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PART5

‘CHAPTER1

USING DEVICE DRIVERS OUTSIDE DOS/BATCH

Subroutines to handle I/0 transfers between a PDP-11 afid'each of its peripheral

devices are developed as required for use within the Disk Operating System DOS/BATCH.

These subroutines are made availabie within an I/d Utilities Package for the benefit

of PDP-1l users who have configurations unable to support DOS/BATCH or who wish to

run programs outside DOS/BATCH control. '

All the subroutines associated with one peripheral device form an entity known as a

device driver. This part provides a general description of a driver and shows how

it can be used in a stand-alone envirdnment, The unique properties of each driver

are discussed in separate ddcuments, which are made availafiie'as part of the Device

Driver Package. The I/O utilities package for any system is determined by the

reripherals of that system.‘ Thus, the full documentation for a particular package

consists of this document and applicable supplements.



PART 5

CHAPTER 2

DRIVER FORMAT

2.1 STRUCTURE

The. basic principle of all drivers under the DOS/BATCH Monitor is that they must

present a common interface to the routines using them in order to provide device-

independént operation. The subroutines are structured to meet this end. Moreover,

a driver can be loaded anywhere in memory under Monitor Control. Its code is always

position-independent (p1c) .}

A detailed description of a driver is found in Chapter 5-4. This section describes

driver interfaces.

2.1.1 Driver Interface Table

The first section of each driver is a table which contains, in a standard format,

information on the nature and capabilities 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. See Section 5-4.1 for a detailed

description of the table.

2,1.2 Setup Routines

Each driver is expected to handle its device under the PDP-11l interrupt system.

When called by a program, therefore, a driver subroutine merely initiatesthe required

action by setting the device hardware registers appropriately. It returns to the

calling program by a standard subroutine exit.

The main setup routines prepares for a data transfer to or from the device, using

parameters supplied by the calling program. Normally, blocks of data are moved at

each transfer. The driver returns control to the program only when the whole

block has been transferred or when it is unable to continue because there is no

more data available.

lsee Part 6 for information on PIC.



The driver can also contain subroutines by which the calling program can request

(1) start-up or shut-down action, such as leader or trailer functions for a paper

tape punch, or (2) éome special function provided by the device hardware (or a
software simulation of that for some similar device), e.g., rewind ofa magnetic

tape or DECtape.

2.1.3 Interrupt Servicing

The driver routine to service device interrupts is particularly dependent upon the

device hardware provisions 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 reqfiest, the driver again initiates that

action and takes a normal interrupt exit. If the program réquest has been fully

met, cdntrol is returhed 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, if appropriate, attempts this itself (;s in the case

of parity or timing failure on a bulk-storage device) or recalls the program with the

error condition flagged (asat the end of a physical paper tape). Other errors

normally require external action, perhaps by an operator. The driver calls a DOS/
BATCH error handler via an IOT call.with supporting information on the processor

stack.

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 (link word). In order to provide the control parameters

for a device operation, the callihg program prepares a list in a standardized form

and places a pointer to the list in the link word. The called driver uses the

pointer to access the parameters. The driver can place return stafius information

(if needed) in the list area via the link word. The first word of the driver table

can also act as a busy indicator; if it is @, the driver is not currently performing

a task, but if it contains a listpointer, 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 4¢¢8 has been set up correctly;

the Monitor takes care of this. However, the driver table contains the information

required to initialize the appropriate vector.
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CHAPTER 3 °

STAND-ALONE USE

Because each driver is designed for operation within the device-independent frame-

work of the Monitor, it can b€ similarly used in other applications. Since the

easiest way to use the driver is to assemble it with the program that requires

it, this method will be described first. Other péssible methods will be discussed

later.

3.1 DRIVER ASSEMBLED WITH PROGRAM

3.1.1 Setting Interrupt Vector

As noted in Section 5-2.2.2, the rcalling program must initialize the device

transfer vector within memory locations @-377. The address of the driver's interrupt

entry point can be identified on the source 1istih§ by the symbolic name which appears
astfiecontentsof 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 reference position-dependent Fode, the setup sequenceymight be:

MoV #DVRINT ,VECTOR iSET INT. ADDRESS

MOVB DRIVER+6,VECTOR+2 ;SET PRIORITY

CLRB VECTOR+3 ;CLEAR UPPER STATUS BYTE

where the Driver Table Byte (at DRIVER+5) shows the follwing instruction:

.BYTE DVRINT-DRIVER

" If the program must be position-independent, it can take advantage of the fact that

the Interrupt Entry address is stored as an offset from the start of the driver, as

illfistrated above. In this case, a sample sequence might be:

MOV “ PC,R1 . ‘ ;GET DRIVER START

ADD #DRIVER-.,R :

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

CLR @R2 ' ;SET INT. ADDRESS
MOVB 5(R1) ,@R2 : i++.AS START ADDRESS+OFFSET

ADD R1,(R2)+ - :

CLR @R2 . SET PRIORITY

MOVB 6(R1) ,GR2
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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 Section 5-2.2.1. This list must adhere to the following format:!

[SPECIAL FUNCTION POINTER]2
[BLOCK NO.]3
STARTING MEMORY ADDRESS FOR TRANSFER

NO. OF WORDS to be transferred (2's complement)

STATUS CONTROL showing in Bits:

g-2 Function (octally 2=WRITE, 4=READ)"
8-1¢ Unit (if Device can consist of several units, e.g., DECtape)

11 Dpirection for DECtape .travel (@g=Forward)

ADDRESS for RETURN ON COMPLETION

[RESERVED FOR DRIVER USE]®

The list can be assembled in the required format since its content will not vary.

The driver can return information in this area; this will not corrupt the program

data.

On the other hand, most programs will probably use the same list area for several

tasks or even for different drivers. In this case, the program must contain

the necessary routine to set up the list for each task before making the driver

call. The driver may refer to the list again when it is recalled by an interrupt

or when returning information to the calling program. Therefore, the list must not be

changed until any driver has completed a function requested; for concurrent opera-

tions, different list areas must be provided.

!Tn some cases, it can be further extended as discussed in later sections.
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 @ must also be set to indicate ASCII=@, Binary =1. 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.



3.1.3 cCalling 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 the

MEMORY START ADDRESS. It can then directly call the required driver subroutine

by a normal JSR PC,xxxx call, where xxxx is the address of the driver subroutine.

As an example, the following position—independent code might appéar in a program

which wishes to read Blocks #1088-103 backward from DECtape unit 3 into a buffer

starting at address BUFFER. | ‘

MOV * PC,R@ ;GET TABLE ADDRESS

ADD #TABLE+12-.,R@

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

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

Mov #5404 ,-(RE) ;SET READ REV. UNIT 3

MoV #-1024.,~- (R@) ;4 BLOCKS REQUIRED

MOV PC, - (R@) ;GET AND STORE

i ADD #BUFFER-. ,@R@ 7+ « /BUFFER ADDRESS

MOV #1@3, - (R@) ; START BLOCK

CMP - (R@) ,- (RD) ' ; SUBTRACT 4 FROM POINTER

Mov ‘ R@,DT ; SET DRIVER LINK

JSR PC,DT.TFR ;GO TO TRANSFER ROUTINE

WAIT: . ; RETURNS HERE WHEN

. ; « « . TRANSFER UNDER WAY

. ; RETURNS HERE WHEN

. i « . .TRANSFER COMPLETE

TABLE : .WORD ;LIST AREA SET

~ .WORD ;...BY ABOVE SEQUENCE

& 8
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3.1.4 User Registers

During its setup operations for the function requested, the driver assumes that

Processor Registers @-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). It accesses them via addresses in memory locations

448 and 468.

