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This supplement to the Model 990 Computer Prototyping System Operation Guide describes an
enhancement of the TMS 9900 Prototyping System, defined as the Prototyping Monitor (PX)
with Resident Assembler, Tracer, Linking Loader, and Editor (PXRATE). This supplement
documents changes to the TMS 9900 software modules which now comprise the PXRATE
system. It also describes the hardware required to support the PXRATE system.

PREFACE

This manual is intended for users of the TMS 9900 Prototyping System software and for users
who require the capability to generate, edit, assemble, load, and debug user application programs
and generate firmware for the 990/4 Computer, the 990/10 Computer, and the TMS 9900
Microprocessor. It is also intended for users who desire to perform input/output operations on
the 733 ASR Data Terminal to/from peripheral devices.

This manual is divided into four sections and one appendix as follows:

I General Description — Describes the PXRATE software and the hardware needed to
support it.

I  System Installation and Operation — Gives the sources of information on unpacking,
installing, and operating the supporting hardware. Provides step-by-step procedures for
PXRATE system software cassette generation.

III Teletypewriter Input/Output Supervisor Calls — Describes the extension of I/O super-
visor calls to include interface to the teletypewriter paper tape reader and punch.

IV Demonstration of the PXRATE Software Package — Three sample programs are
presented (numbers 3, 4, and 5). Sample program 3 illustrates the use of the PXRATE
system in the development of a short user program. Sample program 4 demonstrates
the use of supervisor I/O calls on the Model 33 ASR Data Terminal paper tape reader
and paper tape punch. Sample program 5 demonstrates the use of the BNPF utility
overlay with paper tape instead of magnetic tape cassette.

A Paper Tape Reader/Punch File and Data Formats

The following publications contain additional information needed to use the 990 Prototyping
System.

Title Part Number

Model 990/4 Computer System Hardware 945251-9701
Reference Manual

Model 990 Computer TMS 9900 Microprocessor 943441-9701
Assembly Language Programmer’s Guide

Model 990 Computer Model 733 ASR/KSR Data 9452599701
Terminal Installation and Operation

iii Digital Systems Division
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Title Part Number
Model 990 Computer PROM Programming Module 945258-9701
Installation and Operation
Model 990 Computer Programming Card 9434409701
Model 990 Computer TTY/EIA Interface Module 9462409701

Installation and Operation Instruction Manual
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SECTION I

GENERAL DESCRIPTION

1.1 INTRODUCTION

This supplement to the Model 990 Computer Prototyping System Operation Guide documents an
enhancement of the TMS 9900 Prototyping System, defined as the Prototyping Monitor (PX)
with Resident Assembler, Tracer, Linking Loader, and Editor (PXRATE). This section presents
an overview of the enhanced software and the hardware required to support it. The first portion
of the section describes the purpose and capabilities of the enhanced software and identifies the
hardware. The remainder of this section briefly describes changes to the modules that comprise
the enhanced system software. These modules include the debug monitor and its overlays, the
text editor, and the one-pass assembler.

1.2 PURPOSE AND CAPABILITIES OF THE ENHANCED SYSTEM (PXRATE)

The enhanced TMS 9900 Prototyping System software augments the capabilities of the TMS
9900 Prototyping System software. The original system is documented in the Model 990
Computer Prototyping System Operation Guide, Manual Number 945255-9701. User familiarity
with the original system documentation and operation is prerequisite to this supplement. The
PXRATE system requires a minimum memory size of 12K words. In this 12K, all software
development/debug capabilities are coresident (text editor, assembler, linking loader, trace, and
program debug). Coresidency of these capabilities negates the time-consuming process of reload-
ing (from cassette) the appropriate utility between program development steps. This coresident
package of software also supports the use of the Model 33 ASR Data Terminal paper tape
reader/punch.

1.2.1 DESCRIPTION OF SYSTEM ENHANCEMENTS. The purpose of the PXRATE proto-
typing system software is to provide the capability to generate, edit, assemble, load, and debug

- user application programs and to generate firmware. The PXRATE package also includes a Device
Service Routine (DSR) which supports the use of a TTY paper tape reader/punch. The former
instruction trace overlay is no longer an overlay, but is now a command in the resident monitor.
In addition to the debug functions, the debug monitor provides supervisor calls to perform
input/output (I/O) operations on the 733 ASR Data Terminal and utility routines, such as
decimal ASCII to binary, hexadecimal ASCII to binary, binary to decimal ASCII, and binary to
hexadecimal ASCII conversion. Overlays to the debug monitor provide the capability to dump/
reload a program from/to memory to/from tape in a compressed absolute format. In addition,
monitor overlays are provided to. support the PROM Programmer Package and BNPF (or
HIGH/LOW) formatted dumps to cassette tape or to paper tape. The BNPF overlay also provides
the capability to load tape in BNPF format back into memory.

The PXRATE system software is available in object format on a read-only magnetic tape cassette
and in source format on punched cards; however, the system source must be assembled and
linked using a 990/10 Program Development System. The PXRATE system software provides the
capability to generate source and object which is upward compatible with other 990 systems. See
Appendix A of Model 990 Computer Prototyping System Operation Guide for restrictions.

1-1 Digital Systems Division
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1.2.2 HARDWARE CONFIGURATION REQUIRED FOR PXRATE SYSTEM SOFTWARE. The
hardware required for the PXRATE prototyping system is the same as that described in the
Prototyping System Manual except that a minimum of 12K words of memory is required in the
enhanced system. See figures 1-1 through 1-4 for detailed memory requirements of systems with
12, 16, 20, and 24K words of memory. Part of the user area of the memory is shared by the
text editor and the one-pass assembler for tables and buffer space.

The Model 33 ASR teletypewriter may be configured as an optional peripheral (TTY/EIA Kit,
Part Number 974704-0002). It may not be used as the system console. The interface card must
be inserted in the left half of computer chassis slot 6, corresponding to CRU base address 20,

1.3 SYSTEM PART NUMBERS
Refer to Manual Number 945255-9701, paragraph 1.3, page 1-5.

1.4 SOFTWARE MODULES

In the PXRATE prototyping system, the debug monitor, trace capability, text editor and the
one-pass assembler have been combined into one module. In addition, when PXRATE is initially
loaded, the linking loader overlay is automatically placed in the overlay area. This software
package now becomes coresident in memory. The instruction trace overlay now becomes a part
of the monitor and is no longer an overlay. The PXRATE package is supplied on cassette tape.
Two new commands now reside in the coresident package. These commands are PA to activate
the one-pass assembler, and TE to activate the text editor. No parameters are necessary for either
command. Following the invocation of either of these commands, the operation of the assembler
or text editor is the same as described in Section IV of the Prototyping System Manual
Activation and operation of the trace and linking loader has not been altered, except that no
overlay process is required prior to their use. Since the linking loader is located in the monitor
overlay area, it will be overwritten if another overlay is placed in memory, and must be reloaded
to be used again.

