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1. An [BM 7090 subroutine PLOT in FAP which is compatible with the
plotter subroutine pacl:age of P. Moinil and J. Pire of CETIS (Euratom
lspra) and which prepares magnetic tapes {or the Calcomp magnetic
tape unit 570.

2. An IBM 1401 program in SPS which translates macanetic tape plotter
data from CETIS code into original Calcomp code.

3. A set of plotter subroutines for the IBM 1401 computer in SPS. An
example for the application of the IBM 1401 plotter subroutines is given.

KEYWORDS
PROGRAMMING COMPUTERS
C-CODES IBM 76090
DIGITAL SYSTEMS IBM 1401

F-CODES MAGNETIC TAPES



W oo <N & W

CONTENTS

Introduction

. Magnetic Tape Codes of Calcomp Plotter Data

Subroutine PLNT for the IBM 7090 Computer

An IBM 1401 Program for Magnetic Tape Plotter Data

Translation

Plotter Subroutines for the IBM 1401 Computer

. An IBM 1401 Plotter Prongram Example

. Peferences

Figures and Flow Diagrams

Program TListings

14
16
22
25
26

39






5

A Contribution to the Programming of the

Calcomp Digital Incremental Plotter for Off-Line Operation§+)

1. Introduction

This report describes some IBM 7090 and IBM 1407 computer
programs which have been prepared for the off-line use of a
Calcomp digital incremental plotter at the Euratom Central
Bureau for Nuclear lMeasurements (CBNM).

Euratom is operating a computer centre (CETIS) at Ispra in
Italy to which the CBNM at Geel in Belgium is linked via a
tele-processing system based on a leased telephone line and
magnetic tape transmission terminals. Both CETIS and the
CBNM are using a Calcomp plotter, model 506, which produces
X-Y plots of digital data recorded on magnetic tape.

Whereas at CETIS the plotter is connected to an IBM 1401
computer, which reads the plotter data from magnetic tape
written by an IBM 7090 computer, the CBNM plotter is operated
by the Calcomp magnetic tape unit 570 for 7-track tapes.

The tapes for this unit are prepared by the IBM 1407 computer
of the CBNM or by the IBM 7090 computer of CETIS. The plotter
tapes written at CETIS can be duplicated by the tele-processing
system to be read at the CBNM.

For the preparation of plotter tapes to be used by the CBNM
plotter the following computer programs have been written:

a) An IBM 7090 subroutine PLOT in FAP.
This subroutine PLOT replaces that one of the plotter sub-
routine package of CETIS written by P.Moinil and J.Pire 1).
These plotter subroutines form a completely revised and ex-
tended version of the subroutine package supplied by Cal-

comp. The CETIS routines are more flexible and practicable

for the programmer than those of Calcomp, and the tape
Plotter data are reduced to one third as compared to those
written by the routines from Calcomp. However, the magnetic
tape in CETIS code can no more be read by the Calcomp magne-
tic tape unit 570. Therefore a new subroutine PLOT has been
written which is compatible with all CETIS plotter routines,
and which writes tapes compatible with the Calcomp magnetic

tape unit 570.
(+)Manuscript received on August 29, 1967,



An_IRM 1401 program in SPS for translating magnetic tape

plotter data in CETIS code into the original tape code of
Calcomp.

This program is used on the IBM 1401 computer of the CBNM
for the translation of magnetic tape plotter data received
Trom CETIS by tele-processing. The transmission of tape

data in CETIS code takes only one third of the time necessary

for tape data in Calcomp code.

IBM 14071 subroutines named PLOT, SYMBUL and IAXIS in SPS.
These subroutines can be used for all linear scale plots
for which the IBM 1401 computer is able to perform the
necessary calculations. The plotter tapes prepared are

compatible with the Calcomp magnetic tape unit 570.




2. Magnetic Tape Codes of Calcomp Flotter Data

The Calcomp digital incremental plotter is constructed to carry
out 10 different pen motions: pen-up, pen-down and steps in 8
bagic directions as shown in Fig. 1.

