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ABSTRACT

The interaction of IBM360 programs with the Tektronix T4002 Graphical
Display terminal attached to the NOVA computer is described. These interactive
facilities are used to allow plotter output from the IBM360 computer to be
displayed on the Tektronix Display Screen. Arbitrary sections of plots may
be enlarged to any desired magnification for detailed viewing without the
traditional 'wrap-arocund' problem. This application is the first example of
interactive computing using the AREC Network and demonstrates the effectiveness

of both the hardware and the software involved.
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1. INTRODUCTION

At the Australian Atomic Energy Commission Research Establishment, a
number of computers are being linked together via the AAEC Dataway (Ellis
1970) to form a Computer Network (Richardson 1970) connected to the IBM360
central computer. A NOVA computer supporting five teletypewriter terminals
and a Tektronix T4002 Graphical Display terminal using the ACL-NOVA system
{Sanger 1971; Bennett and Sanger 1972) was the first computer on the Dataway.
A PDPOL computer was the next computer on the Dataway and, since this computer
wag already attached to Selector Channel 2 of the IBM360 computer, this
provided the path for NOVA access to the IBM360 computer. The PDP9L computer
essentially acts as the 'telephone exchange' for all Dataway communication
with the IBM360 computer.

To demonstrate the effectiveness of Dataway communication for interactive
computing, software was developed to allow interaction between IBM360 programs
and the Tektronix Display terminal attached to the NOVA computer. The first
application of this interactive software allowed IBM360 plotter output to be
displayed on the Tektronix Display terminal.

The IBM360 user has access to a Calcomp Incremental Plotter attached to
the PDPOL computer via AAREC-written IBM360 and PDP9L software (G.W. Cox, AAEC
unpublished report) and the data generated by these routines is sent to the
PDPIL computer for plotting using the IBM360-PDPYL Link. Backup copies of all
plots are held on a series of 9-track magnetic tapes for a period of seven days
and it is from these backup tapes that the data for the displaying of plotter
output is obtained. The incremental plotter data is used to produce a vector
description (where the end-point coordinates only are required) and this is
saved on IBM2314 disk storage. It is more efficient to use a vector description
on the Tektronix Display terminal, and the typical data reduction of approxi-
mately 3 to 1 from incremental to vector mode also results in a very substantial
reduction in the disk space required to describe the plot.

The viewer may choose either to add new plots to ones currently held on
disk or to view those already present. The X or Y scales of the plot may be
changed easily to allow the full plot to be viewed and, with the aid of the
Tektronix 'joystick', any part of the plot may be enlarged to fill the screen
for viewing in greater detail. This view may be enlarged repeatedly, thus
producing any required magnification of any part of the original plot without
'wrap-around' from 'off-screen' vectors producing spurious lines across the
display screen.

The displaying of plotter data on the Tektronix Display screen provides
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the first example of interactive Dataway communication between the NOVA and
IBM360 computers and demonstrates the effectiveness of both the hardware and
software involved as well as providing a most useful facility for studying the
graphical output of IBM360 programs in great detail.
2, CURRENT PLOTTING FACILITIES

2.1 IBM360 Software

The IBM360 Fortran user generates plotter output via calls to AAEC-written
subroutines (G.W. Cox, AAEC unpublished report) such as GPSEND (which initia-
lises the graph), GPLOT (which generates series of plotter movements that
correspond to either a pen-up or pen-down motion from the current point to the
point (X, Y)),GPTEXT (which allows text of arbitrary size and orientation to be
plotted) and GPNUMB (which allows numerical data to be plotted in I, ¥, E, D or
G Pormat). The output consists of a series of EBCDIC characters specifying
pen-up, pen-down or any of the eight directions of motion of the plotter pen.
In addition, there are Start of Plot, End of Plot and Start of Text characters
to allow the drawing of several plots from the one Fortran program. The Start
of Text character (followed by a l-byte character count and a message) allows
Operator messages to be included in the plotter data (e.g. PLEASE MOUNT RULED
PAPER AND BLUE PEN), and are in ASCII code for printing on the teletypewriter
terminal attached to the PDP9L computer. The plotter output generated for a
long straight line consists either of a long series of identical increments in
one of the 8 principal directions or of a long series of recurring patterns of
two different plotter increments. In each case, the vector representation
results in a marked reduction since only the end-point coordinates are required.
For short lines and detailed plotting, the vector representation may be waste-
ful, but for a typical graph composed of axes, text, numerical data and plotted
points, the overall reduction is approximately 3 to 1 in favour of the vector
representation.

The Tektronix Display terminal could have been used to draw the plots in
an incrementai mode, but this would have been nearly as slow as drawing them
on the Calcomp plotter. By setting up a vector representation of the plot and
taking advantage of the vector mode available on the Tektronix Display terminal,
the time taken to draw the plot on the Tektronix Display screen is greatly
reduced.

2.2 The WTRC Program

All plotter output data generated by the Fortran user is added to the
SYSOUT=C output gueue by the IBM360 MVT (Multiprogramming with a Variable Num-
ber of Tasks) Operating System and remains on the IEM2314 digks until an output
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writer program WIRC (R.P. Backstrom, AAEC unpublished report) is started by
the Operator. The WTRC program sends the plotter (and punched paper tape)
output to the PDPOL 7-Track magnetic tapes to form a Jobstream for the PDPOL
computer, and at the same time produces a backup copy of the cutput on the
IBM360 9-Track Magnetic tapes. When the SYSOUT=C queue is empty, the Operator
stops the Writer and allows the PDPOL to produce the punched paper tape and
the plotter cutput required. A series of backup tapes allows data to be saved
for a period of up to 7 days, and it can be recovered by using the COPYWTRC
progiam (R.P. Backstrom and B.L. Arnold, AAEC unpublished report).

The WIRC program also produces a list of jobs added to the backup tapes
and a record count from each SYSOUT=C data set produced by each job. This
list provides a valuable guide when deciding which plots to display since
large plots could overflow the preallocated disk data set (currently set up
with a primary allocation of 5 cylinders with 1 cylinder extents) used for
saving the vector representation of the plots.

3. NOVA SOFTWARE

3.1 Communicating_with the IBM360 Computer

There are a number of modes of communication between the NOVA and IBM360
computers (Sanger and Backstrom 1973) and these fall into three main types.
Firstly, the NOVA computer may initiate requests for programs stored on the
IBM2314 disks to be loaded directly into the NOVA computer via the Dataway.
These requests are serviced as soon as there is sufficient core storage
available in the IBM360 computer to allow the AEATN48 routine to send the pro-
gram to the NOVA computer. These program loading requests are usually of
short duration (approximately 1l or 2 seconds) and so are given a high priority.