1-2 | Digital Systems Division
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BYTE ADDRESSES ].ZK
DEC. HEX.,
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EDITOR
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15,594 3CEA
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CASSETTE IS LOADED,

NOTE :

(A)134537

Figure 1-1. 12K Hardware Memory Configuration
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BYTE ADDRESSES
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Figure 1-2. 16K Hardware Memory Configuration
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BYTE ADDRESSES 20K
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Figure 1-3. 20K Hardware Memory Configuration
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BYTE ADDRESSES
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Figure 1-4. 24K Hardware Memory Configuration
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SECTION II

SYSTEM INSTALLATION AND OPERATION

2.1 INTRODUCTION
Refer to Manual Number 945255-9701, Section II, paragraph 2.1, page 2-1.

2.2 UNPACKING AND INSTALLATION OF HARDWARE
Refer to Manual Number 945255-9701, Section II, paragraph 2.2, page 2-1.

2.3 HARDWARE OPERATION
Refer to Manual Number 945255-9701, Section II, paragraph 2.3, page 2-3.

2.4 PXRATE SYSTEM SOFTWARE CASSETTE GENERATION

Absolute versions of the PXRATE package are supplied for each memory configuration. The
PXRATE prototyping system kit includes two cassettes containing 13 files total. The files are
arranged as shown in table 2-1.

Note that absolute code versions of PXRATE are supplied for all of the available memory
configurations, saving the user from having to create them during installation. There is one set of
overlays in relocatable object format, which can be used with any of the versions of PXRATE.

Paragraphs 2.4.1 and 2.4.2 detail the procedures used to create a bootstrap tape cassette of the
PXRATE monitor and individual cassettes for each overlay.

Table 2-1. PXRATE System Software Cassettes

PXRATE Cassette 1 of 2

Side A Side B
1. Upfront Loader 1. Upfront Loader
2. Absolute Code Version of PXRATE 2. Absolute Code Version of PXRATE
for 12K Machine for 20K Machine

3. Absolute Code for 16K Machine 3. Absolute Code for 24K Machine
PXRATE Cassette 2 of 2

Side A Side B

. Linking Loader Overlay 1. Relocatable Code Version of PXRATE
. Absolute Dump/Load Overlay

. PROM Programmers, Part 1

. PROM Programmers, Part 2

. BNPF Dump Overlay

. HIGH/LOW DUMP Qverlay

A WD =

2-1 Digital Systems Division
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2.4.1 PROCEDURE FOR MAKING CASSETTE FOR MONITOR FROM PXRATE MASTER.
For the convenience of the user, the text of the following procedure is keyed by parenthetical
numbers to the 733 ASR panel switches illustrated in figure 2-1.

1.
2.

Turn on power to the 733 ASR Data Terminal.

On the ASR panel:

a.
b.
C.
d.

e.

Set KEYBOARD (1) to OFF.
Set PLAYBACK (2) to LOCAL.
Set RECORD (3) to LOCAL.

Set PRINTER (4) to OFF.

Set CASSETTE 1 to PLAYBACK (10); CASSETTE 2 will be in RECORD.

Before inserting a tape cassette into a transport, check the status of the write tabs on
the bottom of the tape. If the tape is to be written on, the tab for the side of the tape -
to be written on should cover the hole in the cassette case; if it is a read-only tape, the
tab should not cover the hole. Holding a tape cassette in front of you with the tape
side up, the write tab for that side of the tape will be on the bottom right of the tape
cassette. See figure 2-2.

Select the side of PXRATE cassette 1 that is specified in table 2-1 for computer
memory size. Insert into cassette 1 transport.

a.

b.

Open the cassette 1 transport door.

Insert the tape cassette with the tape side up as shown in figure 2-3.

CASSETTE 1

CASSETTE 2

REWIND

¥

sTOP

LOAD/FF

READY

END

]

STOP

PLAYBACK

RECORD _ PLAYBACK

[ I—

REWIND

sTOP

READY

U

©©©©

RECORD

-
LOAD/FF

STOP

PLAYBACK CONTROL

BLOCK CHAR
FWD FWD ON

CONT
START

STOP

RECORD CONTROL

CHARACTER PRINT

TAPE FORMAT

@)

-4

OFF

E] [}
l - l
KEYBOARD

PLAYBACK

LOCAL

LINE

RECORD

LOCAL
PRINTER

(A)134541

Figure 2-1. 733 ASR Panel

2-2
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5.

/—:TAPE SIDE UP

WRITE TAB FOR SIDE B

'WRITE TAB FOR SIDE A
(A)134542

Figure 2-2. Tape Cassette Write Tabs

TAPE SIDE UP
CAPSTAN

REEL ROTOR

PUSH
CASSETTE TRANSPORT
DOOR FORWARD TO
CLOSE

CASSETTE RETAINERS

WRITE TABS (ON BOTTOM)
REEL ROTOR

(A) 8)
(A)134543

Figure 2-3. Tape Cassette Installation

c. Press the tape cassette down and in, being sure that the capstan and reel rotors fit

into the proper holes.
d. Close the cassette transport door.
Insert the copy tape cassette side A into the cassette 2 transport, and:
a. Set RECORD CONTROL to OFF (5).

b. Set CASSETTE 1 to REWIND (6).

c. When the END lamp lights, press LOAD/FF (7). The READY lamp should light

after a few seconds.

d. Set CASSETTE 2 to REWIND (8).

2-3 Digital Systems Division
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e. When the END lamp lights, press LOAD/FF (9). The READY lamp should light
after a few seconds.

f. Set RECORD CONTROL to ON (11). The ON lamp should light.
g. Set TAPE FORMAT (12) to LINE.

h. Press CONT START (13) to begin high-speed tape duplication. The upfront loader
file will be recorded from cassette 1 to cassette 2 (original tape to copy tape)
when the CHARACTER lamps stop flashing.

NOTE

To stop the duplication process at any point, press
(CONT) STOP.

i. Set RECORD CONTROL to OFF (5). This clears the buffer and records the last
block of data on the tape.

6. If the desired version of PXRATE cassette 1 is the second file (see table 2-1), skip
step 6.a and continue with step 6.b.

a. Press CONT START (i3) to read through the second file. This brings the third
file into position for recording.

b. Set RECORD CONTROL to ON (11).

c. Press CONT START (13) to record the monitor to the copy cassette. When the
CHARACTER lamps stop flashing, recording is complete.

d. Set RECORD CONTROL to OFF (5).
e. Set CASSETTES 1 and 2 to REWIND (6) (8).
7. Remove PXRATE cassette 1 and store in a safe place.

