ing zeroes replaced

If d > 10 + m, then "+inf" or "-inf" is drawn (depending on the

»

sign of number), followed by n+m+1 spaces,

If d < ~10 + m then a + or - sig

umber ), followed by

(depending on the sign
point, followed by n uzeroes,
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wn by the procedure, except in the
tted,

mal point is omi

The actual para meters for n

m = 1,2or3.f



satisfying
all i1ntegers, Then .

Q Im S k % & i I 0 un d

(this is , 1n fact, the set which is used in

the procedure).,then the follow

'ing are examples of round

in our sense:

(R2) Each division point must be a nice number;

(RB) The data must fit into the allotted

spacc; and,
(Rl) Subject to the above three requirements, the data must
| occupy as much as possible of the

allotted space.
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The procedure SCALE operates on only one axis at a time. The

progra

mmer must supply, for example, the value of the x~co-ordinate
of each data po{nt to be plotted. SCALE then searches through these

data to determirne the maximum and minimum values present, and,

~applying the four requirements above, calculates parameters which
determine an 0p’6imi1m subdivision of the relevant axis. If the
‘minimum and maximum are already known from the previous calculation,
then it i1s possible to provide only these two values as data to

procedure,
The heading of the procedure follows:

rer procedure SCALE(Ti, i, n, nint, mode, MIN, MAX

value n, nint, mode;

integer 1, n, nint, mode;

Ti, MIN, MAX, DL;

The parameters have the following interpretations:

Ti is a real expression, called by name, and depending, in
general, on 1 (Jensen device). It is used to give the
successive values of one of the co-ordinates of the data

to be plotted. Ordinarily, Ti will simply be a subscripted

variable;
1 '1s a running variable, called by name, which assumes
successively all integer values from 1 to n, inclusive,
n 15 the number of co-ordinate values to be scaled.

nint 1s the number of subintervals into which it i1s desired
~ to divide the total interval. The precise interpretation

of nint depends on the following parameter, viz. mode.,

mode Tmay assume the values 0, 1, or 2, with the following meaning
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i
O

mode the interval is subdivided into precisely nint

subintervals:

|
P\

mode the i1nterval i1s subdivided into nint or fewer

subintervals., This freedom is used to further
maximize the proportion of the available space
- which 1s actually used. The actual number of

- subintervals is between a625 X nint and nint.

]
o

mode - the interval is divided into approximately nint

subintervals (between .625 x nint and 1.6 x nint).
This freedom is used to maximize the proportion

of the available space which is actually usecd.

is an output parameter giving the value of the first
division point on the axis (i.e., the point with the

smallest algebraic value);

1s an output parameter giving the value of the last division

point on the axis (i.e., the point with the greatest
algebraic value);

both MIN and MAX are nice numbers as defined above;

DL 1s an output parameter giving the difference in data units
between any two successive division points: it is a round

number as defined above,

The value of SCALE after a call is'the number of subintervals
actually used. |

"NOTE 1: If the minimum and maximum values on the axis are already'h
knovn (from a previous calculation, perhaps) then only
these values need be given to the procedure,'insteadiof the

entire set of data. This can be accomplished by using an

L

expression of the following form for Ti:

if i=1 minimum maximum

with n = 2,



2l L

The boundaries given in the description of mode, for the

mber of sublintervs

actual nu LLs used, are dependent upon

- the set of basic round numbers which are used, If the

NOTE 3:

user replaces the given set (1, 1.25, 2, 2.5, 4, 5, 8)

by another, these boundaries may well be altered.

We now consider the question of what value of mode should

- be chosen 1n various circumstances. Apparently, there are

two conflicting requirements which the programmer may

wish to satisfy. The first of these is that he may require
that the physical distance betwéen successive division
points ‘t:{e some fixed length (e.é. 1 or 2 cm, 1 inch, etc.),
in order to facilitate interpolation using a ruler (with
divisions of 1 cm, 1 inch, etec.). Oppdsed to this

requirement, may be a desire to cover as much as possible

- of the plotting surface with the material which is to be

plotted - that is, one wishes to avoid long regions at the

beginning and end of the grid in which nothing is plotted.