The second type of communication results in the addition of a batch job
into the IBM360 Jobstream, which is accomplished by the IBM360 routine AEATRA4S
writing the appropriate Job Control Language (JCL) and data (SYSIN data) to the
'internal reader' of HASP (Houston Automatic Spooling and Priority package).
This second type of request is also of short duration and again is given a
high priority.

The third type of communication takes place when a currently running
batch job (added to the Jobstream by writing to the HASP internal reader)
interacts with the Tektronix Display terminal attached to the NOVA computer.
The batch job issues Read and Write commands to the Tektronix Display terminal
as if it were a normal IBM360 7-Track Magnetic tape unit; meanwhile the
software in the NOVA computer is set up to allow information to be displayed
on the Tektronix Display screen as the result of the Write commands and to

allow information typed at the Tektronix Display keyboard to satisfy the Read
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requests. This third type of communication requires only short bursts of
IBM360 CPU activity over a long period of time. These jobs should really be
run under a proper time-sharing monitor as discussed by Sanger and Backstrom
(1973). The various responses given by the NOVA computer to the Read and
Write commands issued to the Tektronix Display Terminal are discussed in the
next Section.

3.2 The ACLNOVAT Program

3.2.1 General discussion

A special version of the ACL-NOVA system, ACLNOVAT, was set up to allow
ACL-NOVA to be used at the five teletypewriter terminals while the Tektronix
Display terminal was being used to interact with a program in the IBM360
computer via the Dataway. The ACLNOVAT program used 7%-K words in the NOVA
computer (an extra 1K words) leaving 4K words for ACL~NOVA work areas. The
interaction with the Tektronix Display terminal is handled entirely under
Interrupt, with the AETAM routine in the NOVA computer processing the interrupts
from the Dataway and from the Tektronix Display and passing any othexr interrupts
to the ACL-NOVA interrupt handler. The only other modification made to the

normal ACL-NOVA system was to allow Dataway Interrupts always to be enabled
| {(that is, Interrupt Priority line 8 is always enabled (Sanger, Jones and Ellis
1973)).

To run a job on the IBM360 computer that will interact with the Tektronix
Display terminal, the user should first type the appropriate ¥ command (see
Section 3.2.2) at the display keyboard. The NOVA computer then sends a job-
stream request to the IBM360 computer and signals the PDP9L computer that the
Tektronix Display, Dataway address X '49', is now Ready. The JCL and SYSIN
data required to run the interactive display job is added to the normal IBM360
Jobstream and subsequently executed.

The interactive display job communicates with the Tektronix Display
terminal using normal IBM360 device allocation (using a DD card in the JCL
referencing device address X '249' as a magnetic tape unit) and the EXCP
(Execute Channel Program) Macro instruction to perform the actual data
transfers (reads and writes). As far as the IBM360 program is concerned the
Tektronix Display appears to be a 'passive device' that will display whatever
is written to it and supply a line of input in response to a Read request.
This means that the interaction with the Tektronix Display terminal must be
built into the IBM360 program in the form of appropriate Read and Write
sequences with the IBM360 program controlling, for example, the output mode

of the Tektronix Display terminal (that is, making sure that it is in the
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required alphanumeric, incremental, point or vector mode) or enabling the
cross-hair cursor associated with the Interactive Graphic Unit ('joystick")
attachment of the Tektronix display if the coordinates of a point on the screen
are required.

The 'passive device' function of the NOVA software gives IBM360 programs
complete flexibility in their interaction with the Tektronix Display terminal;
the responses given to the Read and Write sequences will be discussed in
greater detail in Sections 3.2.3 and 3.2.4.

3.2,2 Job initiation by the NOVA

When a job is to be run on the IBM360 computer that will interact with
the Tektronix Display terminal, the § key followed by up to 22 characters of
information (termimated by a carriage return) should first be entered at the
Tektronix Display keyboard.

A Primary Write of 24 bytes, containing the characters X '0003' followed
by the 22 characters of information, is sent to the PDPIL computer. The PDPIL
computer signals Attention to the IBM360 computer and marks the NOVA computer
address X '48' as being Ready (Sanger and Backstrom 1973). The NOVA then
sends a NOP Control (Command Code X '03') sequence to the PDPOL computer to
indicate that the Tektronix Display terminal, address X '49', is now Ready.

On receipt of the Attention signal from the PDPIL computer, the IBM360
computer performs a Diagnostic Read to the PDPOL to obtain the 24 bytes sent
by the NOVA. Since the first two bytes are X '0003', contxol is passed to the
AEATR48 routine and the next 22 bytes are matched against entries in an
authorised procedure list. If the 22-byte character string appears in the
authorised procedure list, then a corresponding procedure name is taken from
the list and added to the JCL that is then written to the HASP internal reader.

The interactive display job is now part of the normal IBM360 Jobstream
and is subsequently run as a normal CLASS=F job, When the job begins execution,
the IBM360 Operating System sends a number of commands to the device address
X '249' as part of its Job Allocation procedure. To avoid problems at Job
Allocation time, care must be taken to specify the correct JCL on the DD card
referring to device address X '249'; the appropriate JCL is shown in Appendix
A for the AENVPLT1 and AENVPLT2 procedures.

The software in the NOVA computer copes with the requests to R 249 (remove
the magnetic tape mounted on device address X '249') and M 249, NOVA, NL,
AENVPLT2, PLOT (mount an unlabelled tape on device address X '249") by replying
with immediate Unit Check (UC) status to the Rewind/Unload command sent to
R 242 (this marks address X '49' as Not Ready in the PDPOL computer), and then
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sending a NOP Control sequence to present Device End (DE) status to satisfy
the Mount request (this marks address X '49' as being Ready again}.

3.2.3 Sending information to the Tektronix Display

Three Write commands, with Command Codes X '0l', X '05' and X '09' addres-
sed to X '249', can be used to send information to the Tektronix Display
terminal. For each of these commands, 512 bytes of data should be sent to the
NOVA computer which stores them in one of two 256-word (512 byte) buffers.
Each 512-byte record should contain the actual data byte count in the first
two bytes, followed by up to 510 bytes of display data. The NOVA computer
sends the information as it is received to the Tektronix Display terminal and
it is up to the IBM360 program to ensure that the output mode of the display
is correct {that is, that the display is in the required alphanumeric, incre-
mental, point or wvector mode).

A 'Pure Write', command code X '0l', should normally be used to transmit
data that is to be written to the Tektronix Display screen. On receipt of a
512-byte record, the NOVA computer sends Channel End, Device End (CE, DE)
status if the second data buffer is free. Otherwise, Channel End status plus
a Busy Sense Code is sent to the PDPY9L computer, followed later by a NOP
Control sequence to tlie PDPY9L computer to present asynchronous Device End
status when the next data buffer is free. In this second case, the IBM360
interactive display program remains in the 'wait state' until the asynchronous
Device End is presented; this allows other programs in the IBM360 computer
to continue execution. Equally important is the fact that the CE response
immediately frees the IBM Selector Channel 2 thus allowing other devices to
use this channel (Richardson 1973) while the interactive display program is
waiting for the DE status. Pure Write commands should normally be used to
send graphical data to the Tektronix Display screen to draw piétures, set up
tables of results and so on.

