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PREFACE

The RT-11 Software Support Manual covers the internal description

of the RT-11 software system. Chapter 1 presents an overview of the
system and discusses conventions used throughout the manual. Chapters
2 through 6 describe in detail various aspects of the monitor and
system structure, including memory layout, monitor tables, file
structures, file formats, system device structure, bootstrap operation,
I/0 queuing system, device handlers and F/B monitor description.
Chapter 7 discusses the operation of the BATCH compiler and run-time
handler.

The appendixes provide example handler listings, including a foreground
terminal handler (Appendix B) and a sample foreground program (Appendix
D). Complete flowcharts of both the Single-Job and Foreground/Background
Monitors are shown in Appendix E.

The reader should be thoroughly familiar with the RT-11 system.
Although the information in this manual is aimed at VO02B and V02C
users, it should be adequate for Version 2 users also; excluding a
few minor alterations (to permit the addition of the new V02B de-
vices), the construction of the monitors has changed very little be-
tween the two versions. A comprehensive list of differences between
the VO02B and V02C and between V2 and V02B systems is included in
RT-11 System Release Notes (V02C), (DEC-11-ORNRA-A-D).

It is assumed that the user has read the RT-11 System Reference
Manual (DEC-11-ORUGA-B-D) or (DEC-11-ORUGA-C-D) and all other docu-
mentation included in the RT-11 kit, and is an experienced PDP-1l1

programmer. It is recommended that RT-11 monitor source listings be

available for reference.
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CHAPTER 1

RT-11 OVERVIEW

1.1 INTRODUCTION

RT-11 is a single-user programming and operating system designed for
the PDP-11 series of computers. It permits the use of a wide range of
peripherals and up to 28K of either solid state or core memory (here-
after referred to as memory).

RT-11 provides two operating environments: Single-Job (S/J) operation,
and a powerful Foreground/Background (F/B) capability. Either environ-
ment is controlled by a single user from the console terminal keyboard
by means of the appropriate monitor--S/J or F/B. The monitors are
upwards compatible; features that are used only in a F/B environment
are treated as no-ops under the S/J Monitor.

A feature common to both operating environments is the inclusion of
a full complement of system development and utility programs to aid
the programmer in the development of his own applications.

The normal use and operation of the monitors and system programs is
discussed in detail in the RT-11 System Reference Manual. Concepts

and applications that are specialized and useful to the more experienced
programmer are included in this manual.

1.2 SYSTEM CONCEPTS AND TERMINOLOGY

The basic concepts necessary to use RT-11 effectively are defined in
the RT-11 System Reference Manual. The user should be familiar with

those concepts before proceeding to use this manual.




Abbreviations used throughout this document are:
TERM MEANING

KMON Keyboard Monitor

The console terminal interface to RT-11.
KMON runs as a background job and allows
the user to run programs, assign device
names, and generally control the system.

USR User Service Routines

The nonresident (swapping) part of RT-11.
The USR performs file-oriented operations.

CsI Command String Interpreter

The CSI is part of the USR. It accepts

a string of characters from memory or

from the console and performs specified
file operations, or syntactically analyzes
a command string and constructs a table
from the information supplied.

RMON Resident Monitor

RT-11 provides a choice of two Resident
Monitors: a Single-Job Monitor and a
Foreground/Background Monitor. RMON
specifically provides the following
services:

EMT dispatcher

Keyboard (console) interrupt service
TT: resident device handler (F/B only)
Read/Write processor

USR swap routines

I/0 queuing routines

System device handler

System I/O tables

Message handler (F/B only)

Job scheduler (F/B only)

CSw Channel Status Word

Each bit in the CSW contains information
relevant to the status of a channel; see
Chapter 9 (.SAVESTATUS) of the RT-11
System Reference Manual.
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TERM

JSW

F/B

s/J

B/G

F/G

<CR>

<LF>

MEANING

Job Status Word

The JSW contains information in bytes
44 and 45 about the job currently in
memory.

The Foreground/Background version of the
monitor

The Single-Job version of the monitor
The background job

The foreground job

Carriage Return

Line Feed

Various mnemonic names (e.g., BLIMIT, SYSLOW), referred to from within

the text and in diagrams and flowcharts, represent the actual symbolic

names as they appear in the monitor source listings.

To avoid confusion, underlining is used in most examples to designate

computer printout;

square brackets, [ and ], are used to enclose

comments. Values for symbolic names used in examples can be found in
Table 2 of RT-11 System Release Notes.
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CHAPTER 2
MEMORY LAYOUT

RT¥11 operates properly in any configuration between 8K and 28K (words)
of memory (16K to 28K for the F/B Monitor). No user intervention is
required when programs are moved to a different size machine; i.e.,
programs correctly developed in one environment will work in any size
environment (providing there is sufficient memory) with no relinking

necessary.

Figure 2~1 shows a general diagram of the memory layout in an RT-11

system.

— -==777776====[— ‘
DEVICE DEVICE
REGISTERS ~--760000-—--|  REGISTERS
RMON RMON
FOREGROUND AREA
USR/CST BACKGROUND —>
HIGH LIMIT USR/CSI
(SYSLOW)
KMON
. KMON
USER .
AREA _ 500 BACKGROUND AREA
RESERVED RESERVED
I/0 VECTORS 0 I/0 VECTORS
S/J Monitor F/B Monitor

Figure 2-1
Monitor Memory Layout

2-1




The memory area diagrammed is arranged as follows:

Memory Area Use
0-477 Reserved for I/O vectors, RT-11

system communication area.

500-SYSLOW Space available for user (background)
programs. (The high limit of memory
for the background is contained in
SYSIOW, a location in the monitor data
base.)

Space for foreground>programs and LOADed handlers is allocated as
needed, reducing the amount of space available for a background job.

The areas marked KMON and USR/CSI are the areas that these units
normally occupy when they are in memory. The amount of memory that

a user program occupies is determined by:

1. The initial size of the program, or

2. The amount of memory the user program requests
via a .SETTOP programmed request.

When a user program (béckground job) is executed (via the KMON commands
R, RUN, or GET and START), the top of memory is set to correspond to
the size of the program. If the top of user memory never éxceeds KMON,
both KMON and USR/CSI are resident. If all of memory (up to SYSLOW)
is requested (via a .SETTOP), neither the KMON nor the USR is resident
and swapping of the USR is required. Programs performing many file-
oriented operations gain from having the USR resident, since no time is

spent swapping the USR.

The KMON, USR, and RMON modules normally occupy the upper segment of
memory. This implies that larger memory configurations automatically

have more free memory available.

The area marked DEVICE REGISTERS is the top 4K of memory in any PDP-11
computer. This area is reserved for the status and control registers

of peripheral devices.




2.1 FOREGROUND JOB AREA LAYOUT

The foreground job area is located above the KMON/USR, as shown in
Figure 2-1, and is allocated by the FRUN command. The actual layout
of the job within the foreground area is shown in Figure 2-2. The
impure area (described in Section 2.5.3) occupies the lowest 207

words of the job area and contains terminal ring buffers, I/O channels,
and other job-specific information.

The foreground stack is located immediately above the impure area with
a default size of 128 words; this may be changed using the FRUN /S
switch. The program may specify a different location for the stack

by using an .ASECT into location 42, in which case the /S switch

is ignored and the program itself must allocate stack space. Wher-
ever the stack is located, stack overflow will most probably cause
program malfunction before penetrating the task area boundary, since
either the program itself or the impure area will be corrupted.

NOTE

Users must not use a relocatable symbol
as the contents of location 42 when
resetting the initial stack pointer via
an .ASECT in a foreground job; such a
symbol is not relocated when it occurs

in an .ASECT in a foreground job. To set
the stack to relative location 1000 in a
foreground job, use:

.ASECT
=42
.WORD 1000




* HIGH LIMIT
WORKING SPACE

FOREGROUND
PROGRAM

STACK

IMPURE AREA

< LOW LIMIT

Figure 2-2
Foreground Job Area Layout

The space allocated for the foreground program is sufficient to

contain the program code itself, as indicated by location 50 (in

block 0 of the file); location 50 is set by the Linker and designates
the program's high limit. If the foreground job requires working

space, this space must either be reserved from within the program

(e.g., using .BLKW) or allocated at run-time using the FRUN /N switch.
Space allocated with the /N switch is located above the program as shown
in Figure 2-2. Location 50 will point to the top of the program

area and a .SETTOP will permit access to any working space.

2.2 JOB BOUNDARIES IN F/B

The actual job boundaries are stored (in RMON) in limit tables for
both foreground and background jobs. The FLIMIT table contains high
and low boundaries for the foreground, and the BLIMIT table contains
boundaries for the background. .SETTOPs are permitted for any job up
to its high limit. The SYSLOW pointer mentioned earlier is equivalent
to the background BLIMIT high pointer entry. This is shown in

Figure 2-3.
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RMON
- FLIMIT (HIGH)

FOREGROUND
JOB
SYSLOW = BLIMIT (HIGH) ~ - FLIMIT (LOW)

KMON/USR

BACKGROUND JOB

Y

BLIMIT (LOW)
Figure 2-3
Job Limits

The limit pointers for a foreground job are fixed oncé the job has
been loaded into memory. A program that requires working space and
uses a .SETTOP will fail if the space is not allocated with the /N
switch (a FORTRAN program is a typical case; see Appendix G, Section
G.1l, of the RT-11l System Reference Manual). The high limit pointer
(SYSLOW) for the background, however, is not fixed and will change -

as space is allocated for LOADed handlers, the text scroller, and
foreground jobs. 1In addition, if the USR is made permanently resident
(using the SET USR NOSWAP command), SYSLOW (BLIMIT HIGH) will again
change. This is shown in Figure 2-4.
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RMON RMON
SYSLOW [
USR LOADED
(SWAPPING) HANDLERS
KMON TEXT
(SWAPPABLE) SCROLLER
FOREGROUND
AVATLABLE JOB
g?g USR
(NON-SWAPPING)
.SETTOP SYSLOW
KMON
(SWAPPABLE) AVAILABLE
FOR
B/G
. SETTOP
/ ]
BACKGROUND BACKGROUND
JOB JOB

Figure 2-4
Background SYSLOW Examples

2.3 'FLOATING' USR POSITION

The RT-11 USR is normally located in the memory area directly below
that pointed to by SYSLOW. For the Version 1 monitor, this was
directly below the RMON. For the Version 2 and 2B monitors, the USR
position varies as handlers, the scroller, and foreground jobs (in
F/B) are loaded into memory; the SYSLOW pointer is corrected for each
change in memory configuration. In any case, the SYSLOW position is
considered the normal USR swapping position.

It is possible, however, to cause the USR to swap into another location
in memory. This is done by setting location 46 (in the system communi-
cation area) to the address at which the USR is to swap; if the contents
of location 46 are nonzero and even, the monitor loads the USR at the
new address. Note, however, that if no swapping is required, the USR

is not loaded at the address indicated in location 46. Location 46

is cleared by an exit to the Keyboard Monitor (via an .EXIT, .HRESET,
.SRESET, or CTRL C).

TN




It is possible to make the USR permanently resident (i.e., non-swapping).
Using the SET USR NOSWAP Keyboard Monitor command makes the USR per-
manently resident at its normal position, that is, below the memory

area pointed to by SYSLOW.

2.4 MONITOR MEMORY ALLOCATION

RT-11 uses a dynamic memory allocation scheme to provide memory space
for LOADed handlers, foreground jobs (F/B Monitor only) and the dis-
play text scroller. Memory is allocated in the region above the KMON/
USR and below RMON. If there is insufficient memory in this region
(initially, after the system is bootstrapped, there is none), memory
is taken from the background region by "sliding down" the KMON/USR the
required number of words.

When memory allocated in this manner is released, the memory block

is returned to a singly-linked free memory list, the list head of which
is in RMON. Any contiguous blocks are concatenated into a single
larger block. A block found to be contiguous with the KMON/USR is
reclaimed by "sliding up" the KMON/USR, removing the block from the
list.

Memory allocation and release is achieved by calls to the GETBLK and
PUTBLK routines located in the KMON overlays (the GETBLK and PUTBLK
routines are flowcharted in Appendix E). The requested number of

words is passed to GETBLK in RO, and the address of the block is
returned in R4. An extra word of memory is allocated by GETBLK, which
then stores the size of the block in that word. R4 points to the first
available word in the block (see Figure 2-5a). When releasing memory,
R4 must point to the first available word, the same address returned

by GETBLK during allocation (as shown in Figure 2-5b). The block will
be linked into the free memory list (shown in Figure 2-5c).




a) Allocating a memory block

Call sequence:

R@ = SIZE
JSR PC,GETBLK

SIZE

R4 —»

(returns with R4 pointing

to the allocated block)

b) Releasing a memory block

Call sequence:
R4 -» BLOCK
JSR PC,PUTBLK

SIZE

R4 —»

c) Free memory list

LIST HEAD

CORPTR: /] -

NEXT BLOCK >

SIZE

NEXT BLOCK

(One free block in list)

Figure 2-5
Memory Allocation

2-8
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When a block of memory of sufficient size is not available, GETBLK must
create a hole in memory by sliding down the KMON/USR. This is achieved
by a call to KUMOVE, a small routine located physically at the front of
the KMON. KUMOVE does the actual work of moving the KMON/USR up in
memory. For moves downward, an auxiliary subroutine, MOVEDN, located
at the top of the USR, is used.

Whenever a request is made for a block of a certain number of words,
the memory allocator searches memory for the first highest block that
is large enough to satisfy the request (that is, equal to or larger
than the requested number). The goal of the memory allocator is to
minimize the amount of free (unused) memory in the foreground region,
making the maximum amount of memory available to the background.
Contiguous blocks of free memory are merged and reclaimed whenever
possible. The search time of the singly-linked list is not a factor,
since at any time there will be few nodes (free memory areas) in the
list, and the allocator minimizes the number.