For the following, let us refer to the total physicé,l ‘
length of the axis as pl, and the physical length of each
subinterval as dpl. Consider now the following situations:
(a2) If precisely the given values of pl and dpl must be
used, call SCALE with mode = 0, and nint = pl/dpl;

(b) If an upper bound for pl is given, but an exact value
for dpl 1s required, call SCALE with mode = 1, and
nint = pl/dpl;

(c) If an approximate value of pl 1s given, but an exact
value for dpl is required, call SCALE with mode = 2,
and nint = pl/dpl;

(d) If a precise value of pl is required, and it is desired
- to divide the axis into approximately some given number,
nint, of subintervals, call SCALE with mode = 2, and the

given, approximate, value of nint.
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2 Ihe Procedure

This procedure may be used to draw co-ordinate axes, complete
with tick marks, and with nu

ponding to the tick marks. We here give the ALGOL procedure

mbers indicating the values corres—

heading:

DI'0C PLOTAXIS2 (MIN, MAX
MIN, MAX, DL, horizontal
real MIN, MAX, DL, OT (ER 3

Boolean horizontal;

The procedure draws a line from (MIN, OTHER) to (MA) » OTHER)
if horizontal = and from (OTHER, MIN) to (OTHER, MAX) if
horizontal = Tick marks of length 15 plits are drawn at

an 1nterval of DL from MIN to MAX, either above or to the right

of the line, as the case may be. Following this, the values
corresponding to the tick marks are drawn below the line or to

the left of it. If possible (that is, if the numbers are sufficient-
1y small with respect to the physical distance between tick marks),
then the numbers are centred by each tick mark; 1f this is not
possible, then the procedure skips over a few tick marks between
numbers, and the tick mark corresponding to each number drawn is
lengthened to 25 plits. Under certain circumstances, the procedﬁre
calculates, and draws, a power of ten, by which the figures drawn

must be multiplied to obtain the actual values.

MIN, MAX, DL and OTHER are always given in data units. It is

that MIN, MAX and DL be obtalined as output _
from the procedure SCALE, or at least satisfy; similar requirements.
In particular, MAX - MIN be an integer multiple of DL

('except . p(?ss ibly, for rounding. errors') ° h
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This procedure may be used to plot complete graphs, including
annotated axes. The user is not required to call (or even be

aware of the existence of) any other plotter. procedures.

The user 1s required to:brovide a set of points which are to
be plotted (i.e. usually through which a curve is to be drawn) ,
along with some information about the lengths and divisioning of the

axes. From this information, PLOTPICTURE can perform the necessary

scaling operations, draw X- and I-axes. complete with tick marks
andnumbering,jand draw a curve through the given points. The
given points may be marked with special marking symbols, and a

text may be drawn by the axes to indicate their significance.

It 1s possible to draw an arbitrary number of curves (each marked
with ﬁuniqpe symbol) with each axis pair, ;t 1s also possible
to obtain an arbitrary number of Y-axes corresponding to a single
X-axls. A system of axes and curves is here'called.ar"picture",

whence the name of the procedure.
We now give the ALGOL procedure heading:

orocedure PLOTPICTURE (Xi, Yi, i, n, mark, deltamark, mode,
XMIN, XMAX
YMIN,

value n, mark, deltamark, mode, XMIN, XMAX

» DX, xmax, xstring,

YMAX, DY, ymax, ystring);

IMAX, DY, ymax;
real Xi, Yi, XMIN, XMAX, DX, YMIN, YMAX, DY:

integer 1, n, mark, deltamark, mode, xmax, ymaxs:

string xstring, ystring;
The parameters have the following interpretations:

X1 and Yi are réal expressions, called by name, depending, in general,

' on i (Jensen device). They. give the X and Y co-ordinates,
respectively of the i'th point which 1s to be plotted.
Ordinarily, Xi and Yi will simply be subscripted variables

......

