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Foreword

This is the first draft of a new manual scheduled for publication
by the Boston University Computing Center in the Fall of 1977. Since
it is directed to a more sophisticated audience and since it is the
first technical document on the VPS system services, it is being made
available at this time. As a reader of this draft, your commments and
criticisms of the material presented and the manner of presentation
are essential to the wusefulness of this manual in its final form. A
special tail sheet has been provided for your comments. Please send
it to the Computing Center or drop it off in Room 3.

This manual was prepared 1in machine readable form using the VPS
Editor and Script facilities. These text editing facilities are
available to users of the system and are documented in detail in the
VPS User’s Guide.

I would like to thank John Porter who not only acted as my editor
during the writing of this manual but also designed the cover. Thanks
also go to Lewis Nathan who kept me honest by scrupulously comparing
the documentation to the actual macros.

Marian G. Moore
Senior Systems Programmer
June, 1977



Introduction

This manual is intended mainly for assembler language programmers
who wish to employ VPS system facilities in their programs. It
attempts to describe the facilities available, the macro instructions
which can be used to request these facilities from the control
program, and related data areas.

This manual is divided into two parts. Part I, “System
Facilities’, provides explanations and examples for wuse of the
facilities provided. Part 1I, ‘Macro Instructions’, contains a
description and definition of each VPS macro making it possible for
assembler programmers to successfully request services from the VPS
control program. The manual was arranged in this manner so that Part
11, which is ordered alphabetically, could be used as a quick
reference when coding programs.

At the writing of this manual the VPS system is still in an
embryonic state. The structure of the macros and documented data
areas will undoubtedly change as new facilities are added. The use of
these macros does not absolutely guarantee that future enhancements to
the system will not impact your programs = BUT IT IS YOUR BEST BET.
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Part I: System Facilities

Introduction

VPS (Virtual Processor System) is a timesharing operating system
designed and implemented by the systems staff of the Boston University
Computing Center. The main goals of VPS are to make available a large
number of resources to the timesharing user while, at the same time,
provide quick reponse time and efficient use of the hardware

facilities.

Many of the internal features of VPS are available to assembler
language programmers through the use of macro instructions (described
in detail in Part II). These ‘system facilities® include: program
controlled terminal attention handling, data and file manipulation,
extensive message generation and sending facilities, and timing
services. In the following section some of the more extensive and
complex system facilities are explained and examples of their use

shown.



Chapter l: Attention Handling

This chapter discusses the facilities available in VPS for user
attention handling.

The SETATTN Macro

Under normal operation, if the terminal user strikes the attention
key during the execution of a program, a system attention interrupt
occurs and the control program handles the attention. After the
attention key is struck, the user has a choice of canceling the output
of the program, canceling the program, skipping lines of output, etc.
In certain circumstances the assembler language programmer may find it
advantageous to handle attentions in the program.

The VPS5 macro, SETATIN, has been provided to allow assembler
programmers the ability to establish an attention exit routine in
their programs. After the SETATTN macro has been issued, informing
the control program of the existence of an exit routine, control will
be passed to that routine each time a program attention interrupt
occurs during the execution of that program.

The SETATTN macro can also be used to cancel an attention exit
routine, which will cause future attentions to be handled by the
control program.

VPS Attention Modes

VPS supports two attention mode settings, system mode and program
mode. The attention mode desired is set with the /CIL command (see
the VPS User’s Guide). After an attention exit routine has been
established using the SETATTN macro, the exit routine will not receive
control until a program attention interrupt occurs. The procedure the
terminal user must follow to cause a program attention interrupt
depends upon the attention mode setting.

If system mode is set = striking the attention key once causes a
system attention interrupt; at this point, typing /ATTN when the
keyboard unlocks will cause a program attention interrupt. A program
attention interrupt can also be caused 1in system mode by rapidly
striking the attention key twice.

If program mode is set = striking the attention key once causes a
program attention interrupt. Striking it rapidly twice will cause a
system attention interrupt.

The SETATTN Parameter List

The SETATTN macro requires a parameter list which may be built
using the SALIST macro. The list specifies an output buffer address
and its length, and an input buffer address and its length. If an
output buffer address and length are coded, the contents of the buffer
will be printed on the user’s terminal when the attention key is
struck. If the input buffer address and length are coded, when the
attention key is struck, the output message will appear (if coded) and
the terminal will unlock awaiting a reply from the user. If either of
these options 1is used, the attention exit routine will not be given



control until after the message is printed and/or the reply has been
placed in the buffer.