The X-axis deflection is produced by rotary motions of the drum
and Y-axis deflection by lateral movements of the pen carriage.
e step size is depending on the Calcomp model.

Calcomp Model Step Size
506 0.01 cm
560, 563, 565 0.01 inch
564, 566 J.wJ5 inch

The programs of this report refer to model 506. However, they
can be easily modified to be used for model 564 or 566. For
models 560, 563 and 565 only the specification "centimetre"
has to be changed into "inch" in the following program de-
gcriptions.

\
2.1, Original Calcomp code (23

If the plotter is operated by a magnetic tape unit 570 the
fullowing code is used: Plotter data records are separated by
block address records, which serve for identification. Only
three tracks of the 7-track Calcomp tape are read by the tape
unit 570.

2.1.1, Block address records (Fig.4) begin with ten 4's, seven

3's and one 1 (= 18 synchronisation characters). The next 6
characters determine the block address in the following code:

CBAB 421 A bit in A is 800 in G is 20
TAB B is 400 H is 10
1 C D|6 char, C is 200 Iis 8
1 E B|2LO%K D is 100 J is 4
1T GH E is 80 K is 2
11IJ F is 4u, L is 1
TK L




The 6 block address characterg are followed by the 18 synchroni-
sation characters in reverse order. For the purpose of synchro-
nisation the block address data has to be separated from the
plotter data by about 2 inch of tape. This can be done by in-
serting a dummy record or by elongating the block address record
by about sixty 4's.

2.1.2. The plotter data records begin with the same 18 synchro-

nisation characters as the block address records except that
the last must be a 2 (Fig. 5).

The plotter data are recorded in groups of 3 characters.
The first character in a group determines the X-motion, the
gecond the Y-motion, and the third the pen-up or pen-~down
movement as shown in the following table:

1st character 2nd character 3rd character
7 + X + Y pen-down
p - X - Y pen-up
6 no-action no-action no-action

Fig. 2 demonstrates the 10 possible triplets for the 10 pen
motions. Since the pen-up or pen-down motion takes more time
than the horizontal pen-motions, about 70 no-action characters
(6's) have to be inserted after each pen-up or pen-down triplet.
Each record should be terminated by 4634.

2.2, CETIS code

In the subroutines of CETIS each of the 10 plotter steps is
determined by a 6-bit tape character as shown in Fig. 3.

In this figure each character is interpreted as two octal
digits. The record length used at CETIS is 255 words (+ 1
computer identification word).



3. Subroutine PLOT for the IBM 7090 Computer -

The subroutine PLOT has the same function as the subroutine
EUPLT of CETIS (1) except that the magnetic tape is written

in original Calcomp code. For this purpose EUPLT and the PLOT
subroutine from Calcomp have been amalgamated. The flow diagram
is shown in Fig. 6.1. and 6.2. Subroutine PLOT is written in
FAP.

3.7. Subroutine PLOT

Entry points for PLOT: PLOT
PLTIR
FINIM
FINTRA
PTC

Subroutines called by PLOT: (WER)
BEGIN
DUMP
MSG

(WER) and DUMP are subroutines of the Fortran library.

Number of core locations used: 581 (1105 octal)

3.1.1. PLOT
Calling sequence: FORTRAN CALL PLOT (X,Y,I)
FAP TSX  ZPLOT,4
PZE X
PZE Y
PZE I

Description: PLOT causes the pen to be moved from its present

pogition on the chart to the point with the coordinates
X and Y (floating point variables in cm). This motion is
carried out with pen-down if I=2, and pen-up if I=3.
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For all other values of I the pen is not changed by PLOT.
The coordinates of the pen position on the chart at the
first call for PLOT are considered as (0.,0.).

When one of the entries PLOT, PLTIR or FINIM is called
the first time, the subroutine calls BEGIN which reads
the first block address from input tape 5 in the format
(I5). At this point and after each execution of FINIM
the subroutine decodes the block address and writes

a block address record on magnetic tape. The block
address counter is increased by 1. Logical tape 16
(B-8) is assigned as Calcomp tape.