MOV @#44,- (SP) ;OR MOV @#46,-(SP)

JSR R5,@(SP)+



The driver must also ensure that the start addresses are set into the correct

locations (448 and 468).

At its final interrupt, the driver saves the contents of Registers @-5 before

returning control to the calling program completion return.

3.1.5 Returns From Driver

As shown in the example in Séction 5-3.1.3, 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‘retfirning at the address specified (i.e., RETURN above).

Prior to this, the program must not attempt to access the data peing read in, nor

refill a buffer being written out.

The program routine beginning at address RETURN varies according to the device

being used. 1In general, the driver has given control to the routine for one of two

reasons; either the function has been satisfactorily perfdrmed, or it cannot be

carried out due té 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 deviceor timing failure occurred

and the driver has not been able to overcome this,

perhaps after several attempts.

=] shows that the end of the available data has beenBit 14

. reached.

The driver places in R@ the contents of its first word as a pointer to the

parameter table (see Section 5-3.1.2).

Possibly, the driver has transferred only sofie of the data requested. In this

case, it shows 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 Section 5-3.1.2, this applies only to non—bhlk 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 Section 5-3.1.6).

'This includes RF11 Disk; although this is basically word-oriented, it is assumed
to be subdivided into 64-word blocks.



It is thus the responsibility of the program RETURN routine to check the informa-

tion 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 saves Registers #-5 on the stack above the

Interrupt Retufn 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,Q@(SP) + .

RTI s RETURN TO INTERRUPTED PROGRAM

~

3.1.6 Irrecoverable Errors

All hardware errors other than those noted in the previous section 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 not turning on a paper tape reader or not setting

the correct unit number on a DECtape transport. Once the operator has rectified

the problem, the program could continue. Other errors, however, require hardware

repair or even software repair, e.g., if the program asks for Block 2¢@@ on a device

having a maximum of 1@@@. In general, all these errors result in the driver placing

identifying information on the processor Stack and calling IOT to produce a trap

through location 348.

Under DOS/BATCH, the Monitor provides a rdutine 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 assembly); The handler format depends upon the program.

The following format takes advantage of the information supplied by the driver:

(SP) : Return Address

2 (SP) : Return Status Stored by IOT call

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 ' Such as content of Driver,

‘ - Information Control Register, Driver Identity,

etc.

As a rule, the driver expects a return following the IOT call in the case of recoverable

errors but contains no provision for an IOT call following a return from irrecoverable

errors.
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3.1.7 General Comment

The source language of each driver has been written for use with DOS/BATCH and

contains some code which is not accepted by the Paper Tape Software PAL-11lR, in

particular, .TITLE, .GLOBL, and Conditional Assembly directives. Such statements

should be déleted before the source is used. Similarly, an entry in the driver

table gives the device name as .RAD5@ 'DT' to obtain a specifically packed format

used internally by DOS/BATCH. If the user wishes to keep the name, for instance,

for identification purposes as discussed in Section 5-3.3, .RAD5@ might easily

be changed to .ASCII without detrimental effect, or it might be replaced with

.WORD #.

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. The only requirement is that the start address of the driver should be

known or be determinable by the program.

The example in Section 5-3.1.2 showed that the Interrupt Servicing routine can be

accessed through an offset stored in the Driver Table. The same technique can be

used to call the setup routines, as these also have dorresponding offsets in the

Table, as follows:

DRIVER+7 Open'®
+10 Transfer

C+11 Close!
+12 Special Functions!

The problem is fihe start address. There is the obvious solution of assembling the

driver at a fixed location so that each program using it can immediately referénce

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 Fhe driver

as dictated by the program fising it, thus taking advantage of the position-independent

nature of the driver. The Absolute Loader, described in the Paper Tape Software

Handbook (DEC-ll-XP&SA-A-D), provides the capability to continue a load from the

point at which it ended. Using this facility to enter the driver immediatelyr

following the program, the program might contain the following code to call the

subroutine to perform the transfer illustrated in Section 5-3.1.3.

l11f the routine is not provided, these are @.
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MOV . - PC,R1 ;GET DRIVER START ADDRESS
ADD #PRGEND-.,R1

MOV PC,RP ;GET TABLE ADDRESS

ADD #TABLE+12-.,R§ - ;AND SET UP AS SHOWN

. . ;...IN SECTION 5-3.1.3

CMP -(R@) , - (RO) ;FINAL POINTER ADJUSTMENT

MOV RZ,@R1 ; STORE IN DRIVER LINK

CLR - (SP) ;GET BYTE SHOWING...

MOVB . 14 (R1) ,@SP ; .. .TRANSFER OFFSET

"ADD (sP)+,R1 ; COMPUTE ADDRESS
JSR PC,@R1 " ;G0 TO DRIVER

PGREND:
.END

This technique can be extendedto 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 that 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 e

ADD #DVR1SZ,R1 ;SET TO DRIVER 2

DVR1SZ=n

PRGEND:

.END

An alternative method may be to use the MACRO Assembler ih association with the

Linker program LINK, both of which.are available through the DECUS Library. The

start address of each driver is identified as a global. Any calling programs need

merely include a corresponding .GLOBAL statement, e.g., .GLOBL DT.

3.3 DEV ICE—INDEPENDENT USAGE

The drivefs are assigned for use in a device—independent environment, i.e., one

in which a calling program need not know in advance which driver has been associated

with a table for a particular run. One application of this type might be to allow

1ine.printer output to be divertedto some other output medium because the line

printer is not currently avai;able. Another might be to provide a general pro-

gram 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 rateée was too high to allow immediate evaluation.

