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PREFACE

This manual is the prime document for the DOS-15 Monitor Software
System and describes its features, concepts, programming, and opera-
ting procedures. The first four chapters provide a general descrip-
tion of the DOS-15 System components, both hardware and software,

fundamental system concepts, and file structures.

The remaining six chapters deal with the DO0S-15 system at a more
technical level. They are primarily concerned with I/O programming
requirements and techniques under the Monitor, runtime keyboard com-
mands, and operating procedures. The information in these chapters
is directed primarily to readers who are familiar with either the
FORTRAN IV language or the PDP-15 assembly language, MACRO~-15 (de-
scribed in DEC-15~LFLMA~A~-D and DEC-15-LMACA-B-D, respectively).
FORTRAN users, however, need only be concerned with chapters 7, 8,
and 10, since FORTRAN I/0 considerations are specifically covered
in the PDP-15 FORTRAN IV Operating Environment manual
(DEC-15-LFEMA~A-D) .

Detailed information on the internal operations of the DOS-15 Monitor
and its file structure as well as procedures for preparing user-
created system software are provided in the DOS-15 System Manual
(DEC-15-ODFFA-B-D). Brief descriptions of all system programs with
applicable document numbers are contained in Chapter 2.

A qguick reference summary of the command strings, operating procedures

and error messages for the Monitor and system programs is provided in
the DOS-15 Keyboard Command Guide (DEC-15~-ODKCA-A-D).
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CHAPTER 1

DISK OPERATING SYSTEM

1.1 INTRODUCTION

The PDP-15 Disk Operating System (DOS-15) is an integrated set of
software desigﬁed to meet the demands of research, engineering,
and industrial enviromments. It includes the software necessary
for simplified programming and efficient operations. DOS-15
brings to the user the advantages of disk resident storage via
rapid access to the system's resources. The operating system

runs with :a PDP-15/20 Central Processor having at least 16,384
18-bit words of main memory and the specific capabilities required

by the system (see Paragraph 1.2, "System Hardware").

The System Monitor is an integrated set of commonly-used programs
for the development: of user applications. These programs include
tools for:

Program Preparation,
Compilation,
Assembly;

Debugging, and

Execution of User Programs.

The DOS Monitor, the heart of the system, incorporates all the func-
tions of the "Advanced Monitor System" plus the added power of

fully automatic random access file operation. The user controls

the operating 'system by instructions to the Monitor. The Monitor
runs the jobs;, superviseé data and file manipulation, and interacts

with the operator/user in a simple, conversational manner.

In the operating system, ‘data on mass storage is handled by macro
statements used with the MACRO-15 symbolic assembler language, and

by the mass storage language elements incorporated into the FORTRAN
IV compiler.



1.1.1 System Features

Disk Resident

System Software

Interactive

Operation

I/0 Device

Handlers

Programmed

Monitor

Commands

Conversational

Mode

Dynamic Storage

Allocation

Dynamic Buffer

Allocation

Disk File

Structure

All DOS~15 System Software resides on either
DECdisk, Disk Pack, or Disk Cartridge.

An interactive keyboard/program Monitor permits
device-independent programming and automatic

calling and loading of system and user programs.

Data and file manipulating I/0 device handlers

are supplied for standard system peripherals.

Input/Output programming is simplified by the
use of a set of system commands which are

standardized for system-supported I/O devices.

System Utility Programs interact with the operator/

user in a simple, conversational manner.

The available disk storage is automatically allo-

cated for optimum storage utilization.

Input/Output core is automatically optimized by
the Monitor. It allocates only that space which

is required for the system and the user.

Allows the most efficient use of disk capacity

and data retrieval for processing via:

@ System supported DECdisk, Disk Cartridge
and Disk Pack devices, providing both
economy and storage capacity

® Virtually unlimited data capacity (Disk
Pack - 83,7 million words, DECdisk = 2.09

million words, Disk Cartridge - 10 million woxrds)

) Random/Sequential File access
) File Protection through unique user
directories



e User/userxfiie independence‘—'idéhtically
named unformatted Inpuf/Output'(FORTRAN-IV)

® Random Access - formatted as well as unfor-
matted Input/Output (FORTRAN-IV)

User—Created The user may easily incorporate his own software

System Files into the operating system, thereby- tailoring the
system to his hardware and software needs.

I/0 Spooling Line Printer, card reader, and XY plotter spooling
is available on Unichannel-=15 systems.

Programming ' Several programming languages are’ offered:

Languages FORTRAN IV, FOCAL, MACRO-15 and MACRO-11 on Uni-
channel-15 systems. ‘

Bank and Page Choice of 8K (Bank Mode) or 4K (Page Mode) direct

Modes addresability. - Bank Mode permits DOS~15 operation
on the PDP-9. BRRERE

The system provides for several levels of user file protection. Using
unique User Identification Codes, ‘each user can be assured of his file
integrity. Files are protected and invisible to other users. The
system provides privileged access to all files via a supervisory code

maintained by the system owner or manager.

1.2 SYSTEM HARDWARE

The Disk Operating System is defined within the limits of a particular
PDP-15 hardware system configuration; i.e., central processor model,
minimum and maximum core requirements, necessary features, and types
and numbers of peripheral devices.

The system software is distributed as a Disk Restore System on DECtape,
or Magtape, and operates from DECdisk, Disk Pack, or Disk Cartridge

with DECtape or Magtape backup storage.

1.2.1 Minimum Hardware Requirements

The minimum equipment configuration for the D0S-15 software includes
the PDP-15 Central Processor with the following features:

16,384 18-bit words of core mémory

35 Teleprinter: ‘ ‘
PCl5 High-speed Paper Tape Reader and Punch

1-3



KE15 Extended Arithmetic Element
TC1l5 DECtape Control
1 TU56 Dual DECtape Trénsport or 2 TU55 DECtape Transports
or ‘
TC59 Magtape Control
1 TUl0, TU20, or TU30 Magnetic Tape Transport (7- or 9-track)
RF15 DECdisk Control
1 RS09 DECdisk Drive (262,144 words)
or
RP15 Disk Pack Control
1 RP02 Disk Pack Drive (10.24 million words)
1 RP02D Disk Pack
or
an RK15 Cartridge Disk system comprised of:
an RK11lE disk control with 1 RK@5 drive (1.2 million words)
+ a UNICHANNEL~15 peripheral processor with 4096 words of
16 bit core memory.

The PDP-15 hardware environment is illustrated in Figure 1l-1.¥%

*A UCl5 system requires the KW1l5 real time clock facility on the PDP-15.
KAl5 Automatic Priority Interrupt is also required on the PDP-15 if
one has a PDP-11 hardware option which needs to interrupt the PDP-15

and is not one of the following: RK@5, CR1l, XY1ll, LPll, LS1ll or
LV1l1.
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Figure 1-1 Hardware Environment

1.2.2 Optional Hardware

Additional hardware supported by the operating system is as follows:

up to 32,768 18-bit words of core memory
KAl5 Automatic Priority Interrupt

KW1l5 Real Time Clock

FP1l5 Floating Point Processor

35 -and/or 33 Teleprinter or LA3fC DECwriter
PC15
TC15

High Speed Paper Tape Reader and Punch

DECtape Control

4 TU56 Dual or 8 TUS55 DECtape Transports

DECdisk Control ‘

8 RS09 DECdisk Drives (262,144 words per drive)

Disk Pack Control

8 RP02 Disk Pack Drives (10,240,000 words per drive)

RF15

RP15




*RK15 Disk Cartridge Control
8 RKO5 Disk Cartridge Drives (1.25 million words per
drive)
TC59 Magtape Control
8 TUl0, TU20 or TU30 (7- or 9-track) Tape Transports
Card Readers
CRO3B 200 cpm Reader and Control
or
CR15 1000 cpm Reader and Control
or
*CR11l 300 cpm Reader and Control
VP15 Point Plotting Displays
VT15 Graphic Display Processor
VT04 Graphic Display Console
or
VT07 Graphic Display Console
LK35 Keyboard
Line Printers
LP15 - 1000 l1lpm, 132 column line
or
- 356 1lpm, 80 or 132 column line
or
*LP1l1l- 245 1lpm, 64 character
set /173 lpm, 96 character
set 132 column lines
or
- 356 lpm, 64 character
set /253 lpm, 96 character
set 80 column line
or
*LS11- 130 1lpm, 132 column line
VWA Writing Tablet
Plotters*
. XY1l - .p@5 in. Step increments at 300 steps/sec.

*For UCl5 systems only



1.2.2.1 Unichannel-15 Hardware

The UCl5 System, in its standard configuration, consists of the follow-

ing equipment:

PDP-11 programmable controller
DR15-C Device Interface

Two DR11-C Device Interfaces
MX15~B Memory Multiplexer

Local memory - up to 12,288 16 bit words of core memory

‘NOTE

The PDP-11l, which functions as the
programmable controller, can itself
only process l6-bit words but con-
trols peripherals that can process
18-bit words to provide compatibility
with the PDP-15. ‘

The DR15-C and the two DRll—C Device Interfaces provide a communica-
tion>facility betweenvﬁhe PDP—lSiand the PDP-11. In the normal mode
of operation the PDP-15 interrupts the PDP-11 to send to it commands
and data. The PDP—il prodesses the commands, accepts the data, and
when done, interrupts the PDP-15 to indicate job completion and possi-
ble error conditions.

The MX15-B Memory Multiplexer functions as a memory bus switch to
allow either the PDP-15 or the PDP-11 to communicate with the common

memory.

The follOwing illustration shows the UCl5 hardware configuration.
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Figure 1-2 Unichannel-15 Hardware

1.2.2.2 CTRL X Feature - The Control X feature is available to the
user whose system configuration includes a VT15 Display Processor or

a VT04 Display Console. This feature gives the capability of changing
from the hard copy output of the teleprinter to the soft copy output
of the VT15 Display.

1.2,2.,3 Real-Time Clock* = The Real-Time Clock (on systems having

this option) runs continuously, in order to update an elapsed time
register. It can be used by the user to time jobs or to control
program execution.

In addition to the above, the user may adapt the system to incorporate
many other specialized peripherals, such as X-Y plotter, data acquisi-

tion equipment, etc.

1.2.3 The System Device

The system device for DOS-15 may be the RF15 DECdisk, the RK15 Disk
Cartridge, or the RP02 Disk Pack.

The RF15 DECdisk equipment is composed of up to eight fixed-head,
rotating disks which are treated by DOS as one contiguous storage
area. The DOS Monitor provides for simultaneous use of the DECdisk
or Disk Cartridge or Disk Pack as a system device, file device, -and
scratch device.

*For UCl5 systems this is a requirement.
1-8



1.3 SYSTEM SOFTWARE

The PDP-15 Disk Operating System's service routines perform four pri-
mary tasks for all user applications (see Figure 1-3).

1. Run-Time Aids - External routines from several libraries are

available to the user. The libraries may contain either
user-designed routines or those provided by D0OS-15 which can
be implicitly or explicitly called.

2. Utilities - DOS-15 provides facilities for efficient storage,
flowQ and retrieval of sYstem and user data. There are also
system programs that provide file verification and data buf-
fer allocation, file data manipulation, etc.

3. Program Preparation and Maintenance - There are

system programs to aid user program preparation by
preparing file text for soufce programs and pfograms_
to aid tésting and maintenance of object prbgrams.

4., Language Assembly and Compilation - Progréms are

available to traqslate problem-oriented and procedure
oriented ianguages into machine language and to
incorporate routines into complete, executable programs.

The system software lets the user deal with many complex problems in
a simple and straightforward manner., The system will allow the
user to perform all of these functions:

l. Write programs in three/four! higher-level languages =~
FORTRAN IV, FOCAL, MACRO-11 and MACRO-15.

2, Edit and debug the program prior to run.

3. Load and link programs.

4., Run the program by:

a. handling I/0,

b. reading and writing named random—-access: files
on disk storage,

c. providing run-time device independence,

d. chaining long programs.-
5. Batch process from paper tape or cards.

6. Support full spooling of the supported devices on the UNIBUS?,

!For UCl5 system only.
’Requires at least 8K of local memory on the PDP-11.

1-9
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PDP-15 Monitor Disk Operating System Software

!For UCl5 systems only.
?For RK05/RK15 based UCl5 systems only.



Listed in Tablexl—llére'individual system programs in the;PDPﬁlS,

Disk Operating System.

Table 1-1 DOS System Software

Program Name

Description

System Functions |

MONITORS

DOS 15 Monltor

Allows system parameter
changes and device as-
signments

CPIREX'

A multi-tasking, multi-
programming executive that
runs in the PDP-11l local
memory. -

LANGUAGES

FORTRAN IV

Compiler, Object Time
System, Science Library.