The parameter 1list also provides a means of passing a user data

address to the exit routine. If this operand is coded, upon entry to
the exit routine, register 1 will contain the address of this area.

The Attention Exit Routine

When control is passed to the attention exit routine, registers 0,
1, 13, 14, and 15 will contain the following:

r0O - the address of the Attention Communications Area (defined by
the ATTNCOMM DSECT). The area contains, among other things,
the register contents when the user’s program was interrupted
and, at offset +72, a copy of the parameter list.

rl - the address of the user data area (if specified).

rl3 - the save area address.

rl4 - the return address.

rl5 - the address of the attention exit routine.

The attention exit routine should save its registers in the save area
provided in register 13 upon entry and restore them upon exit. If the
attention routine exits to the address in register l4, the control
program will pass control to the next instruction to be executed in
the main program after the attention interrupt was taken.

On entry to the attention exit routine the control program will
automatically suppress all program attentions until the exit routine
has returned control. If the programmer wishes to allow attentions
during the execution of the exit routine, the SETATTN macro with the
SO0FF operand may be issued upon entry to turn off attention
suppression. This will cause re-entry to the exit routine if a
program attention interrupt occurs during the execution of the exit
routine.

Example

In the following example, an attention exit routine is established
for the first phase of a two phase program. If the user causes a
program attention interrupt during phase 1, the following message will
appear:

type: phase2 or cancel

If “cancel” 1is entered, the program will be terminated using the
ABEOJ macro. If ‘“phase2” is entered, a switch is set and control is
returned to the main program = the next test of switch in the main
program will cause phase2 to be entered. If anything else is entered,
control will be returned to the main program and phase 1 will
continue.

The exit routine allows attentions to be processed during its
execution by issuing the SETATTIN macro with the SOFF operand. When
phase 2 is entered, the attention exit is canceled.
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phasel

phase2

attnexit

cancel

abmsg

savearea
alist
output
exitlist
switch

input

setattn list=alist,exit=attnexit,save=savearea

ds Oh

tm switch,x’01°
bo phase?

b phasel

ds Oh

setattn cancel
using attnexit,rlb
ds Oh

save (14,12)
setattn soff

la r2,4(,rl)

clc 0(6,r2),=c“cancel”

be cancel

cle 0(6,r2),=c’phase2’

bne *4-8

oi O(rl),x"01”
return (l14,12)

ds Oh

abeoj abmsg

should phase 2 be entered?

yes, branch

cancel exit routine

addressability for
attention exit routine

allow attentions

input buffer address
request to cancel?
yes, branch

request for phase 27?7
no, branch

yes, set switch

return to main program

cancel program

abcode u200,” program canceled in phase 1°

ds 18f

salist obuf=(output,23),ibuf=(input,6),usaddr=exitlist
type: phase2 or cancel’

dc 123"
ds 0f

dc x700"
ds Of

ds clé
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Chapter 2: Data Management

This chapter discusses the data management services available in
VPS as well as the physical and logical characteristics of the storage
media used at Boston University.

Introduction

The data management programs of the VPS operating system allow the
assembler language programmer the ability to efficiently transfer data
between the program and direct-access volumes (disks), tape volumes,
the user terminal (for programs being run at terminals), and unit
record devices - card readers, card punches, and printers (for
programs being run on the batch). Using VPS, the programmer may
organize and access files in two ways:

- Sequential. Records are placed 1in physical sequence. Given one
record, the location of the next record accessed is determined by
its physical position in the file. Sequential organization 1is
used for tape files, wunit record devices, terminal input and
output, and may be selected for direct-access devices.

- Direct. The records within the file, which must be on a direct-
access device, may be accessed in any order. Records may be
arranged in sequence according toc a key.

The data management programs of VPS comprise two "access methods' =
QIO (Queued Input/Output) and DIO (Direct Input/Output). QIO can be
used to access sequential files, read direct files either sequentially
or randomly by record number, and write direct files. QIO allows
device independence when processing sequential files. DIO can be used
to read and write direct files and to search direct files by key.

File Record Formats

A file 1is composed of a collection of records that normally have
some logical relationship to one another. The record is the basic
unit of information used by the processing program.