2.5 MEMORY AREAS OF INTEREST

This section describes memory areas of particular interest and indicates
the contents of those locations. The areas covered are:

Monitor Fixed Offsets (F/B & S/J)
F/B Impure Area

3. Resident Bitmap (F/B & S/J)

4, Tables

2.5.1 Monitor Fixed Offsets

Certain values are maintained at fixed locations from the start of the
Resident Monitor in both F/B and S/J; these quantities (listed in
Table 2-1) may be accessed by user programs. The technique used to
access these offsets is as follows:

OFFSET = the byte offset to the word desired
RMON = 54

MOV @#RMON,Rn ;ANY GENERAL REGISTER
MOV OFFSET (Rn) ,Rn




Rn now contains the desired quantity.

a better method is:

CLR Rm
MOV @#RMON,Rn
BISB OFFSET(Rn) ,Rm

If a byte quantity is desired,

This ensures that the high-order bits of the register are not set by

a MOVB into the register.

Table 2-1
Fixed Offsets

Offset (from

Start of RMON) Byte
Octal Decimal Tag Length Description
0 - 4 Serves as a link to interrupt
entry code.
4 SCSW 160, Default I/0 channels for the
background (1610 @ 5 words
each) .

244 164 $SYSCH 1010 Internal I/0 channel used for
system functions.

256 174 BLKEY 2 Segment number of the directory
now in memory. O implies no
directory is there.

260 176 CHKEY 2 Device index and unit number of
the device whose directory is
in memory. Bits 1-5 are the
device index, bits 8-10 are
the unit number.

262 178 $DATE 2 Current date value. (The format
is shown in Chapter 3, section
3.1.2.5,)

264 180 DFLG 2 "Directory operation in progress"
flag. Used to inhibit AC from
aborting a job until directory
operation is finished.

266 182 SUSRLC 2 Normal location of USR.

270 184 QCOMP 2 Address of I/0 completion manager,
COMPLT.

272 186 SPUSR 2 Flag word used by MT/CT. If a

USR function performed by MT
or CT fails, this word is made
non-zero.

(continued on next page)
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Table 2-1 (Cont.)
Fixed Offsets

Offset (from

Start of RMON) Byte
Octal Decimal Tag Length Description

274 188 SYUNIT 2 High-order byte contains the
unit number of the current
system device.

276 190 SYSVER 1 Monitor version number (2 in
Versions 2, 2B, and 2C).

277 191 SYSUPD 1 Version release number (1 for
v02, 2 for V02B, etc.)

300 192 CONFIG 2 System configuration word. A
l6-bit series of flags whose
meanings are:

Bit # Meaning
0 0*S/J Monitor
1> F/B Monitor
2 1+ VT1ll hardware
exists
3 1->RT-11 BATCH
controls the
background
5 0 »~60-cycle KW1lL
clock
1 +>5Q-cycle clock
6 1-+>11/45 FPP pres-
ent
7 0~ No foreground
job present
1+ Foreground job
is in memory
8 1-+>User is linked
to VT1ll scroller
9 1+ USR is resident
via SET USR
11 0 -+ No PDP-11/03
processor
. 1+ PDP-11/03
processor
15 1+ KWll clock is
present (always
set if bit 11
is 1)
Any bits not currently assigned
are reserved by DIGITAL for
future use and should not be
used arbitrarily by user programs.

302 194 SCROLL 2 Address of the VT1ll scroller.

304 196 TTKS 2 Address of console keyboard
status.

306 198 TTKB 2 Address of console keyboard

buffer.

11

(continued on next page)
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Table 2-1 (Cont.)
Fixed Offsets

Offset (from

Start of RMON) Byte
Octal Decimal Tag Length Description

310 200 TTPS 2 Address of console printer
status.

312 202 TTPB- 2 Address of console printer
buffer.

{See Section 2.6, Using Auxiliary
Terminals as the Console Termi-
nal.)

314 204 MAXBLK 2 Largest output file permitted
with an indefinite length
request (initially defined as
-1, which implies that no limit
is defined).

316 206 E16LST 2 Offset from start of RMON to the
dispatch table for EMT's 340-
357. (This is used by the BATCH
processor.)

320 208 CNTXT, 2 Pointer to the impure area for

F/B the current executing job.

322 210 JOBNUM 2 Executing job's number (0 =
B/G, 2 = F/G).

320 208 STIME 4 Two words of time of day in the

322 210 }(S/J) §/J Monitor.

324 212 SYNCH 2 Address of monitor routine to
handle .SYNCH request.

326 214 LOWMAP 20lo Start of low memory protection
map. (This map protects vectors
at locations 0-476.)

352 234 USRLOC 2 Pointer to current entry point
of USR.

354 236 GTVECT 2 Pointer to VT1ll vector. The
vector is initially positioned
at 320.

356 238 ERRCNT 1 Error count byte (for future
use by system programs).

357 239 FUTURE 5 Reserved by DIGITAL for future

use.

TN
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2.5.2 Table Descriptions

The monitor device tables discussed in this section include:

$PNAME

$SSTAT

SENTRY

$DVREC

SHSIZE

$DVSIZ
SUNAM1, SUNAM2
SOWNER

The size of these tables is fixed and is governed by the $SLOT assign-

ment; the default value is 14 entries per table. To alter this,

10
it is necessary to first edit a new value of $SLOT into the monitor

source program, then reassemble and relink new monitors.

2.5.2.1 S$PNAME (Permanent Name Table) - $PNAME is the central table
around which all the others are constructed. There is an entry in
SPNAME for each device in the system. Each entry consists of a single
word that contains the .RAD50 code for the two-character permanent
device name for that device; for example the entry for DECtape is
.RAD50 /DT/. The position of devices in this table is non-critical,
but their relative position determines the general device index used
in various places in the monitor; thus, all other tables must be
organized in the same order as $PNAME (the index into $PNAME serves

as the index into all the other tables for the equivalent device).

2.5.2.2 S$STAT (Device Status Table) - Each device in the system must
have a status entry in its corresponding slot in $STAT. The status
word is broken down into two bytes as follows: ’

Even byte - contains a device identifier. Each unique type
of device in the system has an identifying integer.
Those defined are:

RKO05 Disk

TCll DECtape

Reserved

Line Printer (LP1l, LS11, LV11l)
Console Terminal (LT33/35, LA30/36,
VT05, VT50)

Reserved

PC1l1 High-speed Reader

PCll High-speed Punch

Magtape (TM11l, TU10)

RF11 Disk

TAll Cassette

[ T | T

[
=
LI | 1 I |
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14 = Card Reader (CR1l1l, CM1ll)
15 = Reserved

16 = RJS03/4 Fixed-head Disks
17 = Reserved

20 = TJUl6 Magtape

21 = RP11/RP02/RP03 Disk

22 = RX11/RX01l Diskette

0dd byte - Bit flags with the following meanings:

Bit 15: 1 = Random-acceas device (disk, DECtape)

0 = Sequential-access device (line printer,
papertape, card reader, magtape, cassette,
terminal)

Bit 14: 1 = Read-only device (card reader, papertape
reader)

Bit 13: 1 = Write-only device (line printer, papertape
punch)

Bit 12: 1 = NonRT-1ll directory-structured device (magtape,
cassette)

Bit 11: 1 = Enter handler abort entry every time a job is
aborted.

0 = Handler abort entry taken only if there is an
active queue element belonging to aborted job.

Bit 10: 1 = Handler accepts .SPFUN requests (e.g., MT,
CT, DX).
0 = .SPFUN requests are rejected as illegal.
Bits 9-8: Reserved

2.5.2.3 $ENTRY (Handler Entry Point Table) - Whenever a handler is
made resident, either by a .FETCH or with the LOAD command, the SENTRY
slot for that device is made to point to the fourth word of the device
handler. The entry is zeroed when the handler is .RELEASEd or
UNLOADed.

2.5.2.4 S$DVREC (Device Handler Block Table) - This table (filled in
at system bootstrap time) reflects the absolute block position of each
of the device handlers on the system device. Since handlers are
treated as files under RT-11, their position on the system device is
not necessarily fixed. Thus, each time the system is bootstrapped,
the handlers are located and $DVREC is updated with the value of the
second block of the handler file. (Because the handlers are linked

at 1000, the actual handler code starts in the second block of the
file.) A zero entry in the $DVREC table indicates that no handler

for the device in that slot was found on the system device.

2.5.2.5 SHSIZE (Handler Size Table) - This table contains the size,
in bytes, of each device handler. The table is set up at assembly
time with the correct values and is used when a .FETCH is executed to
provide the size of the specified handler. This size is also returned
to the user as one of the values returned in a .DSTAT request.
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2.5.2.6 $DVSIZ (Device Directory Size Table) - Entries in this table
are non-zero for file-structured devices only and reflect the number of
25610-word blocks contained on the device. The current devices and
their entries are:

Number of Number of
Device 256-Word Blocks Device 256-Word Blocks
RK11 113008 RP0O2 1163008
TCl1 11028 RJS03 20008
RJS04 40008
RF11 20008 (1 platter) RXO01 7528
40008 (2 platters)
60008 (3 platters)
100008 (4 platters)

The default for RF1ll and RJS03/4 is one platter, or 20008 blocks. It
is possible to alter the system to indicate the correct number of
platters. Instructions are in Chapter 4 of the RT-11 System Genera-
tion Manual, (DEC-11-ORGMA-A-D).

2.5.2.7 $UNAM1, $UNAM2 (User Name Tables) - These tables are used in
conjunction with ASSIGN keyboard functions. The form of the ASSIGN
command is:

+ASSIGN pnam:unam<CR>

where:

pnam = a system device name/unit number

unam - a user-assigned device name
A typical example is:

.ASSIGN DT1:DK
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‘The default device name, DK, is now directed to DECtape unit 1. The
user-assigned name is stored in an available slot in $UNAM2, while the
device's permanent name/unit is stored in the corresponding slot in
SUNAM1. The system uses a common device name lookup routine that maps
any user-assigned name in the $UNAM2 table into a physical device

name to be used in an operation. The total number of ASSIGNs permitted
is limited by the value of $SLOT.

The command:
.ASSIGN<CR>
zeroes $UNAM2, thus removing all user assignments.

2.5.2.8 SOWNER (Device Ownership Table) - This table is used only
under F/B to arbitrate device ownership. The table is $SLOT*2 words

in length and is divided into 2-word entries per device. Each 2-word
entry is divided into eight 4-bit fields capable of holding a job
number. - Thus, each device is presumed to have up to eight units, each
assigned independently of the others. However, if the device is
nonfile-structured, the ownership is assigned to all units.

When a job attempts to access a particular unit of a device, the F/B
Monitor checks to be sure the unit being accessed is either public
or belongs to the requesting job. If the unit is owned by the other
job, a fatal error is generated.

The device is assumed to be public if the 4-bit field is 0. If it

is not public, the field contains a code equal to the job number plus
one. Since job numbers are always even, the ownership code is odd.
Bit 0 of the field being set is then used to indicate that the unit
ownership is assigned to a job (1 for the background job and 3 for the
foreground job).

2.5.2.9 DEVICE Macro - The DEVICE macro call is used in RMON to
allow quick and easy insertion of new devices at assembly time. The

form of the macro call is:

DEVICE NAME,SIZ,STAT,ENTRY




o

where:

NAME - two characters of the permanent device name

SIZ - the size of the device's directory in 256-word
blocks; 0 means nonfile-structured or special

STAT - the sum of all $STAT table entries that apply
for this device plus the device id (from
section 2.5.2.2):

FILSTS = 100000 Random-access device (disk, DECtape)

RONLYS = 40000 Read-only device

WONLY$ = 20000 Write-only device

SPECL$ = 10000 Non RT-11 directory-structured
device (including MT and CT)

HNDLRS = 4000 Handler abort entry

SPFUNS = 2000 special function requests

ENTRY - the 2-character device name with the SYS appended, if this
is a system device.

Thus, a sample call is:

DEVICE TT,0,4

The SIZ entry is 0, since TT is a nonfile-structured device.

The entry for DECtape is:

DEVICE DT,1102,1+FILST$,DTSYS

The 1+FILSTS$ indicates that the device code is 1 and FILSTS is defined
as 100000. The entry for DTSYS is present because DT can be a system
device.

In addition to the DEVICE macro, another macro, HSIZE, is defined and
sets the handler size for the S$HSIZE table. The format of the HSIZE
macro call is:

HSIZE HAN,BYT,TYPE

where:
HAN = the 2-letter device name
BYT - the handler size in bytes

TYPE ~ SYS if the device can be a system device; blank
otherwise
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Chapter 5 shows the use of HSIZE in adding a handler to the RT-11
system. The KMON portion of the monitor source listing should be
consulted for greater detail.

2.5.3 F/B Impure Area

An impure area is defined here as that area of memory where the moni-
tor stores all job—dependent data. Thus, the impure area contains all
information that the monitor requires to effectively run two indepen-
dent jobs, both of which are memory-resident. This section details
the contents and location of each word (byte) in the impure area.

A table that points to the impure area for a particular job is in the
F/B monitor's data base. This table is at $IMPUR and currently consists
of two words: the first is a pointer to the background's impure area
(which is permanently resident in RMON at location BKGND), the second

is the foreground's pointer. The $IMPUR table is accessed by using
IMPLOC, located at an offset of 422 into RMON. IMPLOC points beyond

the end of $IMPUR to S$IMPUR +4 to facilitate accessing the $IMPUR

table from the top down in order of decreasing priority.

Under RT-11, a background job is always running and will be the KMON
if no other background job exists. However, the foreground impure
area pointer may be 0 if no foreground job is in memory. When an
FRUN command is given, a foreground impure area is created for the
job and the $IMPUR entry for the foreground pointer is updated to
point to the impure area.

A foreground program can determine whether the KMON is resident by
testing KMONIN, located at an offset of 424 into RMON. KMONIM is
non-zero if the KMON is resident and zero if a background job is run-
ning. In addition, the file name of the running foreground or back-
ground job is located in the job's impure area at offset I.NAME (376).
Note that for a background job, KMONIN must first be tested to deter-
mine whether the name belongs to an active job since the file descrip-

tor is not cleared when KMON is entered.
Table 2-2 is a detailed breakdown of the contents of the impure area.

The offset mentioned is the offset from the start of the impure area
itself; thus, the first word in the area has a 0 offset.
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Table 2-2

Impure Area

Octal Length

Offset Mnemonic (Bytes) Contents

0 I.JSTA 2 Job status.

2 I.QHDR 2 I/0 Queue Header.

4 I.CMPE 2 Last entry in completion queue.
I/0 completion routines are
queued for execution. This
is the pointer to the last
routine to be entered.

6 I1.CMPL 2 Completion queue header.

10 I.CHWT 2 Pointer to channel during
I/0 wait. When a job is
waiting for I/0O, the address
of the channel area in use
goes here.