Command code X '05' is termed a 'Write to be followed by Read' command
and indicates that a line of input is required from the Tektronix Display
terminal once all the output has been sent to the display. The NOVA computer
responds to this command by giving CE status plus Busy Sense Code to the PDPIL
computer. Once all the output has been sent to the Tektronix Display terminal
and a line of input received from the display (terminated by a carriage return)},
then a NOP Control sequence is sent to the PDPO9L computer to present DE status.
The asynchronous DE status indicates that the IBM360 program should issue a
'Pure Read' command (Command Code X '02'} to receive the line of data from the

Tektronix Display terminal. The command X '05' also indicates that the input
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characters received from the Tektronix Display terminal are to be sent back to
the display screen (echoed) for visual checking. Typically, this command will
be used to write a question on the display screen for the viewer to answer
such as: SPECIFY PLOT NUMBER. Only when an answer has been given by the viewer
and carriage return pressed is the asynchronous DE sent to the IBM360 computer.
The subsequent Read commcond is answered immediately by the NOVA computer.
Command code X '09' is also a 'Write to be followed by Read' command and
is identical to the command X '05' except that input characters received from
the Tektronix Display terminal are not to be echoed at the display screen.
This command is used to enable the cross-hair cursor by sending special output
characters to the display (see Section 3.2.7), and to suppress the echoing of
the data transmitted to the NOVA computer when the viewer presses a keyboard
character to specify the coordinates of a point on the screen. A series of
6 characters is sent to the NOVA computer when this occurs: the ASCIT code
for the character pressed, two X and two Y coordinate characters indicating
the coordinates of the intersection of the cross-hair cursor lines, and
finally a carriage return character. The coordinate characters, if echced,
would produce unpredictable results, thus spoiling the appearance of the
graphical output, and so are suppressed. Another possible use for the non-
printing reply is for entering passwords or codes for security reasons. In
fact, the AENVPLT2 program (see Section 5) has a facility for deleting plots
which depends on the acceptance of a non-printing password.

3.2.4 Reading information from the Tektronix Display

Two Read commands, with Command Codes X '02' and X 'OA', addressed to
X '249' can be used to read information received from the Tektronix Display
terminal. In response to each Read request an 80-byte record containing the
actual data is either sent to the IBM360 computer or set up to be Read by the
IBEM360 computer.

If the NOVA computer receives a Read command and there is no input
available from the Tektronix Display terminal, then immediate CE status plus
Busy Sense Code is given to the PDPSL computer followed later by a NOP Control
sequence to the PDPYL computer to present DE status when the input line is
available. On the receipt of the DE status, the IBM360 program should check
that no data was transferred (by examining the residual byte count in the
Channel Status Word) and re-issue the Read command to receive the input from
the Tektronix Display. In this case the command code X '02' indicates a
'Pure Read' or a 'Read with Echo' and the input from the Tektronix Display is

echoed on the display screen, while command code X 'OA' indicates a 'Read
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without Echo' and the input from the display is #0f echoed on the display
screen.

When a Read command is sent to the NOVA computer after a previous Write
X '05" or X '09' command has been used to obtain a line of input from the
screen, then the 80-byte data record is sent to the IBEM360 computer and CE, DE
status given to the PDPYL computer. In this case, it does not matter which
Read command is issued to obtain the Tektronix Display input since it is the
Write command code that determines whether the input is to be echoed or not.
It is probably more consistent to use the Read command X 'OA' with a Write
X '02' command, and the Read command X '02' with a Write X '05' command.

Input from the Tektronix Display terminal can thus be read in two
different ways, but the use of a Write command followed by a Read command is
more efficient in terms of IBM360 CPU activity and Dataway resources. It is
Ii up to the IBM360 program to check the validity of the input received from the
Tektronix Display terminal. For example, the response resulting from an
immediate carriage return is an 80-byte record containing a zerc byte count.
To a question such as: X SCALE =, it would imply that no change was required
from the previous value of the X scale, but in response to the question:
SPECIFY BACKUP TAPE LABEL, a null response is unacceptable and the question is
repeated by the TBM360 display program.

3.2.5 Interrupting display output

If the ? character is pressed while output is being sent to the Tektronix
Display screen, then the transmission of characters to the display is terminated
by the two buffers being marked empty, and immediate Unit Exception (UE) status
given in reply to the next 'Pure Write' command from the IBM360 computer. It
is up to the IBM360 program to recognise this UE status, and this feature is
used in the AENVPLTZ2 program to allow the viewer to interrupt a graph in process
of being displayed (so that the scales may be respecified, the picture enlarged
or another plot chosen for display).

3.2.6 Correcting input at the Tektronix Display

If an error is made while input is being entered from the Tektronix Dis-
play keybocard, then the < character should be typed. The NOVA computer responds
te this by cancelling the current input and sending a < character, carriagé
return and line feed to the display. The input line should then be retyped.

3.2.7 8Special features of the Tektronix Display

The IBM360 interactive display program should also cope with the special

features of the Tektronix Display terminal. For example, it takes %-second to

clear the screen of the Tektronix Display and no displayable output should be



sent to the display during this pericd. The IBM360 can handle this quite
simply by sending a record to the NOVA computer containing the US character
(to set alphanumeric mode), the CAN character (to clear the screen) followed
by 200 null characters ({(zeros).

To allow tracking mode on the Tektronix Display to be used by the IBM360
program, the US character and DCl character (to enable the cross-hair cursor)
should be followed by four null characters, before sending the ENQ character
to read the coordinates of the cursor, to ensure that 10 milliseconds have
elapsed before requesting the coordinates of the cursor. Whenever the co-
ordinates of the cross-hair cursor are sent to the IBM360 computer, a check
should be made that exactly five characters are received or the request should
be repeated.

To reduce the amount of data that has to be sent to the Tektronix Display
the IBM360 program should take advantage of the fact that in vector mode if
the high order X and/or high order Y coordinates of successive points are
identical, then only the corresponding low order coordinates need be gent to
the display.

3.2.8 Responses to Rewind/Unload commands

Providing the correct JCL has been specified on the DD card referring to
device address X '249' as discussed in Appendix A, then the IBM360 computer
will only issue Rewind/Unload commands at the start and at the end of the
interactive display job. The NOVA software copes with these commands by reply-
ing with immediate UC status (to mark the address X '49' as Not Ready in the
PDPIL computer) and if a Read or Write command to address X '249' has not been
received by the NOVA computer after the initial Primary Write to the PDP9L, then
a NOP Contreol sequence is used tc present DE status to the PDP9L computer (to
mark the address X '49' as Ready again).