8. Remove copy cassette and label it “PXRATE BOOTSTRAP TAPE”. Adjust write tab
on bottom of tape to uncover hole for side A of tape (see step 3 and figure 2-2). This
protects tape side A from being accidentally overwritten. The tape is now ready for
use.

9. For loading the PXRATE tape, refer to paragraph 2.5.1 of the Prototyping System
Manual.

2.4.2 PROCEDURE FOR MAKING CASSETTES FOR OVERLAYS. The user should copy each
of the overlay object files to a separate cassette for convenience in using the system. The
following procedure should be used. The text of this procedure is keyed by parenthetical
numbers to the 733 ASR panel switches illustrated in figure 2-1.

1. Select side A of PXRATE cassette 2, and insert into cassette drive 1. Insert a blank
cassette, side A, into cassette drive 2. Rewind and ready both tapes. File 1 is now ready
for recording (see table 2-1).

2. Set RECORD CONTROL to ON (11).

2-4 Digital Systems Division
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3. Press CONT START (13). This causes the selected file to be recorded on the copy
cassette.

4. After copying the PROM Programmer part 1, repeat step 4 to record the next file (PROM
Programmer part 2) onto the same cassette. Do NOT turn RECORD CONTROL to OFF
between these two files.

5. Set RECORD CONTROL to OFF (5) to clear the buffer and record the last block of data
on the tape.

6. Rewind and remove the copy cassette and label with the appropriate file name. Protect
tape side A from overwrite by setting write tab to uncover hole on bottom of tape for
side A (see figure 2-2).

7. If there are any remaining overlay object files on PXRATE cassette 2, insert a blank
cassette into cassette drive 2. Rewind and ready blank cassette and repeat steps 2 through
6 (note that step 4 applies only to the PROM Programmer overlay). Continue this process
until each overlay is recorded on a separate cassette.

8. Rewind and remove PXRATE cassette 2 and store it in a safe place.

The relocatable code version of PXRATE (table 2-1, cassette 2 side B) is supplied in the event
that the user would like to “custom place” the monitor in memory. The user must affix the
appropriate D-tag to the beginning of the relocatable version (see the example on page 2-5 of the
Prototyping System Manual for details).

Relevant Data:

Length of monitor (including editor
and assembler, but not including
overlay area)

4F0C16 bytes

Length of longest overlay 6BO ¢ bytes

1}

Monitor entry point D-tag value + 32A8,4 bytes

CAUTION

It is possible for the user to overwrite the assembler, text editor,
and monitor by loading a user program larger than the available
user space (see figures 1-1 through 1-4). If this should happen,
reload the entire PXRATE package from the cassette tape.

2-5/2-6 Digital Systems Division
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TELETYPEWRITER INPUT/OUTPUT (I/O) SUPERVISOR CALLS

SECTION III

3.1 INTRODUCTION

This section describes the extension of prototyping system I/O supervisor calls to include
program I/O interface to the teletypewriter paper tape reader and punch (part of the Model 33
ASR Data Terminal). The user is referred to paragraph 3.5 of the Prototyping System Manual for
a general description of supervisor I/O calls. Read and write supervisor call codes are consistent
with those of the rest of the prototyping system.

3.1.1 HARDWARE (MODEL 33 ASR DATA TERMINAL). The Model 33 ASR Data Terminal
is an automatic send/receive teletypewriter. It has a paper tape reader and punch for automatic
input and output. The reader is a means of automatically entering programs that are on punched
paper tape. The punch is a means of recording object code output of the computer on paper
tape. File data of other types may be read or punched in a similar manner. The reader may be
put online for input, and the punch may be put online for output.

NOTE

The Model 33 ASR Data Terminal is supported as an optional
peripheral only. It may not be configured as the system console in
~ place of the 733 ASR terminal.

Data is punched on paper tape serially by character. The individual bits of each character are
aligned across the width of the tape and are punched in parallel. The hole in the tape represents
a one bit and the absence of a hole represents a zero bit. Data is transmitted and received
simultaneously (full duplex) over current loops in 7-bit ASCII for textual character or 8-bit code
for direct mode. The Model 33 ASR requires a Teletypewriter Peripheral Kit (ASR 3320/5JE
Interface), TI Part Number 974704-0002, which is supported by the computer CRU DSR and
I/O supervisor calls.

3.1.2 REFERENCES. For further information, refer to TTY/EIA Interface Module Installation
and Operation Instruction Manual, Section II, TI Part Number 946240-9701.- A complete descrip-
tion of the Model 33 ASR may be found in Technical Manual, 33 Teletypewriter Sets, Volumes
1 and 2 (Bulletin 310B) and Model 33 Page Printer Parts (Bulletin 1184B) supplied with the
teletypewriter. If your teletypewriter was not supplied by Texas Instruments, modifications are
necessary as outlined in the above referenced TTY/EIA Interface Module Installation and
Operation Instruction Manual.

3.2 ACCESS TO MODEL 33 ASR DATA TERMINAL

The PXRATE system accesses the TTY paper tape reader/punch by the invocation of supervisor
calls. A supervisor call is made with an extended operation (XOP) assembly language machine
instruction using an extended operation code of 15. The XOP instruction specifies an address
pointing to a Physical Record Block (PRB) containing the supervisor call and any necessary
arguments. The format of the PRB is illustrated in figure 3-1.

A detailed discussion of the PRB parameters is presented in paragraph 3.5.2 of the Prototyping
System Manual.
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(o} 1ST BYTE 7 8 2ND BYTE 15
<i/o op> <luno>
<sys flags> <user flags>

<buffer addr>

<buffer length>

<char count>

(A)134544
Figure 3-1. Format of Physical Record Block

3.3 LOGICAL UNIT NUMBER (LUNO) ASSIGNMENT

Before execution of any supervisor call I/O operation, a LUNO must be assigned to the
particular peripheral device with which I/O communication is desired (refer to paragraph 3.4.2 of
the Prototyping System Manual).

With the Model 33 ASR Data Terminal, the device symbols and names of interest are:

PTR Paper Tape Reader
PTP Paper Tape Punch

An example of LUNO assignment is:
.AL,3,PTR

This assigns Logical Unit Number 3 to the paper tape reader, so that whenever LUNO 3 appears
in a PRB, the paper tape reader will be accessed through the execution of a supervisor I/O
operation. It should be noted that default LUNOs have not been provided for Model 33 ASR
Data Terminal support (refer to paragraph 3.4.2 of the Prototyping System Manual).

3.4 OPERATION CODE (OPCODE) INTERPRETATION

The monitor’s interpretation of the various opcodes in the PRB depend upon the particular
teletypewriter device being accessed. The following two paragraphs describe those interpreta-
tions.