FOCAL

An on-line interactive.
algebraic ‘language,

MACRO-15

A symbolic PDP-15 assembler

~language

MAC-11%'

A symbolic PDP-11 assembler
language.

PREPARATION AND
DEBUGGING

DDTH

DUMP

EDIT

_EDITVP & EDITVT

AlDynamic Debugging Tech-
nique for FORTRAN and
MACRO programs,’ :

The capability’ to output
specified core locations.

Text Editor providing
insertion, deletion, and
modification:of symbolic
text.

. Special versions of EDIT

which provide fast soft
copy editing on the VT or
VP display system.

UTILITIES -

General -

PIP

DTCOPY

UPDATE

SRCCOM
MTDUMP
8TRAN

89TRAN

Facilitates the manipula-"
tion and transfer.of.a
data file from any lnput
to any output device.

‘High-speed DECtape copy

program, .

Binary program retrleval
and library update program.

Source compare program.
Magnetic Tape DUMP program.

Translates PDP-8 source
code into PDP-15 code.

Translates PDP~8 source
code into PDP-9 code.

lFor UC1l5 system only.



Table 1-~1 DOS System Software (Cont'd)

:System Functions i Program Name Description
UTILITIES
System SGEN Provides the ability to

tailor the system struc-
ture to a particular hard-
ware/software configuration.

PATCH Makes corrections to sys-=
tems programs on the systems
device, and adds programs

to the system.

SPOOL! Permits automatic temporary
storage of low speed data
on a high speed storage

device.
OPERATING PROGRAMS Linking Loader Loads relocatable programs
and required routines.
CHAIN & EXECUTE Multiple segmentation of

large programs and overlays
to allow economy of core.

These programs are supervised by the Monitor to form an interactive
collection of service programs. This relationship is illustrated in
Figure 1-3,

1.3.1 How DOS is Supplied

General purpose software is supplied to the PDP-15 user on two/eight?
DECtapes or one 7- or 9-track magnetic tape as a disk-restore initial-
ization. The DOS-15 System tape(s) contain all of the standard

PDP-15 DOS System Programs, Utility Programs, and I/0 Device Handlers
supplied and supported by Digital Equipment Corporation. An unmodified
master system tape or tapes should be maintained as a reference back-
up system. Users with the FP-15 Floating Point hardware are provided
with additional FP-15 routines on DECtape or Magtape, and users with

RF or RP based DOS-15 systems with the UCl5 option are provided with

additional software.

lpor RKO5/RK15 based UC15 systems only

2Unichannel-15 systems only.



1.3.2 DOS Checkout Package

Digital Equipment Corporation supplies a checkout package for
DOS-15 which allows the user to test the System software for proper
installation on DECdisk, Disk Pack or Disk Cartridge. The package
is available on batch paper tapes as follows:

RF .CHK For the RF15 DECdisk system
RP,CHK For the RP02 Disk Pack system
RK.CHK For the RK05 Disk Cartridge system

These programs provide the user with the ability to briefly test all

the basic system software supplied for DOS-15. For more information,
refer to Appendix G, DOS-15 Checkout Package.
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CHAPTER 2

SYSTEM PROGRAMS

2.1 INTRODUCTION

This chapter gives information necessary for the System's Manager and
Analyst to evaluate system programs to be run under DOS-15 control.
Each system program will assist the user in performing a particular
task in the process of application design and implementation. Con-
siderations for system modification are reserved for DOS System Manual
DEC~15-ODFFA-B-D. ' '

2.2 CHOICE OF LANGUAGES

User source programsrcan be implemented at several levels depending
on those particular system features required for a given processing
environment. DOS-15 supports three levels of automation.for object

program preparation:
l. Compiler level language - FORTRAN IV
2. Assembly language - MACRO-15/MAC11‘

3. Interpretive language - FOCAL

2.2.1 FORTRAN IV Compiler

The PDP-15 FORTRAN IV compiler is a higher-level, procedure-oriented
language system that accepts statements written in the FORTﬁAN v
language and produces a relocatable object program cépable of being
loaded by the Linking Loader. All versions of PDP-15 FORTRAN: IV :
are based on the language of USASI Standard FORTRAN (X3.9-1966). The
system is augmenfed by the Floating Point Processor, the FORTRAN IV

compiler, and an Object Time System.

Object time program capabilities include "floating point" instructions.
Subroutines written in either FORTRAN IV or MACRO-15 assembly language
can be loaded with and called by FORTRAN IV main programs. Compre-
hensive source language diagnostics are produced during compilation,

and a symbol table is generated for use in on-line debugging with DDT. .

!For UCl5 systems only.



The system's Data-Directed Input-Output package permits input or out-
put of ASCII data without reference to a FORMAT statement. The
system can also perform memory-to-memory transfers (Encode/Decode)

moving data from memory to the I/O Buffer to memory.

There are three versions of the FORTRAN IV supported by DOS-15:

(1] F4X (PDP-15 mode); (2) F4X9 (BANK mode); and (3) FPF4X (Floating
Point mode). Each version has its own Object Time System and Science
Library so that program routines may utilize all system hardware and

software features.

A FORTRAN IV program may be compiled and run in several different equip-
ment environments. The FORTRAN programmer need not be too concerned
with the details of his environment since the FORTRAN Object-Time Sys-
tem (OTS) will ensure that his source statements generate the appropri-
ate computer instructions. For example, an arithmetic statement such

as A=A*B will appear the same in any FORTRAN IV program. In the object
program it may be transformed to a subroutine call or a floating point
instruction, depending on the hardware configuration on which the pro-
gram is produced. FORTRAN data-transmission statements automatically
call a number of OTS subroutines which serve as an interface between

the user program and the Monitor. These routines may also be called from
MACRO-15 assembly language programs. Further, programs written in
FORTRAN IV can be linked to programs or routines written in.the MACRO-15
assembly language.

For more information concerning this higher-level programming language,
refer to the FORTRAN IV Language Manual (DEC-15-~LFLMA-A-D) and the
FORTRAN IV Operating Environment Manual (DEC-15-LFEMA-A-D).

2.2.2 MACRO=-15 Assembler

This MACRO Assembler provides users with highly sophisticated macro
generating and calling facilities within the context of a symbolic as-
sembler. Some of the prominent features of MACRO-~15 include:

1. The ability to:

(a) define macros,

(b) define macros within macros (nesting),

(c) redefine macros (in or out of macro definitions),
(d) call macros within macro definitions,

(e) have macros call themselves (recursion)

(f) combine up to three input files for one assembly.
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2. Conditional assembly based on the computational results

of symbols or expressions.
3. Repeat functions.
4. zBoolean manlpulatlon(
5. . Optional octal, symbollc, and cross—reference llstlngs.

6. Two forms of radix control (octal, decimal) and  two
text modes (ASCII and 6-bit trimmed ASCII).

7. Global symbols for eaéy linking of separetely assembled
programs. * '

8. Choice of output format: relocatable, absolute binary

(checksummed) , or full binary -- capable of being loaded
via the hardware READIN switch.

9. Ability to utilize user-designed input/output macros.

10. A Table of Contents option containing the page numbers
and text of all assembled .TITLE statements in the

program.

MACRO-15 permits the programmer to use mnemonic symbols to represent
instruction operation codes, locations, and numeric quantltles. It
is essentlally a comprehensive macro lnetructlon generator. This
generator permits easy handling of recursive instruction sequences,

changing only the arguments.

The assembler facilitates the deﬁelopment of,instrﬁctions called

“macros" which, when used as a source statement, can cause a specific
sequence ofkinsﬁrﬁctione»tO‘belgenerated in-the objecf program;

Refer to the PDP~-15 MACRO-15 Assembler Manual, DEC- 15—LMACA— B-D, for a. g

complete descrlptlon of the language.

The standard object code produced by MACRO-15 is in a relocatable format
which is acceptable to* the DlSk Operating System s Llnklng Loader
utility program. Relocatable programs that are assembled Sseparately

and use 1dentlcal global symbols where applicable, can be combined by
the Llnklng Loader 1nto an executable program.

An output 1istihg, shoWing both the programmer'slsouroe coding and the
binary object program produced by MACRO-15, is printed if desired.

'Ssymbols which are referenced in one program and defined in another.
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This listing includes all the symbols used by the programmer with
their assigned values. If assembly errors are detected, erroneous

lines are marked with specific letter error codes.

2.2.3 MACll Assembler!

This MACRO Assembler (MACll) provides the user of the UNICHANNEL-15
system with the capability of assembling the full repertoire of the
PDP-11/20 instruction set. Besides making the UCl5 system self-
sufficient it provides the users with highly sophisticated macro
operating and calling facilities within the context of a symbolic

assembler. Some notable features of MACll are:

l. The ability to:

(a) define macros,

(b) define macros within macros (nesting),

(c¢) redefine macros (in or out of macro definition)
(d) call macros within macro definition

(e) provide alternate exit points from macros
(particularly nested macros)

(f) pass arguments (numeric and non-numeric) and compute
the number of arguments passed

(g) provide built in error reporting capability in a macro
2, create automatic local labels
3. concatenate strings
4, generate indefinite and definite repeat blocks

5. conditional assembly based on the computational results
of symbols or expressions

6. two forms of radix control (octal, decimal) and three
text modes (ASCII, ASCIZ and 6 bit ASCII)

7. ability to utilize user designed input/output macros
8. use local and non-local labels

9. provide table of contents containing the page numbers,
text of all assembled .TITLE statements in the program
and the line numbers on an output listing.

MACll permits the programmer to use mnemonic symbols to represent
instruction operation codes, locations, and numeric quantities. It

is essentially a comprehensive macro instruction generator. This

lonly for UCl5 systems.



generator permits easy handling of recursive instruction sequences,

changing only the arguments.

The asseﬁbler‘faeilitates fhe-development of instructions called
"macros" which, when used as a source statement, can cause a specific
sequence of instructions to be generated in the object program.

Refer to the MACll Assembler Programmer's ReferencerManual,t
(DEC-15-LMCMA-A-D) for a complete description of the language.

The only object code produced by MACll is in an absolute format on

papertape.

An output listing, Showing both the programmef's source coding and
the binary object program produced by MACll, is prlnted if desired.
This listing includes all the symbols used by the programmer with

their ‘assigned values. If assembly errors are detected, érroneous

lines are marked with specific letter error codes.

2.2,4 FOCAL Interpreter

FOCAL (Formulating On-line Calculations in Algebraic Language) opérates
in on-line conversational mode, using natural language and arithmetic
terms to establish a simplified environment for the computer aided
solution of business and sc1ent1f1c arithmetic problems. Included in

FOCAL are such features as:

1. Linkage to:assembiY]language (MACRO) toutines to'establish

a user library of commonly used functions.

2. Use of COMMON to facilitate chaining in the same manner
as FORTRAN IV. R ‘ '

With FOCAL, the user can generate mathematical models, plot curves,
solve sets of simultaneous equations .in n-dimensional arrays, and do
much more. Refer to the PDP-15 FOCAL-15 Manual (DEC—lS—LFOCA—A-D) for
a complete description of this program.

FOCAL library commands allow the user to save and then call programs
by name. These commands result in files consistent with the DOS

file format. Suchxfileslcan‘be:manipulated by other DOS programs,
such as PIP and EDITOR. FOCAL has commands which allow the segmenta-
tion (chaining) of FOCAﬁ programs.




The ability to write FOCAL functions in MACRO assembly language and
subsequently interface these functions with the FOCAL interpreter
is an important feature. These functions are processed in the same
way as the normal internal functions which DEC supplies with the

interpreter.

2.3 SYSTEM GENERATOR (SGEN)

The System Generator (SGEN) is a standard DOS Utility program

used to modify disk resident system files. SGEN, provided as part
of the general-purpose package, enables the user to tailor his sys-
tem and add to the supplied software in order to develop a resident
software system unique to the installation or to his specific needs.
The user (System Manager) calls the system generator program via the
Monitor command "SGEN". When SGEN is loaded, it initiates an inter-
active question/answer sequence regarding the following system func-

tions and parameters:
1. Existence of an extra memory page,
2. Options,
3. Type of printer unit used,
4. Required device handler designations (i.e., the
standard I/0 configuration the user wants for

the system programs),

5. Skip-Chain information - Priority Interrupt
Skip Chain contents and order,

6. Default assumptions, including: type of tele-
printer used, use of additional 4K of core, etc.,

7. System device designation,
8. .DAT slot assignments,

9. Monitor Identification Code to designate the
privileged access by the System Manager,

10. Default buffers that are needed at any time during
a user program,

11. Default Files Protection Code.

Careful planning is necessary to ensure that the most efficient system
will be developed for the user's particular needs. For more informa-
tion, refer to the DOS-SGEN Utility Program Manual, (DEC-15-USGNA-A-D).