Programs of this type should be written to use all the facilities that any

one device might offer, but not necessarily for each device. For instance, the

program should ask for start-fip 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 5-2.2.1, the driver table contains an indication

of its capabilities to handle this situation. The program can thus examine the

appropriafe item before calling the driver to perform some action. As an example,

the code to request start-up procedures might be (assuming R@ already set to

List Address):

MOV #DVRADD, R1 ;GET DRIVER ADDRESS

TSTB 2(R1) ;BIT 7 SHOWS

BPL NOOPEN ; + . .OPEN ROUTINE PRESENT

MOV R@,ER1 ; STORE TABLE ADDRESS

CLRB . - (SP) ;BUILD ADDRESS

MOVB 7(R1l) ,@sP $...0F THIS ROUTINE

ADD (SsP)+,R1

JSR PC,@R1 i+« .AND GO TO IT

;FOLLOWED POSSIBLY BY

sWAIT AND COMPLETION

;s PROCESSING

tRETURN TO COMMON OPERATION

NOOPEN3

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 supporting a directory structure or is a terminal-

type device requiring special treatment. Other table entries show the device

name as identification and the number of words the device miéht normally expect

to transfer at a time (in 16=-word units). All of the information can be readily

examined by the calling program, thus enabling the use of a common call sequence

for any 1I/0 operation, as illustrated in the example on the following page.
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MoV #DVRADR, R5 iSET DRIVER START
JSR _ R5,IOSUB ;CALL SET UP SUB :
BR WAIT ; SKIP TABLE FOLLOWING ON RETURN
.WORD 19 ;TRANSFER REQUIRED
.WORD 193 ; BLOCK NO.
. WORD BUFFER ; BUFFER ADDRESS

.WORD -256. ;WORD COUNT

.WORD .44 o ; READ FROM UNIT 1

.WORD RETURN ;EXIT ON COMPLETION

.WORD [} . ; RESERVED
WAIT: _ ) ; CONTINUE HERE...

]

IOSUB: MOV @SP,RE '~ ;PICK UP DRIVER ADDR

MOV R5,R1 ;SET UP POINTER TO LIST

TST (R1) + ;BUMP TO COLLECT CONTENT

. ; ROUTINE CHECKS ON DEVICE

...CAPABILITY USING R1

...TO ACCESS LIST AND

...R¢ THE DRIVER TABLE

IF O.K... ‘ .

GET ROUTINE OFFSET .

-

[

.

’

-

. 2

.

[

.

[MoV . @R1,R1

ADD . R@Z,R1

CLR - (SP) ;USE IT TO BUILD

MOVB @R1,@sP ; . .ENTRY POINT

ADD R@,Q@SP

JSR PC,Q(SP)+ : ;CALL DRIVER

RTS , R5 ;EXIT TO CALLER

The calling program, or a subroutine of the type just illusfirated, may take

advantage of a feature mentioned earlier; the fact that when a driver is in use,

its first word is non-zero. The driver itself does not clear this word except

in special cases shown in the'description‘for the driver concerned. If the pro-

gram itself always ensures that the first word of the driver is sét to zero between

driver tasks, ;hen this word forms a suitable driver-busy flag. Under DOS, the

program parameter list is extende@ to allow additional words to provide linkage

between lists as a queue in which the list indicated in the driver's first word

is the first link. |

The preceding Paragraphs indicate possible ways of incorporating the available

drivers into the type of environment for which they were designed. The user should

carefully read the more degailed description of the driver structure in Chapter 5-4,

and the individual driver specifications béfore detérmining the final form of his

program.
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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 finish its required task without an interrupt, e.qg.,

"opening" a paper tape reader involves only a check on its status. Moreover,

where "Speqial Functions" are concerned, the driver routine may determine from

the code specified that the function is not applicable to its device, and therefore,

have nothing to do. 1In such cases, the driver clears the inte;mediate return

address from the processor stack and immediately takes the completion return.

Special problems can arise, however, if the driver concefned is servicing several

tasks, any of which can-cause a queue for the driver's services under DOS/BATCH.

To overcome these problems, the driver expects to be able to refer to flags outside

the scope of the list so far described. 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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PART 5

CHAPTER 4 .

1/0 DRIVERS WITHIN THE
DOS/BATCH OPERATING SYSTEM

The principal function of an I/0 driver is to satisfy a Monitor processing routine's

requirement for the transfer of a block of data in a standard format to or from

the deviceit services. This involves setting up the device hardware registers to

cause the transfer and gaining control under tfie interrupt scheme of PDP-11l, making

allowance for peculiar device characters (e.g., conversion to or from ASCII if

some special code is used).

The I/0 driver must 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.

4.1 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-50)

Offsets marked * enable the calling routine

to indicate the routine required. The offsets

are considered 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 is a JMP or BR

(routine). '
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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 ¢

Similar Bit-Map

' Pointers for

. ' Multi-Unit Devices

The driver routines that set up the transfer and control under the interrupt follow

the table.

“Bits in the Facility Indicator Word define the device for Monitor reference:

SPECIAL STRUCTURES GENERAL STRUCTURE

15 |14 |} 13 12 | 11 1p 9| 8 l 71 6 5 4 3 2 |11 '> ) ‘
File ' Reserved Reserved . Multi-User
Structured Output Device

Device - Variable length _Input Device
DECtape record bit Binary Device

(or simil- ASCII Device

arly Contains SPECIAL
reversible) J } Contains CLOSE

Magtape Contains OPEN

"Terminal"
Device

*

Multi-unit System

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

4.2 MONITOR CALLING

When a Monitor I/O processing routine needs to call the driver, it first sets up the

parafieters for the driver operation in relevant words of the appropriate DDB!, as

illustrated in the following table.

1Datase‘;t Data Block - a 1l6-word table which provides the main source of communica-
tion between the Monitor drivers and a particular set of data being processed on

behalf of a using program.



DDB:

SPECIAL FUNCTION CODE

" (User Call Address)

(User Line Address)

DEVICE BLOCK NUMBER

MEMORY BLOCK ADDRESS

WORD COUNT (2'S COMPLEMENT)

TRANSFER FUNCTIONS (expanded below)

COMPLETION RETURN ADDRESS

(DRIVER WORD-COUNT RETURN) Set to Zero

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

EOF

or

EOD TT Echo Control

llSI.I4’13|12,11'I10'.9'8l7l6|5'4lv3,2|1|\¢I
reserved (reserved)

Used by Driver DECtape @g=ASCII

to indicate . reverse 1=Binary
Hardware Parity DEVICE Open vs.

. - : . Transfer OUT
Fail . UNIT Closed

ransfer IN

-

Provided that the Facility Indicator in the Driver Table described above shows that

the driver is able to satisfy the request, according to the direction and mode and

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.,vfor the Transfer routine, this would be 19). The Monitor routine

then calls the Driver Queue Manager, using a JSR PC, S.CDB instruction.

The Driver Queue Manager refers to the Busy Flag (Word @ of the driver table) to

assure that the driver is free to accept the request. If the Busy Flag 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, using JSR PC,S.CDQ).



On entry to the Driver Routine, therefore, thé address following 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 saveé register contents if it needs them after the device action. The

driver may thus freely use the registers for its own operations.

When the driver has completly 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.

4.3 DRIVER ROUTINES

4.3.1 TRANSFER

The sole purpose of the TRANSFER routine is to set the device in motion. The

information needed to load the hardware registers is availablg in the DDB, whose

address is contained in the first word of the driver. Conversion of the stored

values is the function of the routine. It must alsc enable the interrupt; however,

it need not set the interrupt vectors as these are preset by the Monitor when the

driver is brought into core. After the TRANSFER routine has activated the device,

the routine returns to the calling processor by an RTS PC instruction.

4.3.2 Interrupt Servicing

The form of this routine depends upon the nature of the device.- In most drivers

it falls into two parts, one for handling the termination 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 indi-

vidual word or byte transfers, with appropriate treatment of certain characpers

(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 case for such error

is the detection of the end of the physical medium; the treatment for the error

varies according to whether the device is providing input or accepting output.

