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SOFTWARE SUPPORT CATEGORIES

Digital Equipment Corporation (DEC) makes available four categories of software. These
categories reflect the types of support a customer may expect from DEC for a specified software

nroduct DEC reserves the right to chanae the cateaor f a software iuct at any fime
product. = eserves rne righr 1o change rhe ory or a sorrware product ar any rime.
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The four categories are as follows:

CATEGORY |
Software Products Supported at no Charge

This classification includes current versions of monitors, programming languages, and
support programs provided by DEC. DEC will provide installation (when applicable), advisory,
and remedial support at no charge. These services are limited to original purchasers of DEC
computer systems who have the requisite DEC equipment and software products.

At the option of DEC, a software product may be recategorized from Category | to
Category 1l for a particular customer if the software product has been modified by the customer
or a third party.

CATEGORY I

Software Products that Receive Support for a Fee

This category includes prior versions of Category | programs and all other programs avail-
able from DEC for which support is given. Programming assistance (additional support), as
available, will be provided on these DEC programs and non-DEC programs when used in con~
junction with these DEC programs and equipment supplied by DEC .

CATEGORY 11l

Pre-Release Software

DEC may elect to release certain software products to customers in order to facilitate
fina! testing and/or customer familiarization. In this event, DEC will limit the use of such
pre-release software to internal, non-competitive applications. Category Il software is only
supported by DEC where this support is consistent with evaluation of the software product.
While DEC will be grateful for the reporting of any criticism and suggestions pertaining to a
pre-release, there exists no commitment to respond to these reports.

CATEGORY IV
Non-Supported Software

This category includes all programs for which no support is given
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PREFACE

The software described in this document is furnished to

purchaser under a license for use on a single computer
system and can be copied (with inclusion of DEC's copy-
right notice) only for use in such system, except as may
otherwise be provided in writing by DEC.

Within this document, Chapter 1 provides an introduction to
device drivers in general; Chapter 2 outlines the established driver
structure conventions and the driver's interface to a program using
the driver's services; Chapter 3 illustrates methods by which stand-
alone programs can communicate requests for service to the driver and
access the results of such requests, Subsequent sections document
each of the individual drivers. Each such section is preceded by a

title page on red paper.
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CHAPTER 1

USING DEVICE DRIVERS OUTSIDE DOS

1.0 INTRODUCTION

Subroutines to handle I/O transfers between a PDP-11 and each
of its peripheral devices are developed as required for use within
the Disk Operating System (DOS). These subroutines are made avail-
able within an I/0 Utilities Package for the benefit of PDP-11 users
who have configurations unable to support DOS or who wish to run
programs outside DOS control.

All the subroutines associated with one peripheral device form
an entity known as a Driver. The Device Driver Package provides
a general description of a driver and shows how it can be used in
a stand-alone environment. The unique properties of each driver
are discussed in separate documents issued as supplements to the
Device Driver Package. The I/0 Utilities Package for any system is
determined by the peripherals of that system. Thus, the full doc-
umentation for a particular package consists of the Device Driver
Package and applicable supplements.






CHAPTER 2

DRIVER FORMAT

2.1 STRUCTURE

The basic principle of all drivers under the DOS Monitor is
that they must present a common interface to the routines using
them in order to provide for device-independent operation. The
subroutines are structured to meet this end. Moreover, the driver
can be loaded anywhere in memory under Monitor control. Its code
is always position-independent.

The detailed description of a driver is found in Appendix A.
This section is concerned with driver interfaces.

2.1.1 Driver Interface Table

The first section of each driver consists of a table which
contains, in a standard format, information on the nature and capa-
bilities of the device it represents and entry points to each of
its subroutines. The calling program can use this table as required,
regardless of the device being called.

2.1.2 Setup Routines

Each driver is expected to handle its device under the PDP-11
interrupt sYstem. When called by a program, therefore, a driver
subroutine merely initiates the action required by setting the
device hardware registers appropriately. It returns to the
calling program by a standard subroutine exit.

The main setup routine prepares for a data transfer to or
from the device, using parameters supplied by the calling program.
Normally, blocks of data will be moved at each transfer. The driver
will only return control to the program when the whole block has
been transferred or when it is unable to continue because there is
no more data available.



The driver can also contain subroutines by which the calling
program can request start-up or shut-down action, such as leader
or trailer code for a paper tape punch, or some special function
provided by the device hardware (or a software simulation of that
for some similar device), e.g., rewind of a magnetic tape or DEC-
tape.

2.1.3 Interrupt Servicing

The nature of the driver routine to service device interrupts
is particularly dependent upon the extent of the hardware provi-
sions of the device for controlling transfers. 1In general, the
driver determines the cause of the interrupt and checks whether the
last action was performed correctly or was prevented by some error
condition. If more device action is needed to satisfy the program
request, the driver again initiates that action and takes a normal
interrupt exit. If the program request has been fully met, control
is returned to the program at an address supplied at the time of
the request.

2.1.4 Error Handling

Device errors can be handled in two ways. There are some
errors for which recovery can be programmed; the driver will, if
appropriate, attempt this itself (as in the case of parity or tim-
ing failure on a bulk-storage device) or will recall the program
with the error condition flagged (as at the end of a physical paper
tape). Other errors normally require external action, per-
haps by an operator. The driver calls a common error handler based
on location 34 (IOT call) with supporting information on the proces-

sor stack to handle such errors.

2.2 INTERFACE TO THE DRIVER

2.2.1 Control Interface

The principal link between a calling program and any driver
subroutine is the first word of the driver table. In order to
provide the control parameters for a device operation, the calling
program prepares a list in a standardized form and places a pointer
to the list in the driver link. The called driver uses the pointer
to access the parameters. If the driver need return status informa-
tion, it can place it in the list area via the link-word.



The first word of the driver can also act as a busy indicator in
that while it remains 0 the driver is not currently performing
some task, whereas when the first word contains a list-pointer the
driver can be assumed to be busy. Since most drivers support only
one job at a time, the link-word state is significant.

2.2.2 Interrupt Interface

Although the driver expects to use the interrupt system, it
does not itself ensure that its interrupt vector in the memory
area below 4008 has been set up correctly; the Monitor under DOS
takes care of this. However, the Driver Table contains the infor-
mation required to initialize the appropriate vector.






CHAPTER 3

STAND-ALONE USE

Because each driver is designed for operation within the device-
independent framework of DOS Monitor, it can be similarly used in
other applications. Since the easiest way to use the driver is

to assemble it with the program which requires it, this method will
be described first. Other possible methods will be discussed later.

3.1 DRIVER ASSEMBLED WITH PROGRAM

3.1.1 Setting Interrupt Vector

As noted in paragraph 2.2.2, the calling program must initial-
ize the device transfer vector within memory locations 0-377. The
address of the driver's interrupt entry point can be identified on
the source listing by the symbolic name which appears as the con-
tent of the Driver Table Byte, DRIVER+5. The priority level at
which the driver expects to process the interrupt is at byte
DRIVER+6. For a program which can use position-dependent code,
the setup sequence might be:

MOV #DVRINT, VECTOR ;SET INT. ADDRESS
MOVB DRIVER+6, VECTOR+2 ; SET PRIORITY
CLRB VECTOR+3 ;CLEAR UPPER STATUS BYTE

(where the Driver Table shows at DRIVER+5: .BYTE DVRINT-~DRIVER).

If the program must be position-independent, it can take ad-
vantage of the fact that the Interrupt Entry address is stored as
an offset from the start of the driver, as illustrated above.

In this case, a sample sequence might be:

MOV PC,R1 sGET DRIVER START

ADD #DRIVER-. ,R1

MoV #VECTOR,R2 i+..& VECTOR ADDRESSED

CLR @Rr2 ;SET INT. ADDRESS

MOVB 5(R1),@R2 ;+...AS START ADDRESS+OFFSET
ADD R1l, (R2)+

CLR @R2 ;SET PRIORITY

MOVB 6 (R1) ,@R2
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3.1.2 Parameter Table for Driver Call

For any call to the driver, the program must provide a list
of control arguments mentioned in paragraph 2.2.1. This list must
adhere to the following format®:

[SPECIAL FUNCTION POINTER]?

[BLOCK NO.]3

STARTING MEMORY ADDRESS FOR TRANSFER

NO. OF WORDS to be transferred (2's complement)
STATUS CONTROL showing in Bits:

0-2: Function (octally 2=WRITE, 4=READ)"*

8-10: Unit (if Device can consist of several,
e.g., DECtape)

11: Direction for DECtape travel (0 = Forward)

ADDRESS for RETURN ON COMPLETION
[RESERVED FOR DRIVER USE]®

The list can be assembled in the required format if its content
will not vary. The driver can return information in this area as
described in a later paragraph; however, this will not corrupt the
program data and it is cleared by the driver before it begins its
next operation.

On the other hand, most programs will probably use the same list
area for several tasks or even for different drivers. 1In this
case, the program must contain the necessary routine to set up the
list for each task before making the driver call, perhaps as illus-
trated in the next paragraph. It must be noted, however, that the
driver may refer to the list again when it is recalled by an in-
terrupt or to return information to the calling program. There~
fore, the list must not be changed until any driver has completed
a function requested; for concurrent operations, different list
areas must be provided.

lin some cases, it can be further extended as discussed in later paragraphs.

2Required only if Driver is being called for Special Function; addresses a
Special Function Block.

3Required only if the Device is bulk storage (e.g., Disk or DECtape).

“*Most devices transfer words regardless of their content, i.e., ASCII or Binary.
Some devices (e.g., Card Reader) may be handled differently depending on the mode
for these, Bit 0 must alsc be set to indicate ASCII=0, Binary=l. In these cases,
the driver always produces or accepts ASCII even though the device itself uses
some other code.

SThis word may be omitted if the device is bulk storage (see below).



3.1.3 Calling the Driver

To enable the driver to access the parameter list, the program
must set the first word of the driver to an address six bytes less
than that of the word containing MEMORY START ADDRESS, It can then
directly call the driver subroutine required by a normal JSR PC,xxxX
call.

As an example, the following position-independent code might appear
in a program which wishes to read Blocks #100-103 backward from DEC-
tape unit 3 into a buffer starting at address BUFFER:

MOV PC,Rf@ ;GET TABLE ADDRESS

ADD #TABLE+12-, ,Rf

MOV PC,@RF ;GET AND STORE...

ADD #RETURN-. , @R@ i...RETURN ADDRESS

Mov #5404 ,-(RM) ;SET READ REV. UNIT 3
Mov #-1024.,- (RM) ;4 BLOCKS REQUIRED
MOV PC,~(Rf) ;GET AND STORE

ADD #BUFFER-., QR ;...BUFFER ADDRESS

Mov #103,-(Rd) ;s START BLOCK

CMP - (R@) ,- (RM) ; SUBTRACT 4 FROM POINTER
Mov R@,DT ; SET DRIVER LINK

JSR PC,DT.TFR ;GOTO TRANSFER ROUTINE

WAIT: s RETURNS HERE WHEN
7...TRANSFER UNDER WAY
s RETURNS HERE WHEN

;... TRANSFER COMPLETE

TABLE: .WORD § ;LIST AREA SET
.WORD # :...BY ABOVE SEQUENCE
.WORD #
.WORD #
.WORD ¢

3.1.4 User Registers

During its setup operations for the function requested, the
driver assumes that Processor Registers 0-5 are available for its
use. If their contents are of value, the program must save them

before the driver is called.

While servicing intermediate interrupts, the driver may need
to save or restore its registers. It expects to have two subroutines
available for the purpose (provided by the Monitor under DOS). It

accesses them via addresses in memory lccations 448 {(S.RSAV) for saves

and 468 (S.RRES for restores) using the sequence:

MOV @#44,-(SP) ;OR 'MOV @#46,- (SP)
JSR R5,@(SP)+



It must also ensure that their start addresses are set into

the correct locations (44, and 468).

8
At its final interrupt, the driver saves the contents of
Registers 0-5 before returning control to the calling program

completion return.

3.1.5 Returns From Driver

As shown in the example in paragraph 3.1.3, the driver returns
control to the calling program immediately after the JSR as soon
as it has set the device in motion. The program can wait or carry
out alternative operations until the driver signals completion by
returning at the address specified (i.e., RETURN above). Prior
to this, the program must not attempt to access the data being read
in, nor refill a buffer being written out.

The program routine beginning at address RETURN varies
according to the device being used. In general, the driver has
given control to the routine for one of two reasons; namely, the
function has been satisfactorily performed, or it cannot be carried
out due to some hardware failure with which the driver is unable to
cope, though the program may be able to do so. In the latter case,
the driver uses the STATUS word in the program list to show the

cause:
Bit 15 =1 indicates that a device parity or
timing failure occurred and the
driver has not been able to overcome
this, perhaps after several attempts.
Bit 14 =1 shows that the end of the available

data has been reached.

The driver places in RO the content of its first word as a pointer

to the list concerned.

In addition, the driver can have transferred only some of the
data requested. In this case, it will show in the RESERVED word of
the program list a negative count of the words not transferred in
addition to setting Bit 14 of the STATUS word. As mentioned in the
note in paragraph 3.1.2, this applies only to non-bulk storage
devices. The drivers for DECtape or Disks! always endeavor to
complete the full transfer, even beyond a parity failure, or they
take more drastic action (see paragraph 3.1.6).

'This includes RF11l Disk; although this is basically word-oriented,
it is assumed to be subdivided into 64-word blocks.
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It is thus the responsibility of the program RETURN routine to
check the information supplied by the driver in order to verify that
the transfer was satisfactory and to handle the error situations
appropriately.

In addition, the routine must contain a sequence to take care
of the Processor Stack, Registers, etc. As noted earlier, the driver
takes the completion return address after an interrupt and has saved
Registers 0-5 on the stack above the Interrupt Return Address and
Status. The program routine should, therefore, contain some sequence
to restore the processor to its state prior to such interrupt, e.g.,
using the same Restore subroutine illustrated earlier:

MOV @#46,- (SP) ;CALL REGISTER RESTORE
JSR R5,@(sp)+

RTI ; RETURN TO INTERRUPTED PROG.

3.1.6 Irrecoverable Errors

All hardware errors other than those noted in the previous
paragraph are more serious in that they cannot normally be overcome
by the program or by the driver on its behalf. Some of these could
be due to an operator fault, such as neglecting to turn a paper tape
reader to on or to set the correct unit number on a DECtape transport.
Once the operator has rectified the problem, the program could con-
tinue. Other errors, however, will require hardware repair or even
software repair, e.g., if the program asks for Block 2000 on a device
having a maximum of 1000. In general, all these errors will result
in the driver placing identifying information on the processor stack
and calling IOT to produce a trap through location 348'

Under DOS, the Monitor provides a routine to print a teleprinter
message when this occurs. In a stand-alone environment, the program
using the driver must itself contain the routine to handle the trap
(unless the user wishes to modify the driver error exits before as-
sembly). The handler format will depend upon the program. Should
it wish to take advantage of the information supplied by the driver,
the format is as follows:
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(SP): Return Address Stored by IOT Call

2 (SP): Return Status
4 (SP): Error No. Code generally unique to driver
5 (SP): Error Type Code: 1 = Recoverable after Operator
Action
3 = No recovery
6 (SP): Additional Informa- such as content of Driver,
tion Control Register, Driver

Identity, etc.
As a rule, the driver will expect a return following the IOT call in
the case of errors in Type 1 but will contain no provision following

a return from Type 3.

3.1.7 General Comment

The source language of each driver has been written for use with
particular,.
which will not be accepted by the Paper Tape Software PAL-11R, in
particular, .TITLE, .GLOBL, and Conditional Assembly directives.
Such statements should be deleted before the source is used. Similarly,
an entry in the driver table gives the device name as .RAD50 'DT' to
obtain a specially packed format used internally by DOS. If the user
wishes to keep the name, for instance, for identification purposes
as discussed in section 3.3, .RADS50 might easily be changed to .ASCII
without detrimental effect, or it might be replaced with .WORD 4.

3.2 DRIVERS ASSEMBLED SEPARATELY

Rather than assemble the driver with every program requiring
its availability, the user may wish to hold it in binary form and
attach it to the program only when loaded. This is readily possible;
the only requirement is that the start address of the driver should
be known or be determinable by the program.

The example in paragraph 3.1.2 showed that the Interrupt Ser-
vicing routine can be accessed through an offset stored in the
Driver Table. The same technique can be used to call the setup sub-
routines, as these also have corresponding offsets in the Table, as
as follows:

DRIVER+7 Open'!
+1g Transfer
+11 Close!
+12 Special Functions®

1If the routine is not provided, these are 0.
3-6



The problem is the start address. There is the obvious solution

of assembling the driver at a fixed location so that each program
using it can immediately reference the location chosen. This ceases
to be convenient when the program has to avoid the area occupied by
the driver. A more general method is to relocate the driver as
dictated by the program using it, thus taking advantage of the
position-independent nature of the driver. The Absolute Loader,
described in the Paper Tape Software Handbook (DEC-11-

Chapter 6, provides the capability of continuing a load from the
point at which it ended. Using this facility to enter the driver
immediately following the program, the program might contain the
following code to call the subroutine to perform the transfer illus-
trated in paragraph 3.1.3:

MOV PC,R1 ; GET DRIVER START ADDRESS
ADD #PRGEND-. ,R1l
MOV PC,R¢ ;GET TABLE ADDRESS
ADD $TABLE+12-. ,Rf ;AND SET UP AS SHOWN
. ;...IN SECTION 3.1.3
CMP - (R@) ,- (R@) ;:FINAL POINTER ADJUSTMENT
Mov R@,@R1 ;STORE IN DRIVER LINK
CLR -(sp) ;GET BYTE SHOWING...
MOVB 1§ (R1l),@SP ;...TRANSFER OFFSET
ADD (SP)+,R1 ; COMPUTE ADDRESS
JSR PC,@R1 ;GO TO DRIVER
r
PRGEND:
.END

This technique can be extended to cover situations in which several
drivers are used by the same program, provided that it takes account
of the size of each driver (known because of prior assembly) and

the drivers themselves are always loaded in the same order.

For example, to access the second driver, the above sequence
would be modified to:

MoV PC,R1 ;GET DRIVER 1 ADDRESS
ADD #PRGEND-. ,R1
ADD #DVR1SZ,R1 ;STEP TO DRIVER 2
DVR1SZ=n
PRGEND:
.END



An alternative method may be to use the Relocatable Assembler
PAL-11S in association with the Linker program LINK-11lS, both of
which are available through the DECUS Library. The start address
of each driver is identified as a global. Any calling program need
merely include a corresponding .GLOBL statement, e.g., .GLOBL DT.

3.3 DEVICE-INDEPENDENT USAGE

As mentioned earlier, the drivers are assigned for use .in a
device-independent environment, i.e., one in which a calling pro-
gram need not know in advance which driver has been associated with
a table for a particular execution run. One application of this
type might be to allow line printer output to be diverted to some
other output medium because the line printer is not currently avail-
able. Another might be to provide a general program to analyze data
samples although these on one occasion might come directly from an
Analog-to-Digital converter and on another be stored on a DECtape
because the sampling rate was too high to allow immediate evaluation.

Programs of this type should be written to use all the facili-
ties that any one device might offer, but not necessarily all of them.
For instance, the program should ask for start-up procedures because
it may sometime use a paper tape punch which provides them, even
though it may normally use DECtape which does not. As noted in
paragraph 2.1.1, the driver table contains an indication of its
capabilities to handle this situation. The program can thus examine
the appropriate item before calling the driver to perform some action.
As an example, the code to request start-up procedures might be (as-
suming RO already set to List Address):

MoV #DVRADD,R1 ; GET DRIVER ADDRESS

TSTB 2(R1) sBIT 7 SHOWS...

BPL NOOPEN ?+++.OPEN ROUTINE PRESENT
MoV R@,€R1 ;STORE TABLE ADDRESS
CLRB - (SP) ;BUILD ADDRESS

MOVB 7(R1) ,@SP ;...OF THIS ROUTINE

ADD (SP)+,R1

JSR PC,CR1 ;+...AND GO TO IT

; FOLLOWED POSSIBLY BY
. ;WAIT AND COMPLETION
;PROCESSING

NOOPEN: ; RETURN TO COMMON OPERATION
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Similarly, the indicators show whether the device is capable of
performing input or output, or both; whether it can handle ASCII or
binary data; whether it is a bulk storage device capable of support-
ing a directory structure or is a terminal-type device requiring
special treatment, and the like. Other table entries show the de-
vice name as identification and how many words it might normally
expect to transfer at a time (in 1l6-word units). All of the informa-
tion can readily be examined by the calling program, thus enabling

(0]

the use of a common call sequence for any I/0 operation, as for

example
MOV #DVRADR,R5 ;SET DRIVER START
JSR R5,I0OSUB ;CALL SET UP SUB
BR WAIT ;SKIP TABLE FOLLOWING ON RETURN
.WORD 190 ; TRANSFER REQUIRED
.WORD 103 ;BLOCK NO.
.WORD BUFFER ; BUFFER ADDRESS
.WORD -256 ;WORD COUNT
.WORD 4d4 ; READ FROM UNIT 1
.WORD RETURN ;EXIT ON COMPLETION
.WORD @ ; RESERVED
WAIT: ;CONTINUE HERE...
. ;WHILE TRANSFER IN PROGRESS
IOSUB: MOV @sp,Rr@ ;PICK UP DRIVER ADDR
MOV R5,R1 ;SET POINTER TO LIST
TST (R1)+ ;BUMP TO COLLECT CONTENT

; ROUTINE CHECKS ON DEVICE
;. .CAPABILITY USING R1
7..TO ACCESS LIST AND

i ..Rg THE DRIVER TABLE

s o s 0

. ;IF O.K...

MOV @R1,R1 ;GET ROUTINE OFFSET
ADD R#,R1

CLR - (SP) ;USE IT TO BUILD
MOVB @R1,@sSP 7 «+»«ENTRY POINT

ADD Rf,@SP

JSR PC,@(SP)+ ;CALL DRIVER

RTS R5 sEXIT TO CALLER

The calling program, or a subroutine of the type just illustrated,

may also wish to take advantage of a feature mentioned earlier: the
fact that when a driver is in use its first word will be non-zero.

The driver itself does not clear this word except in special cases
shown in the description for the driver concerned. If the program
itself always ensures that it is set to zero between driver tasks,
this word forms a suitable driver-busy flag. Under DOS, the program
parameter list is extended to allow additional words to provide link-
age between lists as a queue of which the list indicated in the driver
first word is the first link.



The preceding paragraphs are intended to indicate possible ways
of incorporating the drivers available into the type of environment
for which they were designed. The user will probably find others.
However, he should carefully read the more detailed description of
the driver structure in Appendix A, and the individual driver speci-
fications before determining the final form of his program.

A word of warning is appropriate here. Although most drivers
set up an operation and then wait for an interrupt to produce a
completion state, there are some cases in which the driver can fin-
ish its required task without an interrupt, e.g., "opening" a paper
tape reader involves only a check on its status. Moreover, where
"Special Functions" are concerned, the driver routine may determine
from the code specified that the function is not applicable to its
device and, therefore, will have nothing to do. In such cases, the
driver clears the intermediate return address from the processor
stack and immediately takes the completion return. Special problems
can arise, however, if the driver concerned is servicing several
tasks, any of which can causes a queue for the driver's services
under DOS. To overcome these problems, the driver expects to be
able to refer to flags outside the scope of the list so far de-
scribed. This can mean that a program using such a driver may also
need to extend the list range to cover such possibilities. Particular
care should be exercised in such cases.
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APPENDIX A

I-0O DRIVERS WITHIN THE DISK OPERATING SYSTEM

The principal function of an I/0 driver is to satisfy a Monitor proc-
essing routine's requirement for the transfer of a block of data in

a standard format to or from the device it services. This will in-
volve both setting up the device hardware registers to cause the trans-
fer and its control under the interrupt scheme of PDP-11, making
allowance for peculiar device characteristics (e.g., conversion to or
from ASCII if some special code is used).

It may also include routines for handling device start-up or
shut-down such as punching leader or trailer, and for making available
to the user certain special features of the device, such as rewind

of magtape.

A.l1 Driver Structure

In order to provide a common interface to the monitor, all drivers

must begin with a table of identifying information as follows:

DVR: BUSY FLAG (initially §)
FACILITY INDICATOR (expanded below)
Offset to Standard Buffer Size
Interrupt Routine* | in 16-word Units.
offset to Priority for
OPEN Routine * Interrupt Service
Offset to Offset to
CLOSE Routine * Transfer Routine *
Space Offset to
Special Functions*
DEVICE NAME (Packed Radix-5{)

Offsets marked * will enable calling routine to
indicate routine required. They will be con-
sidered to be an unsigned value to be added to the
start address of the driver. This may mean that
with a 256-word maximum, the instruction referenced
by the offset will be JMP or BR (routine).

Bits in the Facility Indicator Word define the device for moni-

tor reference:



SPECIAL STRUCTURES GENERAL STRUCTURE

l15|14[13|12[11]m|9i8‘7]6]5|4|3l2 1] g

. 4 4 —~——4 - A A 4 A
File- Unused * Unused Multi
Structured User

n 3 II'

Device DEC- Dzsiﬁénal Output

tape (or Device

s1m11a;é{ ) Contains OPEN Input Device
reversib e Contains CLOSE

magtape ] .

. . Contains SPECIAL— Binary Device
*=Multi-unit System

type devices (i.e., RK disk). ASCII Device

The table should be extended as follows if the device is file-
structured:

BLOCK USED AS MASTER FILE DIRECTORY

POINTER TO BIT-MAP IN MEMORY Unit g

Similar Bit-Map
Pointers for

Multi-unit
W\"\/% Devices
The driver routines to set up the transfer and control it under

interrupt, and possibly for OPEN, CLOSE, and SPECIAL, follow the
table. Their detailed operation will be described later.

A.2 Monitor Calling

When a Monitor I/O processing routine needs to call the driver, it
first sets up the parameters for the driver operatioh in relevant

words of the appropriate DDB!, as follows:

,,&\\—__"_\~__~_/,_/¢,//~—”—_‘\\__

XYZ: - (User Call Address)
SPECIAL FUNCTION CODE (User Line Address)
DEVICE BLOCK NUMBER

MEMORY START ADDRESS

WORD COUNT (2's Complement)
TRANSFER FUNCTIONS (expanded below)
COMPLETION RETURN ADDRESS

(DRIVER WORD-COUNT RETURN) Set to Zerd

L— T T — o —

*‘Dataset Data Block - in full, a 16-word table which provides the main
source ¢f communication between the Monitor drivers and a particular set
of data being processed on behalf of a using program.

A-2



The relevant content of the Transfer Function word is as follows:

EOF
or
EoD!
TT Echo Control

Y |

15 | 14| 13| 12| 22| 10| 9|8 | 7 |6 | 5 | 4 | 3 [ 2‘ 1] e |
P~ — 1
Used by Driver DECtape Open vs. 12¢=ASCII
to indicate reverse Closed! 1=Binary
Hardware Parity DEVICE
Fail UNIT Transfer OUT

Transfer IN

Provided that the Facility Indicator in the Driver Table de-
scribed above shows that the driver is able to satisfy the re-
quest, both from the point of view of direction and mode and of the
service required, the Monitor routine places in Register 1 the relative
byte address of the entry in the Driver Table containing the offset to
the routine to be used (e.g., for the Transfer routine, this would be
1¢). It then calls the Driver Queue Manager, using JSR PC,S.CDB.

The Driver Queue Manager assures that the driver is free to
accept the request, by reference to the Busy Flag (Word § of the
driver table). If this contains @, the Queue Manager inserts the
address of the DDB from Register # and jumps to the start of the
- routine in the driver using Register 1 content to evaluate the address
required. If the driver is already occupied, the new request is
placed in a queue linking the appropriate DDB's for datasets waiting
for the driver's services. It is taken from the queue when the driver
completes its current task. (This is done by a recall to the Queue
Manager from the routine just serviced, uéing JSR PC,S.CDQ,)

On entry to the Driver Routine, therefore, the address foilowing
the Monitor routine call remains as the "top" element of the processor
stack. .It can be used by the driver in order to make an immediate
return to the Monitor (having initiated the function requested), using
RTS PC. It should also be noted that the Monitor routine will have
saved register contents if it needs them after the device action. The
driver may thus freely use the registers for its own operations.

lNote that bits 7 and 14 are undefined in DOS Monitors which precede V@@gs.
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When the driver has completely satisfied the Monitor request,
it should return control to the Monitor using the address set into
the DDB. On such return, Register @ must be set to contain the
address of the DDB just serviced and since the return will normally
follow an interrupt, Registers @-5 at the interrupt must be
stored on top of the stack.

A.3 Driver Routines

A.3.1 TRANSFER

The sole purpose of the TRANSFER routine is to set the device in
motion. As indicated above, the information needed to load the hard-
ware registers is available in the DDB, whose address is contained in
the first word of the driver. Conversion of the stored values is,

of course, the function of the routine. It must also enable the
interrupt; however, it need not take any action to set the interrupt
vectors as these will have been preset by the Monitor when the driver
is brought into core. Having then given the device GO, an immediate

return to the calling processor should be made by RTS PC.

A.3.2 Interrupt Servicing

The form of this routine depends upon the nature of the device. 1In
most drivers it will fall into two parts, one for handling the term-
ination of a normal transfer and the other to deal with reported

error conditions.

For devices which are word or byte-oriented, the routine must
provide for individual word or byte transfers, with appropriate
treatment of certain characters (e.g., TAB or Null) and for their
conversion between ASCII or binary and any special device coding
scheme, until either the word count in the DDB is satisfied or an
error prevents this. On these devices, the most likely cause for
such error is the detection of the end of the physical medium; its
treatment will vary according to whether the device is providing
input or accepting output. The calling program will usually need to
take action in the former case and the driver should merely indicate
the error by returning the unexpired portion of the word count in
DDB Word 7 on exit to the Monitor. Output End of Data, however,
will, in general, require operator action. To obtain this, the
driver should call the Error Diagnostic Print routine within the
Monitor by:



MOV  DEVNAM, - (SP) ;SHOW DEVICE NAME
MOV $#492,0(SP) ; SHOW DEVICE NOT READY
I0T ; CALL ERROR DIAGNOSTIC PRINT ROUTINE

On the assumption that the operator will reset the device for further
output and request continuation, the driver must follow the above se-
quence with a Branch or Jump to produce the desired resumption of the

transfer.

Normal transfer handling on blocked devices (or those like RFll
Disk which are treated as such) is probably simpler since the hardware
takes care of individual words or bytes and the interrupt only occurs
on completion. Errors may arise from many more causes, and their
handling is, as a result, much more complex and device dependent. In
general, those which indicate definite hardware malfunctions must
lead to the situation in which the operator must be informed by
diagnostic message and the only recourse after rectification will be

to start the program over.

At the other end of the scale there are errors which the driver
itself can attempt to overcome by restarting the transfer - device
parity failure on input is a common example. If a retrial, or
several, still does not enable a satisfactory conclusion, the driver
should normally allow programmed recovery and merely indicate the
error by Bit 15 of DDB word 5. Nevertheless, because the program may
wish to process éhe data despite the error, the driver should attempt
to transfer the whole block reguested if this has not already been
effected. Between these two extremes, the remaining forms of error
must be processed according to the type of recovery deemed desirable.

Whether the routine uses processor registers for its operation
or not will naturally depend on considerations of the core space saved
against the time taken to save the user's content. However, on
completion (or error return to the Monitor), as indicated in an earlier
paragraph, the calling routine expects the top of the stack to contain
the contents of Registers @-5 and Register # to be set to the
address of the DDB just serviced. The driver must, therefore, provide

for this.

A.3.3 OPEN

This routine need be provided only for those devices for which some
hardware initialization by the user is required. It should not



normally appear in drivers for devices used in a file-oriented manner.
Its presence must be indicated by the appropriate bit (Bit 7) in the

driver table Facility Indicator.

The routine itself may vary according to the transfer direction
of the device., For output devices, the probable action required is
the transmission of appropriate data, e.g., CR/LF at a keyboard
terminal, form-feed at a printer, or null characters as punched leader
code, and for this a return interrupt is expected. The OPEN routine
should then be somewhat similar to that for TRANSFER in that it merely
sets the device going and makes an interim return via RTS PC, waiting
until completion of the whole transmission before taking the final
return address in the DDB.

On the other hand, an input OPEN will likely consist of just a
check on the readiness of the device to provide data when requested.
In this case, the desired function can be effected without any interrupt
wait. The routine should, therefore, take the completion return immed-
iately. Nevertheless, it must ensure that the saved PC value on top
of the stack from the call to S.CDB is appropriately removed before
exit. In the case of drivers which can only service one dataset at a
time (i.e., Bit @ of their Facility Pattern word is set to @) and can
never, therefore, be queued; it will be sufficient to use TST (SP)+
toeffect this. A multi-user driver, however, must allow for the
possibility that it may be recalled to perform some new task wait-
ing in a gueue. This is shwon by the byte at DDB-3 being non-zero.
In this case, the intermediate return to the routine originally
requesting the new task has already been made directly by S.CDB. The
address now on top of the stack is the return to the routine, whose
task the driver has just completed and which has called S.CDQ to
dequeue the driver. This return must be taken when the first routine
has performed its Completion Return processing. Moreover, this first
routine expects to exit as from an interrupt. When a driver is recalled
from a queue, it must simulate this interrupt. A possible seguence

might be:
MOV DRIVER, R@ ;PICK UP DDB ADDRESS
MOV (SP)+,R5 ;SAVE INTERIM RETURN
TSTB =-3(Rf@) ;COME FROM QUEUE?
BEQ EXIT
MoV Q#177776,-(Sp) ;IF SO, STORE STATUS
MoV R5,-(SP) ;...& RETURN
SUB #14,SP ; DUMMY SAVE REGS

EXIT: JMP @14 (r@)



A.3.4 CLOSE

As with OPEN, this routine should provide for the possibility of some
form of hardware shut down such as the punching of trailer code and
is not necessary for file-structured devices. Moreover, it is likely
to be a requirement for output devices only. If it is provided,
Driver Table Facility Indicator (Bit 6) must be set.

Again, the probable form is initialization of the hardware action
required, with immediate return via RTS PC and eventual completion
return via the DDB-stored address.

A.3.5 SPECIAL

This routine may be included if either the device itself contains the
hardware to perform some special function or there is a need for
software simulation of such hardware on other devices, e.g., tape
rewind. It should not be provided otherwise. 1Its presence must be
indicated by Bit 5 of the Facility Indicator.

The function itself is stored by the Monitor as a code in the
DDB as shown earlier. When called, the driver routine must determine
whether such function is appropriate in its case. If not, the
completion return should be taken immediately with prior stack clear-
ance, as discussed under OPEN. For a recognized function, the
necessary routine must be provided. Again, its exit method will
depend upon the necessity for an interrupt wait or otherwise.

A.4 Drivers for Terminals

The rate of input from terminal devices is normally dictated externally
by the operator, rather than being program—driven; moreover, for both
input and output, the amount of data to be transferred on each

occasion may be a varying value, i.e., a line rather than a block of
standard size. Furthermore, there may be problems with the conflict
between echo of input during output. As a result, drivers for such

devices will demand special treatment.

Normal output operation, i.e., .WRITE by the program, is handled
by the Monitor Processor. On recognizing that the device being used is
a terminal, as shown by Bit 8 of the facility indicator, this routine
always causes a driver transfer at the end of the user line, even
though the internal buffer has not been filled. The driver, however,
is given the whole of a standard buffer, padded as necessary with



nulls. Provided the driver can ignore these, the effect is that of
just a line of output.

Input control on the other hand, must remain driver responsibil-
ity. Overcoming the rate problem will, in most cases, require circu-
lar buffering within the driver until demanded by the Monitor. At
this point, transfer of data already in should occur. If this is
sufficient to fill the monitor buffer, the driver can await the next
request before further transfer onward. If insufficient, it should
operate as any other device and use subsequent interrupts to continue
to satisfy the Monitor request. It must, nevertheless, stop any
transfer at the end of a line in normal operation. In order to allow
the Monitor to continue, the driver must simulate the filling of the
buffer by null padding (of no consequence, since terminals are by
nature character-based). (Normal operation, of course, means response
to user .READ's and is indicated by the size of the buffer to be
filled, namely the driver standard. Should the user be requesting
.TRAN'S, the bﬁffer size will vary from the standard in all likelihood
and the driver may then assume he requires operation as a normal
device -~ complete buffer fill-up before return.)

Where input echo is a further complexity, there will doubtless
be other requirements. If the echo is made immediately after the
input, it may be desirable to have a second buffer to cater for the
likely situation that the echo will not exactly match its origin.
On the other hand, if the echo is held for any length of time, perhaps
to provide correct relations between program-driven output and the
echo, the second buffer could be too expensive, A larger input buffer
and routines to allow for several outputs to one input character while
sitting on that character might be more convenient. The conflict
between such echo and program-driven output will require controlled
switching within the driver input and output handlers.
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RC1l1 DISK DRIVER

The RC1ll Disk Driver provides the software interface between the RCL1
Control and the Monitor in the Disk Operating System on PDP-11. It
consists of routines to initiate block transfers of data to or from
the disk and to handle interrupts arising from completion or through
failure.

It does not include OPEN & CLOSE processors. As a file-structured
device, these will be unnecessary owing to the form of the Monitor
file-management system. SPECIAL FUNCTION processing is also omitted.
If it is found necessary to simulate the hardware function of a similar

device, the necessary routine could be added later.

This driver is part of the permanently resident Monitor when the
RC11 is the system disk for DOS; it can nevertheless be used when the
RC1l is just another device on a system based on a different type of
disk.

The driver is in two parts: 1) a table providing the interface
between the driver and the Monitor, and 2) the routines to service the
calls for disk operations.

1. Driver Table

The Driver Table (DC) occupies the first nine words of the driver. It
complies with the standards specified for all Monitor-driver interfac-
ing in general, and for file-structured devices in particular. The

descriptive elements of the table are set up as follows:

a) Facilities available: Multi-dataset handling on a single
= 100037 unit.

Input & output in ASCII or binary.
File-structured with no limit to
the number of files that may be in
creation at one time.

b) Standard buffer size: 64

¢) Interrupt vector address: 218

d) Interrupt servicing

priority

e) Device name

f) Directory start block:

g) No. of bit map pointers:

HEgu



2. Service Routines

The driver contains two routines: Set-up Transfer and Service Inter-—
rupt.

2.1 Setup Transfer (DC.TFR)

This routine first initializes a counter which is used to control the
number of retries in the event of parity or timing failure. Using the
address of the DDB for the dataset it is servicing (as supplied by the
calling routine in the first word of the driver table), it then collects
control data from the DDB and transmits it to the hardware registers

for the RC1ll, beginning at 3774440.

Two of the items involved require special processing before out-

ward transmission; the rest are moved directly.

1. For compatibility with RF1ll based DOS systems, the
disk is handled in blocks of 64-words which are as-
sumed to be continuous across whole RCl1l disk sur-
face!. The block number passed to the driver must
be converted to the 32-word sector and drive struc-
ture of the hardware.

2. The function bits contained in the DDB automatic-
ally produce the required transfer operation. To
them, however, must be added the INT ENB & GO bits
(combined value 10lg) needed to set the RCll Control.
Register correctly for the transfer operation to begin.

On completion of the setup, control is returned to the calling
Monitor routine via the interim return address stored on top of the stack

by the calling seguence.

2.2 Interrupt Service (DC.INT)

The RCll Control causes a priority-5 interrupt either on satisfactory
completion of the transfer or because an error has been detected. Hav-
ing saved the processor registers on the stack, the servicing routine
must determine which of these events has occurred by examination of
bit 15 of the Control Status Register. On transfer completion, it
collects the address of the DDB it is servicing from the first word of
the driver table and wes it to return to the completion address set

in the DDB. At this exit, RF is set to the DDB address, as required

by the established convention.