(array elements);
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successively, all integer values between 1 and n,

inclusive;

1is the n

mber of points to be pl ott ed;

specifies which one of nine special

maz symbols,
to mark the points (Xi, Yi),
according to the following table:

k) =

@
aandi

no Sfub01 1s drawnm

OV O -1 OV & W N O

b
@

1f deltamark > O, a curve is drawn passing through

all n of the points (Xi, Yi) in succession., If delta-

mark < O, the drawing of the curve is suppressed,

Furthermore, if deltamark # O, then every abs(delta-

mark) 'th point, beginning with the first (i = 1), is

marked with the symbol specified by the parameter mark

| o

i

the intermediate points are evaluated, but not marked.

CUr

rk = 0, no marking at all takes place, but the
ve 1s drawn. For example, if abs(deltamark) = 1, all:

points are marked; if abs(deltamark) = 2, every other

first and last point are marked; if abs(deltamar
then only the first point is marked.




as simply

are normally

discussion). If

settingt;e parane

2xpression Xi. Similarly, the end

oy setting 1 to zero

and evaluating the expression Yi.

f*iCﬁl GXPTQSSiOn for Xi ﬁht be
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<y are used to specify one of eight possible scalings for,

respectively, the X- or Y-axis. They exercise influence upon

the interpretation of all of the remaining parameters. Since the
possibilities for the two axes are practically identical, we
describe here the situation with respect to the Y-axis:; the X-axis
15 handled similarly, except for one point which will be discussed

later.

For ky = 0, 1, or 2, the values of the parameters YMIN and YMAX

are completely i1gnored. The procedure evaluates the expression

Y1 for all values of i between 1 and n, and determines the
minimum and maximum values which occur. This minimum and maximum
are used for the further determination of an optimal scale,

in a manner depending on the particular value of ky.

The programmer 1s given the option of avoiding the above ( possibly

- slow) evaluations of Yi, if he already knows the minimum an

values assumed by Yi. This 1s accomplished by using

ky = 3, 4, or 5, and by giving the known minimum and maximum

values 1n YMIN and YMAX, respectively.

For O < ky < 5, the value of DY specifies the desired physical
distance (in units of one tenth of a millimeter (plits)), between

tick marks on the Y-axis; ymax specifies the desired physical

length of the entire Y-axis, in the same units; ymax must be an
integer multiple of DY.

If ky = 0 or 3, then the Y-axis drawn has precisely the measurements

specified by DY and ymax.

If ky = 1 or 4, then the distance between tick marks on the Y-axis
w1ll be precisely that specified by DY. However, the total
length of the Y-axis will be chosen, between 0.625 x y ma

in such a manner that the axis be as "full" as possible.

full” as possible, we mean that the data to be plotted
extend from a position as near as possible to the bottom (left end)
of the graph to a position as near as possible to the top (right
end) of the graph; that is, the un

By as

used space is kept as small




subdivisioning

axis (i.e. the last Y-ax




dling of the X-axis, and the par
xmax and xstring is, as previously mentioned, analogous wi
that of the Y-axis and the paramet ers IM IN, YMAX, DY, ymax and

~ystring. The one difference 1s that no provision is made for

multiple X-axes in one picture. This is realized by the

following rule: if kg = 2 (old picture), then the actual

of kx 1s ignored; the procedure carries on as though kx

had been specified.

OTE 1: The strings xstring and ystring may contain any valid
ALGOL basic symbols. However, the following result in

a blank (space) c &

. y C

» 40, step
B t &b % L)

» 11, . ’

» true,

oLy
x

carriage return. Furthermore,

T

NOTE 2: The parameter ymax < 2500; that is, the Y-axis may be no

more than 25 cm long.

NOTE 3: Sufficient room is reserved to the left of each new picture

to guarantee accomodation for at least ten Y-axes.