2.4 PATCH UTILITY PROGRAM

PATCH is used to: (1) make corrections to the binary version of many
system programs on the system device, (2) examine:and change any word
in any disk or DECtape block, or (3). convert relocatable binary pro-
grams into system programs.

Facilities - provide for:

1. The selection, examination .and alteration of registers
within DOS System programs, and any data word block on
mass storage, including the system information blocks,
SYSBLK and COMBLK; ’

2. The installation of suitable relocatable proérams
into a user system as a non-relocatable System pro-

gram;

3. The loading of absolute programs into a user system

as a System program.

The PATCH user must first be logged in under the Monitor Identification
Code (MIC) to have access to syétem files. Binary programs which are I
not in system prbgfam format (e.g., relocatable link-loadable programs,
and XCT programs which are executable files built by the System pro—
gram CHAIN) cannot readily’be corrected by usingrPATCH.

With PATCH the user can:

1. Select a System program to be patched.
2., Select a single block to-be patched.

3. Obtain an octal printout of the contents of a par-

ticular location in a program.

4. Alter the content of the listed location by simply

typing the desired content in octal.

5. Use the READ command to either replace or patch a
system program via Paper Tape input. This enables
the user to easily make corrected copy available for
instant use without requiring reassembly, regenera-
tion of a system or core patching. This is most use-
ful for handling small updates or new versions of a
program.



6. Select and open specific word locations within

SYSBLK or COMBLK.
7. Select and examine registers within a system +Q area.

8. Automatically convert relocatable binary files into
system program format and load the converted file
onto the system device, provided disk space has been
reserved by SGEN. This feature permits user programs
to be called directly from the Monitor. It also enables
thevprogram to completely overlay its loader, to make

the most effective use of core storage.

For more information concerning this System Utility program, refer to
the PATCH Utility Program Manual (DEC-15-UPATA-A-D).
2.5 CHAIN AND EXECUTE PROGRAMS

The programs CHAIN and EXECUTE allow the user to segment programs in
order to construct and run a system of core overlays in an easy and

straightforward manner.

CHAIN reserves portions of user core (called COMMON blocks) from one
segment to another so that the program segments can communicate. The
FORTRAN IV compiler and the MACRO-15 assembler can reserve COMMON
blocks for future segmentation. This method of segmentation permits
multiple overlays of executable code, constants, variables, arrays,
and labeled COMMON blocks.

Both system programs are required for segmentation:

1. CHAIN - processes a version of the Linking Loader
Code (Object Program code) allowing the user to
build all the various segments (or chains) of his
program into an absolute (not relative) executable
(XCT) type file.

2. EXECUTE - a control program which initiates loading

of an executable file and transfers control from one
chain segment to another. At load-time, EXECUTE is

faster than the Linking Loader.



CHAIN organizes subroutines into units called LINKS, which may overlay
each other. -SeVeral'ﬁiNKS*may”overlay a larger LINK without overlay-
ing each other. A LINK is loaded into core when a subroutine within
the LINK is called, and remains resident until overlayed. A LINK's
core image is notxrecorded'or*"éwappea'dut" when it is overlayed.  The
same image‘is brOughtlinto core each time a LINK is loaded. For maxi=
mum run—time efficiency, segments must be processed serially. See

the PDP-15 CHAIN and EXECUTION Manual for detailed instructions
(DEC-15-YWZB~ DN2) ‘

2.5.1 Advantages/Disadvantages.of CHAIN & EXECUTE

2.5.1.1 Advantages
1. CHAIN

a. Can build an operable program whose core requirement is
larger than that of the run-time machine;

b, Can be used to create elabofate overlay structures;

c. 1Is more efflclent than using the .OVRLA System Macro
) (see 5.2.2,5); ) ' ‘

d.- Allows the user to request a detailed load map;

e. Generates core image files which are smaller than
relocatable binary files.

2. EXECUTE

a. Its loader is more core efficient than the Link-
ing Loader since Linking Loader code is processed
only once;

b. 1Is smaller at load time than the Linking Loader;

c. Gives faster execution times.

2.5.1.2 Disadvahtages

1. One addltlonal step is required to process Object Code
in preparatlon for run time.

2. DDT., (Dynamlc Debugging Technlque) cannot be used with
a ‘segmented program.

3. At run-time, the execution of a segmented file requires
a certain amount of processing overhead.

2.6 LINKING LOADER

The L’nklng Loader loads any FORTRAN IV or MACRO-lS object program
which ex1sts in relocatable format, Its tasks include relocatlon of

programs, loading of called external subroutines, retrieval and



loading of implied subroutines, and building and relocation of the
necessary symbol tables. See the Linking Loader Utility Program Manual

(DEC-15-YWZB-DN8) for detailed instructions.

The loader first loads all the named programs included in the keyboard
command string. It then additionally loads and links all requested
library subprograms. The requested library subprograms are loaded
from the device handler directory (IOS), the external (user) 1library,
if one exists, and the bank or page mode system library (BNK or PAG) .
In addition, the loader can type out a core map which specifies the
name and address of each program, subprogram, library routine, .GLOBL

and comﬁon block loaded.

2.7 DYNAMIC DEBUGGING TECHNIQUE (DDT) PROGRAM

DDT provides on-line debugging facilities that enable the user to load
and operate his program in a real-time environment while maintaining
strict control over each program section. DDT allows the operator to
insert and delete breakpoints, examine and change registers, patch

programs, and search for specific constants or word formats.

A breakpoint halts operation when the program flow arrives at the
designated location. The DDT breakpoint feature allows the insertion
and simultaneous use of up to four breakpoints, any or all of which
may be removed with a single keyboard command. The search facility
allows the operator to specify a search through any part or all of

an object program with a printout of the locations of all registers
that are equal (or unequal) to a specified constant. This search
feature also works for portions of words, as modified by a mask.

With DDT, registers may be examined and modified in either instruction
format or octal code, and addresses may be specified in symbolic rela-
tive, octal relative, or octal absolute. Patches may be inserted in
either MACRO source language or octal. For more information, refer

to the Dynamic Debugging Technique, Utility Program (DEC-15-YWZA-DN1).

2.8 DUMP PROGRAM

DUMP gives the user the ability to output, on any device specified,
core locations that have been preserved on disk via the CTRL Q (4Q)
Monitor command. It also provides the ability to dump DECtape or
disk blocks onto any device. For more information refer to the Key-
board Command Guide (DEC-15-ODKCA=A-D).




2.9 MAGNETIC TAPE DUMP (MTDUMP) UTILITY PROGRAM

The MTDUMP program provides the user who employs magnetic tape as a
storage medium with the ability to view and manipulate any named

portion (i.e., file) of a tape.
Some of the featureé provided by MTDUMP are:

a. Files may‘be output (dum?ed)(onto any system device

in any of four possible formats.
b. Comments may be inserted into a DUMP. file.
c. Files may be‘copied onto another tape.
d. Magtape directories can be listed and cleared. .

For more information, refer to the MTDUMP, Utility Program
(DEC—lS—YWZB—DN4).

2.10 TEXT EDITOR PROGRAMS, EDIT, EDITVP AND EDITVT

The Text Editor provides the ability to read alphanumeric text from
paper tape, Disk Cartridge, DECdisk and Disk Pack, DECtape, etc.

The user can then examine and correct the text, writing it back on
paper tape, Disk Cartridge, Disk Pack, DECdisk, and DECtape devices.
Programmers can also use the Text Editor to create new symbolic programs.

The Editor operates on lines of Symbolic text delimited by carriage
return (CR) or ALT MODE characters. These lines can be read into a
buffer, selectively examined, moved, deleted, or modified, and writ-

ten out. New text may be substituted, inserted, or appended.

The programs EDITVP and EDITVT are similar to EDIT except that: they
permit text to be displayed on the VP15A Graphic Display and VT15
(CRT) . _Refer to the EDIT Utility Program Manual . (DEC-15-YWZB-DN6) .,

2.11 PERIPHERAL INTERCHANGE PROGRAM. (PIP)

PIP can transfer data files from any input device to any output

device.. It can be used. to

(1) refresh file directories on disk or DECtape,

(2) 1list file directory contents on disk or DECtape,

|



(3) delete, insert, segment, or combine files,
(4) perform code conversions,

(5) assign protection codes,

(6) transfer files, or

(7) copy the entire contents of disk and DECtape storage units,

It may also be used to update and allocate restricted disk storage
surfaces. Refer to the PIP (DOS Monitor) Utility Manual
(DEC=15-UPIPA-A-D).

2.12 DECTAPE COPY (DTCOPY)

This program permits high speed copying of DECtape to DECtape units.
The advantage of DECtape Copy over the PIP copy function is that DEC-
tape Copy is faster. For more information concerning this utility
program, refer to the Keyboard Command Guide (DEC-15-ODKCA-A-D).

2.13 LIBRARY UPDATE PROGRAM

This system program gives the user the capability to examine, extract,
and update the binary library files on mass storage devices. For more
information, refer to the UPDATE Utility Program Manual
(DEC-15-YWZB-DN7) .

2.14 SOURCE COMPARE PROGRAM (SRCCOM)

The SRCCOM program compares any two symbolic source programs (ASCII)
and indicates their differences. This program is useful for program
identification and/or verification, proofing an edited program, com-
parison of old and new versions of the same program, etc. For more
information, refer to the SRCCOM Utility Program Manual
(DEC—-15-YWZB-DN11).

2.15 GRAPHIC-15

Within this stand-alone system, VT-15 Graphics Software programs are
used to compile display commands, define display elements, and direct
linking, displaying and deleting of the elements necessary for a DOS
resident graphics run-time system., Subprograms provided include: sub-
picture routines, main display file routines, input routines, relocat-
ing routines, and system I/O device handlers resident in the DOS I/O
Service (IOS) directory. For more information refer to the GRAPHIC15
Programming Manual (DEC-15-GVTPA-A-D). '




2.16 PDP-8 TO PDP-15 TRANSLATOR (8TRAN)

This program is used as an aid in translating programs written in the
assembly languages of the Digital PDP-8 computer  (PAL III, MACRO-8)
into MACRO-15 form. The translator does not produce an executable
program, but translates a major portion of the PDP-8 code into equi-
valent MACRO-15 code and indicates those areas of the 8 program which
must be reviewed and processed by the programmer. For more informa-
tion see the PDP-15 8-TRAN Manual (DEC-15-ENZA-D).

2.17 ©PDP-8 TO PDP-9 TRANSLATOR (89TRAN)

The PDP-8/PDP-9 Translator is used to translate programs written for
PDP-8 in PAL III or MACRO-8 assembly language to MACRO-9 assembly
language. This translator is available as a DOS system program for
a user installation consisting of several DEC‘computers including a
PDP-8, a PDP-9, and a PDP-15. For detailed information concerning
this program, refer to the 89TRAN Manual, (DEC-09-ENZA-D).

2.18 VP1l5A GRAPHICS SOFTWARE

The VP15A Graphics Software package consists of a group of routines
which can be used with either FORTRAN IV or MACRO-15 programs to
cperate the VP15A Storage Tube Display. Included in the package

are an I/O device handler, text, point-plotting, and other routines,
all described in the VP1l5A Graphics Software Manual (DEC-15-UXSB-D).




CHAPTER 3

SYSTEM CONCEPTS

3.1 DOS-15 MONITORING FUNCTIONS

There are three sections to the DOS-~15 Monitor: (1) the Resident
Monitor, (2) the Nonresident Monitor, and (3) the System Loader.

For a UCl5 system, there is a fourth section,PIREx, that runs on -the
PDP-11.,

The Resident Monitor remains in core when system or user programs

are running, and acts as the interface between the program and the
system's facilities. PIREX is always core resident in the UC15
system. It acts as a communication link between two tasks in addition
to performing other operations like scheduling tasks, etc. (For more
information refer to DEC-15=XUCMA-~A-D,.) During program operation,

the Resident Monitor has general control over the system. It functions

to:

1. Maintain ordériy*program flow,

2. Handle teleprinter 1/0,

3. Act on Monitor calls,

4, ‘Validate and traﬁsmit I/O calls to device handlers,

5. Announce error diagnostics.

The operator may alter the structure of the Resident Monitor via
commands to the Nonresident Monitor. = The Nonresident Monitor allows
the operator to interrogate and alter many key parts of the system,
in order to set up the,systemwfor the next program. It functions to

1. Set I/O conditions by assigning physical devices to

logical unit numbers,

2, Supply system information,

3. Save or restore core images}

4, Load and Execute system and user programs,

5. Change default system parameters.:

Normally, at the end of a'particular program, the operator, the Batch-
ing Command: String, or the program-itself returns control to the Non-
resident Monitor. At that point, the operator or the Batching Command
String sets up the system for the next program and calls it in via
commands to the Nonresident Monitor.