TAlthough the user may manually set disk drive numbers without regard
for sequence, the DOS Monitor will assume that a strict ascending order

has been established, i.e., Units @ and 1 on a two-drive system. Drive
units out of sequence will be ignored.



An error may be one of the several types as indicated by further
bits of the Control Status or Extended Status registers. The servicing

routine, however, is concerned with only two categories:

(1) Errors which can be handled internally

Data Synchronization or Block Parity failures may be eliminated on a
second or later attempt. For the sake of simplicity, a retry is initi-
ated by restarting the transfer from the beginning again rather than
from the point at which the error was detected. If finally the
eighth attempt produces no satisfactory result, the processing routine
sets Bit 15 of word DDB+12 to show the failure. When a block=-parity
error is its cause, the data may still be of some value to the user
program and so is passed on. However there may still be some words

yet to be transferred beyond the failing block. The routine therefore
attempts to resume from this point. If this is successful, it then
takes the normal completion exit. Further failure, however, is treated
as fatal (see below). Such treatment is immediate in the case of a
repeated data sync error, since then no data can have yet been trans-

ferred.

(2) Errors which must be rectified by the operator when recovery is possibile

All other failures cause an exit to the Error diagnostic print routine,
with DSK ERROR F026 as the message and the contents of the Control Stat-
us register as evidence. Write lock-out or non-resident disk may be

the result of an operator fault. The operator may be able to correct
this and resume program execution by the appropriate keyboard command.
Such action will probably be impossible in the case of a non-existent
memory error, and other errors classified as 'HARD' in the RCl1l Speci-
fication or after persistent parity or timing failures.

(3) v@ggB Program Listing

A complete assembly listing of the driver follows.
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V@@ga Program Listing
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A12042
212g04
1617014
P42731
177470
AiR142
apegayz

JCOPYRIGHT 1971, DIGITAL FEQUIPMENT CORP,, MAYNARD, MAQS,

JVERSTON NUMBER: vggpga
H
TITLE DC
:DISK DRIVER (RC11) VERSIAN 1

! IF RC11 IS THE SYSTEM DISK, A SHORT FORM NF THIS
] DRIVER MAY BE OBTAIVED RY INCLUDING A DEFINITION
H FOR '8SYSDV!, FOR A SYSTFEM BASED ON A DIFFERENT
! DISK, THIS DRIVER MAY BF ASSEMBLED WITH A
H DEFINITION AND RC1{ MAY THEN BE TREATED AS JUST
] ANOTHER DEVICE,
]
’ THIS VERSIOM CONTAINS SET=UP & TRANSFER
' ROUTINES ONLY,
1}
R2a%o
R1=a%}1
R2a%2
R3=%3
R4s%4
R5z%5
SPaXxs
PCa%?
«BLOBL DC,8,RSAV,S,X!T
$TABLFE OF STANDARDS AND POINTERS
DC1 +WORD 2 1CURRENT DDB ADDRESS (2 IF IDLE)
«BYTE 37 §JSTANDARD FACILITY INDICATOR
+BYTE 29 $ (NORMAL & FILE=BASED)
+«3YTE 4 $STANDARD BUFFER SIZE/LS
«3YTE DC,INT=DC 3T.V, CONTENT
«BYTE 240 JPRIORITY FOR T,Y.
»BYTE 2 $DESPATCH TABLE
«BYTE DC,TFRwDC 1SHOWS TFR RTN ONLY
+«BYTE 2
+BYTE 2
«BYTE 2 §JSPARF
DC,NAM: _QADSQ 1DC!
+ HORD pC,DIR §MFD BLOCK
+ WORD @ $REQUIRED FOR BIT MAP INFO
I TRANSFER INITIATE
DC.TFR: MOV ePC,DC,RTC )ZERD RFTRY COUNT
Moy pC,RAE 1GET DDR ADDRESS
DC,RPT: CMP (RO)+,(R2Y+ $BUMP POINTER T2 BLOCK NG,
MOV #DC,.DCS=4,R2 $SET HWR POINTER
MOy (R2)+,0R2 SJMOVE IN BLOCK NO, .44
ASL #R2 1«0 MODIFIED
ADD #10,R2 JSTEP TO MEMORY STORE
MOV (R@)+,eR2 IMOVE IN ADDR REGD. ..,
MOy (R2)+,=»(R2) P& WORD COUNT
MOV (RB)+,RY 1GET FUNCTION
BISR oPC,R1 JADD INT ENB & GO
BIC #177478,R1 JREMOVE OTHER GARBAGE (#%k%#x)
MOy Ri,»(R2) PSEND TH CONTROL
RTS PC JRETURN TO MONITOR FOR NOW

y(x*xtxx) « CARE|11] USED AS LITERAL BY PREVIOUS INSTRUCTION



Qagazn
anpaza
2420276
onvie2

pogla6
200112
gre112
200114
pAR116

epg122
200124
peo126
opa130
gpa132
poR134

200142
229144
gepise

pna152
220154

peglez
oro164
pogies

000172
po@174

0ag176
geo2oe

prg2a4

A13746
2pnpad
04536

216730
177676
21279y
177444
712123
108411
m121@2
12402
nea17a
282014

nR6322
1p2024
op6327
reau0e
183426
184767
177672

713735
ngAg42
PpAL65
npeR24

npe3A3
ier@11
2527602
162020
2pRABie
2e5711
nB1754
n41767
177736
op5244
ApR761

n14146
n12746
np1426
apRpad

31 INTERRUPT SERVICE

DCLINTs LIFDF
JSR
+ENDC
« IFNDF
MOV

JSR
«ENDC
MOV

MOV

Moy
BMI
MOV
BMI
DC.XIT: JMP

JERROR ROUTINE]
DC.ERR: ASL

BPL

ASL
DCLRTC: LWORD

BCS
DC,AGN: JSR

DC.REC: ,IFDF
JMP
«ENDC
« IFNDF
MoV

JHP

»ENDC
DCLPERs ASL

BPL

BIS

T8T
BEQ
MOy

INC
BR

SYSDV
RS,9,R8AY

8ysov

04V ,R3AV,=(3P)

R5,0(SP)+
pC,RO
EDC,DCS=2,R1

(R1)+,R3
DCAGN
(R1)+,R2
DCLERR
614 (R2)

R2

DC,OFF
(PC)+

]

DC,PER
PC,DC4RPY

sysoy
S.X1T+4

SYSDV
AUV XIT,RS

4(RS)

R3
DC,OFF
#19000p,12(R2)

oR1}
DC,XIT
8PC,DC,RTC

=(R1)
DC,REC

$G0 SAVE REGISTERS

JGET DDR ADDRESS
JGET PTR TO H/W REGS,

fSAVE ERROR STATUS REGS,
$IF DATA LATE SET TRY AGAIN
JANY ERRQRS SEEN?

JIYES » GO FIND CAUSE
JRETURN MONITOR

JCHECK ERROR CAUSE ,,,
’FDR DATA FAILURE XX}
Taseo ALREADY RETRIED 8 TIMES?

JIF 80 FORCE CONTINUE
10THERWISE TRY AGAIN

$ITAKE COMMON EXIT

1IF DATA SYNC ERR, NOW ,,,
Fooe TREAT AS FATAL
JRETURN PARITY FAIL FLAG

JALREADY AT BLOCK END?
pPIF S0 EXIT NOW
)NO MORE REPEAT TRIES NOW

JCONTINUE DISK TRANSFER
Feoe VIA COMMON EXIT

$ERROR IS NOT IMMEDIATELY RECOVERABLE!

DC,OFF: LIFDF
CLR
+ENDC
M3V
Mayv

107

SYSDV
ne

=(R1),=»(8P)
HDCLENQ,»(8P)

10

tFREE DISK FOR EDP

JDISK STATUS IS EVIDENCE
1SET UP ERROR NO,

1G0 TN DIAG, PRT,



JDEFINITIONSS
177446 DC,DCSu177446
apa@@1 DC,DIRsL
AP1426 DC,ENO=1426
790044 V,RSAVE44
BPRg42 V.XIT242
agngel +END

peopea@ ERRORS

DC. 220702R6G DC.AGN  @7@134R NC,DCS w 177446
DC.DIR » PEABY DCL.ENO = 221426 NC.ERR  22p122R
DC,INT  2@Ba70R DC.NAM  @2@214R BC.OFF  @73176R
DC.PER  PO@15@R DC.REC  @72140R DC.RPT  2M2832R
DC.RTC  220130R PC.TFR  29@M22R DC.XIT  222116R
PC a%020007 RO T LLLLL R1 2%070901
R2 "Xp0po0R2 R3 *X0200083 R4 a%273404
RS *Xp0p005 sp *%2%80026 S,REAV 2 wkkAnk G
SoXIT B skknr G V.RSAV = 220044 V.XIT s 073242

. * DOB2O6R

11
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RF1l1 DISK DRIVER

The RF1l1l Disk Driver consists of routines to initiate block transfers
of data to or from the disk and to handle interrupts arising from com-
pletion or through failure.

It does not include OPEN & CLOSE processors. As a file-structured
device, these will be unnecessary owing to the form of the Monitor
file-management system. SPECIAL FUNCTION processing is also omitted.
If it is found necessary to simulate the hardware function of a simi-
lar device, the necessary routine could be added later.

This driver is part of the permanently resident Monitor when the
RF11 is the system disk. It may also be used when RF1ll is merely
another device in a system based on a different type of disk.

The driver is in two parts: 1) a table providing the interface
between the driver and the Monitor, and 2) the routines to service the
calls for disk operations.

1. Driver Table

The Driver Table (DF) occupies the first nine words of the driver.

It complies with the standards specified for all Monitor-driver inter-
facing in general, and for file-structured devices in particular. The
descriptive elements of the table are set up as follows:

a) Facilities available: Multi-dataset handling on a single
=100037 unit.
Input and output in ASCII or binary.
File-structured with no limit to
the number of files that may be in
creation at one time.

b) Standard buffer size: 64
c) Interrupt vector address: 204
d) Interrupt servicing

priority b
e) Device name DF
f) Directory start block: 1

g) No. of bit map pointers: 1



2. Service Routines

The driver contains two routines: Setup Transfer and Service Inter-

rupt.

2.1 Set-up Transfer (DF.TFR)

This routine first initializes a counter which is used to control the
number of retries in the event of parity or timing failure. Using the
address of the DDB for the dataset it is servicing (as supplied by the
calling routine in the first word of the driver table), it then col-
lects control data from the DDB and transmits it to the hardware regis-
ters for the RF1ll, beginning at 377460.

Two of the items involved require special processing before out-

ward transmission; the rest are moved directly.

1. The driver block number set into the DDB must be con-
verted to meet the platter and word structure of RFll.
All the platters currently under one control are con-
sidered as a single continuous surface. As a result,
the most significant bits of the block number repre-
sent the appropriate platter number and the remainder
the word starting the block. The required conversion
is therefore merely multiplication of the block number
by 64 across 21 bits. .

2. The function bits contained in the DDB automatically
produce the required transfer operation. To them,
however, must be added the INT ENB & GO bits (combined
value 1018) needed to set the RF1l Control Register.
correctly for the transfer operation to begin.

On completion of the setup, control is returned to the calling
Monitor routine via the interim return address stored on top of the

stack by the calling sequence.

2.2 Interrupt Service (DF.INT)

The RF11 control causes a priority-5 interrupt either on satisfactory
completion of the transfer or because an error has been detected.
Having saved the processor registers on the stack, the servicing rou-
tine must determine which of these events has occurred by examination
of bit 15 of the Control Status Register. On transfer completion, it
collects the address of the DDB it is servicing from the first word of
the driver table and uses it to return to the completion address set
in the DDB. At this exit, R is set to the DDB address, as required

by the established convention.



An error may be one of the several types as indicated by further
bits of the Control Status or Extended Status registers. The servic-

ing routine, however, is concerned with only two categories:

(1) Errors which can be handled internally

Parity or timing failures may be eliminated on a second or later at-
tempt. For the sake of simplicity, a retry is initiated by restarting
the transfer from the beginning again rather than from the point at
which the error was detected. If finally the eighth attempt produces
no satisfactory result, the processing routine sets Bit 15 of Word
DDB+12 to show the failure. It then checks if any words still remain
to be transferred beyond the failing one. If so, it attempts to re-
sume the transfer from this point. If this is successful, it then
takes the normal completion exit. Further failure, however, is
treated as fatal.

(2) Errors which must be rectified by the operator (when recovery is

Eossible)

All other failures cause an exit to the Error diagnostic print routine,
with DSK ERROR F026 as the message and the contents of the Control

Status register as evidence. Write lock-out or non-resident disk

may be the result of an operator fault. The operator may be able to
correct this and resume program execution by the appropriate keyboard
command. Such action will probably be impossible in the case of a
non-existent memory error, and other errors classified as 'HARD' in the

RF1l Specification or after persistent parity or timing failures.

(3) Program Listings

A complete assembly listing of the driver monitor Vv@8-g2 follows.



EV,PF

i

2

3

4

g

€

7

8

S naegac
10 rACRRy
1 AAME D
12 raren3
13 nprPEnNa
14 nAPEnS
15 PACREAE
16 naepny
17

18

19 corenr egrgrp
20 ppop2 P37
¢y opre3 200
22 rooed gr4
23 oeoes {m2
24 paree 2de
5 eore7 g
26 voe1n g22
27 eae1y grp
28 epr1? rog
29 reeyy o

IP oprid P14762
34 0QPi6 nareny
32 eanze capaeg

CV,.rF

LY R

gogr22
PRpoy112
111737
177461
My{R7OP
177742
n2202¢
712702
177472
114773
rio2pr4
rHe3”4
1¢R{103
1723378
mie342
P1naAg
712042
Fi12edz
P17ems
1547M¢
742704
$17747¢
rio142
npreey

[ ]

gegr26
4 eran32

€ arends
€ prerar

7 grpr44a
B grerds
S preesSe
10 pgrs2
11 poosa
12 7QPSF
13 ognép
14 vpe62
15 poréd
16 PQP6ER
17 vpeye
18 pgr72

19 egn76
€2 roten

MACEN yN@deid {3=SEP=72 22164 PAGF |

JCOPYRIGHT 1671, RIGITAL FQUIPMENT CORF., MAYNARE, MASS,

JVERSTON MUMRFR} veg3R
TITLE DV,IF
INISK DRIVER (RF11) VFRSION 1
1 RESIDFNTY MCANITOR ROUTINE FOR SYSTFM URAGE
’ CONTATINS SET UP R TRANSFER ROUTINES ONLY
RO=%E
RYIs%y
R2=%2
R3a%3
R4=z%4
R&=%5
SPsY6
PCa¥%?
,RLOBL  DF
JTARLF OF STANDARDS AND POINTERS
DF 3 JWORD @ $CURRENT NDR ADRRESS (¢ IF IDLE)
DFFLGS1 .RYTE 37 JSTANDARD FACYILITY INDICATOR
RYTE 200 P CNORMAL = FILE=-BASED)
«RYTE 4 3STANDARD BUFFER SIZE/{6
JBYTE  DF,INT=DF 1TV, CONTENT
WRYTE 240 JPRIORITY FOR T,V,
<RYTE @ sPESPATCH TABLE
BYTE NF , TFR=DF 1SHOWS TFR RTN ENLY
ZBYTE g
RYTE 2
+RYTFE 2 ?SPARF
DF NAMI ,PAPEE IRF1
LWORD RF,NIR PMFD BLOCK
+MORD 2 JRESUIRED FOR BTY MAP INFO

MACRQ VON24wid 13-8EPw?2 22:R| PAGF 2

JTRANSFFR INITIATF

m{1767 DF,TFR: MOV

DF ,RPT: MNYVR

oFC,DF ,RTF

8PC,84DF ,NCS+1

MOV DF.RQ

CMP (R2Y+,. (RO

MOV “PF,DE3+12,R2

MNVR 8FC,R3

Moy (F€1+,R4

ASL R4

RNLA R1

BCC =4

MOy R,=(R2)

MOV Rd,=(R2)

MAY (RAY+,=(R2)

MRV (R2Y+,»(R?)

MY (R€)+,RHY

RYSR OFC, R

BTC #¥177470,RY

MOV RY,=(R2)

RTS Pl
Jlawduwd) o CARFII)Y

4

USEDR AS LITERAL

JZERQ RFTRY COUNT
PCLFAR NISK IN CASE OF PRROR
$GEY RCR ADDRESS

$RUMP FOINTFR T RLOCK NO,
1SET KWR POINTER

1SET LF BIOEK CONVERSTION
BGET BLOCK NUMBER (wwwwan)
$CONVERT T0O WORRS

$8ET LUP DYSK ADPDRESS & FXT,

$MOVE IN WORD CEUNT 4%,
}2 MEMCRY ADDRESS

IGET FUNCTION

sADN INT FNR R €0

SREMOVE OTHER GARRAGE (whswew)

1SEND TR CONTROL
PRETURN TA MONITCR FOR NCW
RY PREVICUS YNSTRUETTAN



.EV,BF  MACRC VC@4=14 13=SEP=72 22181 PAGF 1}

4 JINTERRUPT SERVICF

2 BEeIe2 P1R746 DF, INTE MOV 84y RSAY,=(8P)
naredd

I PoQLeS mPASIE - J8R RE,8(SPYs

4 peaLLe 277y MOV #0F,DCS, R 3FRROR CAIISE INTERRLUPT?
177460

E pgrei1d mi2102 MOV (R1Y+,R2

& przY116 1004AR4 BMT NF ,FRR $YFS » GO FIND CALSE

7 2eglee r1&700 MAY DF .k 1GET DRR ADDRESE
177654

8 pOQ124 PLREA? DF XIT1 MOY 1a(rgy,Pe JRETURN MONTTEOR
rere14

¢ J1ERROR ROUTINES

{¢ ece130 7232702 DF,FRR: BIT #iipge,Rr2 $PARITY CR® MISSFD?
ri1are

11 0@134 rp1423 BFQ NF  MFF

12 ¢@136 Q6327 DF ,AGN3 ASL we 1YES » RETRTIED & TIMES?
farang

43 PRCL1AZ'DF JRTC2 =2

14 0@142 (P340€ ArS DF,PER pIF 80 FORCE CONTINUE

{5 0Q144 opavey JSR PCyNF,RPT JINTHERKTSF TRY AGAIN
177656

16 p@18m p13775 DF ,RECS MOV aHyV XTIT,R5
APnR 42

17 7154 PP 165 Jup 4(R%)
naper4

{8 Q67 052782 DF,PER: BTS #100008,42(RAY  3RETURN PARYTY FAIL FLAG
ipegee
pRrge2

19 @166 PART71Y TST Ry JALREACY AT BLOCK END?

20 017 PA1755 8FQ DF XIT $TF SO EXTT NOW

21 0Q172 PR&767 ST DF ,RTC $INTHERWTISF FHFCK IF 2ND TYIME
177742

22 0Q176 201472 BEQ NF ,0FF 3TF SO NO PCINT IN MQORE

23 pp2p0 7p524% INC ~(RY) ICONTINUE DISK TRANSFER

Z4 22292 PpP7A2 2R DF,REC $.00 YIA COMMON EYTT

28 JERRCR I8 NOT IMMEDTATELY RFCOVERABLE!

26 pp2p4 7u82A7 DF,OFF: CLR DF $1FRFE LTSk FOR FEP
177572

27 02107 14146 MOV w(R1),=(8P) JPTISK STATUS T8 EVINFACF

28 ¢@212 ®12746 MOV WNF ,ENO,m €SP) 1SET LF ERRMR NE,
PR1426

29 0g216 n32767 BIT #SCRVR,DFFLES JEYSTENV DRIVER?
nioR0g
1775586

3@ p224 £p14ny BFQ DF . &ND IND = BRANCH

34 70226 r@5216 CLR acp JEONE 10 FORCE A WALT

32 p@230 PQre”d DF,SNRE IOT 10 TC DIAG. PRTY,

31 JCEFINITINNS:

14 17746¢ DF DCSm{77460

35 pao@ry DF,NIRmY

16 PY1426 DF (ENDS1426

37 rar¢42 V,X1T=42

kL] Faread V,R8AVRA4

39 rP1PQP¢ SDRVRRLFEQ

40 rapemy .FND



Cv,tF MACRC v0Q4wid4 13=3EP=72

8YMRQL TARLF

CF PrRCEARG
LF,LCSs (77460
CF,ERR  gna(3rgR
CF.CFF @rg2g4Rr
CF,RPT ras2AR
CFL,T1FR 20QpP22R
RE sygraven
r3 =%arQens
SPRVR = giampn
VoXTT = goar42
. ARS, graoocee
graz3s

ERRCRS DETECTEDS
FREF CORE:
'LPaDTIDF

7o
ey

19413, WORDS

DFFLGS @02p@22R
DF,RIRa ARRZRY
NDFL,INT 32P2122R
nF,PER Q2R160PR
DF,RTCe APR140R
DF«XIT 222124R
R1 =EXARLPRY
R4 sYAQC204
SR sYANECQ6

22151 PAGF 3+

nRFL,AGN 2Pg136R
DF ,ENC2 221426
nF, NAM  2RPRL4R
nF,REC 2r@YI50R
PF.SNE  @r@23PR
Pr 2A0eeC07
R2 2%2PoN02
RS 2AQ0Q00%
V,RSAVE QAQP44



A listing of the DF: Driver for Monitor V@4 release follows:
1COPYRIGHT 1971, DIGITAL EQUIPMENT CORP,:» MAYNARD, MASS,

JVERSION NUMBER1 vands
«TITLE OF

018K DRIVER (RFi1i) YERSION §
H RESIDENT HMON]ITOR ROUTINE FOR SYSTEM USAGE
! CONTAINS SET UP & TRANSFER ROUTINES ONLY
72403909 Ramyd
pEpAR)l Ri®%1
naphpe RoBY2
adaved R38Y3
pUBYvd RAKY4
920up5 RERYES
pAnap6E SPRYS6
ABuvn? PLSY7
«GLOBL DF,8.R8AY,8,XIT
ITABLE QOF STANDARDS AND ROINTERS

AA0G00 PRRAAY DF3 W WORD )] JCURRENT DOB ADDRESS (2 IF IDLE)
dpapde n37 .BYTE 37 FSTANDARD FACILITY INDICATOR
200003 209 BYTE 200 PCNORMAL & FILE«BASED)
200004 fnd +BYTE 4 ISTANDARD BUFFER SIZE/1S
A20pas% 192 «BYTE DF , INTDF ITeV, CONTENT

dAupus 242 1 BYTE 248 JPRIQRITY FOR T,V,

dnagny @aed «BYTE @ JDESPATCH TABLE

200n1p w22 WBYTE DF ., TFR=DF }SHOWS TFR RTN ONLY

ppamyy LY LBYTE 2

QudE1e apo «BYTE 2

YRR ¥ oBYTE @ 18PARE

YRRR14 Blda76d DFNAMI RADBZ 'DF!

P0VR18 pApuRy «WORD DFL.DIR IMFD BLoCk

RRANRRN AUAPDA LJHORD IREQUIRED FQR BIT MAP INFO

ITRANSFER INITIATE

229022 211767 DF.TFR1 MOV éPC,0F,RTC JZERD RETRY COUNT
ganl2
Anap2é 111737 DFL.RPTEI MOVA SPC,88DF,.DCS8S¢y JCLEAR DISK IN CASE OF ERROR
1774861
P24pd2 nie7pn MOV DF ,R@ JGET DDB ADDRESS
177742
200838 22029 CHp (RE)*, (RO)+ $1BUMP POINTER TO BLOCK NO,
dnoadp 212722 Moy #DF ,D0S»12,R2 JSET HWR POINTER
177472
200pd4d 111713 MOvVB 8PC,R3 1SET UP BLOCK CONVERSION
PRAR4E 2120p4 MoV (RQ1*,R4 IGET BLOCK NUMBER (wwhwww)
Auonde puedpd ASL R4 1CONVERT TO WORDS
Puopdz2 126103 ROLB R3
Q00054 103374 BCC Y
202056 210302 mov R3,=(R2) §SET UP DISK ADDRESS & EXT.
A00nbu Aipd42 MoV R4,=(R2)
2uin62 B1l2v42 HQV (R2)*,=(R2) $MOVE IN WORD COUNT .44
Q0064 12442 MOV (R@)*,=(R2) )& MEMORY ADDRESS
APRE66 nigvny Moy (Ra)*,R! )GET FUNCTION
2p¥n79 1517a1 B1SH sPC,RY $ADD INT ENB & GO
paun72 #42721 81cC #177470,R} JREMOVE OTHER GARBAGE (wewwww)
17747¢
2pPA75 210142 MOV R1,=(R2) PSEND TO CONTROL
ApR1@a @2n2a7 RTS PC JRETURN TO MONITOR FOR NOW

I(*wwwww) » CARE|L}] USED AS LITERAL 8Y PREVIOUS INSTRUCTION



Aav122
PAYLdS
Andtin
230114
LR R Y
222122

PpA124

244190
30134
ang1ds

229142
Buniéa

@ae18a

aneise

20162

doay b6
QeR172
pav172

aev176

aAnnzanp
Quagag

Apa204
AAn226

aueziez

W1a748
Ronvdd
YA Y]

#1270
177482
preie2
19m4n4
n16729
177654
pi6an7
puen14

wigZe2
7nlinny
Y1423
pa6S27
peEon g
pdmlan
103406
vhars7
177658

p13725%
nAPVa2
00165
napve4

pS276A
122200
20pny2
Pu8711
ea1759
BOS7K7
177742
pay e
raseay
nAR7E2

vlalad
2746
AT
pARANG

17746897

JINTERRUPT SERVICE

DFaINTE LIFDF
JSR
«ENDC
» IFNDF
MpVv

JSR

«ENDC
Hov

moyv
BMI
MOV

DF«XIT: MOV

JERROR ROUTINE}
DF.ERRt BIT

BEG
DF.AGNS ASL

DFeRTCE =2
BCS
J8KR
DF.RECH .IFODF
JMF
«ENDC
» IFNDF
M2V

JMF

ENDC

DF,PERS BIS

TST
BEQ
T8Y

BEQ
INC
BR
FJERRQR I3 NOT
OF«0OFF! ,IFDF
CLR
+ENOC
Mav
MOV

Iov
INEFINITIONSS
DF,DC8=2177460

SYSDY
R5,;8«R8AV

SY$DV
G4V RSAV,m(8P)

RS,0(SP)+
#0F ,DCS, Ry
(R1)+,R2
DF LERR
DF , RO

14(RrR9),PC

#11280,R2
NF.OFF

#0

NF .PER
PC,DF  RPT

sYsnv
S.XIT+4

SYSDV
eHY.XIT,RE

4(R8)

#1000p0,12(R2)

#R}
DF . xIT
DFRTC

DF ,OFF
=(R1)
DF REC

8YSDY
DF

w(R1),=(SP)
#0F ,END, = (8P)

§60 SAVE REGISTERS

JERROR CAUSE INTERRUPT?

JYES « GO FIND CAUSE
1GET DDB ADDRESS

JRETURN MONITQR

JPARITY OR MISSED?

1YES = RETRIED 8 TIMES?

1IF SO FORCE CONTINUE
JOTHERWISE TRY AGAIN

JTAKE COMMON EXIT

JRETURN PARITY FAIL FLAG

JALREADY AT BLDEK END?
JIF 80 EXIT NOW
JOTHERWISE CHECK IF 2ND TIME

PIF 80 NO PQINT IN MORE
JCONTINUE DISK TRANSFER
Fes, VIA COMMON EXIT

IMMEDIATELY RECOVERABLEY

JFREE DISK FOR EDP

1DISK STATUS IS EVIDENCE
PSET UP ERRQR NO,

160 TO DIaG, PRTY,



OF
DF,UIR
OF L INT
DFPER
OF RTC
PC
R2
RS
SoxIT

2andig) DF.DIRSY
GU1428 DFJENDEBLA2S
2epaag VY, X1Ted2
guniiéd v RSAVEL4

ngpany +END
ERREUGRS
YRy 4RRG DF L AGN
2 fndngy DF JEND
BABLABLR DF JNAM
FERLTL DF (REC
2 222147R DF ,TFR
AYAGAEAT R®
B8R0 R3
BLOALNAS 5P
B owukwwg 3 VaRSAY

2 [aul] 4R

AAp136R
8 241428
papalar
AAJLI2R
22214d2R
2%QuAndn
=%A22R03
SXQAANAE
s yugnnda

DF,.DCS
DF JERR
nF ,OFF
DF RPT
DF XIT
R

R4
$.R8AYV
VeXIT

B 1774680
eaA13AR
AR020R4R
P2¢P26R
P2A0124R

2%020201

%pN0004

B odevpy 5

s 220042
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RK11l DISK DRIVER

The RK1ll Disk Driver consists of routines which initiate block
transfers of data to or from a disk cartridge and which handle in-
terrupts arising from normal completion or errors.

Special functions, OPEN and CLOSE processing, are not necessary
and thus are not supported. Advance seeks are not supported in this

initial release for several reasons, among which are:

Py The majority of the DOS installations which
utilize the RK have only one unit, so the
extra code in the driver (approximately 25ﬂ1¢
words) would be detrimental in most cases.

® No DOS system programs do their I/0 in a
manner which would reap huge benefits by
seeking ahead.

® The Monitor would have tc be altered to inform
the RK driver before a Bus Init is issued.

The driver should be assembled at each installation where low
density drives are present. If low density drives are present,

proceed as follows:

(a) If all drives are low density, then define LOWDEN at

assembly time.

(b) If there is a mixture of high and low density drives,
then define MIXED at assembly time and define CONFIG

as follows:

Imagine CONFIG as an 8-bit field, the
rightmost bit of which corresponds to

unit #. If a bit in a given position

is one (1), then that particular drive

is low density. For example, CONFIG=12 (8)
[pgpigipg(2) indicates that units

1 and 3 are low density.

LOWDEN and MIXED should not be simultaneously defined. If they
are, MIXED is ignored, i.e., the assembly proceeds as if LOWDEN



is defined and MIXED is undefined. If MIXED is defined, but CONFIG
is not, an assembly error will result, viz., a "U" flag on the line
labeled DENIND.

The default assembly condition, where no parameters are defined,
is that all units are high density.

1. Driver Table

This driver contains the driver table required for the Monitor
interface. The elements are:

(a) Facilities indicator=182837 Multi-dataset handling on
a single unit.
ASCII and Binary input and
output.
File=-structured.
Multiunit.
No limit to the number of
files which may be
simultaneously created.

(b) Standard buffer size 2561¢ (words)
(c) Interrupt Vector Address 229

(d) Interrupt servicing priority 5

(e) Device name DK
(f) Directory start block 1
(g) Number of bit map pointers 8

2. The Transfer Routine

The retry counter is cleared; the unit number, block number,
memory address, word count, and function (read or write) are
obtained from the DDB, the address of which is in register zero
at entrance. If the block number exceeds 4799, then output an error
message. Otherwise:

(1) convert the block number to a disk address,
(2) set I.D.E. (bit 6) and GO (bit @) in the function word,
and

{3) send to the controller and return to the caller via RTS PC.



3. The Interrupt Processing Routine

This routine is entered at level 5. The registers are saved
on the stack, and pertinent RK controller registers are obtained in
case this is an error. If it is not an error, and the last function
issued was not a drive reset (see below), the completion return
(@(DDB+14) is taken. 1If it is an error situation, then an attempt
to re-try will be made if the error was one of the following:

(1) any "soft" error,
(2) seek incomplete,
(3) read timing error,
(4) data late, or

(5) seek error

All other error conditions result in a fatal error message.
In addition, if the word count is not zero after eight re-tries,
a fatal error message is issued. Otherwise, a parity error is
returned.

NOTE

Errors (2), (3), (4), and (5) above are among the
"hard" errors. A control reset must be issued in
order to continue. Additionally, a drive reset must
be issued in order to continue after a seek incomplete.
Thus, if the last function issued was a drive reset,
the retry logic is called.



4. VPP2 Program Listing

A listing follows, conditionalized for all drives being high
density.

DV ,CKH MACRL vO24=14 {3=-SEPw72 223152 PAGF ¢

{

P

3

4

g

€

7 «TFDF LLOWREN

€ +TITLE  DV,0KL

[+ LFNDC

ie JIFNCF  LOKREN

11 2TFNDF  CONFIG

12 fTITLE NV ,AKH

13 LFNDC

i4 «JTFDF CNANFIG

18 «TFNZ CONFIGRY

16 JTITLF Dy, PKL

{7 . TFF

18 STITLE DY, PKK

19 JFNRE

ze JFNRC

! LENDC

22

23

c4

25 tNISK DRIVER (RW11) VFRSINN vers5a
z6 H ng2
z7 PCOPYRIRHT RIGITAL FQUIPMENY CCRPMRATTION
z8 JMAYNARD, MASSACKIISFTTS JUNF 1971
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€
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€

a4

o3

¢

A
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ON GO GN -

]

[¢

an
41
42
43
44
48

47

PKK

pargn
Perys
XY
0Q7pS
08206
vene?
rerie
TYER
Ppo12
eem13
epryd
LY
pom20
P22
ppn2e
70026
epr3e
ger32
epr3sa
PRr36

rarare
rordda

pensa

RARQ2E
raeeny
fArpRz
fAREA3
R4
AAPE2H
kel el
rarpny
1774722
177472
177474
177406
17744 ¢
177412
2APERY
PAPRA4
PaAPR4A2
17777¢
riegee

parere
142237
22
172
24¢
egng
pap
gre
era
A’
PirZ7Q
2AeqCY
raoeoe
rAPROQ
npreeg
epepre
PACRRQ
rArQPQ
feprene
rARQOQ

P1176R7
nAC 174
1160y
PArg13
Pgo7my
17777¢

R7=%0

Ri=%{

R2=%2

R3=z%3

Rdaz%4

R52%5

Ré&s%E

PCay%7
RKDS=®177472
RKER®177422
RKCS=®1774074
RKkW=1774P6
RKBA=177412
RKDA=1774142
RKDIRmY
V.RSAvadd
V,X1T=42
PS=®177776
ShRRVR=z12222

GLORL

MACRE yCQd=14 {3-3EPm72 B2352 PAGF 2

Nk

JSTANDARD D08 INMTERFACE TARLE

NKj JHORD

DKFLGSS ,QRD
RYTE
LRYTE
RYTE
LRAYTE
RYTE
JAYTE
JRYTE
+RYTE

DKNAMY  (RANED
L WORE
JWORD

DKSTRTy MAV
NKRTRY: HMOVR

BIC

. TFDF
JTFNDF
MV
LFNRC
JFNDC

2

{72037

a4
DXIMNT=DK
249

a
NKSTRTaNK
2

A

2

/TKY/
RKDIR
2,2,2,2,0,2,2,0

8EC,DKRFPY
13¢R2Y,R1
#4177770,R1
MTXFT

LMwPEN
RY,514

32 YF IMLF, DNB FYR NTHRFRUWISE
sFARTI ITES WQRD

18TR ELFFFR SIZF 18 256, WIRDRS
sMFFSET TM INTERRUPT MANDLER
JPRIORITY LFVFL §

PNQ OFEN ROLTINF

POFFSFT TN TRANSFFR WANDLER
sNO CLESE ROUTINE

IND SFECTAL FUNCTICNS
SCURRFANTLY UNLUSEDR

sPEVICE NAMF

$FIRST MFM RLLCK

$RTIT MAP POTNTERS

$CLFAR RETRY INPICATAR

SGFT LATY IN R1(13wi5)

JSAVF LNIT FOR LATER LUSF



LV,

48
49
En
€1
£2
€3
£4
£6
E6
87
£8
£9
€e
€1
€2
€3
€4
€5
€6
€7

PKH

rerbda
PgrAaA
0RACE?
rereR
rored
PRrER

MACRC VNN4=-14

PARZPY
PAEG?Y
rARC? Y
rEEE? Y
n22220
712902

13=SEP72 221F2 PAGF 2+

ASR
rROR
RAR
ROR
cvpP
MOV
«TFDF
« JFNRF
MOV
LWORD
AR
RFC
RGE
RrC
ASL
JENDE
JENDC
. TFRF
ASHL,
LENDE

R

R

R

R1
(RZY+, (REY+
CFQQ*":Q?
MIXED
LOWREN
(PCY+,R3
CONFIG
R3

R4

Y-

.44

R2

LPATEN
R

sLEFTm»JUSTIFY UNIT

FUNTT NCW AS RESIRED
tPOTNTER NDR+RLCCK

$GET DENSTTY PATTERN

PMOVE APPROP, TO LUNIY

JTF LCh DFNRITY ,,,
JADIUST BICCK NE,
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ey
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BN Ll |

-
[e W4

-
[ ]

19
ze
2t
22
23

z4

e85
6

£/

«LKH

eegeznm

gepm74
pgoee7é
geoten

geeted
gopgige
grptie
geeti?
ergtia

rp11R

vetee

124
rei2a
pe13e

Q134
re1is

ret42
PRt44

00150
7e152
Pp154
eR156
28160
eR162

pR166
rat7e

727227
11322
103419
714046
712746
221435
raesRy
PHP27Y
PAR2MZ
npR27E
767472
rir2m4
P42704
177762
74r 402
"ELIE7
noma27
nAre1 4
rAC4AR2
r62774
CRCRAr4
06240
Py27%4
177442
LB AR
P12244
nizpdd
piopm?y
154779
£42774
1774F¢
mir 144
fRr207

DKINGD:

DKINZ2PY

cup

8.0
Mey
MOV

RR

ARD
ASR
ASR
ADD
MOy
RIC

BIC
BNE
e

RLT
ADRD

ADD
MOV

MOV
MNy
MOV
MOV
BISR
BRIC

MOy
RTS

-k rdm LIRER AQ | YTERAL

MACRE VOQdwid4 (3~SEP=72 22352 PAGF 3

R2,%4807,

NkInN22
«{R?),=(RA)
#1425,=(RA)

NDKER2®2
R2.21¢

RZ

R2

R4,R2
R2,R4
4177763 ,Rd

R4,82
DKINym
RA, %12,

*6
#Hd,R4

RA,FY
4EKNA,RA

Ri.eR4
(R2Y+,=(R4)
(REY+,=(R4)
(REY+,RY
aFC,RY
$177463,R !

Ri,~(R4)
PC

378 BLCCK wWITHIN ROUNES?

tYES = RRANCH
$AUTPLT TLLEGAL BLCCK NUMRER
$ANP FR35

$... AFTER SYSDV CRK
$ADN TN VALTD QUOTIENT
1ADY REMATNDER FCR LIV RY (2

$NIVIPE RY 16 = SAVF REMATNDER

JEXTRACT AUOTTENT ,,

[ ]
teas TF ANY BUILD RFSULY
$CHECK REMATNDER

1JF BFTWEFN 12 & 15 ,,,
Joo. CALISF SURFACF INCR,

$PUT SECTPR INTC REST

$SET LF DTSK ADPRFSS
$SET LF MFMARY ADDRESS
1SET LF WARD COUNT

tPUT YA THE FUNCTION
$SEY T.N,F, AND GO RITS
3PLFAR GARRAGF edkttdhw

FSEND FUNETION TC CONTROL

BY THE PRFYTOUS INSTRUCYION



cv

DG N\ =

™ m

12
1
12

13
(4

L KH

eee172

peet7e
gop2en

geare4

gee24
goee212
@214
ep2th
pacanm

n@e24
ge226

?13746 DKINT:

LELIEY
red4536
?{R72Q
177574
rL2728
177470
712504
ny25m2
711824
19pd2s
732724
Q01
1204
rarL7ye
rang4

H
H

DKXYT?