12 I1.PCHW 2 Saved channel pointer during
execution of a completion
routine. The contents of
I.PCHW are put in RO when a
completion routine is entered.

14 I.PERR 2 Error byte 52 and 53 saved
during completion routines.

16 I.PTTI 2 Previous TT input character.

20 I.TTLC 2 Terminal input ring buffer
line count.

22 I.TID 2 Pointer to job ID area.

24 I.JNUM 2 Job number of job that owns
this impure area.

26 I.CNUM 2 Number of I/O channels defined.
16 is default, .CDFN can

10 :
be used to define new ones.

30 I.CSW 2 Pointer to job's channel area.

32 I.IOCT 2 Count of total I/O operations
outstanding.

34 I.SCTR 2 Suspension count. Zero means '
the number of .SPNDs = the
number of .RSUMs.

I.SPLS 2 Address of the .DEVICE request

36

list.

(continued on next page)




Table 2-2 (Cont.)
Impure Area

Octal Length

Offset Mnemonic (Bytes) Contents

40 I.TRAP 2 Address of user trap routine.
Set by .TRPSET.

42 I.FPP 2 Address of FPP exception
routine. Set by .SFPA.

44 I.SWAP 4 Address and number of extra
words to be included in the
context switch operation.

Set by .CNTXSW request.

50 I.8P 2 Saved stack pointer. When this
job is made inactive, the
active value of SP is saved
here.

52 I.BITM 24 Low memory protection bitmap.

- This map reflects the user's

.PROTECT requests.

(76 through 332 concern the console terminal)

76 I.IRNG 2 Input ring buffer low limit.

100 I.IPUT 2 Input "PUT" pointer for inter-
rupts.

102 I.ICTR 2 Input character counter.

104 I.IGET 2 Input "GET" pointer for
.TTYIN.

106 I.ITOP 2 Input ring buffer high limit.

110 144 Input ring buffer.

254 I.0PUT 2 Output "PUT" pointer for
interrupts.

256 I.0CTR 2 Output character counter.

260 I.0GET 2 Output "GET" pointer for
interrupts.

262 I.0TOP 2 Output ring buffer high limit.

264 50 Output ring buffer.

334 I.QUE 20 Initial I/0O queue element.

(continued on next page)
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Table 2-2 (Cont.)
Impure Area

Octal Length
Offset Mnemonic (Bytes) Contents

354 . I.MSG 12 Message channel. Used by
.RCVD and .SDAT. This channel
is permanently open.

366 10 Job ID area. Contains
(<CR><LF>)B>(<CR><LF>) or
(<CR><LF>)F>(<CR><LF>) for
terminal prompting. Space
has been left for up to a 3-
character job name.

—

2.5.4 Low Memory Bitmap (LOWMAP)

RT-11 maintains a bitmap which reflects the protection status of

low memory, locations 0-476. This map is required in order to avoid
conflicts in the use of the vectors. In F/B, the .PROTECT request
allows a program to gain exclusive control of a vector or a set of
vectors. When a vector is protectéd, the bitmap is updated to indicate
which words are protected. If a word in low memory is protected, it
will not be destroyed when a new background program is run.

The bitmap is a 20lo byte table which starts 326 bytes from the be-
ginning of the Resident Monitor. Table 2-3 lists the offset from
RMON and the corresponding locations represented by that byte:

Table 2-3
Bitmap Byte Table
Offset Locations (octal) Offset Locations (octal)
326 0-16 340 240-256
327 20-36 341 260-277
330 40-56 342 300-316
331 60-76 343 320-336
332 100-116 344 340-356
333 120-136 345 360-376
334 140-156 346 400-416
335 160-176 347 420-436
336 200-216 350 440-456
337 220-236 351 460-476




Each byte in the table reflects the status of 16lO words of memory.
The first byte in the table controls locations 0-16, the second byte
controls locations 20-36, and so on. The bytes are read from left

to right. Thus, if locations 0-3 are protected, the first byte of
the table contains:

11000000

Note that only individual words are protected, not bytes. Thus,
protecting location 0 always implies that the word at location 0 is
protected, meaning both locations 0 and 1. If locations 24 and 26
are protected, the second byte of the table contains:

00110000

since the leftmost bit represents location 20 and the rightmost
bit represents location 36. To protect locations 300-306, the left-
most 4 bits of byte 342 must be set:

11110000
resulting in a value of 360 for that byte.

2.5.4.1 5S/J Restrictions - The S/J Monitor does not support the
.PROTECT request. If users wish to protect vectors, the protection
must be done in one of two ways:

1. Manually, with PATCH, or

2. Dynamically (from within the user's program)

To protect locations 300-306 dynamically, the following instructions
are used:

MOV @#54,Rf
BISB #+B1111@@g@gg,342(RM)

-

N
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Protecting locations with PATCH implies that the vector is permanently
protected, even if the system is re-bootstrapped, while the second
method provides a temporary measure and does not hold across bootstraps.
However, users are cautioned that the second method involves storing
directly into the monitor; for this reason it is recommended that S/J

users use method 1.
2.6 USING AUXILIARY TERMINALS AS THE CONSOLE TERMINAL

This section describes how RT-11 can be modified to allow a terminal
other than the standard console unit 0 to become the console terminal.
This procedure is useful in cases where it is desirable to be able to
use different console capabilities at different times (for example,

at certain times the hard copy autput of an LA30 is required, while

at other times the speed of a VTO05 is desirable). The only information

required to make the alteration is:

1) the address of the auxiliary terminal's
interrupt vectors, and

2) the I/0 page addresses of the keyboard
and printer status register and buffer.

RT-11 is designed so that all console references are done indirectly
through centralized pointers. Thus, changing several system locations

causes all operations to be transferred to a new terminal.

For this example, assume that the new terminal's interrupt vectors are
at 300,302 and 304,306 and that its I/0 page addresses are:

TKS at 177500
TKB at 177502
TPS at 177504
TPB at 177506

Also assume that the new terminal is a parallel interface so that

no fill characters are required.
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~R PATCH <CR>

PATCH Version number

FILE NAME-—--

*MONITR.SYS/M<CR> [The current values for
*BASE; AR<CR> the BASE address and for
*68/ VECTIN<LF> the input/output vectors
62 STATIN<LF> and status are in Table 2
64/ VECTOUL<LF> of RT-11 System Release
66/ STATOUT<CR> Notes. They must be
*300/ nnnnn VECTIN<LF> copied into the new ter-
382/ nnnnn STATIN<LF> minal's vectors.] [nnnnn
304/ nnnnn VECTOUT<LF> are arbitrary numbers]
3d6/ nnnnn STATOUT<CR>

*@,xx384/ 177568 1775@@8<LF> [xx = 16 for S/J, 17 for F/B.
g,xx386/ 177562 1775@2<LF> Modify monitor's central
B,xx318/ 177564 1775@4<LF> 1I/0 page pointers]
B,xx312/ 177566 1775@6<CR>

*0,XX342\ [} 364 <CR> [Protect new vectors]

*B

The bootstrap must also be changed to relocate the new vector locations
when the monitor is first loaded into memory. The bootstrap contains

a list of items that must be relocated; the list is located at RELLST
in the bootstrap code. The exact position of RELLST varies with each
monitor and must be obtained from Table 2 of RT-11 System Release

Notes (V02C). The patching procedure is:

-R PATCH <CR>

PATCH Version number

FILE NAME——

*MONITR.SYS/M<CR>

*RELLST+14/ 68 3g@<LF>

RELLST+12/ 64 384<CR>

*E

"R PIP<CR>

FA=MONITR.SYS/U<CR> [Bootstrap must be rewritten.

*SY:/0<CR> Rebootstrap; system will appear
on new terminal.]

2-24 January 1976




It is also possible to write a user program that would perform this
procedure dynamically at run-time. Such a program would modify the
monitor's protection map and the central I/O page pointers, then set
up locations 300-306 and exit, If done dynamically, the monitor file
itself is unchanged; thus when the system is bootstrapped, the console
terminal reverts to the usual unit.

2.7 MAKING TTY SET OPTIONS PERMANENT IN F/B MONITOR

The F/B Monitor may be configured for different console terminal
requirements by use of the TTY options of the SET command. These
changes are not permanent and must be made each time the monitor is
bootstrapped. By using the patching procedures in this section, the
various options required for the installation may be made a permanent
part of the F/B Monitor.

Table 2-4 is a description of the TTY options and their default
functions in the F/B Monitor as distributed.

Table 2-4
Default Functions for TTY Options

Option Default Description
TAB/NOTAB NOTAB Hardware tabs converted to
: spaces.

CRLF/NOCRLF CRLF <CR><LF> inserted if WIDTH
reached.

FORM/NOFORM NOFORM Form Feed converted to Line
Feeds. .

FB/NOFB FB CTRL F/CTRL B cause context
switch.

PAGE/NOPAGE PAGE CTRL S holds output, CTRL Q
continues it.

SCOPE/NOSCOPE NOSCOPE VT05, VT50, VT1ll is the con-
sole terminal (rubout produces
backspace, space, backspace).

WIDTH | 72(10) Width of carriage.




The three options enabled are PAGE, CRLF, and FB. The carriage width
is set to 72(10) characters (110 octal).

To permanently change these options, the words TTCNFG, TTWIDT and
LISTFB in the F/B Monitor must be patched. The exact locations of
these words and the BASE address are found in Table 2 of RT-11 System
Release Notes (V02C). The numbers used in the following examples are
for illustration purposes only and may not be correct for all systems.

2.7.1 Carriage Width

The carriage width is the line width at which the CTRL option gener-
ates a carriage return/line feed. This width is changed by patching
the word TTWIDT, which for this example is assumed to be located at
21410. See Table 2 of RT-11 System Release Notes (V02C) for the
exact locations of BASE and TTWIDT.

.R PATCH <CR>

PATCH Version number

FILE NAME--

*MONITR.SYS/M<CR> [The /M is necessary; set
*BASE; JR<CR> relocation registers; open
*7,21410\ 11g 204<CR> with backslash]

*E :

In this example, the width is changed from 72 to 132 (2048).

10 10

2.7.2 Other Options

Other options are changed by setting or clearing the appropriate bits
in TTCNFG. To determine the new value to be inserted in TTCNFG, Table
2-5 is used. For each option, select the permanent value desired.

Add together the octal bit patterns for each value selected to determine
the new value of TTCNFG.
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Table 2-5
TTCNFG Option Bits

Option ' Bit Pattern
TAB 000001
CRLF 000002
FORM 000004
FB 000010
PAGE 000200
SCOPE 100000

Any NO option 000000

For example, the monitor default is PAGE, CRLF and FB. Adding
together the bit patterns for PAGE, CRLF and FB produces the octal
value 212 (= 200 + 10 + 2).

To change this to SCOPE, PAGE, FB, add together the numbers 100000,
200 and 10 to get 100210, the new value of TTCNFG. Using the loca-
tion of TTCNFG obtained from Table 2 of RT-11 System Release Notes

is:

.R PATCH <CR>

PATCH Version number

FILE NAME--

*MONITR.SYS/M<CR>

*BASE; §R<CR>

*J, TTCNFG/___. 212 1@@21@<CR>
*E

If the FB option is changed, an additional step is necessary. Bit 15
of LISTFB must be changed to reflect the new FB option. Bit 15 must be
0 if the option is FB and must be 1 if the option is NOFB. For
example, to change the monitor default to FORM, TAB, NOFB, the value

of TTCNFG is 5 (4 + 1 + 0), and bit 15 of LISTFB must be a 1. The
patch procedure is:
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+R PATCH <CR>

PATCH Version number

FILE NAME--

*MONITR.SYS/M<CR>
*BASE; §R<CR>

*#, TTCNFG/ 212 5<CR>
*@,LISTFB/ 3316 1§3316<CR>
*E

After making any of these patches, it
system to load the new version of the monitor.

[The /M is necessary;
set relocation register;
change TTCNFG;

set bit 15 in LISTFB.]

is necessary to bootstrap the
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CHAPTER 3
FILE STRUCTURES AND FILE FORMATS

3.1 DEVICE DIRECTORY SEGMENTS

The device directory begins with physical block 6 of any directory-
structured device and consists of a series of directory segments that
~contain the names and lengths of the files on that device. The direc-
tory area is variable in length, from 1 to 31 (decimal) directory seg-
ments. PIP allows specification of the number of segments when the
directory is zeroed. The default value is four directory segments.
Each directory segment is made up of two physical blocks; thus, a
single directory segment is 512 words in length.

A directory segment has the following format:

5 header words

file entries

3.1.1 Directory Header Format
Each directory segment contains a 5-word header block, leaving 507

(decimal) words for directory entries. The contents of the header

words are described in Table 3-1.
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Table 3-1
Directory Header Words

Word

Contents

The number of segments available for entries. This
number is specified in PIP when the device is zeroed
and must be in the range l<=N<=3110.

Segment number of the next logical directory segment.
The directory may, in certain cases, be a linked
list. This word is the link word between logically
contiguous segments; if equal to 0, there are no
more segments in the list. Refer to Section 3.2.1,
Directory Segment Extensions, for more details on
the link word.

The highest segment currently open (each time a new
segment is created, this number is incremented).
This word is updated only in the first segment and
is unused in any but the first segment.

The number of extra bytes per directory entry. This
number can be specified when the device is zeroed
with PIP. Currently, RT-11 does not allow direct
manipulation of information in the extra bytes.

Block number where files in this segment begin.

3.1.2

Directory Entry Format

The remainder of the segment is filled with directory entries. An

entry has the following format:

P




——

o~

3.1.2.1 Status Word - The Status Word is broken down into two bytes

STATUS WORD

NAME (CHARS 1-3)

NAME (CHARS 4-6) IN RAD5S@

EXTENSION

TOTAL FILE LENGTH

JOB # CH #

DATE

EXTRA WORDS

OPTIONAL

Figure 3-1
Directory Entry Format

of data:
Even byte: Reserved for future use.
0dd byte: Indicates the type of entry. Currently RT-11
recognizes the file types listed in Table 3-2:
Table 3-2
File Types
Value File Type
1 Tentative File, i.e., one that has been .ENTERed
but not .CLOSEd. Files of this type are deleted
if not eventually .CLOSED and are listed by PIP
as <UNUSED> files.
2 An empty file. The name, extension, and date

fields are not used. PIP lists an empty file as
<UNUSED> followed by the length of the unused
area.

