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PREFACE

This reference manual for programmers contains the information required to operate
the OP-16 Utility Programs through the Honeywell -supplied OP-16 Input/Output library,
in conjunction with the RTX-16 Real-Time Executive. The reader is assumed to have a
basic familiarity with Series 16 assembly language programming and to have read the
316/516 Programmers Reference Manual (Doc. No., 130072156) and the OP-16 Users Guide
(Doc. No. 70130072404).

An introductory section characterizes the two types of utility programs that can be
built (off-line and on-line), discusses the preconfigured basic utilities available to the user,
and shows the applicability of MINEX, an interrupt handler and supervisor program.
Section II provides detailed procedures for initiating, conversing with, terminating, abort-
ing, and editing the utility programs. Section III summarizes the system control, debugg-
ing, and transfer/verify functions currently available. Section IV, the longest part of the
manual, gives step-by-step operating/programming procedures for building the OP-16

utility programs.

For further information on the operating procedures of LDR-APM and PAL-AP, with

which the reader should be familiar, consult the Series 16 Operators Guide (Doc. No.

70130072165). All utility program components are listed in Binder Table of Contents for
OP-16 Operating System (Doc. No. 70181898311).

©1971, Honeywell Information Systems Inc. File No.: 1Al3
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SECTION 1
INTRODUCTION

OVERVIEW

This document describes the functions, use, and building procedures of the OP-16
Utility Programs. These programs provide a conversational interface between an
operator and the OP-16 operating system via an ASR-33 or ASR-35 teletype, within the

hardware environment supported by OP-16,

Using the program components provided, two types of utility programs can be built,
each to suit a given hardware environment and each to have all or part of the possible set
of functions. The two types are:

1. Off -line Utilities

2. On-line Utilities

OFF -LINE AND ON-LINE UTILITIES

The Off-line Utility Programs assume a single-program, single-interrupt environ-
ment at any given time and do not expect program interruptions. They provide off-line
program debugging tools;

data transfer/verify between a variety of storage devices and external
media.

The On-line Utility Programs run under the control of the RTX-16 executive and
provide on-line
program debugging tools;

data transfer/verify between a variety of storage devices and external
media;

optional operator control over the initiation and termination of periodic
programs and initiations of ''single shot'' programs;

control of the location and size of the core area available to the
operator for on-line manipulations;

printing and adjusting of the time of day.

Both the off- and on-line versions utilize the standard OP-16 drivers.

Each of the two types of OP-16 utilities may be configured to be fully core-resident,
or for core/mass-store systems, fully or partially mass-store-resident (Figure 1-1).

All components are provided in relocatable object format.
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The functions which may be incorperated in any of the versions are summarized in

Table 1-1 and are discussed in detail in Section III.

PRECONFIGURED BASIC UTILITIES

The modular construction of the utility programs allows the user to include or
exclude features to suit particular requirements and hardware environments. To aid the
user in building the desired utilities to meet a particular application, three library tapes
are supplied, each containing I/O subroutines, I1/O drivers, and functions (sequenced in
their loading order) required to build an off-line core-resident utility program. The capa-
bilities of each are described below:

OFLUT -1 is a core-resident off-line utility which supports the ASR
Keyboard/Printer and the High Speed Paper Tape Reader/
Punch. It includes functions shown in Table 1-1.

OFLUT-2 is a core-resident off-line utility which supports the ASR
Keyboard/Printer, the High Speed Paper Tape Reader/
Punch, and the 20-surface (Type 4650) or the 2-surface
(Type 4720) Moving Head Disk. It includes functions
shown in Table 1-1. It may be conveniently used to build
other disk-resident utilities or other programs.

OFLUT-3 is similar to OFLUT -2 except that it supports the Drum
Storage Unit (Type 931X).