MACRD vCQ@4mi1d4 13-SEP=72 221582 PAGF 4

INTERRUPT PROCESSAR

Moy

JSR
MOV

MOV

MOV
My
MAY
BMY
RTT

BNE
JMp

A%y REAV, e (R6)

RE,#(R6)+
Du,RE

4RKPS,R5

(RSY+,RY
(REY+,R2
8RS ,R4
DKERP
#1¢,R4

NYERQM
814(RD)

1GEY THE DDR

1SAVE RKDS AND RKFR FOR LATER

1%AVE RKCS
IYES « RRANCH
JWAS LASY FCN A DRIVE RFSFT?

PYES « BRANCH
PEXTT



CV,CKH MACRC v0U4m14 13~5FEPw72 22152 PAGF R

1 }FRROR PRNCESSOR:

2 B0R232 PYF3IN4 DKERP:  ASI R4 $HARD ERRNOR?

3 pee234 1armade BMT DKHFR $YES « RRANCH

4 @P@R3F PARIDY DKEREP: RAL (PCY+ $TRTER R TIMES?

E pep24e caeere DKREPTY ,WORD 7

£ prp242 193227 RCC DKER2K $TF NCT TRY SOMF MCRF

7 @eR244 r52762 DKER1PY RTS WI20220,12(RA)  $SET FATLI'RF FLAG
120072
P12

& PPP282 nQR73Y TST ORRKWE sHAS UWCRD COUNT REACHWEDR @7
17747F

C QPR256 PR17R3 RFQ NKXTT IYES = 60 EXIT

12 20262 17246 DKERI1IBL MOV RZs=(R6) $AUTPLT RKFR

11 0262 712746 MAy #1427 ,»(RK) 1AND Fe27
PR1427

12 0266 1327K¢0 RYTR H7,13(RR) 318 THIS ONTT @7
rapge?
rPRPR13

13 0274 01008 RNE DKER22 INO = BRANMCH

14 0276 n327R7 BRYT HBNDEVR,NKFLAS $RYSTFY RRIVER?
rirReg
177476

15 prled 221491 ; BER DkER2® IND = BRANCH

16 0@328 7ORZYE CLR #RE JRET CCRE TO WALT

17 0317 0pP8PAR7? DKER223 CLR Nk $FRFE LCRIVER
177484

18 314 corend nT 1OUTPLT MESSAGE

i9 0p316 712667 MOV (REY+,DK $1TF CONMF RACK RFSET FLAG
177456

Z0 0p322 ez4a767 DKER2K: IS8R PE,DKRTRY fRE=INIT TFR
177514

Z21 op326 r43728 DKER3IGE MOV 84y XIT,RR
raPRAaA2

22 0332 Par ARG JMP 4fRE)
carprg



CV,EKH MACRC viGd4e1d {3«SEPa72 22152 PAGF R

1 Po@g336 712715 DKHER: MRy %1 ,2R5 $CLEAR THF CONTRCL
rARR Ay

e o342 148718 DKHREes TSTR 8RS tPONE YFT?

2 pro3dd tin37A RPL NKFEAN IND = LOOP

4 2g@348 p3o70y RIT %2007,R1 $1S IY NRTYVE NOY READY
nrue2o7

B Q@352 rp141F REQ DKRMY $1TF YFS ¢ AQ@O2

€ pge@l54 m32779 RTT w1022, 178 1T SEFK INCOMPLFTE?
rayang

7 QPR3EA pi1 428 RFQ DKhRAR INO = RRANCH

B pro@l362 miey65 ANy R1.,4(RH) sREPLACE PRTVF #
nAPEr4

S @relesr 712718 MOy 4141%,8R8 18FET LF FAR DRIVE RESET
E‘(j(«'ils

1@ PQ372 rprp755 aRr NKER3R s TAKE INTFRTM EXIY

11 op374 r327¢¥2 DXHREE: RTT 411407 ,R2 gCAN LWE PPSSIRLY RC ONT?
r11422

12 00427 2244314 RNE NKERAM 1YER = RRANCH

13 peag? r3z2772 RTT #Z2qpam,R2 $78 IT WRYTF 1LOCKk CUT?
ag2nana

14 ¢R4rE mir4724 RFQ NYFR15 IND = BRANCH

15 reai? rir2dfs DKRNYL MNY R?,=(RA) 1SAVE EISY FLAG

16 0¢d12 rPiR74A MOV DENAM, - (RE) $OUTPLY NAMF
177376

17 0@a1€ 212746 My #A2D,=(R6EY JAND AQQR2
PAPAPD

18 0422 rar732 RR DYER2M 15, % 60 PRINT

19 r:’ydo‘l}!ﬂ‘l ,FNE

10



CV,RKH MACKRE VOP4=14 {3=~SEP72 22:82 PAGF £+
SYMROL TARLF

LK @720z 7RE DKERP  222232R RKERAE pPP236R
CKERL? 270244R DKERYS AP2SATR NKERPP ¢MP31PR
CKER25 p2n122R DKERIZ A7¢26R RKFLGE @PEPRA2R
CKKFR 2003348 NKHREP A72342R NKHREE PAP374R
CKINT  @79172R DKIN{® 222126R DKIN2P poi16R
CKNAM  @PaP14R NKRPY  9r2412R RKREPT Qn@247R
CKRTRY @Opna4R DKSTRT p72P40R RKXTT  PPP226R
FC sS%PCArR7 PSs = 17777A RKRA = (17741
RKCE & {77424 RKDA = 177412 RKNIR = CPRP@Y
RKDE = (774¢7 RKER = 177422 RKWE = 177486
Re sugrRneo R1 2y200004 R? xuzeeR0?
R3 £%grare3 R4 LT RE LV LEL
R6 sYerUnPA SPRVR = pigean V,ReAVs pArnad
VaXTT = @742

ARS, araree rae

LVEY ngt

ERRFRS METFCPTFD:2 e
FREF CORE: 16347, WORDS
'LPe<DT DK

11



5. V@P1A Program Listing

»TITLE DK

$018K DRIVER (RK11) VERSION v2p5A

! gal
JCOPYRIGHT nIGITAL EGUIPMENT CORPORATION
28aina RpsY@ JMAYNARD, MASSACHUSETTS October 197t

paganl Rysxl
220072 R2EX2
aanted R3I®X3
FAURAE R4%%4
aaAves REFYD
200008 RE®YLS
naadal PCEY%7
177422 RgD8®17742u
177422 RKER=177422
177424 RKCE3177424
177478 RKHLC®177426
17741 RKkBASL177410
177412 RKPA®177412
napaap1 RKDIRE]
aumpaas V RSAVEA4
20p242 V, X1Tm42
177775 Pss177776

»GLOBL DK
1STANDARD NDOS INTERFACE TABLE

Andndua @dpves Dki «W0RD 2 12 IF T0LE, DDB PTR DTYHERWISE
200002 102237 « HURD 122037 FACILITES WORD

Aoenie4 a2 2AYTE 2¢ 1STD BUFFER SIZE 1S 2368, WORDS
aaupas 172 «BYTE DKINTmDK JOFFSET To INTERRUPT MANDLER
Quuads 240 «BYTE 24y JPRIURITY LEVEL S

eneed? aan «BYTE 2 INO OPEN ROUTINE

gopaig 240 «BYTE DKSTRT=DK JOFFSET TD TRANSFER MANDLER
enoniy Pad «BYTE a INO CLOSE ROUTINE

padal2 2ug «BYTE a JNO SPECIAL FUNCTIONS

pu2al3 and 2RYTE @ JCURRENTLY UNUSED

PRAP14 15279 DKNAMI  LRADS®  /DX/ JDEVICE NAME

QR8s 220001 «WORD RKDIR )FIRST MFD BLOCK

#anple puunan « WORD 2,9,9,2,8,2,2,0 18IT MAP POINTERS

PeRnd2 AR
Pp20p248 Advvad
Panp2e pRel02
dasedn adpvad
2aped2 adpead
PRApda wandaA
230036 pueve2

202242 211787 DKSTRTT hOv #PC, DKREPT JCLEAR RETRY INDICATOR
rdp174

ARMp4a 116221 DKRTRYE MOVA 13(RrRAY,RY 1GET UNIT IN RI(13=1(5)
2%¢R13

Qudadn 242743 BIC 4177770,Ry
177772

+ TFDF MIXFU
« IFNDF  LOWDEN
MoV R1,R4 JSAVE UNIT FOR LATER USE

12



ApQpSa
ppuads
pannbéa
Granr62
prAp6a
LELELT

apva?n

2007 4
pa0p7s&
A0010a

AnR104
dpL 46
pentln
0n112
CL TR
wpa116
230122

gan124
Q0126
aa0132

L ER Y]
panl1ie

pee142
pav144

CELERT
pnisys52
Anu1da
pAR19E
20a16n
20162

902166
ape17n

peREny
poBaARi
npserl
rRg@ny
paau2n
plesm2

nem227
A1139m9
193414
214146
n12748
pH14ls
RANA7 A
aba2al
AnEan2
poe2n2
peRr4n2
nin2ea
242704
177763
24ndn2
YRR Y
a27427
p2p014
paR24n2
p62/724
pARvRR4
pbndet
p127%4
177442
2int14
212¢44
ni2vad
pi2vny
151704
p427p4
177468
pilniaa
pan2az

DrINLO

pKInget

ASk
ROR
ROR
ROR
CHMP
MOV

2 IFDF
« IFNDF
MOV
«%0ORD
ASL
DEC
BGE
BceC
ASL
«ENDC
+ENDC
« IFDF
ASL
«ENDC

tup

BLO
MOV
MOV

BR

ADD
ASR
ASR
ADD
MOV
BIC

B1C
BNE
gmp

BLT
ADD

AQD
MgV

Moy
MOV
mov
MOV
Brsa
BIC

MOV
RTS

R1

R

R1

Ri
(RaY+, (R2)+
(RAY*,R2
MIXED
LOWDEN
(PC1*,RY
CONFIg
R3

R4

a4

4

rR2

LOWDEN
R2

R2,%4800,

DKINZ]
»(R2),n(RS)
“1435,-(R6)

DKERZR
R2,R1

R2

R2

R4,RE
R2,R4
#17776@,R4

Rd4,R2
DKINLD
R4, ul2,

o *6
#d,R4

R4,R1
#RKDA,R4

Ri1,0R4
(R2)*,=(RA)
(RD)*,=(R4)
(RO)*,RY
#PC, Ky
#17748Q,R}

Rir”‘ﬂ4’
PC

ILEFT=JUSTIFY UNIT

JUNIT NOW AS DESIRED
JPOINTER DDB+BLOCK

JGET DENSITY PATTERN
JMOVE APPROP, TO UNIT

JIF LOW DENSITY ...
1ADJUST BLOCK NO,

118 BLOCK WITHWIN BOUNDS?

;YES =» RRANCH
JOUTPUT ILLEGAL BLOCK NUMBER
$AND FP3S

fene AFTER 8YSDV CHK
PADD IN VALID QUOTIENT
$ADJS REMAINDER FOR DIV BY 12

INIVIDE By {6 = SAVE REMAINDER

1EXTRACT QUOTIENT .,.
’.l. IF ANY BUILD RESULT
JCHECK REMAINDER

1IF BETWEEN 12 & 15 .44
Peso CAUSE SURFACE INCR,

JPUT SECTOR INTO REST

1SET UP DISK ADDRESS
JSET UP MEMARY ADDRESS
1SET UP WORD COYNT

1PUT IN THE FUNCTION
J3ET I,.D.E. AND GO BITS
JCLEAR GARBAGE weevwwn

JSEND FUNCTION TO CONTROL

mswyewm USED AS LITERAL BY THE PREVIOUS INSTRUCTION

13



oGLOBL S RBAV,S.XIT

! INTERRUPT PROCESSOR
DKINTY LIFDF SYSKV
JSR R5,S«RSAY $1SAVE REGISTERS
+ENDC
IFNDF  SYSDV
ARO172 13748 MOV 64V RSAV,=(RS)
ponaad
PaRL76 nadb3n JSR R5,8(R6)*
»ENDC
AAB2U3 218702 Mov DK,RY 1GET THE DDB
177574
Pavaged a127a3 MOV #RKNS, RS
177402
298213 plaoal MOV (RS)*+,RY 1SAVE RKDS AND RKER FOR LATER
aauvz2l2 m125)2 Hov (R5)*,R2
da2214 11574 MOV #RS,Ry 1SAVE Rk(CS
euazis {pedpd Bl DKERF JYES = BRANCH
pav229 32704 BIT 418,84 IWAS LAST FCN A DRIVE RESET?
#R0u1 A
@M0224 ZA1204 BNE OKEROR : IYES = BRANCH
ANAP2R Aanl7?N DKXITT  JoP ®14(Rp) JEXIT
napaya
JERROR PROCESSORS
20232 anndnd OkKERPS  ASL R4 JHARD ERROR?
AuR234 10425 BMI DKHER IYES = ARANCH
Ana238 NAR127 DKERBOT ROL (PCY* JTRIED B8 TIMES?
pApa24n apenpd DKREPTS ,w0RD )
Qan2ag 123u14 BcC DKERRS JIF NOT TRY SOME MORE
Qo044 52762 DKERIQSE BIS glanupa,12(R2) JSET FAILURE FLAG
14na0e
pane12
aap252 0223737 TST PHERKNC JHAS WDRD COUNT REACHED 27
177408
anuegds pA17583 BEW DKXIT IYES « GO EXIT
Aup2bp Nle2d4hd DKERLSE MOV R2,=(R6) JOUTPUT RKER
Wap2b2 wila/as MoV #1427 ,=(R6) FAND Fp27
av1427
« IFOF SYSDV
BIva #7,13(R0) JUAS THIS UNIT B?
BNE DKER2( JNDO = BRANCH
CLR SRS
«ENDC
DKER2A: JIFDF SYSDV
CLKR ] JCLEAR BUSY FLAG
«ENDC
QU266 20phnd 197 JOUTRUT MESSAGE
22027 a ?1?267 Moy (RE)Y+,DK 11IF COME BACK RESET FLAG
177524 '
paB274 2u4767 DKER251 JSR PC,DKRTRY JRE=INIT TFR
177544
DKER3PS ,IFDF s¥YSnv
JMP S, XIT»4 Paee & TAKE INTERIM EXIT
+ENDC
«IFNDF  SYSOV
AQ030 w1375 MOV eHV X1T,R5
22042
ARn3N4 7An165 JMP 4(RrRS5)
AAngza
#ENDC

14



222312

Ana3la
pan3ls
228320

210324
B9G32s

299332

2pu3ds
ana3dn

Pou3dd
VAN3I48

pan3sz
Pprv3sa

Apndde
aua3s2

LERLL

pagnen

nx
DKER1@
DKERDS
DKHRQW®
DKIN1®
DKREPT
DKXIT
RKBA
RKDIR
RKwC
R2

RS
S.xIT
L ]

212715 DKHER?L
areiel
175713
107376
#327¢14
aniamn
pALAnS
nini6s
pBALN4
#12718
¢oniLs
nee7Rp
n32702
#1146
21334
232702
ganann
pu1742
a1ned4a
BlR74R
177432
212746
popan2
gep737
panagy

DxrHRoOD:

DKHRAS Y

ERRORS

YRR ueRG
BrU244R
Pnv27 4R
B3l 4R
APELuBR
2p2240R
pv226R

s {77410

1 Aadry

2 177426

epapng

BEAPRAAS

S wukewd 5

8 2pUazaR

Mgy

T3TH
BRL
BIT

BEQ
HOV

MoV

BR

BIT
BNE
BIT

BEQ
MOV
Mmav

MoV

Br
+END

DKERP
DKERLS
DKERJIA
DKMRAS
DKIN2B
DKRTRY
PC
RKCS
RKDS
R@

R3

R6
V,RSEAYV

#1,8R5

8RS
DKHRUQ
41099,R1

DKHRES
R1,4(R5)

#115:8R5

DKERSQ
#1140p,R2

DKERAR
#2002, R2

DKERLS
R, =(R6)
DKNAM,w (RB)

#402)w (RE}

DKERZ2n

PAY232R
A3p260R
22723G9R
APR34aR
A4A1 18R
AAPRdarR
a%pa00e7
B 177424
® 177400
42239202
s%P200d3
BXQ200UK
? puands

15

JICLEAR THE CONTROL
1DONE YET?
INO = LDOP
$118 IT SEEK INCOMPLETE?

INO = BRANCH
JREPLACE DRIVE #

pSET UP FOR DRIVE RESEY

1TAKE INTERIM EXIT
JCAN WE POSSIBLY GO ON?

JYES = RRANCH
I8 IT «RITE LOCK OQUT?

INO » BRANCH
JSAVE BUSY FLAG
JICUTPUT NAME
1AND Apa2

faee & GO PRINT

DKERAQG PRB236R
DKER20 pAvY266R
DKHER 2aB310aR
NDKINT pABL72R
DKNAM 220p14R
DKSTRT PAERARR
PS x 177776
RKNA B 177412
RKER 8 177422
Rl 25000001
R4 sXeaRpo4
S.RSAY B wwbweyw
V.XIT = 208242
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DRIVER for TCll DECtape Control

The principal function of the TCll Driver is to transfer data between
the hardware control and a memory area specified by a calling Monitor
routine on behalf of a user program. The number of words transferred,
the DECtape transport, the absolute starting block on the tape, and
the direction of tape travel in each case are all determined by the

calling routine.

As required by the standard Monitor-driver interface for all de-
vices and, as DECtape will be handled as such, for file-structured
devices in particular, the first part of the driver consists of
two consecutive tables:

a) Table of descriptors and pointers to routines included.

b) File-structured usage data

All data transfers utilize the normal read/write capability of
"the PDP-11 NPR facility. The driver contains a setup sequence to
initiate a search for the requisite start block and routines then to
handle interrupts for continuation of such search and, if this is

successful, the subsequent data transfer specified.

As a file-structured device, the opening and closing of files
are the responsibility of the Monitor file management routines. There

are therefore no OPEN or CLOSE routines.

Also, no routine to handle SPECIAL FUNCTIONS is currently pro-
vided. This could be added later if it is found desirable to simulate
the normal operation of some similar device, e.g., rewind as for Mag-

netic Tape.

1. Initial Tables

Relevant entries for this driver are as follows:

WORD @: = ¢ initially-set to address of DDB for dataset being ser-
viced when busy, by calling routine.
WORD 1: = Facility Pattern = 140037 signifying:

a) File-structured Device
b) DECtape (or similar reversible medium)



¢} Capable of Input or Output in either ASCII or Binary
on more than one dataset at a time.

WORD 2: = a) Standard Buffer Size = 16 X lé6-word units (i.e., 1
standard DECtape block).

b) Offset to Interrupt Service routine.

WORD 3: = a) Priority for Interrupt Service = 7
b) g [No OPEN routine included]

WORD 4: = a) Offset to TRANSFER Set-up routine
b) @ [No CLOSE routine included]

WORD 5: = @ [No SPEC FUNC routine present]

WORD 6: = Name 'DT' in RADIX 50 format.

WORD 7: = Start Block of Directory Structure = 100

WORDS 1@-17: = Reserved for pointers to in-core Bit Maps for each of

8 transports supportable by TC1ll.

2. Processing Routines

2.1 Transfer Setup

A Monitor routine effectively calls for transfer setup by JSR PC XXXX
where XXXX is the start address evaluated from the offset in WORD 4 of
the table. The address of the DDB containing relevant parameters will
be stored in WORD # of the table.

The setup routine will first set a counter for number of re-
turns to be made in the event of parity or timing failures in tape
operations (8-9). Using the given DDB address, it then extracts the

following information and actions it as shown:

(1) Block No. (DDB+4) - two copies are stored internally as con-
trols during Start Block search as detailed below.

(ii) Word Count & Memory Address (DDB+6 & 10) - these are stored
immediately in the TCll WC & BA registers for use
as soon as the Start Block has been found.

(1ii) Function (DDB+12) - the requirement for Read or Write is con-
verted from the standard Monitor specification (4
or 2) into the corresponding DECtape value (4 or
14) and stored internally until completion of block
search.

(iv) Tape Unit & Motion (DDB+13). The bits showing these are as-
sociated with the DECtape Search function [3] and
are set into the TCll Control Register to initiate
the search for the start block.



The setup routines also sets two switches appropriately:

a) In any transfer, two types of interrupt may occur; the
first at each block encountered during the search for
the start specified; the second thereafter arising when
the transfer has been completed. The switch is initial-
ly set for the first type.

b) The tape is started in the eventual transfer direction.
Turn-around, however, may be necessary if the tape is
badly positioned. The second switch is set initially
to reflect the start direction in order to provide ade-
quate control during such turn-around.

The driver then sets the TCll Control Register for the search, and
restores control to the calling Monitor routine, via RTS PC, to await

its first interrupt.
As permitted by the General Driver Spec, the setup routine makes
full use of the processor registers, without saving or restoring their

original content.

2.2 Interrupt Servicing - Search Mode

Provided that a tape block-mark is encountered without error, the
search interrupt servicing routine compares the number found (from

TCll Data Register) with one copy of that for the required block,
stored internally by SETUP. If the comparison shows that current tape-
motion will eventually lead to the required block, the routine exits
immediately and waits for a subsequent interrupt to show that the

transfer may begin.

If tape-motion is in the wrong direction, the routine resets the
TCll Control register to produce tape turn-around on exit. A second
turn-around will now be essential for a transfer in the require direc-
tion. The routine therefore modifies, appropriately, by 2 the copy of
the block number required used in the comparison. This factor is pro-
vided so the tape is sufficiently positioned beyond the block required
to ensure that it will be up to speed at the right point after the sec-
ond turn. For example, in order to transfer Block 100 forward, the

first turn will seek Block 76 in reverse.

An equal comparison might then result after a single turn-around.
The block number found is, therefore, checked against the second, un-
modified, stored value. If not equal, a turn-around has occurred: the
TCll is reset for the second time and the first stored number is re-
stored to its original value. When both stored values and the block



found are all equal, the correct tape travel is assumed and the trans
fer is effected by moving the stored function into the TCll control
(byte only to avoid hardware delay imposition). The interrupt switch
is changed to show that the operation is now in Transfer Mode.

In the event of an error in Search Mode, the TCll Test Register
is examined. If this shows that the cause is "End Zone Reached", the
turn-around procedure is again effected, since such a condition is
initially the same as being, for example, at Block 102 when 100 is
wanted forwards. All other hardware-reported errors are treated as
discussed in a subsequent paragraph.

Another type of error may occur but this can only be detected by
software, i.e., a failure to find the block either because its number
on the tape is corrupted or the one required is outside the range of
the tape. For both situations the tape might rock endlessly owing to
the turn-around algorithm. The search interrupt processor therefore
counts the number of times a turn is effected. It gives up at the
sixth attempt and requests printing of an F@l6 message with the fail-
ing Block Number as evidence.

To avoid unnecessary time wastage in the storage and retrieval
of their contents, -the normal search interrupt processing does not

use processor registers.

2.3 Interrupt Servicing - Transfer Mode

The normal cause of an interrupt in transfer mode is the satisfactory
completion of the whole of the data transfer specified. The driver
must then recall the monitor routine which requested the transfer.
Because this routine may have surrendered control to the user program
during the period of the search and transfer operations, the driver
must assume such is the case and save all register contents before
setting RJ to the DDB address from its WORD @ and taking the completion
return set into DDB+14.

The interrupt may also occur if an error is determined by examina-
tion of the TCll Test Register. In Transfer Mode, two types of errors
specifically processed are Party or Timing Failure. Following either
of these, the servicing routine restarts the whole process over from
the original block search until at least 8 attempts to produce a satis-~
factory transfer have been made. If these all fail, the routine re-

turns a flag indicating the error in Bit 15 of the relevant DDB+12.



It checks, however, whether the failure occurred at an intermediate
block of a transfer involving several blocks. If such is the case, it
endeavors to provide a satisfactory transfer of the remaining blocks.

It then recalls the monitor at the completion return address.

Of the other types of error, transfer mode servicing also handles
Non-existent Memory and End Zone. Both of these conditions are assumed
to be the result of a programming errcr and cause printing of a fatal

error message F@15 with User Call Address as evidence.

2.4 Recoverable Errors

In both Search and Transfer modes, for errors not especially noted, a
general routine is used to request printing of a diagnostic message
requesting operator action. SEL and ILO errors are assumed to indicate
a "Device Not Ready" state for which the device name (DT) 1is support-
ing evidence for the message 'A@@2'. For the rest, and Mark Track
Errors in particular, which might be resolved by changing tapes -- the
message 'Af@@3' is printed with the TCll Test Register content as
evidence. For all these errors, the operator might request program
resumption by a Monitor "Continue" command. The driver restarts the

whole search and transfer process if this occurs.

3. Implementation

a. Comments on the driver listing show general methods of imple-
mentation. It should be noted, however, that in several in-
stances, in-line code is modified. In particular, the two
switches mentioned under "Setup" are variable Branch Instruc-
tions and the internal storage of data has already been in-
dicated. This means first that the driver is not reentrant -
an unlikely requirement when one control may only service the
transport at a time, even though eight may be attached to it.
In the second place, the driver, as written is not immediately
usable in a ROM.

b. The priority level for interrupt servicing should also be
mentioned. The hardware level is 6; the initial software
level, however, is set at 7. This is to ensure that there
will be no delay due to any other interrupt in the critical
case in which the required block number has been found and a
change of function from Search to Read or Write must occur
within 400 msecs. The interrupt routines themselves lower
the level to 6, if the critical case is not being actioned.
This will mean that other interrupts may be delayed up to
50 msecs. in the worst case, the critical one.

c. A further minor point of interest is that the tape is always
stopped at the end of each transfer (or when an error occurs
to prevent this) in order to maintain correct tape position-
ing. A program STOP request is issued to effect this in all
cases, even though the hardware may be set up to provide for
it. However, resetting the TCll Status Register for this
purpose can remove error conditions. The content of this
register is, therefore, examined (or is saved for later
examination) before the STOP command is given.



4. PROGRAM LISTINGS

4.1 V@2 Program Listing
JCOPYRIGHT 1971, DIGITAL EQUIPMENT CURP,s» MAYNARD, MASS,

JVERSTUN NUMBERY vae

«TITLE  DVaDT
7

ebbUBlL 0T

JDECTAPE yRIVER VERSION | 23 JULY 7@

H FPRESENTLY CONTAINS ONLY ROUTINE FOR TRANSFER

) -

FOTANDARD URLIVER TABLES

prs 2MURY (%] JBUSY FLAG (DDB ADDR wWHEN BUSY)
«DYTER 371340 JFACILITY INDICATOUR
«BYTE 16, $STD BUFF S1ZE/16,
«BYTE DT INTeUT jPOINTER TO INT SVCE
«BYTE 346 JINT SVCLE PRIQRITY
eBYTE ¢ FOESPATCH TABLE .40
oBYTE UTaThKkeDT TessFOR TRANSFER ONLY!
oBYTR a
«BYTE P
as¥Te @ i SPARE

DT (NAMS ,RADOA pmn
o WORD DT«DIR FFIXED MFD BLOCK

ewOEY  9,9,0,0,8,0,0,8 JPUINTERS FOR BIT MAP ACCESS
JREGISTER uSOIGNMENTSS

Rysiy

R1s%1

R2=%¢

R3=%d

R4z%a

Rom%5

5P3%06

PC=ax7

FSET UP [RANOFERS

DT<TFRI MOV ePL,UT RTC FSET RETRY COUNT

DT.PR13 MUV DTrR@ JGET ADURESS QF DDB 4,
Moy #p1,CBA,R1 Tene & UF HWR BLOCK
CLR sR1
LidP (RU)*+, (RE) > FORIP USER LINE IN DDB
MoV (RO)*,UT,BRY $1SAVE BLUCK NO FOR LATER
noy (RE)+, 8K} FSET READY MEMORY ADDR .,
Mnoy (k) *,=(R1) Teeos & WURD COUNT

OT.PR23 LLRH OTe INT JSET INT'RUPT Sw, TQ SRCH
a0V UToBRU,UTBCK 7SET BLK CTRL FOR SRCH
MUV #1d@, kI JUSEV IN NEXYT SEQUENCE
MOV R3IrT4TAC $SET TURN ARUUND COUNT
muv 8RY,=(5P) FGET UNIT, DIRECTION & FUNC
plil #170941,65F sCLEAR PUSS, GARBADGE
Bl9 R3,65P $ADD IN INT ENB BIT
plTBH osPk,epP( JWRIIE REQD?
BeEW -] §IREAD GaK, ALRDY)wwwew
AQU B1¢,08P $1F 90 GET DECTAPE EQUIVe
MV #SP,UTFRQ §SaVE FUNC FUR LATER
MOVYH sPL,85P JRESET FUNC TO SRChM (INT ENB)
ASL LR FCNOW CONTAINS 20@)kwwwe
plLT 85F, 44000 JTRAVEL FPORWARD?
phE ol
ING R3 ;LF S0 RY NOw 221 & S0 e,
MUVE R3»0T, 554 tMAKING BPL OR BMI AS REWUD
mMyv (SFP)¥,=(RY1) JSET DECTAPE CONTROL
Kid PC JRETURN [0 CALLER FOR NUNW

jevewsr Cawk USED AS LITERAL BY PREVIWUS INSTRUCTIONILY
6



JINTERRUFT SERVICE (A) = SEAKRCH

IN PRORESSE

sCHECK STATUS

;jLF ERRQOR GU INVESTIGATE
JOHELK BLOCK FOUND

fIF UNE REQD, GO ALTION
JGET TU BLOCK THIS wAY?
j(BPL IF TRAVEL BACKWARD)
JOROP PRIQRITY

JHQW MANY TURNS?

$1F o CAN'T FIND BLOCK
JUTHERWISE MUST TURN ARQUNU
JASSUME TRAVEL NOW FuD
FCAEGR DARECTIUN

7IF FuD UMIT NEXT

3 IF Buwl, REVERSE EVERYTHIND

PaLLUw 2 BLKS FOR 2ND TURN
JSWITCH STATUS

IRESET DIR 8W (C BIT REVERSES)
FLCONTINUE SEARCH

sWAIT NEXT Hi,0CK

JTRAVEL AS ORIGINALLY STORED?
JLF NOT MUST TURN AGAIN

JRESET INTY'RUPT Sw FOR TFR
JMOveE IN CORRECT FUNC

DT.51Ps TST #5UT,CCM
BM] DTsSER
LMP SrUTCOT,QT,BKE
okl UTepFOL
oMl DTe8XT
DT «535W3,=]
DT.TAL: oIl #44,88177776
43R4 L ¥
DT.TACE,m2
BlS UTsBER
MOy §4YpB, ™ (5P)
MOV 22w (SP)
KORB UTa55#
BLS DT«TAZ
NEG 2(5F)
NED espP
DT.TAZS SUp (SF)*,DT,.BRQ
ADD (SP)+,#s8DT,CCM
RULB PDTaS8w
DT«SXTé INCH PEUTLCM
RTL
JBLOCK FUUND = CHEUK TRAVEL CORRECT!
DT «aFGe LMP B &Y
DT,8rROE,~4
DT.bCKﬁ,-Z
BNE UTsTAL
inCB QT+ 1MW)
MUVE BPrOHDT (LCH
DT oFRQU3, ™4
[+]. UT«SXT Faae

& GU SET UNDERWAY

JINTERNKUPT SERYICE (B) = TRANSFER COMPLETE (7)3

DT«INT? bk Y
EL UT»851F
bilo #av,881777756
MUy SRV ,RSAY, = (5P)
JSK Ryr@(SP)+
noy DT kY
MUy 01  CUM,RY
MoV #190,K3
151 6R1
gl UTeTER
MOVE R3s6R1
DT TXT3 mUv 14(rRY),PC
JSEARCH ERROR = DETERMINE CAUSE:
DTeSERY T&T SRUT.TST
oM} DT»TAL
BlCw 444 ,08177778
nyy SHY ,RSAV, = (SP)
JSR RYs@(S5P)+
IR #DT,18T,Ry
DTebXTé MOV 8RL, ™ (5P)
hayv HDT,IRE,=(5R)
BlT 14000, (K1) +
.1 8] UT,3TP
muv 401 ,NKE,83P
MUV OTaNAM,2(5P)
DT«8TP? Muvp Hi10,8K]
1ot
DT RETE JOK PCrDT PRI
MOy 8HV ,RKES,RD
JSH K5 EKD
KT1

JOLOLK NUT FUUND IN SEARUHS

FANTERRUFT SWITCH wess
JFQR SRCH CUMES HERWE|
;ORGP PRLUORITY

jON TRANSFER CUMPLETE ...
j3AVE USER REGISTEKS

PGET DOB ADDR

JGET STATUS ADOR

ISET MAGEC CONSTANT
JERRUR CAUSE INT'RUPT?
JIF 50 6O & SEE wHY
JUTHERWISE STOP TAPE .4,
& TAKE COMPLETE RETN

Fave

FIN END CONER

F0Ks MEANS TURN AROUND
FUROP PRIURITY

1Save ALL USER REGS,

FGET DECTAPE STATUS
POET LP TO TELL USER

Fasne ASOUMING HeW FAJLURE
’ooc' IF‘SEL DR ILU

JULAWNOSE TAPE FAULT DIFF,
Tesy AS NOT READY

1STOF TAPE IN CASE

160 70 DIAG PRINT

$0UN NECODVERY, SET UP RpTRY
JRESTORE USER REGS

& HUPE FOR BETTER THINGS|

Fene

DT HERS MOV UTeBLK,=(5P)
ity #0T . BRE,»(S5P)
MUYy aDT,CCM, Ry
=1 UTa85TP

FGIve BLUCK NO,

AS EVIDENCE

JubkT COUNTROL ADDRESS

7



FTRANSFER ERKORS

DT,Texd olf #3400, =(R1) JTAPE FAILURE/OQPERATON FAULT?T
oAk DY oEXT JIF 90 PRINT & WAIT RECOVERY
517 #100408, (R1)+ JEND ZONE/NJE M2
BNE PTeFER sIF SO TREAT AS FATAL
JRECUVERABLE ERRORS (TIMING OR PARITY)Z
ASL £ Y} SRETRIED 8=9 TIMES ALRDY?
PDT.RICS,=2
sLC DT aRXT $IF NQT TRY AGAIN ey
818 4100008, 12(RY) FUTHERWISE SIGNAL ERRUR
MuUvB R3r(R1)e* FISTOF TAPE IN CASE
MOV 1(K1),R2 ToeoBUT GHK ALL WORDS DONEY
BEQ DTeTXT JIF S0 THAT!S 1T}
ADY HY:RY 160 10 wWURD COUNT IN DOB
Sug (ROG)*, K2 Jese & USE TO DETERMINE a4
SWAB RQ faee NO, OF BLOUOCKS DONE
slig R3p(R1)* JCHEGK PRESENT TRAVEL
Bey L JADJUST NO, ACCORODLINGLY
NEG k2
ADD R29)0T,BRY IMODAFY SEARCH START 8L nCK
CLR DT.RTC faee & RETRY CUUNT
JSR PCsLT,PRZ2 ;60 SET UP NEwW STAKRT
BR PDTeRXT*+4 $2ee & WAIT RESULTS]
JFATAL EWRORS = ENU LUNE QR NON=EXISTENT MEMURY:
DT FERY mOV #RY,=(SP) JGIVE CALL AS EVIDEWNCE
MOy #DT,FRE,w(5P) JPRINT DIAGNOSIS
BR DY.8TF
FMISCELLANEUUSOEFINITIUNSS
VeRSAVS24
V. REESR46H
DTe0IRS10Y
NDT.TST8177844
DTeCCMIL7T7 802
PT,CBA® /77340
DT«CUTS177300
DT NRES4VE
DT IRESAVA
DT FKE®1412
DTedKEB14]0
W END



4.2

vV@glia

Program Listing

A complete

aganay
ARGAP2
depapg
2007234
aeanps
angaes
aeQ2a7
AR@AL
200711
arRa12
Qeeg213
ae@ata
420716
@opn2m
gpgnge
aegnzd
pRe7Ze
apan3a
angn32
paean3a
gee23e6

o0dns4
ARAZER
agyazen

226764
GARNER
27872

graaz4

a0a1a2

AQ2E A0
237
30g
P20
312
340
Ll
240
prg
ED)
62e

216¢4¢

ageyng

100020

el XL

P

eI

P

A2PpAR

200620

aeeeaD

2orede
AaGeat
AeREn2

o

AQARA4

APEA5
APBEAE
gagn7

' 211767

24P444
716790
177730
112771
177346
25811
222020
112¢67
Apr2az
712911

2120414

Y

1e5¢67
1en214
A16757
AeP1566
12166
112723
10710g

assembly listing
:COPYRIGHT 1971,

s VERSTION MUMBER

'

«TITLE
:

«GLOBL
sNECTAPE DRIVER

PRESENT!

.

s we w8

STANDARD DRJIVER
oT: «40RD
J3YTE

o

+BYTE
«BYTE
2 3YTE
«3YTE
«AYTE
«BYTE
SYTE
«3YTE
+RADSE
« 40RD
« YORD

DT NAMS

tREGISTER ASSIGM
RZ=%8

Ris%y

R28%2

R3Is%3

R4=%4

RE5=%5

SP=z%6

PC=a%7

1SET UP TRANSFER

DTS TFR: ™AV

gTopkii MY
MOy
CLR
c1P
"y
MV
MaY

O0T,PR2: CLR3B
May
MAY

of the driver follows.

NIGITAL EQIISMENT CORP,, MAYMNARD, MASS,
Va21a
DT
DT
VERSION 1 23 JULY 723

Y CONTATNEG ANLY ROUTIME FOR TRAMSFER

TABLE:
2
37,367

16,

DT INT=DT
34¢

)
DT.TFR=DT
2

a

2

T
DT.DIR

alglaﬁﬂrgpﬁpgga

MENTS:

OPC,DT,RTC
DT,RE
#0T7,CBA,RL
LS

(R2)+, (RO +
(P2)+,DT,BRA
(RZ)+,0R1
(R€¥+,=(RY)
DT INT

DT,RRA,DT,BLCK

#]@ﬂ’ﬂs

JBUSY FLAG (DDB ADDR WHEN BUSY)

tFACILITY INDICATAR

237D RUFF SIZE/16,
$POINTER TO INT SVCE
$INT SVCE PRIORITY
sDESPATCH TABLE .44,
?easeFNR TRANSFER ONLY!

13PARE

tFIXED MFD BRLOCK

tPOINTERS FOR BIT MAP ACCESS

3SET RETRY COUNT

$GET ADDRESS aF DD8

teeo % OF HWR BLOCK

$SKTIP USER LINE IN DDA
$SAVE BLOCK NO FOR LATER

$1SET READY MEMQRY
Feea 3 WORD COUNT

}SET INT'RUPT Si,

ADDR ,,.,

TO SRCH

$SET BLK CTRL FOR SRCH

tUSED IN MEXT SEGUENCE



AnE1LA6

anp112
#oe114

arg120
anv122
ped124
arp126
ana132
209136
ay14n
pra14?
ere14n
aga1sn
98152

ACB156
era162

pEv162
202166
2006177
AAE17R
aeazen
araz2a2
248212
#2r0214
org21F
w222
2np226

2Qp232
wee234

ANE242
299242

220246
¢a252
ang2se

202262

112367
AprLAR
1146
n42716
170341
rEC3LE
131617
Ap1422
162716
Agre12
111667
npN144
111716
A63IAZ
231627
apdede
apteal
135273
112367
ARAE23
12641
NpA2 87

245737
177342
1¢Mm473
423767
17735¢
AgAE7 0
Ag1432
12A426
@221
142737
ARG 4
177776
1¢6227
ARREAR
apm21e
193517
112746
FRArAg
A12746
Rl A
10AEA7
177747
123473
Ap5466
Rapypaeg
2¢5416€
162667
APRrH20
362637
177342
196167
177723
15237
177342
raAe2e

MOV

MAV
BIC

BIS
BITH
GEQ
AND

MOVa

MNOVE
ASL
BIT
BNE

I4C
MNVE

My
RTS

R3,NPT.TAC

PRE,=(5P)
#170341,868P

R3,#3P
e3P, eP(C
« tE

#12,858p

8SP,DT,FRA

erC,08p
R3
6SP, #4070

L+
R3
R3,NT.SSk

(3RY+,=(R1)
PC

$SET TUBN ARQUND CQUNT

pGET UNIT, DIRECTION & FUNC
t1CLEAR P0OSS, GARBAGE

:ADD IN INT ENB BIT
$WRITE READ?