(continued on next page)




Table 3-2 (Cont.)

File Types
Value File Type
4 A permanent entry. A tentative fiie that has been

.CLOSEd is a permanent file. The name of a perma-
nent file is unique; there can be only one file
with a given name and extension. If another exists
before the .CLOSE is done, it is deleted by the
monitor as part of the .CLOSE operation.

10 End-of-segment marker. RT-11 uses this to determine
when the end of the directory segment has been
reached during a directory search.

3.1.2.2 Name and Extension - These three words (in .RAD50) represent
the symbolic name and extension assigned to a file.

3.1.2.3 Total File Length - The file length consists of the number
of blocks currently a part of the file. Attempts to read or write
outside the limits of the file result in an End of File error.

3.1.2.4 Job Number and Channel Number - A tentative file is associ-
ated with a job in one of two ways:

1. Under the S/J Monitor, the sixth word of the entry holds
the channel number on which the file is open. This enables
the monitor to locate the correct tentative entry for the
channel when the .CLOSE is given. The channel number is
loaded into the even byte of the sixth word.

2. In F/B, the channel number is put into the even byte of the
sixth word; in addition, the number of the job that is
opening the file is put into the odd byte of the word.

This is required to uniquely identify the correct tentative
file during the .CLOSE and is necessary because both jobs
may have files open on their respective channels; the job
number differentiates the tentative files.

NOTE

This sixth word is used only when the file
is marked as tentative. Once it becomes
permanent, the word becomes unused. Its
function while permanent is reserved for
future use.
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3.1.2.5 Date - When a tentative file is created via .ENTER, the

system date word is put into the creation date slot for the file.

The date word is in the following format:

14 10 9 5 4 0

MONTH DAY YEAR-110(8)
(1-12.) (1-31.)
L1 1 | [ T - L1 1 1

Orna=al,

3.1.2.6 Extra Words - The number of extra words is determined by the

number of extra bytes per entry in the header words. Although PIP

provides for allocation and listing of extra words, RT-1l1 provides
no direct facilities for manipulating this extra information. Any
user program wishing to access these words must perform its own

direct operations on the RT=11l directory.

Figure 3-2 shows a typical RT-11 directory segment:




HEADER
BLOCK

FILE
ENTRIES

N\

4 FOUR SEGMENTS AVAILABLE
0 NO NEXT SEGMENT
1 HIGHEST OPEN IS #1
0 NO EXTRA WORDS/ENTRY
16 FILES START AT BLOCK l6g
2000 PERMANENT ENTRY
51646 RAD5@ FOR "MON"
35562 RADS@ FOR "ITR"
75273 RADS5@ FOR "sys" .
42 FILE IS 3410 (428) BLOCKS LONG
NO CREATION DATE
1000 AN EMPTY ENTRY
0 (THE NAME AND EXTENSION OF AN
0 EMPTY IS NOT IMPORTANT
0
100 641ﬂ (1ﬂ¢8) BLOCKS LONG
0
0
2000 PERMANENT
62570 RADS@ FOR "PIP"
0

50553 RAD5@ FOR "MAC"
11 FILE IS 9lo (118) BLOCKS LONG

0
0 NO CREATION DATE
4gg TENTATIVE FILE ON CHANNEL 1
62570 RADS@ FOR "PIP"
0
50553 RAD5¢ FOR "MAC"
20
JOB #, CHANNEL #
1000 EVERY TENTATIVE MUST BE FOLLOWED BY
0 AN EMPTY ENTRY
0
0
1020 FILE IS 528lg (1¢2ﬂ8) BLOCKS LONG
0
0
4000 END OF DIRECTORY SEGMENT

Figure 3-2
Directory Segment




When the tentative file PIP.MAC is .CLOSEd, the permanent file
PIP.MAC is deleted.

To find the starting block of a particular file, first find the
directory segment containing the entry for the desired file. Then
take the starting block number given in the fifth word of that di-
rectory segment and add to it the length of each file in the directory
before the desired file. For example, in Figure 3-2, the permanent
file PIP.MAC will begin at block number 160 (octal).

3.2 SIZE AND NUMBER OF FILES

The number of files that can be stored on an RT-11 device depends on
the number of segments in the device's directory and the number of
extra words per entry. The maximum number of directory segments on

any RT-11 device is 31 This theoretically leaves room for a

10°
maximum of:

[512-5
3l x [7+N ]

directory entries, where N equals the number of extra information

words per entry. If N=0, this indicates that the maximum is 223210

entries.

If files are added sequentially (that is, one immediately after
another) without deleting any files, roughly one half the total
number of entries will fit on the device before a directory overflow
occurs. This results from the way filled directory segments are
handled.

When a directory segment becomes full and it is necessary to open a
new segment, approximately one half the entries of the filled seg-
ment are moved to the newly-opened segment (this process is illustra-
ted in Section 3.2.1); thus, when the final segment is full, all
previous segments have approximately one half their total capacity.
If this process were not done and a file was deleted from a full
segment, the space from the deleted file could not be reclaimed.
Every tentative file must be followed by an empty entry (for recover-
ing unused blocks when the file is made permanent). Though only

one file is deleted, two entries (tentative and empty) are needed to

reclaim the space.




If files arecontinuously added to a device, the maximum number of

entries will be:

507
(M+1) [2 (7+N)]

where M equals the number of segments available on the device and N

equals the number of extra words.

The theoretical total can be realized by compressing the device
(using the PIP /S operation) when the directory fills up. PIP packs
the directory segments as well as the physical device.

3.2.1 Directory Segment Extensions
RT-11 allows a maximum of 31 (decimal) directory segments. This
section covers the processing of a directory segment. For illustra-

tive purposes, the following symbols are used:

n T . , .
* This represents a directory segment with some
number of directory entries. n is the segment number.

[ This represents a segment which is full, i.e., no
more entries will fit in the segment.

Systems start out with entries entered into segment 1:

YTy

As entries are added, segment 1 fills:

1

When this occurs and an attempt is made to add another entry to the
directory, the system must open another directory segment. If
another segment is available, the following occurs:

3-8




1. one half of the entries from the filled segment are put
into the next available segment,

2. the shortened segment is re-written to the disk,
3. the directory segment links are set, and

4, the file is entered in the newly created segment.

NOTE
. If the last segment becomes full and an
attempt is made to enter another file, a
fatal error occurs and an error message
is generated:

?M-DIR OVFLO?

Thus, in the normal case, the segment appears as:

1 I. l Before extension

F——T
|1 l After extension; half the entries are in the
Link | 1 new segment, half in the old; segment 1 is
—_- —
2 L linked to segment 2.
1

If many more files are entered, they fill up the second segment and

overflow into the third segment, if it is available:




- -
1y f
Link
to 2 |
I e
I
|
2 - l
Link !
to 3 (.
I
|
3 ,—>" ‘

In this case, the links between the segments are not strictly neces-
sary, as the segments are contiguous. However, the links do become
necessary if a large file is deleted from segment 2 and many small
files are entered, since it would then be possible to overflow seg-
ment 2 again. If this occurred and a fourth segment existed, the

directory would appear:

In this case, segment 2 overflows into
segment 4 and the links are used to link
logical pieces rather than physical pieces.

N

o~




3.3 MAGTAPE AND CASSETTE FILE STRUCTURE
3.3.1 Magtape File Structure

This section covers the magtape file structure as implemented in
RT-11, Versions 2B and 2C. The structure is slightly different from
that of Version 2. However, RT-11 V02B and V02C can read magtapes:

written under Version 2.

RT-11 magtapes use a subset of the VOL1l, HDRl, and EOFl ANSI standard
labels. Each magtape file has the format:

HDRl*---data---*EOFl%*

where each asterisk represents a tape mark.

A volume containing a single file has the following format:
VOL1l HDRl*---data---*EOF1**

A volume containing two files has the following format:
VOL1 HDRl*---data---*EOFl*HDRl*---data--—-*EOQOFLl**

A double tape mark following an EOFl label indicates logical end of
tape.

A zeroed magtape has the following format:
VOL1**

Each label occupies the first 80 bytes of a 256-word physical block,
and each byte in the label contains an ASCII character (i.e., if the
content of a byte is listed as 'l', the byte contains the ASCII code
for 'l'). Table 3-3 shows the contents of the first 80 bytes in the
three labels. Note that VOL1l, HDR1l, and EOFl each occupy a full
256-word block, of which only the first 80 bytes are meaningful.

The meanings of the table headings are:

CP - character position in label
Field Name - reference name of field
L - length of field in bytes

Content - content of field
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Table 3-3

ANST MT Labels Under RT-11

Volume-Header Label (VOL1)

Ccp Field Name L Content

1-3 Label identifier 3 VOL

4 Label number 1 1

5-10 Volume identifier 6 RT1101

11 Accessibility 1 Blank

12-37 (Reserved) 26 Blanks

38-51 Owner identifier 14 DD%% fused to indicate an

{RT—ll MT to RSX-11D

52-79 (Reserved) 28 Blanks

80 Label-Standard Version 1 1

First File Header Label (HDR1)

Ccp Field Name L Content

1-3 Label identifier 3 HDR

4 Label number 1 1

5-21 File identifier 17 6-character ASCII file name,
followed by '.', followed
by 3-character ASCII file
extension; left justified,
remainder of field is blanks

22-27 File Set identifier 6 RT1101

28-31 File Section Number - 4 0001

32-35 File Sequence Number 4 0001

36-39 Generation Number 4 0001

40-41 Generation Vsn Number 2 00

42-47 Creation Date 6 Blank then year*1000+day of
year in ASCII (AYYDDD); e.g.,
2/1/75=A75032

48-53 Expiration Date 6 blank then 00000

54 Accessibility 1 blank

55-60 Block Count 6 000000

61-73 System Code 13 RT11 left-justified followed
by blanks

74-80 (Reserved) 7 blanks

First End-of-File Label (EOF1l)

Same as HDR1 except that the label identifier (CP 1-3) is EOF, not
HDR, and the block count field (CP 55-60) contains the number of
blocks in the file as a decimal value encoded in ASCII characters
(for example, if the file was 12 blocks long, the block count field
would be 00012).

TN
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3.3.1.1 Bootable Magtape File Structure - An RT-11 bootable magtape
is a multi-file volume that has the following format:

VOL1 BOOT HDRl*---data--—-*EQFl**

where BOOT is a 256-word physical block containing the magtape boot-
strap loaders.

The format of the bootable magtape is not standard, because of the
BOOT block, but other systems that will skip the BOOT block to HDRL
will be able to read RT-11 bootable magtapes if they can read regular
RT-11 magtapes.

3-12.1 January 1976







3.3.1.2 Moving MT to Other Industry-Compatible Environments - RT-11
V02C magtapes may be read by RSX~1lD Version 6. RT-11 magtapes

should be mounted, under RSX-11D, by using the /OVR switch of the

MOUNT command, or by specifying a volume label of "RT1101l". RSX-11D
Version 6 will not allow the user to write on RT-11 V02B magtapes

once they have been mounted. RT-11 V02C can read RSX-11D Version 6
magtapes, but RT-11 users should not attempt to write on tapes created
by RSX-11D. Users should note that data structures differ between

the two systems and these differences must be handled by the user.

RT-11 V02C magtapes may be read on IBM systems that support ANSI
standard label processing. RT-11 V02C magtapes to be read by IBM
systems should consist of single file volumes (one file per magtape).
Important JCL parameters for reading RT-11 V02C tapes under an IBM OS
system are as follows:

(In the DD statement of the Job Control Language)

DISP = OLD
LABEL = (0l1,AL,,IN)

VOL = (,RETAIN,SER=RT1101)

DSN = RTFILE.MAC

BLKSIZE = 512

DEN = 2 (for 800 bpi 7-track or 9-track tape)

The DSN parameter is the Data Set Name or the RT-11 filename and
extension. Files to be moved to other systems should be created with
full 6-character filenames and 3-character extensions; filenames less

than 6 characters should be enclosed in quotes.

3.3.1.3 Recovering From Bad Tape Errors - When a bad tape error
occurs on magtape, the magtape handler will retry the desired func-
tion, and, if the error persists, will attempt to save the tape's
file structure. It does this on writes, for example, by retrying the
write 10 times, using the write with extended file gap to space past
the bad tape. 1If, after retrying, the error still exists, the file
will be closed, containing all data written prior to the write on
which the error occurred. The user should still be able to write
additional files on the tape, since the bad portion of the tape will

be within the area of the closed file.
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If a bad tape error occurs when writing the file header during ENTER,
and retry fails, the handler writes logical end of tape after the
previous file on the tape. The remainder of the tape can be accessed
only if the last complete file on the tape can be extended (or
overwritten by a file of different length) so that the bad tape error
does not occur on the file header when a subsequent file is ENTERed.

If a bad tape error occurs while writing the end of file label (EOFL1)
during CLOSE, the handler writes a triple tape mark to signify end of
file and logical end of tape. Additional files can be added to the
tape only if the last complete file can be extended (or overwritten
by a file of different length) so that the bad tape error does not
occur at the EOF1l label.

3.3.2 Cassette File Structure

A blank (newly initialized) cassette appears in the format:

Clear Ebc;ﬁxeled Sentinel | ~~—~— """
Leader Gap File Garbage
3210 bytes

while a cassette with a file on it appears as:

Clear |Extended| Header| Block Data Block Data File Sentinel

Leader| File Block Gap Block Gap Block Gap File
Gap
— g’ —
3 210 12 81ﬂ
bytes bytes

N
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Files normally have data written in 12810-byte blocks. This can be
altered by writing cassettes while in hardware mode. (In hardware
mode, the user program must handle the processing of any headers and
sentinel files; in software mode the handler automatically does this.
Refer to Appendix H of the RT-1ll System Reference Manual.)

The preceding diagram shows a file terminated in the usual manner
(by a sentinel file). However, the physical end of cassette may
occur before the actual end of the file. This format appears as:

Block Data Block Clear
Gap Block Gap Trailer
or
Block Data Block Data Clear
Gap Block Gap Block Trailer
Partially
Written
Block

In the latter case, for multi-volume processing the partially written
block must be the first data block of the next volume.