3.4.1 PAPER TAPE READER. The functions of the possible opcodes for the tape reader are
described in table 3-1.

3.4.2 PAPER TAPE PUNCH. The functions of the possible opcodes for the tape punch are
described in table 3-2.

3.5 ERROR RETURNS
Error detection is performed by the Device Service Routine (DSR) with meanings as defined in
table 3-3.

When a supervisor call causes one of these errors to occur, the code is returned in the user flags
byte of the PRB (see figure 3-1).
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Table 3-1. Functions of Opcode for Tape Reader
Hexadecimal
I/0 Opcode Name Function

00 Open Sets reader flag so data can be read from device, error 3* if already
opened.

01 Close Resets reader flag.

02 Close EOF Error 2*

03 Open Rewind ~ Same as Open

04 Close Unload Same as Close

05 Read Status Ignored

06 Forward Space  Ignored

07 Backspace Ignored

08 FMP Ignored

09 Read ASCII If reader flag is set, data is read from the paper tape. Termination
is caused either by a carriage return or user’s buffer full. Only seven
bits of data are transferred to the user’s buffer with the eighth bit
(parity) ignored. At termination the tape continues until a reader-
off character is sensed, during which no data is stored. The number
of characters read is returned to the user’s character count.

A Read Direct Checks if reader flag is set. If set, data is read until the first non-null
frame is encountered. Termination is caused by user’s buffer full,
and tape continues to pass until a reader-off is sensed during which
no data is stored. The number of characters read is returned to the
user’s character count.

B Write ASCII Error 2*

C Write Direct Error 2%

D Write EOF Error 2*

*See table 3-3 for error meanings.

3.6 PAPER TAPE FILE AND DATA FORMATS

Two types of paper tape I/O are supported: ASCII and Direct. The type of data to be punched
or the interpretation of the data to be read depends on the particular type of opcode used (see
Opcode Interpretation, paragraph 3.4).

3.6.1 ASCIIL. This type of data represents characters in ASCII 7-bit code. ASCII mode is used
for storing and retrieving character information. The ASCII paper tape format and an actual
paper tape sample are illustrated in figure 3-2.
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Table 3-2. Functions of Opcode for Tape Punch

Hexadecimal ‘
I/O Opcode Name ‘ Function

00 v Open Sets write flag so data can be punched to device, error 3* if already
opened.

01 Close Resets write flag.

02 Close EOF Resets write flag and punches ASCII EOF, and 80 null frames.

03 Open Rewind  Same as Open and punches 80 null frames.

04 Close Unload Same as Close operation

05 Read Status Ignored

06 Forward Space Ignored

07 Backspace Ignored

08 FMP Ignored

09 Read ASCII Error 2%

A Read Direct Error 2%

B Write ASCIT Checks if write flag is set. If set, data is punched to the paper tape
specified by the user’s PRB, where word 6 tells the number of char-
acters and word 4 tells the address of characters to be punched. Only
seven bits of data are punched where the eighth bit (parity) is always
zero. Termination is caused by end of character count, and then an
ASCII EOR is punched.

C Write Direct Checks if write flag is set. If set, punches the specified number of
characters and Direct EOR.

D Write EOF If write flag is set, punches ASCII end of file.

E Rewind Ignored

F Unload Ignored

*See table 3-3 for error meanings.

3.6.2 DIRECT. This is an 8-bit code in which straight 8-bit binary values are represented on
tape. A hole represents a one bit and lack of a hole represents a zero bit. It is used for storing
and retrieving binary data on paper tape. The Direct paper tape format and an actual paper tape
sample are illustrated in figure 3-3.

For additional information regarding the ASR 33 Data Terminal paper tape reader and paper
tape punch file and data formats, see Appendix A of this supplement.
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Table 3-3. Exror Code Functions

Error Code

Function
2 Mllegal opcode
3 Device already open
5 Device not open

ASCII FORMAT

7”’
BEGINNING END OF
——¢p| BLANKS AscCll EOR | ASCIil |EOR . - « EOR| ASCIll |EOF | BLANKS 44— TAPE
OF TAPE DATA DATA DATA

BLANKS : 80 NULL CHARACTERS
EOR ¢ CR, LF, DC3, NULL, NULL, NULL, NULL
EOF : Dc3, CR, LF, DC3, NULL, NULL, NULL
0101 001 1= S
(A)134545

Figure 3-2. ASCII Paper Tape Format with Sample Paper Tape
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DIRECT FORMAT

rys

77

BEGINN[NGI BLANKS |DIRECT | EOR . .. DIRECT EOR BLANKS
OF TAPE DATA DATA

/L

t{a
BLANKS : 80 NULL CHARACTERS
EOR DC3, NULL, NULL, NULL

0001 t101=2>1D

(A)134546

Figure 3-3. Direct Paper Tape Format with Sample Paper Tape
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DEMONSTRATION OF THE PXRATE SOFTWARE PACKAGE

SECTION IV

4.1 SAMPLE PROGRAMS

Sample programs 1 and 2 exist in the Prototyping System Manual. These programs may be used
with the PXRATE system. A minimum of 4K-word user memory space is required with sample
program 2. Therefore, at least a 16K-word memory prototyping system is required for sample
program 2.

Three new sample programs (numbers 3, 4, and 5) are presented in this section. Sample
program 3 illustrates the use of the PXRATE system in the development of a short user program.
Sample program 4 demonstrates the use of supervisor I/O calls on the Model 33 ASR Data
Terminal paper tape reader and paper tape punch. Sample program 5 demonstrates the use of the
BNPF utility overlay with paper tape instead of magnetic tape cassette.

These sample programs are presented with the assumption that the user has read the Prototyping
System Manual and this supplement to the manual, and has been introduced to the functions
used in these documents.

The source for sample programs 3 and 4 are provided on tape cassette; sample program 5
requires only the BNPF overlay.

Included in each of the following sample programs is a brief explanation of the procedure and a
listing of most, if not all,- of the actual procedures followed. In some places, comments have
been added within computer printout reproductions. The following conventions are used in each
of the sample program listings:

® Comments that explain to the user what to do or what is happening are delineated by
parentheses.

® Keys that must be depressed on the log keyboard are indicated in the listings by an
underscore.

® Angled brackets enclose a single key to be depressed; e.g., (<C_R>) directs the user to
depress the carriage return.

4.1.1 SAMPLE PROGRAM 3, USER PROGRAM DEVELOPMENT. This program demonstrates
the use of the PXRATE system in the development of a user program. The source for this
program is supplied to the user on a cassette. The program takes a string of ASCII digits and,
given the radix, computes the binary value of the number. An intentional error has been
introduced into the program to demonstrate use of the PXRATE system to detect, locate, and
correct programming errors.