$(READ 0,K, ALRDY)%xax%%

P IF 80 GET DECTAPE EQUIV,

$SAVE FIUNC FOR LATER
$RESET FUNC T SRCH (INT ENR)

s (NOW CONTAINS 202)kxkkkx
s TRAVE|, FORWARD?

$IF SO R3 NOW 221 8 SO ,,.
IMAKING BPL OR RMI AS REGQD

$SET DECTAPE COMTROL
$RETURN TQ CALLER FOR NOW

sxxx%x CARE USED A48 LITERAL BY PREVIOUS INSTRUCTION!I!

s INTERRUFT SERVICE (A)

OT.S1P: TST
841
CHP

BEQ
BYT
3T ,88Ws,m{
AT, TAt: BICB
ASRB
DT TAC= ,=2
BCS
MaV
MOy
RARB

BCS
NEG

NEG
DT, TA2: SUB

ADD
RALR
2T,8XTe: I°CR

RTI

= SEARCH
o#DT,CCH

DT,S8ER
e4DT,CNT, DT, BRA
nT,RFD

DT.SXT
#A0,08177774
#4

DT HER
1400%, = (SP)
#2,=(SP)
NT.SSH

DT, TA2
2(58P)

83p
(SP)+,DT,8RAQ

(SPY+,8#DT,.CCH
DY.5SHW

84DT,CCM

10

IN PRORESS:
sCHECK STATUS

:IF ERROR GO INVESTIGATE
§CHFCK RLNCK FOUND

s IF ONE REQD, GO ACTION
$1GET TO BLOCK THIS WAY?
:(BPL TF TRAVEL BACKWARD)
$DROP PRINRITY

$HOW MANY TURNS?

$IF 6 CAN'T FIND RLOCK
1OTHERWISE MUST TURY AROUND
tASSUME TRAVEL NOW FWD
sCHECK DIRECTION

$IF FWD OMIT NEXT

:IF B4D, REVERSE EVERYTHING
tALLOW 2 BLKS FNR 2ND TURN
$SWITCH STATUS

JRESET DIR SW (C AIT REVERSES)
$CONTINUE SEARCH

PWATT NEXT RLACK



$3L0OCK FOUND = CHECK TRAVEL CARRECT:
600264 222727 aT.BFD: CHP #7,#2 $TRAVEL AS ORIGINALLY STORFND?
Apr@Ap
AR A
AGRZES DT RRN= . =4
20272 DT,BCKs,=2

did272 721343 BNE DT, TAl sIF NOT MUST TURN AGATIN
2rB274 (y5267 INCH DTLINT tRESET INT!'RUPT SW FOR TFR
Agrg1e
Apa3pn 112737 MAVYR #7,84DT,CCM tMOVE IN CORRECT FUNC
20020
177342
ApP322 AT FRA=s,=4
nee3gs Apn763 BR 0T,8xXT 320 % G0 SET UNDERWAY
; INTERPRUPT SERVICE (B) = TRANSFFR COMPLETE (?):
Adu3te Agr4arg DT.InT: BR o *2 sINTEQRUPT SWITCH Lena
278312 220723 BR DT.SIP $FOR SRCH CNMES HERE]
G2H314 142737 BICH BAG,BH177775 tDROP PRINRITY
AGARAL
177778
2np322 213746 Moy BEY RSAV,=(3P) PN TIANMBFER COMPLETE L4
ApReda
A6 4636 JSR RS,2(8P)+ s SAVE {SFR RFGISTFRS
A0W33F 216728 MOy DT RA :GET ODBR ADDR
177444
2040334 212721 MOy BENT,CCM,R1 1GET STATUS ADDR
177342
BWeyY3dn 712743 MOy #1d,R3 :SET MAGIC CONSTANT
Agtele
whgiad IgR711 TST Ay $ERRQR CAUSE INT'RUPT?
APPILR 1pPaf] B41 nT,TER tIF 82 50 % SEE wHY
209357 110311 Mava R3,eR! $OTHERWISE STOP TAPE ..
2PA352 216@727 OT . TxXT: MOV 14(Ry),PLC $eea, % TAKE COMPLETE RETN
A42e14
s SEARCH ERROR = DETFRMIME CALSE:
2pp356 Ap5737 OT.SER: TST 8#DT,TST t IN END ZONE?
17734¢
200362 198727 341 DT.TAL 1D, K, MEANS TURN ARDUAND
2ea364 142737 BICR #42,64177776 tDFOP PRIARITY
ARAgAE
177776
erQ372 A13746 MOV 84V, RSAV,=(SP) $SAVE ALL USER REGS,
Re2a4d4
2376 224536 JSR R5,8(3pP)+
20¢G4un 1277 MV #0T,TST,R1 $1GFT DECTAPE SyaTUS
17734¢
222404 M11146 DT EXT: =V ARy ,=(8P) tSET P TN TELL USER
PB4RE Q12746 M0V #DT,IRE,=(SP)
ae2494
aegatz 232721 BIT #147237, (R1) + feees ASSUMING HedW FATLURE
aLagag
200416 221475 BEQ DT.STP teess IF SEL 7R ILO
AQRA20 M12716 MV #NT  NRE,88P sDIAGNNSRE TAPE FAULT DIFF,
AGML4A2
dnpd24 716766 el kY NTMAM, 2(SP) fee. AS NOT RFADY
177364
AeAER2
2PPA4A32 112711 OT.STRP: HNVA #10,8R1 $STAP TAPE IN CASE
were1e

11



2PDA4A36 Ap2ARA4 Iav $GO TQ DIAG PRINT

gapd4r 14767 ST ,RXT: JSK PC,DT.PRL $ON RECAVERY, SET UP RETRY
1774%2@

ARG 444 113775 MOV a#y  RRES,RS ;PESTORE USER REGS
BpRide

22g45% 084515 J8R RS, 28RS

2n@452 Mpmpag RTI Jese % HOPE FOR BETTER THINGS!

$RLOCK MOT FQUND TN SEARCH:

202454 216746 DT ,BER: MOV DT.RCK,=(SP) sGIVE BLOCK NO, AS EVIDENCE
17761¢

ARZABH N12746 MY HDT LBRE,=(5%)
apl41e

200464 212791 MOy #NT.CCM,RY $GET CONTROL ADDRESS
177342

Qep4re Agn7eg BR DTL.STP

s TRANSFER ERRNR1:

420472 232741 OT,TER: BIT #34622,~(R1) tTARF FATLURE/OPERATOR FAULT?
A3ApAp
GRAATE Ag1342 EBNE DTLEXT ¢ IF S0 PRINT & WAIT RFCNVERY
BRASQF nr32721 BIT #1024%3, (P1)+ 1END ZONE/N,E, M7
1era7p
ARPRRA MNpLp27 BNE DTL.FER 1IF SO TREAT AS FATAL
sRECOVERABLE ERRQRS (TIMING OR PARITY):
ARUESPE 7pH3I2T7 ASL 49 tRETRIED 8«9 TIMES AL RDY?
Aerpee
20810 OT,RTC=, =2
nevsS12 193352 BCC DT.RXT $IF HOT TRY AGAIN 4.4
2nes14 285276¢ B1S H1AMAAE, 12(RAY NTHERWISE SIGNAL ERROR
15202
neAE12
4rus22 1190321 MOVB R3I,(R1)+ 1STOP TAPE IN CASE
ArnR24 N A1722 MOV 1(R1),R2 ToeasPUT CHK ALL KNRNS DONF]
aereat
QOpPRIN p171E BEQ DT, TXT sIF SN THAT'S IT|
200532 260328 ADD R3,R2 $GO TO wORD CNUNT IN DDB
420534 162672 38 (RA)+,R2 feve ’ USE TQ DETERMINE ,,,
APaR3I6 p0322 544A8 R2 Feese NO, OF BLOCKS DONE
ArEH40 131321 BITR R3, (RiY+ tCHECK PRESENT TRAVEL
d0Pp542 "p147] BEQ «td tADJUST NO, ACCORDINGLY
Z2ANS44 7p5492 NEG R?
402546 MEC267 ADD R2:,NT,BRA sMODIFY SEARCH START BLOCK
177514
200552 ZgBee7 CLR DT.RTC T20s & RETRY COUNT
177732
dCHB56 pd76R7 J3R PC,DT.PR2 160 SET UP NEW START
177346
aeyse2 2¢073¢ B2 DT RXT+4 Tesse % WAIT RESULTS!
sFATAL FRRORS = END ZONF NR NNN=EXISTENT MEMORY:
ArE564 M1i1pd4e DT, FER: May 6R¢,=(5P) sGIVE CALL AS EVINREMCE
WEEBRE M12746 My #NT.FRE,»(SP) $PRINT DIAGNQOSIS
¢1415
LPWR72 An717 B3 nT,.STP

12



tMISCELLANEQUSDFFINITINNS:

27244 V.R3AV=44
ApRG46 V,RRES=46
22217 DT ,DIP=122
17734e DT, TST=177342
177342 D0T,LCM=177342
177346 DT,CBA=177346
17735¢ 0T.CDT=177350
AGRr4A2 DT NEF=482
Ap7474 DT  IRE=474
AE1415 DT,FRF=21415
A%1416 DT RRF=1416
ApRpal »END

pazes? ERRCRS

nT gAQRZERG RT.RCK = 233272k nT RER APALBAR
DT.BFD 802641 DT.BRE = ©u1416 nT,BRG = 31A266R
DT.CBA = 177346 DT,CCM = 177342 nT.CPT = 177352
DT.DIR = z2lpipe DTLEXT 27274 24R nT,FER ARAS64R
DT.FRE =& p21415 NT.FRE = AA¢3IN2R NT,INT 27231 9R
DT.IRE = gdg4i4 DT NAM AURBLAR NT,NRE = 0AR4Q2
DT.PR] PAEN4dR DT ,PR2 ARGAT AR NT,RTC = A325172R
DT.RXT 2rEA42R PTLSER A0 3BER NT.SIF A723162R
DT.SSH = BPE221R NT.STP 212 432R NTL,SXT ARR256R
DT.TAC = gPp212R DT.TAL 292202R NT,TAR ZAA242R
DT.TER pred72R RT.TFR AARN4AR NT,TST = 177340
DT.TXT grp352R PC sLANQANT RY BUANRARA
R1 sEARAE1 rR2 =UAARBE2 R3 =YRAARP3
R4 sypApRga R5 =%27¢025 spP 2LARDAAG
V,RRES = ¢2p746 V,R8AY = 220044 . z WAQGS574R
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DRIVER FOR TM11/TUl0 MAGTAPE CONTROL

1.0 INTRODUCTION

The TM11/TUl0 Magtape driver provides the interface between
the DOS Monitor transfer routines and the TM1l Magtape control unit.
It supports the operation of both 7 and 9-track TUl0 Magtape units.
In addition to supporting DOS Monitor OPEN/CLOSE, READ/WRITE, and
TRAN processing, this driver provides several functions to enable
user control of special device features.

2.0 TAPE FORMAT

Although Magtape is not considered a file-structured device,
certain structure and label processing features have been imple-
mented to enable creation and retrieval of multiple files on a
Magtape.

2.1 Files

A file is a collection of sequential records bounded by end-
of-file (EOF) records or by the bottom-of-tape (BOT) marker and an
end-of-file record. In nonfile-structured TRAN processing, each
record of a file is 256 decimal words long except for the first
record, which is the file label and which is seven words* long.

2.2 Logical End-of-Tape

In order to accomplish label searching, it is necessary to
know when the last file of a tape has been passed. This is ac-
complished through the CLOSE request, which writes a logical end-
of-tape (EOT) marker, i.e., a null file (three end-of-file records
with no intervening data records).

A tape which has no files on it must be initialized by having
at least one end-of-file record written on it in order to be used

with OPEN/CLOSE processing.

*Six words for monitor release. V@g4a



The last file on a tape is the one which was last opened for
output. Any files which were on the tape following that file are
not recoverable. New files which are added to the tape write over
the old LEOT and write a new LEOT after the last record.

2.3 End-of-Tape Marker

Access is allowed beyond the end-of-tape (EOT) marker for all
operations except WRITE. Attempts to write beyond the EOT marker
are rejected and EOF/EOM status is set.

2.4 TFile Label Record

Each file created by OPEN processing has as its label (first
record) a 7-word record of the following form:

LABEL+@ FILE (WORD)

LABEL+2 NAME (WORD)

LABEL+4 EXTENSION (WORD)

LABEL+6 UIC (DEFAULT TO LOGIN UIC IF NOT SPECIFIED) (WORD)
LABEL+8 PROTECT CODE (DEFAULT TO 233) IF NOT SPECIFIED (BYTE)
LABEL+9 UNUSED (BYTE)

LABEL+1§ DATE CREATED (WORD)

LABEL+12 UNUSED (WORD)

This is also the form of the user's filename block.

2.5 7/9 Track Bit Storage Patterns

The following is a short description of the bit patterns stored
on magnetic tape by DEC's TM1l interface. The TM11l interfaces the
7 and 9-track TUlg drive to the PDP-11l.

Figure 1 depicts the results of a normal write on 7-track tape.
Bits 6, 7, 14 and 15 are dropped. The density may be 28¢, 556 or
8¢@ BPI. For this type of write operation, a "character" is six
bits of an 8-bit computer byte. The output from one computer word
(minus 4 bits) is stored in 2 characters.

Figure 2 illustrates the 7-track "CORE DUMP" mode of transfer.
This mode is written at 8¢@ BPI only and channels "DATA5" and DATA6"
are set to zero. The result is that 4 bits equal one character and
4 characters contain all the bits of one computer word (as shown).



/ , : : /
/ DATAL : Bit § Bit 8 | /
/ DATA2 : Bit 1 E Bit 9 ; [
\ DATA3 | Bit 2 : Bit 1¢ : \
\47 DATA4 : Bit 3 i Bit 11 : \ EOTION
\ DATA5 : Bit 4 : Bit 12 : \
\ DATA6 : Bit 5 : Bit 13 : AAJ
/ LAT%RAL PARI%Y CHANNEL: ]
/7 Figure 1 7-Track Magtape PDP-11 ]
Bit § = Least Significant Bits 6, 7, 14 & 15
Bit are dropped

6 Bits = 1 character
(i.e.: Bits @-5 or 8-13)

The above is a graphic representation of 7-track Magtape after

a normal write.

Density: 2@¢ BPI
556 BPI
80¢ BPI

¥
Bit 8 |Bit 12

Bit 9 IBit 13

DATAL ) Bit # ) Bit 4

DATA2 §Bit 1, Bit 5

DATA3 I Bit 2

] | i 7/
/ I Bit 4 -/
/ e e e
\ . :Bit 6! Bit 1¢ IBit 14: &
‘\ DATA4 | Bit 3 ! Bie 7| Bit 11 ;Bit 15 | \_ morION
\\ DATAS | # E, s, 8 | 8 \\
SRR Log ] \
} | LATERAL PARITY CHANNEL | I
In 1 1 1 : i ) /

Figure 2 7-Track Magtape PDP-11

Bit @ = Least 4 Bits = 1 Character
Significant {i.e.: Bits @g-3 or
Bit 4-7 or 8-11)

The above is a graphic representation of 7-track magtape after a
"CORE DUMP" transfer. DATA5 and DATA6 channels are set = @ for this
mode.

October 1972



For 9-track tape units, all 16 bits are transfered as shown in
Figure 3. One computer byte (8 bits) is equal to one "character"
and two characters contain one computer word. Recording density on
the 9-track units is 8¢g@ BPI only.

A record may be 2 to 3276710 words in length. The end of record
is marked as follows:

1. 9-track: 3 blank "characters",
CRC "character",
3 blank "characters",
LPC "character"

2. T7-track: 3 blank "characters"
LPC "character

Finally, an EOF for 9-track is a 238 plus an LPC of 23_, and

for 7-track an EOF is a 178 plus an LPC of 17

8
8"

CRC - Cyclical redundency check
LPC - Longitudinal parity check
EOF - End-of-file

. | ] [ /
/ DATAL | Bit § | Bit 8 | /
DATA2 ''mit1 | Bit 9 | /
\ DATA3 | Bit 2 | Bit mJ' \
\  oamas | Bit 3 | Bit 11| \
\ DATAS | Bit 4 : Bit 12 | \‘M
X DATA6 | Bit 5 : Bit 13 i \
[ DATA7? : Bit 6 'L Bit 14 | }
[ DATAS | Bit 7 I Bit 15 ! J
/ LATEI:QAL PARITY: CHANNEL JI /
/

/
Figure 3 9-Track Magtape PDP-11

Bit @ = Least 8 Bits = 1 Byte = 1 Character
Significant
Bit
The above is a graphic representation of 9-track magtape after
a write operation.
Density: 8@g@ BPI Only

October 1972



3.0 OPERATION

An QOPEN or CLOSE request causes the Magtape to be rewound.

3.1 Standard Monitor Functions

3.1.1 OPEN

In general, an OPEN performs the following:

a) The driver rewinds the Magtape;

b) the driver checks if the device is already open
and if so takes the user error exit;

¢} 1if the OPEN is for output processing, the driver
then checks that the write lock bit is off. If
the write lock bit is on, the driver issues an
action Monitor request to insert the file protect
ring before continuing;

d) the driver then reads the first record of
each file, comparing the filename, extension
and UIC of the label with a merged version of
the user filename block and any overriding
assignment until it finds a match or until
the logical end-of-tape is read.

If an error occurs while reading a file label, an action error
message is printed. If the operator elects to continue processing,
the label is read as though no error had occurred. When OPEN pro-

cessing has been successfully completed, the device is set open and
control returns to the user.

3.1.1.1 COPENI

This request requires that the file be found during file search.

If LEOT is encountered, the user error exit is taken.
3.1.1.2 OPENE
If the file is found, the driver skips to the end-of-file. 1If

the file is not found (i.e., LEOT read during file search), the file
label is written over the LEOT.



3.1.1.3 OPENO

If the file is not found, the file label is written over the
LEOT. If the file is found, an action diagnostic is issued. If
the operator removes the current tape and readies a new one, the
entire search procedure recurs. If the operator continues to
operate without replacing the tape, OPEN behaves as if the driver
just wrote the file label.

3.1.1.4 OPENC

Same as OPENE except that if file is found, does not skip to
the end-of-file.

3.1.1.5 OPENU
This request is not allowed.
3.1.2 CLOSE
If the last operation to the device was a WRITE, CLOSE writes
Izhe logical end-of-tape and rewinds the tape. If the last operation
a

s not a WRITE, CLOSE rewinds the tape. In either case, CLOSE
clears the OPEN status.

3.1.3 READ/WRITE

These requests are buffered through the Monitor and allow all
normal modes of character transmission (e.g., formatted ASCII, un-
formatted binary). EOF/EOM is flagged when an EOF record is read,
or during output when the EOT marker is sensed.

Unlike most other devices, Magtape flags parity errors on
WRITE operations.

3.1.4 BLOCK

This request is not allowed.



3.1.5 TRAN

This request allows sequential processing of records from 2
to 32767 words in length. On output all requested words are written.
On input the requested number of words is read or all words in a
record are read, whichever is less. Where the number of words re-
quested is less than the number of words in a record, an error is
flagged (see Section 3.2.2). Where the number of words requested is
greater than the number of words in a record, a residue word count is
returned. In the latter case, the Monitor may flag EOF/EOM; however,
this will be erroneous unless the residue word count equals the
requested word count (which case will occur only when an EOF is read).

If a record is short by an odd number of bytes, it is padded
with one null character and the word count is set to (NUM BYTES READ+1)/2
before short record checking is done. Thus, the user can determine

the size of a record only to the nearest rounded word.

3.2 Special Functions

These functions are provided for use in TRAN processing or out-
side the scope of OPEN/CLOSE processing. However, they are not re-

stricted to these areas and care must be exercised in their use.

3.2.1 Special Function Block

The Magtape driver requires a special function block to perform
the special function requests. The following is the calling sequence
for Magtape special functions and the special function block format:

MOV #SFBLK,- (SP) ;ADDR of special function block

MOV #LNKBLK, - (SP) ;ADDR of link block
EMT 12 ;Special function EMT
SFBLK: .BYTE Special function code
.BYTE Words to follow must be 3 or larger
.WORD Tape unit status (returned by driver)
.WORD User specified count or control information
.WORD Residue count (returned by driver)



3.2.2 OFFLINE (Rewind and Unload) - function Code 1

This request causes the Magtape to be rewound to the beginning-
of-tape (BOT) marker and SELECT REMOTE status to go off. If the
last command to the driver for this device was a WRITE, an EOF is
written before rewinding. Thus, this function could cause data to
be lost if it is issued before a CLOSE during READ/WRITE processing.

3.2.3 WRITE END-OF-FILE - function Code 2

This request writes an end-of-file record on Magtape. It may
cause ‘data to be lost as described under OFFLINE.

3.2.4 REWIND - function Code 3

The REWIND request performs the same function as OFFLINE except
that the SELECT REMOTE status does not go off.

3.2.5 SKIP RECORD(S) - function Code 4

Skips forward over the requested number of records (SFBLK+4)
until either the SKIP count is exhausted or until an EOF record
is encountered, in which case the EOF is spaced over and counted,
but the operation terminates and a residue count (SFBLK+6) is returned.

(if any).

3.2.6 BACKSPACE RECORD(S) - function Code 5

This request skips backwards over the requested number of rec-
ords until either the SKIP count is exhausted or until an EOF or
the BOT marker is encountered. If an EOF is encountered it is
spaced over and counted, but the operation terminates and a residue
count is returned (if any). If the BOT marker is encountered, it

is not skipped or counted, and a residue count is returned.

3.2.7 SET DENSITY AND PARITY - function Code 6

This request is ignored for 9-track tapes; it sets density and

parity as follows for 7-track tapes:



DENSITY (SFBLK+5) PARITY (SFBLK+4)

g = 2¢¢ BPI g = oDD
1 = 556 BPIL 1 = EVEN
2 = 8¢g BPI

3 = 8@¢ BPI Dump Mode

The default density and parity are 8¢¢ BPI Dump Mode, ODD. In
this mode, one byte from core is represented as two bytes on 7-track
Magtape. Changing from this default causes one byte from core to
be represented by one byte on tape with a loss of the two high
order bits (6-7) of the byte.

3.2.8 TAPE UNIT STATUS - function Code 7

This request returns the current status of the tape unit in
SFBLK+2 in the following form:

Bits Content

g -2 Last command was:

OFFLINE

READ

WRITE

WRITE EOF

REWIND

SKIP RECORD
BACKSPACE RECORD

aUld whhHY
| T 1

3 -6 Unused.

7 1 TAPE AFTER EOF (BEFORE EOF IF

LAST COMMAND WAS BACKSPACE)

8 1 = TAPE AT BOT MARKER
9 1 = TAPE AFTER EOT MARKER
19 1 = WRITE LOCK ON
11 PARITY:

g = ODD

1 = EVEN (DEFAULT = ODD)
12 g = 9 TRACK

1 = 7 TRACK
13 - 14 DENSITY:

@ = 299 BPI

1 = 556 BPI

2 = 8¢¢ BPI

3 = 8¢¢ BPI DUMP MODE
15 1 = LAST COMMAND CAUSED ERROR

Tape unit status is returned in SFBLK+2 for all special functions.

9



3.3 Error Processing

In most circumstances, the device driver attempts recovery from
error conditions by retrying the operation several times, and fail-
ing to complete the operation either returns to the user with the
error flag set or issues a fatal diagnostic,

3.3.1 Cyclical Redundancy/Parity Error

On input operations, the driver attempts to reread 15 times and

if error persists, returns control to the user with error flag set.
On output operations, the driver attempts to rewrite 15 times
with an extended record gap and if error persists issues an action

diagnostic before returning to the user with the error flag set.

On other operations, the condition is not relevant and is ig-

nored.

3.3.2 Record Length Error

On input the driver returns to the user with the error flag
(bit 15 of TRNBLK+6) set (see DOS Programmers Manual). The condition
is not possible on write operations.

If the number of words requested in an input TRAN is less than
the physical record size on magtape, bit 15 of the Function/Status
Word is turned on, the number of words requested are transferred,
and the driver returns normally. The remaining information in the
record’is "lost" in the sense that it can only be read by back-spacing
and re-TRANing with a larger request. The next TRAN will get the next
physical record.

Record length errors can be differentiated from other (e.g.,
parity) errors only by inspecting the hardware registers.

3.3.3 Bad Tape Error

This error is treated as described in Section 3.3.1.
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3.3.4 BUS Grant Late

Driver checks status word of device* to detect BUS Grant Late
errors and issues a fatal diagnostic.

3.3.5 Non-existent Memory

The driver issues a fatal diagnostic.

3.3.6 1Illegal Command

The driver issues a fatal diagnostic.

3.3.7 OFFLINE

Whenever the driver detects a device not-ready condition, it
issues an action diagnostic before processing the command.

3.3.8 WRITE LOCK
If the last command given is a WRITE or WRITE EOF and the
WRITE LOCK is on, the driver issues an action diagnostic before

processing the command.

3.4 Diagnostics Issued

AQQ2 DEVICE NOT READY OR FILE PROTECT RING NEEDED

(see 3.1.1, 3.3.7, 3.3.8).

AQ@6 - UNRECOVERABLE WRITE ERROR AFTER 15 RETRIES
(see 3.3.1).

Ag@7 - LABEL FOUND DURING OPENO (see 3.1.1.3).

A@l@ - UNRECOVERABLE READ ERROR AFTER 15 RETRIES DURING OPEN
(see 3.1.1)

F@l2 - NO USER ERROR RETURN SPECIFIED IN FILE NAME BLOCK
DURING OPEN.

F@32 - FATAL ERROR ON MAG TAPE (see 3.3, 3.3.4-3.3.6).

F@33 - BAD SPECIAL FUNCTION BLOCK FORMAT (see 3.2.1).

*Release V@P4A does not check status word but does 15 attempts
and gives fatal errcr.
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4.0 CHARACTER CONVERSIONS BY THE DEVICE DRIVER

It has been suggested that it would be desirable to have the
device driver convert data from ASCII to other coding schemes or
vice versa. Although this presents no great implementation problem,
there are two reasons why it is not being done:

l) The tables necessary to perform these conversions
would be large.

2) The user can maintain his own tables and do con-
versions more flexibly than the driver.

4.1 Prototype Conversion Routine

The following is an example of a conversion routine which a

user might use to do coding scheme conversions:

CONVERT FROM CODING SCHEME A TO CODING SCHEME B

i
i
CONVAB: MOV #RECADR,R1 ;ADDR OF BYTES IN SCHEME A

MOV  RECLEN,R2 ;NUMBER OF BYTES TO CONVERT

NEXT} CLR R ;GET BYTE IN SCHEME A

BISB @R1,Rf

ADD  #CONAB,R{ ;ADD ADDR OF A TO B TABLE

MOVB @R#, (R1)+ ; REPLACE SCHEME A BYTE WITH

; SCHEME B BYTE
DEC R2 ; DECREMENT BYTE COUNT
BNE  NEXT ;BRANCH IF NOT FINISHED
NOTE

Conversion table CONAB contains bytes in
coding scheme B ordered such that the
numeric value of A byte in coding scheme
A is the index into CONAB of the corre-
sponding byte in coding scheme B.
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5.0 PROCESSING NON-PDP-11 CREATED FILES

6.0 MAGTAPE DRIVER LISTING VJ@6A

PVMT

WM N R IN B (DN

MACED

2ArE2RN
Panzag
rAR?TY
naAPRRY
DA 223
PAP LAY
rAPPRE
"ARPTR
APFAY

1725232
172822
t72524
172528
172532
172812

1777748

1292272
ey
nRea0g
n1eere
7AAgPD
2RONPY
rAIQRRO
"AP4PQ
nfpe22g
~22179
"AP2Ag
2PeR2P
nargty
RAPODY
nAPerz
PABEAY
247149
Ao

ICOPYRIGHT 1=

DIGITAL FRUTPMENT CARF,,MAYNARD,MASS

This feature is not yet available.

VNP4dw1d 13«SEPR72 223122 PAGF 1

972

are

STATUS
CAMMAND

BYTF/RECORD CRUNTFR
CORF MEMORY APDRESS

DATA RUFFFR
RQEAR | INFS

; 1671,
]
SVERSTON M0t=  VPZRA,
}
H
JTFRF DYRRWN
JTITILF Dv,eT
GRLORL AT
JENRC
JTFNRE NYRR AN
«TITLE DV ,MT
JOLORL MT
ENDE
;
LOSFCT
RP=%7 $NDR PTR
Ri=%4 JLCMME PTR
RP2=%2 ;COMMD RFG
R3=z%3 PRP FUNC RLACK PTR
Raz2%4 : :
REz %5 J3CRATON
SP=2%6
Pr=%7
H
H
:
MTIS=17282¢2 TV
MYCei72522 PTVey
MTBRCZz172524 3TV
MTCMAS|72R26A 1TV
MTD=17283" 3TV
MTRN=172532 PTMY
r’
Pe=177776 $1PRCOCF

]

H

IMTS RITS
;
ILC=topaa~
ECF=47307
CRE=27Q07
PAE={CQRR
BLL=dpar
FrTe209e
RILEairQ2
BTE=40Q
Nxmvz20p
SFLR=t1AR
BCT=4r
CH7G=2Q2
SPNWhk=1Q
we|p =4
Ru8=e2
TURs
DFNRz147
PARR=Q

13
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LV,

E8
£9
€9
€1
€2
€3
€4
ES
€6
€7
€8
€9

11¢

MT

ogrgnr
pere?
vereld
garg4
peres
veree
veen?
ge2i

goi

gey?

2713

pri4a

AN
eer17
pe2e
gra
er2?

MACRD VNZ4e14 {3=SFEPa72 73127 DAGF

1noe0g
250270
rirpre
raapap
R LY.
T
_(,!(4.")1'!{2
LY
ARP016
parpoy

7100722

namgag
2A07 2
LI LD
ranzm3
2274
AR PASG
nanpas

raperg
177
2dg
220
367
247
272
374
37¢
364
200

27e
700
7e
277
er2

H
IMTE RIT
H

3

FRR={pAPA?
DEN362ACY
PrURE1ANA2

FAR=APQC

UNIT=3400-

ClLR=200
INTair@
AREXsAQ
CMMD=16
GCB=1

H

FMTRD BTYT

}

GAPSDN=iQR702C

H

JCOMMANDRS

]
Riul=@
REAN=Y
KRITE=2
FOFM=3
RuD=4
SKPR=zR
BSPR=F
H

?

H

14+

JTHIS IS THF REVIFE DRIVER FOR THF TMU1/TH|R
H

AT
MT 2

MT NAME

Z MT, NAMS

?
OPNFLGS

.JFPF DVRRWN

AP

LHORD 2
JRYTE 177
RAYTE 47
RYTE 27

.

«RYTE IMNTIeMT
BYTE 240
QRYTF a

JRYTE TRANS-YT
OYTE CLCSJ=MT
2RYTE SEErJaMT
+WRYTE 2

JTFNF DVRR WD
JRARER /Ty

JIFNDF  DVREA®
JRANSE  /MT g

pRUSY INDYCATPR
141l RENERAL STRLCTURF FXCEPY OP
PSPFCTAL STYRUCTURF = MAG TAPE
tRIJFFFR STZF = F12 RYTES
tINTFREUPT HANDIER
tPRTQ FPR TINTFRRLFT SFRVICE
PND OPEN FENTRY
s TRANSFFR ENTRY

3IFLPSFE FATRY

JSPFCTAL FUNCTION ENTRY

JRYTER 2:2,2.72,2,2,0%,7% 3SET RY CPEN ROLTINE,CLFARED BY
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DV, VT MACEC yOZd4wid (3-9FPL72 22102 PAGF 44

o3 pog
pr24 7o
er25 227
111 grek 377 LECMMD: BYTE =dswl,mt, =, =i, ,«t,=1, 31 RYTE FOR EACH DEVIC
727 377
pa3e 377
2231 377
gn32 377
2?33 77
734 377
27358 377
73R pArg
{12 ep3? 700 JRYTE A,2,2,%,¢,2,8,3 :FFEN/FAR FOR FACK CFVICF
pa4qn 722
peda 27¢
er42 gae
2743 PR
prad 222
245 222
Pr4k 7o
113 pra? 227 IMNTFANRD LRYTE 2
114 2052 nmp2a2272 INTRETY wNRPA 2 $ADNR FMR RFT FRCM TINT HANDLER
118 2252 g*2 TCMMD:  LBYTE @ sl ART CvMr SAVE LCCN FCR FRR REC
116 g253 #7¢ FRRSk: RYTF 2 38FT RY FRR RFCCVFRY IF NOT RECO
117 or%4 marvgre RETRY: «DRD 2 $RETRY CQUNT FOR FRROR RECCVERY
118 205A 177/76R1 TRYONT: %0RD .18, $INTTTAL RETRY COUNT
116 pren mpoprp [ ASTAT: ,WORE 2 $ADRR IN | CMMD VECTCR FOR INT HA
120 pREP? nangzap (CMA: JWORE 2
121 27Ff4 700272772 RRCt L ORE 2
122 3
123 2R66 P1AAZY INTITS MPy 12(R2),RY SGET UNTT NUM
naeeyz
124 @272 242704 BTC #174377,R? JCLR FXTRA RITS
174377
128 pn7Ff 210137 MOy RY oy 8AMTC(,
172502
126 giv2 rar3ny SWAR R
127 p124 26077 ADD Pr,RY
128 QI10PA nmR27AY AND HLCVMNe, ,RY $ADNRR IN L AST CMMP VEETNR
177720
129 r112 712874 MOV (fFY+,R4 $SAVE KFTIL RN ADRR
13¢ 2114 {7675 MY (SFY+,R5 1 SAVE CRIGTNAL PC
131 P116 713746 MNy 2428, = (SPY JSTMULATE INT CALL
177774
132 2122 717546 MY RE,= (8P
133 p124 n1374¢ MMy 88d44,=(SPY tSAVE RFGe
agnz 44
134 ?137 224534 J8/R RE,2(8P)+
138 2132 2qna46 MOy Rd,=({SP) sRESFT CAIL|TNG PC
136 2134 ~1r1A7 MAY RY,i ASTAT PSAVE FOR INT HANBLER
17772¢
137 147 pna7&7 J8R PC,CEANY pPHFCK TF LINTT READY
AAPRZ
138 p1d44 172874y TSTR (=1) $CHFCK TF NDFVYTCF INTTTALIZED
138 pidR 1GPGT4 HBL InITx JRRANCKF IF 18
14¢ p150 11275k MAYR #PEMR, 1201 $2FET NEFANLT REN=BEP,PAREPDD
faP14p

15



CV,»T MACRD VORdwid 13~SEP72 233102 PAGF 14

AROR1Q

144 2156 (a5 CIL.RR (=1) JrLFAR NON TNTT STATF

142 2167 720277 INITX® RTS pe

143 ’

144 p162 1250A7 STMEOM: (1L RR ERRSA sCLFAR FRROF SWITCH
177645

148 16K 12R7K7 TSTR INTENR $RRANCE IF INT RFT
177655

146 Q172 ra1gms BNE MTEXIT

147 @174 105760 TSTR -3(20) $RRANCR IF CALLFD FROM RUELEF
177775

148 p2¢n roa1gn2 RMNE MTEXTT

146 @2g2 762706 ARD #%2,5P $REMOYE Pr,PS AND FRFGS
naee2e

152 p2¢6 125¢A7 MTEXIT: CLRR INTENR
177635

154 p212 raei7e Jup 214 (R $COMPIETICON EXIT
7y 4

152 H

153 H

184 i

155 H

156 @21F 712EFR7 G013 MOV (SFY+, INTRET $®AVE IMT RFTURN ADDR
177626

167 @222 71,737 HNA Hoy CMA,Q4MTCMA
177634
172826

158 923n r167137 Mey RGC,8#4TRRC
177630
172824

159 @236 121127 cMpPR (F1Y,%¥WRITE (PHFCK TF TWIR TS A WRITE
paAnpaz

16 pr4e catany RNE Gez tRRANCE IF NQOT

161 9244 m32737 Griy RTT HuRL ,04MTS POHFCK TF WwRITE LOCK CN
fprgnd
172522

162 p252 701423 RFQ Gre $RRANCE TF MNOT

163 ¢254 7pd767 JSR PC,READYY s TSQUF ACTIMN MRE
nErel4

164 260 02277 /R 6oy 160 TFST TF LACK STILL ON

168 @262 PPA7R7 G022 JS8R Pr,READY sCHFCK TF DEVICF READY
fPrRA4g

166 @266 156137 RISR 17(F1Y,04%Tre1 $SFET REN ANP PAFR
rarele
172523

167 274 ¢52722 H1S MINT+GNR,R2 38FT INT FAR ANP GO BITS
rpeLay

168 @3er 112237 MAVR RS, AAMTC $TSSUF TNSTRUCTTICA
172522

{66 9304 713746 Gr32 MOy 8%d6,=(SPY tRFSTCRF REGS
nPRAs

172 @317 P24538 J8R RE,8(8PY4

174 2312 mamen? RTT $RETURN TM TNTERRLPY

172 ’

173 }

174 2314 P1R746 RFANYI: MOV MT M AN, - (8P tTSSUF ACTINN DTACG =
177474

16



CVerT

178
178

18¢
1814

182
183
184
185

188
187
188

{189
19¢

193
194
198
196

197
198

19¢
e
eny

222
ze3

2374

)
N

=
S

pAaAgAR

nd14
pdzn
7424
ga3nr

Pa3aA
2436

7n44?
P44hk
pasa

pase
PAaBT

246F
2472

MACED

n{27 48
nAPARD

f2Am S 4
SR SERTRr-]

32737
RO AR
17282¢
eA1767
r32737
a2y
172532
ISR RACE: ]
732737
2A0213
172522
PAL787
PACZRT

PAnIAT
70734
REREY
TP
SLILY
722679

MA47RT
1774FF
718787
2327 A
177454
7”2 1AER7
aneayn
177452
PAR3RT
177444
cLRRAZ
PUrELZ
742722
1777173
r3s7°2
”"“‘7(2‘?4
"A14nE
1127414
eapg?y
1427722
RATEAZ
rAP 41 4
n3z27%7
m322%9
172322
"RA1474
PlAVER
nanzie
7Ar216
?ANE38
112711
ra0enz

READY ¢

REANRYYX:
}

INTS:
SPEC.Is
cLest:e

?
H
TRANSY

TRANO?

TEANT
TRANY?