3.3.2.1 File Header - The File Header is a 3210—byte block that is
the first block of any data file on a cassette. If the first byte of
the header is null, the header is interpreted as a sentinel file,
which is an indication of logical end of cassette. The format of

the header is described in Table 3-4.




Table 3-4
CT File Header Format

Byte Number Contents
0-5 File name in ASCII characters (ASCII is assumed to
imply a 7-bit code)
6-8 Extension in ASCII characters
9 Data type (0 for RT-11)
10,11 Block length of 128lO (2008); Note: byte 10=0
(high-order), byte ll=2008 (low-order)
12 File sequence number. (0 for a single-volume

file or the first volume of a multi-volume file;
successive numbers are used for continuations)

13 Level 1; this byte is a 1

14-19 Date of file creation (6 ASCII digits representing
day (01-31); month (01-12), and last two digits of
the year; 0 or 408 in first byte means no date

present)
20,21 . Zero
22 Record attributes (0 in RT-11l cassettes)
23-28 Reserved for future use
29-31 Reserved for user

3.4 RT-11 FILE FORMATS

3.4.1 Object Format (.OBJ)

An object module is a file containing a program or routine in a
binary, relocatable form; object files normally have an .0OBJ exten-
sion. Object modules are produced by language processors (such as
MACRO or FORTRAN) and are processed by the Linker to become a run-
nable program (in SAV, LDA, or REL format, discussed later). Object
files may also be processed by the Librarian to produce library .OBJ
files, which are then used by the Linker. Figure 3-3 illustrates

this process.

L
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SOURCE
PROGRAM | _ _ _ _ _ _
.MaAC
FORTRAN MACRO - —— -
COMPILER ASSEMBLER

OBJECT
MODULES
.OBJ

SOURCE
PROGRAM
(?)

USER~-WRITTEN
LANGUAGE
PROCESSOR

LIBRARIAN

LIBRARY
FILE
.OBJ

LINKER

FILE

PROGRAM

IMAGE
FILE

Figure 3-3
Object Module Processing




Many different object modules may be combined to form one file; each
object module remains complete and independent. However, object mod-
ules combined into a library by the Librarian are no longer independ-
ent -- they become part of the library's structure.

Object modules are made up of formatted binary blocks. A formatted
binary block is a sequence of 8-bit bytes (stored in an RT-1ll1l file,
on paper tape, or by some other means) and is arranged as illustrated
in Figure 3-4.

Byte containing octal value 1

Byte containing octal value @

Low-order byte of length

Length of Block
High-order byte of length

data bytes J

Checksum byte

Figure 3-4
Formatted Binary Block

Each formatted binary block has its length stored within it; the length
includes all bytes of the block except the checksum byte. The data por-
tion of each formatted binary block contains the actual object module
information (described later). The checksum byte is computed such that
the sum of all bytes in the formatted binary block, including the check-
sum byte, is zero when the sum is masked to 8 bits.

Formatted binary blocks are used to hold various kinds of information
in an object module; this information is always contained completely in
the data portion of the block, surrounded by the formatted binary block
structure.

3-18




Eight types of data blocks may be present in an object module:

Identification
Code Type of Block Function

1 GSD blocks hold the Global Symbol
Directory information

2 ENDGSD block signals the end of GSD
blocks in a module

3 TXT blocks hold the actual binary
"text" of the program

4 RLD blocks hold Relocation Direc-
tory information

5 ISD blocks hold Internal Symbol
Directory - not sup-
ported by RT-11

6 ENDMOD block signals end of the ob-
ject module

7 Librarian Header 17 words holding the

Block status of the library Library
file File
Only
19 Librarian End Block signals the end of the

library file

The structure of object modules produced by a language processor will
be described first, followed by details specific only to Library .OBJ
files.

The first block of an object module must be a GSD block, and all GSD
blocks must appear before the ENDGSD block. The ENDMOD block must be
the last block of the module. Except for these three restrictions,
blocks may appear in any order within an object module.

When a 16~bit word is stored as part of the data in a block, it is
always stored as two consecutive 8-bit bytes, with the low-order byte
first.

The first word (data word) of each type of block mentioned above con-
tains the identification code of that block type (1 = GSD block, etc.)
with any information present following the identification word.




3.4.1.1 Global Symbol Directory - The object module's global symbol
directory contains the following information:

> W NN B O
I

- Module Name

- Program Section (CSECT) Definitions
Internal Symbol Table Name (not supported by RT-11)
- Transfer (Start) Address

- Global Symbol Definitions or References

Each piece of information in the GSD is contained in a GSD item, for-

matted as shown in Figure 3-5:

Two-word RAD5@ NAME field

7 Jo 5« B T2
FLAGS
T |

CODE BYTE

I P
[

SIZE or OFFSET Word

Figure 3-5
GSD Structure

The code byte identifies the information contained in a GSD item ac-

cording to the codes listed above (0 = Module Name, 1 = Program Sec-

tion Definition, etc.).

The first GSD item of an object module must
contain the Module Name information (FLAGS, CODE, and SIZE = 0).

There may be no more than five GSD items per GSD block (i.e., per

formatted binary block).

ent, but all must appear before the ENDGSD block.

be contiguous.

Flags are coded as follows:

Bits 0,1,2,4,7

Bit 3:

Bit 5:

Bit 6:

unused

As many GSD blocks as necessary may be pres-

GSD blocks need not

0 = undefined, 1 = defined (used only with

Global Symbols)
0

1

absolute, 1

0

internal, 1 global

relocatable

PN
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All program sections (CSECTs) defined in a module must be declared in
GSD items (code byte = 1). The size word of each program section
definition should contain the size in bytes to be reserved for the
section. Program sections may be declared more than once, in which
case the largest declared size of the section will be used. All glob-
al symbols that are defined in a given program section must appear in
the GSD items immediately following the definition item of that pro-

gram section.

A special program section named ".waABS." (where v represents a space)
is called the absolute section. The absolute section has the special
attribute that it is always allocated by the Linker beginning at loca-
tion 0 of memory. All global symbols that contain absolute (non-
relocatable) values should be declared immediately after the GSD item
that defines the absolute section. If it is not desired to allocate
any memory space to the absolute section, its size word may be speci-
fied as zero, even if absolute global symbol definitions occur after
it. Flag bit 5 of each absolute global symbol is always set to zero.
GSD items that contain the definitions of global symbols (code byte =
4) must immediately follow the program section declaration into which
they are to be defined. Flag bit 3 is set to 1 to indicate a symbol
definition, bit 5 is set if and only if the symbol is relocatable, and
bit 6 is set to indicate that the symbol being defined is a global.

In addition, the offset word is set to contain the defined value of
the global symbol, relative to the base of the program section in which
the global is defined. At link time, the Linker assigned section base
is added to get the final value of'the global symbol.

Global symbols that are referenced but not defined in the current ob-
ject module must also appear in GSD items. These global references
may appear in any GSD item except the very first (which contains the
module name). Global references are recognized by code byte 4 with
flag bit 3=0, bit 5 is undetermined, and bit 6=1. All global symbols
used in the RLD of the object module (described later) must appear in
at least one Global Symbol or Program Section GSD item.

If RT-11 is to begih execution of a program within a particular object
module of that program, then the information on where to start is given
in a Transfer Address (code=3) GSD item. The first even transfer ad-
dress encountered by the Linker will be passed to RT-11 as the program
start address. Whenever the resulting program is run (using R or RUN




for SAV images, FRUN for REL files, or the absolute loader for LDA
files), the start address is used to indicate the first executable in-
struction. If no transfer address is present or if all are odd, the
resulting program will not self-start when run. In a Transfer Address
GSD item, the name field is used to specify a program section (or glob-
al name) and the offset word is used to indicate the offset from the
base of that program section (or global) to the starting point of the
program. The program section or global name referenced need not be
defined in the current object module, but must be defined in some ob-
ject module included at link time.

NOTE

Program Section and Global names must
begin with an alphabetic or numeric
character, except for the names .LJABS.
andldLdLLdLd7.

3.4.1.2 ENDGSD Block - The ENDGSD block contains a single data word,
and that is the identification code of the ENDGSD block (2). All GSD
blocks in an object module must precede the ENDGSD block.

3.4.1.3 TXT Blocks and RLD Blocks - The first TXT block (3) in an ob-
ject module (if present) must be preceded by an RLD block (4).

TXT blocks contain the actual binary form of the programs and are for-
matted as shown in Figure 3-6:

Identification Word (TXT=3)

Load Address of following data

o

N\

N
/[ Absolute Load Data (up to 38 bytes) T

Figure 3-6
TXT Block Format

The load address of a TXT block gives the relative address of the first
byte of the absolute load data. The address is relative to the base of
the last program section given in a Location Counter Definition RID
command (explained later).
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The Absolute Load Data contains the actual bytes that will be loaded
into memory when the program is run (except for relocations, described
later).

RLD blocks contain variable length RLD commands, used to modify and
complete the information contained in TXT blocks. Except for the
Location Counter commands, RLD information must appear in an RLD
block immediately following the TXT block to be modified.

Available RLD commands are:

1. Internal Relocation

2. Global Relocation

3. 1Internal Displaced Relocation

4. Global Displaced Relocation

5. Global Additive Relocation

6. Global Additive Displaced Relocation

7. Location Counter Definition

8. Location Counter Modification (not used by RT-11)
9. Set Program Limits

The location counter commands (numbers 7 and 8) are the only two RLD
commands that must appear in an RLD block preceding the text blocks
modified. The first RLD block must precede the first TXT block and
must contain only a location counter definition command (7) in order
to declare a program section for loading the first text block. (The
location counter modification command (8) is included for compatibil-
ity with other systems, but is not used by RT-11.)

The data portion of an RLD block must not be larger than 4210 bytes
including the identification word (RLD=4) and all RLD commands.

All global names and program section names that appear in RLD commands
must appear in GSD items in the same object module. Figure 3-7 shows
the format of each RLD command (each part except the first word is op-

tional and may not appear in some commands) :




15 8 7 6 g

RELATIVE REFERENCE B COMMAND

Two-word RAD5F NAME Field

CONSTANT

Figure 3-7
RLD Format

An RLD command may be 1, 2, 3, or 4 words long.

The Command Field contains the command code (1 = Internal Relocation,
etc.). The Command Field occupies bits 0-6 of the first word of the
command. The B field (bit 7) indicates a word command if 0 or a byte
command if 1 (only valid for commands 1 through 6). The Relative
Reference Field is a pointer into the preceding TXT block and is used
with RLD commands that require text locations for modification (com-
mands 1 through 6 and 9). This field specifies the displacement from
the beginning of the preceding TXT block to the referenced text data
byte (or word). The beginning of the TXT block is the identification
word (the first word of the data portion of the block). Thus, the
smallest relative reference will normally be 4 (the first byte (word)
of the preceding TXT block).

The Name Field is used to hold a Global or Program Section name if the
command requires it.

The Constant Field is used to hold a relative address or additive quan-

tity if the command requires it. RLD commands are processed by the
Linker as shown in the following situations:

1. 1Internal Relocation (code 1) - Add the current program
section's base to the specified constant and place the
result where indicated. This command relocates a direct
pointer to an internal relocatable symbol.

Relative Reference g/1 1
Constant

3-24
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Examples:

a) .WORD LOCAL
b) MOV #LOCAL,%8

Global Relocation (code 2) ~ Place the value of the
specified global symbol where indicated. This com-
mand generates a direct pointer to an external sym-
bol.

Relative Reference /1 2

Global Name

Examples:

a) .WORD GLOBAL
b) MOV #GLOBAL,Rf

Internal Displaced Relocation (code 3) - Calculate the
displacement from the position of the current location
plus two to the specified absolute address, and store

the result where indicated. This command occurs only
when there is a reference to an absolute (non-relocatable)
location from a relocatable section.

Relative Reference g/1 3

Constant

Examples:

a) ABS=177550

TST ABS both addresseé’cause
internal displaced
b) CLR 177558 relocation to occur




Global Displaced Relocation (code 4) - Calculate the
displacement from the current location plus two to
the specified global address, and store the result
where indicated.

Relative Reference g2/1 4

Global Name

Example:

.GLOBL GLOBAL
MOV GLOBAL,RM

Global Additive Relocation (code 5) - Add the value of
the specified global symbol to the specified constant,
and store the result where indicated.

Relative Reference g/1 5

Global Name

Constant

Example:

.GLOBL GLOBAL
CMP #GLOBAL+6,Rf

Global Additive Displaced Relocation (code 6) - Calcu-
late the displacement from the current location plus
two to the address specified by the sum of the global
symbol value and the given constant, and place the re-
sult where indicated.

Relative Reference g/1 6

Global Name

Constant

Example:

.GLOBL GLOBAL
CLR GLOBAL+6

P
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7. Location Counter Definition (code 7) - This command is
used to specify the program section into which the fol-
lowing TXT blocks are to be loaded.

Program Section Name

Constant

This command is generated whenever .ASECT or .CSECT is
used to initiate or continue a program section. The
constant word is effectively ignored by RT-1l1l and may
be used for diagnostic purposes to indicate the rela-
tive point at which a program section is being entered.

8. Location Counter Modification (code 10,) - This command
is used to enter the current program section at a dif-
ferent point. This command is effectively ignored by
RT-11 and is used for diagnostic purposes only.

19
Constant
Examples:
a) .=100 ;IF WE ARE IN THE ASECT
b) =o=2f ;IF WE ARE IN A RELOCATABLE SECTION

9. Set Program Limits (code 11_.,) - This command (generated
by the .LIMIT assembler direéctive) causes two words in
the preceding TXT block to be modified. The first word
is to be set to the lowest relocated address of the pro-
gram. The second word is to be set to the address of the
first free location following the relocated code. Note
that both words to be modified must appear in the same
TXT block.

Relative Reference 11

In addition to the above commands, note that commands numbered 148,
158, and 168
to commands 4, 5, and 6 respectively, but are used when the global

can be generated by MACRO. These commands are identical

is really a program section name.




3.4.1.4 1IsSD Internal Symbol Directory - Not supported by RT-11.

3.4.1.5 ENDMOD Block - Every object module must end with an ENDMOD
block. The ENDMOD block contains a single data word -- the identifi-
cation code of the ENDMOD block (6).

3.4.1.6 Librarian Object Format - A library .OBJ file contains in-
formation additional to that previously defined. The object modules
in a library file are preceded by a Library Header Block and Library
Directory, and are followed by the Library End Block or trailer. This
is illustrated in Figure 3-8.