4, IBM360 SOFTWARE _

4,1 Introduction

The first IBM360 programs to interact with the Tektronix Display terminal
via the Dataway were developed to allow WIRC plotter ocutput to be viewed on
the Tektronix Display screen. The AENVPLTL program allows plots stored on
WIRC backup tapes to be converted from incremental form to vector form and
stored in a partitioned data set on IBM360 digk for later viewing at the
Tektronix Display; this is discussed in Section 4.2.

The AENVPLT2 program allows plots already stored in vector form as members
of a partitioned data set on IBM360 disk to be viewed at the Tektronix Display

terminal. Arbitrary sections of the plots may be enlarged to any desired
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magnification for detailed viewing without the traditional ‘'wrap-around' prob-
lems; this is discussed in Section 4.3.

4.2 The AENVPLT1 Program

4.2.1 Preparing plots for viewing

To prepare plots from any of the WIRC backup tapes for viewing, the initia-
ting message: @SCREATE WIRC, typed at the Tektronix Display keyboard causes the

following JCL statements:

//AENVPLT1 JOB (C1F90072,NOVA) ,DATAWAY.USE,
// CLASS=F, TIME=15, PRTY=9
//NOVA EXEC AENVPLT1

to be added to the IBM360 Jobstream. When this is initiated by the MVT Opera-
ting System, it will begin communication with the Tektronix Display terminal.
The first message to appear on the display is the heading: AENVPIOT followed
by the request: WTRC BACKUP TAPE = to specify the label of the required back-
up tape. The viewer should then enter the tape label of the backup tape con-
taining the plots required for viewing. An IBM360 console message is then
issued asking the Operator to mount the specified tape on one of the IBM
9-Track Magnetic tape units., When this has been done, the AENVPLT1 program
searches for the first job identification record (produced by the WIRC program)
which consists of a 24-byte record containing the 8-byte jobname plus date and
time of job initiation in the following format: JOBNAMEL 73.044 10.39.43
which is translated to ASCII code and sent to the display in the form of a
question: JOBNAME1 73.044 10.39.43? to which the reply is Y (meaning yes),
N (no) or E (to end the processing of the current backup tape). If the reply
is ¥, the plot data is read from the tape and translated into a vector descrip-
tion and stored on disk, continuing until the next job identification record
is found. The current list of plot jobs held on disk is then displayed, along
with the percentage of utilisation of the disk data set, and the next job
identifier recoxrd is displayed for decision. If the reply N is given, a search
is made for the next job identifier record without rewriting the plot job list
on the screen.

The reply E allows the viewer to end processing of the current backup tape.
The message: ANOTHER BACKUP TAPE REQUIRED? then appears on the screen and
the reply again, is Y or N. If the viewer replies Y, the tape label request:
WIRC BACKUP TAPE = is reissued and the above process repeated. Any number of
WIRC backup tapes may therefore be used without the need to start the AENQPLTl
program more than once. If the reply is N, however, the message: END OF STEP
appears on the display screen while the IBM360 Operating System terminates

the first step of the AENVPLT1 procedure and initiates the next step (which is,
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in fact, the same as the AENVPLT2 procedure) to execute the AENVPLT2 program
and to display the plots now currently held on disk. The advantage of setting
up the AENVPLT1 procedure to use two steps instead of one is to allow the
IBM360 Operating System to release the IBM 9-Track Magnetic tape unit for use
by some other job while the plots are being viewed on the Tektronix Display
screen. It would clearly be most undesirable to tie up one of the Magnetic
tape units for, say, periods of up to 45 minutes when the AENVPLT1 program
required it for only the first 5 minutes.

4.2.2 Conversion to a vector description

The WIRC backup tape data consists of 800-byte records containing plotter
increment characters and other special characters such as Start and End of
Plot and Start of Text which is followed by ASCII characters for printing as
an Operator message on the PDPOL teletypewriter. The pen increment characters
(0 to 7) describe the 8 principal directions (450 apart) starting with the
positive X direction and proceeding anticlockwise. Pen-up and pen~down are
represented by the characters 8 and 9 respectively and the Start and End of
Plot characters are Y and Z.

The method adopted for reconstructing the vector description from the
incremental mode data is based on the fact that any pen-down motion which
represents a single straight line must be described by a series of plotter
increments in at most two adjacent principal directions (G.W. Cox, AAEC
unpublished report). If the line was originally in one of these eight
directions, then clearly this may be represented by a series of identical
increment characters. Otherwise, the line must be strictly between two adja-
cent principal directions. If the line is exactly halfway between them, the
optimal description of the line will include alternately pen movement charac-
ters in each of these directions. Suppose the line is closer to the first
principal direction than the second. In this case, there will be a number of
pen movements in the first direction and then precisely one movement in the
second followed by a number in the first direction and a single movement in
the second direction., For optimal approximation of the line, the number of
consecutive movements in the first direction that now follow may vary by one
till the end of the line, but there may only be single increments in the
second direction,

By these means it is possible to follow each line and to detect the
starting of a new line. Movements with the pen up, of course, need no such
sophisticated tracking alogorithms because only the coordinates of the next

point with the pen down need be noted for the continuation of the plot.
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The format chosen for the vector description was to record the X and Y
coordinates in a binary format in units of plotter increments which are stored
as pairs of 16~bit halfwords with the two high order Y bits signifying pen-up
or pen—-down and start of plot. This allowed for more than adequate pen move-
ment (13%-feet (16383 increments) in the Y direction and 54 feet (65535 incre-
ments) in the X direction).

4,2,3 Disk data set organisation

The format of the disk data set to hold the plotter information for dis-
play was chogen to be a Partitioned Data Set (PDS) containing each individual
plot-as a separate member {to allow fast retrieval of any specified plot) and
a special member (named DISPLAY) holding the current list of plots available
for viewing. The DCB parameters of the data set are: RECFM=F, BLKSIZE=802 with
each record containing up to 800 bytes of information, the actual byte count
being indicated in the first two bytes. The 'directory' member, DISPLAY, holds
up to 25 entries, each containing a 24-byte job identification record, the
number of plots produced by this job and also record counts of both the original
incremental mode description and the vector description for assessing the
compression ratio.

The member name of each plot is constructed as follows: the first three
bytes of the associated jobname, then a 2-character index value indicating its
position in the directory and, finally, a three-character plot number. For
example, the member name of the third plot of the job RPBPLOT which is second
in the directory list would be: RPB0O2003. This descriptive member-naming
convention (besides being simple to implement) proved to be most useful during
the early weeks of the testing and development of this plot display system.