The System‘Loadef (.SYSLD) builds the Resident Monitor according to

prior commands to the Nonresident Monitor. It loads (a) all core-
image system programs and all I/0 handlers for those system programs,



(b) the Linking Loader or (c) EXECUTE. In almost all cases, a change
of program involves actions by the System Loader. The System Loader,
however, is completely invisible to the user except for LOAD errors,

such as insufficient core.

The DOS-15 Software System provides an interface between the system

or user-created program and the external world of I/O devices. This
simplifies I/O programming. This interface is comprised of a function-
ally related group of software called the Input/Qutput Programming Sys-
tem, or simply IOPS. This is a conceptual term which encompasses

(1) the I/0 device handling routines within DOS-15,
(2) a portion of the Monitor which is used in dis-
patching I/0 commands to them, and

(3) a Monitor routine for printing error messages.

I/0 device handlers are provided for all standard devices (see Chapter
9). These handlers relieve the user of the burden of I/0 service,

file management, overlapping I/O considerations and unwanted device
dependence. I/0 commands and data modes are standardized and are
recognized by DOS-15 device handlers. This facilitates device independ-
ence. For example, a non-file structured device handler such as the
paper tape reader will ignore (rather than declare an error) a command
to "seek a file" (which is required for file structured devices prior

" to issuing commands to read). There are other features of the system
which contribute to device independence; they are discussed in later

paragraphs.

3.1.1 System Communication Table .(SCOM)

The System Communication Table (SCOM) is a set of registers that are
referenced by the Monitor, I/O device handlers, and other system pro-
grams. It acts as a common parameter area for information required by
both the System Loader and Monitor. User programs may also utilize
the information in this table as desirxed. The System Communication

Table begins at absolute location 100, (Bank #).

8

The following list briefly outlines some of the SCOM table functions:

Free Core Limits

Option Availability

System and User Program Start Addresses
Handlers



Interrupt Levels , ‘

Magtape Status Register

Number of Buffers Allocated

Number of Words/Buffer

Number of Entries in Mass Storage Busy Table
User Identification Code

Software Control Switches

Date (MMDDYY)

Time (HHMMSS) and other Clock Information
.Default Protection Code for Files

A complete list of the SCOM table functions is given in the DOS System
Manual (DEC-15-ODFFA-B-D). ‘

3.1.2 Monitor/User Interaction

The console teleprinter is the primary user-system interface for
DOS-15 program controlg This control is implemented by commands to

the Monitor, which accepts the three types described below:

1. Commands'whichperformspecial services
2. Commands .which load system: programs

3. Control character commands which provide system
control while running user or system programs.

NOTE

In the context of this manual, the term "console

keyboard" designates any one of several keyboard/
printer/display I/O devices which could be used
by the Monitor as the system command console de-

vice.

The operator at the keyboard types commands to allocéte system re-
sources, load and start System and user programs, terminate program
operation, and exchange information with the Monitor. Most of the
Monitor's keyboard commands are issued prior to loading programs and
are ‘interpreted by the Nonresident Monitor, since it is not resident
in core during system or user program execution. Dhring program exe-
cution, a small set of keyboard commands is available for general
program .control. - These commands are interpreted by the teleprinter's
I/0 device handler (which is part of the resident portion of the
Monitor), and are used to control program start and restart, dumping
of core, and the reloading of the Nonresident Monitor. Details on
the DOS-15 commands which can be issued from the console keyboard are
described in Chapter 8.
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The keyboard commands are, however, not strictly limited to input from
the keyboard. The Monitor can be operated in a Command Batching Mode

in which keyboard commands can be issued either from punched cards® or
paper tape with minimum operator intervention. Similarly, the Monitor's
responses to commands are not strictly limited to a keyboard device's
printer or display, but may also be output to other devices including

the VT15 Display or a line printer, when available.

3.2 I/0 COMMUNICATION

The Monitor, by means of Device Handlers and Priotrity Interrupt (PI)
or optional Automatic Priority Interrupt (API), permits simultaneous
operation of I/O devices along with overlapping computations.

A system or user program initiates an I/O function by means of a
Monitor command (system macro), which is interpreted within the
Monitor as a legitimate I/O call. The I/O call includes a logical
I/0 device number as one of its arguments. The Monitor establishes
the logical/physical I/0 device assoclation by means of a special
table. When this has been accomplished, the Monitor passes control
to the appropriate device handler to initiate the I/O function,
after which control is returned to the system or user program. _

The system or user program retains control until an interrupt (PI or
API) occurs; at this time the device handler takés control, in order
to perform and/or complete the specified I/O function. The program
may continue computation or other processing while waiting for

I/0 completion. This feature allows the programmer to make optimum

use of available time.

3.2.1 Device Independence

In the DOS Monitor environment, the system manager may set up default
device associations (correspondence between logical/physical devices)
during system generation. Just prior to loading a system or user
program, a user may change these associations via the ASSIGN keyboard
command. This capability adds true device independence to DOS-15.

All device handlers are nonresident inthe sense that only those handlers

required by a program are loaded into core.

!This capability is available only with the CR@3B card reader.
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3.2.2 I/0 Device Handlers

Users are spared the task of writing system software to handle input/
output to all standafd system‘peripherals, since appropriaterrdutines
(Device Handlers) are supplied with the DOS Monitor. These routines
process file and data level commands to the periphéral device. They

generally perform the following functions:

. Drive I/0 devices,
. Block Data Records for Devices, if necessary

Manipulate files,

Optimize device timing,

VAllocate/Deallocate Storage Space on the device,

AN U W N
Ll

.  Request/Return core space.

All communication between user programs and I/O device handlers is

made via I/0 Macros. Macros are covered in Chapters 5 and 6.

There may be available in the system several handler versions for a
particular device (e.g., DKA, DKB, DKC). Each represents different
compromises between core use and handler flexibility. Device handlers

are covered in ‘depth in Chapter 9.

3.2.3 Device Assignment Table (.DAT)

The DOS Monitor contains a Device Assignment Table (.DAT), with an en-
try for each device used. Since the contents of the table can be al-
tered by commands to the Monitor, actual I/0 devices may be changed
without altering the program references (logical device units) to these

devices. Refer to Chapter 4 for more information concerning .DAT.

3.3 FILE STRUCTURES

A file structure, as defined for DOS-15, is a method of recording, link-
ing and cataloging data files. Each peripheral device has an associ-

ated file structure which governs the manner in which data are stored.

Card files and paper tape files.are always organized as sequen-
tial files and both files and records are processed sequentially.
A file or record in the middle of the medium can only be accessed
after all preceding items have been processed. This is a restric-
tion which is a consequence of the nature of the storage medium.
In contrast, DOS-15 :provides direct access to files stored on



DECtape or disk. The system maintains directories on these devices
that point to each file on the device. Hence, such devices are called
"directoried" or "file-oriented". Both DECtape and Magnetic tape
(Magtape) permit the user to operate either in a directoried or a
non-directoried (sequential) mode. The system maintains a mini-

directory for each file which points to each physical block in the file.

The user of the PDP-15 Disk Operating System is not required to pre-
allocate file storage; the operating system provides the file storage
space dynamically on demand. Not only is this convenient for the user
because he does not have to worry about allocation when he is creating
files, but it conserves storage by preventing large portions of storage
from being unnecessarily tied up. More information on this topic can

be found in Chapter 4.

3.3.1 User File Directories and UIC's

On DECtape, there is only one directory for the whole tape. On disk,
there is a central directory, called the Master File Directory (MFD),
but each user can have his own User File Directory (UFD). The MFD
points to each UFD. Each UFD is named by a unique three character

User Identification Code (UIC). The User File Directory Table (.UFDT)
is part of the Resident Monitor associated with the Device Assignment
Table. It indicates the User Identification Code (UIC) associated with
every .DAT slot (i.e., each logical device). Disk I/O to a particular
.DAT slot will go to files in thé UFD named by the corresponding .UFDT
slot.

The Monitor finds User File Directories by seeking associated User
Identification Codes (UIC's), which are all listed in the Master File
Directory. The UIC is necessary for all directory-oriented I/O to the
disk. A programmer may identify himself (LOGIN) to the system with
only one UIC at a time, but he may have as many UIC's as he wishes,
provided each is unique and none is reserved!. Further, programs may

simultaneously reference files under several different UIC's.

3.3.2 Monitor Identification Code (MIC)

A three-character Monitor Identification Code (MIC) is established at
system generation time to provide privileged access by the System Man-
ager. When the System Manager uses the MIC, all system and user files
are open for reference or change. This code acts as a key to temporar-

ily remove file protection. System generation, modification of system

'The LOGIN keyboard command is described in Chapter 8.
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programs and listings of the entire disk directory are allowed only

under the Monitor Identification Code.

3.4 FILE PROTECTION

DOS-15 offers a simplified form of file protectioh. Each User File
Directory has a profection cdde (optionally specified in commands to
PIP), and each file has a protection code (optionally specified in
the .ENTER command or a command to PIP). The protection codes are
in effect only when a user tries to reference a file listed under a
UIC other than the one currently logged in to the system. If a User
File Directory is protected, then the protection is provided for any
file in the directory. 'For more information, refer to Chapter 6.

The default protection code for the files is established at system
generation time. Users may temporarily change the file default pro-
tection code via the PROTECT command to the Monitor. <(See Chapter 8.)

3.5 I/0 BUFFERS

Two Monitor commands allow any handler or user. program to call the
Monitor to allocate and deallocate buffers. Each buffer is obtained
from a "buffer pool“'as’needed. For more information, refer to
Chapter 6.

3.6 CHOICE OF EXECUTABLE FORM

The object code usually produced by FORTRAN IV and MACRO-15 is re~-
locatable binary which is made absolute by CHAIN, or loaded at run

time by the Linking Loader. 1In addition to relocatable output, the
MACRO-15 user may specify non-relocatable types of output code. In a
UCl5 system, the user can produce absolute binary papertapes from MAC1ll,
a MACRO-1l assembler. No direct loading facility in the form of a
loader is provided with it, (the user can write his own simple loader
program) although PIREX has execution facilities.

3.6.1 Relocatable Binary

A relocatable'object program may be loaded into any part of memory,
regardléss of which ldcations are assigned at assembly or compile
time. To accomplish this, the address portion of some instructions
must have a relocation constant added to it. This relocation constant
is added during: segmentation, by CHAIN, or at load time by the Link-
ing Loader. It is equal to the difference between the actual memory
location that an instruction:.is loaded into and the location that

was assigned to it at assembly time. The language processors use
codes to identify storage words as relocatable, absolute, or external.




Relocatable Binary object programs may be placed into and executed
from any part of memory, regardless of the core locations assigned to
the instructions by the language translator. The primary advantage
of such a system is that it enables the user to easily write and load
into core memory many programs (e.g., the main program and several
subroutines) with no necessity for prior core mapping. Relocatable
Binary is always produced by FORTRAN and is produced by MACRO-15 when
there are no .ABS or .FULL pseudo-ops.

3.6.2 Absolute Binary Forms

Absolute Binary object code is produced using the MACRO-15 Assembler's
.ABS, .ABSP, .FULL, or .FULLP pseudo=-ops as described below. Programs
assembled with these pseudo-ops are loaded and executed independently
of the DOS-15 System software. Refer to the MACRO-15 Assembler Manual
(DEC-15-LMACA-B-D) for more information. MACll produces only an
absolute binary format (this format is different from DOS-15). Refer
to the MACll Assembler Manual (DEC-15-LMCMA-A-D).

3.6.2.1 .ABS and .ABSP Binary - The .ABS and .ABSP binary forms are

checksummed binary coded programs or instructions assembled as .ABS
(Absoclute Binary) and assigned to occupy specific or absolute loca-
tions in core memory. These programs can only be loaded into or
executed from the locations assigned by the language translator.

The task of placing multiple routines into core for execution becomes
a tedious one. Absolute binary does have the advantage of a smaller
loader, thus enabling the user to execute a larger program than is
possible using relocatable binary. Ordinarily, the Assembler will
precede the output with an Absolute Binary Loader which will load
the punched output at object time. The loader is itself loaded via

Hardware Read=in Mode.

3.6.2.2 LFULL and .FULLP Binary - The .FULL and .FULLP binary forms .

are unchecksummed binary consisting solely of 18-bit storage words.
Programs assembled in this form are output on paper tape and are
loaded via Hardware Read=-in Mode.

3.7 LOADER CONTROL

As indicated in the previous section, CHAIN and the Linking Loader
make relocatable object programs absolutely addressed. In addition,
they join relocatable programs by supplying definitions for global
symbols which are referenced in one program and defined in another.