MOV
InT

RYT

AFQ
BT

anE
RTT

8FQ
RTS
JMP
B

JuB

J8%

NN

MAY

A8,
MOy
RTC

BIT

8FQ
HOYR

3B
qR

RTIT

3FyY
[ 1akY]

AR
MOYR

YORA=14 13=5FP«72 23177 PAGF 4

#4722 ,- (8P

HEE| R,A4MTS

RFEAD YA
HTABSNN, AEMTRA

RFAMYY

sNFVICE AMT RFADNY

tTEST IF PREVICE REARY

JRRANCE IF MOT

H#TURHRAS+SDUN, 8% TS

READ Y
PpC

INTE
SREr

crese

Br,TNTT

AI{R7Y,C¥A

17 (R2Y,RRE

REC
12(R2Y,R2
#177713,R2
#d,C2

TCAND
HEEAD, (R

47,82
TRAN D

HECT, 84478

TRANY
10 (RAY,1E(RD)

ST#rQv
#¥UuRTTFE, (RY)

17

$RETURN Tn CA!LFR

JTINTT CHECK DFVICF

1SFT RLFF ANDR

1SET WCRD COUNT

tCYT TC BYTF COUANT

1CLR ALL RUT READ AND APMDR FXT R
tPHECK INPUT/OLYRLT

tRRANCE TF AUTRLTY
$8FT |AST CMMPSFEEAL

$RET LF RFADR OMME

$FHFCK TF AT FOT

$RRANCF IF NOT
IRETURN WPRPE COUNT

TREJECT CMMR = FXTIT
JSFET LAST CMMR & WRYTF



BV, ¥T

cee

222
223

c2¢€
227

c28
29
e3¢

31

232
233

234
235

23¢
237

238
239
z4e

paz4
pRaR
ghe4
rEL"?
g514
2516
p524
2526
2532
2534
2536
gnd4?
g544
go46
gase
2654
2562
peed

e872

MACRC VlQ4w1d {3=SEP-72

ng27m2
PACQC4
PrRATAT
177812
7y37m2
172524
121127
naegny
210076
r32737
P420 20
172820
2314722
CLR7P2
177332
PAR2NZ
123¢74
713778
172826
105¢15
PAR2AZ
#1402
762772
1arane
732737
rALe7e
172520
2A1472
12E2R7
1772R3
LY
"ArP?LA
148767
177253
77214023
"E27AQ
tanaae
pYeaL2
2A0T726

@47k}
177252
71£723
nAPQRRR
111375
162725
raereey
1027R7
P22728
naArgr6
113764
1227A3
naren3
rare2y
121214
PERING
NROINE

TRANZ®

TRANG?

TRANZ

TRANA

TRANX?

TRANS

}
SPECS

" ADD

JS8R
Hny
CHPR
RBNE
RIT
RFQ
uay
ASR
BCC
Moy
C! RR
Ivc
BFQ
BTS
RTT
RFQ
TNCR
MOy
TSTR
BFQ
RTS
BR

JSR

MOV

MAYR
suB

v T
CVP

810
CMPR

BHI
ASL
ADD

23100 PAGE 14

4,82 1SET LF RRITE CwMMD

P, 10 IMNITIATE I/0

B#MTHRC,R?

(S1),#4RFAND 1COME FFRF AFTER TAT FRR CHK
TRANR sRRANCE IF NOT READ

4F(0F ,A4MT8 sTF ECOF, RET INIT CMNT IN RESIDUE
TRANG

BRC ,R2

RZ IPHFCK YF OND EYTFS SHORT REC

TEANS $RRANCH IF NOT

BAMTCVA,RR sPYT NLLL TN NEXT RUFF POS
(RS5)

RS sROUND P WPRP COUNT

L 46 tRRANCF IF NO RFSTICUE

#100p09,R?
HRLE,B4MTS
TEAN4
EGRSW
RZ2:16(RA)
ERRSW

TRANS

#i12P272,12¢R2)

TEANT
PC,INTT

2(RPI,R3

3 INSURE NFG WORP FCUNT

sCHFCK TF LFNGTF FREOP

$RRANCEF IF MOY

JRETURN RFSTINUE WCRD COUNTY

JRRANCF IF NO ERRCRS

$1SFT FRER a1y

1TAKE CONF FXTIT
PINTT CHECK DEVICF

tGET FLNC RLOCK ARDR

(R31,R5 $RET FUNC RYTF

#EPFST,R5

TRANS
#SPLST;RS

TRANS
43,1 (RY)

ARCRT
R®
PC,F5

JRRANCE ONT IF NCY
PSUPPCRTER FUMCTION

$PHFCK IF VALTD FUNC RLACK

$ARMRT YF NOT



CV.vT

244

242
242
244
z4¢
248
z47
z48
249
z5@e
251
252
253
254
255
256
257
258

2586
cée
26y

262

262

£64
z265

L
zé8

269
27e
71
272

paB 4

el
»
[e 8
2

PRED
rh64
RAGA
p670
p672
ph74
PR7A

a7pm
ere?
e7RA
e71i0
7714
n7 1R
2724
p726
@732

R73F
g74¢

2744
2752
#754

aTeR
oo~

2764
P65
2772
2774
2776

1ae?

MACRD

762775
230226
ZAPL1S

LELE I
"PRPERE

PATAL2
AAP 482
2374147
nYur47¢
CAREND
FANAS3
PAPE3RR

MO 3AR
fi2746
mA1433
paAnpMg

BRATA?
ARrCHe
19821
112737
rang Ay
1725822
rpeseR
PNATRY?
ANCEI4
LYY
pArgm2
rPREes12
11274
raegr4

"32737
rRAPpRAD
172829
cA1eRd
o702
NaPZ1A
TaryR7
177232
Pameg?

121127
fugeez
np4ny
L PLY
212712
ARt Rel o)
PIoRET
177042

H

1
SPF8T=1
SPLST=6
H
SPELT:

3
:
ARQRT:

!
OFFILING

RieNP ¢

RWNDC?

RWNAX e

-

FRFLK:

ECFCK1?

Yrgdeaid |3~3FPa??

AND

JHP

EY)
RR
RR
BR
RQ
)
BR

MMy
Moy
mr
J38R
C1.RR
MOVR
3R
J8R

18R

BR
MOVR

LTFNF
RR
JFANC
ATT

BME
MY
Y

ST

RTS

£VPR
KFQ
RTS
MY

MY

@220 PAGFE 14

4SPFCTwm,,RE

ags

OFFL IN
WFCF
RuND
kP
RERP
PARMEN
TLSTAT

R2,=(SP)
#1433,=(89)

Br,FOFCK
(R1)

XY ,08MTE
TLUSTAT
DrL,FENFCK
Pr,RWNNDC

TLUSTAT
#RKD, (RY)

DVRR W
RihPYX

#RCTHPLS,84MTS

RUWNPX
#16,R?

50
pr
(F1),#wRITE
FOFrK

PC

4F,R2

(SFY+,INTRET

19

fJRYPASS

1YER,

i60

[} [ -y
Tr PRPPFR §P FLNE

$TSSUF 8P FLNC RLOCK RAD ABORY
sWITH ANDR OF SP FULNE BLOCK

$WRTTF FQF YF NFCFSSARY

$SFT LAST CMMRICFFLINF

1YSRUF PTRARLFD RV

1HET STAYT AND EXIY

1T8QLF WRYTTF FOF TF NFCFSSARY
$TSSUF RIQARLFED RWD

$RFET STATIIS AND EXIY

$SET |LAST CMMP=RAP

REWTIND

378 IT REwQUNR

BRANCH

1 TSQUE RWP

$IF LAST MMD WAS WRITE
SRRANCH

$FLLSE RETURM

JRFET CMMD=WRITE ECF

J8FT TNT RET ADRR



CV,.¥T MACRE VPQ4eid {RaSFPe72 23102 PAGF 14

283 10opk rueiRy JHP Gry 1G0 EXECUTE
177232
84 ;
7B (P12 117711 WFQOF1: MOVR H4ELFM, (R1) JRET LAST CMMD
pAreR3
Z2BE (P16 PO47FR7 JSR PC,FOFCKY 160 EXFCUTE WRITE ECF
1777588
287 1r2? "QAr456 3R TUSTAT  pAT INT RFT, GET QTAT ANC EXIT
288 H
289 H
29 1724 30737 PARREN: RTT HOH7Q,A4MTS sIF O TRArPK TAPF
HANP 2P
17252¢
291 1m32 2ir1452 RFQ TUSTAT sRRANCE (TGMNORE NFW SETTINGS)
292 ym34 r1£375 MOy 4fR3),R5 1GFT NEW PEN/PAFR
anpemg
293 (m4m p42725 BTC “17/376,R% sC1ILR FXTRA RITS
17376
294 (044 1¢R2P5 ASRR RE& 1SET INTC FPROPER FPOSTTINN
298 (M4R 11FR75 RMRR RE
296 1750 1uFPNS RMRA RE
297 (P82 rnepng ROR Q&
298 1P54 ppeERs ROR RF
299 1756 PpEQNS RMR RE
30g 1762 11056y MNVR RE,12(RY) $SET NEW DEM/PAR
npegt1e
Ify (PR4 pprals RR TLETAT
3g2 H
I3 106F 110714 SKkPs MAYR ¥SKER, (R1Y $8FT LART CMMPz=SKF
raePrg
g4 1p72 ry2792 MOy HR L R2 PRET CMMD
nACEyy
308 127h vpr41d RR SkpPrSP 1N SFT CAUNT ANR EXEF
INE 1120 12711 BSP1e MAVR #RSPR, (RYH ISET LART CMMR=REP
AAre R
P77 1104 919702 MOy #12,,R2 $RET CMMD
oAPR12
aP8 1117 032737 RIT #20T+RWS,0#MTS TEST JTF AT BPY
AAeRAZ
17282¢
P9 (11F Pp1474 RFQ S¥PRSP 1RRANCE TF NOT
Jie 11e? °1R3AT Moy 4(R2)1,6(R3) sREJECT CMMPR RETLRN REC CRUNT
nprey4
nARpRE
311 1126 rapdlyg BR TUSTAT $3ET STATI'S AND FEXIT
312 1137 P1R3IA7 SKPBSP: MNVY 4(R3),RRC $SET RECCRD COUNT
Paeprd
{78724
313 113F PRRARY NFG REC
17R722
314 {142 PRA7RY J8R Pr,50 $G0 FXEFUTE CMMp
177952
A1E {14F 713743 MAy a¥MTRRC,6(RY) PSET RESINLE REC COUNT
172524
PareNe
16 11654 PAR4RY NFG 6(R3)Y
PECRRR

20



BV, MT

317
218

219
z2e
321
32z

154
158
56

1162
1164
1168
117¢
1172
1474

12e?
12¢4

1217

1214
121F

1226
123¢

1734

{24
1242

1246
1252
1954
1256

1262

T1ARINZ
rpeole
RS
rARP3IAZ
roe2ny
nL127722
172522
P3IP702
231¢a0
ra1AnD
PRP7AY
tgpeeg
P32702
DUZ AR
nE1dng
"H27 ™
fALene
P3o7ng
rurgd
14422
r52771
CRedrR
®32772
pAPQ 2R
np1ang
ne27 74
riApZRn
na27n2
177783
pee3rg
np5opmy
R R Ralx
npreng
A 41 4

"RA767
t7FE7¢
1R2ARY
177772
"4787
177446
PYRATRT
t774R2
PAa787
1774%¢

H
TLISTAT:

STATL:
STAT2:
STAT3:
STATA4:

3
H
?
C1 0SEs

s we we m

MALEC VRRAwid4 13-SEP=72 A3:17% PA

GF

MAVR 17 (R1),R2 $6ET PREN/PAR

MPVR (R1Y,RY 3GET LAST CMMD

SWAR R?

RIS R2,R14 $SFT BENM AND PAR

MOy ARMTS,R2

R1T #PRF4PAFSRLF,R2 3TEST STATLS FOR ERROR
RF () STATY 1RRANCE IF NOMNE

BTS Aaraea,Rre $SFT FRR RIT

BTT ®ECT,R2 JTEST IF FOT

BFQ STAT2 sRRANCE IF NOT

RTS #1270 ,R1 $1SFET FCT RIT

BYT #ROTHEWS,R2 s TERT 1F AT BROT

HFQ STATS3 JRRANCEK IF AQT

KTS #4072 ,RY 18FT RCT RITY

arT #FCF,R2 sTESTY IF FOF

RFQ STATY pRRANCE IF NOY

BTS 207,04 1SFT FCF RIT

RTL #177783,R2 $CLEAR ALl BUT WRL AND 79Ck BITS
SwWAR R?

RTS RZ,F1 $SET KRL AND 7,8 TRACK
MOV R1,2(R3Y $RETURN STATYS

AR ceMy SEXTT

J8R Pr,INTT sTNTT CHEPK ON REVICE

CLRR ={12(R1)

JE8R Pr.ECFCK
IS8R PC,FOFCK
JSR Pr,FOFCK

JIFRE DUREAD

$CLEAR CPFN

FLAE

1TF LAST £MMD WAS WRITE, WRITE 3

TS3IF 2 RSPS& TNSTFAR OF RwD IF NPLTPLTY
NR SKIP Tr FNR AF FTLF TF INPLT

CMPR (F1Y,#4RITE
RNE £108EY

MOy K10, ,R2

My 4=1,R3QC

21

3TF LAST rMeD WAS WRITE

$TSSLF 2 RSPS



VMY

57
ase
359
36¢
364
362
363
364
368
26€
367
368
369

37¢

374
372
373
374

7€

1310
1314

Y TYLY]
177424
PAP 167
176642

713746
*are 44
24536
?1E72Q
175416
ME7N
178822
PLAP2]
PAPRR2
"12775
172822
r42719
2xP12Q
m{3722
172522
12826A7
178468
7327722
187229
ra1474
717246
P12746
21432
fArEN4

1387A7
176446
rR1433
{aeeny
rpseRz
1567722
177434
1054ARK7
17430
PAPLART
176574

’
CLOSEfs

CLO8E2:
CLOSE3:

cemys

- ws wa we

INTHS

INTFI

i
INTL

MOVR
JSR
MoV
RR
RIT
BNE
MAYy
CLR
MRy
18R
FENNRC
JSR

Jmp

Moy

JaR
MOV

MOy
MOy
MOy
BYC
MOY
INCR
RIT
RFQ
MmNy
MOV
my
TSTR
RFQ
3P
CLR
RISR
NEGR

Jvp

MACRC VOQR4w14 {3=SEP72 23122 PAGF 14

#8SPR, (R1)
Pr.0C

w10, ,R2
CiLCRE?
HECF ,84MTS
CLCSREZ
HE 4 4R?

RRC

HEKFR, fﬁl’
Pr,LED

P FWADE

STMPEQOM

8udd,»(SP)

RE,2(SP)+
MT,RQ

LASTAT,RY
20K R3
#NTC,QS
%100, (R5)
e¥MTS,R2
INTENR
KTLFaNYXM,R2
INTY

RZp= (8P}
#1432,=(8P)

TCMMD

A2
INT2

TOMMD,R2
TeMMD

Gra

22

$THYS IS SOLELY FCR INT ERR CEK

1SKYP TP FOF UNLESS ALRFARY THER

JTSSUE RISARLED RWD

1SAVE KFGS

$GFT CCR ADRRR
PRET LCMMN VEPTCR ARDR

IGET SF FvC BLOCK ADDR

$ADDR CF FMMD RFG

sDNTRARLF PEVICE INTERRUPT

$GET STATUS QF PREVICE

ISET TAT FLAG

ICHFCK TLIEGAL €MMD, NONEXIST CO
JRRANCE TF NOT

INTSPLAY STATUS AND DIAGNARSE
JFATA|L FRROR=MAE TAPE

$ARMRT

JCHFCK TF TWI® wWAS & RETRY

1RPANCE IF NOT
$RRANCE TF WAS NOT RSP PF RETRY

SCET CwMp
1SET=NCY RSP

1GN TRY ARATN



LVt

416

42¢
424

422
423

424

425

426
427

428
42¢

43¢
a3y
432

433

1426

1432
1434

1440
1442

1524

1837
1532

{R3F
1542

1545

1560

1864
{86F

1672
1574
1876

MACREC VOZd4=14 {3-8EPa72

r32722 INT21
”34472
FA14R3
PURZAT
17FA4144
fQR173F
n32722
PRAAFRD
71354
1282R7
174377
"32718
fUPP74
Pe48e
n{a2 A6
?y274€
27412
nACGr4
237443
!
#32702 INT3:
niqang
rp14dp
120714
CTACRPR
Fv4424
12271414
PPRICR
na1421
*1F7R7
$7R334
176337
r3i2715
APrE1 2
r@E12n2
rH52718
PP R
1115A7 INTAR:
17R340
14272
el 2
1P 737
127777
172524
REn1e7
1765822
¢
732772 INT4:
247 pA7
TP AR
rRR737
172524
7221423
ty18mg
rarL67
17F4FRy

@127 PAGF 14

AT T 40G! +RTF 4 RF4PAF ,R2FITFST TF ERRCR THIS TIME
3FQ INT7 sRRANCE TF NOF

NG FTIRY

HLE INTR tRRANCE TF TO TRY AGAIN
RIT 4R3GI ,R2 1TF ERR=BIIE GRANT LATF
RME TATF 315 FATAL

IMCR ERRS W 1SET FRROF FLAG

ARTT w4, {REY) 3TF WRITF OR WENF, TISSUF ACTICN DTAG
BFQ Int7

MMy R2,r=(SP)

Ny #412,=(8P)

InT

RR INT7 $R0 TC SPFCTFYIC ROUTINE
RTT “PGL +RTE4+PAFCRF ,R2ICHFECK IF FRRCR

RFQ InT7 PRRANCER IF MOY

CMPR #48KPR, (R1)Y sRRANCPF IF SKTP CR RSP
RFQ ThT4

rMPR #RSPR, (R1Y

RFQ INTA

MOy TRYONT,,RETRY $8FT RETRY COUNY

RTT #12,(R5) 5TF CMMD TS WRITE

RNE INTE

BTS 418, (R5) $TRY WRTITF WITH LONG GAP
HNVRA (RS5), TCMMD P SAVE CMMP

MOYR #12,,R2 t3FY LF BSP

MOy Hel,84MTROC PrOUNT AF

IMp G2 s0 EXECUTE

RTT #ENFROT,R2 1TF FCF OR RQT

nag INTY t8KTP CR RSP 1S CONF
TST ARMTHRC t1F COLNT EXHAUSTED

Y] INT7 tTS DCANF

Mrya (R51,RP2 ;FLSE SFEY UP CMMD

Jup cre tCONTINUE SKIP PR BSP

23



MACRD vCRdwid {3=SEP72

CLRR
Tl RR

MOV

+FND

MACEL YPZA4w1d4 {3=SEPe72

CV.NT
434 1622 I1MRQAT7 INTT7:
176244
438 {FPR 1ARPA7
176242
436 (612 PLR727
17&232
437 ;
438 ;
439 paceay!
CV,MT
SYMROL TARLF
ARQORTY PPV AR
BOT = QR4
BSPE = @rarpe
CLOSE PC1264R
CMA PEAPEIR
CRE g p2apoe
CENF 3 pr14n
ECFCKY @%P77RR
ERR s (7nppn
co PrasRR
c0y PPN A4R
ILC 3 (rgeyn
INT = gAg1en
INTR g?13z272w
INTH zP{ARPR
INTA PAIREMR
LASTAY @riiPe”K
NTBRC = {7258Z4
MTD = (72K27
MTS s (72K2m
CFFLIN gua71ifr
FAR T grdee
FC zUQTRCQ7
REAP s grore
REALY! @reg314Rr
RWD 3 pranea
RWNE X PPATEAR
Re xYUpopegn
R3 sypeeal
SN = prpeID
Skp E2R176AR
gpP BAAPACP R
SPECT Zraca2R
§TAYY pe121mR
&€TATA gP124AR
TRAMNS RPPA374R
TRAN2 RPARRPR
TRANS 2PVALTR
TRYCNT PPAPSAR
LNIT = po3ape
wRL x prpecd
» AES, Q7po2e kil
PrIRYA ra

ERRFRS NETErTFRY
FREEF CCRE:»
)LPecnTenmT

18219, WORDS

2100 PAGF 14

TCMMD
RETRY

INTRET,PC

3172 PAGFE 14

ADEX s AvQeén
8RC NPEPE4R
8TE s A0gA0a
Cl 0SE3 Ari?ieR
CMMD = AP774{6&
CHR z Aep2en
FCF sz A42p00
ENFM = 26200273
FRRSH Arges3R
GNA APR222R
N2 APL262R
TNIT APLP6AR
INTENR Q22747R
TNTY HCPE3R7?R
[NT2 Ar1426R
TNTAR AP {836R
LCMMD ACR2P2ER
MTC 2 172822
MTEXIT “0P2CZ6R
MT  NAM  pP¢e 4R
QPNFI 6 RPP?16R
PARR = pegoynm
PrWR 3z p1Re2n
RFADY APPI2AR
RFTRY ANQrS4R
RYND Ar@726R
RIS z APAPQ2
R YA PR
R4 37024
SFLLR = 3zgian
SKPRSP 221132R
SPEC PPRRLI2R
SPFST = Azgeqt
STAT? Ar1222R
TrEMMD APE252R
TRAMY APPR74R
TRAN3Z ACERABR
TRANE ArQR3IZR
TR z NOZP2Y
WFNOF 2p{rP{2R

24

10, FAR RETRY TNRICATORS

360 TC SPFCYFIC ROLTINE

RGL s po4ean
RAP 20 1100R
rH70 =z gAap2e
rinsg 2ne370R
reMY 2r1314R
nEN : 260007
FNFrK gOR766R
FeT = gm2rap
GAPSDAE @ipeae
PR z 2eeo
ne3 PP@30A4dR
TNITX grg16”R
INTF Pe1370R
INTRFT pape5PR
INT3 Po1474R
INTY eriEAZR
MT PRACACRE
MTCMA 3 {72582A
MTRPM = $72532
NYM x prEoae
PAFE s gieoae
PARREN 2r1024R
PS 3 {7777¢
RFARYX RA235FR
RLF 2 g2oieae
RWNNC PPE74MR
R = engrae
R? TUROQRPAD
RR zUPOQPAR
STMEOM  QPAI62R
SKPR = geargs
SPECY 2P@364R
RPLST 2 2npP2@6
eTAT3 gm1234R
TRAND PnEASPR
TRANY CAPA7OR
TRANY PPEE72R
TRANT PPRAKAR
TUSTAT @m14160R
WRITE s gnmpea?



6.1 MAGTAPE DRIVER LISTING V@@@g4Aa

jCOPYRIGHT = DIGITAL ERUIPMENT CORP,,MAYNARD,MASS,
! 1971

s VERSTON :QOiw vagdaa
H
«TITLE MT
«GLOBL MT
ApRARAQ +CSECT
ARNEARP RA=YQ :DDR PTR
2pAEA1 Ri=¥%y $.CMMD PTR
NgepRe R23%2 s CMMD RFG
ARREAI RI=%3 18P FUNC BLOCK PTR
ARAGAL RAz¥%4 H
AeR@As R53%5 $ SCRATCH
AGAERE 3P=YE
AgepA7 PCsa%7
H
H

172520 4TS=172524 sTMIL STATUS
172522 MTC3172522 sTH11 COMMAND

172624 MTBRC=172524 pTMI1 BYTF/RECORD COUNTER
172526 HTCMA=172526 :TM11 CORE MEMORY ADDRESS

172539 MTD=172532 $TM11 DATA RBUFFFR

172532 MTRN=172532 §TMI4 READ LINESR
!

177776 P8=177776 1PROCESSOR 3TATUS

H
H
tMTS RITS

]
1erefe ILC=1RQRAA
24000¢ ENF=42600
A2027@ CRE=2720Q
ALAGAE PAESLP27Q
14270 RGL=a4700
Ap292¢ EQT=2707
Auiene RLE=12A2
ApR4AQ ITE=40Q
200200 NXM=22Q
AG7120 SELR=z100
Aprg4y B30T=249
AgRg2@ CH79=z22
2010 SDWN=10
2GPET4 WRL=4
20PQ22 RW3=2
Ay TUR=1
A@n14@ DENB=142
200010 PARB=1Q

’

sMTC RITS

'
1g0gM2 ERR=3172729
160@%g DENIEAQRQ

25



anpren
202002
2009223
2regng4
2002285
2ngras
eaenaaz
Jnpgaie
2peail
200212
ore213
anani 4

aeeN16
ezenL7
aegn2e
gaRa21
Jeem22
A0@m23
gegnz4
gegm25
200026
uee27
2ran3n
ggen3y
agan3a
aep233
geen34
orRa3s
AeuaA3e6
pogn37

31270
AR4aAG
203400
npN2ag
A 10@
Ap2p60
AEORL6

Aanegal

A 2008

2¢RpAR
AenEny
0002
AQepn3
A0CpA4
227605
120006

1pApop
177
@49
920
36¢
240
a0e
374
37¢@
364
4ad]
752149

paQ
pag
cae
pag
eda
200
2208
eap
377
377
377
377
377
azz
377
377
pee
ane

POWR={272QA
PAR=42@07
UNIT=23472
ClUR=27@
INT=100
ADEX=6Q
CMMD=1 6
508w

?

$MTRD BIT

3
GAPSDN=10482
?

1 COMMANDS

?

RWijeg
READ=Y
WRITE=2
EOFMe3
RWD=4
SKPR=z5§
RSPRszHK
'

H

'
sTHIS IS THE DEVICE DRIVER FOR THE TMi{/TU1®

?
MT s « WORD
#BYTE
+BYTE
«3YTE
«RYTE
«RYTE
«RYTE
«BYTE
«RYTE
«RYTE
«RYTE
MT NAM: _RADSP

]
OPNFLG: LBYTE

LCMMD:  L,BYTE

»3YTE

2

177

an

23
INTI=MT
249

]
TRANS=MT
CLOSI=MT
SPECJ=MT
a

/MT /7

JBUSY INDICATOR
tALL GENERAL STRUCTURE EXCEPT oOP
tSPECTAL STRUCTURE = MAG TAPE
$BUFFER SIZE = 512 RBYTES
P INTERRUPT HANDLER
$PRIO FOR INTERRUPT SERVICE
sND OPEN ENTRY
$TRANSFER ENTRY
tCLOSE ENTRY
1SPECIAL FUNCTINN ENTRY

2,0,2,8,0,¢,9,0 »SET BY OPEN ROUTINE,CLEARED RY

ml,mi,ml,m],=1,=i,n],=, 11 BYTE FOR EACH PREVIC

2,2,0,9,2,0,2,2 3DEN/PAR FOR EACH DEVICE

26



4peA4n
200741
ABGA42
ARA43
drpnga
ARAA4R
APRR4AR
porpndy
prpnse
Brons2
gaens3
2apposa
preNsA
Argaen
202262
2007264

AA2266
aagazz
@apen7e
ara1e2
aze1n4
206106
900112
are114
An01186

220122
ang124

are13e
peuv132
A¢134
@pa140
200144

PRl 46
20159

deeo1566
enoie6e
Ano162
pro166

06172
“RQ174

gpe2¢e

eag
gaa
eng
paR
672G
il
pAR
w2y
AANE A
w0g
pap
ApRgtp
177761
wldd 14
Penpoe
ApPEAG

A 6pay
Aprplez
n427 214
174377
A40137
172522
apr3Ag
A6A731
A62771
17772¢e
A126024
A12605
M13746
177776
AIPE46
#13746
ApRpa4
224536
17446
A1A167
177729
Ap4a7A7
ngf162
105711
192¢24
112761
ApRydg
Agnple
1¢5¢11
ApA2@7

105667
177665
128767
177655
221095
165760
177775
ap1eae

INTENRS
INTRET:
TOMMD e
ERRSW?
QETRY?
TRYCNTS
LASTAT:
CMA?

3RCe

INIT:

INITX:

:
SIMCoM:

2 BYTE
«NORD
«AYTE
+BYTE
« WORD
«WORD
« YORD
» WORD
«WORD

MOV
BIC
MOV
SWAR
ADD
ADD
MNV
MOV
May

May
MOV

JSR
Mav
MOV
J8R
T378

BPL
MOVE

CLRAR
RTS

CLRB
TSTR

BHE
TSTR

BNE

12¢(*Ra),R1
8174377,RY
Ri,88MTC

R1

PC,RY
#1.CMMD=, , R1
(SP)+.,R4
(SP)+,R5
8PS, =(SP)

RS;”(SP’
8444 ,=(SP)

RG,8(3P)+
R41'(SP)
R1,LASTAT
Pr,READY
(R1)

INITX
#DENB, 12(R1)

(R1)
PC
ERRSW
INTFNR

MTEXIY
=3(R2)

MTEXIT

27

JADDR FNR RET FROM INT HANDLER
$LLAST CMMD SAVE LOCN FOR ERR REC
$1SET BRY ERR RECOVERY IF NOT RECO
$RETRY COUNT FOR ERROR RECQVERY
tINITIAL RETRY COUNT

$ADDR IN LCMMD VECTOR FOR INT HA

JGET UNIT NUM

;CLR EXTRA BITS

$ADDR IN LAST CMMD VECTOR
tSAVE RETURN ADDR

$SAVE ORIGINAL PC
$SIMULATE INT CALL

$SAVE REGS

$RESET CALLING PC
1SAVE FOR INT HANDLER

$CHECK IF UNIT READY
$CHECK TIF DEVICE INITTALIZED

$BRANCH IF IS8
$SET DEFAULT DENe8B2,PAR=0ODND

$CLEAR ERROR SWITCH
$BRANCH IF INT RET

$BRANCH IF CALLED FROM QUEUE



Q292 M62706 ADD #20,8P t1REMOVE PC,PS AND REGS

PpRg2p
ena2¢6 1¢5¢67 MTEXIT: CLRB INTFNR
177635
200212 P17 JMP 014(RA) sCOMPLETION EXIT
A02n14
3
H
H
H
200216 212667 G013 HAV (SP)+, INTRET $SAVE INT RETURN ADDR
177626
PR0222 216737 GOA: “ny CHMA,0¥MTCMA
177634
172526
pAE230 316737 MOV BRC,02MTBRC
177630
172524
90238 121127 CMPB (R1),#WRITE ;CHECK IF THIS IS A WRITE
ApRpR2
ae@242 7Q1e27 BNE Gne $BRANCH IF NOT
2eR244 732737 601 BIT HWRL , 84MTS $CHECK IF WRITE LOCK ON
dprpaaq
17252p
20252 201443 BEQ GN2 1BRANCH IF NOT
Pp@E254 2p4767 J5R PC,READY! s ISSUE ACTION M3G
Ag2n34
Qu@26n 2pny 7y BR G0Ny 160 TEST IF LOCK STILL ON
200262 Mp4767 GN2: JSR PC,READY sCHECK IF DEVICE READY
Apagdp
200266 1556137 BISA 1A¢CR1),®2#MTC+1 3SET DEN AND PAR
npe2pio
172523
0274 7252722 BIS H#INT+GOR,R2 3SET INT ENB AND GO BITS
212y
gpalpm 110237 MNVB R2,@#MTL 1 ISSUE INSTRUCTION
172522
poR3n4 713746 GO3: MOV 24846,=(SP) tRESTORE REGS
202045
20Q31a Mpa536 JSR R5,0(SP)+
200312 2GNgn2 RTI tRETURN TO INTERRUPT
H
H
0eB314 216746 READYL: Mav MT NAM,=(SP) $ISSUE ACTION DYAG =
177474
A0320 R12746 MOy #402,=(SP) $DEVICE NOT READY
AENAN2
0ep3zd Aenpagd 107
aee3268 232737 READY: BIT #SELRy @e#¥MTS sTEST IF DEVICE READY
npri1ee
1725290 -
200334 701767 BEQ READY! $RRANCH IF NOT
200336 7232737 BIT HTUR+RWS+SDWN, 0#MTS
npRRi3
1725829
2pE344 221974 BANE READYX

28



200346 A32737 BIT. #5APSDN, #EMTRD

A10pap
172532

P2RAB354 AE1757 BEQ READY!

Anp356 apnzn7 READYX: RTS PC JRETURN TO CALLER

!

A0Q360 22R167 INTJI: JHYP INTH
ngR734

208364 np2i167 3PECJ: JHP SPEL
apR222

200377 27167 CLOSJ: JHP CLOSE
Apre70

? .

200374 Apd767 TRANS: JS3R PC,INIT . $INIT CHECK DEVICE
1774686

A0p400 716067 MNV 6(RA),CUA 1SET BUFF ADDR
ARREAB
177454

APQ4Q6 N18pE7 My 13(RA),RRC $SET WORD COUNT
neeele
177450

208414 226367 ASL BRC 1CVY TO BYTE COUNT
177444

Jepdar aA{6p02 MOy 12(RQ),R2
apngie

A0Q424 R4A2792 BIC #177713,R? sCLR ALL BUT READ AND ADDR EXT R
177713

Pugd3n n327m2 BIT ¥4,R2 $CHECK INPUT/OUTPUT
ApARA4

260434 201425 BER TRANQ $BRANCH IF OQUTPUT

ARR4a3R 112711 MNVR #READ, (R1) $SET LAST CMMDSREAD
@2ge2l

2A0442 162702 8§18 #2,R2 $1SET UP READ CMMD
Ap0002

AAQA4K AgD4L1 4 BR TRAND

appdse 932737 TRANQ: BIT #EQT,08MTS $CHECK IF AT EOT
Ap202G
17252¢

ANg4ass 2¢1404 REQ TRANY $BRANCH IF NOT

ARD467 AL6P6ER MOV 1A(RA) ,16(RA) sRETURN WORD COQUNT
agreie
nprALée

200466 PpRA635 TRAN7: BR STMCOM tREJECT CMMD =» EXIT

dr@4790 112711 TRAMI: MNVR #WRITE, (R1) $SET LAST CMMD S WRITE
Agopnz

dngdz74 262722 ADD #4,R2 PSET LUIP WRITE CMMD
ARApA4

27502 2p4767 TRAN2: JSR PC,G0 G0 INITIATE 1/0
177512

20p504 113702 MOV #4MTBRC,R?
172524

angsie 121127 cMPR (R1),%RFAD 3COME HERE AFTER INT ERR CHK
AeApat

222814 2giang BNE TRANG jBRANCH IF NOT READ

dnps16 732737 BTT RFEQOF , #4MTS $IF EOF, SET INIT CNT IN RESIDUE
4RpAg
172520

29



goes524
anp%e6

200532
re534
200536
¥P0s42
2pes544
200546
2pps50

200554
drose2
2r@564
2pe570
200574
2a0600
200692
anga1@
200612
pre616

peps22
gop624

bres3e
20p632

2A@B36
aep64e

oppARac
pepssn
20@652
200654

200660

PPB662
pepe64
PAGEEH

Ag1432
n16702
177332
np62a2
103024
813725
1725826
105215
ap5202
Api4a2
a527a2
1626206
A32737
201020
172529
ap1402
1p5267
177263
Aye28p
AQeR16
185767
177253
ap1433
A52762
1g0¢g2¢
ApR@12
APR726

dpa767
177250
2166923
nanpaz
111325
162705
l1d 1.3}
162767
n22725
700026
193764
122763
Aprp03
AperRt
121014
06305
nNER7 A5
n627025
A00GaAs
20115

AeeRl
2p0a0s

Apn412
AgA4S2
npnaL7

TRANG

TRAN3:

TRANA:

TRANX?

TRANS:
3
SPEC:

!

'
3PF38T=}
3PLS8T=6

'
SPECT?S

BEQ
MOV

ASR
BLC
Mav
CLRB
INC
BEQ
BIS
BIT
BEQ
INCB
MOV
TSTR
BEQ
BIS
BR
JSR
MOV

MOVB
SUB

BMI
CMP

BLO
CMPB

BHI
ASL
ADD
ADD

JMP

BR
BR

TRANG

BRC,R2

R2 $CHECK 1IF ODD BYTES SHQRT REC
TRAN3 $BRANCH IF NOT

8#MTCMA,RS $PUT NULL IN NEXT BUFF POS
(RS}

R2 $ROUND UP WORD COUNT

o +6 tBRANCH IF NOQ RESIDUE
41@g0Q0@,R2 $ INSURE NEG WORD COUNT
YRLF,P4MTS JCHECK IF LENGTH ERROR
TRANA $BRANCH IF NOT

ERRSW

R2,16(R9) JRETURN RESIDUE WORD COUNT
ERRSW 1BRANCH IF NQ ERRORS

TRANS

#1a000@,12(R2)

TRAN7
PC,INIT

2(RO)»R3

$SET ERR BIT

JTAKE DONE EXIT
PINIT CHECK DEVICE
JGET FUNC BLOCK ADDR

(R3),R5 $GET FUNC BYTE

#3PFST,RS

TRAMS
#3PLST,R5

TRANS
#3,1(R3)

ARQORT

RS

PC,R5
#SPECTw,,R5

ARy

OFFLIN
WEQF
RUWND

30

$BRANCH OUT IF NOT
1 SUPPORTED FUNCTION

$CHECK IF VALID FUNC BLOCK

$ABORT IF NOT

$GO TO PROPER 8P FUNC ROUTIVNE



apaa7@
Apg672
aen674
aenns76

00707
ARB7 02
gre7a8
pop7ie
aep714
anp716
anpr2a4
26P726
ARB732

ppa73e6
200740

arp744
qee7s2
2008754
ane760
A¢R764
2neB766
aeazz2
774
2np776
goi12p2

ae12a6

an1AL2
aBLnL6

ap1ag22

021924

ApRATE
ApR5Q2
AgEP453
agrs53g

ni17P346
212746
221433
neepad

nea767
ApPR52
1e5e11
112737
AgReng
172522
apRs18
ag4767
apre34
apd767
ApreAz
apngle
112711
1prEA4
A3273%7
agrpd2
172520
2pi1a0d
212792
Agrg216
RgA167
177232
AQP227

121127
npoga2
221491
npe2n7
712702
AaREAs
n12667
177042
npR167
177232

112714
naepR3
Apd767
177754
Apra56

n32737
ApCp20Q
172528

BR
BR
BR
BR

1
ABQRT: MOV

MoV

InT
!
QFFLINZ JSR
CLRB
MOVA

8R
RUNDE JSR
JSR

BR

RWNDCT  Mnyw

BIT
BNE
MOV
JuP
RYNDX: RTS
EOFCK:  CHPB
BEQ

RTS
EQFCKis MDY
MOV

JMpP

MNYR
JSR
BR

s
PARDENS BIT

SKP
BSP

PARDEN
TUSTAT

R3,=(8P)
#1433,=(SP)

PC,EQFCK
(R1)
£1,08M7C
TUSTAT
PC,EOFCK
PC,RWNDC

TUSTAT
#2WD, (R1)

H30T+RWS, e#4Ts

RWNDX
#16,R2

60
PC
(R1),#WRITE
ENFCK1

PC

#6,R2

(SP)+, INTRET

GO1

#EOFM, (R1)
PC,FOFCK1
TUSTAT

#CH79,04MTS

31

2‘.’E3,

$AT INT

3 ISSUE SP FUNC BRLNCK BAD ARORY
JWITH ADDR OF 8P FUNC BLOCK

JWRITE EQF IF NECESSARY

$1SET LAST CMMDsOFF INE

$ ISSUE DISABLED RWY

$GET STAT AND EXIT

$ISSUE WRITE EOF IF NECESSARY
tISSUE NISABLED RWD

1GET STATUS AND EXIT
1SET LAST CMMD=3RWD

$IS IT REWOUND

BRANCH

$ISSUE RWD

PIF LAST CMMD WAS WRITE
JBRANCH

JELSE RETURN

1SET CMMDsWRITE EOF
1SET INT RET ADDR

160 EXECUTE

PSET LAST CMMD
1G0 EXECUTE WRITE EOF

RET, GEY STAT AND EXIT

tIF 9 TRACK TAPE



PaLn32
201034

201340
201044
an1n46
201950
anyn52
201054
081056
getmen
831964
001066
201072

agiaze
271199

op1104
geri110

pa1116
any12p

omi126
ar1130
pRr1136
em1142
eR1146

2@1154

2n1169

anL164
0n1166
a@{170
a01172

ae1176

pai2e2
an1204

261452
216305
ngreadq
m42725
176376
106228
1e6p0s
106008
Apegasd
206005
ag6p25
117561
apraie
2pn4a35

112711
AQrpas
12722
nePpio
ApA414
112711
DEPABE
Ag27022
a@epie
32737
gprpa2
1725280
nG14074
M16363
ngepgna
aApRARae6
Agr414
A16367
ApApR2a
178726
AR5467
176722
Q4767
17750
ny13763
172524
RARQAS
np5463
Ap0@aA6

116102
fpee1e
111101
aga302
356201
213702
172529
n327922
23109@
An1422
52701
100628

?
3KP?