4.1.2 TEXT EDITOR. The user should ready the sample program cassette in the cassette 1
transport of the 733 ASR Data Terminal and ready a blank cassette in the cassette 2 transport.
Now some comments are added to the source by means of the text editor. See figure 4-1.
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(EDIT THE =0URCE FPROGRAM:
-JE CCR>D

FEREDT 9429327 ¢+ 12JULTVS
FOSITION TAFEZ=. ENTER CE
[4 ¢)_|;B: o

TS0
EHMD OF FILE

TES0  ({CR)

nool IDT  “ERZCOM”

ooz e

o0z THIS FPROGRAM TAKEZ AM AZCII MUMEER AND

oo0g » CONVYERTE IT TO A ZPECIFIC BAZE IN 272

onns COMPLEMENT HMOTATIOM. THE POZITIVE

OO0E » HUMEER MUET EBE IN 7-EIT ARECII FORMAT

ooy e STARTIMG AT LOCATION <INDEFENDENT OF FROGRAM
= 4 EAZE RODDRE=Z» >104s OME DISIT FER EBYTE.
aons - THE EAZE “ALUE ZHOULD EE A DATH WORD AT
oo1io e LOCATION »1005 THE LEMGTH OF THE HUMEER
0011« TO EE COMWERTEDs IM DIGITE. EZHOULD EE AT
onie + DATA LOCATIOM »102.

ILBRCEE 4 THE RESULT IZ RETURHED AT LOCATIOM >120.
nnig MO AZCII WALIDITY CHECE: OF OYERFLOW CHECKS
NS « HREE HMADE.

ogie -

0017 EHTREY  LWFI WREE

nots CLE R2 R2=L0O0F COUNTER
noLs CLE EZ 2 2=IMTERMEDIATE RCCUMULATOR
nogo LOor MPY  PEAZESRZ MULT. EUEREZULT EBY EREZE
oozt MOy R4 REZ LOARD LEARET =In. EITE OF REZULT
MOYE SHUIMEER CR22 » R4
ZRL  Rds=
A FdsRZ ADD MEXT DIGIT
RI R2s =320
INC  R2
C E&s PLEHGTH
] JAME  LOOF . JUMFP EACE IF MOT DOME
nzs Moy MOY R IREEULT
] A0F  20UTs 15
. RORG =100
* BERZE DATA *10
. LENGTH DRTA :&
MHUMEER EEZ  :10
ARORG =120

. REZULT DATA 0

3 EZE 20
DATA >0400
EMD  ENTEY

?

(A)134547 (172)

Figure 4-1. Edit the Source Program (Sheet 1 of 2)
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FD20,

CAOD ZOME COMMEMT LIMEZ TO THE =0URCE>

TF . i

Ty AORG =100
FU ’ "

TP "

L] “OP  SOUTs 15
T n

“OF #0UT»15 RETURM TO MOWITOR
i -:E::-, l:—F-' ]

Tl l"L ]

7ozl m

YR n

T0E1 RORG >100

“OF 20UT» 1S

oozl AORE =100
+*
+ DATA ZTORAGE ARER
»

0032 BARZE DATA »10

Tl GRS

EMTT EDIT

TERMIMATE<COMTIMUETT C<CR:>

CHIT <RECORL COWMTROL OFF:

(A)134547 (2/2)

Figure 4-1. Edit the Source Program (Sheet 2 of 2)

FETURM TO MOMITOR

CCOMTROL-I9% UZED FOR TAES

ZWITCH TO FUT AHM EOF OHM TRPE >

The edited source program is recorded on the blank cassette by the PXRATE text editor. Now,
remove the sample program cassette from the cassette 1 transport.

4.1.3 ONE-PASS ASSEMBLER. In order to assemble the program, the edited source cassette
(which has just been recorded) should be readied in the cassette 1 transport with a blank cassette
in the cassette 2 transport to accept the object code. Follow the procedure as demonstrated in
figure 4-2, recording the object code on the blank cassette in the cassette 2 transport.
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. (ASSEMBLE THE PROGRAM)
.PA C<CR>>

PXRASM 943925 ee 12JULT76 )
PREDEFINED REGISTERS? ¥ C(<CR»>

ASM/TERM? R (<CR>»

PRGE 0001
ono1 IDT “BASCON- -
oooz . :
o003 . THIZ PROGRAM TAKES AN ASCII MUMBER AND
ano4 . COMVERTE IT TO A SPECIFIC BRSE IN 2°S
0o0s . COMPLEMENT MOTATION. THE POSITIVE
0o0e . NUMEER MUST BE IN 7-BIT ASCII FORMAT
ooo? . ESTARTING AT LOCATION (INDEPENDENT OF PROGRAM
oo0s . BEASE ADDRESS) >104s OMNE DIGIT PER BYTE.
ono9 . THE BASE VALUE ZHOULD BE A DATA WORD AT
0010 . LOCATION >1005 THE LENGTH OF THE NUMBER
oni1 * TO BE CONVERTEDs IN DIGITSs ZHOULD BE AT
aniz . DATA LOCATION >102.
o013 * THE REZULT IS RETURNED AT LOCATION >120.
o014 . NO ASCII VALIDITY CHECKE DR OVERFLOW CHECKS
0o1s . ARE MALE.
onie .
0017 0000 D02E0 ENTRY LWPI WRKS
aooz ----
0012 0004 04C2 CLR R2 R2=L00FP COUNTER
0019 0006 0403 CLR R2 RI=INTERMEDIATE ACCUMULATOR
oozo 0002 3%E0  LOOP MPY SBRAZESR3 MULT. IUBRESULT BY BRZE
0ooR  —-—-
0021 000c  Coc4 MOY R4sR2 LORD LERET =IG. EITS OF RESULT
uoze  0O00E  Dize MOVE SMUMBER (RE) s R4
ool —---
023 ool 0924 SREL R4sB
0024 0014 ROCY A R4sR3 ADD MEXT DIGIT
002s  o0ie  0ze3 Al R3s =30
0018  FFE2
a02e  001AR 0522 INC R2
ao2¥  o0ic  eso02 [ REs PLENGTH
001E --—-
oo22 0020 16F3 JHE  LOOP JUMP BRCK IF NOT DONE
nog9e 0022 c202 MoV MOY  R3sIRESULT
‘ aoz4  ----
0030 0026  EFED ®OP  20UTs15 RETURN TO MOMITOR
nozs  —---
0021 0100 AORG >100
oo3z .
0033 + DATA STORAGE RREA
onz4 .