The process of grouping a number of records before writing them on
a volume is called ‘blocking”. Each block consists of one or more
records. Blocking conserves space on direct-access devices and tape
volumes because it reduces the number of interrecord gaps (IRGs) in
the file. (IRGs are written by the hardware between adjacent blocks
of a disk or tape file.) It can also increase the efficiency of
reading or writing a file by reducing the number of input/output
operations required to process it.

Records may exist in one of three formats: fixed-length (format F),
variable~length (format V), and, for tape only, undefined (format U).
The record format of the file is specified on the /FILE statement.

Fixed-Length Records

The size of fixed-length (format F) records is constant for all
records in the file. The number of records within a block is constant
for every block in the data set, unless the file contains truncated
(short) blocks. 1f the file contains unblocked format F records, one
record constitutes one block.




Block

Blocked | | I | IRG | | I I
I | I I I | I |

Unblocked | | IRG | | IRG | | IRG | |
| | | I I

Variable=-Length Records

The variable-length format (format V) provides for variable length
records and variable length blocks. The first 4 bytes of each record
and each block make up a descriptor word containing control
information. Assembler programmers must allow for these additional 4
bytes in both input and output operations in programs.

~ Block Descriptor Word. A variable length block consists of a Block
Descriptor Word (BDW) followed by 1 or more logical records. The
first 2 bytes specify the block length (4, for the BDW, plus the
total length of all the records within the block) followed by 2
bytes of zeroes. This length can be from 8 to 32,760 bytes. QIO
will automatically provide the BDW when the file is written.

- Record Descriptor Word. A variable length record consists of a
Record Descriptor Word (RDW) followed by data. The Record
Descriptor Word is a 4-byte field describing the record. The
first 2 bytes contain the length of the record including the RDW
length of 4. The second 2 bytes are zeroes. The length can be
from 4 to 32,756. The programmer must provide the RDW when
supplying V-format records to QIO.

Block
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| ¢ | | | I [ | I
Blocked |LL:00] | J | IRG |LL:00| I |
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\ ® o
\ .
\ORDW e
\\I \‘\.
I & i |
Record [11:00| Data |
| | I
N V4
% ‘/
\\ ./J'
\ #

| & | I I = | I
Unblocked |LL:0O]| | IRG |LL:00]| |
N S l_: | |



Undefined Records
Format U permits processing of records that do not conform to the F
or V formats for tape files only. Each block is treated as a record.

Block Block Block

| IRG | | IRG | |

VPS File Types

VPS provides two types of files for data storage - library files
and work files. Library files are sequential files which reside in
VPS libraries on direct-access storage devices. Work files are IBM/VS
compatible data sets and may reside on tape as sequential files or on
disk as direct files.

The choice of file type is dependent upon the size, frequency of
use, mode of access, etc. of the file. A complete discussion of VPS
file types can be found in the VPS User’s Guide.

Files on Direct-Access Devices

Regardless of their organization, files <created using VPS can be
stored on direct-access devices. Each block has a distinct location
and a unique address, making it possible to locate any record without
extensive searching.

Although direct-access devices differ in physical appearance,
capacity, and speed, they are similar in data recording, data
checking, and data format. The recording surfaces of each device are
divided into many concentric “tracks”. The number of tracks and their
capacity vary with the device.

Information is recorded on all direct-access devices in a standard
format. In addition to device data, each track contains a Track
Descriptor Record (capacity record or RO) followed by data blocks.
There are two possible data formats - count-data and count-key-data.

Track formats

[ | I | |1 | I

|
| RO | | count | data | | count | data | | count | data |
I

. l || [ |1 I |

|
| RO | | count | key | data | | count | key | data |
| [ | | [ | | |

Count Area
The count area contains the location of a data block on a specific
track, and defines the =size of the key and data areas of that block.



The count area is 9 bytes in length and is defined as follows:

Byte

0 Track condition flag

1-5 Block location on the volume in CCHHR format

6 Length of the key in bytes (0-255)

7-8 Length of the data in bytes (l=-track capacity)
Key Area

Use of the key area is optional and at the discretion of the
programmer. When wused, the key area of the block contains the
identification of the data portion of the block (such as subject code,
social sercurity number, or  any other wuniquely identifying
information). The length of the key area is specified in byte 6 of
the count area. If the key length is zero, no key area will appear in
the block. The maximum key length is 255 bytes. Generally, file
organization determines whether keys are used. For example, if a
sequential file is processed sequentially, there 1is no point in
writing the file with keys. I1f, however, there is an appreciable
amount of searching required, the blocks should be written with keys.