The calling program usually needs 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 requires operator
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action.” To obtain this, the driver should call the Error Diagnostic Print routine

within the Monitor by:

MOV DEVNAM, - (SP) ; SHOW DEVICE NAME

Mov #442,-(sSpP) _ 7 SHOW DEVICE NOT READY
IOoT _ ;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 sequence with a Branch or

Jump to resume the transfer.

Normal transfer handling on blocked devices (or those like RF11l Disk which are

- treatedas such) is simpler since the hardware takes care of individual words or

bytes and the interrupt only occurs on completion.

Errors that indicate definite hardware malfunctions must generate diagnostic

messages to the Operator, The only recourse is to start the program over, after

the malfunction has been corrected.

There are some errors which the driver can attempt to overcome by restarting the

transfer. Device parity failure on input is a common example. If one or more

retries are unsuccessful, the driver should normally allow programmed recovery

and indicate the error by Bit 15 of DDB word 5. Nevertheless, because the pro-

gram may try to process the data despite the error, the driver should attempt to

transfer the whole block requested if this has not already been effected. The

remaining forms of errors must be:processed according to the type of recovery

-deemed dgsirable. v

Whether the routine uses processor registers for its operation dependson con-

siderations of the core space saved against the time taken to save the user's

contents. However, on completion (or error return to the Monitor), the calling

routine expects the top of the stack to contain the contents of Registers @g-5

and Register @ to be set to the address of the DDB just serviced. The driver

must, therefore, provide fdr this.

4.3.3 OPEN

This routine need be provided only for those devices that require some hardware

initialization. It should not normally appear in drivers for devices used in a

file oriented manner. The presence of the routine must be indicated by Bit 7

in the driver table Facility Indicator.



The OPEN routine 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 the TRANSFER routine in that it se;s

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.

An input OPEN may consist of just a check on the readiness of the device to provide

data when requested. 1In this case, the desired function can be effected without any

interrupt wait. The routine should, therefore, take the completion return immediately.

Nevertheless, it must ensure that the saved PC value on top of the stack from the call

to S5.CDB is appropriately removed before exit. 1In the case of drivers which can service

only one dataset at a time (i.e., Bit @ of theix Facility Pattern word is set to @)

and can never be queued, a TST (SP)+ instruction can effect this. However, a multi-

user driver must allow for the possibility that it may be recalled to perform some

new task waiting in a queue. This condition exists if the byte at DDB-3 is non-zero.

In th%g case, the driver must simulate the interrupt expected by the completion

process. This is accomplished by inserting a PS word on the stack above the return

address supplied by the JSR of the Open request. A possible sequence for the

interrupt simulation is illustrated below.

MoV DRIVER,R@ ;PICK UP DDB ADDRESS

Mov (SP)+,R5 ; SAVE INTERIM RETURN

TSTB -3 (R@) ;COME FROM QUEUE?

BEQ EXIT

MOV @#177776,-(SP) ;IF SO, STORE STATUS

MoV RS, - (SP) ; ««.& RETURN

SUB #14,sp ;DUMMY SAVE REGS

EXIT: JMP @10(Rg@)

- 4.3.4 CLOSE

The CLOSE routine is like the OPEN routine, in that it should provide for the

possibility of some form of hardware shut-down, such as the punchingof trailer code

and that it is not necessary for file-structured devices. Moreover, it is likely

to be a requirefient for output devices only. If it is provided, Driver Table

Facility Indicator (Bit 6) must be set.
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Again, the probable form is initialization of the‘hardfiare action required, with

immediate return via RTS PC and eventual completion return via the DDB-stored

address.

4.3.5 SPECIAL

This routine may be included if either the device itself contains the hardware to

perform some speciai function or there is a need for software simulation of each

hardwareon other devices, e.g., tape rewind; it should not be provided otherwise.

Its 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. When called,

the driver routine must determine whether such function is appropriafe in its case.

If not, the completion return should be taken immediately with prior stack clearance,

as diécussed under OPEN. For a recognized function, the necessary routine must be

provided. Its exit method depends upon the necessity for an interrupt wait.

w

4.4 DRIVERS FOR TERMINALS

The rate of input from terminal devices normally reflects the typing skill of the

operator. For both input and output, the amount of data to be'transferred on each

occasion may be a varying length, i.e., a line rather than a block of standard size.

Furthermore, echoing input may confiict with interrupting output. As a result,

drivers for such devices 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 the suppression of trailing nulls.

Input control remains the driver's responSibility since overcoming the rate problem

requires circular buffering within the driver. This circular buffering feature

allows the user type-ahead facilities. A subsequent input request may then be

satisfied by data already in core. If the data is sufficient to fill the Monitor

buffer, the driver awaits the next refiuest before further transfer. If this is

insufficieht, the driver should operate as ahy other device and use subsequent

'interrupts to satisfy the Monitor's requests. Since the driver must stop any trans-

fer at the end of a line in normal operation, in order to allow the Monitor to con-

tinue,'the driver must simulate the filling of the buffer by null padding. If the

user requests .TRAN's which are not line oriented, the buffer size'varies from the

standard and the driver assumes the program requires a complete buffer before

return. :
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SPREAD

SK1P2

The following is a sample listing of a DOS/BATCH Device Driver.

DIGITAL

The actual driver

is the LPll Line Printer Driver (for device name LP:).

EQUIPMENT CORPORATION, MAYNARD, MASSACHUSETTS o1
COPYRIGHT, 1973

DIGITAL

FOR THE

EQUIPMENT CORPORATION ASSUMES NO RESPONSIBILITY
USE UR RELIABILITY OF ITS SOFTWARE ON EQUIPMENT

WHICH IS NOT SUPPLIED BY DIGITAL EQUIPMENT CORPORATION,

VERSION

DATEDS

NUMBERS V13,014

MARCH 5, 19073

DEVICE DRIVER FOR THE LP131/LS11 LINE PRINTER(S)

DRIVER

o IF
]

«ENDC

o IF
o TITLE
"

n

« IFF

o IF
oTITLE
&

9

o IFF

s MERROR

eENDC
+ENDC

o IFNDF

JENDC

PARAMETERIZATION SYMBOLS

LP11s LS13, WIDTH, SPACES, SPREAD

NOF, LPTYP ;LPTYP=@ if LPl1l

) ;LPTYP=1 if LS11

;DEFAULT IS §

EQ)LPTYP
DV.LPO

1

12

EQ"LPTYP'l’
DVeLF: .
i

i

13

JUNSUPPORTED LINE PRINTER

WIOTH

80, ! 88, COLUMN PRINTER DEFAULT

X9

Xl

X2

X3

X4

x5

X6

X7

402 !} DIAGNQSTIC MESSAGE CODE

44 A ] REGISTER SAVE (MONITOR SUPPORT
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N
D

LPO

00000 VOEYRD LP?

'@0002

111R

o004

00008

Q0ad6

000@7

oeole

ovoly

p0al2

0eid
eRol4

eoole

Qvpeo
pooe2
0004
Q0026

eo0de

00032

00034

bod4
20035

922

vee

2es

110

200

03e-
06¢

236

vae

bae
046600

00p200

177514

1775146

0ode120

009133

vdpooa

vdpded

020000

000000

oopoee

3 ¥-]
014

nopnae

LPaNAM3

LPeTRP
LP+CSR
'LPQDER

LP«SIZE
UPPCAS)

QVPRNTS

LPoLINS
LPeBKSS

LP2TCT?