RSPt

SKPBSP

?
TUSTAT:

BEQ
MOV

BIC
A3RA
RARA
RORS
ROR
ROR
ROR
MOVB
BR
MOVR
MOV

BR
MOVB

MoV

BIT

BEQ
MOV

BR
MOy

JSR

MOV

NEG

MOVA

MOVA
SWAB
BIS
Mov

BIT

BEQ
BIS

TUSTAT JBRANCH (IGNORE NEW SETTINGS)
4(R3) RS 1GET NEW DEN/PAR
#176376,R5 JCLR EXTRA BITS

R5 $SET INTO PROPER POSITINN
RS

R5

RS

RS

R5

R5,18(R1) ySET NEW DEN/PAR

TUSTAT

#SKPR, (R1) JSET LAST CMMDsSKP

#3,,R2 JSET CMMD

SKPRSP 1G0 SET COUNT AND EXEC
#R38PR, (R1) $SET LAST CMMDsBSP
#10,,R2 $SET CMMD

#BOT+RWS,0#4TS TEST IF AT BOY

SKPRSP $BRANCH IF NOT

4(R3),6(R3) $REJECY CMMD RETURN REC COUNT
TUSTAT 1SET STATUS AND EXIT
4(R3),BRC $SET RECORD COUNT

BRC

PC,GO 160 EXECUTE CMMD

0#MTBRC,6(R3) $SET RESIDUE REC COUNT

6(R})

13(R1),R2 $GET DEN/PAR
(R1),R1 JGET 1LLAST CMMD

R2

R2,R1 JSET DEN AND PAR
#EMTS,R2

HCRE+PAE+RLF,22 3 TEST STATUS FOR ERROR

STATY 1BRANCH IF NONE
4100009.,R1 $SET ERR BIT

32



éeizia

Az Mma A
Vivige e

ani216
ap1222

he1226
#g123n

wri234

ge124n
apy242

Ar1246
2p1252
ARi254
4n1256

pui262

211264
271277
1274
on1300
4n1304
201317

ARL3t14

prL32e

éniiz4
an1326

ary332
A01336
2¢1342

QA1346

A3z2792
222029

Ams Amn
ML g

ns27914
ap1eag
n327022
Agnpde
31402
a527 24
aApe4AE
n327az2
N40GAR
701422
ns2741
0226
Na2702
177753
ApRA3A2
nEP2314
n1B163
ngaene
"prAle

ngd767
176576
ie5061
17777¢
4767
177466
ApA7E7
177462
apaz67
1774586
2p4767
i77424a
ApAI67
176642

213746
Ap0p44
Apdb3s
ALE72p
176446
216724
176522
b KoY Akt
AAAER2
AL2725
172522
2a2718
Ap212p

3TAT]:

STAT2:

STAT3:

3TAT4:

cNMIg

-~ wa

o T

NTHs

BIT

e,

oty

318
BIT

REQ
BIS

BIT

BEQ
BIS

BIC
SWAR
BIS
MAV

BR

J3R

g
x
X

JSR
J3R
JSR
JSR

JMP

MV

JRR
1Ny

M0V

Mayv

#EOT,R2

8TATZ
#1003,R1

HR0T+RWS,R2

STAT3
#400,R1

#FQF ,R2

STATA
4200,R{

#177753,R2
R?2

R2,R1
R1,2(R3)

CAMI

PC,INIT
=1B(R1)
PC,EOFCK
PC,EQFCK
PC,EQFCK
PC,RWNDC

STMCOM

8444,=(SP)

R5,0(8pP)+
MT,RA

LASTAT,R]I
2(RA),R3
BMTC,RB

#192,{R5)

33

PTEST IF EOT

$BRANCH IF NOT
$SET EQT BIT

ITEST IF AT B0OT

$BRANCH IF NOT
1SET BOT RIT

ITEST IF EOF

JBRANCH IF NOT
1SET EOF BIT

$CLEAR ALL BUT WRL AND 79CH BITS

3SET WRL AND 7,9 TRACK
JRETURN STATUS

JEXIT

$INIT CHECK ON DEVICE

tCLFAR NPEN FLAG

1IF LAST CMMD WAS WRITE,

$ISSUE DISABLED RWD

$18AVE REGS

$GET DDR ADDR

$GET LCMMD VECTOR ADCR

1GET 3P FNC BLOCK ADDR

$ADDR OF CMMD REG

b

nw

01

o

ABL

m

L2V

1

L

VICE

INTERRUPT

WRITE 3



#p1352
201356
an1362
an1366
prL37a
2n1372
4a1376
pe14nn
2nidp4
ae1406
epy41@
peLdy?
Bp141k

pai422

2¢1426

2p1432
1434

ar144n
a¢1442

dn1446
aridoe

201454
dn1460
an1462
2p1464

Api147@
9ny472

amn1474

ar1500
an15a2

én1596
ap1s10

an1514
geisLe

a13722
1725282
125267
176465
n32722
1gnzne
Anldang
n1P246
m12746
ap1432
neerpnd4

105767
176446
np1433
1gagayz
p5002
156702
176434
125487
176438
167
176574

a32702
n34400
AP1d463
Aps5267
176414
221636
32772
apdpnp
np135g
165267
176377
n32715
AGARAA
rpn1d450
n1R246
ni2746
ApraneE
APAGAL
Apn4d3

n3ayzag
A3CA70Q
ap144Q
122711
Agepas
Ap1424
122711
ARAeas
Ap1421
N16767
176334
176330

INTF:

!
INTL:

'
INT2:

!
INT3:

MOV
INCB
BIT
BEQ
MOV
MOy
197
T378
BEQ
BRL
CLR
BIsa
NEGR

JMP

BIT

BEQ
INC

BNE
BIT

BNE
INCR

BIT
BEQ
MOV
Mav

nT
BR

BI1Y

REQ
CMPR

BEQ
c1PR

BEQ
Mav

84MTS R2
INTENB
#TLCHNYXM,R2
INTH

R2,=(5P)
#1432,=(SP)

TCMMD
INT3
INT2

R2
TCMMD,R2
TCMMD

GNA

$GET STATUS OF DEVICE
$SET INT FLAG

JCHECK TLLEGAL CMMD,
$BRANCH IF NOT

NONEXIST CO

sDISPLAY STATIS AND DIAGNDSE

$tFATAL ERROR=MAG TAPE

JABORY

$CHECK IF THIS WAS A RETRY

3BRANCH IF NOY

$1BRANCH IF WAS NOT BSP OF RETRY

$GET CMMD

$SET=NOT BSP

G0 TRY AGAIN

4RGL+BTE4CRE+PAE,R23TEST IF ERROR THIS TIME

INT?7
RETRY

INTE
#RGl.,R2

INTF
ERRSW

#4,(RS) 3IF WRITE OR WENF,

INTZ7
R2,=(8P)
#A406,=(SP)

INT7

#RGL+BTE+PAR+NRE,R2CHECK IF ERROR

INT7
#3KPR, (R1)

INT4
#RSPR, (R1)

INT4
TRYCNT,RETRY

34

$BRANCH IF NOT

$1BRANCH IF TO TRY

AGAIN

31 IF ERRaBUS GRANYT LATE

118 FATAL

$JSEY FRROR FLAG

ISSUE ACTINN DTAG

360 TO SPECIFIC ROUTINE

$1BRANCH IF NOT

;BRANCH IF SKIP OR RSP

$SEY RETRY COUNT



Ap1Hgd

ar153¢0
an1s32

2015836
201542

201848

hn1554

ap1s60

Ar1564
dn1566

01572
2pi574
ur15746
peisa?
201606

2r18L2

a327158
Agee12
Aplon2
A82715
agap1g
111567
1763192
1127722
ApAQ12
AL2737
177777
172524
ApR167
1765@2

A32722
247140
A¢1p06
re8737
172524
ng14a3
111592
0167
176460

105067
176244
195067
176242
ALR727
176232

207631

INTH:

?
INTA4:

IMNT7s

BIT

BNE
BI8

MOVR

MOVA

JHP

BIT

BNE
T3T

BER
Mava
JHP
CLRR
CLRB

MY

#12, (R5)

INTE
#12, (R5)

(RS), TCMMD
#1@-'R2

E=1,84MTERC

602

#EOF¢BQT,R2

INT7
#2MTBRC

INT7

t1F CMMD IS WRITE

$TRY WRITE WITH LONG GAP
$SAVE CMMD
$SET UP BSP

sCOUNT OF

160 EXECUTE

1IF EOF OR BOT

18KIP NR B3P I8 DONF
$IF COUNT EXHAUSTED

118 DONE

(R5),R2 $1FLSE SET UP CMMD

Go2

TCMMD
RETRY

INTRET,PC

35

$CONTINUE SKIP OR ASP

$CLEAR RETRY INDICATORS

1G0 TO SPECIFIC ROUTINE



paanan

ABORT
BOT
BSPR
CLOSE
CMMD
CUR
EOF
EOFM
ERRSY
GOA
602
INIT
INTENB
INTJ
INT2
INT6
LCHMD
MTC
MTEXTT
MT . NAM
OPNFLG
PARB
POWR
READY
RETRY
RWND
RWS

R1

R4
SELR
SKPBSP
SPEC
SPFST
STAT2
TCMMD
TRANYX
TRAN3
TRANG
TUR
WEOF

ERRORS

pPAR7HAR
e QRRA40
pAE206
B21264R
ReEAL6
pag2e9
rdeapn
PPeARl3
eegas3r
AR222R
pPe262R
CORA66R
PAGA47R
CAR3I6AR
gn1426R
RAL53I6R
ZAPR26R
s 172522
POR2VI6R
poeR14R
APARLER
preaLn
gie2@a
@P@326R
OPBRS4R
ar@A726R
B PAGOQR2
=%030761
s%00p0:4
e pAGLEN
P71132R
pNARBL2R
2 GPROR1
¢n1222R
E7@M52R
prRS7 4R
PRES46R
228532R
s 20P2g1)
an1a12R
m PP1616R

ADEX
RRE
RTE
cLISJ
coMJ
PEN
FOFCK
FOT
GAPSDN
60R
603
INITX
INTF
INTRET
INT3
INT7
MT
MTCMA
MTRD
NXM
PAE
PARDEN
PS
READYX
RLE
RUWNDC
Ruli}

R2

RS
SIHCOM
SKPR
SPECS
SPLST
STAT3
TRAND
TRANY
TRAN4
TRAN7
TUSTAT
WRITE

2 290060
A%QMB4R
= 2734907
AAQg370R
BM1314R
= BRQAQN
A2A766R
32000
a1gaen
= 27gPp1
A3 Q4R
27@162R
AA13I70R
@MANSAR
@7A1474R
B71602R
AAQAAARG
172526
172532
azre2a0
aiorae
AN1M24R
s {77776
AA@3ISER
2 gainae
A2Q74AR
= AARPA0
=2%2Mp002
2%0%2005
292162R
= A7pAns
AA@364R
= PAQPA6
A71234R
ANQG45aR
a7Q470R
pAQS7@R
320466R
221169R
® 27p0Q2

36

.RGL

RSP
CH79
cMA
CRE
DENB
FOFCK1
ERR

(e]0]

c01
TLEe
INT
INTH
INTY
INT4
LASTAT
MTRRC
MTD
MTS
NFFLIN
PAR

PC
READ
READY!1
RWN
AWNDY
RP

R3
SDWN
skp

sP
SPECT
STATH
STATY
TRANS
TRAN2
TRANS
TRYCNT
UNTT
WRI

AN4002
a711@0R
= 90927
AARA62R
p2a2a9
272149
PA2776R
s {23000
27024 6R
AMQ3244R
179000
202100
201320R
AR 4@BR
BA1560R
AARASDR
172524
172539
1725202
AAATLIAR
x AN4900
=LaMAN@?
= gNQdal
AM@314R
= 9M0204
AAA764R
=%0020022
s%X390203
s 0Q910
BA1A66R
=X072Q906
A7@662R
paja21er
AA1246R
NAQ3I7 4R
2720822R
A7A610R
A70A56R
= 273490
= 290204
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LP1l1 LINE PRINTER DRIVER

The line printer driver provides the basic, device specific functions
for the PDP-11 Line Printer (LPll) or the Centronics 101A. The driver
accepts a block of any specified length (48-word standard) and feeds
it to the printer. The block may contain any number of lines (line
feed characters) or pages (form feed characters) to be printed in a

single call to the driver.

The line printer driver consists of two sections: the fixed
driver table and the driver code. The driver table gives the follow-

ing information:

° Line printer facilities:

Single user

Output only

ASCII only

Non-file structured

° Standard buffer size of 48 words
 } Entry points to the various line printer function routines.

The detailed description of the functions of the line printer
driver is given in the following flow chart. The following special

points should be noted:

1. Both the OPEN and CLOSE functions cause a skip to head of
fortt (a form feed is printed) on the printer.

2, The transfer (and interrupt) function(s) transfer as many
characters as possible to the line printer with the line
printer interrupt temporarily disabled. This transfer ter-
minates when one of two conditions is reached:

a. The line printer starts a physical operation
(because its buffer is full, or because a line
terminator character was transferred); or

b. The transfer count is exhausted.

3. Special character handling: NUL's, DEL's and VT's are deleted;
AUX-ON is transmitted as LF (for LPll) or as VT (for
Centronics); CR is transmitted (if necessary) before LF,

VT, or FF; TABs are transmitted as 1-8 SPACEs (depending
on current line position); all other characters are passed
without change.



4. Trailing SPACEs (and TABs) on a line are not printed.

The maximum characters per line is an assembly parameter, which
may be specified by statements:

LP11=80 or LP11=132

If not specified, LP11=80 by default. Furthermore, the Centronics

line printer version of this driver is produced by an assembly param-
eter, specified as:

CENT=132

If specified, CENT causes code unique to the Centronics printer
to be assembled and overrides any LPll parameter specification.

A flow chart and listings of the driver follow.

October 1972



Interrupt
Entry
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Status
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1 DEV NOT
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ans
N
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?

Save
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Interrupt
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A listing of the V007A driver for use under DOS Monitor
release V08-02 followss

CV,LP MAGCRC VOAQ4wid 13=3EPa72 23341 PAGF

{ 3 COPYRIGHT {672 NIAITAL FQUIPMEAT ~QORPARATICN
(4
3 JVERSTIONM NUMRER VEaA7A ,703
p
€ JTITLE NDy,LP
7 JIFNDF  CENT
g JIFNDF LB ‘
5 LP11=RE, IPEFAULT YO 82, rOLUMN LPwetd
1e LFANDC
11 LFNDC
12 IFNF Lett
13 #ar12¢ LP,SI173LP1Y tAUMBFR OF PRINT POSITINNG
14 7RPZ12 LP,SK2%12 ILF == TRANSLATION OF "SKIPwCHw2" (22)
15 JFNDC
16 . IFDF CENT
17 LP,SIZ=CENT $NUMBER NF PRINT PASTITIANS
{8 LP,SK2=13 VT == TRANSLATION OF PSKTP«=ChHe2® (22)
19 JENRC
22 JGLOBL LP
Z1 INRIVFR FNAR | P14 ANP CENTRONIFS 101
22 JCHANGE [ INFS LLP,NAM TO L P,8K2 FOR
23 INEVICE DFPFNNENY CHARACTERTSTICS
24 vcoear rareng P »WORD 2 tCURRENY PDR PTR
25 eoop? 322 «RYTE 322 sFACILITIFS IMDICATOR
26 o3 ad RYTE 2
27 rpred 273 RYTE 3 JNO. RLF LNTTS/RUFFER
ce JEALLCRS €6 BYTFS/TRAN)
z9 epepR 172 LRYTF LP.INTelP sINTERRLUPT FNTRY
32 ppe@h 20p JRYTE 2ee 3INT STATHS (PRT=24)
31 ppnay 7220 «RYTE P, ,0PNmi P 10PFN ENTRY
22 cpoi2 752 «RYTE LP+TRN &P }TRAN ENTRY
23 ppott 23 +RYTE LEFLS=l P $CLOSF ENTRY
34 ppe12 gae «BYTE @, $SPFCTIAI ,RPARF
PprtL3 g
35 ger1d4 P4FEPY |LP NAMS RANSP /L P/ $INDEVICE MNAMF
36 177514 LP,rSRE177514 1SR ADPR
az ag222¢ LP,TRP=207 3 TRAP VFC ARDR
28 IFOR LF1y, USE 12(LF)
9 $FOR CENTRONICS, LSE 13(VT)
42 ppris epegee LP,LINE ,WORD ¢ $# CHARS SENT FPR THIS LINE
41 ppe2r opr2?2 LP,RKS: ,WORD 2 JRLANK CCUNYER
42 ¢Qr2? npezag BYCTE: L WORD 2 $TRAN CHAR COUNT (COMPL)
43 peo24 rmarpry BUFADY LWORE ? JRUF PTIR
44 IREGISTFR DFFINTYTYICNS
45 fAPQPQ RPa%@
46 2Ap7"Y Ris%{
47 200272 R2s%2
48 AAr2?3 R3=%3
49 PprP24 RAx%4
£Q nnnp?E RE=XD
& PRr2”?6 SPa%6
£2 maeg?7 Prs%?
£E3 epr26 218 LP,FRM3 L RYTF 18,14 IfR,FF
pee27 214
£4 FOPEN AND CLNASE
ES ppele LP,CPN2IP,CLS



Cv,LP MACRC VCPdwt1d 13=SEP=72 23311 PAGF {4

£6 ¢pn3r PR4a767 JS8R PLsLP,STS FSIM OINT
AAC3IKY

E7 opr34 ra27%1 ADD %P, FRMm, R pR1zPC RY LP,STS
179772

8 p@r4an 0i01A7 MaY RY,RFAN $ADNR CF CRLFF
17770c¢

EQ Q@044 10267 MOV R2,RTCT pR2==2 RY LP,STS
177752

€2 .ppn5M Pardld BR LP,INT

€1

€2 }TRAN

€3 ppr52 LP,TRNY

€4 0p052 mP476A7 JSR PC,LP,STS ISIM TAT
rar 34z .

€% 0QP56 MIRTAQ Moy LFeRD $tDDR ADDR
1777146

€6 0pP62 716067 MOV 6(RE),BUFAD 1SAVE BUF ABDR
PAPER6
177734

€7 ¢QP70 PLARRT MOy 17(R2Y,RTET INDR WERD CPUNT
2a221¢
177724

€8 QQRP76F 7BF3IET ASL BTCY JCHANGE TM RYTES
17772¢

69 PINTERRLPT

70 petg2 LP.INTS ,

74 pRi1e2 742737 LP,.RI8t BIC 120, 8% P, CSR pRISARLF
pppyop
177514

72 o112 Pus737 TST a4 P,C3R JFRROR TERT
177514

73 g@tid 127533 BM1 LLP,FRR

74

78 $ND ERRCR,SO CONTINUE

76 0g116 P12246 MOy R2s»(SP)

77 ¢ei27 m1r )46 MOV Ri,=(SPY

78 pR122 P1AT746 MOY LPaLIN,=(SP)
177672

79 0g126 CQER7RY TSt 81T $rURRENT RYTE RFSICLE
17767¢

B2 Q132 201476 RFQ LPoPNF $PONE (N0 MORF)

81 @134 m1A722 MOy BLFAD,R2 $PURRENT RUF ADRR
1776F4

g2 rp140 LP,LOPY FPMATN LACP

83 0Q142 112274 MOVR (52Y+4,R1 PNEXT CHAR

84 0142 ma146h4 BEQ L PNP PSKTP IF NULL

€5 ppi144 LP,LPRY

£6 INOTEY THF NEXT FCLR INTRUCTIONS MAY RE DFLETFD,

€7 ' IF TRATILING SPACE SUPPRFSSTAN 18 ACT NEFCFL ==

£8 } TRATILTNG TARS WYLl STTLL RE SLFPRFSSER, FOWEVER,,,

89 P@144 127127 CMPR Ry, %d4p JRLANKS
2A024¢

Sa i85 ra1e?3 BNE *in

Sl 0RI52 PAR2R7 INC LP,RKS pJUSY INC BLAMK COLNY AND MOVE ¢
177642

62 PR156 PAMASE Ke LO,TRT

S3 pei6m 120127 cMPR Re,%13 VT



Cv,LP MACEN VOPdmid {3=SEPw72 23311 PAGF (4

2a0r¢13
G4 9164 221453 BREQ LPONP
€5 pQ16F 122127 CMPR RY, %27 grHANNEL 27
nAgLI2
S6 ¢R172 7@1272 BNF 6 _ N
S7 92174 112774 MOVR 4LP,SK2,Rt tYER, TRANSIATE
rArg12
68 pgopnm 127127 CHPR R, %177 sRUROLT?
ca2L77
69 pg2pe 721443 RFAQ LLP,NNP
12¢ 2226 12R77%7 TSTR a% F,CSR $CHFCK REVICE RFARY
177544
101 2212 177K BRPL LPo8TT ICUIT TIF MOT
102 JNEVICE CAN ACCFPT BNNTHER CHAR
123 }PROCFEN TQ CKHECK
174 2214 127127 CHMPR R, %11 $TAR?
2002114
105 @220 nay1527 RFQ LP,PTR  3VYES, G0 STMULATE IT
126 @222 123414E 810 LE.CLD $NOT A TERMINATCR ETTHER
107 p224 122127 CMPR Ri %1% $CR,FF,VT,LF?
anegeLE
1A8 223r 121212 BH] LP.oLe IND
106 @232 721477 3FQ LFFSC $sTRFAT CR SPECIALLY
{1e IGUARANTEF R RFFCRF TERMYNATARS
111 @234 LP,TRM}
t12 @234 res714% TST scp 12T BFCINNING OF [ INE?
113 @236 29422 BFQ LE RS8R IYES
114 pN0, FCRCF CR
118 g24n ryrR3ng nFC RZ
116 9242 ep=3A7 OFC BICTY
177554
147 9246 1492724 MAYR #18,R1
aneg1s
118 n252 LP,RSC: JRESET COUNTS
119 p252 pAREIA fLR agp JNEW | INE
12¢ 9254 792413 AR LF &SR
1214
122 @256k LP,CLOS ) sCMFCK LINE OVEFFLOW
123 @256 721627 cMmp acP ,4LP,SYZ
nRe Y20
124 @262 202014 RGE LR PNF PSKTP TF FLLL
128 ¢264 225216 I~C LA sFLSE COUNMT LTNF CHARS
126 ¢26F ?20R3A7 DFC LPL.RKS ICHFCK BLANK COUNT
177926
127 @272 197474 BT ILF,FSR 30 AFFAD 1F NO BLANK CGUNT
128 @274 112737 MAVR w42 ,34| P FSR+2 SOTHERWRTSF, PUT CLT A BLANK
rap24g
17751¢€
126 p3e¢? ree72e RR LE.LPR $ANP TRY AGAIN
i3eg
131 @3¢4 2akgF7 |LP,RSRs [ R LE,BKS pSHPK AP RLANKS WAITING FOR PRIN
177512
132 ‘ .
133 2317 119137 LP,TBFt MPyR R1,24 P CRR42 $RUTPLY CHAR
177581¢
134 p14 LP,NNE}
135 @314 7vEz2A7 LP,TRT: IMC RYCT $I'PNATE BIIF RFSICUE



nV,LP

136
137
138

139
14
143
142

143
144
145

146
147
i4d8

149

15¢
151
162

153

154
188
15€

157
158
1566

16p

1614
162
163
164
168
166
167
168

166

17¢
1714
172
173
174
178

176

23em
p3z2?
Q326

n337
233e

2334
2336
p342
7344
2346
7352
p356
p3sm
7364
g3’p

p372
2374

gdg?
e4e4
n4pa

pdtn
pat4
2416

gd20n
@420
gaz4
2426

2432
P436
pda4rn
paan

442

2448

MACRD VFPAwid

1775092
Pa{3Iny

128737
17765144
120214

?126A7
{774R2
r126714
7126722
f13746
agegad
7224536

A{RT AR
177426
rReL72
rargi4

7235372
PLOERT
177432
SRV LY]
1774734
?12604
P12622
252737
far1on
177514
LEETLY!

PIRTAB
177474
r12746
fR2422
ranpRda
mACE3Y

P1o6EMY
Py164F
LELTLY)
m14266
LELYLY.
P13712
FLPLY)
PIPLR7

"11646
P6E716
1773582
P527186
177770

RAE
TSTR
RPI

LP,DNF1
Any

MAY

MMy

MOV

JSR

MOy

JuP
H

LP,STT
LP,STIt

REC
MOV

MY

MOy
MOy
BYS

» RTI
LP,ERRY
MOy

MOV
mnT

BR
H

FINTERRUPT SIMUL

LP,STSs MV
MMV
CIR
MOy

MOy

MOV
)
STAR SIMUILATRR
LP,PTR}
MOV
APD

BtS

13=3EPw72 #3311 PAGF 1+

LP,LOF
84 F,CSR

LP8TI

(SPY4, P, IN
(SPY+,R!
{8P)+,R2
NG ,38V,=18P)
RE, 8 (8P4
LFsR2
ai4¢RM)

R
(SPY+, P, IN
R2RIFAD
(8PY+,R!

(8PY4,R2 R
#127,84 P, C2R

LP . MAM, = (8P)

WA22 , = (SP)

LP.PIS

ATCR
(SPY+,R1
(SPY, = (SPY
R?
=(R2),2(5P)

84| P, TRP+2, fR?)

Ri,PC

e3P ,=(5P)
LP,RKS, 08P

#177770,88P

sMORE?

sNONE FOR NQOW
tREV RLSY?
sYES

N, 8C NM O INTERRUPTY
PRESTCRF TEMPCRARTES

3} SAVE RFGQ
tNDR FIR
pNDR CCMPIEYE » EYIY

$%ET TC RFSCAN RYTE
JQAVE CNUMNTR FOF YNTERRUPT

JRESTORF REGS

$ALLOW YNTERRLPY
JRETURN TN [iSFR
tERROR NN BFVTCF

t8HAW PFYr NAMF

$RIVE 1«2 ERR CrCE

$TRY ACAIN

1RTN PC

1oL n PC

$ADPRFSS S (=2)
POl STATLS

sNEw STATHS

JRETURA

1CURRENT L INE PCSITION
JHACCUMULATED BLAKNKS

JMOR (X, R) w8



CV,P MACRD Y0Z24wild4 {3=SEPa72 23111 PAGF 14

177 2452 1A2EA7 SUR "7 7 (SPY+,LP,RKS $ADD 1 TO 8 BLANKS
177342 : ‘

178 @456 20716 AR LF,TRT IMOVE €N

179

18g 177776 S,STAT=17777¢ 3PS ARCR

1814 rarzdd S,RSVe44 $ADPR CF REGSAVE ROUYINF

182 fpaneap! JEND LP

CV,LP MACKRC VOU4=14 13=SEP=72 222311 PAGF {4
SYMBOL TARLF

BYCY 2rPEPZ2R AUFAR APCP24R LP ereeAPRe
LP,FKS grar2aer LP,CLPM QPQ2256R LP,CLS gopP3CR
LP,CSRs (77614 Le,NIS 2021228 | P,ANF  20@33PR
LP.ENP @P2314R lLP,FRR @P24¢4R LP,FRVM Q2POP2&R
LPLINT p23d122% LP,LIN @P2Pr16R LP,LOP a0p147R
LP,LPR @27144R LPNAM 2000 14R LP,MPN  2P@M3PR
LP,ETR 07i)447R LP.RSR 72223n4R LP,RSC CCAPS52R
LP,817z grai2n I.P,SK2s P2 LP,S8TY @m@356R
LP,8TS Qruls6”R .LP,STS 2npgd2mR LP,TRF g0231PR
LP,TRM  pnao34R LP,TRN 3PP?52R LP,TRF= png200
LP,TRT 2ma314Rr LPLY 3 g7@120 T sygonrp?
RO s%pPRrAn R YA R2 ®Y00Q0A2
R3 a%gugred R4 sy000P24 RS sUROQRPQR
§P BURPAPOA S.RSV ® arQe4ad §,STAT= (77776
s ARS, @7ngan oo

' grA467 24

ERRCRS NETErTFD: @
FREF CCRFt {9357, WORDS
yLP2DT L P



A listing of the VOOIlA driver for use under DOS Mouitor
reiease VO4A follows:

200%g2
papna2
aPPAA3
enanad

Apu2as
#0706
apean7
7217
aeanin
araay2
2eRa13
aean14

200016
agea17
4egA2¢
gren2?
Anpn2d
anaage
A6@73¢

pApA34

22PM42
prR746

waans4
QnansA
apen62
00”66

Apr12¢

ApAEAR
222071
ApTRA2
20023
200024
1¢0e25
BPAENG
A00E77

NP2y
322
AL
23

11e
23@
w3n
©¥956
A3p
el
p2e
4667

r14
2aAg
AGAEAL
AgAEIQ
ABAEIR
A00gAG

Apd4567
2002340
212767
apeenl
177750
ALA767
177756
262767
17775¢
177752
ApA4Ls

A167730
177716
npd4s67
ARAIA6
216067
relens
17773@

$COPYRIGHT 1971,
$VERSTON »NUMBFR?

! LINE PRINTER DRIVFR (LP)
PRSIZE=84,

JTITLE P
«5LOBL  LP

R?s%Q

Ri=%1

RZ2s%2

R3s%3

‘Rd=%4

R53%5

SP=%6

PC=%7

H PRFAMBLE (FIXEN)

LPs » H0RD 2
.RYTE LP,RP
«BYTE a
«AYTE 3
«AYTE LP INTwi P
«3YTE 27
«RYTE LP,NPN=P
«3YTE LP.TFR=LP
«BYTE LP,CLS=IP
«3YTE o]
«BYTE ]

LP.NAM: ,RADSHA 1L p°

3 AI8C, STQORES:

lLLP.FRM: BYTE 14,2

LPLIMN: L«0RD %]

BTCT: «HORD 2

BUFADt L,4Y0ORD ]

LP, TAR: LWORD a

3 OPEM & CLOSE RDUTINES:

LP,OPM: JSR R5,LP,.S8TS
Moy #1,BTCT
MoV PC,BUFAD
ADD HLP FRM=, ,BUFAD
BR LPJINT

t+ TRAMSFER ROUTINE:

LP,TFR: MV LP,R%
J8R RS,1.P.8STS
MOV 6(RA)+BUFAD

VRR1A

PIGITAL EQUISMFNT CORP,,

W WS W W W WA W B we

e

L Y

-

MAYNARD, MASS,

t N'IMARER OF COLUMNS FOR THIS PRINTER

CURRENT DCB OR 3
FACTLITIES INDICATOR

$TD, BUF, / 16
8% CHAR, 4AY,

INTERRUPT ANDRESS

STATUS (PRINRTTY 4)

OPEN ENTRY

TRANSFER (QUT)

CLOSE

SPECTAL

SPARE

USED FOR OPEN & CLOSE

INTERNMAL COUNT
BUFFER PQINTER
TABULATION COUNT
SIMULATE INTERRUPT

SET FOR FF PRINT

FROM HEADER

PICK UP DNB
RUN AT LP STATUS

SAVE BUFFER ANDRESS



APRA74 A16p74 MOy 11(RpR) , R4 t PRESERVE DDR d,C,

202210

200197 206374 ASL R4 1 CHARACTER COUNT

272102 25474 NEG R4 s MAKE POSITIVE

2091924 {0467 MY R4,RTCT
177712

A0E11® 742737 LP,INT: BIC #197,081P,C3R 3 DTSABLE INTERRUPT
ApPLAQ
177514

2009116 25737 TST o4 P,CSR s CHECK FOR ERROR
177514

2PR122 1£9516 BMI LP,ERR : YES

Ano124 710146 LY R1,=(3P) $OUTCK SAVE

2P2126 710246 MV R2,=(3P) 3 RERS,

209130 16771 MoV BTCT, Ry 3 GET CURRENT BYTE COUNT
177666

0ep134 201474 BEG LP.DNE ; NO MORE

208136 716702 MOV BUFADsR2 + GET CURRENT BUF LNC,
177662

200142 125737 LP.LOP: TSTB 04#LP,CSR 1 IS PRINTER GOING
177514

200146 102055 BPL Le,ST1 :  YES

206159 121227 C1P9 (R2),#11 : TAB ?
p2e11

200154 721523 BEQ LP.PTR

200156 121227 CHPB (R2),#15 3 CARRIAGE RETURN ,,..
215

PRE162 AG1416 BEQ L®,RSC ! see RESET COUNTS

200164 105712 TSTR 022 t IGNORE NULL 44

209166 21537 BEQ LP,DNP

200179 121227 CHPB #R2,#13 ; VERTICAL TAS ,.,
Ag7213

200174 #1534 BEQ L2, PNP

20u176 121227 C4P8 82,4177 ! e.. 8 RUBOUT
190177

ARG282 Ap153) REQ LP,DNP

202224 121227 CHPA eR2,#12 s IF LINE TERMINATOR ,,,
22312

200210 201473 BEQ LP,RSC

2¢9212 121227 CHMPA eR2, 814
ApPz14

200216 212727 BNE LP.CLO

B0p22¢ 112747 LP,RSC: MOV #9,,LP,TAR } wes RESET CNUNTS
g1l
177629

2PA22F 712767 oYY #PRSIZE+1,LP, 1IN
Apry21
177564

grg234 Apr4an3 B LP, TBF Tess % OMIT NEXT

2r9236 2¢5767 LP,CLO: TST L2, LIN t OTHERWISE CHECK LINE OFLOD
177556

BrE242 ¢1511 8EQ LP,DNP 1 IGNORE CHAR IF FULL

10



#208244 112237 LLP,TBF: H0OV3 (R2)+,84LP,3LF ; PRINT CHAR

177516

PRE252 298367 DEC LP.LIN 5 COUNT CHARS, NESPATCHED
177544

2Rp254 15367 DEC LP,TaB t UPDATF TAR COUNT
177546

200260 201893 BHE LP TRT :

39262 212767 MOV ES,,LP,TAP 3 RESET TAB COUNT
ARARLQ
177536 .

2p@272 #¢5341 LP,TRT: DEC R1 1 UPDATE COQUNT

209272 281323 BNE LP,LOP 3 MORF

200274 125737 TSTR 8% P CSR $ PRINTER GNING
177514 ’

200392 1er412 BMI LP,DNE 1 NO, 80 NO INTERRUPT

2ra3g2 012167 LP.STI: MOV R1,BTCT 3 SET UP FOR NEXT TIME
177514

209326 *17267 MOV R2,RBUFAD
177512

a4ep3i2 #52737 LP,TwC: BIS #lo@, 84 P, CSR s EMABLE INTERRLUPT
QA1 Ap
177514

221320 2126742 MOV {SP)+,R2 + RESTORE REGS

420322 212671 MOV (SPY+,R1

ACE3I24 Agnpn2 RT1 1 THRNAUGH INTERRUPT

200326 212642 LP,DNFi MOV (SPY+,R? ? RESTORE REGS

222332 2112621 MaV (SP)+,R1

200332 13767 MaY a4l P _SAV, +12 $ SAVE ALL REGS
102444
AgRrBnN2

200342 244537 JSR RS,640
AQRRCB

220344 225037 CLR a#LP,C8R 3 DISABLE INTERRUPT
177514

PeB3sn 2167%2¢ LP,IGN: MYV LP,RA
177424

920354 20170 JHp 214(R2) t COMPLETION RETURN
Aprg14 .

200362 N16746 LP,ERF: MOV LP NAM, =(SP) ¢ OM ERROR SHOW NAME
17743¢

PPA3I64 A12746 40V #422,=(SP) 1 1=2 ERR MSG
REALR2

200377 0¢2a24 19T

272372 Nar646 AR LP,INT

11



aeu3za
2376

A0p492
220410

2pEd412
220414

aradaz
20p424
@re4a3n
A0a432
agea4qn

nnQ444
200446

ANpas2
parR4s6
20046m

ACRAGR
gredrn

211674
216623
2ERER2
713766
177776
Apepa
212316
h17446
213737
npe2ae
177776
apreas
Ae5767
177376
M¢1413
112737
nengag
177516
AgH767
177354
agl4ate
p5367
177346
Ap5367
17735¢ .
a¢1231
112767
Ag¢1e
177340
Apb2a2
ApRez7
177514
177516
ape32e
ApPRAd
177776
npRg0g
AGEPR3Y
aApapny

gReABN ERRQORS

BTCT
LP.BP
LP.CLS
LP.DNP
LP.FRM
LP.LIN
LP.NAM
LP.RSC
LP.STS
LP.TRF
LP,TwWC
R®

R3

SP

preA22
= gPe322
s L7223
E2¢466
gogaLe
gegrgn
gRpaid
grp22¢
prE3za
p?e244
err3i2
8222287
LA Ad A" ]
BUB2CARE

7 SUBROUTIWNE FOR INTERRUPT SIMULATICNG:

LP,3T8: MOV (SP),R4 } STMULATE INTERRURT
MV 2(5P),R3
MY 248 8TAT,2(SP)Y 3 FROM JSR PC,XXXX
MOy R3, (5P)
MOy RA,=(3P)
#Hay QAL P, STV,0#5,3TAT 3 RUN UNDER LP STATUS
RTS R5
LP,PTB: T87 LP,TAB s AT NEW TAB ALREADY?
BEQ LPLEVN
LP,MTR: MOVYR HAC, 0¥ P,BUF ¢ SPACE FOR TABS
TST LPL.LINM 't LINE OVERFLOW
BEG LP,DHP t YES, IGNORE REST
DEC LP.LIN 7 INCLUDE IN LINE COUNT
DEC LP,TAR 3 DONE ?
BMNE LP,LOP
LP,EVNE MOV #8,,LP,TAR s RESET
LP.DNP: INC R2
BR LP,TRT
LP,CSR=2177514
LP.BUF=177516
LP.AP=322
LP.SavVEd4
8.8TAT=177776
LP,3TY=282
LPLCLSaLP,OPN
sEND
R BLFAD AAPR24R IL.P AAAAAARG
LP.BUF & {77516 LP,CLO A2G236R
R LP.,CSR = 177514 LLP.DME QA@326R
R LLP.ERR 48362R ILP.EVN B78463R
R LPL.IGN 222 3602R LP,INT A28119R
R LP.LOP @72142R ILP,MTB A%0432R
] LLP.OPN AMBAIAR LF,PTB AAN424R
R LP.SAV 3 @22¢@44 LP.STI 270302R
R LP.STV = 274p202 LP,TAB 2AMQA26R
R LP.TFR 278056R LP.TRT 22p278R
] PC =2%0A0087 PRSIZE = 29%a120
RI s%aneral =] =X379292
R4 =%anpepa Q5 3%ANA928
S,STAT = 177776 . 3 2%@472R

12
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CR11/CM11 CARD READER DRIVER
The card-reader driver performs device—dependent I/O functions for the
PDP-11 CR11l Card Reader Control within the Disk Operating System (DOS).
At each Monitor request on behalf of a running program, the driver, in

=]

ts basic version, reads a single card, which may be punched in either
026 or 029 Hollerith notation as indicated by specially coded cards in
the input deck. The resultant data is stored in a specified area as a
line of up to 80 ASCII characters terminated by a carriage-return/line-
feed.

By conditional assembly of its source, however, the driver may be

produced in various versions to include the following additional fea-

tures:
° Restriction of input conversions to one type of
punch.
° Automatic deletion of card-columns 73-80 and of

trailing spaces from preceding cclumns.

° Reading of cards punched in a binary format with
data passed to theuser, packed 4 columns to 3 words.

) Provision of similar facilities for the 40-column
Mark Sense Reader under CMll control.