3.1.2. PLTIR

Calling sequence: FORTRAN CALL TPLTIR (X,Y,I)
FAP TSX  BPLTIR,4
PIE X
PZE Y
PZE I

Description: PLTIR has the same function as PLOT except
that a dashed line is drawn (dash length = 0.3 cm).

This motion is carried out starting with pen-down if
I=2, and pen-up if I=3. For I#2 and #3 the subroutine
decides if the line begins with pen-up or pen-down,

which may be important for strongly curved lines.

3.1.3, TINIM

Calling seguence: FORTRAN CALL FINIM (X,Y)
FAP TSX QBFINIM,4
PZE X
P7ZE Y

Description: In pen~up position the pen is moved to point
(X,Y), which is.after the execution of FINIM regarded
as a new origin. All plotter data in the memory buffer
are written on tape and an indicator is set which causes

iiizal e e T T S e i e s e e
e s s i
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the following design to begin with a new block address.
It is necessary to finish each design with FINIM to
make sure that all calculated plotter data are

written on tape.

3.1.,4, FINTRA

3.

1

Calling sequence: PFORTRAN CALL FINTRA

FAP TSX QAFINTRA,4

Description: After the last design has been finished by

..

FINIM, FINTRA writes a final block address on tape.

PTC

Calling sequence: FORTRAN

CALL PTC (NB,NE)

FAP TSX #ZPTC,4
PZE NB
PZE NE

Description: PTC searches for the first and the last

block address of one or several designs and stores
the block address values in NB (first block address)
and NE (last block address)., The first time PTC is
called NB has the value which was read by BEGIN.

At any following call NB has the value of the first
block address written on tape after the previous call
for PTC. In this way starting and terminating block
addresses for different designs can be printed on the
output listings.
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3.2. Subroutine BEGIN

Entry point for BEGIN: BEGINW
Subroutines called by BEGIN: (TSH) |
(RTN)

(TSH) and (RTN) are subroutines. of the TFortran library.

Number of core locations used: 31 (37 octal)
Calling sequence: FAP TSX  ZBEGIN,4
PZE N

Description: This subroutine is called by PLOT and reads

the first block address from input tape 5 in format (i5).

3.3. Subroutine MSG

Fntry point for MSG: MSG
Subroutines called by MSG: (SPH)
(FIL)

(SPH) and (FIL) are subroutines of the Fortran library.

Number of core locations used: 46 (56 octal)

Calling sequence: TAD TSX  gNSG,4

Description: If the end of reel marker of the Calcomp tape
is reached, subroutine PLOT writes the block address 999
on tape and closes the file. ThenTLOT calls MSG, which
prints an operator message for changing tape B-8 on tho ‘
on-line printer. The new tape will start with block
address 999.
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Note:

The tape record length is 255 words. However,-this can
easily be changed by substituting in card PLOT3130 the
number 251 (= buffer length - 4) by a new value.

The maximum coordinate which can be used in PLOT, PLTIR.
and FINIM is 327.67 cm (= 2151 steps).

There are no tape marks on the tape written in this way.

If they are necessary they can be inserted by the normal
Fortran statement. The Calcomp magnetic tape unit 570 is
not affected by any other records than those of the plotte:
data.
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An IBM 1401 Program for Magnetic Tape Plotter Data Translation

4.1

. Description

The
the
the
the

program performs the tape translation from CETIS code into
code for the Calcomp magnetic tape unit 570 and indicates
end of files of the input tape and the block addresses on
list printer. The record length on the output tape is 3022

characters, The program is written in SPS. The flow diagram is

sho
The
of

4.2

wn in Fig. 7.
number of core locations used is 5937, including a buffer
3023 characters.

.Machine Configuration

4"3

8 memory (The program can be easily adarnted to a 4K machine:
if the buffer is reduced to abcut 100V memory locations).

Indexing feature.