LPsBADS

LP«TQF}

LPeFLGS

LPsLOW

MACRU V@6el3 09=JANw74 12155 PAGE 5

JGLOBL LP -
» IDENT 13,91/

D0Se=11 DEVICE DRIVER'S STANDARDIZED INTERFACE

+WORD

o IFDF

+BYTE
+ ENDC
e IFNDF

oBYTE

«ENDC
«BYTE

«BYTE
+BYTE

oBYTE
+BYTE
oBYTE

eBYTE

o IF

. o«BYTE

» IFF

«BYTE

«ENDC

«BYTE

+RADDD

«WORD
+ NORD
« WORD

s WORD

s WORD

e WORD

«WORD

« IFDF

oBYTE

+ENDC

WBYTE

+EVEN

o IFDF

+WORD

«ENDC

2

LS114&SPREAD
362

LS11&SPREAD
322

<SHIDTH37>/40>

LR INTeLP
200

LP o OFNeLFP
LP s TRNwLP

LPuCkfiflLP
EQ,LPTYP
e

LP,SPC=P

)]

/LP/

200
177514

177516

WIDTH

133

S
R
S

L811
21

15,14

LS118SPREAD

0

42
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USER'S DDB POUINTER

FACILITIES INDICATOR

FACILITIES INDICATOR

SPECIAL STRUCTURES, NONE

STANDARD BUFFER SIZE

INTERRUPT ENTRY OFFSET

INTERRURT PRIQRITY 4°
OPEN ENTRY QFFSET

TRAN ENTRY OFFSET
CLOSE ENTRY OFFSET

"SPECIAL ENTRY OFFSET

SPARE

DEVICE DRIVER'S NAME

INTERRUPT VELTOR'S ADORESS

COMMAND/STATUS REGISTER
DATA BUFFER REGISTER

THIS WORD IS SET BY THE INITIA

SET TO TME HIGHER PRINT LIMIT

SET TO TRUE WHEN OVER PRINTING

ALREADY SENT (CHARACTERS)

BLANK POSITIONS COUNTER
TRANSFER CHARACTER GOUNT

BUFFER ADDRESS POINTER

COMMAND DEVICE TO TOP=OF=FORM

COMMAND DEVICE TO ONsLINE

CR, FF

CHARACTER ELONGATION FLAG

PRINTABILITY, LOWER LIMIT
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D
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36

37

d0UBI6

0AveI6

PRV I6

dnvp4e2

000p46

Bops2

PEpPO6

00250
"TILL

0upb4

oL’

Beu76

wu104

ve4are’7

pYe4s4

véa/7e4
177772

wiplie7

177760

wioee7

177752

vop4d14

waeze7

eee4éde

wie7en

177710

wieue7

vopuab

177734
wiewe7

wopvia

177724
VR6367

177720

!

LPLOPNS

/

LPeCLS3

)

LP«SPCH

LPeSUUI

;

LPeTRNE

UOPEN PROCESSUR

CLOSE PROCESSOR

J8R

-ADD

MOV

+« IFDF
MOV

2ENDC

2 IFNDF
MoV

+ENDC

« IFDF

CLR

+ENDC
BR

» IFOF

SPECIAL

MOV

CMPB

BNE

MOV

J MP

«ENDC

PCyLP,STS

#LP,TOF=yyR1

RIILPOBAD

LS11 .

Ho3,LP,TCT

LS11t |
RZPLPQTCT

LS114SPREAD
LPFLG

LPLINT

LS114SPREAD

PRUCESSOR

2 (R@) ,R1

#1,(RY)

LP,SUD

2(R1),LP«FLG

#14(Ra)

TRAN PROCESSUR

JSR

mov

MmOy

MOV

AsL

LPyRY

6 (Ra),LP«BAD

10 (RO),LF,.TCT

LP,TCT
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SIMULATE INTERRUPT

R{» PC (BY LP,STS)

INTERNAL BUFFER'S ADDRESS

INITIALIZE TRANSFER COUNT

R2 & =2 (BY LP.STS)

INITIALIZE ELONGATION FLAG

DISPATCH INTERNAL BUFFER

R1 = FUNCTION BLOCK'S ADDRESS

LINE ELONGATION FUNCTION ?

NOy IGNORE
ENABLE/DISABLE ELONGATION

EXIT VIA COMPLETION RETURN

SIMULATE AN INTERRUPT

R@ = USER'S DDB ADDRESS

RETAIN BUFFER'S ADDRESS

RETAIN DUB'S BYTE COUNT

#
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vauilo

venilie

PRo116-

00129

gov124

UYv19Q
8uv132

TILY

0U136

0u140
BU142

0u146

20152

PU196

pU160
00162

wo166

vv179

o174

o176

puv2Yae

Qobguz

wa2ie

L Qo212
we2l4

3 veele

pu2de

) BU226

av2dy

Vo234

wo296
VYRSE

wee4e

042737

oeolee

177514

002202

000167

0On354

pe5767

177708

001452

V10446

010345

Pin24s

P10146

016704

177660
016703

177652
016702

177684

112201

001426

120127

00004Y

wuR442

120167

1776024

puel1t

wo5203

po3016

032737

100¢ey
177514

10931
021520

0ebandg

10p4n4

112737

vowuv4v

17735146

weR763

110137

177616

vudubo4

wus2e7

177566

V1349

]

LRPeINT?

LPel0O3

LPaJOBE

LPs1ULR

LPelWZ3

LPsl031

LPs1043

LPeJUD?

LPeIYb}

LPeDNP$
LP.TRT?

INTERRUPT PRUCESSOR (VIA INTERRUPT VECTOR AT 200)

BIC

BGE

JMP

- TST

BEG

MOV

MOV

MOV

MOV

MOV

MOV

MoV

move

BEG

CMPB

BLT

o IFDF

BGT

INC

BR

+ENDC
LMPB

BGE

INC
BGT

BIT

bBMI

BEW

PEC
BM]

MOV

BR

MQvB

CLK

INC

BNE

#100,08LP,CSR H

LP, 10 )
LPLERR H

LP,TCT '

LPDUNE !
R4'Q‘SPJ : ’

Ri,=(SP) R |
R2"‘SP) H

Ri,=(SP) ]

LP.BRS,R4 !

LP.LIN,RS ;

LP,BAD,R2 ’

(R2)*,R} ’

LPONP
RY)#LP,LOW }

LPsll0 ' H
SPACES

LP.102 !
R4 ;

LPLTRT !