0035 0100 0010 EASE DATA >10
000ReeD100
0036 0102 0006 LENGTH DRTA *&

OOlEee01 02

003y 0104 HUMEER BSS >10
001 0ee0104

0038 0120 RORG >120

0033 0120 0000 RESULY DATA O
0024e+0120

o040 0122 WRKS BESS 20
oooZeeniz22

0041 0142 0400 0OUT DATA > 0400
002See 0142

0042 END ENTRY

0000 ERRORS
ASM-TERM? T «(<CR>>

. CHIT <RECORD CONTROL OFF> SWITCH»
(A)134548

Figure 4-2. Assemble the Program
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4.1.4 LOAD UPDATED PROGRAM AND EXECUTE. Move the object cassette from cassette 2
transport to the cassette 1 transport in order to load the object code (figure 4-3). (Alternately,
the cassette could be kept in the cassette 2 transport, the RECORD/PLAYBACK switch set to
PLAYBACK from it, and the LP command below modified to LP, 8. See paragraph 3.4.5 of the
Prototyping System Manual.)

After a trial execution, as demonstrated in figure 4-3, the result shown in address 120, ¢ is incorrect.

4.1.5 PROGRAM TRACE. Using the trace capability of the PXRATE system, the user can
single step through program execution, using the space bar to advance to the next instruction
(figure 4-4).

At this point, the program trace has been stopped by means of the escape key, since an error is
indicated by the last line of trace corresponding to the instruction found at line 25 at the
program (Al R3, -30). It was intended to subtract 30 from R3; however, it must be hexa-
decimal 30, not decimal 30. The easiest method of correction for this single error is to patch
memory location 18,¢ value FFE2,,, which actually resides in memory at B8;, because of the
AO,¢ offset from the load command. The new value for 18,4 should be FFDO,,=-304,.

4.1.6 PATCH AND EXECUTE PROGRAM, VERIFY RESULTS. The patch is made, the
program executed, and the results verified (figure 4-5).

This is the correct result since E;¢ is 14,, or 32,. If the user wishes, a permanent fix may be
made by changing “Al R3, -30” to AI R3, ->>30” in the source using the text editor.

4.2 SAMPLE PROGRAM 4, PAPER TAPE UNIT DEMONSTRATION USING I/O
SUPERVISOR CALLS

The general flow of the program to demonstrate paper tape outputs an initial prompt that
expects one of three possible inputs; all other inputs cause the initial prompt to be output again.
The three inputs are: E, to demonstrate error codes; O, to demonstrate reads and writes; and S,
to return to the monitor. If the E or O options are taken, another prompt is output which
expects an opcode followed by a mode type (R for reader and P for punch). The opcode is

(LORD UFDATED PROGREAM:
.LPE  C<CRED

CZET UF ZOME TRIAL IMPUT. TO COMYERT 327 IM ERZE 4 TO EBIMARYD
LML 100 (SRR
oinon=o0010 4 CHIT <ZPACE EAR> TO MODIFY HEST LOCATION:

01 02=0006 L 7]

CTHE FPROSREAM THOULD HAWE EXECLUTEDS WE HOW EXAMINE THE REZULTEX

SIMs 120 CACRE:

ni2o=00:3

CWREOHGEE:

(A)134549

Figure 4-3. Load Updated Program
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CEAECUTE FROGEAM UNDER TRACEX
«2Ts 0sPEEBADERA  C<CR>2
CERs D A0S FFs D% (SRS
MBS CSCRRD
PC=00ARD0 C<EFACE EBAR:Y
WP=0122 0 u
ZT=Coo0 0 n
SEU O CCRFD
Q0RO SE=0000 ZE=0072  EA=0072 (HIT <ZPACE EAR>
0oR4  ZE=0126  EZE=0002 5H=nnnn
O0RE  ZE=0128 SE=0082  SA=0000
0DoARE ZE=0100  ZE=0004 EAR=0004 LDE=0122 DE=000
niZA=0000 .
O0RC  ZE=012R EEB= Duun 0 DE=012% LE=000
O0RE  ZE=0104 SE & DE=012A DE=000
noEz EE=UIEH
0oE+  ZE=012 DE=012% DE=000
O0OESs  ZE= Ulgn
CAHAARS ! —-HIT
(A)134550
Figure 4-4. Execute Program Under Trace
CPATCH AMD EXECUTE FROSEAMs THEWM YERIFY THE REZULTE?
LIMs 100 1134
o1o0=0004
cTO PATCH AZZEMELY LIZTIHG LOCATIOMN 1% WE MUET ADD
LHE= 1280 CCQRHD
ZUM=00E3 no1s4 DIFF=FFFPE  —-00136
H + B2 CICRED
IDES=FFEE FFOO

DEA N T
=

FC=00ER
Ex L
LIHs 120

UIEU=GUUE

I THE

(A)134551

CORRECT AMZWERD LD

FOR ERCH HEL LIME}

1]

DA=00010

1}
1]

0

SESCHY

THE FROGRAM LOAD BIAS:

Figure 4-5. Patch and Execute Program, Then Verify Results

processed, and the system and user’s flags are output unless an open reader call is done. After
the opcode is processed, the program returns to the initial prompt. If the user detects an-error
(in the user’s flag word), it can be cleared either by clearing that word in memory using the MM
command in the monitor or by taking the E route from the initial prompt. When the user takes
the E route, only the error flags associated with the punch are cleared; therefore, demonstration
of error codes must be with respect to the punch. When the punch is opened, the teletypewriter
echoes back two bells and expects the user to turn-on the punch and press the RUB OUT key.
Because RUB OUT is not echoed back, it will not appear on the paper tape.

4-6
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4.2.1 DEMONSTRATION PROCEDURE. To perform the assembly of OPTEST, ready the cassette
by placing the OPTEST source cassette into the cassette 1 transport, rewind the cassette, and press
the LOAD/FF switch after the cassette has stopped. Also, place a cassette into the cassette 2 trans-
port to record the assembled object, readying it like the source. The ASR output is shown in
figure 4-6. Figure 4-7 shows the assembler output.

4.2.2 LOADING AND OPERATING OPTEST. The general outline for exercising the paper tape
unit using OPTEST will be (1) to demonstrate the error codes; (2) to examine the output buffer
for write ASCII and Direct, and to modify the input buffer to compare changes to that buffer
after the paper tape is read back into memory; (3) to punch paper tape both for ASCII and
Direct; (4) to read back into memory the paper tape that was produced from (3); and (5) to
examine the buffer changes that were produced by reading the ASCII paper tape and the Direct
paper tape.

To load OPTEST, take the object cassette produced by the assembler, put it into the cassette 1
transport, and ready the tape as before. Before executing the program, LUNO 9 must be assigned to
the paper tape reader (PTR) and LUNO A to the paper tape punch (PTP). The ASR output is shown
in figure 4-8.