Store address register feature.

. High-low-equal compare feature.

Column binary feature.

2 magnetic tape units.

. Tapes

2

3

4.4.

Input (CETIS tape)

Output (Calcomp tape for magnetic tape unit 570). :

Switches I/0 check stop = ON

N

|

Tape select switch :

RUW. ‘1
|

Mode switch
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4.5. Halts (Address in B-register)

0112
0223
0888
0999

Permanent redundancy in reading tape 2. Start = try again.
Permanent redundancy in writing tape 3. Start = try again.
Tnd of reel tape 3. Assign new tape for this unit. Start.

End of file on input tape. Start = continuation with
the following file.
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5. Plotter Subroutines for the IBM 1401 Computer

The subroutines PLOT, SYMBOL and IAXIS have been written in SPS

for the IBM 1401 computer. The tapes prepared are compatibel
with the Calcomp magnetic tape unit 570. Whilst the IBM 709v

plotter subroutines use all coordinates as floating point va-

riables in cm, the IBM 1401 subroutines require coordinates

given in multiples of plotter steps (field length of 5 positions).
Therefore the maximum coordinate to be designed is 999.99 cm.

5.1, Machine Configuration

.

2-

1. 4K or 8K machine (depending on the buffer length and
on whether PLOT, PLOT and SYMBOL or PLOT, SYMBOL and

IAXIS are used).

Indexing feature.

High-1 ow-equal compare

2.
3. Store address register feature.
4,
5.

1 magnetic tape unit.

Subroutine PLOT

Entry point for PLOT:

subroutine called by PLOT:

feature.

PLUT

.RWS,

W3, is a standard read-write-subroutine for the

181 1401 (3),

Number of core locations used:

Tapes uged:

Calling sequence:

The points (...) symbolize the values to be brought

the argument fields.

PLOT 945
.RWS. 281
Buffer 2006

3 = Calcomp tave

MCW... X
MCW, .. Y
MCW... IC
B PLOT

into
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Meaning of the arguments:

X and Y (each 5 characters) are the values of the coordi-
nates in multiples of plctier steps.
IC (1 character) is an indicator for the pen movement.

Description:The execution of PLOT causes the pen to be

moved from its present position on the chart to the
point with the coordinates (X,Y). This motion is carried
out with pen-down if IC=2,and pen-up if IC=3. For all
other values of IC the pen is not changed by PLOT.

For the first call of PLOT the coordinates of the pen
position are considered as (0.,0.) and block address 1
is written on tape. In subsequent calls of PLOT a
block address is only written on tape, if the indi-
cator BI has a zone bit. The plotter data for each
design should be terminated by a block address to make
sure that all plotter data have been written on tape.

In the fields PENX and PENY (each 5 positions) the coor-
dinates of the present pen position can be found. By
setting PENX and PENY to zero a new origin is defined

at the present position of the pen.

The block address BN (3 characters) is equal to 1 for the
first call of PLOT and is increased by 1 each time a
block address has been written on tape.

The execution time of PLOT can be decreased by increasing
the buffer length. This buffer length can be changed by
modifying the buffer area (cards 31150 to 32150) and

the branch instructions in cards 2601u, 26U5u and 261°u.

The flow diagram is shown in Fig. 8.1. and 8.2.
Note: The fields X,Y and IC are not changed by PLOT. This

may be used in some cases to reduce the calling se-
quence.,
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Halts: (Address in B-register)

0888 End of reel unit 3. Assign new tape for this unit.
Start.
If the end of reel marker is sensed, subroutine
PLOT writes the block address 999 on tape and
closes the file. The new tape starts with block
address 999,

Subroutine SYMBOL

Intry point for SYMBOL: SYMBOL

Subroutine called by SYMBOL: PLOT

Number of core locations used: 1586

Calling seguence:-. MCW. .. XSYM
MCW. .. YSYM
MCW. .. FACT
MCW. .. STHETA
MCW. .. NSYI
MCW. .. BCD +..
B SYMBOL

Meanin;: of the arguments:

XSYM and YSYM (5 characters) are the values of the lower,
left-hand coordinates of the first character measurca
in multiples of plotter steps except for the centercd
cross for which XSYM and YSYM are the coordinates of
the centre.