NOTE 4: If deltamark > 0, it is required that n > 3,
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NOTE 5: The following table may be found useful in the

construction of the parameter mode.

kg = new picture, without grid

new plcture, with grid

old picture (without grid)

no derivatives given
initial derivative given

final derivative given

!
O w NN = O N = O

initial and final derivatives both given

YMIN,
length of intervals; ymax exact physical

YMAX irrelevant; DY exact physical

length of axis

YMIN, YMAX 1irrelevant; DY exact physical

|
asd

length of intervals; ymax upper bound to

physical length of axis

]
N

YMIN, YMAX 1irrelevant; DY approximate physical
length of intervals; ymax exact physical
length of axis

!
L

MIN, YMAX given; DY exact physical length
of 1ntervals; ymax exact physical length of

axis

!
&

YMIN, YMAX given; DY exact physical length
of intervals; ymax upper bound to physical

length of axis

il
\N

YMIN, YMAX given; DY approximate physical
length of intervals; ymax exact physical

length of axis

i
(@)

from YMIN, in steps of DY to YMAX
physical length of axis

sy ymax exact

R i
-

same as previous Y-axis



NOTE 6: We now give the order in which the expressions Xi

and Y1 are evaluated:

(a) if 0 < kx

< 2,8.nd kg # 2, then Xi, 1 = 1, 2. eseog il

(b 1f 0'5 k

i 2, then Yi’ i S 1, 2’ e ® 0 § n;

(¢) if kd = 1 or 3, then Xi, 1 =0« 1,e, the

initial slope;

(d) Xi, Yi, i

1’ 2’ Q09 Il = imea x1’ Y“’ x2' YQ"“

oDy xn’Yn;

(e) if kd = 2 or 3, then Yi, i = 0 - i,e. the final

slope.

NOTE T: In order to guarantee proper interpolation of the curve

between the given points (deltamark > 0), the following

rule of thumb 1s suggested -~ Imagine straight lines

connecting‘the Successive, given points on the curve,
Then, for best results, the an gle from each of these
lines to the next should not exceed 20 degrees, and

should preferably be less,

OTE 8: The complete picture, including numbering and text,
has the following maximum dimensions:
) (a) height: physical length of Y-axis (i.e. ymex

+ 114 tenths of a mm.

(b) width: physical length of X-axis (i.e. xmax
+ 132 +,(no.'of Y-~axes) % 336 tenths of a mm.
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In the following ALGOL texts, we make use of the following

typing conventions

: represents ALGCOL 60 ==

* { 0 o
i1, 0 0" 0

Furthermore, where the ALGOL céncept own 1s employed, the so=-

called "static interpretation" [é] 1s intended.

The procedure STOP is common to several of the procedures.
Its purpose 1s %o signal error conditions which arise during
the execution of the procedures, and then (possibly) return
to the calling procedure. It accepts a sinpgle parameter,

specified as type string, which indicates the nature of the error.

It 1s assumed that the following declaration appears 1n some

block enclosing that in which the plotter procedures are
declared:

Boolean statel, state2, statel, state8, state16,

state32, statebl, firstentrance;

and that the following statement has been executed before the
first call of any of the plotter procedures:

filrstentrance: = true;

This is used to monitor whether or not certain important

variables have as yet had values assigned to them.

wote that users of the machine code procedures for the

Electrologica X1 are not required to provide the above-mentioned
declarations.



The procedure first converté (if necessary) the given points
to plotter units. Then the total movement dx in the x-direction,

and d Lated.,

in the y-direction are calcu

It is clear that every straight line which is not parallel to
one of the basic¢ plotting directions will nevertheless lie

between a true x- or y-direction and one of the diagonals.

Thus, we can approximate any arbitrary straight line by =a

sultable sequence of only two of the basic pen movements -

a true x- or y-movement, and one of the diagonal movements.