3.7.1 Globals

The global feature is another of the programmer convenlences provided
by the MACRO-15 Assembler. It allows the user to prov1de a symbollc

llnkage betWeen separately aSSembled programs 1nclud1ng. a main pro-
gram, subprograms, and general subroutines in system (Bank or Page)

Libraries or User Libraries.

In MACRO~15, the pseudo-op .GLOBL, followed by a list of symbols, is
used to define to the Assembler two types of global symbols:

1. . Internal Globals - defined in the current program
and referenced by other programs.

2. External Symbols - referenced in the current pro-
gram and defined in another program. Each external
symbol will be used by the Linking Loader or CHAIN
to store the actual address. All references to ex-—
ternal symbols should be indirect. references, as
memory banks may have to be crossed.

The FORTRAN equivalents to external and internal .GLOBL'S are CALL and
SUBROUTINE. The Linking Loader and CHAIN use this 1nformatlon to re~
locate and then llnk the programs to each other.

3.7.2 -“Program Loadihq-“

At program load time, the user, via appropriate keyboard commands, can
select either Page or Bank Mode program loading and execution. Two
versions of the Linking Loader and System Library are provided - one for

each mode.

3.7.2.1 Page Mode Operation — The DOS Monitor Page Mode System
loads and relocates user programs in 4K pages and permits address

modification via the index register (Index Addressing). In Page

Mode, the loader obtains library routines from the library in the
PAG System file directory. The Page Mode System is supplled as
standard software with PDP-15 systems.

3.7.2.2  Bank Mode Operation - The optional Bank Mode system éermits
direct actesing within ‘8K banks; but does not permit the use of the

index register for address modification. This system is useful to




the PDP-15 user who prefers direct addressing up to 8K, or who wishes
to take advantage of the extensive library of PDP-9 programs available
from the Digital Equipment Computer User's Soclety (DECUS). All
core-image system programs run in Bank Mode. In Bank Mode, the

loader obtains library routines from the library in the BNK System

file directory.

3.8 ERROR DETECTION

Comprehensive error checking and recovery are provided by the DOS-15
Monitor, the loaders, and the I/O system as follows:

a. DOS-15 Monitor Errors - error conditions related to
system devices, illegal device assignment, program
name, and command references.

b. Linking and System Loader errors - memory overflow,
input data errors, unresolved globals, and illegal
.DAT Slot requests.

c. IOPS Errors - all Input/Output device and data errors.

Detailed lists of errors that occur in the latter two categories can
be found in Appendices D and E, respectively. The Monitor Errors, when
they occur, are easily understood and recovery will be self-evident.

The automatic core-dump commands QDUMP or CTRL Q will condition the
Monitor to dump memory on the "save" or "CTRL Q" area of one of the

units of the system device, in the ‘event of an unrecoverable error.

Terminal errors are not reported to the user's operating programs;

there are, however, a few I/O-detected errors that are reported to the
user for program use, e.g., parity, checksum, and buffer overflow errors
are indicated in special control words of each ITOPS data record (see .

Chapter 6). Error detection and recovery are discussed in Chapter 10.

After error messages are output, the user may optionally restart the
program (CTRL P), dump core (CTRL Q), or return control to the Non-
resident Monitor (CTRL C). Other options are available to the user
when errors occur; these will be discussed in succeeding chapters of

this manual.



3.9 INPUT/OUTPUT.SPOOLING

The Unichannel-15 configuration .allows spooling .of tasks using ‘PDP-11
peripherals and memory.. The actual .spooling: program  (SPOLll) resides’
in PDP-11 (locai) memory while a.special interfaéing program. for the
spooling fﬁnctiqn (SPOQOL) -resides in PDP-15 (common) memory. Both of
these spooling program modules are resident on the system disk.

The spooling function operates under DOS-15 or BOSS-15!. For further
information regarding spooling of tasks, refer to the UCl5 software
manual (DEC-15-XUCMA-A-D).

The Unichannel-15 RK based system supports full, input spooling from
the Card Reader (CR1l1l), and, output spooling to the Line Printer
(LP11/LS11l) and plotter (XY1ll) utilizing the RKO05 disk cartridge. The
actual spooling program is resident in the PDP-1l1 (local) memory when
spooling is enabled. It is dynamically connected or disconnected with
PIREX at run. time.

The spooling operations are controlled in DOS-15 through the SPOOL
system program. The SPOOL program accepts single character directives
followed by a 'carriage return' or 'ALT Mode'. The following is a
summary of the directives:

Directive Meaning Description

B BEGIN Enable and, if input task, start spooling
of data. The actual spooling program is
connected to PIREX provided there is suffi-
cient free local memory space. All output
to Line Printer, plotter and input from
Card Reader will then be spooled until an
'E' command is issued.

E END Disable or terminate spooling operations.
The actual spooling program is disconnected
from PIREX.

Appendix I lists the various error messages that are issued when the
indicated conditions arise.

!available only on UCl5 systems with an RKOQ5 Disk Cartridge utilized
as the system disk.
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Users are advised to include the .CLOSE X statement if writing a
MACRO-15 program or an ENDFILE X statement if writing a FORTRAN pro-
gram, where X is the .DAT slot assigned to the Line Printer/Plotter
to ensure output of the last few records. In the absence of this
statement, the last few records will be outputted only after the
spooler internal buffer containing these records is full.
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CHAPTER 4

FILE STRUCTURES

4.1  INTRODUCTION

This chapter will define those concepts and facilities of the DOS-15
system that are available for storage and retrieval of data from PDP-15
mass-storage hardware/software systems, including DECdisk (RF), Disk
Pack (RP), Magtape (MT), DECtape (DT) and Disk Cartridge (RK).

A large part of any programming task is accepting input and producing
output. Therefore, it is necessary to understand the Input/Output

process. to take full advantage of the Disk Operating System's features.

4.2 DEVICE ASSIGNMENTS

As stated in the previous chapter, device assignment is managed through
the Monitor's Device Assignment Table (.DAT). The .DAT associates
logical device units with physical ones through "slot" numbers, which

correspond to the logical device numbers.

Device assignment slots are assignable via the Monitor ASSIGN command
at run time. Refer to Section 8.5 of Chapter 8 for more information.
Default assignments are defined during system generation (see SGEN

Utility Program Manual (DEC-15-USGNA-A-D). Information in each program

+ indicates which "slots" are required for that program. These slots

are called the "active slots".. The loaders use the information about
active slots to bring in handlers for the devices named by the active
slots. At run time, then, each slot contains the physical device unit
number (if any), and a pointer to the appropriate device handler, which
was brought in by the loader. Without device assignment on a .DAT
slot, a program's call to that slot will result in an I/O error -- the
slot will not point to.a handler. Depending on the system generation,
as many as seventy-three entries may be in the .DAT for program device

assignment.

Each I/0 command under DOS-15 references a .DAT slot. These commands
pass control to the appropriate device handlers via a Monitor routiné
that uses the pointers in the .DAT. These device handlers are

responsible for. transferring data between the program and I/O devices.



They alsoc initiate the physical reading or writing of files and perform
opening and closing of files and other functions peculiar to a given
hardware device. Each slot then links the device-driving functions
within a specified device handler to the program. The handlers all test
for functions which they cannot service; for example, trying to rewind

a card reader. Some functions are ignored; others are illegal and

cause error messages to be output to the console teleprinter. All de-
vice handlers operate either with or without the Automatic Priority

Interrupt (API) option.

4.3 FILES

A file is a collection of related records treated as a unit. 1In
Inventory Control, for example, one line of an invoice forms an item,
a complete invoice forms a record, and the complete set of such
records forms a file. The word "file" is used in the general sense
to mean any collection of information items similar to one another in
purpose, form and content. "File" may also be generally applied to
external storage media such as papertape, punched cards, a Magtape,
a DECtape, DECdisk platters, Disk Cartridge and a Disk Pack.

{

4.3.1 Records

In DOS-15, a record is a set of one or more related data words acces-
sible to the user as one item through .READ and .WRITE MACRO program
statements or FORTRAN language statements. (Chapter 6 describes .READ
and .WRITE). The smallest addressable logical item within the file

is this logical record.

4.3.2 Words

A word is the least addressable phvsical data unit,

I/0 Buffers are internal to, and must be defined by, each program.
With the exception of certain block transfers, a buffer contains a
single record. Under most of the Data Modes (described below), the
first two words in an I/O buffer (i.e., a record) provide system in-
formation and cannot be used for data. This Header Word Pair with-
in an I/0O buffer is detailed in Chapter 6. On blocked devices

(Disk and DECtape), these header word pairs govern the physical
structure within the file. Before output, the user must set up the
Header Word Pair. On input, the Header Word Pair arrives with Data
Mode Information and certain error indicators. The user is
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responsible for checking the various header parameters to determine if

the data was read without error.
4.3.3 Data Modes

The Monitor allows data transmission to or from a system or user pro-
gram in several different modes which structure internal data storage.
Two modes, IOPS ASCII and IOPS Binary, offer the advantages of device
independence. All handlers accept IOPS ASCII data, and most accept
IOPS Binary. Three other data modes, Dump, Image Alphanumeric and
Image Binary,allow the user to take advantage of device dependent

characteristics. For'morésinformation, refer to Chapter 6.

4.4 FILE STRUCTURES

As stated in Chapter 3, a file structure is a method of recording,
linking, and cataloging data files. File structuring, in.general, is
applicable to all I/0 devices, including cards, paper tape, printers,
keyboards, etc.  In DOS-15, however, file structures are associated
with Mass Storage devices only. A file structure dictates the file
and record access methods. ' This organizational structuring is import-
ant because a file can be effective for a user application only if it
is designated to meet specific requirements. A user must consider

" the following factors:

SIZE - Growth of the file may require a change

in file structure or data mode.

ACTIVITY - The need to access many different records
within a file (percentage of activity) or
to frequently access the same records (an
active file) will influence information
retrieval efficiency. . This requires the
user to select the right method for each
job task.

VOLATILITY - The number of additions and deletions to
a file will affect the efficiency of the
structures- used.



4.4.1 File and Data Access Techniques

The usual technique for applications using Magtape is sequential ac-
cess to the data file and sequential access of the data records.
This access 1is also characteristic of most uni-directional media,

such as cards, paper tape, keyboards, printers, and displays.

Another technigque, which in DOS-15 is applicable only to the disks,
involves random-access (an alternate term is "direct-access") to a

file and random-access of data records within the file.

A third and intermediate technique, which is normally used on DECtape
and on disk, employs random—-access to a file and sequential access to
the file's data records. The formal term is "random=-sequential file

structure"; the informal term is "DECtape file structure".

4.4.2 Sequential Access

Sequential access is a storage retrieval technique in which a file
and the records within it must be retrieved in the sequence in which
they physically occur. Sequential access, when applied to the
process of locating the beginning of a file or a data record within
the file, means that the time required for such access is dependent
on the necessity for waiting while non-desired records are processed
in turn.

1. Records can only be retrieved sequentially, beginning
with the first record and accessing each subsequent
record in turn.

2. Direct retrieval is not possible, since no directory
exists to the physical locations of the records.

3. When adding or deleting a record, the system copies all the
records preceding that record in the file, then performs
the addition or deletion. The system then recopies all the
remaining records in the file.

4.4.3 Direct Access

Direct access to a file or to a data record within the file means
that the time required for such access is independent of the location
of the file or record relative to other files or records.

Direct access should be considered as a valuable access method‘when

retrieving selected records from random files; but it is not suited



for sequential retrieval of records. The direct access technique
makes it possible to process only the affected record during a file
update. This reduces data sorting.

The main advantage of direct access processing is that it requires
fewer processing steps. Along with its advantages, however, a direct
access application requires‘special considerations by the system pro=-
grammer. Backup on a direct access system differs from backup on a
tape system because the o0ld record on a direct access device is
destroyed when the updated record is written over it.

4.5 MAGNETIC TAPE FILE STRUCTURE

The DOS software provides. for industry-compatible magnetic. tape (Mag-
tape) as either a directoried or a non-directoried medium. The
magnetic tape handlers communicate with a single Tape Control Unit
(TCU) with up to eight magnetic tape transports.

When used as a non=directoried medium, there are'a number of major dif-
ferences between Magtape ‘and other mass storage devices such -as DECtape
or Disk. Magtape is well suited for handling data records of variable
length; such records, however, must be treated in serial fashion. The
physical position of any record may be defined only in relation to the
preceding record.

When used as a directoried medium, Magtape assumes the external opera-
ting characteristics of DECtape (described in 4.6).