All disk Input/Output is performed using the BPAM (Basic Partitioned
Access Method) macros READ, WRITE, CHECK and STOW. The FIND macro is also used
to position the data set logically prior to READ instructions to access particu-
lar plot members. The directory member, DISPLAY, is rewritten in place {using
the UPDAT option of BPAM) as each new plot is added to the data set so that,
in the event of an IBM360 System failure, the most recent member information
would be available. A listing of the AENVPLT1 program is given in Appendix C.

4.3 The AENVPLTZ Program

4.3.1 Viewing plots on the Tektronix Display

To begin viewing plots (assuming that no additional plots are to be added
to the disk data set), enter: @DISPLAY WIRC at the Tektronix Display keyboard.
This will cause the addition of the following JCL statements to the IBM360

Jobstream:
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/ /BENVPLT2 JOB  (C1F90072,NOVA) ,DATAWAY.USE,
/7 CLASS=F, TIME=15, PRTY=9
/ /NOVA EXEC AENVPLT2

When this job begins executing, it will display the current list of plot jobs
available for viewing, numbering them from 1 to n. The message: SELECT JOB
NUMBER: then appears, The viewer should then enter a number in the range 1 to
n followed by carriage return (CR). The request is repeated if any other reply
is given. The number of plots produced by each job appears in the jobname list
and, if there is more than one present, the request: SELECT PLOT NUMBER: is
issued. Again, an appropriate number should be entered. The X and Y scales
must next be entered in response to the requests: X SCALE = and ¥ SCALE =,
There are default values of 1 for each direction which produces a view of
approximately one plotter page (11" by 16" on the plotter). If these defaults
are acceptable, the viewer should press carriage return in response to each
request. Otherwise, values expressed as rational fractions should be given.
For example, to fit two plotter pages on the screen, the X scale should be
specified as 1/2 and the Y scale as 1 (by giving an initial CR or by specifying
1 explicitly). The convention chosen for these scale quantities is that they
apply directly as scale factors in the X and ¥ directions, and so to allow more
to be displayed initially on the screen, small scales (such as 1/2 ox 2/5 etce.)
should be chosen.

Once all the required parameters have been chosen, the digplay output
proceeds to give a view of the particular plot on the required scale. When the
plot is finished (or is interrupted by the viewer pressing the ? character)

a US character (to set alphanumeric mode) and a HOME character (to position the
beam at the top left-hand corner of the display screen) are sent to the display
via a Write X'05' command. HNo messages are written on the screen at this point
to allow photographs (or photocopies) to be made of the plot without cperator
messages speoiling the output.

Two responses can now be made by the viewer, namely, an immediate CR ox
the letter C followed_by CR. If CR alone ig pressed, the screen is cleared and
a list of options presented. These include:

1 - Reset Scale of Current Plot

2 - Choose New Plot in Current Job

3 - Specify New Plot Job
and 4 - End of Run
which are followed by the request: SELECT OPTION NUMBER:. A number from 1 to 4
should then be entered. Option 4 ends the running of the AENVPLT2 job and
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terminates the current interaction with the IBM360 computer. Option 3 provides
the plot job list again for selection of a new plot. Option 2 allows a new
plot from the current job to be selected and the X and Y scales to be respeci-
. fied {if necessary). Option 1 assumes everything is unchanged except the
scales. Pressing CR to the X SCALE = and Y SCALE = requests, in fact, leaves
the scales (as previously specified) unaltered.

If ¢, followed by CR, is pressed the cross-hair cursor is enabled so that
any area of the graph may be enlarged to full-screen dimensions. After choosing
a rectangular area to magnify, the cursor should be positioned at one corner
and the space key pressed; it should then be positioned at the opposite corner
and the space key pressed again. The area thus enclosed will be enlarged to
fill the screen (possibly distorting the image vertically and horizontally
depending on the relative dimensions of the chosen rectangle). When each
cursor peoint is gpecified correctly, the response from the IBM360 computer is
to print the letters OK at the top left-hand corner of the screen.

When the drawing is complete (or has been interrupted by pressing the ?
character) the same choice of responses is again available, namely to press CR
to list the available options or to enter C followed by CR to enable the cross-
halr cursor. In the latter case, a further magnification of any portion of the
viewing area is possible, thus allowing arbitrary enlargement of any part of
the plot for detailed viewing.

4.3,2 'The wrap-around problem

The Tektronix Display screen 1is considered to be an area addressable by
1024 points (l0-bit accuracy) in the X and Y directions, even though the view-
ing area is restricted to 1024 points in the X direction and 760 points in the
¥ direction. Any point outside the addressable region will have coordinates
the low 10 bits of which represent a point on the screen. This means that when
attempting to draw a line between two arbitrary points, the line which is
actually drawn is the line between their addressable images. For example, the
result of drawing a line between the points (1000,500) and (1100,500) is not a
line from left to right disappearing off the screen at the right-hand edge, but
a line from right to left joining the points (1000,500) and (76,500) because all
coordinates are reduced to their low 10 bits, and 1100-1024 = 76, Not only has
the line been drawn in the wrong direction but it would also have obscured othex
parts of the plotted graph.

It was therefore essential to solve this so-called 'wrap-around' problem

if scaling and enlargement of the plots were to be possible.
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4.3.3 Solution of the wrap-around problem

The first step in the solution of the wrap-around problem was to consider
the screen extended indefinitely in the X and Y directions. The real screen
was then considered to be one region (region 5) of this extended screen as
shown in Figure 1, where the equations of the boundary lines of the 9 regions
were taken to be X=0, X=990, ¥=740 and Y=0 (suitable for use on the Tektronix
Display terminal).

As the plot data is read from disk, the appropriate scaling and origin
shifts are performed and the region number associated with each point is noted.
If the current and previous points are both in region 5, then the coordinates
of the current point are sent fo the display. For all other lines, some
modif;cation of the output sent to the display is required. For example, to
draw a line from, say, region 2 to region 5, the point of intersection of the
line Y=740 must be calculated so that a line from the edge of region 5 to the
second point can be drawn. Other lines may completely cross region 5 to reach
another region, while some lines may not intersect region 5 at all.

A Feasibility Matrix (Figure 2) which describes the possible intersections
of a given line with the four boundary lines of region 5 was then developed
and is aescribed in detail in Appendix B. This matrix also indicates the order
in which solutions should be sought. For example, for a line from region 4 to
region 3, if it is found that the line does not cross the line X=0 between
¥=0 and Y=740, then there is no use seeking the intersection with ¥=740 or
X=920 because they will both be ocutside region 5. The first solution (with the
line X=0) is termed a 'prime' solution. In this example, advantage can alsoc be
taken of the fact that if the line intersects the line Y=740 between X=0 and
X=990, then there is no need to solve for the intersection with the line X=990
between§Y=0 and Y=740. A similar situation occurs for a line going in the
opposit% direction from region 3 to region 4. If the prime solution (again
with the line X=0 between Y=0 and Y=740) does not exist, then there is no need
to look for other bhoundary intersections. In this case, if a pair of solutions
exists then, since the prime solution will have been calculated first, the
order in which the coordinates of the solutions are sent to the display must
be reversed. This reversal of solutions must also be indicated in the feasi-
bility matrix.