LIBRARY HEADER

ENTRY POINT TABLE
(EPT)

OBJECT MODULES

LIBRARY END TRAILER
BLOCK

Figure 3-8
Library File Format

Diagrams of each component in the library file structure are included
here, but Chapter 7 of the RT-1l System Reference Manual should be
consulted for details.

The library header is composed of 1710 words describing the status of

the file. The contents of the 17 words are shown in Figure 3-9.

.




|| (FORMATTED BINARY
BLOCK HEADER

56g

T LIBRARIAN CODE

X VERSION NUMBER

0 | RESERVED

X MONTH-DAY-YEAR (OR @ IFNO DATE)
0

0

0 RESERVED

0

0

I2g | EPT RELATIVE START ADDRESS

X\ EPT ENTRIES ALLOCATED IN BYTES

0 EPT ENTRIES AVAILABLE (NOT USED IN VI)

X2 NEXT INSERT RELATIVE BLOCK NUMBER

X3 NEXT BYTE WITHIN BLOCK
0 NOT USED (MUST BE ZERO)

Figure 3-9
Library Header Format

The Entry Point Table (EPT), Figure 3-10, is composed of four-word en-
tries which contain information related to all object modules in the

library file.

o] SYMBOL CHARS 1-3 (RAD59)
2 SYMBOL CHARS 4-6 (RAD5Q)
4 ADDRESS OF BLOCK BIT 15=1-MODULE NAME
. R - @-CSECT OR ENTRY POINT NAME
& # OF CSECTS IN RELATIVE BYTE RELATIVE BYTE MAXIMUM=777g
OBJECT MODULE IN BLOCK CSECTS MAXIMUM =17Tg

Fiqure 3-10
Entry Point Table Format

3-29




Object modules follow the Entry Point Table and consist of the types

of data blocks already discussed: GSD, ENDGSD, TXT, RLD, and ENDMOD.
The information in these blocks is used by the Linker during creation
of the load module.

Following all object modules is a specially coded Library End Block
(trailer), which signifies the end of the file, shown in Figure 3-11.

| | FORMATTED BINARY HEADER

10 | FORMATTED BINARY LENGTH

10 | TYPE CODE

O | NOT USED (MUST BE ZERO)

357 | CHECKSUM BYTE

Figure 3-11
Library End Trailer

3.4.2 Formatted Binary Format (.LDA)

The Linker /L switch produces output files in a paper tape compatible
binary format. ' ’ :

Paper tape format, shown in Figure 3-12, is a sequence of formatted bi-
nary blocks (as explained in Section 3.4.1 and in Figure 3-4). Each
formatted binary block represents the data to be loaded into a specific
portion of memory. The data portion of each formatted binary block
consists of the absolute load address of the block followed by the
absolute data bytes to be loaded into memory beginning at the load ad-
dress. There may be as many formatted binary blocks as necessary in

an IDA file. The last formatted binary block of the file is special;
it contains only the program start address in its data portion. If
this address is even, the loader passes control to the loaded program
at this address. If it is odd, the loader halts upon completion of
loading. The final block of the LDA file is recognized by the fact
that its length is 6.

e




| BYTE
0 BYTE
BCL — Low order 8 bits of byte count
FIRST BCH — Hi order 8 bits of byte count
DATA ADL —_— Low order load addr
a')-OCK ADH — Hi order load addr
DATA BYTES )
CHECKSUM BYTE
| BYTE
0 BYTE
BCL
BCH This pattern i ated
rn is repeate
INTERMEDIATE ADL for all intermediate
DATA ADH bl
BLOCKS ocks
(2+=n-1) DATA BYTES
CHECKSUM BYTE
| BYTE
0 BYTE
Iaﬁ_?AT 6 BYTE — Indicates the last block
BLOCK 0 BYTE
(n) JL ————— (Either the start addr
JH or an odd number
CHECKSUM BYTE

Figure 3-12
Formatted Binary Format

The load module's binary blocks contain only absolute binary load data
and absolute load addresses; all global references have been resolved
and the appropriate relocation has been performed by the Linker.

3.4.3 Save Image Format (.SAV)

Save image format is used for programs that are to be run in the back-
ground. This format is essentially an image of the program as it would
appear in memory (block 0 of the file corresponds to memory locations
0-776, block 1 to locations 1000-1776, and so forth).




Locations 360-377 in block 0 of the file are restricted for use by the
system. The Linker stores the program memory usage bits in these
eight words. Each bit represents one 256-word block of memory and is
set if the program occupies that block of memory. This information is
used by the R, RUN, and GET commands when loading the program.

When loading a save image program into memory, KMON reads block 0 of
the file to extract the memory usage bits. These bits are used to
determine whether the program will overlay either the KMON or the USR.
If these portions of the monitor will not be overlaid, the entire pro-
gram is loaded; if the USR and KMON must swap, KMON loads the resident
portion of the program, up to the start of KMON. It then puts the por-
tion of the program that overlays KMON/USR into the system swap blocks.
When the program starts, the monitor swaps in the virtual portion of
the program, overlaying KMON.

When block 0 of a save image file is loaded, each word is checked
against the protection bit map (LOWMAP), which is resident in RMON.
Locations that are protected in the map, such as location 54 and the
system device vectors, are not loaded.

3.4.4 Relocatable Format (.REL)

A foreground job is linked using the Linker /R switch. This causes
the Linker to produce output in a linked, relocatable format, with a
REL file extension.

The object modules used to create a REL file have been linked and all
global references have been resolved. The REL file is not relocated,
so it has an effective start address of 0, with relocation information
included to be used at FRUN time. The relocation information in the
file is used to determine which words in the program must be relocated
when the job is installed in memory.

In order to determine if the code to be relocated (as indicated in the
relocation information blocks) is to have positive or negative reloca-
tion (relative to the start address of the program), the following cri-
teria from the text modification commands is used (R = relative ad-
dress, G = global address, C = constant):

1. Internal Relocation (.WORD R) - always positive relocation
(absolute)

2. Global Relocation (.WORD G) - positive relocation only if
(global) the global is not absolute

3-32
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3. Internal Displaced Relocation

(MOV 54,R)

4. Global Displaced Relocation

always negative relocation

negative relocation only

(MOV G,R) where the global is de-
fined as absolute elsewhere
5. Global Additive Relocation - same as 2 above

(.WORD G + C)

6. Global Additive Displaced - same as 4 above
(MOV G + C,R)
7. Program Counter Commands - not applicable
8. Set Program Limits - always positive relocation

(requires 2 RELs; limit is
two words)

There are two types of REL files to consider, those programs with

overlay segments and those without.

3.4.4.1 Non-Overlay Programs - A REL file for a non-overlaid program

appears as shown in Figure 3-13:

Block

g

Program Relocation
Text Information

Figure 3-13
REL File Without Overlays

Block 0 (relative to start of the file) contains certain information

required by the FRUN processor:

Offset from Begin-
ning of Block 0

52

54

56

68

Contents
Size of the program root segment in bytes

Size of the overlay region in words; 0 if
no overlays

REL file identification word, which must
contain the RAD50 value of the characters
'REL'

Relative block number of relocation in-
formation




In addition, the system communication locations (34-50) contain the

following information:

Offset from Begin-
ning of Block 0

34,36
40
42
44
46
50

Contents
TRAP vector
Start address of program
Initial setting of stack pointer
Job Status Word
USR swap address

Highest memory address in user's program

In the case of non-overlaid programs, the FRUN processor performs the

following general steps to install a foreground job.

1. Block 0 of the file is read into an internal monitor

buffer.

2. The amount of memory required for the job is obtained
from location 52 of block 0 of the file, and the space

is allocated.

3. The program text is read into the space just allocated

for it.

4. The relocation information is read into an internal

buffer.

5. The locations indicated in the relocation information
area are relocated by adding the relocation quantity,
which is the starting address the job occupies in mem-

ory.

The relocation information consists of a list of addresses relative to

the start of the user's program. This list is scanned, and the appro-

priate locations in the user's program area are updated with a con-
stant. The job is then ready to be started.




.

The relocation information is in the following format:

15 14 , g
RELATIVE WORD OFFSET

RELATIVE WORD OFFSET

RELATIVE WORD OFFSET

RELATIVE WORD OFFSET

RELATIVE WORD OFFSET

Bits 0-14 represent the relative address to relocate divided by two.
This implies that relocation is always done on a word boundary, which
is the case. Bit 15 is used to indicate the type of relocation to
perform, positive or negative. The relocation constant (Which is the
load address of the program) is added to or subtracted from the in-
dicated location depending on the sense of bit 15; 0 impliés addition,
1 implies subtraction. 177776 terminates the list of relocation in-
formation.

Following is an example of a simple, non-overlaid program linked to
produce a REL file. A dump of the file follows the program.




MEALL
'.vEII
«REGNEF
8T

182

281!

OLTST:
AREA1
PTR?
RUFF1

LKFATL?
RDFATL!
0K?3

LEND

oTITLE

FTFSY

eeV244s RERDEF, ,LOOKUP, ,READW, ,QSET, ,PRINT, ,FXTT

«QSET
LO0KUP
RCC
+PRINT
JEXIT
<READW
rcC
«PRINT
JEXIT
«PRINT
JEXIT

sBLKW
W BLKW
JRADSP
oNLIST
JREPT
JWORD
+ENDR
JLIST
JASCTZ
«ASCTZ
LASCTZ
«EVEN
WNLIST
JREPT
LWORD
LENDR
JNLIST
ST

#01 187,47
MAREA,#0,#PTR
18

$LKFATL

HAREA,#0, #RUFF , #2566, ,¥0
28
¥RPMFATL

#OK

Tx7

20,

/PR FILEL2/
ELT N

"

/LMOKUP FATLED/
/RFADW FAYLED/
/RFADW QK/

€ST+1776e,3/2
a
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BLOCK NUMBER poapgn
nQR/ 2PPRRR 2pMQMQ
n2n/ eeenER ApNEanQE
n4n/ QearQR2 NAMENMQR
f6n/ POPRE3 NprenQ
120/ 0MARQR MPMEAMQ
120/ 270000 PONQAMD
140/ 200000 PQ0QMQ
1600/ PRENRER N@ENQERQ
200/ 27QNP0 APARNQ
2200/ 20pNQ0 AQMAMQ
240/ oPaMER AQPREME
267/ 0MQNQY MAQADND
100/ MRMED AQARNQ
320/ prarR? NQPAOQR
340/ 20000 MANQAND
360/ p7P@%020 0p0QANQ
4pn/ @man@? oapmamp
420/ Q0QMD0 AQRMRAQ
44n/ 2mENQEQ PAMPNQ
4en/ RoRRRR ARNPAR
50/ ernnER opmpnQ
820/ 0rpME2 ARARAND
540/ 2non® Apnene
Sed/ oeRMR? MARAQRNE
607/ QMENQ0 apMEMQ
620/ QNERQR APARPND
640/ QMQNQQ NpNQAMY
660/ QnpOR0 AQMQAND
707/ enEARR@ ApREMD
720/ 200000 2pMamQ
740/ pA@MQ0 No0RMQE
760/ 2AQN0P ApRRNQ

In block 0,

PORPRA NQOQRE PREAQN
20NN AGARND PODAAN
nrpeen 20073 AM1TTé
PAAARM AQNRNR AMAAQRM
20NN AOMANE BARAAN
POPOAR™ NMEARMAY AMRORM
Q0pnEN MPAQNE PAQAQAN
Q0prEN 0QPR7R NMQAAQRA
PRAMRM NAAQRMA QMRARNR
ROQPQRN NRAQMR AMRAQN
20007 AQCAANE AMRAQN
20@PQ0 NAAQMQ ANQARA
A0QNQ0 MQRAAND PRAAQAN
PAPAAM MEOANE QMRAQRA
PORCRR NROPAD QARRRN
AAPPQR MPAAMD PARARA
aApAAR MRAQRRD BNONQA
RARPE” APAAND PRRANQAN
7OQPRA NQAAND 2MQAQNR
anpMEM MRAARMR AMAPRR
AAPARN MAAQEND QNQAQA
PARARR NQPAQMY RAAAQM
AORMAN MPPREMQY BPQAQRN
QApeEn MAPMRMY PRRARA
200 MRARNE QNQAQN
PRENEn NRAQAND RrAAQRM
noapeen MERANE MARR0
PPPMER MAPANQ ANARANAAN
20pRRR ARARPOQ QPECAR
PrPOEM NQARAND PARAQAN
20pRQ” MAPRMQ AMAAQAM
RARARR MQARQND PAQAQM

AARBAD
APMANR
nQ1776
nAnARQ
L Ll 1]
2ana0Q
lLldol]
fanann
Lz 14
fpMRAn
[ LY L)
200070
[ LY
apmane
L1}
roPAMQ
nARBAQ
[l Ll 1ol
"Ane0n0
npmMone
"AAAPAR
ApNERQ
npaRAR
aAmMEnp
nanRnQ
ram@nQ@
fpnaNQa
o114}
fpeane
fAMRAR
npeAnE
npmARp

54 shows the size of the overlay region.

for programs with overlays.

[ 114
Lol Ll ]
[ulal il 14
pnaman
QRANAN
L
poanpn
aneoan
prempn
[l 114
pepoann
arpron

po@aman

aranga
proman
peaman
arEREn
2q0000
L
LT
anenan
arpmRn
pepARN
anpnpe
20AnQ0
pnanan
praApm
pMENAN
AR@ANRA
paQMEn
LT
aeemam

ARAACAD
aAprpAQ
ATNS24
ApNEMQ
fRNAAMA
AQNRAQR
ARRQAQ
aApMRAQ
nanANQ
nRAAAQ
APMAAQ
fApN@AMY
f"pnANY
APARMQ
ApARAQ
anpnpag
apPAMQ
(o1}l Al )
nQRARME
naRENR
ARRAQMD

‘ApnEnQ

AQRRAQR
aQAQMA
npAQAQ
npMpne
nEMENQ
ARABAQ
npRRAMQ
fApoara
LLILD]
nAPRAQ

Word 52 shows the program size in bytes.

L]
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*...I esee0eo se® s
serrporeZoRe!

*...‘..’..I: l'.""TG.