R1,UPPCAS 1

LP.I18 H
R3 ' }

LP.DNP '
#100200,08LP,CSR}

LR, 122 H
LP,I22 !
R4 ]

LP,105 !
#41, #%LP.DBR ]

LP.T03
R1,88 F,0BR !

R4 ’ ;

LPLTET ' I

!

LP,IUD )

DISABLE INTERRUPT

SEGREGATE ERRORS

ENTER ERRQR PROCESSOR

ANY CHARACTERS REMAINING 7

NO, LINE COMPLETED
SAVE REGISTERS

R4 » BLANK COUNTER

R3 8 PRINT POSITION

R2 = BUFFER POINTER (ADDRESS)

w*ww ACCESS CHARACTER www

} NULL (@) IGNORED

PRINTABILITY CHECK

EXCEEDS LOWER LIMIT

VALID CHARACTER, SO FAR

BLANK (4@) ISOLATED, COUNT
ACCESS NEXT CHARACTER

PRINTABILITY CHECK

EXCEEDS UPPER LIMIT
PRINTER'S WIDTH EXCEEDED ?

YES, DO NOT PRINT

ACCESS ERROR/READY STATUS

ERROR INODICATION
NOT READY INDICATION

DECREMENT BLANK COUNTER

NOT PROCESSING BLANKS

BLANK/HTAB EXPANSION PERFORMED

} CONTINUE PENDING COMPLETION
*ew PRINT CHARACTERwww

INSURE NO BLANKS PENDING

INCREMENT BUFFER'S CHARACTER

COUNTER, ANY MORE ?

YES
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0pv24dq

wav299

vved2

DOvRS6

VpuR62

Puv264

puve’/e

poe7a

2834¢y

we3v2

QU308

Quile

Bnodl2

w36

ae3ea

105737

177544

1vglad

VWuadhe7

Vope6D

W13746

veEv44

VR4aS36

gi16704

1779514

wonlze

oYl4

12e127

wogell

Bwivia

v16746

1775610

VLTI RRE

u6p4a1b

P52716

177779

102604

UQE746

-
»
e

LP.UNER

LPDUNS

LPsIl03

LPs1113

LP.1123

TSTH

BPL

JSR

MOV

JSR

Mov

JMP

CMPA

BNE

MQv

o IFOF
787

BEQ

ASR

" «ENDC
ADD

o [FOF

BGE

CLR

<ENDC
AQD

BIS

sSuB

BR

LINE COMPLETED

OHLPCSR

LP.121
RS, LP,SET

04S RSAYs =(SP)

RY,8(SP)*

LP,RY

el14(Kp)

R1,4811

LPILY

/

i

DEVICE .BUSY ?

YES

RESTORE TEMPURARIES

SAVE REGISTERS

Rp = USER'S DDB ADDRESS

EXIT vIA COMPLETION RETURN

HOKRIZQONTAL TAB (11) 7

NQ

HURILZONTAL TAB SIMULATION VIA B ANKS

LS11&SPREAD
LPFLG

LP.I11
(SP)

R3, (SP)

LS11&4SPREAD

LPyIl2

LPeTLT
LP.ONE

R4, (SP)
#177770,(SP)

($P)+,R4

LPTRT
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Qa0p3a6

LKLY

Vans44

20346

p0346

I'ELL

we3oy

BU3IV4

K]

> pB3d2

v306
04370

QU372

20376
Qwave

Q402
- 004u¥2

Ywuaue

@ddla

120127 LP.1131 CMPB
wapw1o

I RYEY)

Po10L4

wes767

177464
wpiLel

wie’7ae3

177452
PY54p3

pop732

120127

wonpwaa

pALu16

g1270}
e

120127
pRpRye

I PLER
Ba1404

12v127

vopuLd

01717

yog4nae

w1670

177418

wosdpd

wdubz4

LPIXXE

LPelldad

LPeIYYS

LPe1193

LPeI163

BGT

BNE

187

BNE

MOV

NEG

« IFOF

TST

BEUW

ASR

MOV

«ENDC

BR '

o LIFDF

TST

BEQ

CMP3

BEQ

+ENDC

CMPB

BNE

MOV

CMPB

BLT

BEQ

CMPB

BEW

R

MOV

NEG

« IFOF

TST

BEW

ASR

MOV

ENDC
BR

RKi,#15

LP.I14

LP IS

QVPRNT

LP.I16

RY

LS11&SPREAD
LP,FLG

LR IXX
R3 -

R3,LP,FLG

LP, 16
LS114&SPREAD

LP.FLG

LP,TIYY
R1,#16

LP,IV4

R1,8422

WPeIl?

HSKIP2,R]

Ri,#l2

LP.IL7

LP.116
R1,#13

LP. DNP

LPa116

LP.SIZ,RY

R3

LS11&SPREAD

LPoFLG

LP, 104
R3

RS, LPFLG

LP.IV4
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CARRIAGE®RETURN (15)?

NO, ABQVE

NO, BELOW

PRINT THE CARRIAGE=RETURN 7

YES

R3 8 «( PRINTER'!S WIDTH)

ELONGATIUN ENABLED 7

NO

HALVE PRINTER'S WIDTH
RE=INITIALIZE THE FLAG

SUPPRESS CARRIAGE=RETURN

NQ

SUBSTITUTE APPRUOPRIATE CHAR

LINEFEED (12) ?

NOD,
YES _

VERTICAL TAB (13) ?

BELOW

YES, IGNORE IT |
NO, FURMFEED (14) ISOLATED

R3 ® =( PRINTER'S WIDTH ).

ELONGATION ENABLED ?

NO, PRINT CHARACTER

HALVE PRINTER'S WIDTH

RE~INITIALIZE THE FLAG

PRINT THE CHARACTER
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19

ayv4aie
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paR42e

eyYy

0An4Rs

PPBA4d2
00434

w449

po44a2

pvado
00452

pBad4

Pu4d6

po4ade

pYana

pe4r72

pv4’a

8476

vedYL

nod5ua

eedle
203512

Wi2721 LP.I171

LY

wupb67

120127

poplze

vo3Ved

p42701

YUYy

Yop66]

12127

vowiz?
01676

126727

177352

T RRY

101252

woe757

vesspd

bY3v0e

vwRad67

popvsSe

052737

pooiod

177514

vorvoe

VPBIRd

prsane

n167456

177910

u127486

Qer4pe

wapbo4d
gaple7

177972

LPell83

LPeI1913

LPal203

LPel21i

LPel228

LPsERKS

MOV

BR

CMPB

BGT

BIC

BR

cMPB

BEQ

CMPB

BAl

BR

DEC

PEC

JSR

BIS

RTI

CEC

DEC

MOV

MOV

107
JMP

#40,R}

LP,IV3
Ry, 4172

LP,I19

} UNPRINTABLE, BLANK SUBSTITUTIO

} PRINT A BLANK

} LOWER CASE ALPHABET ?