All cards are read under the PDP-11 interrupt system. The driver,
therefore, contains the routines needed, firstly, to initiate a card
transfer and, secondly, to service the interrupt as each column is read
and supply the required conversion of its content until the end of the
card is seen. An OPEN function is also included to enable a using pro-
gram to ensure that the reader is on-line before issuing its first
read. CLOSE and Special Functions processing is unnecessary and is
not provided.

1.0 BASIC DRIVER (ASCII ONLY) - CR11l

The driver is in two parts: the Driver Table and the Service Routines.

1.1 Driver Table

The table occupies the first seven words of the driver in the standard
format for I/0 drivers under DOS. It includes the following particu-

lar information:

® Capabilities: Single user
Input in ASCII only
Non-file structured



® Standard buffer size = 96 bytes
) Interrupt servicing at priority level 6
® Device Name: CR

1.2 SERVICE ROUTINES

1.2.1 OPEN

The OPEN routine first checks the Control Status of the reader. If
for any reason this is off-line, printing of an A@@2 error message
(device not ready) is requested. If a return is made, the check and
message are repeated mtil an on-line state is detected. The routine
then prepares the driver to accept 029 punching by default and returns
control to the calling Monitor routine.

1.2.2 TRANSFER

Using the starting address set into its first word by the calling
routine, the driver's TRANSFER processor accesses the DDB for the
dataset requiring the card input to extract and store internally
pointers to the start and end of the buffer area for the data. The
first word of the buffer is then cleared as an indicator that the first
column is yet to be read. The routine returns to the Monitor with

the Reader Control set to INT ENB and GO.

1.2.3 Interrupt Service

At each interrupt, a check is first made for error or card-done con-
ditions. If neither is seen, the column data just accessed is used
to compute an index into a table of associated parity-ASCII charac-
ters (see Appendix A), the relevant character is extracted and stored
as a byte in the buffer provided. The next buffer byte is set to a
positive non-zero value to show that a valid read is under way. An
interrupt return is then t&en.

For card column 1, however, checks are also made for a card with
any of the following secial codings in that colum:

I e 12-2-4-8! This indicates that the cards which
follow are to be read as 026 punch
codes, and on recognition of this an
internally stored offset is modified
to use the appropriate section of the
table of ASCII values.

l ° 12-0-2-4-6-8' This indicates that the following cards
contain 029 and cause similar offset
modification.

!These codes are 12-11-8-9 and 12-0-7-9 in Version @@5A Monitor v@gg4a
release.
2



file, and a card so coded must be
present (“Hopper Empty" is merely
deemed a "Device not ready" state

to allow usage of very large decks).
When this card is seen, the next
buffer byte is set negative to show
EOF. Since no data will now be forth-
coming, the appropriate word is set in
the dataset DDB to show this.

12-11-0-1-6-7-8-9! This indicates the end of the card l

When any of the three cases is seen, the Reader Control Status
is reset to EJECT before the interrupt exit is taken, thereby causing
the remainder of the card to be ignored.

The rest of a card is similarly ejected if, during the process-
ing of any column, the buffer is filled. In normal READ operations
for which the Monitor provides a standard-sized buffer of 96 bytes,
this cannot occur. This is not necessarily the case if the user pro-
gram has requested TRAN. If this program also supplies short buffers,
this can mean the possible loss of card data, intentionally or other-
wise.

When a card-done condition is detected, the Reader interrupt is
disabled. The underway state, shown as noted earlier in the next
buffer byte, is then checked. If no data has yet been processed be-
cause the card just read merely contained a control code, a new card
transfer is requested by recalling the TRANSFER routine. Otherwise,
the unused portion of the buffer provided is cleared and the parity-
ASCII values for RETURN and LINE FEED are inserted to follow the last
data read (in the short buffer, these will overwrite the last two
columns processed). As required by the general driver specification,
the service routine then saves all user registers on the processor
stack and takes the supplied completion return with Register 0 set to

the address of the DDB just serviced.

It should be noted that this process allows the reading of only
one card at each request, regardless of the size of the buffer pro-
vided. Because a card-read (once it has begun) must continue to com-
pletion, any attempt to fill the unused buffer space must necessitate
the internal storage of any overflow, if possible loss of data is to
be avoided. 1In keeping the size of the driver to a reasonable limit,
the provision of such internal storage is not considered desirable.

For the READ form of I/0, the buffer supplied by the Monitor must be

!This code is 12-11-0-1 in Version g@5A Monitor V@@4 release. I
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excessive, as space is allocated in l6-word units; the null padding,
however, is not passed on to the user program. On the other hand, it
can be seen that no advantage is gained by a program defining a buffer
larger than 82 bytes when using the device-dependent TRAN.

1.2.4 Error Handling

The detection of any error condition is taken to mean a "Device not
ready" state, leading to the printing of an A@P2 message with the
reader interrupt disabled. If the operator requests resumption by

a CONTINUE command at the keyboard, the error processor will recall
the TRANSFER routine to repeat the read and exit to await a fresh
interrupt. This allows the operator to rectify the error, if possible:
the card causing the error should be replaced as the first to be read

after the resumption.

"NOTE

A "Hopper Empty" condition is detected before

the last card has been processed. It is, there-
fore, essential that the EOF card for a deck be
followed by at least one more card (can be blank}).
Should this be omitted, normal completion can be
effected by re-insertion of the EOF card followed
by a blank card.

1.3 ALTERNATIVE DRIVERS FOR ASCII ONLY USAGE

As has been shown in the previous section, the standard driver accepts
cards punched in either 026 or 029 codes when so directed by control
cards, or the driver assumes 029 by default. Unless the user program
then requests input by TRAN with short buffer sizes, 80-character

lines are the norm. To provide other versions of the driver more
suited to the needs of a particular installation, the following con-
ditional assembly parameters have been included in the source language.
If these are defined when the source is processed (DEFALT = @ is suffi-

cient definition), the driver will operate as indicated.

1.3.1 DEFALT

This forces the driver to assume 026 card codes as the default. Con-
trol cards as defined, however, will still override this assumption.
The effect on the driver length is negligible - one word.

1.3.2 ONLY26/0ONLY29

If the user has only one type of punch, he can restrict the driver
accordingly by the definition of the relevant one of these parameters.



In this case, control cards will have no effect and will be ignored if
present. Because the driver then needs only half of its conversion
tables and certain checks can be eliminated, the driver size is reduced
by some 45 words.

1.3.3 BLANKS

By common practice, card columns 73-80 are often used only for control
information, e.g., sequence numbering, which need not be processed by
the using program (initial value of Blank suppress is off). Moreover,
quite a number of columns before these may contain nothing but blanks
(translated into spaces in ASCII). Although cards of this type will
be accepted by systems programs such as Assembler or Editor without er-
ror, the burden on lines always 80 characters long can be excessive,
especially if, as one example, the only means for listing the assembly
of a card source is a teleprinter.

The parameter BLANKS has been included to enable the user option-
ally to remove this burden, provided that he is also prepared to accept
an increase of some 18 words in driver size (initial value of Blank sup-
press is off). The driver in this case will still continue to transfer
80 characters as its normal operation. If, however, the card deck is
preceded by a control card punched 12-11-0-7-8-9 in column 1, or at any
point contains a card so punched, columns 73-80 in all subsequent cards
will be ignored and the CR/LF terminating the line each card represents
will be set immediately after the last non-blank data column. The auto-
matic deletion will remain until the user program requests an OPEN for a
fresh deck.

NOTE

DEFALT, ONLY26, and ONLY29 are of course mutually
exclusive. BLANKS, on the other hand, may be de-
fined alone or with any one of the other three.

2.0 READING OF BINARY CARDS

Some users may wish to have the additional facility of reading cards
directly as 12 bits per column rather than as ASCII characters, perhaps
for one of the following situations:

. Linking or loading of card programs produced by
cross—assemblers or lihkers developed on other
computers.

e Processing of binary data output by other computers.



° Reading of cards using character codes other
than those associated with 026 or 029 punches!.

A further conditional assembly parameter, BINARY, has been included in

the driver source to meet this requirement.

2.1 BINARY FORMAT

The driver, assembled with this parameter defined, still continues to
function exactly as described earlier whenever the using program re-

quests ASCII input. If, however, abinary transfer is called, the pro-
cessing Monitor routine will inform the driver of this by setting to 1 bit @
of the status word of the DDB for the dataset concerned (DDB+12). On
recognition of this, the driver accepts each column as 12 data bits and
passes it to the program in a packed form, four columns taking three

words, in accordance with the following pattern:

12 9
c.c. 4 11 - -word 3-——=——————————-— 0
c.c. 3 7 =—-=--word 2--—---—-- 0 15 word 3 12
c.c. 2 3 word 1 0 |15 ————~ word 2 —-—-——- 8

This format, which is compatible with that used by IBM 1130 and
1800 Series, has been chosen because it alone provides for all the
facilities listed above and, moreover, is compatible with the device-
independent philosophy of DOS. It may nevertheless mean that the user
who needs to process each column on a word basis must include in his
program the routine to unpack again the data from the driver (a pos-
sible algorithm is offered in Appendix C).

The main effect of the inclusion of the binary capability in the
driver is a substantial increase in its size, hence the reason for this
not being made a feature of the standard version. Apart from the cod-
ing changes need to cater for the different processing (which are out-
lined in subsequent paragraphs), the assumption made in the case of
ASCII data, that null padding in oversize buffers can be safely over-

looked, no longer applies. Each buffer word must always be considered

!An alternative in this case might be to change the driver's comver-
sion tables to satisfy the different codes, provided that these use
the same pattern - null, 0, 11 or 12 in association with one punch in
range 1-7, perhaps with a punch in 8 or 9.



as valid data. In order that the driver may cope with this situation
(the Monitor can only supply a buffer made up of 1l6-word units), it
must now contain its own internal buffer to hold any residue from a
card used to fill the remaining Monitor area. Allowing that such resi-
due can be stored already packed in its final form, the internal buf-
fer must be at least 60 words long. Together with the additional cod-
ing, the driver increases from its 200 words, in the basic ASCII-only
form, to 380. Against this, however, the presence of the internal buf-
fer also means that the driver can supply valid binary data into user
buffers of any length for a program issuing TRAN requests.

It should be noted, too, that the format used does not in itself
provide any checking upon the read accuracy of each card. BAll 80 col-
umns are assumed to contain actual data. Programs READing in unformat-
ted binary modes or using TRAN must make their own checks if these are
important, in just the same way as with other drivers. On the other
hand, the Monitor processing formatted binary READs will expect the

data to conform to its normal standards for each request.

Byte #: =1

Byte 1: =g

Bytes 2-3: Number of bytes to be read including bytes
g-3 but not the final checksum.

Bytes 4-N: DATA BYTES

Byte N+1l: Checksum of Bytes @-N

If program developed to produce binary cards in such format also punch

A O

one card for each READ,; the data checksum can serve as card chec

well (in this case, nulls following the checksum will be ignored).

2.2 CODING CHANGES FOR BINARY OPERATIONS

The changes in the driver's operations brought about by the defi-

nition of BINARY are as follows:

2.2.1 DRIVER Table

Capabilities as indicated in Section 1.1 are extended to include bi-

nary input.

2.2.2 OPEN

The OPEN processor still first checks the on-line state of the reader
and takes appropriate action as described earlier if it is not ready.
Tt now, however, anticipates the fact that after its exit, the driver
will be recalled immediately to fill the Monitor buffer against the

program's first READ. At this time the Monitor will be unable to di-
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rect the driver on the mode of reading. The OPEN routine therefore
sets a switch to cause a return to be made without a card transfer,
when this recall occurs. It also means that the Monitor will give the
user program 96 bytes of null (equivalent to leader on a paper tape)
for its first unformatted binary operations. (Incidentally, the switch
is set to perform a proper read when the driver is loaded into memory;
if, therefore, the program does not request an OPEN but starts by a
READ, the correct result will occur.)

2.3 TRANSFER

As with all drivers, the card reader driver must contain only position-
independent code. To control its internal buffer, however, it needs
absolute pointers. The first actual read causes execution of some
once-only code to establish these. Again, a switch effects this. A
further switch is then set according to the mode in which the data is
to be handled. As mentioned earlier, if this is ASCII, the code for
the standard version of the driver is followed, both during the TRANS-
FER and INTERRUPT service functions.

For binary transfers, any data remaining from a previous reéd is
passed to the Monitor buffer immediately. If this is sufficient to
satisfy the Monitor's requirements, an immediately completion return
is taken. (Since this would normally follow an interrupt and the Moni-
tor will expect this, the driver must in this case simulate the approp-
riate conditions, i.e., leave an interrupt exit on the stack, supposed-
ly preceded by saved registers.) A new card read is initiated in the
same way as ASCII if more data is needed. 1In addition, the second byte
in the Monitor buffer not yet filled is cleared as a switch for use by
the packing algorithm which handles odd and even card columns differ-
ently (see Appendix B).

2.4 INTERRUPT SERVICING

The packing of binary data is accomplished as each column is read. At

the beginning of each card a check is again made for EOF. Unlike the
ASCII case, the coding of a single column cannot provide a unique identi-
'fication. The same pattern (12-11-0-1-6-7-8-9') is therefore looked for
in each of the first eight columns before the end-of-data is signalled
and the remainder of the card ejected. (The same card can still be used
for either data form; the ASCII processor merely uses the first column
punched.) No other control cards are expected in binary mode.

|1This was code 12-11-0-1 in Version @g@5A Monitor V@@4A release.
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After the entire card has been read as indicated by a card-done
condition, the TRANSFER routine is recalled to continue its process

of transferring the data into the Monitor buffer. Since an interrupt
has no occurred, the return to the Monitor on completion is by normal

means.

2.5 ERROR HANDLING

Any error condition is again considered a "device not ready"” and is
handled accordingly. Because a repeat of the TRANSFER routine as a
way of resuming read operations on return would perhaps lose data al-
ready passed to the Monitor from a previous card, a failure in binary
mode leads only to that part of the TRANSFER operations which causes

a new card read.

3.0 CMl1l MARK SENSE READER DRIVER

The CM11l Control is expected to use only 40-column cards. (The normal
CR1l driver with or without definition of the special assembly param-
eters will function without change if 80-column cards are used.) To
provide the following particular benefits in view of the smaller amount
of data available at each card read, one more parameter for conditional
assembly has been included - MARKS:

° Standard Buffer size = 64 bytes rather than 96.

° Internal buffer for binary operation is reduced
from 60 to 30 words.

® If BLANKS has been defined,‘automatic deletion

of trailing spaces will follow recognition of the
relevant control card but not of the last 8 columns.

4.0 DETAILED IMPLEMENTATION

Comments on the listing which follow illustrate the general form of
the driver. Further explanation of some of the more obscure tech-
niques used is given in Appendix B. Other appendices summarize the
ASCII/Hollerith equivalences, the procedures for obtaining the various

7ersions of the driver, and the comparative sizes of each.
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3 )

4 JOARD RFADER PRRIVFR (£R)

1 :

€ y A) FAR ASCYI INPUT, AT EACH TRANSFFR RFQUESY

7 ? OME CARD wlLi BF READ, UP TP 8@ CHARANTFRS,
g8 ) FOLLGWED RY CRelLF, WILL RF PASSFD TR THF

[ ! CALLING RCUTINE AS SPFCYFTED RY TWE WERRP

12 ] COUNT GTYFN, (IF THTS IS > 44, REMATNING

1" ! BYTES wTl! RE CLEARFD,

12 ’ Al FRRORS (INCLURING 'HOPPFR EMPTY! LIPCN

13 ; AN 'CPEM! CALL) WTLI RE TREATFR AS 'DFVICF
14 H NAT RFARY!, LSER PAN RESUMF QFFRATICN RY

18 3 RFCTIFICATION OF FRROR OR RFFILL NF HCPPER
16 i AMD ENTRY CF 'COY COMMAND AT KEYBPARD,
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19 ? 1271 120w inbe?nBe0 PUNCHFD IN C,C, 1
20 H

£ ] XXX XYXUXAXAXNXNYY XY XXX X X

ze } X X
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a2 $ A) MCALY2623" « READ ONLY '226' CORES,

33 ) B) MONLY29=d" = READ ONLY '0267 FODES

34 ) ) "PEFALT=Q" = READ ROTH YYPESR PF CCEF
38 ’ WITH tP2A1 AS MEFALILT

36 ’ D NTL = READ ROTH TYPES NF COCF
a7 : WITH 10200 AS PEFALLT

38 3

39 ’ IN CASES (C) = (DY, DRIVER WILL LSF DFFALLT
4an ) IINLFSS PIREFTED OTHFRWISF RY FATRY AF A

41 ] CANTROL CARP PUNCHER IN f,C, 11=

42 }

43 [} 12nPwlmdelnt 3 1291 COPES FOLLOW
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a5 H

46 } 2) IF PARAMETER "BLANKS" IS REFINFR, £,C, 73e80
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WARM 1, RITS 3=03 wNRN 2, BITS 158
KARM 2, RFTTS 7«27 WORD 3, BYITS 1512
WARR 3, RITS 11i=p

vVVvVvVvy

THE PACKER FORM WTLI RE TRANSFERRFD TR TRF IISFR
GUFFER UNTII THIS 1@ FILLFD, ANY DATA THEN REMAINTNG
IN TWF TNTERNA[, BUFFER RFTNR RETATNFD UNTTL THE

NFXT READ REQUEST,

TREATMENT (F ASCIT READING WILL STILL FOLLOW PATTERN
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THE CNLY CONTRAL CARD WHTCH WILL HAVE ANY EFFFEY
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THIS CASF {Z=1{=Falab=7=fwQ PLNCHTNG MUST APPFAR IN AT
LFAST €,0C, ¢ THRU 8%,
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TN RE TRANSLATEN AS RFQUIREN RY THE RFAR MCDE
SPECTFIFN HY THF IISFR,

NRIVER CAN ALSO RF {iSED FMAR BR«fOLLMN MARK
SENSF RFARER, FAR 40 =COLLMAN READFR, FCONCMIES
TH RUFFFR STZF cAN RE QBRYAINED RY DFFINTTICON
AT ASSEMIRY (QF PARAMETER ®MARKS", THIS WIlL
ALLSN PRFYENT AUTAMATIC REMAVAL NF €0LS 33.40
IN IBLANKS=SUPPRESS! MADE 0F LSAGF,
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MRV
MOy

MOy

ARl
ASL

RCC
JHP

RMT
MOV
JTFNF
AR

RR

KEy = SP)
CE,I RP,RQ

EECR SR, = (8P
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3TN BTNARY VERSTCN ,,,
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R
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ICONVERT CARD CPCE .,
tFOR FACK 42 TN CCDE .,

' 1
Faes
'.'l

ARD 21 & STRYP 49
TC GFT TABLE INDFX
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RERQ
e
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TFENF BINARY
ADD #1F,R1
Moy RE, AR
SUR CRLLRF,8RY
ASR '1-31
FANEC
"AR112 CcoM aRg
152737 CR,FXT: RTISR H2 ,2HCR,CAR
rarem?
177152
Par723 AR CRLTXT
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180 MCVE TO UNUSED COLNT STORE
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CR,CXT QPARARAR cR,Ct APZ146R FR,NRY=z 177162
CR,PRP?= 177164 CR,NLN  R72437R FR,AXT Q2P@44FR
CR,EQF g77474R CR,FRR UAPFA4SAR rR,FXT 20P51PR
CR,INT gPZi1ghR CR,TYT 2P2374R CR,NAM  PRPP{4R
CR,ARY @P2&3AR CR,ONR  ARQP4AR CR,OPN  PRZR2OR
CR,RPG ANJR4AR L2 RPT @PC465R re,RSVs 722prdd4
CR. TN 2720342R CR,SLR  #723248R CR,SXTs @rpr4?
CR,TBl. 272852R CRL,TFR 27227448 CR,T0S 2re?34R
CR,LBF RmAPEAR CR,URP  APZ272R rR,M26 2m2%207R
CR,P29 @rgsr3”R ENF x 207417 pr tYRPEONT7
kR 2YPAAAR R1 ayAr ey Rr2 zUQrE2A2
R3 sugraeg R4 =yAr20Q4 RS IYPPRPAG
EETZ6 = gr424? §FT12¢ = 208252 8P sY2PCCQE
., ARS, ogrigogn oan

prR7AA e

ERRCRS NETECTFDY @
FREF rOPFe 19337, WORDS
'LP1<DTCR
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$COPYRIGHT 1971, DIGITAL EQUIPMFNT COPR,, MAYNARD, MASS,

s VERSTON NUMBER?® Veasa

ang

]
$CARD READER DRIVER (CR)

S WG W WS VR W D B WS WP W W WD SO N NG WS N NS NP W R Y NG NE A W WP MS W B SE N RS NS M W ™S S P A8 W w8 S W W e W we

A)

1)

2)

FOR ASCTI INPUT, AT EACH TRANSFER REQUEST
ONE CARD WIL{, BE READ, !IP TN 8@ CHARACTERS,
FOLLOWED BY CR=LF, WILL BE PASSED TN THE
CALLING ROUTINE AS SPECTIFIED BY THE WORD
COUNT GIVEN, (IF THIS IS > 41, REMAINING
BYTES WILL RE CLEARED,
ALL ERRORS (INCLUPRING 'HOPPER EMPTY! UPON
AN TOPEN' CALL) WILL RE TREATED AS 'DEVICE
NOT READY', USER CAN RESUME OPERATION BY
RECTIFICATION QF ERROR AR REFILL 0OF HNPPER
AND ENTRY OF 'CcO' COMMAND AT KEYRNARD,
THE END OF A FILE WILL RE DETERMINED RY
RECOGNITION OF A TERMINAL CONTRAL CARDte=
12=«11=0=1 PUNCHED IN C,C, 1

XXXXXXARXXKXXXKA XXX XN A XK

X X
X NOTES X
X X

XXX XXX RXXN XN XN

THIS DRIVER CAN BE ASSEMBLED FOR USE

IN CONNECTION WITH EITHER '¢126) QR '@29!
PIUNCHES OR ROTH A8 INDICATED RY PARAMETER
SPECIFICATION AT START NnF SOURCF INPUT

AS FOLLOWSse

A) PONLY26=@" QEAD ONLY '026' CODES,
B) "ONLY29=@" READ ONLY '329' CODES
C) "DEFALT=8" « READ BNTH TYPES OF CODE
WITH '@M26' AS DEFAULT
D) NTL = READ BOTH TYPES 0OF CNDE
NITH '229' AS DEFAULT

IN CASES (C) & (D), DRIVER WILL USE DEFAULT
UNLESS DIRECTED OTHERWIRE BY ENTRY NF A
CONTROL CARD PUNCHEN IN C,C, 1:=

12=0a7=9 = 1329' CODER FOLLOW
12=11=8«9 a 1Q26' CODFS FOLLOW

IF PARAMETER "BLANKS" Is DEFINED, C,C, 73=87

& TRATLING SPACES BEFNRF THESE WILL BE NISCARDED,
WITH 'CRe| F' FOLLOWING LAST VALID DATA, PROVIDED
THAT CARD FILE IS PRECEDED BY CTL CARN WITH
12=1{1=0w7=8=9 PUNCHED IN £,C, 1, IN THIS CASE
HOWEVER, IF THE USER RUFFER IS8 </a 82 BYTES,

ONLY TRAILING SPACE REMNVAL WILL BE EFFFCTED,
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TE AR B W eh ew B BD BE M NE R SE S W RD RS RS W W W NG MG BB W SO WE W VR R NS WD O e S W Wl

WO NE T NG WS MDD O N RE WE NG WS SO WS Sh W M S S W

8)

£

IF THE PARAMETER "BINARY"™ I8 DEFINED AT ASSEMBLY,
1202 E 000000002008 8080 8080328088800 0833888888849

THIS VERSTON WILL ALSD ALLOW READING OF CARDS

IN BINARY FORMAT, A3 FACH CARD 18 READ, 12 RITS FROM
ALL 80 €0L8 WILL RE ACCESSEDR & STORED IN AN INTERNAL
BUUFFER IN A PACKED FORM, I,E, 4 COLS s 3 4ORDS AS
FOLLOW3:w

> WORD 1, BITS 15«4

> WORND 1, BITS 3=03 WORD 2, BIT3 {5=8
Hd

>

Ll ™ " -~ P"E P _Ma INY NN e 3 orws e -~
WORD 2, BITS 7«25 WORD 3, BITS 16«12

WORD 3, BITS 11=-0

THE PACKED FORM WILL RE TRANSFERRED TN THE USER .
BUFFER UNTIL THIS IS FILLED, ANY DATA THEN REMAINING
IN THE INTERNAL BUFFER REING RETAINED UNTIL THE

NEXT READ REQUEST,

TREATMENT OF ASCIY READING WILL STILL FOLLOW PATTERN
DESCRIBED IN THE PREVTYD!S PARAGRAPH WITHOUT EXCEPTINN,

THE ONLY CONTROL CARD WHICH WILL YAVE ANY EFFECT

IN BINARY READING WILI RE THAT INDICATING E,0,F, (IN
THIS CASE 12=1{=0={ PUNCHING MUST APPEAR IN AT LEAST
C.C. 1 THRU 8),

N.B. WHEN ASSEMBLFD FOR LISAGE IN BOTH MODES, AN 'OPEN!
CALL WILL NOT CAUSE RFANING OF A CARD TN ALLOW THIS
To BE TRANSLATEND AS RFRUIRED BY THE READ MODE
SPECIFIED BY THE IISER,

DRIVER CAN ALSD BF USFD FOR 87=COLUMN MARK
SENSE RFADER, FOR 42 «CNLUMN READER, FCONOMTYES
IN BUFFER SIZE CAN BE ORTAINED BY DEFINITION'
AT ASSEMLBY OF PARAMETER "MARKS", THIS WILL
ALSO PREVENT AUTOMATIC REMOVAL OF COLS 33=42
IN 'BLANKS=SUPPRESS' MODE OF !SAGE,

XHAUXXXX XXX AN XAXX XXX XY XX
X

: X
X NOTE X
X X

XXXXXXXXXXXXXYXY XX XYY XXX

PARAMETER DEFINITIONS CAN BE MADE DURING PASS 1§
OF THE ASSEMBLY ONLY TF REGD AS DESCRIBFD IN
PAL~11R MANUAL, SECTIAN 9=2, E,fG,

#CR,LPt,/PA12<KRS/PAL1,DNFICR
FOLLOWED RYt!w

ONLY2937

BINARYR

BLANKS=z2

aC

«FND<CR>< F>

XXXXXXYXAAXX XY XL UX XXX XX
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gegngn

gaeng2
2ee2a3

4007404

gepnes
gegaps
doaea?
gegaie
2peaiy
pepat2
goo213
2p0a14

gneai1s
2e0a22?

gean3n

gnen3e

209234

QPQn348
209040

702029
AganaL
2papn2
2g0003
apAgA4
rpngas
aApREA6
202297

ngepoe

224
ade

223

104
Jae
@22
p42
20@
eng
ace
n12620

Q4767
APA3ISE
732737
ApA400
177160
AB1372

agSe27

Agapag

Ae5726
ngA523

o TITLF CR
«GLOBL CR

H

RAa%Q

Ris¥%1

R2a%2

R3a%3

R4s%4

R5=¥%5

SP=%s

PCz%7

$ INTERFACE TABLF:

CRs +WORD 2
«IFNDF BINARY
«BYTE 224,0
+ENDC
+IFDF BINARY
+BYTE 234,90
«ENDC
« IFNDF MARKS
+BYTE 3
«ENDC
«IFDF MARKS
«RYTE 2
+ENDC
+BYTE CR,INT=CR, 370
«BYTE CR,DPN=CR
+BYTE CR,TFReCR
+BYTE 3,0,0

CR ,NAM: ,RADSZ I1CR!

1 OPEN PROCESSOR:

CR,ONR: JSR PC,CR,NRY

CR,OPN: BIT #4p0,9%CR,CSR
BNE CR,ONR

CR,TOS:

CR,OXT:

« IFNDF  ONLY26R0ONL Y29
« IFNDF  DEFALT

CLR (PCI+
«ENDC

« IFDF DEFALT

MoV #1904, (PCY+
LENDC

« WORD a

+ENDC

« IFDF BLANKS
CLRB CR,ZSH

+ENDC

+IFNDF  BINARY
78T (SP)+
BR CR,DXT
LENDC

« IFDF BINARY
CLRA CR,TFR

BR CR,ODN
INeB CR, TFR
BR CR,NON
JENDC

30

3CURRENT DDB OR @ IF IDLE

tFACILITIFES: ASCIT INPUT,DPEN IN

JALLOW RINARY IF READ,

1STD RUFFER SIZE = 96 RYTES

1(64 IF 42=COL MARK SENSE)
JINTIRUPT SVCF AT PRL 6
JOFFSET TO OPEN

$10FFSET TO TRANSFER
(NN CLASE NR SPEC, FUNC,)

1CARDS IN HOPPER?

$I1F NOT TELL USER TN READY

tFOR DUAL=PUNCH DRIVER ,,,
Pees SET CONV, TARLFE NFFSFT
Tese FOR DEFAULT PUNCH

Fesos A4S APPROPRIATE

$TF BLAMK=SUPPRESS VERSION .,,
Yee. FORCE SUPPRESS OFF

JIGNORE INTERIM RETURN
Joee & TAKE COMPLETION

$FOR BINARY VERSION ,,,
tese FORCE NO QPEN READ

Yoo, BY MAKING COME HERF
Fees BREFORE EXIT



2epma2

eepnd4s

202252
2egns54
znans56
2opnen
aeane?
o0en64

200M66
eegn7n
epan72
oann74

Zee1a?

;SUBSIDIARY ROUTINESS

1 A)
CR,AGM:

)
CR,18P:

CR.IBSt

CR,IBF:
CR,IBP:

CR.TFR:

AL6770
177732
162799
200006
212046
711646
161016
162016
712627
A@P2A@ CR,UBF$

CR,BIN:
CRLERD:

CR,RDC

ne

n11627
nprpaa
7205036
12737
2p0104
17716@

CR,UBP:

RESTART AFTER ERROR:

+ IFDF RINARY
TST8 CR, ISW
BEQ CR,TFR
AR CR,ERD
MOV PC,=(SP)
ADD #CR BlUF=,,88P
MOV 83P, (PCY+
WORD 0
AND 4CR,BSZ,08P
MOV 03P, (PCY+
LHORD @
mayv (SP)+,(PC)+
JWORD 0
INCR ePC
+ENDC

1TRANSFFR SET=UP PROCESSORS
s IFDF RINARY
BR Y
BR CR,0XT
BR CR, I8P
+ENDC
MOV CR,RP
ADD #6,P0
May (RA)+,=(SP)
MAY #SP,=(SP)
8B aRQ@,a8p
SUB (RE)+,0SP
Moy (SPY+s (PC)Y+
LNORD @
+IFDF  BINARY
MOVR eRr@, RO
BICA #376,Rp
MOVR RA,CR,18W
REQ CR,RDC
MoV (SPY4,RO
MOV ¢R, 1BP,R1
CLR R2
CMP R1,CR.IRE
BNE CR,BLP
MOV CR,IBS,CR, 18P
MOV RA, = (SP)
LENDC
MOy e3P, (PCY+
LHORD 0
CLR o(SP)+
MOy #101,020R,C3R
RTS PC

202207

31

tIN BINARY VERSION ,,,

$ess CHECK IF BINARY READ

1 TF NOT CAN JUST START OVER
$1ELSE LEAVE USER BUFFER ALONE

INITIALISE INTERNAL RUFFFR PNINTERS!

JGET BUFFER STARTY

JNOW GET END
1STORE AS CONTROL

Jees % AS INIT, PTR

JMUSTNITY COME HERE AGAIN]

s FOR

HEEY )

BINARY VERSION ..
SWITCH TABLE FNRCES .,
CARRECTY INIT,

Tesn

DDR ADDRESS

8 MOVE TO BUFFER STORE

ET RUFFER POINTER
se % BUILD BUFF END

§SAVE RFESULTY ,,.

1IN BINARY VERSION ,,,.
?+eo CHECK MODE

$1F ASCTT CLEAR SWITCH
$IF BINARY WANTED ...
teso SET PTRS & SWITCH

$SET INTERRUPT FLAG
$ INTERNAL BUFF EMPTY?

JIF 80 RESET INTERNAL PTR
$SAVE USER BUFF PTR

t1ZERQ0 UNDERWAY FLAG
tENABLE INT & GO FOR CD READ

JRETURN USER FDOR NOW



poaia4
eeote6

o@e11?2

gRo1L16
gra120
geai12?
2no124

n10946
16720
177756
713746
177160
An6326
103477
{pmad?
n17146

« IFOF
SWAB
Mav
CMP
BNE
MOV
78T
BNE
Moy
MOy
SuB
T8T

CR,BLPs

CR,ODN3

«ENDC

BINARY

eR1
(R1)+. (R +
RA,CR.UBE
CR,BIN
R1,CR,IBP
R2

CR,ODN
e3pP,=(38P)
=(R2),2(8SP)
816,8P
(SP)+
CR,DXT

s INTERRURPT SERVICE ROUTINES!H

sWITH BINARY DATA ,,.
foes COMPLETE CONVERSION
Te00 % GIVE TN LSER
JUSER BUFFER FULL?

1IF NOT GET NEXT WORD
$OTHERWISE SAVE INT PTR
sCOME HERE ON INTERRUPT?
$IF S0 MODE SW, SET
$ELSE MUST SIMULATE ,,.,
?ese STORE PC R PS

Jee. & DUMMY SAVE REGS,
$ IGNORE RETURN PC

& TAKE COMPLETION EXIT

) SAVE USER Ra@
JGET USER BUFF PTR

Taeo % READER STATUS

JCHECK FOR SPECTIAL CASES
160 RETRY IF ERROR
,f"FA\. He IF ﬁc\l?
yNOW SAVE USER Ri
1IN BINARY VERSION XK}

teeo USE APPROPRIATF CONVERSIDN

1350 IxD 3,32 31X

Jeeso & INPUT

Jees 2 COPIES FOR LATER
10DD COLUMN?

$IF SO SHIFT INPUT TO HIGH

PMAKE NXT INSTR = MOVA
ySET HIGH BYTE AS REGD,
yTHEN LOW BYTE

}SAVE PTR
JNOW LODK FOR EOF CARD
PUNCHED {2e=11=fat
IN CC 1 THRU 8

ooy
farve

tIF FND IGNORFE REST NOF CARD
JOTHERWISE TRY NEXT TIME

3 A) CHECK FOR ERROR ® COLLECT INPUT:
CR,INT: MOV RA,=(3P)
MOV CR,UBP,RE
MOV #HCR,C8R, = (3P
ASL (SP)+
BCS CR,ERR
BMI CR,DUN
MOV R1,=(S8P)
+IFDF BINARY
CR.,ISWy BR o4
BR CR,ASC
3 B) BINARY CONVERT & STORE:
'435 h.iq-&!’dp'{t
MAaYy e4rp NYe . (SP)
MOV oSpP,=(8P)
COMB 1(RB)
BRL CR,RST
ASL o3P
ASL e8P
ASL aspP
ASL eSP
CLRR (R1)+
CR,BST: BISR 1(SP),=1(F1)
Moya (SPI+,(RI)#
MOV R1,CR,IRP
CMP (SP)+,#7400
BNE CR,BXT
DECB #RP
BPL CR,BXT
. ASLB (11}
RPL CR,EQOF
BR CR,CXT
<ENDC

32



@rai126

anagi32
400134
gRp14n
28R142
2an0144

20e150

gep152

PPR2156
200167

200164

0P0166
200170

200174
4028176

@ro2¢2
arg2aa
emp210
gae212

a7p2is
gp@e22a

gnp224
200228
200230

aMp234
220236
87 G240

1 C)
113721 CR,AS8Cs
1774164
igngn2
362701
ApA340
1es571¢e
231911
20127
ApA3RY
"p1472

aze127
apr227
Ap1525
A2n127
ARE27E
21476

212146
162794
n@Nedp
102423
162716
AGTR17
npAazze

CR,CVT;

CR,8TO:
266716
177624

A6M716
262716
207272
113620
A20p67
1776492
01452
151710
A12p67
177634
232601
212670
ApRpag

CR,BXT:
CR,CXTe

CR,IXT3

ASCII CONVERT & STORE:

MOVB

Bey

ADD

TSTR
BNE
cMP

BEQ

« IFDF
CMPB
BEG
«ENDC
« IFNDF
CMP

BEQ
CMP

REQ
« ENDC
MOV
suB

BMI
SUR

BR
o IFNDF
ADD

+ENDC
ADD
ADD

MOVA
CMP

BEQ
BISR
MOV

MOV
MOV

[~ % R 4

il

##CR,DR2,R1

a¥5
#3470 ,Ry

arQ
CR,OVT
R1,#3M

CR,EQF
BLANKS
R1,#337
CR,ZON

ONLY2680NLY29
R, #227

CR,729
Ri1,#270

CR,226

Ri,=(SP)
#4@,R1

CR,87T0
#17.08p

CR,CVT+2
ONLY26R0N| Y29
CR,T0OS, e8P

PC, 08P
#CR.TBL*. ’ oSP

- N
o

&
T
»

u

R2Y+
E

[ « PN

b
R

e RN

-]
R
CRLEXT
aPC,0Rp
RA,CR,ynP

(SPY+,R1
(SP)+,R2

33

$tGET COMPACTED INPUT

CONVERT CODES »272 ,,,
. e

« TO RANGE >147

1IF FIRST C,C.

LI

LOOK FOR E,O0,F,

$FOR

’ll.

BLANK SUPPRESS ,.,.
LONK FOR SUPPRESS ON

tFOR

’l'l

DUAL PUNCH DRIVER
CHECK IF 229 CTL

NR 826 CTL

Tone

’CDNVERT CARD CNDE 'R
sFQR EACH 40 TN CODE ,,.
ADD 21 & STRIP 42

T GET TABLF INDEX

,Qlc

[]
rene

sPICK APPROP, TABLE

s COMPUTE ADDR OF BYTE READ

IN BUFFER

faea & 370

RE
sBUFFER FULL?

1IF NOT SET UNDERWAY FLAG
1SAVF NEW BOTNTFR

tRESTORFE USER REGS,

n

Fees & EXIT



ero242
P0p246
gno250
ana252
200254

vao26a
200262

2pR266

geR27?
am@274
onR27e
2o@03pn
geeipd
gnpite

200314

177168
105710
ap1427
n1269@
#13746
npngdd
2g4536
a167020
177602

n16701
177872

195041}
A204 AR
121375
112721
npa21s
112721
npanie
PyI67028
177464
ApAL70
Apre14

r D)

CR,2Z8WuW¢

CR,ADN:

CR,DXT:

CR,BDN:

CARD COMPLFTED!
1n5p37 CR,DUN: CLRB

T3TH
BEQ
MOV
MOV

JSR
Mav

« IFDF
7878
BNE
«ENDC
Mav

.1FDF
BR

BR

. IFNDF
TS78
BMI
CHP
BEQ
SuB
LENDC
CMPB
REQ
TST8
LENDC
CLRB
CHP
BHI
MOVB

MOVR
MOy
JHP

« IFOF
MOy
MOVB
BMI
JSR
MoV
JMP
+ENDC

PHCR,CSR

aRQ

CR,RPT
(SPY+,R0O

PHCR RSV, =(3P)

RS,0(SP)+
CR,UBP,RO

BINARY
CR,TSW
CR,RBDN

CR,UBE, R

BLANKS
Y
CR,ADN
MARKS
aRQ@
CR.DXT
R?,R1
o *6
#8,,RO

w(RA), 4247
=4
(R2)+

»(R1)
R1,RQ

=4
#215,(R1)+

#0712, (R1)+
CR,RA
014 (RA)

BINARY
CR,IRS,R!
eRA,R2
CR,DXT
PC,CR.BIN
0#CR,SXT, RS
4(R5)

34

§3TOP INTERRUPTS
$IF N0 PROCESSING YET ,,,
$eee CONTINUE

$OTHERWISE RESTNRE LJSER RO
% NOW SAVE ALL

’.l.