*

'pc‘t-lgu‘lo!co’-z-.'p.
'on'-'r.p.p-’lr.-’o
"‘."P'-"."f',"f.

*’.x.."’."’."’.

* % * % %

sPepssepa

serpasese
*Cl_.lr.'ll...'ll(.."'*
*kli?"rlil‘ll’l'-l‘..
'lllonpi'l.'tﬁfn'l..ll

'..x..r.r..t..l‘-r..?.

¥eopnpapnsepnpeps

*",‘"‘,‘l,'.’ll"’.

* % % F ¥ ¥ &

*!'P'f'P"'P'P'f'
*"P'r"'!’f‘?'?'
*unporcg-po’-’u’l’
*y"or-,c’.’-?l’l
*o-’-’c’-’-’cyopo*
*'npnrlp-’c’.pcpn'
*y-’orugngc’nfcy-*
""'f'f'f'?'f."
*c-gorogaptr.’tpn
."P'P'F"'?'P'f'
*po’nropoparcpogl'
*’-’-'tyofcpn"’-
'3-,.,',-;-,-,!,.
*c-pnrorp’o’-?lrc
':.,arup-’ar.’t’-

% % X % % % % T % %

*n-p-rng-’-rtflpt

"I'I.....‘I.l\l.l

word 50 shows the highest, non-relocated, memory address
in the user program.

Word

The value is non-zero only

relocation information begins at block 3 of the file.

Word 60 contains a 3, indicating that the




BLOCK NUMBER pmnt

fRR/ 112700 NEMEAY
f20/ QMANAL MPMpNY
740/ 104375 123004
neR/ 112762 PoMRIP
190/ 2np364 apmpnmy
120/ 174375 103004
140/ 104351 1p435p
160/ 200200 PpAQRNQ
200/ @rENE@ 2pMPRAQ
220/ @nAnQR AANENQ
240/ PrEPR0 NEMRAD
260/ 2mME220 faMpnQ
320/ QAP0 ApApME
320/ 2renER BRAQAQ
340/ ane2Q? ApMAEPQ
360/ 023364 022070
420/ 0MaND@ NPRQAMR
420/ @nEnQER MEMPMR
440/ @npnRR MPPRAQR
4en/ 2MpoQ? noMERQ
Spe/ 2PENRR AEAPAQR
520/ e0Qm@@ NpMPNQ
540/ 0mQ0Q? P@npap
560/ 2rPE2022 NRMQERP
600/ QMQNQRR PEAEAQ
620/ Q0PR7Q20 PEMPAR
640/ PNONER APNEARD
660/ QMQADP NEORMQ
700/ 20MQMR9 PRPQEMP
720/ QmMeMER cApManQ@
740/ emEnoP? 0QMRRQ
763/ QM@ENQ0 DRNBNP

This block

12746
1085010
212707
[sded o] B
12767
212700
20pagn
[dd1dd1]
ereneR
PopmEA
anpnea
PNpNEn
pOGERN
LELLL
paeARn
LLLLL]
erEMEn
prpoan
anpopn
a0p0pn
2npnen
negepn
anprpa
R0p0R0
L
200000
angepn
emaoan
prpnen
L LLIL
L]
2opmpn

npeyay
Mn1276D
nA13A4
125012
nenyne
Q1402
npAQACQ
aQ2ANQ
npARNY
neARNQY
fQAQNQ
fpRRMQ
npeQnQ
neNp”mQ
nRAQANG
nENAMY
nQnpMQ
narANR
b1 o)
111 ]
npapnNe
Q070
nanEMQ
f@naNQ
fQAQMQ
nQRRANR
QAR
fnpAPOQA
npA@AMD
nEARAQR
ngMReQ@
npAPNQ

174353
eme356
174351
212760
PMa006
14351
pra2an
270000
0P QR
emnanan
2neapn
enana"
enpapn
popean
onpnpn
an@2Qn
erpoen
angagn
erpRpn
oneRen
eroen
angApn
0200
enanen
engtan
praage
anaapn
pnafon
anaran
enpagn
aneAQn
oneREn

nya700
oLl 1
104350
Ll L)
12760
1pa3se
fMQ7Q
famanQ
f"AMRAAQ
fANANQ
npn@ng
fgmana
[l Lt 1l
npMRAQ
npnENQ
2Qn07Q
"AMRNQ
fQ0000
ANANQD
npmanp
namoNQ
Ll A
[ Ll el
na"ano
aamaNQ@
PpMAMQ
[ Ll ]}
nEmaNe
nan@NR
MANQ
[ 1. LI LI
npmManQ

LR 11}
ansnen
12707
anpmp?
LTI T
a1e70m
200000
preman
angampe
PLLLIY)
200000
poeman
anenen
anpman
YL LEL
prem@n
arQoan
P0RARR
FLLLLY,
aoanan
AAGMRA
20p0pM
napram
arQAaM
arQMARN

‘anpnan

el e 1o
angnan
amemAQn
ldaldal 1
arpPpn
27QAAA

112760
npAQMy
ApMINgG
n1PT160
fp0R1Q
np1417
[l Aol 1l
[ddqd1al"]
nprAMQ
nAMRANQ
nRPRMY
nprAMQ
nanE”Q
20MNeMQ
n63320
npARMY
aApRR2Q
[ Ll 1}
nANAAQ
nOAAMY
aPerAMY
el Lkl
nACQRAQ
naePeQY
nAAAMQ
nameMmQ
"ARAAQ
aprp”a
nQAANQ
LI 1L
npA@ENQ
narRANE@

*t.’nrnpufl’ngﬂfl
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* % % %
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*u-,nfnp-f.r-’vpo

* F % % % % % F & N5 % E TR R RER

Nesosasesnencsasne

corresponds to locations 0-776 in the assembly listing.




RLOCK NUMBER pnp?
fEn/ 200000 AQARNQ
n2a/ 2MEARR 2Q0PRQ
a40/ P00 NAMQANE
pen/ 2MQMRQ A@APRQ
100/ 20000 QAQRARNE
120/ QnENE2 MpARPPQ
140/ oaoneQ 0pNEnQ
160/ 2PRRQRY Ap0QRMQ
200/ onENQER APNERAQR
220/ poEnRD ApMpNQ
240/ Qn@EE0 ApApEMQ
260/ 2MRNQQ0 AEMANQ
190/ QPQRMRER NPARNR
320/ 2REARD APMRMQ
340/ 00npNQQ0 dpMENQ
360/ 0QNQ0 PQNQNQ
499/ 2MR104 A42a522
420/ Qu@503 053504
440/ @rpnR@ 0OMQRQ
460/ 2MPNR0 AQARNQ
S0/ 2nE0pd NpMRnR
820/ @PaNER ApNERAQR
840/ Q0RNEP 200000
Sen/ gopNp? ARMAQAMQ
602/ 200722 AAMQAMQ
627/ QPQMEQ0 ApMQANQ
640/ QPQNQ7 OpMANE
660/ QOQPR0 0QAPRAQ
Te®/ @rRAR? ARAQAQ
720/ B0RAQQ 2Q0a0Q
740/ Q0QPQR2 ApMQENQ
760/ 0200 NQ0QANP

This block

NAQAQN
prpren
000 m
aApnen
erpran
nlad A )]
2npren
[ulgd el 1
ldalvld L)
popARR
praApR
ol 11
prpREn
pARARM
2npmAnn
narsya
p4g101
Q47440
papApn
popmEn
nnpeen”
popeQN
20p0QR
pApOQR
eranan
2PpRQN
opeQe
arpMpn
[kl L1l
RopPQn
200000
P0pPEN

corresponds

npREMQ
"QAQMQ
LT LT
nARRMQ
"OMQNR
naNQNp
npAAMQ
nRAARMQ
(LT LT
nanAnMQ
LLLLLT
neMANQ
QoM
[l Lol 1)}
”QAQMQ
m4ss517
n20127
ngag13
1L
nRARMD
nQApmQ
nQARR0
nANQEMQ
LY,
neMang
npARMY
[d1d14]
aAAMQ
[l 1 L
npAAMY
fQARMQ
nRMRNQ

ompnan
pmanen
(141414
popmon
[l ddo)
eroanpn
PRI
gmaagn
aeaaan
200"
enEapn
ampoan
anpeQAR
gmaapn
amanen
252125
puoases
nARADN
PMpApN
anQAEn
ampnEn
amarpn
pnprEn
amQaQn
aranpm
anamen
20NRAQN
anpapn
pMpOpnM
prRAEn
[ 1414
pogapn

"PNRRQ
nAMAAQ
"EMRAQ
[Jl lnlql )
Ll Lt Ll
AQmAMD
raaaMQ
1114
ram@ane
"amaan
naman@
nEABMo
el o]
fQpeQANQ
nenpAo
n43R40
[LVYSRE]
faamEMQ
el Ll
npmAAQ
"RrAAR
npMEAR
fAMPAR
fanQ00Q
fRAAMR
AAMANQ
nameAQ
ARNQANQ
PARRAQ
[ Ll Ll
[ LAl
PQA2AR

[dddlel1d
oneren
pronen
anpAeM
araMQAn
anamAnA
ananpa
141414
[ 1414
areren
pran@n
pnanpo
areran
anramrpe
0RMAM
44501
p42108
nraraR
nepran
[ulad " Ral ]
praNen
pnAAG?
arpmen
Il ldld
ananpn
a72QAQRA
nNpAQR
RARARA
arQrQnm
areAQR*
pApAEn
anQmon

nareMo
nAMANY
npA@AMQ
AAMBAQ
nanRnp
nERRAR
nar@EMQ
ApAQNQ
noopma
L LY
LY
naoQng
nEAMRGEMQ
npAEMR
fEMEAQR
42514
n51900
npRREMR
fpA@NQ
AQAQRQ
npARMR
npApMeQ
npARMQ
nanrERQR
APARAR
LY
anNNAna
220N
ARARMQ
nQAANQ
ApARRAQ
nY10%6

.ftpnrlpu’l'-’-pn
*,n,l’lp.’o’.’lgl
*.ll'l.r.’.....’.lp.’ll
*."."f.’»',.".f.'.'
-p-fnro’.popufirt
'!lr.,.’."’.g.’l
*-..-..r'e'.e'.’.?.P.
*’l’.rl’.,.’.pl’l
.’I’Ir'P.’.’lPl’.
"'P‘f’f',"'?'f'
'..’.ri.l.l’lp'!l
*..,.p.popt’lplp.

'lngnr.r.’!r.gl’.

* % &% % F % 2 & ¥ % % & ¥ & ®

*,-’n?‘popop.ptp-

Xegoanassascenasnsse

*eeooLOOKUP FATILE®
«D READW FATLFD,Rw
*FAnw'OK-"poy'pO'
*...l'..’l’.’l.:.':..
*pnp.r‘pnp-’opopc
*p-pnrnp-p(,-?-’-
*l'lll..._'ll'.'l.:..x..
*,".l’.’.ﬁl""’.
*..‘l.'o.v'I.l"lirll."
*...lf.’l’.’l’.’f‘.
-‘..-..l."..I.."’.”
*l.,lr.,‘l’l’l?.’l
*_o-(--'.opoioo’-!.-,.
*."..",p','"',",.',"

*"P'f.f'?'f.f.’.

* % % % % & # ¥ ¥ % ¥ & % %

.’l,',.’I’l’.?.’.

gensavnosnsannsss

to locations 1000-1776 in the assembly listing.
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RLOCK NUMBER 003 .
nQ0/ PARNAR3 APARRAE DANMAIL NAMAPAI PMER2T NEMRA4D EARAST MAPMPST ."f'f"'f'r'?'!"
naa/ 177776 0QAQ0QE 2PQAARA AQMQARY DMONRN ARAANQ PRRAQA0 AQAAMD '=|P|fl’|po’.,l’l'
040/ 0PQMPY AQPRNE PRANRM NRRREMY DCMAGAN AEMRNR AMEAMAR MRMARE Weosoponesspopape®
260/ QAGAQP AQRRNE AARMER NPBRMQE EMRMQRN NENARND PRRMQR ARMDNAQD *?.,.'.pn’-’ogcpo*
109/ PAEMR0 MARPOARNY NRENARA NEAARE ANRAAM APMAND ANRMRN MPAAND "-?.’l;.’o,npipnt
128/ 00PNRY 22RGAG BADADA MAABND DADADA ABROAD DARADA MANDND ku. s hesissoenene
148/ 00QNOP NONDNG 00DNEA ABAGND DABADA APADAD DABADA MAADAD %u.i.resessp.esepe®
160/ 0NORRP ARAQND 2NANEN ARNAND PRNANQRA ARMRNAE ANARDR "PARNAQR .p.,-’.fo;l’lp".'
220/ 9NENAP 070G BABADA ADAANG DAGADA NRNOND DADADK ADNDAD Al ..rss.sur.nen.d
220/ 0MENQ0 NQARAY DARARM MRMAQMY QAGRQAM MPMRAMY QERMPR MEMEMQ Feapopogsasspasepat
249/ 972700 0@0ENE PARARN AANAAD BABRDN AENAAD QADADR NDPOAD Wuepsraesseperered
260/ 9REMRD MRNQNE RPRNEM MEAENY AMQNQER MRAAND APANAN APMANQ Heeseponnongapope”
300/ 0AERQP REONNE QAAAQRR ARARMY PARARAN MEMENE DARARM ARPAAMQ ®oasepasesepepepe
320/ 0nQMR0 PaPENE BARMRM ARAPMD ANACAM AAMENE ONARAN APARMD Neossnpsensspesapat
340/ 0MQAQE DDNANE GOPADA ABAABA BRONDN ABADAD AABADA MAPOND Ky. .. esse.nsnere®
360/ 0RpMAP 00NERD RMRNQEM AANDNG PADAGRR MANDAR APEMER ARPARNQ Weapeposnsnpapopat
4p0/ erpnE? NPNENE AGANQER MENAME PNANQAN MPMENY QRANANA APMRAD eosopesnsapasese®
420/ 90QRR0 2QMPAY ARERAR MAAPMNE QMRARA PAMRMD AAPMAR APMRNQE Heoosaposasapepeps
440/ @ADADE AEAAAD DAQAAN N2ARAC CACERN NDADAD DADABR ARADAD Xeeysshasssereress
469/ 0MOMO? PROQOAR QARREA APARAQR PPRRAQRA 2QRQAR PPAMDR ARNRNQ i",‘.,’.’.’.’.’.,.
300/ 000000 NOMQNE RARNER NRAANE BMRNEN MANQAMAD AREMRR AANANQ *..,.,o}.'.’-,o,-'
520/ 200000 CRAENE PAAARM MEAQAMD UMGQGM AANAAD ANQAAR AAMQND *_'.'..’c‘..lgupi’.‘-l.
540/ Q0EMEP APRQRR BANNER MEREME PPANER MEMAMD APBMRN ARMONAQ Foosspooonepopegpe®
560/ PMOARY 2RNQRMQ QAMRMQR MAQCAND AMQAAR AQADNY RADARR AAMEAQD *p.’narc,oafncpttoopo*
600/ 202000 20MEAD 2APRQR ABABAD BABADR ADADAD BADADN NBADAR k... .h.uiserss.set
620/ QPQNER MEMQEAEY QARAER ARMQMD QNARQARA MAMDNY ANRADR ARMPMQ ¥oossopssapapsgngs®
640/ 0PQRNRR NEARND CARARMA MRAANA ERGAEM MEMDND ANANQRR AQMADMR ¥oepepesepapagags
660/ 0PANQR ARARME 20QREN NRRANE PNOADR NAMEAR PMARMAPR ﬂ@ﬂ@ﬂ@ *.....’.‘..s. spepepe
700/ 270000 PRAGAD 2ARON ABADAD DADEON AANDAG DABNDN PBABAR . ... rasssereses.
7208/ 0ARNPR ARAERE DAEAQPM ARARNQ EMAGRD AAMANY AAENER ARAAMQ Hoosapnenospasnygs
74”/ Oﬂaﬂﬂﬂ ﬂamﬂﬂc ﬂﬂﬂﬂ@a MDMGM@ Uﬂanﬂﬂ ﬂ@ﬂﬂmﬂ [dd Ll 14 mz“ﬂﬂﬂ *\. (EEFRNE NN opo"ou’i
760/ pOERER ARARAR VAGNQAR AACEAD QARARN APMARAD BADNAR ADPBAD k..o eessencsscsss