Each of the above preconfigured basic utilities is punched in object form on a single
paper tape which contains all necessary program components in their appropriate loading
order. The programs may be loaded anywhere in core via LDR-APM. Once the off-line
utility program is built, it may be punched out by PAL-AP to obtain a self-loading paper

tape.
OP-16 UTILITIES
| l
OFF -LINE ON-LINE
]
PRECONFIGURED CONFIGURABLE CONFIGURABLE
BASIC UTILITIES UTILITIES UTILITIES
OFLUT-1 OFLUT-3
CORE -RESIDENT CORE-RESIDENT
OFLUT-2 (OFLCUP) (ONLCUP) -
CORE /MASS-STORE - CORE /MASS-STORE -
RESIDENT RESIDENT
(OFLMUP) (ONLMUP)
iz == T R = R T S el L LT TR T T

Figure 1-1. Versions of OP-16 Utility Programs
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MINEX

All OP-16 utility programs utilize the standard OP-16 I/O drivers which were
designed to run under the interrupt and priority control of the RTX-16 executive. In order
to utilize the "on-line" drivers off-line, a small interrupt handler and supervisor program
(MINEX]) is provided as a component of the off-line utility programs. MINEX allows only

sequential execution of programs and enables only one interrupt at any given time.

HARDWARE AND SOFTWARE REQUIREMENTS

The required hardware and software and the supported hardware are summarized in

Table 1-2,

CONVENTIONS USED IN MANUAL

The term mass store is used to describe the system moving head disk unit or drum
storage unit. The word segment refers to a 128-word block of core or mass store. The

term segmented program is used to describe a program which contains a core-resident

portion (called the root) and one or more mass-store-resident portions (called overlays),

which are brought into core only when required.

Octal numbers are preceded by an apostrophe or followed by the word "octal'’; e. g.,

'57 = 57 (octal).

Angle brackets [4 > :l enclose items which are variable in nature. The prefix I
is used to indicate that decimal numbers are required, and the prefix 'I to indicate that

octal numbers are required.

Parentheses indicate the contents of a given register. For instance, (A) = '333

means that the A register contains octal 333,

When the user response on the ASR is to be followed by a carriage return, the

symbol (CR) is used.
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SECTION II
USE

INITIATION
Once the utility programs are built in accordance with the Building Procedures

(Section IV) they may be initiated by performing the steps outlined below,

Off-line Utilities

1, Obtain the core address of location EXEC from the loading map
(refer to Section IV).

2 Set the MA/SI/RUN switch to SI.
Master clear

4, If the program was built in the normal mode, set (P) = EXEC.
If the program was built in the extended mode, set (P) = EXEC +1.

5. Set the MA/SI/RUN switch to RUN.
6. Depress the START pushbutton.

At this point the program goes into the ''receive command'' mode, causing SF= to

be typed on the ASR. It remains in this mode until a legitimate command is received.

On-line Utilities

After the RTX-16 executive is initialized as described in the OP-16 Users Guide,
typing a dollar sign ($) on the ASR places the utility program in the ''receive command"
mode, causing SF= to be typed on the ASR. It remains in this mode until a legitimate

command is received.

CONVERSATION

The operator may answer SF= either by typing in any of the legitimate commands
(refer to Section III)} or by terminating the conversation. Once the command line is
completed by a carriage return, the program performs the selected function and, after its
completion, returns to the '""receive command' mode, causing SF= to be typed on the ASR.
At this time the user may enter a subsequent command. The general command line for-
mats, function mnemonics, and device names are described here; parameters are dis-

cussed in detail in Section III.
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Command Line Formats

The two formats used in a system command line are presented below. The user

may supply information for two fields in format a and for three fields in format b.

a, SF = <FN> , <parameters> (CR)

b. SF =<FN> A <IDOD> A <parameters> (CR)
where SF=  is output by the program to indicate the 'receive command"
mode;
FN is a two-character function mnemonic entered by the user;
A indicates a single space output by the program to divide the
command line into fields;
1D is a two-character input device name entered by the user;
oD is a two-character output device name entered by the user;
(CR) indicates a carriage return entered by the user.