4.2.2.1 Error Codes. Error code 5 indicates the device is not open, and error code 2 indicates an
illegal opcode. When the system and user’s flags are output, the rightmost value will be the error
code and the leftmost value will indicate an error to the monitor. In this sample case, the error
should be a 4, which is an unrecoverable I/O error to the monitor. For error code 5, try to
punch tape (BP) before the punch is open, and for error 2, try to read from the punch (9P).
Note that the teletypewriter interface must be at CRU base 20,4, which is the left half of
computer chassis slot 6 at the bottom of the chassis. If a response is not obtained, try turning
the teletypewriter on and off; or feeding some paper tape through the reader on local; or tumn
the computer off, reseat the interface card, reboot the monitor, and start over from
paragraph 4.2.2. The ASR output is shown in figure 4-9.

4.2.2.2 Examine and Modify Buffers. Now look at the monitor output buffer and modify the
monitor input buffers for read ASCII and Direct by making these two buffers all zeros. The
output buffer is from 282 to 294; the ASCII input buffer is from 296 to 2A8; and the Direct
input buffer is from 2AA to2BE. The IM and MM commands are used to perform these
operations. The ASR output is shown in figure 4-10.

(ARZZEMELE THE DEMOMEITRATION FROGRAM?

JER <CRS
FTRRSM 948525 ee 12JUL7E
FREDEFIMED REGISTERZT M <CRY
ASMATERM? R C<CRSY

(A)134552

Figure 4-6. Assemble Demonstration Program
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FRGE 0001

ooog nT UFiE=1-
anong *

s * RESIZTER ERUHIEX
HOES *

noo0s ouon RO EG
oo ool kK1 EG
D00y oo Re EG
ooos nons RE ECHS
noos aoogd Fd EGd
anion oooeE R11 E
oall *

o1 X bisF BEE
o0L: OD2EN =ZTART  LWFI
oo

SFEUD  HBEHRIM  =0F  @HEHRUs 15 INFUT EsEs0 FOE ZTOFPs ERRE PRO.
ZFED wOF AREFLYs 19 Or OF CODE FRO

— e 00

—

WORE SPRACE REGISTERS
BET WORE SPACE

[x]
[0

*

onlg
noLs
nole
oLy

ooLs
o1

*
+ DECIZION ERAMUH ke=LUMOS E3I= 0OF CODE
L 3

DAY ] MO F1IMFs R GET IHFPUT

n2g1 AMOL Fls>¥FUu MAZE OFF BHREBAGE

FFOD

gl Hl Fls=ramun IZ IT AM EY

BEQD

13-- JER EREFEL TEZy ERROR FROACEDURE

nael HI Fls=>Huu = IT A Oy

FeQn

13—~ JEG OFCHRU YEZs OF CODE FROCEDURE

el HI Fls=>*qun IZ IT AN =7

nogz  Fooo

nogdd 1EEF AHME  HBHLIN MOs FROMFTHGEHIM

agsn

anel

ooz
nonEs

+ RETURM TO MOMLIUM

o04e  2FED “0P kBT s 19 RETLEM
nogs ————

+
¢ ERFOR PROCEDLEREE
*

ERRFED EWEM

2FED “0F  SRZEUFs 15 OUTFUT FROMFT
NI T o
ooze 004 2FEQ AOF S IMPLLDs 1S INFUT REFLY
oSy ————
OOE7 0058 DEzo MOWE ' 1MELUE s avHL ZET UF FOR COMwERD:LOM
00Eg4 ———-
no5e ———--
iz 00858 2FED “0F  SCOMELs 1D COMYERT
nozs e 0 EWFE RO REZULTE I LEFT EYIE
o040 O05E D00 MOYE RUsa LODH DEFOEZIT FOR FROCELZE

(A)134553 (1/5)

Figure 4-7. IDT OPTEST (Sheet 1 of 5)
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Figure 4-8. Load Program
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Figure 4-10. Examine and Modify Buffers
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4.2.2.3 Punch Paper Tape. The program will be executed taking “O” option to the initial
prompt. Before the user inputs any response to the second prompt, the teletypewriter should be
placed in local mode, the HERE-IS key for leader/trailer should be pressed twice, and the
teletypewriter should be placed back in the online mode. The first response to- the second
prompt will be to open the punch (OP). Note that the bell will ring twice alerting the user to
turn on the punch and press the RUB OUT key. No indication of the RUB OUT will be
punched on the tape because it is not echoed. The next two responses will be to punch ASCII
(BP) and to punch Direct (CP). The tape should be similar to figures 4-11 and 4-12. The ASR
output is shown in figure 4-13.

Before removing the paper tape just produced, place the TTY in local mode and press the
HERE-IS key twice to generate several inches of trailer. Opcodes are available which generate
leader/trailer but are not used in this example.

4.2.2.4 Read Paper Tape. The paper tape produced from paragraph 4.2.2.3 is to be used in this
example. Again, the “O” option should be taken, an open reader (OR) done, a read ASCII (9R)
done, a read Direct (AR) done, and then the “S” option taken to return to the monitor. The
ASR output is shown in figure 4-14.

4.2.2.5 Examine Buffer Change. An examination of what was read off the paper tape and into
memory, from paragraph 4.2.2.4, will be performed by doing an IM command of the ASCII
input buffer and the Direct input buffer. The ASR output is shown in figure 4-15.

The previous exercise read an ASCII tape into a buffer to demonstrate how read ASCII (BP) and
read Direct works. The user can, for further experimentation, read the Direct tape, using a read
ASCII (BP). This will demonstrate that certain characters on the Direct tape are not legal ASCII
values and are ignored in accordance with the file and data formats of Appendix A.

\ A A J
Vv A4 \/
- EOR DATA LEADER/TRAILER
- (A)134560
Figure 4-11. ASCII Tape
LEADER/TRAILER EOR DATA
(A)134561

Figure 4-12. Direct Tape
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Figure 4-14. Read Paper Tape
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L IMs 296 2AS
n2e=2il
OSAE=0000
CIMs SAFYEBC G<
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Figure 4-15. Exhibit Read ASCII and Direct Buffers, Verify Results

4.3 SAMPLE PROGRAM 5, BNPF USE WITH PAPER TAPE

This procedure illustrates use of the BNPF overlay to dump and load data to and from paper
tape in BNPF format. Since the BNPF utility always dumps to LUNO 7 (normally cassette
drive 1), reassign LUNO 7 to the paper tape punch for dumps to paper tape or to paper tape
reader for loads (or compares) from paper tape. See figure 4-16. A reproduction of the resultant
tape can be seen in figure 4-17. A teletypewriter listing can be seen in figure 4-18.
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Figure 4-16. Use of BNPF with Paper Tape
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(A)134564

Figure 4-18. Teletypewriter Listing
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PAPER TAPE READER/PUNCH FILE AND DATA FORMATS

APPENDIX A

ASR 33
PERIPHERAL: ASR 33 TTY Paper Tape Reader (ASCII, Direct)
PHYSICAL ORGANIZATION: Record, File
END OF RECORD: CR for ASCII, DC3 for Direct
END OF FILE: DC3 for ASCII, does not apply for Direct
CHARACTER SET: As shown in figure A-1

1. HT, FF, BEL, BS, and characters in the range >20 to >7F are stored in the user’s
buffer.

2. ETB is translated to CR and stored in the user’s buffer.
3. CR indicates end of record and is not stored in the user’s buffer.