When a line passes into region 5 from an outside region, a 'pen-up' move~
ment to,the boundary intersection (that is specification of a 'dark' vector to
that poént) is followed by a ‘pen-down' movement to the second point {a'bright'

vector). It is important to draw the vectors in the original order (with a
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solution 'swap', as indicated above, being sometimes necessary) because lines
may otherwise be drawn to the wrong ends of existing lines.

Finally, consider a line from region 1 to region 9. 1In this case, the
prime solution corresponds to the intersection with the line X=0 between ¥=0
and ¥=740, or to the intersection with the line ¥Y=740 between ¥=0 and X=990.

If a prime solution exists, the second solution corresponds to the intersection
with the line X=990 between Y=0 and Y=740 or to the intersection with the line
¥=0 between X=0 and X=990. A 'dark' vector is drawn to the first intersection
followed by a 'bright' vector to the second intersection, the solutions being in
the correct order in this case. An AENVPLT2 program listing is given in Appendix D.

4.4 Tektronix Display Data Formats

The Tektronix T4002 Graphical Display terminal can be used in alphanumeric
or graphics mede, where the graphics mode includes point, incremental and
vector mode (Tektronix Users Manual 070-1098-00).

Alphanumeric mode allows the full USASCII character set to be displayed
except for the non-printing control characters. The display screen has a fixed
format of thirty nine 85-character lines. The display is set to this mode by
initial turn-on of the terminal, pressing the HOME button, or receiving the US
character (X'SF').

In point mode the terminal displays any point on a fixed matrix of 1024 x
760 points. In this mode, set hy the FS character (X'9C'), the terminal decodes
the X and Y address (see Section 4.4.3) contained in a series of data words and
displays the appropriate points.

In incremental mode, set by the RS character (X'lE'), the terminal plots
one increment (dot) in any one of eight directions from the previous point, on
the same 1024 x 760 matrix.

Vector mode allows a smooth line to be drawn between any pair of ¥/X
coordinates contained in a data sequence, on the 1024 x 760 matrix. The line
{(vector) can be intensified or dérk, but the first line after the mode is set
by a GS character (X'1D') is always dark. The lines c¢an be any length, but for
uniform intensity they should be held to two inches or less.

A Tektronix 4901 Interactive Graphic Unit is also attached to the
Tektronix Display and if this unit is enabled then a cross-hair cursor associa-
ted with a joystick control appears on the display screen. If a character is
pressed at the display keyboard, the ASCII code for the character pressed and
the X and Y coordinates of the cross-hair cursor are sent to the NOVA computer.
Thigs is discussed in d@etail in Section 4.4.4. -

The AENVPLT1 and ARENVPLT2 programs use the aiphanumeric and vector display
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modes which will be discussed in more detail in Sections 4.4.2 and 4.4.3.

4.4.2 Alphanumeric mode

When the Tektronix Display terminal is operating in alphanumeric mode,
it is used to display any of the printing ASCII characters. Two sizes of
characters are available under program control. Large size characters are
achieved by preceding the initial character with the EM character (X'99') and
following each character with a space character. A CR or US character resets
the large character size,

A pulsating write-through cursor is displayed on the screen to indicate the
current writing position. The cursor may be positiocned under program control
by appropriate combinations of CRs, line feeds and spaces. Alternatively, the
cursor may be positioned by entering graphics mode, locating to any desired
screen position, and then returning to alphanumeric mode. Using the current
NOVA interface to the Tektronix Digplay terminal in alphanumeric mode, charac-
ters can be sent to the display every 2.5 milliseconds.

Input from the Tektronix Display keyboard can be sent to the NOVA computer
and can include the full ASCII character set (e.g. both upper and lower case
alphabetic characters) or just the TTY subset of the full ASCII code (e.g. only
upper case characters). The mode of input sent to the computer depends on the
setting of the TTY/ASCII énd INPUT-KEYBOARD/AUX buttons on the front of the
display {see Section 4.4.5).

4.4.3 Vector mode

In vector mode, each 10-bit X and 10-bit ¥ coordinate is split into halves
and transmitted in consecutive bytes. The first two bytes comprise the high
order and low order bits of the coordinate address. The normal order of trans-
mission to specify a point is: high order Y, low order Y, high order X and low
order X with the top three bits of each byte bheing POl, Pll, POl and P10
respectively, where P is an even parity bit.

If the high order parts (X or ¥) of the current point to be transmitted do
not differ from the previously transmitted high order X (or Y) bits, then only
the low order parts need be sent (this applies within the same 32-increment
vertical or horizontal strip). This feature allows higher effective data rates
to be achieved. It can therefore be appreciated that not only is plotting on
the screen using relatively large beam movements very fast, but detailed
plotting is also very efficient where the high X or Y values are unchanged over
a number of beam movements.

To set vector mode, a GS character must first be sent to the screen. The

first set of coordinate points that follow result in a dark vector being drawn
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to the starting point. Subsequent coordinate pairs cause bright vectors to be
drawn to each new point. Whenever a 'pen-up' movement is required, another GS
character should be sent before transmitting the next set of coordinates.

The vector plot time in this mode is 8 milliseconds for a two inch vector.
This is much slower than the time required to write a point on the screen in
point mode (approximately 14 microseconds).

4.4.4 Input using the cross-hair cursor

If a US character followed by a DCl character (X'11') is sent to the
Tektronix Display terminal when the AUX button is ON, then a cross-hair cursor
associated with the joystick of the 4901 Interactive Graphic Unit (IGU) appears
on the display screen (Tektronix Manual 070-1059-00). Once the cross-hair
cursor is enabled in this way, the pressing of a keyboard character causes
a series of six characters tc be sent to the NOVA computer. These comprise the
ASCII code for the character pressed (this depends on the setting of the
TTY/ASCII button), the high order X coordinate, the low order X coordinate, the
high order Y coordinate, the low order ¥ coordinate and a carriage return (this
depends on the CR option}. The top three bits of each of the four coordinate
bytes contain POl, where P is an even parity bit.

It is important to note (i) that the order in which coordinates come
from the IGU is different from the order in which they must be sent to the
display, and (ii) that the high order bits do not distinguish between any of
the coordinate bytes. Thus care must be exercised before 'echoing' the coordi-
nates of the cross~hair cursor.