Function Mnemonics

The 11 function mnemonics used with format a of the command line are presented

in Table 2-1.

Table 2-1. Function Mnemonics
Mnemonic Description
PT Print Time
RT Replace Time
RP Request Program
CC Connect Clock
DC Disconnect Clock
RC Replace Core
FC Fill Core
S5C Search Core
PC Print Core
PL Print Core Protection Limits
RL Replace Core Protection Limits

Two function mnemonics are used with format b of the command line:

TR Transfer Data
VE  Verify Data

Device Names

Five device names are used for the variables ID and OD in format b of the command

line.

The allowable device names are presented in Table 2-2.

2-2
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Table 2-2. Device Names

Name Description
co Core
SM System Mass Store
PR Paper Tape Reader
PP Paper Tape Punch
MT Magnetic Tape

TERMINATION

The off-line utility programs may be terminated either during their execution or
after the completion of the last function simply by setting the MA/SI/RUN switch to SI.
The program may be placed again in the ''receive command' mode by repeating the steps

described previously on page 2-1,

The on-line utility programs may be terminated by typing an exclamation mark (!)
through the keyboard and, if necessary, terminating the field with a carriage return (CR).
At this time control is returned to the RTX-16 executive and the utility program remains
dormant until requested again by typing a dollar sign ($) through the ASR keyboard. If the
on-line utility program is mass-store-resident, the core area it occupied during execution

becomes available at this time for other programs.

ABORTION OF FUNCTIONS

In some cases the execution of the selected function may take some time (print core,
read tape, punch tape, etc.) and the operator may wish to terminate it before it runs to
completion. By setting sense switch 3 on the computer control panel, the following functions
may be aborted: print core (PC), search core (SC), and all transfer (TR) and verify (VE)
functions, except transfer between core and system mass store (TR COSM and TR SMCO).
After abortion of the function, the utility program goes into the ''receive command' mode

and displays SF= on the ASR.

COMMAND EDIT FEATURES

The utility programs recognize three control characters for command editing, when
typed as part of the command line: a slash (/), a commercial at (@) and a back arrow

(«< ). The use of these and other control characters is summarized in Table 2-3.
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Table 2-3. Keyboard Control Functions

Keyboard Function
Character On-line Utilities Off-line Utilities

When started by the EXEC, the
characters SF= are typed to
signify the ''receive command"
mode.

$ Requests the utility program.
|

Causes termination of the

utility program when typed at
any time the utility program

is expecting information.

! Deletes th'e: current line and causes a new SF= to be
printed.

- Deletes the current character.

@ Deletes the entry in the current field.

i Delimits the parameter field.

When typed as part
of a command line
beginning with SF

(CR) Terminates a command line.

l

ERROR DIAGNOSTICS

Errors detected and reported by the utility programs are summarized in Table 2 -4.
When any of these errors is detected, the current function is terminated, an error

message is printed, and the utility program returns to the ''receive command' mode after

printing SF=.
1/O errors detected by the device drivers are reported as follows.

On-line Utilities

The on-line Error Print program prints the appropriate I/O error message as
described in the OP-16 Users Guide and in the corresponding OP-16 Driver Manual. After

an I/O error, both the initiated function and the utility program are terminated.

Off-line Utilities

The utility program halts with the error code in the A register and the address of
location CALL#+1 in the B register. To continue using the utility program, it should be

reinitiated as described on page 2-1.
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Table 2-4. TUtility Program Messages

Message Meaning

SF= System is ready to receive function and other
parameters from the user.

FE Format or function error; parameter entered in-
correctly.

LE Limit error; attempt to modify core outside core
protection limits

HE Header error; incorrect header record for the
particular type of paper tape or magnetic tape
transfer.

CE Checksum error detected during a paper tape
function.

ME Magnetic tape error; magnetic tape driver could
not complete the requested operation, because of
a hardware malfunction.