FACT (5 characters) determines the size of the symbol in
the following way:
Height of the symbol = 7 % FACT (for centered crosc
= 4 % FACT)
Width of the symbol = 4 x FACT

Distance between two
symbols = 2 x% FACT



I9

STHETA (1 character) = O for writing symbols in pos.X-di-
rection -
= 1 for writing symbols in pos.Y-di-
rection.

NSYM (2 characters) is the number of symbols to be designed
in one call for SYMBOL ( £ 32).

BCD is the left-hand address minus 1 of a field of 32
positions. The characters to be designed have to be
left-hand adjusted within this field. The string
of maximal 32 characters can be designed by one
branch to SYMBOL. BCD+1 has a word mark.

Description: Subroutine SYMBOL designs the NSYM characters
in location BCD+1 to BCD+NSYM with the height of 7 =
FACT. The following characters are available:
AtcZ,0to9and +-% ()8, .=,
punched in IBM 1401 card code.

The centered symbol + is punched 4-8.
The flow diagram of SYMBOL is shown in Fig. 9.

Note: XSYM and YSYM are changed in this way that they always

contain the coordinates of the character being designed.
NSYM is decremented by 1 each time a character is

' completed. FACT, STHETA and BCD are not affected by
the execution of SYMBOL. However, SYMBOL calls PLOT
and the values of X, Y and IC are changed by SYMBOL.
(For a 4K machine the MA operation in card 12050
has to be changed to A).

5.4. Subroutine TAXIS

Entry point for TAXTIS: TAXIS
Subroutines called by IAXTIS: PIOT
SYMBOL

Number of core locations used: 715
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Calling sequence: MCW, .. XAXIS
MCW. .. YAXTS
MCW. .. LAXTIS
MCW. .. ATHETA
MCW. .. NAXIS
MCW... BCD1  +,.
MCW. .. AMIN
MCW... DA
MCW. .. DL
B IAXIS

Meaning of the argsuments:

TAXIS and YAXIS (5 characters) are the coordinates of the
start of the axis.

LAXIS (5 characters) is the length of the axis in mul-~
tiples of plotter steps.

ATHETA (1 character):

Numerical part of ATHETA = O for horizontal AXIS
= 1 for vertical AXIS.

If ATHETA has no zone bits the scales, tic marks,
and label will be drawn on the right-hand side of
the axis.
If ATHETA has a 1l-zone bit, the scales, tic marks,
and label will be drawn on the left-hand side of the
axis.

NAXIS (2 characters) gives the number of symbols for the
label of the axis (% 32).

BCD1 is the left-hand address minus 1 of a field of 32
positions. The characters in BCD1+1 to BCD1+NSYM
determine the label of the axis. The tic marks, the
scale numbers, and the label are all drawn on the
same side of the axis.

AMIN (5 characters) is the functional value to be assigned
to the origin.
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DA (5 characters) is the scale increment.

DL (5 characters) is the distance from one tic mark to
the following in multiples of plotter steps.

Description: Subroutine IAXIS designs a linear scale in
horizontal or vertical direction. The height of the
gscale numbers is 0.35 cm and that of the label 0.42 cm.
Because the gcale is graduated by integer numbers

(sign + 5 digits) one has in general to put a scale
factor in the label, e.g.

ENERGY MEV (X 10 =% 2).

The flow diagram of IAXIS is shown in Fig. 10.

Note: AMIN and ATHETA are modified by the execution of
IAXIS, all other parameters are not changed.
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6. An IBM 1401 Plotter Program Example

6.1, Description

The program prepares a magnetic tape for plotting multi-
channel analyser data. The channel numbers are plotted on
the ¥-axis, the counts per channel on the Y-axis. The plot
can be a histogram or a curve in which the points (counts
per channel) are connected by straight lines.