Sequential tape files are written one after the other, starting at the
physical beginhing of the tape. These files are separated from one
another by End-of-Fileé marks (hardware-detected) or by an End-of-Record
line (software-detected).  (Refer to Figure 4-1, Sequential Data Access,)
To read the Nth
ning of the tape and then skip-serially through N-1 files to the desired

file on 'a tape, the user must first’rewind to the begin-

file. Sequential tape files need not have a filename, only a known
position relative to the files on the tape. ‘

Data records within a file are recorded 'in sequence. Sequential state-
ments direct records to'and from memory in the sequence in which they

are physically on the device. ' To ‘access the Mth record within the Nth
file, the user first locates the beginning of the file (skipping N=-1

files) and then skips through M~1 records.
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Figure 4-1 Sequential Data Access

This sequential access method does not need a tape-resident directory
to point to files. It is, therefore, called "non-directoried" in DOS.
The non-directoried access method is generally applicable to unit-

record peripheral devices.

4.6 DECTAPE FILE STRUCTURE

If magnetic tape transports could identify absolute positions on a
tape, there would be no need to do sequential file access. The trans-
port could search to a known location, and start processing. Then,

an extra body of information (a directory) on the tape could point

to each file. DECtape has this capability.

In directoried mode, files are given unique names. The name and posi-
tion of the beginning of a file are recorded in a directory. Direc-
toriesvare at a fixed location (Block lﬂﬂs) on the tape. DECtape direc-
tories point to the first block of each file and each block points to
the next. DECtape directories also maintain bit maps which indicate
which tape blocks each file occupies and a map to show all occupied
blocks on the tape. The file directory is fixed in size; consequently,
the number of files that may be recorded is limited by the amount of
storage available on the device (llOO8 blocks) and/or by the number

of file name slots in the directory (56 maximum).
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File structures which employ a directory allow simpler and, in the long
run, faster access to a file (the beginning of a file). See Figure 4-2.
This is a distinct advantage over those devices which do not use a
directory and must therefore rely on a file's ppsition relative to

other files in order to locate it.

Programmers need not use the directory capabilities of DECtape. They
can treat DECtape as magnetic tape by issuing magnetic tape I/0 com-
mands. Then no directory or identifying information of any kind is
recorded or referenced on the tape and operation is similar to that
of magnetic tape (described in 4.5). The DECtape handlers with their
respective I/0 functions allow the use of either of these modes.

4.7 DISK FILE STRUCTURE

The DOS-15 disk file structure is in some ways analogous to DECtape
file structure. Ordinarily, each disk user has a directory which
points to named files, just as each DECtape has a directory. A single
user's disk directory might correspond to a single DECtape directory.
The DECtape, however, has only one directory, but the disk has as many
directories as users have cared to establish. Whereas DECtape direc-
tories may reference only a maximum of 56lO files, the number of files
associlated with any one directory on the disk is limited only by the
available disk space. A single disk file's size is also limited by

the available space, as is true with DECtape.

The DECtape directory is in a known location...at block lﬂﬂs. Since the
disk may have a variable number of directories, the Monitor must know
how to find each user's directory. It, therefore, maintains a Master
File Directory (MFD) at a known location, and the Master File Directory
points to each User File Directory (UFD). DO0S-15 allows only those
users who know a special code, called the Monitor Identification Code
(MIC), to have access to the MFD. Figure 4-3, Disk Data Access,
illustrates the organization of the disk.

4.7.1 User Identification Codes (UIC)

The Monitor finds User File Directories by seeking associated User
Identification Codes (UIC's) which are all listed in the Master File
Directory. The UIC is a three-character code that is necessary for



all directory-criented I/O to the disk: A programmer may establish

a new User File Directory by:

1. Logging in his new UIC to the Monltor,

2.. .Calling. PIP, .

3. Issuing an "N.__,DK) " command for RFlS DECdJ.sk or . “NHDP)"
- for RP@2 Dlsk Pack or "NLJRK‘)" for RKﬂS Cartridge Dlsk.

. This establishes a new Usér File Directory, or refreshes (wipes clean)

~an old directory under that UIC. The "enter file"™ I/O command will

. also create a UFD, if none exists.

4.7.2 The User File Directory Table (.UFDT)

The Monitor must have a wayﬁof knowing which User File Directory to
.reference when a program issues I/0 commands to the disk. It makes
the association between disk I/0 commands and User File Directories
;by using a User File Directory Table (.UFDT). There are‘as many'l
entries in the User File Directory Table as there are slots in the
Device Assignment Table. Figure 4-4, Relationship Between the .DAT
and the .UFDT, shows how . the two compare. 'Disk I/0 to-a particular
.DAT slot will affect files in the User File Directory named in the
corresponding .UFDT slot. Programmers may modify .UFDT slots before

‘loading a program, and programs themselves may alter .UFDT.

'4.7.3 File Protection

DOS-15 offers a simple form of file protection. Each User File
Directory has a protection code and each file has a protection code.
The protection codes only protect a programmer's files from other
users - not from himself., " If a User File Directory is protected,
then the protection codes for each file are in effect. If the user
File Directory has been specified as unprotected, then no protection
is provided for any file in the directory. There are three protec-

tion states possible for files in a protected User File Directory.

File Protection Codes:
1 = Unprotected, with the exception that the file
‘may not be deleted and the number of blocks may
not change, if the directory is protected.
2 = Write protected, if directory protected.

3 = Read/Write protected, if directory protected.



.DAT/.UFDT Number .DAT Contents .UFDT Contents Comment

+N nondisk handler UICl This UIC is ir-

: . . relevant

;2 ‘disk handler UIC, I/0 to this slot
will go to files
in UICl

+1 disk pack handler| UIC2 I/0 to this slot
will go to files
in UIC

2

;15 none assigned UICl This UIC is ir-

relevant

The operator has logged in under UICl. He has assigned some nondisk
handler to .DAT+N, the DECdisk to .DAT+2, and the Disk Pack unit # to
.DAT+1, and NON (no handler) to .DAT -15. In addition, he has changed
the .UFDT assignment for .UFDT+1l to UIC2. I/0 to .DAT+N will not
reference the UIC, since UIC's are relevant only to disk I/0. I/O to
.DAT+2 will reference UICl, while I/O to .DAT+1 will reference UIC,.

2
The UIC for .DAT -15 is irrelevant, since no handler is assigned.

Figure 4-4

Relationship Between the .DAT and the .UFDT



User File Directories may have one of two protection states:

File Directory Protection Codes

]
1

Unprotected
Protected

The default protection code for User File Directories is always 1,
- protected. The default protection code for files is established at

system generation time.

4.7.4 Organization of Specific Files on Disk

The disk handlers write out files sequentially, just as the DECtape
handlers do. On the close of an output file, the disk handlers also
fill out a Retrieval Information Block (RIB). The RIB performs'the
same functions as the file bitmap on DECtape, and associates the
logical sequence of blocks in the file with the physical locations of
the blocks on the disk. The disk handlers use the RIB to implement

random access and to delete files.

After a user has created a disk file, he can access records sequentially
as with DECtape files. He can also read and write physical blocks of
that file by referencing relative block numbers. The user is prohibited,

however,. from changing the total number of blocks in the file.

4.7.5 The Disk Handlers

The disk handlers allow as many concurrently open input or output
files as there are .DAT slots available to the user, and buffers
available to the disk handler. The disk handlers operate under a
dynamic buffer allocation scheme. Whenever the Monitor loads a sys-
tem or user program, it allocates buffer space. This space is called
the buffer pool. Whenever a program opens a disk file, the handler
obtains a buffer from the buffer pool. The handlers return the
buffer when the program closes the file.

The buffers in the buffer pool are available to programs, as well as
to disk handlers. Whenever a program is using a buffer, however, it

is unavailable to an& other program.
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CHAPTER 5

DOS SYSTEM MACROS

5.1 INTRODUCTION

This chapter contains detailed reference information concerning DOS=15
System Macros. I/O Macros (those which have a .DAT slot number as one

argument) are discussed in Chapter 6.

5.2 MONITOR-PROCESSED COMMANDS

The MACRO-15 assembler permits the use of higher-level system instruc-
tions called “System Macros" which, when used as a source statement,
can cause a specific sequence of Monitor operations to occur at run-—

time.

These System Macros are referenced (called) in user programs by writing
a statement consisting of a System Macro name followed, if needed, by

a tab, space or spaces, plus a list of ‘arguments separated by commas.
Macro statements are terminated by either a space or spaces {(_,), a

tab (=), or a carriage return (/). For example:
. .TIMER ~+|50@@, TIMOUT,)

5.2.1 Summary of DOS Monitor System Macros

Table 5-1, Summary of System Macros, summarizes the non-I/0 macros
which the Monitor implements. The following paragraphs describe the

individual system macros in detail.

Table 5-1 Summary of System Macros

Name » : ' ' Description
.EXIT Requests the System Loader to bring in the Nonresident
- -“Monitotr. ' ‘

.GET Overlays core with the contents of a named file.

.GTBUF Requests a buffer from the buffer pool.

.GVBUF Returns a buffer to the buffer pool.

.OVRLA Requests the System Loader to load the named core-image
program.

.PUT Creates a file containing the current core image.

. TIMER Initializes a time interval after which program control
passes to a user specified subroutine.




5.2.2 DOS-15 System Macro Expansions

The following standards apply to the descriptions of the system and I/0

Macros presented in this chapter and in Chapter 6:

A. Format Conventions

1. Upper case terminology must be used as stated in the
FORMAT Description.

2. Lower case terminology indicates user-supplied information,
as defined by ARGUMENTS. :

3. Names for user-supplied parameters indicate maximum length
of field by the number of characters in the name. Thus,
"namptr" may be a maximum of six characters long, and
"num" may be a maximum of three characters.

4. Brackets ([ 1) indicate optional quantities.

5. A bracket on its side (o 4) indicates a space.

6. OQuantities listed vertically and enclosed in braces ({ 1)
indicate the user must choose one from the group.

7. The expansions indicate how one might write an expanded
macro directly to the assembler. The expansions may appear

different from expansions produced by the assembler. They
are, however, functionally equivalent.

B. Sixbit File Representation

Many of the System and I/O Macros have a "namptr" argument which points
to a 3-word block of core in the user's program containing the Sixbit
representation of a file name and extension. This is simply an
abbreviated form of ASCII in which the rightmost 6 bits of the ASCII
code are used. This allows 3 characters to be packed in one word of
storage. Sixbit packing can be accomplished either by the user

program or by the MACRO-15 Assembler's .SIXBT pseudo-op. (Refer to

the MACRO-15 Assembler Manual (DEC-15-LMACA-B-D). The example following
paragraph 6.8.5 demonstrates the use of .SIXBT. :




5,2.2.1  .BUT

Creates a file whlch contalns the current ‘core 1mage.
The file's name and exten51on will be that found in
the locatlons polnted to by namptr. See also .GET.

MACRO-15 does not expand the .PUT Macro. The following

FORMAT model illustrates how the user might i
formulate his own macro. The Resident Monltor, how-,

ever, does’ recognlze the command 1llustrated in the

EXPANSION sectlon. .

FORMAT:
« PUT puf ;namptr,u
ARGUMENTS :

f = (function) determines the startup loca-
tion for a .GET with f=4,
or a GET Keyboard command
to the Nonresident Monitor.

£ = § Subsequent load will start at the
location following the EXPANSION.

f = 1 Subsequent load will start at
current CTRL P address

f = 2 Subsequent load will start at
current CTRL T address

f = 3 Subsequent load will start at
~current CTRL S address

namptr =" - Pointer to the address of a 3-word,
' +SIXBT representation of the name
and extension of the file to be cre-
ated (unused spaces must contain nulls).

u = (unit) = the unit number of the device as-
sociated with .DAT-14. on which the
desired file is to be placed.

EXPANSION:
LOC+f CAL+f

LOC+1l 26 -
 LOC+2 u*lﬂﬂﬂﬁﬂ+namptr N



5.2.2.2

.GET

Overlays core with the contents of the file whose.name
is indicated by the Macro argument hamptr. The file
must have been created by a .PUT System Macro, or a PUT
command to the Nonresident Monitor, and it must reside
on the device associated with .DAT-14. .GET destroys
the current contents of .SCOM, including DATE and TIME.
See also the .PUT System Macro, and the PUT and GET
commands to the Nonresident Monitor.

MACRO-15 does not expand the .GET Macro. The following
FORMAT model illustrates how the user might formulate

his own macro. The Resident Monitor, however, does recog-
nize the command as illustrated in the EXPANSION section.