ET End of tape; end of tape mark encountered on
magnetic tape.

EF End of file; end of file mark encountered on mag-

netic tape, indicating the file contains less than
the specified data.

EEe——————————— e e ———
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SECTION III
FUNCTIONS

This section describes the utility functions currently available. Other functions may

be provided in the future.

Table 3-1 lists some common abbreviations used to simplify the parameter field

descriptions. Other abbreviations have been described in Section IIL.

Table 3-1. Parameter Abbreviations

Abbreviation Description Variable Is

CSA Core Start Address Octal

CEA Core End Address Octal

DSA Mass Store Start Address Octal Segment Number

DEA Mass Store End Address Octal Segment Number

sC Segment Count Octal

Unit Magnetic Tape Unit Number 0-3

File Magnetic Tape File Number Octal

T

SYSTEM CONTROL FUNCTIONS

Print Time

SF=PT A (CR)

Prints the system time in (decimal) hours and minutes, based on the 24-hour

clock.

Replace Time
SF=RT A <hours>, <minutes> (CR)

Replaces the system time with the (decimal) hours and minutes specified.

Request Program

SF=RP A <name> (CR) or SF=RP A <name?>, <parameter> (CR)

Requests the execution of a program and optionally passes an octal parameter to it.

The program name can be any two ASCII characters.

Connect Clock

SF=CC p <name?>, <initial>, <interval>, <base> (CR)
3-1 #AB63



Connects a program to the system clock for automatic periodic execution. The name,

initial, interval, and base parameters are described in Table 3-2.

Table 3-2. Parameters for Clock Calls

Parameter Meaning

Name Name of program to be connected (two
ASCII characters).

Initial Time (decimal) until first execution (see
base parameter).

Interval Interval (decimal) between subsequent
executions (see base parameter).

Base Base frequency as follows:

0, Time until first execution is an abso-
lute time of day in minutes. Thereafter,
interval between executions is in minutes.

1, Time until first execution is in 50-ms
units. Interwval between executions is
in 50-ms units.

2, Time until first execution is in seconds.
Interval between executions is in seconds.

3, Time until first execution is in minutes.
Interval between executions is in minutes.

T e T T T S e T T T R T e e

Disconnect Clock

SF=DC Aﬂiname), <base> (CR)

Disconnects a program for the system clock. The name and base parameters are

defined in Table 3-2.

DEBUGGING FUNCTIONS

Replace Core
SF=RC 5, <CSA> (CR)

Prints and optionally replaces the contents of an area of core, starting at a speci-
fied address, depending on the user's response. Table 3-3 lists the possible responses

and the corresponding action taken. A typical printout is as follows:

SF=RC 10000
10000 123456 111111
10001 123456 »
10002 123456
10003 123456 /
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Table 3-3. Responses for Replace Core Function

Response Action
» (CR) Contents of the current address remain
unchanged and the next higher address is
examined.
< wvalue> (CR) The octal value specified is stored in the

current address and the next higher address
is examined.

{CR) Zero is stored in the current address and the
next higher address is examined.

/ (CR) The function is terminated.

—
Print Core

SF=PC p <CSA>, <CEA> (CR) or SF=PC , <CSA> (CR)

Prints the contents of a specified number of core locations, eight per line, in octal.
If the core end address (CEA) is omitted, only a single location will be printed. A typical

printout is shown below:

SF=PC 70007777
7000 7160 5000 11005 5022 07 7162 5023 11134
7010 105005 11133 25005 105005 11135 5024 11122 21117
7020 25005 103005 4 1 140723 11274 7154 105026
7030 11134 25026 105026 11133 25026 105026 101400 3043
7040 140100 11026 100000 25026 11135 s051 11122 21117

Fill Core
SF=FC& <CSA> , <CEA> , <wvalue> (CR)

Fills a specified block of core with a given octal value.