Data Area
The data area contains the information identified by the count and

key areas of the block. The length of the area is specified in the
count area.

The QIO Access Method

The QIO access method provides several macro instructions for
manipulating sequential and direct files. QIO provides automatic
blocking and deblocking of the records written and read. Because the
control program synchronizes input/output with processing, programs
need not test for completion, errors, or exceptional conditions.
After a QGET or QPUT macro instruction is executed, control is not
returned to your program until an input area is filled or an output
area has been written. Exits to error analysis (SYNAD) and
end~of-file (EODAD) routines are automatically taken when necessary.

With QIO the record format wused in a program for reading and/or
writing is independent of the actual record format of the file. The
actual record format of the file is specified on the /FILE statement
with the RECFM parameter. The format of the records built by a
program for writing, or the record format expected by a program for
reading, 1is specified in the QIO Request Block. QIO will
automatically make the appropriate conversion depending upon the
request. This allows the assembler program to process a file as
format F when it may actually be format V and vice versa.

All QIO operations require a QIO Request Block (QIORB) which
informs the control program of the operation to be performed, the unit
on which the operation is to be performed, buffer location and length,
etcs The QIORB may be built using the QIORB macro or as an inline
expansion of the QIO access macros. In the former case, the QIORB can
be dynamically modified at execution time by the QIO access macros.
The following is a list of the QIO access macros and a description of
their function,

QGET - Retrieve a Record



The QGET macro instruction obtains a record from an input file
whether it be a disk file, tape file, conversational read unit,
etc. QGET allows sequential reading of all unit types and random
reading by using relative or absolute record address on disk files
and relative record address on tape files. 1f a direct file with
keys is being read with QGET, the key will be read as part of the
data. If an end-of-file condition is reached on the file, control
will automatically be passed to the user specified EODAD exit
routine. Note that for QIO this EODAD exit will only be takenm if
the end-of-file is encountered when reading a file sequentially.
When reading a direct file randomly that has been written
sequentially and an end-of-file is encountered, the EOF record
(EOFEOFEUF) is placed in the user storage area and control is
returned to the user progranm in the normal way.

QPUT - Write a Record
The QPUT macro instruction places a record into an output file
whether it be a disk or tape file, the user terminal, the printer,
etc. QPUT allows sequential writing of all unit types, random
writing by using relative or absolute record address on direct
files, and random writing by using negative relative block address
on tapes.

QREW - Rewind a File

The QREW macro instruction repositions a file to the first record
in the file regardless of the type of processing. Issuing a QREW
macro on a tape file where the last operation to the file was a
write will cause an end-of-file (EUF) mark to be written before
the tape 1is repositioned. Issuing the QREW macro on the
conversational read unit causes the stack to be cleared. QREW may
not be used when processing unit record devices. It should be
noted that issuing a QREV macro on a tape file effectively
‘closes” that file so that another file on that tape volume may be
accessed.

QBSP - Backspace File
The QBSP macro backspaces a file 1 logical record. For example,
if a record of a file was read and a QBSP macro was then executed
on that file, the next record read would be the same record. QBSP
may not be used when processing unit record devices.

QEOF = Write End-of-File

The QEOF macro writes an end-of-file mark in a file which is being
processed for output - i.e. records are being written into the
file. The QEOF macro can be used only with tape and disk files.
If the file was being read, issuing the QEOF macro on the file
will reposition to the end of the file. As with QREW, issuing a
QEOF macro on a tape file effectively “closes” the file - allowing
another file on that tape volume to be accessed.

Reading the Conversational Read Unit

Assembler language programs, when run at a terminal, may request
information to be entered by the terminal user. This is accomplished
by executing a QGET macro on the conversational read unit (UNIT=TERMIN
is specified on the /FILE statement). 1f variable length reads are
used on the conversational read unit, the Record Descriptor Word (RDW)
can be used to detect data overruns. Normally, the second halfword of
the RDW (bytes 2 and 3 of the program read area) will be zero. If,





















































































































































































































































































