Accordingly, we adopt the strategy of transforming the given
straight line into the first octant, and simultaneously deter-
mining the two basic plotter motions involved. The determinition
of the plotter motions 1s somevwhat machine dependent (that 1S,

- 1t depends on the specific numerical codes corresponding t© the

several directions), and is not further discussed here.

The transformation to the first octant proceeds as follows:

we first transform to the first quadrant by replacing dx and dy

by their absolute values; then, if dy > dx, we interchange
the values of dx and dy with one another, thereby arriving in the
first octant. Note once again that, during these transformation

steps, some here unspecified process must determine the codes

for the two relevant plotter motions,

Now, at the i'th step forward in the x-direction (i.e. at x = i),
the value of y is clearly #

. ol |
;T 4 "a‘;{'* * 3.2.1

whereas the y-co-ordinate of the actual pen position has some

value y:; That 1s, the pen position deviates from the correct

position by




direction

ENs ;

3.2.T

%<3 3.2.8
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Clearly, we choose the diagonal direction 1f the lnequality
in (3.2.8) is reversed. The question still remains as to
which choice should be made in the case that both sides of
(3.2.8) are equal, and this is not such a trivial matter
as one might think. The difficulty axrises 1f one wishes to

retrace a section of straight line, but in the opposite

direction, rather than to raise and lower the pen (at a total

cost of at least 200 ms - equivalent in time to 60 ordinary

steps).

Suppose that we choose the true direction if (3.2.8) is
satisfied, and otherwise the diagonal direction (i.e. if
dev. + dy/dx > 1/2). Then, consider the following situation,
where the line to be approximated passes exactly through G,

the centre-point of BE.

r_f | . I I;1_; r - l I. - B _ .;. )

If the pen begins at A, this cholce will lead to a diagone
~ step to 'E, since equality holds, followed by a horizontal
step to F. However, if the pen begins at F, (i.e. retracing
the line 1in the opposite direction), a diagonal step is again
taken, to B, followed by a horizontal step to A. Thus, the
’-pen does not follow precisely the same path during the
retrace as during the trace, and this may give rise to thick
spots, or even open boxes in the line, This 1s not usually
serious with a step length of .1 mm and a pen .4 mm thick,
but with a step length of .01 inch and a finer pen, the

result may be annoying.




Fortunately, the solution is very simple; when going from
left to right, for instance, we use (3.2.8) as it stands,
but when geing frem right to left, we replace the < by <

as the criterion for moving in the true direction. The
direction (left to right or right to left) can be determined
once and for all by examining the sign of dx before the

transformation to the first octant.

In order to avoid working with floating-point numbers, we
multiply the equations (3.2.5) and (3.2.8) by 2 x dx,

obtaining

2 X dx X% devi+] = 2 X dx X devi + 2 X dy - 2 x g x dx,

and’

2 X dx X devi + 2 X dy < dx (Or_j)-

Thus, the final algorithm is as follows:

(a) Calculate dx ahd dy s

(b) Store the sign of dxg

(c) Replace dx by Idxl and dy by ldyl;

(d) If dy > dx then interchange dy and dx;:

(e) During (c¢) and (d) determine the codes for the
true and the diagoﬁal direction:

(f) Calculate dx2: = 2 x dx and dy2: = 2 x dy;

(g) Set dev: = oF

(h) Replace dev by dev + dy2;

(i) If dev < dx (or‘i depending on original sign of dx)

‘then perform a step in the true direction;

S3ele o8

3.2.,8a

and otherwise, a step in the diagonal direction followed

by the subtraction of dx2 from dev;
(j) Repeat (h) and (i) dx times.



We consider here thz gquestion of the manner in which the

various characters drawn by PLOTTEXT are described and how

these descriptions are stored in a computer. For this purpose, we
think in terms of a rectangle of size T by 4 plotter units.

This rectangle may be subjected to luter transformations (such

as magnification, translation, etc.), but fbr our present

purposes, we think only of & rectangle.