The analyser data are recorded on mégnetic tape in blocks
of 256 channels each of 6 digitsx. Fach block is headed by
an identification word of 6 characters. The first two cha-
racters of the identification word define the block number.
The last 4 characters define the identification number of
the spectrum. The spectrum must consist of complete blocks
of 256 channels.,

The flow diagram is shown in Pig. 11.

6.2. Machine Configuration

1., 8X machine.

2. Ihdexing feature,.

3. Store address register feature.

4, High-low-equal compare feature.

5. 2 magnetic tape units,

6. Sense switches feature.

6.3. Tapes

3 = Output (Calcomp tape)

2 = Input (Analyser data).

6.4, Switches 1I/0 check stop = ON
Tape select switch = N
Mode switch = RUN
A (last card) = ON,

*

(The left-most digit is always zero).
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ON No list of input data is printed.
OFF List of input data is printed.

ON Y-axis is larger than 35 cm.
OFF Y-axis is smaller than 35 cm.

ON The spectrum will be plotted in histograms.
OFF The spectrum will be a curve in which the points are
connected by straight lines.

ON The scales of the axis are suppressed.
OFF Scaled axis are designed.

. Halts (Address in B-register)

o111

0223 Permanent redundancy in writing tape 3. Start

033

2 Permanent redundancy in reading tape 2. Start

3 Spectrum cannot be found on input tape. Verify control
card. Start = begin again.

0444 Change tape unit 2., See message printer. Start.

0888 End of reel unit 3. Assign new tape for this unit. Start.

0999 End of Jjob. Start = new Job.

6.6. Control Gards (One for each plot)

Col. 4-6 Tape number (Col. 6 # blank).

Col. 10-13 ID-number of spectrum to be plotted.

Col. 15~16 Tirst block to be plotted.

Col. 17-18 TIast block to be plotted.

Col. 20-22 Scale factor X (= number of channels/cm),must be
100 or a divisor of 100.

Col, 24-27 Scale factor Y (= number of counts/cm).

Col. }1—35 Maximum count to be designed. All counts greater
than this maximum count will be cut off at this
value.

Col. 40-72 Remarks, will be headed on the output listing.

try again.

try again.
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Note: If there is more than one plot to be designed the
control cards for all plots can be put together into the card
reader,

6.7. Memory locatiorsused: 7887

6.8. The execution time for a plot of 80 cm length and 35 cm
height takes about 10 minutes for IBM 729 IV tape units.
Two examples are shown in Fig., 12 and 13.
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8. Figures and Flow Diagrams

Figure captions

Fig,

Fig,

Tig,
Fig,
Fig,
Fig.
Fig.

Fig.

1.

The 8 basic directions of the Calcomp digital
incremental plotter,

Original Calcomp code of the 10 different pen
motions: pen-up, pen-down and the 8 basic directions.

CETIS code of the 10 different pen motions: pen-up,
pen-down and the 8 basic directions.

Block address record in original Calcomp format.
Plotter data record in original Calcomp format.

and 6.2.: Flow diagram of the IBM 7090 subroutine
PIOT.

Flow diagram of IBM 1401 program for magnetic tape
plotter data translation.

and 8.2.- Flow diagram of IBM 1401 subroutine PIOT.
Tlow diagram of IBM 1401 subroutine SYMBOL.

Flow diagram of IBM 1401 subroutine IAXIS.

Flow diagram of an IBM 14071 plotter program example.
Plot of analyser data in histograms.

Plot of analyser data as a curve in which the points
are connected by straight lines.
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9. Program Listings

Subroutines PLOT, BEGIN, MSG for the IBIM 7090 coﬁputer

Magnetic tape plotter data translation program for the IBM
1401 computer (TRAN)

Plotter subroutines for the IBM 14071 computer (PLOT)

A 14017 program for plotting multi-channel analyser
data (ANAL)



PAGE 1

9/05/66

TRA/PTC.

PLOT
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