$1SET USER BUFF PTR

tFOR RINARY VERSION ..,

ees CHECK TF BINARY READ

3IF SO ACTION ACCRODINGLY
yFOR ASCIT, SFT END PTR

Tene % PERHAPS CHECK SUPPRESS
ISWITCH QON?

$IF NOT NO SUPPRESSION

$TEST IF END NF FILE

$SKIP NEXT CALCULATION IF ENF
$IF RUFFER FULL OMIT NEXT
$OTHERWISE LOSE CC 73=82
JTHEN TRATLTING SPACES

PADJUST PTR WHEN DONE

sCLFAR REST OF BUFFER

tMOVE TN CARRIAGE RETURN
$MOVE IN LINE FFED
1GET NDR ADDRESS

$TAKE COMPLETTION EXIT

$FOR RINARY, INTT INT PTR
yEXTT IF EOF SEEN

1ALLSO SETS INTERRUPT FLAG
JELSE GN MOVE DATA T0 LSFR

yIF COME RACK, MORE RFAD READ,
150 TAKE SYSTEM EXTT



20@320
2rp3z4
2pa33e

280334

20342

ene3sa
gep3s2

enplsn

gaele?

enaizo
00Q372

gne376

araapn
gepda4

gaadia
orpay2

105837
177168
Ap4767
pre5e
204767
177506
npR74Q

ny16724

177436

216164
00810
202016

Ap511@
162737
npAQa2
177160
208723

n12767
apr124
177444
neR77@
205667
177436
ARR765

A16746
177412
212746
Apn402
f@Ap04
292227

177160
177162
177164
200042
npaeddq

$3PECIAL CASE PROCESSING:

1 4&) FRROR ROLTINES
CR,ERR: CLRR P4CR,CSR
J8R PC,yCRaNRY
CR,RPT: JSR PC,CR.AGN
BR CR,IXT
t B) END OF FILE CARD SFEN:
CR,EQF: Moy CR,RY
+ IFNDF BTIMARY
MOV {1A(R1Y,16(RY)
JENDC
« IFDF BINARY
ADD #16,R1
MmNy RA,8RY
sug CR,UBE, 8R}
ASR oRY
«ENDC
CM 8RQ@
CR,EXT: BISR #2,04CR,C8R
BR CR,CXT
t C) CONTROL CARD SEENS
« IFNDF  ONLY2680ONLY29
CR,7226: MoV #104,CR,T0S
BR CRLEXT
CR,7229: CLR CR,TOS
BR CRLEXT
+ENDC
2 IFDF BLANKS
CR,ZON: MOVR #1,CR.ZSW
BR CR,EXT
+ENDC

IREADER NOT RFADY SUBRQUTINF:

CRGNRYs Moy CR,NAM, a(8P)
MOV #402,=(8P)
107
RTS PC

'

sMISCELLANEOUS DEFINITINNS:
CR,CSR=177162

CR.NDB18177162

CR_DB?23177164

CR,3XT=d2

CR,R8V=md4

35

18TNP INTERRUPTS
s INFORM QPERATOR
$IF RETURN TRY AGAIN

% EXIT FOR NOW

,lCQ

J

FGET DDR ADDRESS

b

1FOR

SIMPLE VERSION ,,,
NO DATA READ ON EQF

PMAYBE SOME IF RINARY ,,,
180 MOVE TO UNUSED COUNT STORE
L COMPUTE VALUE REGD

foeeo

AS WORDS!

:'.l

$SET FLAG
JALLOW REST OF CARD THRU

JFOR DUAL PUNCH DRIVER ,,.
Jesaa SET TARLE OFFSET ,,,

& TGNORE REST OF CTL CARD

$ers

1IN SUPPRESS VERSION
Jee.SET SUPPRESS ON
1AGAIN IGNORE REST OF CARD

s IDENTIFY DEVICFE
1GIVE ONT READY CODE

$e0e & CALL EDP
JTRY AGAIN IF CNME RACK



CR,TBLS
sPARITY ASCTI CONVERSION TARLF FOR @29 PUNCH
«IFNDF ONLY26

orgdLd 24p +BYTE 249 1SPACE
200415 261 LAYTE 261 11
200416 262 LAYTE 262 1312
gag41y 263 +RYTE 63 13
2ag420 264 JBYTE 264 14
o4y 065 RYTE 65 15
200422 266 .BYTE 66 16
ee@a23 267 LAYTE 267 17
220424 270 JBYTE 270 18
200425 249 LBYTE 240 JEMPTY
000426 072 LRYTE 72 :
eng427 243 LRYTE 243 P4
200430 308 «BYTE 300 yo
202431 247 .BYTE 47 3
2432 275 .BYTE 275 pa
2¢p433 042 JRYTE 42 $"
2020434 271 LBYTE 71 19
]
020435 260 LBYTE 60 0
20436 257 +RYTE 257 1/
200437 123 .BYTE 123 'S
grp4adn 324 JBYTE 324 T
20441 125 .BYTE 125 3
200442 126 LBYTE 126 3V
@00443 327 LAYTE 327 P
geg444 339 JAYTE 332 ' X
2A@445 131 JRYTE 131 by
20BA446 240 .BYTE 248 FEMPTY
200447 335 .BYTE 335 1
2452 254 .BYTE 254 1
0eP451 245 .BYTE 245 1%
200452 137 LBYTE 137 10
202453 276 «RYTE 276 >
2r@454 877 «BYTE 77 17
229455 132 «BYTE 132 17
H

200456 055 .BYTE 55 3=
20457 312 LBYTE 312 1 J
20p46n 113 +BYTE 113 1K
20461 314 .BYTE 314 i
000462 115 +BYTE 115 ™
200463 116 RYTE 116 $N
2pea6d 317 +BYTE 317 10
200465 120 LAYTE 120 3P
Q466 321 «BYTE 321 10
e00467 240 LAYTE 240 JEMPTY
000470 241 LBYTE 41 3!
ana47y P44 «BYTE 44 '8
200472 252 +BYTE 252 1x
200473 251 JBYTE 251 1
gna474 273 . <BYTE 273 'y
20475 134 «RYTE 134 16
270476 322 LBYTE 322 IR

36



coe477 246 +BYTE 246 1%

22050 121 «BYTE 124 1A
200521 122 <BYTE 122 §R
gnasa2 393 +RYTE 303 i1C
200523 104 «BYTE 104 1
200504 375 «BYTE 305 1E
2opsps 396 +RAYTE 376 1F
20a5a6 107 +BYTE 107 16
2uesa? 11e «BYTE 112 1H
aegs1o 240 «BYTE 240 PEMPTY
209511 333 «RYTE 333 1l
seB512 756 +BYTE 56 Fe
202513 274 .RYTE 74 $<
2rgs514 s +BYTE 52 ¢
200518 @53 +«RYTE 53 X3
200516 336 «BYTE 336 1A
grasyL7 314 LBYTE 311t 11
LENDC

tPARITY ASCII CONVERSION TARLFE FOR 726 PUNCH:
« IFNDF  ONLY29

208520 249 LAYTE 242 1SPACE
280521 261 «RYTE 261 11
2rpsS22 262 2BYTE 262 12
2A@523 963 +BYTE 63 :3
20p524 2684 «BYTE 264 14
2nE525% 265 «RYTE 6% 15
2nasas 266 LBYTE 6K 15
sees27 267 JAYTE 267 27
9aa530 27¢@ JRYTE 274 318
200531 240 «RYTE 2492 PEMPTY
Bnes32 137 «BYTE 137 19
90Q533 27% «BYTE 275 1
205534 30¢@ «BYTE 322 L)
200535 336 «BYTE 336 1A
2RR536 @47 «8YTE 47 2!
200537 134 «BYTE 134 10
2Nas4n @71 LBYTE 71 19
H
208541 260 JRYTE 67 3
200542 257 LAYTE 257 1/
2na3543 123 «BYTE 123 18
200544 324 «3YTE 324 5T
20p545 125 «RYTE 125 3
200546 126 +AYTE 126 v
200547 327 3YTE 327 W
grASSa 33@ «BYTE 332 1Y
ar2551 131 «BYTE 134 1Y
208552 24p «RYTE 242 1EMPTY
2ng%53 273 «8YTE 273 1Y
200554 254 «AYTE 254 e
2555 250 +BYTE 5@ 1 ¢
200556 742 +BYTE 42 A
2r@ass57 243 «BYTE 243 .
20p560 245 +RYTE 245 1%
200561 132 «BYTE 132 12
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40562
0A0563
200564
200565
200566
208567
200570
¢00571
2ep572
200573
00574
208575

000576
00577
anos0n
200401
200602

2resal
vagapd
goa6ps
enese6
anesaz
goasin
oeasty
gag612
dres613
@pgs14
ae@618
GopsLs
enesL?
gaasaa
e0pa621
anes2?
200623

P55 «RYTE 558 e
312 «BYTE 312 B
113 «RYTE 113 1K
314 «BYTE 314 1l
115 «BYTE 115 $M
116 +BYTE 116 N
317 sRYTE 317 10
120 +BYTE 128 1P
321 +BYTE 321 10
24p «BYTE 240 JEMPTY
272 JAYTE 72 1t
44 +RYTE 44 1S
252 «BYTE 252 px
333 «BYTE 333 s i
276 «BYTE 276 1>
246 «BYTE 246 1%
322 «BYTE 322 3R
!
253 «BYTE 53 e
1a1 «BYTE 1014 1A
122 «BYTE 102 1B
323 +RYTE 393 1C
104 «BYTE 104 D)
3Ins «BYTE 305 VE
326 «BYTE 3076 1'F
187 «RYTE 127 36
i1ie «BYTE 110 tH
4@ +BYTE 242 JEMPTY
g77 «BYTE 77 1?
256 «BYTE 56 fe
251 «RYTE 251 1)
335 «BYTE 335 1
w74 LRYTE 74 1<
pay +BYTE 41 ?!
311 +BYTE 311 11
«ENDC
s INTERNAL BUFFER FOR BINARY STORAGE:
«IFDF BINARY
CR.RUF: ,TFNDF MARKS
CR,BSZm123,
+ENDC
~ <IFDF MARKS
CR,R87m62,
| QENDC
2B ,+LR,A82
<ENDC
2p0eay «END
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90202080 ERRORS

CR

CR.BXT
CR.CXT
CR.DUN
CR.ERR
CR.IXT
CR.ONR
CR.RSV
CR.TAL
CR.URE
CR.029
R1

R4

PRARQAPRG
PAP226R
gee230R
P72@242R
arp322R
pa@e236R
pAPAL6R
a RARA44
pOp414R
PAPA64R
PAE372R
3%geQae1
2%grenp4d
" AREA24R

CR.AGN
CR.CSR
CR.DB}
CR.DXT
CR.EXT
CR.NAM
CR.OPN
CR.8TO
CRL.TFR
CR.UBP
PC

R2

RS

BAQYA42R
» 1771609
s 177162
A%2231 2R
2Ap352R
2297214R
A7QP22R
a%0204R
27p042R
gApazor
2202007
52220002
sX3Ap0R5
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CR.ASC
CR.CVT
¢R,DR2
CR,EOF
R, INT
£R,NRY
CR,RPT
R, SXT
CR,T0S
CR,026
Y.

R3

sP

A7@126R
BAA166R
B 177164
AAAII6R
a72124R
A7Q400AR
a7a33@2r
s 279342
270934R
A73362R
=%073200
=%A7A703
alA23206






APPENDIX A

CHARACTER CODES

A.1 CARD CODES

CARD CODES
(ANSI X3.26—-1970)
Zone | 12 12 |12 12 12 |12
11 1 11 11
0 0 0 0 1]
Digit 9 9 9 9 9 9
& |— | O |space { | }
] ALl |/ 11 alj I~ SOH| DCi
2 B |K|[S]|2 b |k |s STX | DC2 SYN
3 C LT3 c t ETX ] DC3
4 DIM|U|4 d |m |u
S E {NJV!IS ¢ |n |v HT LF
6 F |0 |W|6 f o |w BS ! ETB
7 G P |Xi7 g ip Ix DEL ESC | EOT
8 [H!Q!lY!8 [hiqly CAN
9 I IRIZ|9 i ir 1z
8-1 grave EM NUL |DLE
82 L {1 i\i:
8-3 $ i, (# VT
84 < |* |9|@ FF |FS DC4
s ¢ D I_I’ CR |GS | ENQ |NAK
86 1+ |; I>]= SO |RS | ACK
87 (! i1 |” SI {US |BEL |SUB

NOTES
To determine the card punch for a particular character, locate the character
in the table and read the corresponding zone punch and then digit punch.
For example, the card punch for a % is 0-84.

To obtain the character corresponding to a particular card punch, locate the
junction of the zone punch and the digit punch. For example, the character
corresponding to the card punch 12-11-9is 1.

Slots that do not contain characters represent card punches for which there
are no ASCII equivalents,




A.2 PDP-1l PUNCHED CARD CODES

A.2 PDP-11l PUNCHED CARD CODES

Parity Parity

CHARACTER ASCII DEC@29 DECP26 |CHARACTER ASCII  DECP29 DEC@26
{ 173 12 ¢ 122 ¢
} 175 11 ¢ 119

SPACE 249 NONE NONE @ 300 8 4 8 4

! ga1 1287 12 8 7 A 191 12 1 12 1
" ga2 8 7 g8s B 192 12 2 12 2
# 243 8 3 8 6 C 393 12 3 12 3
$ gas 1183 11 8 3 D 194 12 4 12 4
% 245 g84 @87 E 395 12 5 12 5
& 246 12 11 8 7 F 376 12 6 12 6
' g4a7 85 8 6 G 187 12 7 12 7
( g58 1285 g 84 H 119 12 8 12 8
) 251 11 85 12 8 4 I 311 12 9 12 9
* 252 11 84 11 8 4 J 312 11 11
+ @53 12 86 12 K 113 11 2 11 2
, 254 g83 g83 L 314 11 3 11 3
- #55 11 11 M 115 11 4 11 4
. #56 1283 128 3 N 116 11 5 11 5
/ 257 g1 g1 o 317 11 6 11 6
g geg '] [} P 12¢ 11 7 11 7
1 261 1 1 0 321 11 8 11 8
2 262 2 2 R 322 11 9 119
3 g63 3 3 s 123 g2 g2
4 264 4 4 T 324 g3 g3
5 965 5 5 u 125 g4 g4
6 766 6 6 v 126 g5 g5
7 267 7 7 W 327 g6 g6
8 278 8 8 X 338 g7 g7
9 g71 9 9 Y 131 g8 g8
: g72 8 2 11 8 2 2 132 g9 g9
; 273 1186 ¢ 82 [ 333 1282 11 85
< 274 12 84 1286 \ 134 g8 2 8 7
= 275 8 6 8 3 ] 335 1182 1285
> 276 g86 1186 + or ~ 336 1187 85
? 977 g87 1282 «or _ 137 g8s 8 2




APPENDIX B

ALGORITHMS USED IN CR11/CM11 CARD READER DRIVER

B.1l HOLLERITH TO ASCII CONVERSION

Examination of the valid Hollerith character codes listed at Appendix
A shows that in any one character there can be only one punch, if any,

in control zones 12, 11, and 0. When translated by the CR11 Control

into byte form, as follows: I

ctal digit corr.
Zones 1-7)

llz | 11 ‘ 0 9 i 8 I | |
7 6 5 4 3 2 1

it can be seen that all characters must fall into one of the octal
ranges: 0-37, 40-77; 100-137, 200-237. Moreover, within each range,
the values are in fact restricted to the first seventeen. Basically,
it is therefore possible to establish a table in four sections, each
corresponding to one of these ranges, or two like tables if both 026
and 029 punches are considered.

Further, if the bytes so formed are transferred from the CR1l buf-
fer into a register, values in the last range produce negative results
by sign extension. If 3408 is added to these, their range now becomes
140-177; a natural progression fromthe other three. Using a second
register as a form of counter, a relative index to the reguired ASCII
equivalent within its appropriate table section can be thus established
simply by adding Zlg to the low—order 5 bits of the Hollerith ccde for
each time 408 can be successfully subtracted from the high-order three
bits. (In practice, this is accomplished by subtracting 178 from one
register containing the final index, to remove the 40 while adding 21,
while redﬁcing the counﬁer fegiéter.) To the index must then be added
the appropriate offset into the correct table for the punch concerned
(0 for 029 and 1048
of the ASCII value required is merely the index added to a computed

for 026 if both tables are present). The address

absolute table base.

B.2 BINARY PACKING

Basically, the packed format in which binary data is passed to a user
program can first be considered as a problem of packing two 1Z-bit
words representing card columns into three 8-bit bytes as:

Byte 0 Byte 1 Byte 2
cc 1l (12-5) cc 1l (6~9),cc 2 (12-1)| cc 2 (2-9)




or, in other words, the first column is shifted to the high-order
position over the first two bytes while the second column remains in the
low~order position in which it was read over the last two. Using a
simple flip-flop type of switch, the algorithm distinguishes between
columns 1 and 2 to accomplish this during the appropriate interrupts.
Columns 3 and 4 require similar treatment. Owing to the byte address-
ing scheme of PDP-11, however, the result so obtain means that the

bytes within each word are misplaced. A simple byte-swap when the

word is passed to the user corrects this.

B.3 SWITCHING

The version of the driver which allows binary processing requires sev-
eral switches as noted in the main text. Because the Monitor will
never allow the driver to be called to perform more than one operation
at a time, there is no need for the driver to be restricted to re-

entrant code. As a result, the general form of switching used is of

the form:
SWITCH: BR .+2
BR PROC.B
PROC.A:

When the low-order byte of SWITCH is cleared, the effective instruction
at that point then cecomes BR .+2 and the branch to process B is taken.
If on the other hand that byte is then incremented, the instruction be-

comes BR .+4 and process A is entered.

A variation of this technique has been used at the start of the
TRANSFER routine in the binary-type driver firstly to allow OPEN to
stop a first read as described in the main text, and secondly to cause
execution of the once-only code needed to initialize the internal buf-

fer pointers. This extends the single fixed branch to a table:

CR.TFR: BR .+4 (Allows READ w/0 to proceed)
BR CR.OXT (Ignore first read after OPEN)
BR CR.ISP (Initialize buffer pointers)

If OPEN is called, the switch byte is cleared causing the first trans-
fer call to branch to CR.OXT (BR .+2). The routine at CR.OXT merely
increments it back to the BR .+4 state and exits. The next entry at
CR.TFR (or the first if OPEN is not called) takes branch to CR.ISP.
The last instruction of this routine, which also immediately precedes
CR.TFR, executes INCB @PC, hence finally setting the switch byte for



BR .+6 leading to all successive calls beginning normal execution im-
mediately, until either the driver is re-initialized by a new OPEN or
is removed from core and brought in afresh.






APPENDIX C

UNPACKING BINARY DATA FROM THE CR11/CM11 CARD READER DRIVER

A SUGGESTED ALGORITHM

1. Each four card-columns of data passed to a user program in binary
format appear in memory as follows, when the byte-addressing scheme

of PDP-11 is considered:

i i
{ I
cc 1 :cc 2 cc 1 cc 3 cc 2 cc 4 cc 3 | cc 4
6<9 112-1 12-5 12-5 2-9 2-9 6-9 1 12-1
BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5

At first sight, a simple algorithm to restore the original 12-bit
card column images from this format might seem a problem. If, how-
ever, the bytes in each word are first switched, the format now shows

a more logical sequence:

! i
cc 1l cc 1 ! cc 2 cc 2 cc 3 cc 3 ' cc 4 cc 4
il2-5 6-9 ' 12-1 2-9 12-5 6-9 | 12-1 2-9
BYTE 0 BYTE 1 BYTE 2 BYTE 3 BYTE 4 BYTE 5

and the solution reduces merely to one of splitting two like sets
of three bytes into two 12-bit words. The first step, therefore,
s to perform the necessary swap across all words transferred. As-
suming the data has been read into a line buffer as defined under

DOS, the appropriate code might be:

MOV #LINE+4 , RO ;GET BYTE COUNT FROM LINE HDR
MOV (RE)1+,R1 ;... & BUMP POINTER TO FIRST DATA
ADD R@,R1 ;USE CNT TO SET LINE END

MOV R@, R2 ;SAVE START POINTER

SWAB  (R2)+ ;... & DO BYTE SWITCH

CMP R2,R1

BLO 4

2. The column 1 image is simply obtained by taking byte 0 as the
high-order part and byte 1 as the low-order part of a word which is
then shifted until the required 12 high-order bits are right-justified.
Column 2 image is similarly extracted from byte 1 and byte 2 except
that no shift is needed. Using a simple flip-flop type switch to
differentiate between odd and even columns, the necessary sequence
might be:

C-1



a)

b)

CLR R2
A: MOVB (RE)+,-(SP)
SWAB @sp
MOVB (RE)+,@SP
coM R2
BPL B
ASR @sp
ASR @sp
ASR @sp
ASR @sp
DEC R@
B: BIC #179004@,@sP
CcMP RZ,RL
BLO a

;INIT. FLIP-FLOP

;GET FIRST BYTE

;... INTO HIGH ORDER SPOT
;... & 2ND INTO LOW
;FIRST COLUMN?

;IF SO, RIGHT JUSTIFY

;STAY AT SECOND BYTE

; REMOVE GARBAGE

; REQD. IMAGE NOW ON STACK TOP

... & CAN BE PROCESSED AS NECESSARY
;END OF BUFFER?

;IF NOT, GET NEXT IMAGE

NOTES

The stack is used rather than a register to build the image, as this
avoids the problem of possible sign extension in the operation at
A+4. After processing, the image should of course be removed be-

fore proceeding to the next.

For mere storage of images in another buffer, a further register
might be used as a pointer, e.g., MOV #BUFFER,R3 and all refer-
ences to SP can then be changed to @R3 until the one at B, which
should become (R3)+ to step to next word.



APPENDIX D

PREPARATION AND USAGE OF CR11/CM11 CARD READ DRIVER

D.1 PREPARATTION

It has been shown that, by defining the relevant conditional parameters
at assembly time, the user can tailor the card-reader driver to meet
the particular needs of his installation. To allow him to do this,

the driver is supplied as a source tape. The following paragraphs il-
lustrate special points to be observed in preparing this tape for usage.
It is assumed that the user is already familiar with the general opera-
ting procedures of the PAL-11R Assembler and Link-11 Linker.

D.1.1 Assembly

In order to enter the definitions for the required optional parameters,
the user should specify that the keyboard will be used to supply input
on Pass 1 only. Thus, assuming a disk-to-disk assembly with line-
printer listings, the response to PAL-11lR request for command input

might be:
#CR.OBJ,LP:,LP:<KB:/PA:1,DF:CR.PAL

After this, the user can begin to type in the definitions he needs,

e.g.:

BLANKS
BINARY

and then terminate by calling the Monitor to signal the end of this

particular input as:

+C (CTRL/C
.END (Two carriage-returns are essential after .END)

Thereafter, the assembly proceeds in the normal way.

For easy reference, the possible parameters and their effects

are summarized below:

Parameter Driver Version Size
Nil ASCIT only - 026 or 029 (029 default) 200
DEFALT ASCII only - 026 or 029 (026 default) +1

D-1



Parameter Driver Version Size

ONLY26 ASCII only - 026 punch only =51
ONLY29 ASCIT only - 029 punch only -51
BLANKS Auto-deletion of cc 73-80 & trail—- +18
ing spaces by Special Card Control
BINARY Adds binary to other capabilities. +161
MARKS Restricted driver for 40-col CM1l 0 on Basic

v
-4 on BLANKS
-30 on BINARY

NOTE
Signed size values should be added to the basic size
for the ASCII-only version, e.g., driver assembled

with ONLY29, BINARY, and BLANKS defined is 328 words
long. Also first four mutually exclusive.)

D.1.2 Linking
The output file from PAL-11R should then be linked to paper tape, using

Link-11l. It must be origined at location @ if it is to be used within DOS,
i.e., the Command String in this case might be:

#PP:,LP:<CR/B:8/E

D.1.3 Inclusion in DOS Monitor Library

‘The DOS Monitor has already been set up to recognize the Card Reader
Driver. Therefore, the user need merely incorporate the linked module
into the Monitor Library, either by making the paper tape part of the
input while building the system on disk by SYSLOD or by including it in
the Monitor Library on a DECtape using MODS. The associated descrip-

tions for these programs give details of method.

D.2 USAGE

In general, a card file consists merely of the data cards followed by
an EOF card, then a blank. It has been shown that control cards may
also be included to force the driver to function in a special way.

The format for each of these is summarized below:

EOF 12-11-0-1-6-7-8-9! in c.c. 1 for ASCII,
in c.c. 1-8 for Binary
029 codes 12-0-2-4-6-82 in c.c. 1 If also in
026 codes 12-2-4-83 in c.c. 1 c.c. 80, card
Suppress is symmetrical
Blanks 12-11-0-7-8-9 in c.c. 1 & can be used

any way up.

112-11-0~1 for Version @@5A Monitor Release 4A.
212-0-7-9 for Version @@S5A Monitor Release 4A.
%12-11-8-9 for Version @@S5A Monitor Release 4A.

D-2



After placing the card file in the hopper, the operator should
ensure that power has been turned on and that both the MOTOR START &
READ START buttons have been pressed (both indicators green). The
read will then respond to any program request for input from device
CR.

If an error occurs at any time, the Monitor message "Ag@2 12g68"
will indicate this. The operator should rectify the error if possible,
replace the last card read with the remainder of the deck in the hopper,
re~enable the reader and type CO to resume.
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PCll HIGH-SPEED PAPER TAPE READER DRIVER

The paper tape reader driver provides the device dependent I/0 func-
tions for the PDP-1l paper tape reader. To allow the common I/0 pro-
cessor to be device independent, the paper tape reader driver is a
block processor. Any size block may be processed by the driver, but
to provide the most efficient operation the standard buffer size is

32 words. The driver code is position independent.

1.1 DESCRIPTION

The paper tape reader driver consists of two sections: the standard

driver header and the driver body.

The driver header gives the following information about the paper
tape driver:

1. Capabilities
a. Single user
b. Input only device

c. ASCII and BINARY both may ke handled
d. Non-file structured

2. 32 word standard buffer size
3. Interrupt entry address and priority (4)
4. Dispatch table containing entry addresses for:

a. Open
b. Transfer

5. Internal word count and buffer address

The driver body contains the code to perform the three paper tape
reader functions: opening, reading (transfer), and interrupt servic-
ing.

1.2 OPEN

The OPEN function for the paper tape reader exists to give the user a
means to ensure the reader is ready for operation (i.e., contains tape,
is turned on, etc.). The OPEN routine tests the tape reader status
register for an error indication. If such exists, an A002 message

(Device Not Ready) is printed to the operator. The check is repeated



following a return from the Diagnostic Print routine indicating that

the operator has requested continuation. Because no interrupt is neces-
sary to make this check, the routine merely removes the interim return
address stored on the top of the processor stack by the calling sequence
and takes the completion exit immediately (since this driver is for
single-use only, there can be no queue for its services, hence it need

take no action to cater for a queue situation).

1.3 TRANSFER

The TRANSFER entry initializes the driver and initiates the read of the
first character. Initialization consists of storing the byte count

(2 * Word Count) and buffer address from the calling DDB into the driver
header positions reserved for them, and enabling the reader interrupt.

1.4 INTERRUPT SERVICE

Interrupt servicing is the heart of the paper tape reader driver. The
following flow chart gives a detailed explanation of this function.

Enter from
Interrupt

Indicate Error Store Character
to Caller by Non- in Buffer

Zero, Incomplete
Count

Bxhausted
?
Aﬂ Disable Update Count
Interrupt and Current
Buffer
. Address
Save
Registers Return from
Interrupt

Take Complete
Return

It should be particularly noted that an error during interrupt ser-

vicing signifying "Reader Off" or "Qut of Tape" is considered an "End of
Data" and is treated accordingly.



1.5 Program Listing

A complete assembly listing of the driver follows.

PV.FR  MACSC y0P4mid 13-5EPm72 23378 PAGF

! JCOPYRIGHT 1671, DIGITAL FOUIPMFNT FORF,, MAYNARD, MASS, . <o
z . ppOct Nivt o B
3 JVERSTON NUMBER® VoA ‘ e
g } PAPFR TAPF READFR DRIVER (PR)
é LTITLE NVv,PR
7 «LLARL PR
& PAPZ7?Y REsXE
9 2002721 Ri=%1 :
10 PRPZP2 R2E%2 L
11 7ar223 R3=%3 [
12 nArgP4 Rds%d o
13 nare25 RBay5 et
14 nagrgrs SP=%6 '
18 fangn? PCe%7 Y
16 3 PREAMBLE v
17 ogren Agepme PR3 <WORD 2~ PRCURRENT DRCR CR 2
18 opop? 234 RYTE PR,RP 1 FACTILTTYFS INRICAYOR .
19 ¢eeed 270 RYTE @ : R ﬁf )
ce ceepd gne RYTE 2 3 STANDARM RUFFFR ST1ZE / 16, ~Jvil- /il
¢! epeps 286 LRYTE PR, INT=PR 3 INTFRRUPT APDRESS
22 rgnes 270 WRYTE 272 $ PRICRYTY 4 INTERRUPT
23 geng? 172 RYTE PR CPNaPR 3 DTSFATCH MPEN
24 opriv 222 BYTE PR,TFR=PR 3 TRANSFER (TN)
28 peniy pre WRYTE e ¢t CLOSE -
26 pory? ere +RYTE ] t SPECTAL FUNCTICHS
7 eom?y3 eog «RYTE @ 5 DUMMY
28 p@n14 263320 PR,NAMg RADSZ IFR!
29 0@?i6s 2a4rg72 INTCNTL L wORD 2 3 INTFRMAL COUNY
3% pgr2e gacpng STOADRE LWORD 2 3 STORE NFXT ADRRFSS
| } MAIN DRTVER
~32 3 REGIN TRANSFER ’ .
33 ege22 716772 PR,TFR3 MOV - PR.RQ 3 GFT ONPB° Ulwr Hod Ataew
177752 . .
34 ngp2f vi1EnR4 MRy 12(R%),R4 1 PRESERVF USER COUNT
2arpiLn
38 0032 PprINg ASL R4 1t BYTF COUNY
36 00234 P1r4RT7 MOV R4, TNTCNT
1772756
37 ogran v1FRAR7 MY 6(K?),5T0ADN 3} SAVF RUFFFR ANRDRESS
ARPE7E
177752 ,
38 pQP4aR rS52737 RTS8 %101 ,04PR CSR ;3 ENARLF TNTERRLPT
rarLMy
1778489
39 pp254 npozoy RTS PC PRETURA
a0 3 THE PR TS PRIVEN RY THE FALLAWING INTFRRUPT RECLTINF
a1 ;
42 0@P8Fk 29R737 PR,INTI TST 84PE PSR 3 TFST FOR FRROR
177552 e
43 0QP62 17r414 RMT PR,FRR 1 YFS
44 02P64 143777 MOVR @4PR RIIF,88TOADND &t STORF FPHARACTER
1775852
177726
45 pee72 7aR2R7 IHC STCADM s UPDATF
177722
46 pQr7k PRR2A7 TMC INTENT t POINTERS

3

e ¥

i/



CV,FR

MACPN VCPA4=14 {3=SEP=72 32109 PAGF 1+

§ ENARLF

t AND RETURN

3} SET LP JSR

? DISABLE INTFRRLPT

s DPB ADDRESS

3 REMAINING COUNT

t NONF

3 ROUNRER YO WCRPRS (ANR TEAR)
$ RFTURN RESULT 1O CALLFER

t COMPLFTTICN RETLRN

§ ARDYTTIONAL TNFC

sMOT READY = 1,2 ERR MSH

3 TAPF READY

s NO
$PLEAR CALL FROM STACK
tSEY DCR ADDRESS

® TAKE CCMPLEYF RETN

s v
' LR N

177714

47 eg102 fa14ny RES PR (NNE ]

48 ¢p1g4d n52737 RTS #121,84PR, CSR
zaeyLMy
177882

49 @112 ranen2 RTI

EQ ep114 PR,ERR?

Bl o114 713746 PR, BNE3 MDY S#FPR,SAV,=(8P)
rArZ44

E2 0Q127 PQAS3E _ JSR KE, & (SP)+

€3 ¢@12?2 145237 PR,DIS: NILRA 6%PR (SR
177552

B4 01268 218729 Moy PR,FO
177648

£5 pp132 riR79) HAy INTENT,RY
1776R8

E6 pR13R 201405 REQ PR ,FRT

B7 o@147 1A27a4 sUB HE PR
CARANE

B8 p@1d44 20271 ASR Rt

£9 p@146 myriAQ MOV RY1,16(R?)
AP A

E? eg152 ~72r172 PR,FRTs JMP 814(R7)
2Ar214

€1 } OPEN RNIUTINF?

€2 PR1SA P1AR748F PR,OPR: HOY PR NAM, = (8P
177632

€3 pPQ16P m12745 MAV #4072 ,= (8P
ARmar2

€4 PR16A PANEM4 nT

€8 Pg177 PUS73I7 PR,MPNE TST A%PR FSR
1775450

€6 7@174 127770 AMT PR,OPR

€7 PRITR CAKT 26 TST (SFY+

EB 0@207 riRr702 MOV PR,RE
177574

€9 pp2pd ren7R2 RR PR.FRT

7@ }

71 177552 PR,RLUF=1775852

72 17755¢ PR,CSR=z17755¢2

73 ?gr234 PR,BP2234

74 2ArPZ44 PR,SAv=44

75

76 aAr@ary JFNR

LV,.FR MACRN y0Rdwid {3«8EPw72 23873 PAGF {4

SYMFOIL, TarRLF :

INTCNT grep AR PC s%304PQ7

FR,FP a @70734 PR,RUFa {77552

FR,FIS 272122R PR.NNE QP2114R

FR,FRT @rp152R PR INT APR7Y6AR

FR,CPN Q@0a170R PR,AFR P722186R

FR,TFR prua22i RA sYAPRPRM

k2 LYYl 1] R3 syareeey

RS BYQPAPRS spP 2YAPUPRAR

ARS, pnnoge na@p
Er4zeh res
FRRERS NETECLTFNR: @
FREF CORE+ 10435, WORDS

sLP1<NT PR

pe
PR
PR
PR
PR
R1
R4
Y

AR APRE
CSRs 177550
+FRR 212 114R
JNAV  Zr@P14R
LSAVs @rerdd
eA@ng2A
2%Qng224

NADR PrRP20R



DEC-11-ODPPA-A-D

PDP-11

PCA5 HIGH-SPEED PAPER TAPE PUNCH DRIVER

October 1972

SUPPLEMENT TO:
PDP-11 DEVICE DRIVER PACKAGE
DEC-11-ODDPA-A-D

MONITOR VERSION V@Q8

COPYRIGHT (:) 1971, 1972 BY DIGITAL EQUIPMENT CORPORATION

NOTE

This document is for information purposes only
and is subject to change without notice. DEC
assumes no responsibility for the use or reli-
ability of its software on equipment which is
not supplied by DEC.

NEW AND CHANGED INFORMATION

This manual documents the software as of Monitor version V@8. It has
been revised to include all new and changed material since Monitor
version V@4. Such material is indicated by vertical bars in the out-

side margin. Whole new pages are not so marked but are dated in the
lower outside corner.

SOFTWARE
DISTRIBUTION
CENTER




PC@5 HIGH-SPEED PAPER TAPE PUNCH DRIVER

The paper tape punch driver supplies the basic device dependent operat-
ing functions for the PDP-11 paper tape punch. To facilitate the de-
vice dependent operation of the I/0 common routines, the paper tape
punch driver processes blocks of data to be punched. The driver will
process any size block (as given in the DDB) but for efficient opera-

tion a default (standard) block size of 32 words has been chosen.

The paper tape reader driver provides open, close, transfer, and
interrupt. servicing functions. The open and close functions cause the
paper tape punch to punch two fanfolds of blank leader and trailer
tape respectively. The transfer function causes the punching of the
given block of data. Since the PDP-11 paper tape punch punches one
character at a time, the interrupt servicing function provides the ac-

tual control of the punch for each of the other functions.

2.1 DESCRIPTION

The paper tape punch driver consists of two distinct parts: the stand-

ard driver table and the driver body.
The driver table contains the following information:
1. PFacilities indicator - The facilities provided
by the paper tape punch driver are:
a) Single User
b) Output only
¢} ASCII or Binary format
d) Non-file Structured
2. 32 word standard buffer size
3. Run at priority 4
4. Internal information
a) Trailer Indicator

b) Internal byte count
c) 1Internal (byte) buffer address

The code for the paper tape driver is organized as follows. The
open, close, and transfer routines perform their initialization pro-

cesses and control is transferred to the interrupt service routine for



LV,FP

actual control of the data transfer. The initialization processes con-
sist of setting the internal byte count, the beginning buffer address,
and the trailer indicator (f implies open/close in process, 1 otherwise).
The interrupt servicing routine is then called. Leader/trailer punch-
ing and actual transfer punching differ only in that the internal buf-
fer address always points to a zero in the former case, and this point-
er is incremented through the block in the later case. Upon total
completion of the requested operation, the DDB'completion return is
taken; the DDB intermediate return occurs immediately upon initiation
of the punching of the initial byte. At each interrupt the detection
of an error (Punch Out of Tape) results in a request for an A002 mess-
age at the console (Device Not Ready). If a return from the Diagnostic
Print routine occurs, indicating an operator request to continue, the

function is again resumed.

2.2 Program Listing

A complete assembly listing of the driver follows.
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HOW TO OBTAIN SOFTWARE INFORMATION

Announcements for new and revised software, as well as programming notes, software problems,
and documentation corrections are published by Software Information Service in the following

newsletters,

Digital Software News for the PDP~8 and PDP-12
Digital Software News for the PDP-11

Digital Software News for 18-bit Computers

These newsletters contain information applicable to software available from Digital's Software
Distribution Center. Articles in Digital Software News update the cumulative Software Per-
formance Summary which is contained in each basic kit of system software for new computers, To
assure that the monthly Digital Software News is sent to the appropriate software contract at your
installation, please check with the Software Specialist or Sales Engineer at your nearest Digital

office.

Questions or problems concerning Digital's software should be reported to the Software Specialist.
In cases where no Software Specialist is available, please send a Software Performance Report
form with details of the problems to:

Digital Equipment Corporation

Software Information Service

Programming Department
Maynard, Massachusetts 01754

These forms, which are provided in the software kit, should be fully filled out and accompanied
by Teletype output as well as listings or tapes of the user program to facilitate a complete inves~
tigation. An answer will be sent to the individual and appropriate topics ofgeneral in-

terest will be printed in the newsletter.

Orders for new and revised software manuals, additional Software Performance Report forms, and
ce lists shou!ld be directed to the nearest Digita!l Field office or representative. USA
customers may order directly from the Software Distribution Center in Maynard. When ordering,

include the code number ond a brief description of the software requested,

Digital Equipment Computer Users Society (DECUS) maintains a user library and publishes a cata-
log of programs as well as the DECUSCOPE magazine for its members and non-members who request
it. For further information, please write to:

Digital Equipment Corporation

DECUS

Programming Department
Maynard, Massachusetts 01754
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Digital Equipment Corporation maintains a continuous effort to improve the quality and usefulness
of its publications. To do this effectively we need user feedback -~ your critical evaluation of

this manual .

Please comment on this manual's completeness, accuracy, organization, usability. and read-
ability.

Did you find errors in this manual? If so, specify by page.

How can this manual be improved?

Other comments?

Please state your position. Date:
Name: Organization:
Street: Department:

City: State: Zip or Country
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