The rectangle 1s subdivided into squares of one plotter unit
on each side, and the nodes of this grid have Cartesian
co-ordinates associated with them in an obvious manner. Thus,

the lower left -hand corner of the rectangle has co-ordinates (0,0),

and the upper right-hand corner is (&.,7).

Each character 1is described by a sequence of co-ordinate pairs
in the rectangle. At the beginning of the character, the plotter
moves (with pen up) to the point given bythe“first pair, and
lowers the pen. Then, the pen is moved in a straight line to the
point given by the following peir, and so on, until the entire

character has been drawn.

Note that the values 5, 6, and 7 for the first co-ordinate

of a co-ordinate palr do not specify points in the rectangle,
but are used for the following special purpoSes, If the first
co-ordinate is S or 6, this means that the entire rectangle is
to be thought of as being shifted,up{6) or down (5) by the
number of squares given by the second co-ordinate. If the

first co-ordinate is T the pen 1s raised, and i1s moved to the
position given by the next. pair before being lovered again (the

second co-ordinate 1s irrelevant if the first one is 7).
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colon:

ample, we give the

(1,0)  (3,2) (3,4) (1,8) (1,2) (2,2)
(7,00  (1,5) (1,7)  (3,7) (3,5) (1,5)

The ALGOL 60 procedure assumes the following declaration,
global to PLOTTEXT:

array CX, CY[0:552], N, ENTRANCE[0:122];

The arrays CX and CY contain, respectively, the first and second
co-ordinates of all the palrs required to describe all of the

characters which can be drawn by the procedure. The integer

representation of each string symbol (delivered by STRINGSYMBOL)

1s used to select a unique element from each of the arrays N and

TRANCE, The element from N specifies the number of co-ordinate
pairs which correspond to the given string symbol,and the element

from ENTRANCE 1s the index of CX and CY in which the first pair

can be found.



Ly

In machine code, of course, these arrays are actually an

inherent part of the procedure, and are, furthermore, careful

packed to occupy the minimum of storage possible.

As an economy measure, certain of the characters have been
- described in commoni: For example, the characters comma and
- semlcolon have the same ENTRANCE value, but a different N value

(for comma, N = 8; for semicolon, N = 14).

In tables 1 and 2 we give the complete contents of the arrays

described above.

Table 1 describes the contents of CX and CY. Any material which
appears between apostrophes does not form a part of the array,
but 1s included for clarification only.‘The string symbol which
1s being described (or its corresponding value of abs(i) in
parentheses, where relevant )is given at the left. The co-ordinate
pairs for this character follow immediately and continue until
the end of the sequence, unless there appears the characterA,

followed by another character, enclosed in apostrophes, 1ndicating

that the sequence 1s terminated for the character following the A

The character V 1ndicates that the description of the character

following the V begins with the following co-ordinate pair.

Table 2 describeslthe contents of N and ENTRANCE., The first
column gives the NI value, and the second the ENTRANCE of the

character given in the third COlmnnu In the fourth column R

the inteder representation of the character in X1 ALGOL is given.
For the character corresponding to 2 < abs(i) < 12 the values of

abs(i) are given in an additional column.

Table 3 shows all the characters that can be drawn by PLOTTEXT

P,
in boxes 14 by 24.5 mm (i.e., the distance between grid points

is 3#5 M)a



Introduction

The problem we wish to solve is the following: Given an

ordered set of points (xi

curve through these points successiveiy; the problem is not one

. yi) in the plane, to pass a "smooth"

of interpolation in the usual sense, since we wish to admit the

possibility that the curve may loop around arbitrarily.

Anticipating the fact that we shall have to be able to evaluate
the interpolating curve once for each'plotter'stép (i.e., about
once every 3 1/3 ms) we are practically forced to restrict the
candidates for this interpolating function to low-order poly-
nomials, in order to achieve a decent speed on a medium~speed

(or even high-speed) computer.

We will require at least the following two properties of the
curve: (a) the curve must<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>