4.4.5 BSetting up the Tektronix Display

Before the Tektronix Display terminal is used for interaction with the
AENVPLT1 and AENVPLT2 programs, the buttons at the front must be used to put
the display on-line (ON LINE-GREEN) ready to transmit the TTY subset of ASCII
characters (TTY GREEN) and ready to enable the cross-hair cursor (KEYBOARD-
GREEN, AUX-WHITE).

5. CONCLUSIONS

The software described in this report allows IBM360 programs to interact
with the Tektronix T4002 Graphical Display terminal via the AAEC Dataway.
Sufficient detail is given to indicate how similar software can be written to
provide interaction between the IBM360 computer and devices attached to other
Dataway computers.

The AENVPLT] and AENVPLT2 programs provide the first example of interactive
computing over the Dataway and they allow plots produced on the IBM360 computer

to be viewed on the Tektronix Display screen. Plots may be scaled and arbitrary
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sections enlarged to any desired magnification with the solution of the wrap—
around problem playing an essential part in the provision of these facilities.
The system for obtaining plots on the IBM360 computer will be expanded to allow
plots to be displayed directly from the original disk output queues without

the necessity of creating a backup data file for later retrieval. This will
allcw a plot to be viewed on the display and the output to be deleted from disk
if the actual plot is not required. The system would further be enhanced by the
addition of a hard copy unit since users would be able to obtain a photocopy of
their plot from the display screen. This has the advantage that detailed parts
of a plot may be recorded very quickly. The hard copy unit would alsc reduce
the load on the slower Calcomp incremental plotter.

The descriptions of the IBM360 programs presented in this report indicate
how other IBM360 programs can make effective use of interaction with the
Tektronix Display terminal.
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APPENDIX A

THE AENVPLT1 and AENVPLT2 PROCEDURES

The Job Control Language used in the AENVPLT1 Procedure is as follows:

//BENVPLTL PROC TAPE = TAPE, DISPLAY = 249

//PLOTL EXEC PGM = AENVPLT1,REGION = 2@K

//DISPLAY DD UNIT=(&DISPLAY,,DEFER},VOL=(,RETAIN,SER=NOVA},LABEL=(,BLP)

//STEPLIB DD DSN=RPB. ASM,DISP=SHR

//SYSUDUMP DD SYSOUT=A

//S¥SUT1 DD UNIT=(&TAPE,,DEFER),VOL=SER=XXXXXX,DSN=SYSOUT

//SYSuT2 DD DSN=RPB.PLOT,DISP=0OLD

//PLOT2 EXEC PGM=AENVPLT2, REGION=20@K

//PLSPLAY DD UNIT=(&DISPLAY,,DEFER) ,VOL=SER=NOVA,LABEL=(,RLP)

//STEPLIB DD DSN=RPB.ASM,DISP=SHR

//SYSUDUMP DD SYSOUT=A

//SYSUT1 DD DSN=RPB.PLOT,DISP=SHR

The first DISPLAY DD card contains two special features: VOL = { ,RETAIN,
...)and LABEL = (,BLP}. The first ensures that the device referred to is not
'unloaded’ between the two job steps in this procedure and avoids the problems
associated with the manual 'Readying' of devices on the Dataway. The second
prevents the IBM360 Operating System from attempting to verify the 'tape label'
of the device referred to in the DISPLAY DD card.

The use of the symbolic parameter, TAPE, on the SYSUT1 DD card allows the
Operating System to allocate the WIRC backup tape to any available magnetic
tape unit, thus avoiding problems that occur when specific units are already
in use. The inclusion of the parameter ',,DEFER' allows the request to mount
the tape specified by the viewer at the Tektronix Display terminal to be typed
at the Operators console when the DCB is opened, rather than a request to mount
tape XXXXXX at job step initiation time. The DEFER parameter makes it possible
for a number of backup tapes to be used (via the same SYSUT1 DD card) during
execution of the AENVPLT1 program.

The second step of the procedure AENVPLT) is used as the only step of the
procedure AENVPLTZ2 as shown below.

//AENVPLT2 PROC DISPLAY=249

//PLOT EXEC PGM=AENVPLTZ2, REGION=2gK

//DISPLAY DD UNIT=(&DISPLAY,,DEFER) ,VOL=SER=NOVA,LABEL={,BLP)

//STEPLIB DD DSN=RFB.ASM,DISP=SHR

//SYSUDUMP DD SYSOUT=A

//SYSUTL DD DSN=RPB,PIOT,DISP=SHR






APPENDIX B

DESCRIPTION OF THE FEASIBILITY MATRIX USED IN THE

SOLUTION OF THE WRAP-ARCUND PROBLEM

The feasibility matrix used for the solution of the wrap-around problem is
shown in Figure 2. Each matrix entry consists of four hexadecimal digits
indicating which boundary lines might be intersected by a line from the first
region (numbered at the left) to the second region (at the top of the matrix},
where Figure 1 defines the position of the nine regions.

If an entry in the matrix is zero (such as for {2,1)), then no line
joining points in the indicated regions (in this case 2 and 1) intersect region
5 (the display area). The nonzero digits in the matrix indicate which lines
are to be solved for intersection with the given line, and also the order in
which the solutions should be calculated. The four lines referred to are the
region 5 boundary lines X = 0 (line 1), X = 990 (line 2), Y = 740 (line 3) and
¥ = 0 (line 4) as shown in Figure 1. The line numbers are contained in the low
order 3 bits of each hexadecimal digit in a matrix entry. The top bit of each
hexadecimal digit indicates whether to skip the next solution digit if an inter-
section has been found using the current digit. An F as the first hexadecimal
digit in a matrix entry means that the next digit is a prime solution (that is,
there is no need to look for other solutions if no intersection is found using
this digit). If the first hexadecimal digit is an 8, the next digit indicates
a prime solution and, if a pair of solutions is found, the solutions are to be
reversed before sending the corresponding coordinates to the Tektronix Display
terminal so that the picture will be drawn in the correct order. In the
special case where the four hexadecimal digits are nonzero and the first digit
is not F oxr 8 (such as (1,9)) then the first two digits are used to check for a
prime solution and, if one exists, then the next two digits are used to check
for the second solution. This interpretation means that a fifth digit does not
have to be used to indicate that the next two nonzero digits should be checkead
for a prime solution (which would have expanded the size of the matrix) and it
produces no conflicts. The special (5,5) entry indicates that no calculations
are required because both points are already within region 5.

Several examples, explaining the above principles are given bhelow:

Example 1 Entry (5,4) - 1000 - The line crosses line 1 when going from
region 5 to region 4.

Example 2 Entry (2,8) - 3400 - The line must cross both lines 3 and 4 and
in that order.
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Example 3 Entry (6,7) - F294 - This indicates a prime solution. If the
line does not cross line 2, there can be no solution.
If there is, however, line 1 should next be checked
for a solution. Finally, if there is no line 1
solution, then line 4 must produce a solution.