FORMAT:
«GETaf ,namptr,u
ARGUMENTS :
f = (function) - determines startup location
after overlay.

f = g Start at location after
expansion of System Macro
that created the file. 1If
file was created via a .PUT
command to the Nonresident
Monitor, load core from the
file, and await a command
from the console keyboard.

f =1 Start at CTRL P Refer to
address the DOS-15

System
f = 2 Start at CTRL T Manual for
address more
informa-
- £ =3 Start at CTRL S tion.
address

f = 4 Start at the location speci-
fied by the .PUT System Macro.
If the file was created via a
PUT call to the Nonresident
Monitor, load core, and await
command from the console key-
board.

namptr = Pointer to the first word of a three-
word .SIXBT representation of the file name
and extension for the core image to be
loaded. (Unused spaces must contain nulls.)
u = (unit) The unit number of the device as-
sociated with .DAT-14 on which the
desired file is to be found.
EXPANSION:

LOC+@ CAL+f
LOC+1 25
LOC+2 u*lggg@g+namptr
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5.2.2.3 .GTBUF;(Get Buffer)

' Requests a buffer from the buffer pool. If a buffer is
available from the pool, the Monitor will return the ad-
dress of the first word of the buffer in the AC. 'If no
buffer is available, the Resident Monitor will return
777777 in the AC. On return, execution begins at LOC+3.
LOC+2 can be used as desired. “This Macro gives user
programs as well ‘as handlers access to buffers.

FORMAT :
.GTBUF
ARGUMENTS :
none
EXPANSION:
LOC+@ CAL+@
LOC+1 21
LOC+2 @

5.2.2.4 .GVBUF (Give Buffer)

Allows a user to return to the buffer pool a buffer
obtained via a .GTBUF System Macro.

FORMAT:
.GVBUF
ARGUMENTS :
None, at as;emblyvtime, but
AT RUN TIME, the program must load LOC+2 with
the address of the buffer to be freed. If LOC+2
does not contain the address of an allo-
cated buffer, the AC will contain 777777
on return.
EXPANSION:

LOC+@ CAL+f
LOC+1 22 -
LOC+2 ¢ (Load with first address of buffer)



5.2.2.5

5.2.2.6

.OVRLA

Requests the System Loader to bring into core and start the
core image system program whose name is pointed to by the
Macro argument namptr. If there is not enough room in

core to load the program requested, the Resident Monitor

will return control to LOC+3.

WARNING

All I/0 should be completed before
issuing an .OVRLA.

FORMAT:
- OVRLAganamptr
ARGUMENTS:
namptr = (name pointer) first address of the
two-word .SIXBT representa-
tion of the name and extension
of the file containing the pro-
gram to be brought in.
EXPANSTION:
LOC+g CAL+g
LOC+1 24
LOC+2 namptr
SEXTIT

Rquests the System Loader to bring in the Nonresident
Monitor. Current contents of core are lost. All un-
closed output files are destroyed, all input files are
closed.
FORMAT:

-EXIT
ARGUMENTS :

none

EXPANSION:

LOC+g cAL+g
LOC+1 15



5.2.2.7

. TIMER

Allows programs to schedule routines to be called after
specific time intervals.

Refer to Chapter 2 of the DOS-15 System Manual
(DEC-15-0ODFFA-B-D) for programming rules for
these routines. i

1

FORMAT :
- TIMERwgnnnnnn, addres
ARGUMENTS :
nnnnnn = (time interval) number (in decimal
radix) of clock ticks from “"now"
after which the subroutine is to be
called
g <nnnnnn<2!'®-1
addres = address of the routine to be called
after the specified number of ticks.
EXPANSION:

LOC+@ CAL+g@
LOC+1 14
LOC+2 ~nnnnnn
LOC+3 addres



CHAPTER 6

PROGRAMMED I/O COMMANDS

6.1 INTRODUCTION

This chapter describes the concepts, commands and methods for incorpora-
ting’ input/output commands in MACRO—lS_assembly language programs .

FOCAL and FORTRAN users need not, in genéral, be concerned with the
contents of this chapter, since each of these languages has its. own

I/0 capability.

The DOS-15 IOPS is the interface between any program and the external
world of "'I/0 devices. 1I/0.device handlers are provided for all stan-

dard devices and are described in Chapter 9. These handlers relieve the

user of the burden of I/O considerations and unwanted device dependence.

6.2 GENERAL I/O COMMUNICATIONS

Under DOS-15, all I/O0 transfers and subsidiary I/O operations are
initiated by programmed I/O commands called I/O Macros, as shown in

" Table 6-1. These I/0 Macros are macro instructions which have a .DAT
" 'slot as one argument. As with System Macros, they are permanently

. defined  in the MACRO~15 Assembler.

As can be seen from Table 6-1, there are four I/O Macros within the
DOS~15 Software System which effect data transfer:  -READ, .WRITE,

- RTRAN and'.TRAN. The first three‘permit operation using the standard
DOS file structures described in Chapter 4 and provide the most

device independent approach,to 1/0 programming.' The. .TRAN Macro func-
tions independently of DOS=15 file structures.



Table 6-1

SYNOPSIS OF DOS~-15 I/O MACROS

Macro Function

.CLEAR' Initializes a directory on a directoried mass storage
device. All data on the device is lost and fresh bit
maps and directories are written.

.CLOSE! Terminates use of a file. 1In the case of output files on
the disk, fills out the Retrieval Iriformation Block (RIB)
for later .RTRAN commands.

.DLETE! Deletes a file from a directory on a mass storage device.

.ENTER Primes a directoried mass storage device to accept an out-
put file. ’ .

.FSTAT Checks the directory on a mass storage device for the
existence of a named file.

LJINIT! Initializes the device and device handler.

-MTAPE Provides special commands for industry compatible magnetic
tape.

.RAND Opens a disk file for random processing via .RTRAN macros.

-READ Transfers a logical record, or the requested number of words,
whichever is smaller, from the device to the user's I/0
buffer.

.RENAM® Renames a file in a directory of a mass storage device.

. RTRAN Allows input and output to access any block in a pre-
existent file on the disk (any word if RF).

.SEEK Checks for a named file in a directory on a mass storage de-
vice. If the file is present, prepares it as an input file.

.TRAN Gives independence from DOS-15 file structure by allowing in-
put and output access to Magtape, or to any block on disk or
DECtape located by its physical block number. A file can be
opened for sequential or random access and still be .TRANed
via the same .DAT slot without destroying the file structure.

.USER Allows programs to change the .UFDT.

.WAIT Waits for I/O0 already started to complete, then continues.

.WAITR .If I/0 is complete execution continues. If I/0 is
not complete control is transferred to the specified address.

.WRITE Transfers data from user's I/0 buffer to the device.

'!At completion of these operations, the buffer is given back to the
buffer pool, if disk or DECtape "A" version I/O handler.




6.2.1 .READ/.WRITE/.RTRAN Operations

.READ and .WRITE Macros permit the user to sequentially input and out-
put records of a file consisting.of ASCII_lines or binary data to any
device in-the standard set of PDP-15 I/d devices. The .RTRAN Macro
provides the user with random access tophysical blocks when using

the disk devices. Initially, files are created sequentially (.WRITE)
and can subsequently be accessed both sequentially (.READ) and
randomly (.RTRAN). '

6.2.2 .TRAN Operations

The last data transfer macro (.TRAN) functions only on mass storage de-~
vices. It provides I/0 transfer capability at the device level with-
out regard for established file structures. This type of transfer

provides for user-designed file structuring.

Much of the remainder of this. chapter is devoted to I/0 programming
within the DOS-15 file structures. and, specifically, to the methods
and considerations involving the creation of sequential files. Little
can be said here about the utilization of the .TRAN and .RTRAN Macros
since the system places -the burden of data structuring, interpretation,

checking and packihg on the programmer.

6.3 SEQUENTIAL FILE PROCESSING,

/0 operations ﬁnder DOS consist of the transfer of.ASCII or binary
logical records between buffer areas in the system or user program

and I/O devrces represented by the device handlers in IOPS. (A logical
record is deflned as the amount of ASCII.or binary data which is trans-—
ferred to or from a program as the result of the execution of a single
-WRITE or .READ I/0 Macro,) The size of each logical record depends
upon the structure of the data (Data Mode) and the device or set of
devices addressed. The format and data structure of each logical
record output in IOPS and Image Data Modes is described below. For
Dump Mode, however, no particular requirements are placed on the user
by the system. Dump mode is provided to permit user- created data

structures within the DOS-15 file structure.

6.3.1 Logical Record Format, IOPS and Image Modes

Each logical record to be output in IOPS and Image Modes must be
formatted as shown in Figure 6-1l. The record, consisting of 2n
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18-bit words contains a two word header (called header word pair)
followed by 2n-2 words of ASCII or binary data.

Word @ 1st word of header :} header word
Word 1 2nd word of header pair
Word 2

. 2n-2 words of data ASCIT

. , or
Word 2n g;g:ry

Figure 6-1 IOPS and Image Mode Logical
Records Format

The header word pair is a communications link between the user's pro-
gram and the I/O device handlers in IOPS. It is divided into various
fields which contain information about the data which resides in the
record. The information in some fields is supplied by the program to
assist the device handlers in writing records and subsequently retriev-
ing them. Other fields contain information which is provided by the
device handlers for use by the user or system program when verifying
records during input. Refer to paragraph 6.4.3 for explanation of Dump
Mode record format.

6.3.1.1 Header Word Pair Format - Figure 6-2 shows the format of the

header word pair. Of particular significance is the Word Pair Count;
it specifies the number of word pairs of data in each logical record.
In addition, for all Data Modes except Dump Mode, it is the prime
logical record terminating condition when using mass storage devices.
This term should not be confused with the Word Count, which is an
argument used in I/0 Macros. The Word Count gives the actual size of
the I/0 buffer which contains the logical records prior to output and
after input operations (see 6.7).

6.3.1.2 sting the Header Word Pair

A. Before Output

The program must calculate and then set the appropriate word pair count
in bits 1-8 of header word zero, unless they have already been set by
a device handler on input (i.e., an input device handler set up the
header word pair for each record read). This count overrides the word

count passed to IOPS by the .WRITE system Macro. - The I/O mode field,
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bits 14-17, is set by the device handler from the I/O mode argument
specified in the .WRITE Macro. The checksum word need not concern

the user since checksums are computed by IOPS (when using IOPS Data

Modes) .
o {= »8 - S« 11 12 13 14at—— {7
HEADER COUNT \" 1/0 MODE
WORD O
° N A (N T N B L1 I A
1= 16NORE f A . " y )L . ) )
CHECKSUM ON
BINARY INPUT WORD PAIR COUNT, INCLUDING UNUSED
s HEADER WORD PAIR
VALIDITY BITS:
00=DATA CORRECT 10 = CHECKSUM ERROR ~
01=PARITY ERROR 11=BUFFER OVERFLOW
1/0 MODE:
0000=IOPS BINARY 0100 =UNUSED
0001=IMAGE BINARY 0101 =EOF (LOGICAL)
0010=I0PS ASCII 0110 =EOM (PHYSICAL)
0011=IMAGE ALPHANUMERIC 0111=TAPE LABEL
0= - »17
HEADER ' . |
AL S TN SN I NN RN INMAN NUNA RN MRSt RUNM ERNN N N SN RN N N

CHECKSUM :
TWO'S COMPLEMENT OF HEADER WORD O PLUS DATA
WORDS (0=CHECKSUM NOT COMPUTED)

Figure 6-2. Format of Header Word Pair

B. Before Input

The user need not be concerned with the header word pair since it will
Be set up by the device handler during input to enable the user to

determine the status of his record after input has terminated.




C. During Input

The Word Count (specified in the .READ Macro) is used by the device
handler to determine the maximum number of locations provided in the
user's input buffer for the data being read. If the Word Count is ex-
ceeded before the end of the record (as specified by the Word Pair
Count) has been reached or if a parity or checksum error has occurred,
the handler sets the validity bits of header word § as required to

.indicate the error.

D. After Input

Header word @ of each logical record input should be examined by the
user program to determine whether errors have occurred. Specifically,
the validity and I/O Mode bits should be tested. If both checksum and
parity errors are detected by a handler, priority is given to a parity
error and the checksum error will not be indicated. IOPS ignores check-
sum errors on binary input if bit @ of word # is set to 1. When exam-
ining the I/O Mode Bits (bits 14-17) the occurrence of a buffer over-
flow condition means that the user program's I/O buffer, as specified
by the Word Count in the .READ Macro, is not large enough to contain

" the record just read. The portion of the record which caused the
overflow is lost. In addition, IOPS uses the I/O Mode Bits to indi-
cate that either the physical end-of-medium (EOM) or the logical
end-of-file (EOF) has been reached; otherwise, these bits specify the
Data Mode of the Record.