Search Core

SF=SC& <CSA> , <CEA> , <value> , <mask> (CR)

Searches a specified area of core for a given octal value under a mask. If a mask of
zero is specified, the entire word is tested. Whenever a match is found, the address and

its contents are printed as shown below:

SF=5C 7000s7777»7000,7000
7000 7160
7005 7246
026 7154
T4 177777
7107 107154
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Print Limits

SF=p
LQ(CR}
Prints the core protection limits. Utility functions are prevented from modifying
core locations outside these limits. The fourth and fifth words of Table XSPT in the

OP-16 Configuration Module contain the low and high limits, respectively.

Replace Limits

SF=RL A <low limit> , <high limit> (CR)

Replaces the core protection limits with those specified.

TRANSFER AND VERIFY FUNCTIONS

Transfer — Core to Mass Store

SF=TRp COSMp <CSA> , <DSA> , <SC> (CR)

Transfers a specified number of segments from core to the mass store.

Transfer — Mass Store to Core

SF=TRp SMCOp <CSA> , <DSA> , <SC> (CR)

Transfers a specified number of segments from the mass store into core.

Verify — Mass Store Against Core

SF=VEA SMCOp <CSA> , <DSA> , <S8C> (CR)

Verifies a specified number of segments on the mass store against core. Differences

are printed on the ASR in the following format:

SF=VE SMCOC 5000,477»1

5000 51782 0
5005 5257 0
5085 o 5155
5026 5230 0
5052 5243 0
5057 5245 0
5074 177777 11147
5075 0 5102
5076 0 11134

5077 105144 21131
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where column 1 is the core address;
column 2 is the core contents;

column 3 is the corresponding mass store contents.

Transfer — Core to Paper Tape

SF=TRA COPPp <CSA> , <CEA> (CR)

Transfers a specified area of core to paper tape according to the format described

in Appendix C.

Transfer — Paper Tape to Core

SF=TR  PRCOp (CR)

Transfers information from paper tape into the area of core from which it was

punched.

SF=TRAPRCOA<CSA> , <CEA> (CR)

Transfers information from paper tape into another specified area of core. Infor-
mation punched from the mass store may also be transferred to core by use of this form
of the command. The transfer terminates either when the core area is filled or when the

end-of -tape record is encountered.

Verify — Paper Tape Against Core
SF=VE, PRCO, (CR)

Verifies information from paper tape against the area of core from which it was

punched.

SF=VEAPRCOA<CSA> , <CEA> (CR)

Verifies information from paper tape against another specified area of core.
Information punched from the mass store may also be verified against core by use of this
form of the command. The verification terminates either at the core end address (CEA)

or when the end-of-tape record is encountered.

In both cases, differences are printed on the ASR in the following format:
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SF=VE PRCO 50005177
5057 5245 5255
5134 150322 150320
5145 42 41
5146 1 5363
5147 5514 5363
5160 533 527
5170 5472 5343
5173 5514 5363
5174 21336 21271
5175 100040 17362

where column 1 is the core address;
column 2 is the core contents;

column 3 is the corresponding tape contents.

Transfer — Mass Store to Paper Tape

SF=TRp SMPPA <DSA> , <DEA> (CR)

Transfers a specified number of segments from the mass store to paper tape

according to the format described in Appendix C.

Transfer — Paper Tape to Mass Store

SF=TRp PRSMp (CR)

Transfers information from paper tape to the mass-store segments from which it

was punched.

SF=TR ) PRSM 4, <DSA> , <DEA> (CR)

Transfers information from paper tape to other specified mass-store segments.
Information punched from core may also be transferred to the mass store by use of this
form of the command. The transfer terminates either at the end address (DEA) or when

the end-of-tape record is encountered.

Verify — Paper Tape Against Mass Store
SF=VE 5 PRSM.&{CR)

Verifies information from paper tape against the mass-store segments from which

it was punched.

SF=VE , PRSM <DSA> , <DEA> (CR)

A
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