} EXCEEDS

LUWEN CASE TO UPPER CASE CUNVERSION PERFORMED

#40,R}

LP,1@3
Ri1,#177

LP,ONP |

UPPCAS,#137

LP,1V3

LPIL17

RS

R2

RS'LP.SET

#100,08LP,CSR

RS

R2

LPINAM'-CSPJ

HAQDZ,= (SP)

LPINT

] CONVERSION PERFORMED

} PRINT CHARACTER

} RUBOUT (177) 7?

] YES, IGNORED
) UPPER CASE PERMITTED 7

) YES, PRINT CHARACTER
] UNPRINTABLE, BLANK SUBSTITUTIO

] BACKUP PRINT POSITION

} BACKUP BUFFER POSITION

)} RESTORE TEMPORARIES

; ENABLE INTERRUPY

7 EXIT FROM INTERRURT

] BACKUP PRINT POSITION

} BACKUP BUFFER POSITION

7 DEVICE DRIVER'S MNEMONIC

} MESSAGE CODE

} TRY AGAIN
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L

G
R
N
R
 
-

0

i

12

19

14

18

16

17
18

19

20

000d16

Q00520
PeR522

200524

000530

TTELY)

20536

PB542

20546

PR552

00556

20562

00564

Pe566

20572

!
,m

H

V12008 LP.STS3

011646

VusSvpe

wi4266

wagoue

w13712
popene

vieolo7

V10467 LP.SETS

177264

Vine6?

177256

winee?7

177260
V16604

Q0ev10

viz26686

vopuEb6

wi2601

w2602

012603

VopRnS

pRRVOLY

Mov

MOV

CLR

MOV

MoV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

MOV

RTS

+END

INTERRUPT SIMULATOR

(SP)+*,R1

(SP),=(SPR)
R2

PHLPeTRP*2,(R2)

R1,PG

RI,LP,LIN

R2,LP,BAD

14 (SF),R4

(SP)*,6(3P)

(SP)+,R{
(SP)*,R2

(SP)*,R3

RS
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RETURN PC

0LD PC

ADDRESS PS (=2)
OLD STATUS

NEW STATUS

RETURN

RESTORE TEMPORARIES

RESTORE REGISTER 4

RETAIN RETURN ADDRESS

RESTORE REGISTERS

EXIT SUBROUTINE
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SYMBOL TABLE

ABB2 ® QY402 BFSHFT® Q2100v0 BLANK = 2p©Undn
BSLSHM ® yo0134 CR s 90Qals DDBALR® VQY@06
DUBBLK® BVOQEO4 ODBCNT® Q@ugnle DDBCRT= Qp¥pid
DOBOVA® 177776 DDBSTSs pugnl2 DDBULA= QRUYQ@Q
DOBUNTS® ¥©opid DITBFSE QuUOQY4 DITBMP= VQVAL6

DITBSY® vpopve DITFAC=® pu@owe DITINTe QQUQAS

DITMFD® vuonla DITNAME QUQBL2 DITOPN=® Q@deR7

DITPRI® 0vpB@o6 QITSPFm puoaly DITXFR= V@gvoia

EMTINTS Qooaus EMTRET® pOQQl4 EMTVAL® 104000

EMTVEC® Vodndo FTCOM » p@oouy FTOOS = 0adpwl
FTMUOQ & Yuwpel FTRPG ®m Q0QQV1% FTRPO3I= Qgopot
Fpay = guld4oy Fgoz = pai4@e Foold = 431403
FORs ® wibl4usd Fou7? = pa14@y Fali = 0214114
Folz ®» vulale Fai7 = @gol1417 Fu24a = 001424

Fodz ® upldade Fa52 &« pp145p Fab2 = Upl4d2
KSBSIZw® Guwo4uve LF ® p0Q012 LP AQUVQYRURG
LPTYP ® pp0@puo LP.BAD QOVBI2R LP.BKS UpUP26R

LP.CLS VRUBRIGR LP.CSRm® 177514 LP.DBRw 177516
LP.ONE VWO252R LP.DNP QOQ236R LP.DON ©QU256R
LP.ERR VUQRB0OR LPLINT POQOL1gR LPeIXX @YUBI46ER

LP.,10 VYB124R LP.I00 QUULO6R LPe101 ©PO162R

LP,Iv2 w©OB170R LP,I03 0@0Q21/6R LP.I04 ©p0202R
LPeIDS ©QU0230R LP,I06 QUR244R LPeI10 0né274R
LPeIl} VUBIUVER LP,I12 QO0Q31ipR LPsI13 ©p0322R
LP.I1d4 GUO3ISOR LP.I1% Q0O362R LP.Ii6 WEV4B2R

LP.I17 w@op4leRr LP,I18 QUP42QR LP.Il9 ©Dp0d4ddRr
LP,I20 ©pU4ad4R LP.I21 0QWVV460QR LP.I22 ©pU474R

LPLLIN ©0Bp24R LP.LOWS QUDR40Q LP.NAM Qodnld4R

LPLOPN WURRAVER LP.SET QWO@536R LPeSIZ WVQUQR16ER

LP.ST8S ©UUSLIBR LP,TCT 0@Q0%QR LPeTOF 0QU0QI4R

LP,TRN UQQ@boaR LP,TRP® Q0Q20Q LP«TRT 0QQ0236R

LP1l = QVGQU1 MSBSIZ= Q01i0VD OvVLoués 0pdnae
OVLoio® Quunids OVPRNT Q000R2R OVin6i= 0QapL2
0vV2061% VLVAL2 PATSIZ® QQ00Wp PRI4 = Upé200

PRI7 % Qu0d4y PS B 177776 PSPRIOm 177437
RPBIT » UYndpue RPO2SZTM 22004R RUBOUT= ©0@@177
SKIP2 ® Qpvolz SMBSIZw® pVav4p STMASK= 1@a7@70

S,RSAVE 044 TABCH = pogaly UPPCAS @pa@pR2eR

V.CDB » “oopda V.CDQ = pooad2 V.6THB s 000054-
V.RLB ® 4uwode6 Y.RRES® @gRoa4s V.RSAVe ¥puvpda

V,8VT & Qpovo4o V.XIT = pooo4z WIDTH » 9Upd120
XFTCOM® Ypupuvo XFTDOS» Qodevon XFTMUQOs Qp0009

XFTRPG® wuopwQ $3PASSEs QUVOVY
« ABS, 0Quvopea ©wao

Daus7e o1

ERRORS DETECTEDS U

FREE CURE? 15039, wOKDS

' LPILPU/CRFeSYIPRAMTR/NL,SYSMAC,FEATSW,DK13LPOAT202,208)/LTI/LTIINE
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CRUSS REFERENCE TABLE

AQU2

BFSHFT

BLANK

BSLSH

CR

DOBADR

00BBLK

DOBENT

DOBCRT

DDBDVA

DRBSTS
DOBULA

DOBUNT

DITBFS
DITBMP

DITBSY

DITFAC

DITINT

DITMFD

" DITNAM

DITOPN
DITPRI

DITSPF

DITXFR
EMTINT

EMTRET

EMTVAL

EMTVEC

FTCOM

FTOOS

FTMUQ

FTRPOG

FTRPQJ

Fouy

Fou2

Foud

* FOA5

Fow?