6.4 DATA MODES

The device handlers within IOPS allow data transfers via .READ and
.WRITE Macros in one of the five Data Modes listed below: \

IOPS Binary (Mode #)
IOPS ASCII (Mode 2)
Image Binary (Mode 1)
Image Alphanumeric (Mode 3)
Dump (Mode 4)

Data Modes permit the user to select the data structuring features of
the system which are important to his application. The device independ-
ent features of the system can be enhanced through the use of the IOPS
Modes, which are standardly used by all DOS-15 System programs (e.g.,
both FORTRAN IV and MACRO-15 accept source programs in the form of IOPS



ASCII files and product object code as IOPS Binary files). Conversely,
if specific device dependent features are desired, Image Mode can be
used primarily with non-mass storage devices, and Dump Mode can be

used primérily with mass storage devices.
6.4.1 IOPS Modes

The IOPS Data Modeé, both ASCII and Binary are the standard data struc-
tures of the DOS Software System. Using these modes, all ASCII and
Binary data input is'verified and converted into standard records re-
gardless of its original fbrm on the input device. Before output,
programs must format data into standard IOPS records. On output, IOPS
calculates checksums and either reconverts the data to the form re-
quired by the output device or, in the case of mass storage devices,
stores the data in the standard record format.

" 6.4.1.1 IOPS ASCII - IOPS ASCII is used by DOS-15 System
Software ‘as the standard ASCII Data Mbde. It accommodates the entire
7-bit ASCII (1968) 128 character set as shown in Appendix A. All
alphanumeric data, whatever its original form on input (i.e., 8-bit
ASCII, Hollerith, etc.) or final form on output, is converted
internally by the non-mass storage device handlers and stored in

core and on mass storage devices as "5/7 ASCII". This term refers

to the internal packing and storage scheme used for IOPS ASCII

in which five 7-bit ASCII characters are packed into two contigu-

ous 18-bit words. Figure 6-3 shows this relationship. ASCII packed

O - ‘ 6 "7 >13 {4 17
. WORD 0 1ST CHARACTER ~ 2ND CHARACTER 3RD CHARACTER
0 -2 3 e — »9 10 ——»16 17
WORD 1 |3RD CHARACTER ‘4TH CHARACTER 5TH CHARACTER <—— UNUSED
5-7

15-0647

Figure 6-3 5/7 ASCII Packing Scheme



in this form can be stored "as is" on any mass storage device. I/O
requests involving 5/7 ASCII should be made using an even word count
argument to accommodate the paired data. ASCII data is ordinarily in-
put or output character-by-character via non-mass storage devices such
as teleprinter, line printer, paper tape reader and punch. It can
also be stored on mass storage devices in 5/7 form (see Figures 6-4
and 6-5). On paper tape an IOPS ASCII character is defined as a. 7-bit
character with even parity in the eighth (high order) bit, in keeping
with USASCII standards. Further, IOPS performs a parity check on
input, prior to the 5/7 packing and on output IOPS generates the cor-
rect parity.

Non-parity IOPS ASCII occurs in data originating at a Model 33, 35,

or 37 Teleprinter, without the parity option. This data always appears
with the eighth (high order) bitset to 1. Apart from parity checking,
the IOPS routines handle IOPS ASCII and non-parity IOPS ASCII data identi-
cally.

TAPE CHANNEL
8765 4 321
FEED

DIRECTION ABC)
OF TAPE IN 5/7 ASCII
MOVEMENT

t 7-8IT ASCII CODE

PARITY BIT (EVEN PARITY)
15-0648

Figure 6-4 IOPS ASCII on Paper Tape

WORD PAIR COUNT
0 ///; 19 17

| = [ e
HEADER WORD PAIR
CHECKSUM

A | B c | |aBcy
o l ) l ’ IN 5/7 ASCII

15-0649

Figure 6-5 IOPS ASCII in I/O Buffers
and on Mass Storage Devices
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Each logical record is an alphanumeric line, and a Carriage Return (CR)
or ALT MODE. CR (or ALT MODE) is a required line terminator in IOPS
ASCII mode to non-mass sforage.» Unused character positions in the IOPS
Word Pair after the CR or ALT MODE are ignored. Control character scan=-
ning is performed by some device handlers for editing or control purposes

(refer to Chapter 9).

On input, each IOPS ASCII .READ results in a 5/7 packed ASCII line being
placed in the program's I/O buffer. If this line is to be interpreted,
It must be unpacked by the program. Conversely, on output each .WRITE
assumes that the data in the user's I/0 buffer is.a 5/7 packed ASCII
line. Thus, it is up to the program performing IOFS ASCII data trans~-
fers to unpack each input line and pack each output line. Appendix B
contains assembly listings of generalized packing énd unpacking routines

which can be incorporated into user programs as required.

6.4.1.2 IOPS Binary . IOPS Binary data is blocked in an even number
of words, with each block preceded by a two-word header (see Figure
6-6). On paper tape (see Figure 6-7), IOPS uses six bits per frame,
with the eighth channel always set to 1, and the seventh channel con-
taining the parity bit . (odd parityx for channels 1 through 6 and
channel 8. The parity feature supplements the checksumming as a

data validity provision in paper tape IOPS binary.

WORD PAIR COUNT
(INCLUDING HEADER WORD PAIR)

01 14 17
]‘ 4 I I o

CHECKSUM

HEADER
WORD PAIR

~

LPAIRS OF 18-BIT
BINARY WORDS

15-0651

Figure 6-6 IOPS Binary in I/O Buffers and on Mass Storage Devices



TAPE CHANNEL
87654 32
FEED

15t 6-BIT BYTE

DIRECTION 2nd g-BIT BYTE

OF TAPE 3rd 6-BIT BYTE

MOVEMENT
L 6-BITS OF BINARY WORD
' PARITY BIT (ODD PARITY)
MUST ALWAYS BE PUNCHED
15-0650
Figure 6-7 IOPS Binary Data on Paper Tape

6.4.2 TImage Modes

Image Mode data, both Image Alphanumeric and Image Binary, is read,
written and stored (on mass storage devices) in the form established by
the source or terminal device. These modes permit the user to take
advantage of the data structuring features peculiar to non-mass storage
devices. These modes are strictly device dependent and no checking,
packing or interpretation of data is performed. For example, when deal-
ing with Alphanumeric data the teleprinter editing features RUBOUT and
CTRL U, described in 9.3.1 are ignored, as well as the IOPS ASCII line
terminators Carriage RETURN and ALT MODE. With the line printer, how-
ever, Carriage RETURN and ALT MODE are accepted as legal line termina-

tors. 0

Image Alphanumeric Mode results in the transfer of all eight bits of
an ASCII character to or from an I/O buffer (see Figures 6-8 and 6-9).
Image Binary data is unchecksummed binary and appears on paper tape, in

I/0 buffers and on mass storage devices as shown in Figures 6-10 and |

6-11.
WORD PAIR COUNT

0 ;//: 14 17

R B
HEADER WORD PAIR

CHECKSUM

ABC )
FOUR B-BIT
CHARACTERS

(RIGHT JUSTIFIED)

16-0652

Figure 6-8 Image Alphanumeric Data in I/O Buffers
and on Mass Storage Devices
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TAPE CHANNEL
87654 321
FEED

DIRECTION ABC)
OF TAPE FOUR 8-BIT
MOVEMENT CHARACTERS
| J
- Y
t——-—————'—————-ALL EIGHT CHANNELS

15-0653 °

Figure 6-9 Image Alphanumeric Data
on Paper Tape

WORD "PAIR COUNT
0 ,//; 1417
2 ] K

001010 fo11 [100]101{ 110 | | 5aTa woRD PAIR
000{000 | 000 {000 000 | 000 | | CONTAINING 123456(g)

HEADER WORD PAIR

15-0654

Figure 6-10 Image Binary in I/O Buffers
) and on Mass Storage Devices

TAPE CHANNEL
8 765 4 321
FEED

OF TAPE

REPRESENTS OCTAL
DIRECTION } NUMBER 123456
MOVEMENT

I 6-BIT BINARY CODE

{3 FRAMES/WORD)
TGNORED

MUST ALWAYS BE PUNCHED

15-0655

Figure 6-11 Image Binary on Paper Tape




6.4.3 Dump Mode

Dump Mode permits complete’freedom in data structuring in the context
of a file structured environment!. Data input or output in Dump Mode
is not interpreted, checked or packed and record length is not limited
by the software. Dump Modeis used to output from, or load directly
into, any core memory area. All data transferred are treated strictly
as 18-bit binary words (i.e., core images). No Header Word Pair is
used. Each .READ or .WRITE statement in Dump Mode requires arguments
which merely define the core starting address of the area input or
output and the number of words (Word Count) to be transferred. Dump
Mode is normally used with mass-storage devices although paper tape
I/0 is possible. With paper tape, data is interpreted on output or
input as three six-bit frames per 18-bit word (see Figure 6-11). On
input from paper tape, the 7 channel is ignored and the 8 channel must
be punched in each data frame. This requirement is automatically met
by the paper tape punch handler when output is in dump mode.

6.4.4 Logical Record Terminators

IOPS detects the end of each logical record transferred using a pre-
defined group of terminators or terminating conditions. These logical
record terminators vary with the Data Mode in effect, the particular
device or set of devices involved, and the transfer direction (input
or output). Table 6-2 summarizes the terminating conditions for logi-
cal records during input and output for each IOPS Data Mode. Detailed
information on terminating conditions for each I/0 device handler

is provided in Appendix C.

!The .TRAN System Macro (paragraph 6.7.13) permits user specified
file structuring as well as data structuring. A Dump Mode transfer
can be thought of as effectively a file structured .TRAN.
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Table 6-2

Logical Record Terminators

Data Mode : : Input . .o Output

IOPS ASCII Carriage RETURNxor_ALT MODE | Carriage RETURN
Word Pair Count ALT MODE

EOM : : Word Pair Count?®
Word Count? : -
EOF?!

IOPS Binary Word Pair Count Word Pair Count
EOM .
Word Count?
EOF'

Image Alpha- Word Pair Cour}t1 Word Pair Count
numeric and ‘Word Count
Image Binary EOM
EOF!

Dump ‘Word Count } Word Count
EOM ) )
EOF*

!Mass storage only-.

2If word count is exceeded before a terminator is encountered, IOPS
sets bits 12 and 13 of Header Word § to 3 (Buffer Overflow).

If the Word Pair Count is 1 or less, the line is ignored; if greater
than 1, ignore the count and accept Carriage RETURN or ALT MODE (non-
file orlented devices only). Bulk storage dev1ces require a word
Pair Count greater than 1 and less than 177 otherw1se -an IOPS 23
error will occur. : .

woep » PALR CounT st /‘h[/ma/yc‘ %@&ﬁ»w L2010t
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6.5 I/0 BUFFERS

6.5.1 Space Allocation

Each system or user program which is to perform I/O operations must
allocate an I/0 Buffer for each I/0 device and unit (i.e., a .DAT
slot) that is to be used simultaneously. This can be accomplished

by, but is not limited to, one of the methods described below.

Static buffer allocation can be accomplished through the use of the
MACRO-15 Assembler's .BLOCK pseudo-op as described in (DEC-15-LMACA-B-D).
A tag must be used to permit referencing of the buffer in each I/O

Macro. For example:

.DEC
INBUF .BLOCK 52 /CREATES 52(10) WORD BUFFER
/CALLED INBUF
OTBUF .BLOCK 254 /CREATES 254(10) WORD BUFFER
.0OCT /CALLED OTBUF

Dynamic buffer allocation can bé performed through the use of the
Monitor Macros .GTBUF and .GVBUF described in Chapter 5. Alternatively,
the user can create a buffer at execution time from free core by simple
calculation, using the information contained in the System Communica-
tion Registers, .SCOM+2 and .SCOM+3 (absolute locations 102 and 103
octal). These registers contain the lowest and highest addresses of
the registers in unused core, respectively.

6.5.2 Size Considerations

When choosing a maximum I/O buffer size to specify in the Word Count
arguments for .READ and .WRITE I/O Macros, both the set of possible
devices and the Data Mode must be considered. As a general rule,

when using IOPS and Image Modes, the maximum logical record size can
never exceed the maximum buffer sizes specified in Table 6-3. These
are based on physical device limitations. In Dump Mode, however, there
are no restrictions on buffer size except for the absolute bounds of
core itself; a logical record can occupy any number of physical blocks
on a mass storage device. Programs which are to communicate with a
number of devices using IOPS or Image Modes must limit the output
buffer size to that of the device with the smallest buffer.
Conversely, in setting-up input buffers, the size must be at least as
large as that for the device with the largest buffer size.



Table 6-3

Maximum I/O Buffer Sizes for IOPS and Image Mode Transfers

numeric

Device Max. Buffer Sizel| 