Example 4 Entry (7,2) - 8394 - This indicates a 'prime with swap' solution.
If the line dces not cross line 3 there can be no
soclution. Lines 1 and 4 are then checked if neces~
sary for possible solutions. Finally, the solutions
are reversed.

Example 5 Entry (3,7) - A394 - This indicates that lines 2 and 3 are to be
checked for a prime sclution. Lines 1 and 4 are
then checked, if necessary, for a possible solution.

In these examples it should be remembered that the terms 'crossing a line'

0 between Y = 0 and
0 and ¥ = 740, for

and 'solution' represent for line 1 an intersection with X

Y = 740, for line 2 an intersection with X = 990 between Y
line 3 an intersection with ¥ = 740 between X = 0 and X = 9290 and for line 4 an
intersection with Y = 0 between X = 0 and X = 990.

It can be seen that whatever the graph enlargement, the two dimensional
area can always be considered to be divided into the above nine regions,
solutions found for possible line intersections and appropriate on-screen lines
drawn.

For the case where the desired line to be displayed lies exactly on lines
1, 2, 3 or 4, no solution is indicated because a boundary is drawn on the
screen before the graph is displayed so that redrawing these boundary lines

would not change the appearance of the graph.



//RPR
rr
rr

APPENDIX C

LISTING OF THE AENVPLT1 PROGRAM

JOB (C1C18937.61),R,P.BACKSTHNN,

MSGCLASS=D,
CLASS=A,TIHE=3

//AENVPLT1 EXEC ASMFCL,PARM.ASM="NODECK,L0AD®

XXASH EXEC
XX3YSLIB DD
XX bn
XXSYSGD 30}
XX
XX
XXSYSUT1 on
XX
XX5YSuTz no
XX
XXSYSUT3 0D
XX
//ASH,SYSPRINT

X/SYSPRINT DD

XX

XXSYSPUNCH DD
//ASM.SYSIN DD §

TEF2361
LEF2371
[EF2371
[EF2371
TEF237]
TEF2371
TEF2371
1EF2371
1EF2371
1EF2371

SYMBOL

AENVPLT]

ALLDC, FOR RPB ASM AENVPLT1
137 ALLOCAYED TO SYSLIR
136 ALLOCATED TO
134 ALLOCATED TO SYSGH
13% ALLOCATED TO SYSuT1
1214 ALLOCATED TO SYSur2
125 ALLOCATED 7O SYSUT3
124 ALLOCATED ¥@ SYSPRINT
331 ALLOCATED TO SYSPUNCH
312 ALLOCATED YO SYSIN
EXTERNAL SYMBOL DIiCTUIONARY
TYPE I3 ADDR LENGTH LD ID
SD 91 9@pn4d PI1BCC

PGHM=TEUASM, PARM='LOAD® ,REGION=50K
OSN=SYS1.MACLIB,DT5P=5HR

DSNAME=AAF .MACLIB,DISP=SHR
DSN=440BJ,UNIT=SYSOA,DISP=(,PASS),
0CB=(RECFM=FB,BLKS[ZE=809.LRECL=4D),
SPACE=(3298,(2@,40))
DSN=88UTL,UNIT=(5YSDA,SEP=SYSGO)Y,
SPACE={179@,(58,108))

JSN=EUT2, UNIT=(SYSDA,SER=(SYSUTL,5YSGD) ),
SPACE=(1720,(50,198})
DSN=88UT3,UN[T=(SYSDA,SEP=(SYSUT1.SYSUT2,SYSG0) ),
SPACE=(1748,(53,100})

DD SYSOUTF=D

SYSOUT=A,

DCB=(BLKSIZE=1219, LRECL=121,RECFH=FASH)
SYS0UT=B,NDCR=ALKS I ZE=ADA

Jog 15

odRP001e
agovaaza
A7 a3030
BoPdaR4p
20eaunse
BB ALE
ABeeadR7e
A04ERBBo
quesaaoe
AG0a0180
oPe82110
20vABi29

eppAe13p
20reA1492
Beage1se
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//RPB
24
I

APPENDIX D

LISTING OF THE AENVPLT2 PROGRAM

J0B (C1818937,81).R.P.BACKSTROM,

MSGCLASS=0,
CLASS=A,TIME=3

//AENVPLTZ2 EXEC ASMFCL.PARM,ASH=*NODECK,LOAD®

AKASH EXEE
XASYSLIB on
xX DD
XASYSGO on
Xx
XX
XXSYSUT1 on
XX
XXSYSUT?2 Do
XX
XXSYSUT3 on
XX
//ZASM.SYSPRINT

X/SYSPRINT DO

XX

XASYSPUNCH DD
//ZASM.SYSIN DD $

1EF2361
1EF2371
1EF2371
1EF2371
1EF2371
IEF2371
1EF237}
TEF2371
1EF2371
IEF2371

SYMBOL

ALLGC,

137
136
135
124
125
134
135
3ie
315

TYPE

AENVPLT2 SD

PGM= IEUASH,PARM=*LOAD " ,REGION=SRK
OSN=SYS1 . HACLIB,DISP=SHR

DSNAME=AAE .MACLIB,DISP=SHR
DSN=&206.J,UNIT=5SYSUA,DISP=(,PASS),
DCB=(RECFM=FB,.BLKSI2E2800,LRECL=80),
SPACE=(3228,(20,48)}
DSN=8RUTL.UNIT=(SYSDA,SEP=5YS60),

SPACE= (1728, (50,1A8))
USN=88UT2,UNIT=(SYSDA.SEP=(SYSUT1,.5Y56012),
SPACE=(1708,(58.10d))

OSN=RAUTI, UNIT=(SYS0A,SEP={SYSUT1,SYSUT2,5YSGO)),
SPACE=(1708,(5P,16@))

DD SYSQUT=D

SYSOUT=aA,
0CB={BLKS5I12E£=1218, L RECL=121,RECFN=FBSH)
SYSOUT=B,NCA=BLKSIZE=AAA .

FOR RPB ASH AENVPLT2
ALLOCATED YO0 SYSLIB

ALLOCATED TO

ALLOCATED TO SYSGO

ALLOCATED TO SYSuTi

ALLOCATED TO SYSUT2

ALLOCATED TH SYSUT3

ALLOCATED Tn SYSPRINT

ALLOCATED TOD SYSPUNCH

ALLOCATED TO SYSIN

EXTERNAL SYMBOL DICTIONARY

Tu ADOR LENGTH LO D

o1 deeepe 0P1D24

JoB 179

auA0d010
feopenze
20002330
0003240
20222950
deaoaps6p
openare
[T ELEY )
apopae9a
peeaging
9902112
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agAeo13e
LULLIAET )
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