Foli

- Fale
Fai7

Foa4

Fod2

Fase

Foba

KSBS1Z

LF

LP

LPTYP
LP.BAD

LP.BKS

LPLCLS

LP,CSR

LP.DBR

LP+ONE

LPosONP

LP.DUN

v 834%

i=1024

1=1234

I1m1244

i=1204

1= S44
1= O34-

1= 554

1= BEW

1= 514

1= 56#

1= 524

1= 574

1e 36H

1» 454

1= 344

1= 354

1= 384

1~ 444

1= 434

1= 404

1= 394

1w 424
1= 4148

i= 634

1= 62+
1= &1%

1= 644

o 64

d= 124

d= B84

3w 10w

3w 68

i= d1H

1= 8oy

1= 54

i= 824

1= 88#

i= 864

i= 874

1= 8948

i= G118

1= 92%

1= Ha#

1= 904

2a46Q#

1=1218
b= 28

g= 9

4= 18
- Bw 308

b= 374

5= 20

b= SUH

b= J1R

8= OR

7= 17

/7= 8

de 49%

i=lués

1el0bu

5= 7#

4e 21

Oe B¢

7= 13
s OSu

7= 346

7w 28

e 7

Se}

10w

L)

liw

L

7=

TI=

2%

16

24
d5e

i1e

29

36¢

S8#

7w

Gm

Om

5-31

18

{15

34

5= {9 5= 20 6w 34

1i= 13¢

&

19= 19¢

o= 11



CROSS REFERENCE TABLE

LPJERR

LPINT
LPeIXX

LP.1V
LP.1VO

LP.IbYL

LPIV2

LP.I0J

LP,104

LP.165

LP.I06

LPeIlO

LP.IfL

LPell2

LP.I33

LP.114

LP+I1S

LP.I16

LPLI17

LP.I18

LP.I19

LP.I20

LP,121

LP.122

LPJLIN

LPosLOW

LP NAM

LP.OPN

LPSET

LP,SIZ

LP.STS

LPTCT
LPoTUF

LPoTRN

LP,TRP

LPsTRT

LP1L

LS11

MSBSIZ

OviLous

oviLeie

OVPRNT

ovieeéi

ovanel

PATSIZ

PC

PR14

PR17

PS

PSPRIO

RPBIT

RPO2S§2Z

RUBOUT

RO

R1

7= 6

5+ 16
Yw 14N

7= 5

7= 16#

7= 18#

7= 25n

7= 2748

7= 294

7= 33

7w 378

7-”19

Be 234

8w 204

8= 13

9= 2

g= 3

9= 5

9» 24

7= 26

o= 4

e 31
e 5§

7= 30

Be S6#

De HBin

Sw 278

Om 8

Bm 6

b= 338

b= &

S« J8#

Ow 414

5= 19

Se 298

7= d9#

4w 23%

b~ 8

6w 20

e=1598

lwivgw

1=107%

o= 9bHH

1=139#%

i=110#%

1=116#%

1= 148

1 748

1= 754

le 7248

1= 734

1=j03n
imi{vidH

1=125#

1l 7%

1= 8%

7= 25

Ow ¥9

10=
Ow

/=

/»

/=

Yw

/o

I

Bm

Se

I»

Ve

Im

Ow

1Um
1de
1YUm

1U=

10w

/=

»

1¢»

Oum

Ve
8w

Bew |

Ow

BDew

Om

ilm
Bw

Hw

Be

qw

Awm

4m

7=

10

248

18

78

41

35

41
o6#

15

124

478

404

al%

56

10

S=2

7w

10w

Qw

10=

ilw

1=
Iw

1=
Gw

Bw

8w

6TM

6m

Bw

{0»

3%

91

in

i2¢

114

an

366

42

24

6@

d4e

12

3

1l 27°

10e 9

9« 328

1e 14

Se 33

6w 376

S» 47

Yo 8

6w 350

0= 33

Ow

$= 1

1ém 8@

1@m

7=

Bw

Qm

i~

Hw

7TM

Qm

1@=

13

16

9e

36

12

23

12

7= 39.

6= 12 6= 15

9w 33 :

8= Qe 8= 10
7w {66 7= 18

9= 25¢ 9= 26

1im 40 1i= 9



CROSS REFERENCE TABLE

- RQ

R3

R4

RS

SKIP2

SMBSIZ-

8P

SPACES
SPREAD

STMASK-

S.R8AV

TABCH

UPPCAS

v.CoB

V.CDW

V.GTB
VeRLB

V.RRES

VeRSAY

VeSVT

V}XIT

WIDTH.

XFTCOM

XFTDOS

XFTMUQ

XFTRPG

$5PASS

il= 16¢

i 9N

1w 238

1= 108

9e 70

i 114
8w 310

i 124

4m 244

2=158n

1= 3%

10w 250

ii= 17

7w 20

5= @&

g §

1= 93
4= H1H

1=1224
O» 348

1= 25%

1= 2648

i= 274

i= 28#%

i= 244
1= 234

1= 218

1= 224

dm 36

g= 74

= {134

3= 9f

3= 11w

em1774%

6= 7

dw 424

1l= &0

4w 43%

be 330
de 4448

ile 11

do 45#H

Yo 25

e=159
dm 464#

8w 176

1le 4

“4i= 18

b= 11

= 16

8w 7

7 25

Ow 18

Sa3

6= 13

ile 7

7= 10
9m 340

7= 9

ii= 140

8w 6o

- 2=160

7= 9@

8= 230

11= 56

S 47
9w 35

7m

1lm=
7w

10m
7m

Bw

7w

8o

1w

Ow

1= 12

3= 33

5-33

11
8e

140

160

1360

8o

10

29e

79

15

7TM

i1~
7=

10=
7=

10=

7=

8w

11=

B=

156

27e
e2e

326

i8¢

11e
300

14

R0

7= 16

1= 170‘

8= 23

1i= 12
RAR I

1= 190

7= 12¢

8= 31
11= {350

8e {8

10w

Om

i1=
Bw

8w

10=
iie

17

6e

j8e

29

70

240

16

24
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CROSS REFERENCE TABLE

AERROR

CALL

CALLS

CHKPNT

DIAL

ERROR

FERROR

FREMSB

GETBUF

IERROR

I0TERR
MODEND

MODSTA

MOVMSB

MOVSEG

OUTMSB
OVLNAM

POP

PUSH

QURVR

RELBUF

RESREG

RETEMT

RETURN

SAVREG

SERROR

SETABS

STOEV

SWPCAL

WERROR

CROSS REFERENCE TadLE

2= 14

gm 734

2= O9%

2= 968

2=3244

2= 18n

2= 284

ew251#

2wildn

2= 394

2= 244

2w2d2#

e=179%

2e273#%

2=2974

2w200n

2m2224%

2= 634

2w O7%

w1464

2e1d84#

2=1U7%

2=2804

2= 774%

gwion

2= Ob#

2=1065%

2=33934%8

2» 844#

g= 43%

5954u

25520

Mw]

Cei

5-34 -
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