4. DC3 received as the first valid character of a record indicates end of file and is not
placed in the user’s buffer.

5. The sequence LF, or DEL or LF,DEL or any number of nulls at the beginning of a
record are ignored if present. The first character following such a sequence is con-
sidered the first valid character in the record.

6. In direct mode, the contents of a physical block on tape is transferred to the buffer
without conversion.

A-1 Digital Systems Division



o
i“—@p 9462439701

b7 »| © 0 ) ) 1 1 1 1
S be’bs : 0o 01 'o 11 Qo o1 10 11
1 -

& b14 b13 b12 ?1 Row%gl; ) o 2 3 4 5 6 7
olo]ojo 0 )(J/ /9(E/ sP 0 @ P P
olo]of1 1 557//,/0}71 ! 1 A Q ~a | q
ojo] 1]o 2 /%x//rjéc/ A " 2 B R b r
ojof 1|1 3 l/:-:)é(/ Dc3 # 3 c s c s
ol1]lo]o 4 //éy{ /0?74 $ 4 D T d t
oj1]o}1 5 //luy/ /( /4A/ 1 * 5 E u e u
oj1}1}o 6 /»)éK/ / ;Km/ & 6 F \% f v
olt|1]1 7 BEL ETB ‘ 7 G w 9 w
1]lojofo 8 BS /A/Z ( 8 H X h X
1lo}ol1 9 HT /7(1/‘ ) 9 I Y i y
1jol1jo} 10 LF /S)/B * : J z j z
1o 11 ] 11 [Y{'/ //és// + : K [ k }
1|1|olo} 12 FF - /s// , < L \ 1 |
1]1{of1] 13 /cf;/ /G)!/ - = M ] m }
1l1{1lo}] 14 / o/ /, /a§/ . > N n n ~
1111 ] 15 ?r(/é//s// / ? o —_ o DEL

(A)134585

Figure A-1. Paper Tape Reader Character Set
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ASR 33

PERIPHERAL: ASR 33 TTY Paper Tape Punch (ASCII, Direct)

PHYSICAL ORGANIZATION: Character, Record, File

END OF RECORD: Depletion of Character Count

END OF FILE: DC3 for ASCII, does not apply for Direct

CHARACTER SET: As shown in figure A-2

1.
2.

HT, FF, BEL, BS, and characters in the range 20,4, to 7F,4 are output as is.

CR in the user’s buffer is translated to ETB and output.

The end of record character sequence is CR, LF, DC3, NULL, NULL, NULL, NULL.
These characters are automatically output to control the paper tape and are not user
data characters.

The end of file character sequence is DC3, CR, LF, DC3, NULL, NULL, NULL.

DC3 is allowed within a record for compatibility with standalone software. It may not
be written, however, as the first data character in the record.

In direct mode:

Data is output unconverted; entire ASCII set is valid.
The end of record character sequence is DC3, NULL, NULL, NULL.

If DC4 is encountered in the user’s buffer, it is output and record is turned on
again by sending DC2.

The user is responsible for ensuring that last block is dumped to cage.

The end of record character sequence is output at the end of each write operation
by the DSR.
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Figure A-2. Paper Tape Punch Character Set
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ALPHABETICAL INDEX

INTRODUCTION

The following index lists key words and concepts from the subject material of the manual
together with the area(s) in the manual that supply major coverage of the listed concept. The
numbers along the right side of the listing reference the following manual areas:

e Sections - References to Sections of the manual appear as “Sectlon x” with the symbol
X representing any numeric quantity.

e  Appendixes - References to Appendixes of the manual appear as “Appendix y’ w1th the
symbol y representing any capital letter.

e  Paragraphs - References to paragraphs of the manual appear as a series of alphanumeric
or numeric characters punctuated with decimal points. Only the first character of the
string may be a letter; all subsequent characters are numbers. The first character refers
to the section or appendix of the manual in which the paragraph is found.

e Tables - References to tables in the manual are represented by the capital letter T
followed immediately by another alphanumeric character (representing the section or
appendix of the manual containing the table). The second character is followed by a
dash (-) and a number:

Tx-yy

e  Figures - References to figures in the manual are represented by the capital letter F
followed immediately by another alphanumeric character (representing the section or
appendix of the manual containing the figure). The second character is followed by a
dash (-) and a number:

Fx-yy

e  Other entries in the Index - References to other entries in the index are preceded by
the word “See” followed by the referenced entry.
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Absolute Code, PXRATE . . . . . . .24, T2-1
Absolute Format, Compressed . . . . . . 1.2.1
Addresses, Memory . . . . . . . F1-1 thru F14
ALCommand . . . .. ... ... ... 33
ASCHH Tape . . . . . . . . . . .. .. F4-11
ASCII Format . . . . . . . . . . . ... F3-2
“Assembler, One-Pass . . . . . . . 1.1,1.4,4.1.3
Assign LUNO Command . . . . . 3.3,4.2.2,43
Base Address, CRU . . . . . . .. 1.2.2,4.2.2.1
Binary to Decimal ASCII Supervisor

Call . . .. .. ... ... ... 1.2.1
Binary to Hexadecimal ASCII Supervisor

Call . . .. ... ... ... 1.21
BNPF:

Dump Sample Program . . . . . . . .. 4.3

Tape Format . . . .. . . . .. . .. F4-17

TTY Listing . . . . . ... .. ... F4-18
Calls, Supervisor . . . . . . . . . 3.1,3.2,33
Capabilities, PXRATE Prototyping

System . . . . . .. ... ... 1.2.1
Cassette, Copying from One Tape

to Another . . . . . . . .. 24,24.1,24.2
Cassette Generation, PXRATE

Software Tape . . . . . . . . 24,24.1,24.2
Character Set, 33 ASR

Reader/Punch . . . . . . . .. Appendix A,

. FA-1, FA-2

Command

N 33

Assign LUNO . . . . . . .. 3.3,4.2.2,43

Execute User Program Under SIE

o orTrace . . . ... ... .... 4.1.5
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