- & &

* % % & & %

This block shows the root relocation information. The first word of
block 3 is a 3; since this is positive, positive relocation is indi-
cated. Locations 6, 14, 30, 46, 56, 100, 126, and 136 must all be
positively relocated at FRUN time. (On examination of the assembly
listing, those locations marked with a ' need to be relocated.) The
177776 terminates the list.

Had negative relocation been indicated at relative location 6, block
3 would have shown 100003, 6, 14, 23, 27, 40, 53, 57, 1777176.

3.4.4.2 REL Files with Overlays - When overlays are included in a
program, the file is similar to that of a non-overlaid program. How-
ever, the overlay segments must also be relocated. Since overlays are
not permanently memory resident but are read in from the file as
needed, they require an additional operation. Each overlay segment is
relocated (by FRUN) and then rewritten into the file. Then, when the

overlay is called in, it will be properly relocated. This process takes




place each time an overlaid file is run with FRUN. The relocation
information for overlay files contains both the list of addresses
to be modified and the original contents of each location. This
allows the file to be FRUN after the first usage.

NOTE

.ASECTs are illegal above 1000, and re-
stricted in an overlaid foreground job.
Refer to Chapter 6 of the RT-11 System
Reference Manual.

A REL file with overlays appears as shown in Figure 3-14:

Block REL Control Block
g
___» Overlay Handler and Tables
Root
Segment
Text
Overlay
1
Data
T
I
1
Overlay
N
Data
—» Root Relocation Information
-1 —  » End of Root Relocation Information
——» Overlay 1 Relocation Information
T
|
1
—— » Overlay N Relocation Information
-2 ——» End of all Relocation Information

Figure 3-14
REL File With Overlays
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In this case, location 54 of block 0 of the REL file contains the size
of the overlay region, in words. This is used to allocate space for
the job when added to the size of the program base segment in location
52.

After the program base (root) code has been relocated, each existing
overlay is read into the program overlay region in memory, relocated
via the overlay relocation information, and then written back into the
file.

The root relocation information section is terminated with a -1. This
-1 is also an indication that an overlay segment relocation block fol-
lows. The overlay segment relocation block is shown in Figure 3-15:

-1 — Root (or Previous Overlay) Terminator
Overlay blk # — Start of Overlay Relative to Start of File
Overlay Size — (words)

Relative Word Offset

Text to Relocate

Relative Word Offset

Text to Relocate

Relative Word Offset

Text to Relocate

-1 — Flag Indicating Start of New Overlay

Figure 3-15
Overlay Segment Relocation Block

—




L

The displacement is relative to the start of the program and is inter-
preted as in the nonoverlaid file (i.e., bit 15 indicates the type of
relocation, and the displacement is the true displacement divided by
two). Encountering -1 indicates that a new overlay region begins here.
A -2 indicates the termination of all relocation information.
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CHAPTER 4

SYSTEM DEVICE

4.1 DETAILED STRUCTURE OF THE SYSTEM DEVICE

The RT-11 system device holds all the components of the system and is
used by RT-11 to store device handlers and the monitor file. The lay-
out of the system device is:

Block # Contents

0 Bootstrap

1 Reserved for volume identification
information

2 Bootstrap

3 to 5 Reserved for monitor or bootstrap
expansion

6 to (N*2)+5 Directory segments; N is the num-

ber of directory segments

(N*2)+6 to end File storage

All other system components, i.e., the monitor and device handlers,
are files on the system device:

File Contains
MONITR.SYS The current RT-11 monitor; contains bootstrap,
KMON, USR/CSI, RMON, KMON overlays, scratch
blocks
SYSMAC.SML System Macro Library
SYSMAC.S8K 8K System Macro Library
LP.SYS Line printer handler




File Contains

DT.SYS DECtape handler

TT.SYS Console handler (S/J only)
RK.SYS RK disk handler

DS.SYS RJS03/4 fixed-head disk handler
DX.SYS RX01 flexible disk handler
DP.SYS RP disk handler

PR.SYS High-speed reader handler
PP.SYS High-speed punch handler
CR.SYS Card reader handler

RF.SYS RF disk handler

CT.SYS Cassette handler

MT.SYS TM11l magtape handler

MM, SYS TJUl6 magtape handler
BA.SYS BATCH run-time handler

In general, files with the .SYS extension are parts of the monitor
system. The bootstrap records the block numbers of the relevant areas
in the monitor tables at bootstrap time. Thus, RT-11l is extremely
flexible with respect to the interchange and construction of systems.

4.2 CONTENTS OF MONITR.SYS

Following is the block layout of the RT-11 monitor file, MONITR.SYS.
Block numbers are relative to the start of the file.

F/B
Monitor Block # (decimal) Contents

0-1 Copy of system bootstrap (blocks 0
and 2 of the system device)
2-17 Swap blocks
18-24 KMON (includes 2-block KMON over-
lay area)
25-32 USR/CSI
33-47 RMON
48-57 KMON overlays

4-2
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s/J

Monitor Block # (decimal)

0-1
2-16

17-22

23-30
31-37

38-44

4.3 KMON OVERLAYS

The KMON overlays are one block in

blocks in size in the F/B Monitor.
described in this list:

Overlay # s/J
0 DATE, TIME
1 SAVE, ASSIGN
2 LOAD, UNLOAD,
CLOSE
3 GT ON/OFF
4 SET

Contents

Copy of system bootstrap
Swap blocks

KMON (includes l-block KMON over-
lay area)

USR/CSI
RMON

KMON overlays

size in the S/J Monitor and two
The contents of each overlay are

F/B

DATE, TIME, SAVE, ASSIGN

LOAD, UNLOAD, SUSPEND, RESUME,
CLOSE, FRUN (Part 1)

FRUN (Part 2)

GT ON/OFF, SET

4.4 DETAILED OPERATION OF THE BOOTSTRAP

Bootstrapping a system causes a fresh copy of that system to be in-
stalled in memory. In the RT-11 boot, certain system device resident

tables are also updated. Following is a detailed description of the

bootstrap.




1.

Action

User executes hardware boot-
strap

Second part of bootstrap is
read

Determine- how much memory is
available

Look for special devices

Check memory size

Read in directory and find
MONITR.SYS

Read the monitor into memory

Put pointers to monitor
file blocks into RMON

Update position-dependent
areas in RMON.

Explanation

On all system devices except disk-
ette, this causes block 0 of the
system device to be read into
0-777. Control then passes to
location 0. On diskette, causes
logical block 0 to be read into
0-777. Hardware bootstrap reads
64 words from track 1, sector 1.
Control passes to location 0, where
64 words from each of sectors 3,
5, and 7 (track 1) are read.

The first part of the boot reads
the second half into 1000-1777.

On diskette, the first part of the
boot reads logical block 2 (sectors
9, 11, 13, 15) into 1000-1777.

Boot sets a trap at location 4 and
then starts addressing memory.
When the trap is taken, illegal
memory has been addressed.

Boot sets a trap at location 10 and
then tries to address the clock,
FPU, and VT1ll display processor,
Their presence or absence is indi-
cated in the CONFIG word in RMON.
(If a PDP-11/03 processor is pres-
ent, the bootstrap assumes that a
clock is present.)

If memory is too small to read in
the monitor, a message is printed
and the boot halts.

The entire directory is searched.
If MONITR.SYS is not found, a HALT
occurs after the boot prints an
error message.

The monitor file, MONITR.SYS, is
read into the highest bank of
memory.

RMON references the monitor swap
blocks directly. Thus, the posi-
tion of the swap blocks varies as
the placement of MONITR.SYS varies.
The real position of the blocks is
updated for each boot operation.

MONITR.SYS is initially linked at
8K. However, if more than 8K is
available, RT-11 uses it. To do
that, certain words must be updated
to point to the actual areas of
high memory where they will be.
Boot contains a list of all words
to be updated, located at RELLST in
BSTRAP.MAC.

4-4 January 1976
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Action Explanation

10. Update processor-dependent If processor is a PDP-11/03, any
area in RMON PS references in the monitor are
changed to use the MFPS and MTPS
instructions.
11. LOOKUP the device handlers Boot looks at $PNAME table to find
in system and store their the names of the devices in the sys~
record numbers in S$DVREC tem. The extension .SYS is appended.

Thus, the PR handler is a file called
- PR.SYS. The location of the handler
is then placed in $DVREC. If the
LOOKUP fails, the device gets a 0 in
its $DVREC entry. That implies that
the device handler does not exist.

12, Print bootstrap header Boot prints monitor identification
message "RT-11" followed by moni-
tor type ("FB" or "SJ") followed by
version number.

13. Set up locations 0 and 2 Boot puts a "BIC RO,R0" in location
zero and an .EXIT EMT in location 2.
14. Turn on KW1ll-IL Clock The bootstrap turns on the clock, if

present in the configuration and
processor is not a PDP-11/03.

15. Exit to Keyboard Monitor

4.5 FIXING THE SIZE OF A SYSTEM

RT-11 is designed to automatically operate from the top of the highest
available 4K memory bank. However, it is possible to force the system
to operate from a specified area that is not necessarily the highest..
For instance, the following series of commands causes RT-11 to run in
a 16K environment, even though the configuration actually has 28K of

memory:

<R PATCH<CR> [Run RT-11 PATCH program. ]

PATCH Version number

FILE NAME-- [Specifying MONITR.SYS/M indicates
*MONITR.SYS/M<CR> it is a monitor file.

*BHALT/ 497 A<CR> Change location "BHALT" from a 407
*E to a 0 (HALT). The correct address
.R PIP of BHALT can be found in Table 2 of
*A=MONITR.SYS/U<CR> RT-11 System Release Notes (V02C).
*SY: /0 E causes an exit to the monitor.

Now run PIP to update the bootstrap

and reboot the system.]
When the bootstrap is performed, the computer halts. The halt allows
the user to enter the desired size in the switch register. With this
patch installed, the V2 bootstrap uses the top five bits (bits 11-15)
of the switch register to determine memory size. If the switch regis-
ter contains the number 160000 or greater (e.g., if the register is
unchanged after booting the system), a normal memory determination is
performed. Otherwise, the top five bits are taken to be a number rep-
resenting the number of 1K word blocks of memory. Each bit has the
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Switch Register Memory Size

4000 1K
10000 2K
20000 4K
40000 8K

100000 16K

A combination of the bits will produce the range of system sizes from
8K through 28K, in 1K increments.

Examples:

1. To boot a system into 24K on a 28K configuration, use
the combination:

140000 = 100000 (16K) + 40000 (8K)
2. To boot the S/J Monitor into 11K, use the combination:
54000 = 40000 (8K) + 10000 (2K) + 4000 (1K)

When the switch register is set properly, press the
CONTinue switch and the bootstrap will be executed.

If the CONTinue switch is pressed immediately follow-
ing the halt without changing the switch settings, a
normal memory determination is done. To change the
bootstrap back to its original (non-halting) form,
execute the same commands as above, but change the 0
at BHALT back to a 407.

This procedure allows the user to 'protect' memory
areas, since RT-11 never accesses memory outside the
bounds within which it runs.

Another useful procedure, when desiring to always boot a system into a
specific memory size or when the console switch register is not avail-
able, is to determine the bit combination corresponding to the choice
of memory size, as explained above. Then enter the following commands,
where xxxxx represents the bit pattern just determined:

.R PATCH<CR> [Run RT-11 PATCH program.]

PATCH Version number

FILE NAME--

*MONITR.SYS/M<CR>

*BHALT/ 497 24F<LF> [NOP the branch at BHALT
*BHALT+2/ 13782 127@2<LF> Change MOV @#SR,R2 to
*BHALT+4/ 177570 ¥XXXXXCR> MOV #VAL,R2. Address of

*E switch register is replaced
- with one of the bit combina-

-~

tions described previously.]




For the patch addresses for other system devices, and for the address
of BHALT, consult Table 2 of RT-11 System Release Notes (V02C).
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CHAPTER 5

I/0 SYSTEM, QUEUES, AND HANDLERS

I/0 transfers in RT-11 are handled by the monitor through routines
known as device handlers. Device handlers are resident on the system
mass storage device and can be called into memory at a location speci-

‘fied by the user (via a .FETCH handler request or KMON LOAD command) .

Only the device handlers distributed with the system in use (V2 or
V02B) may be used; the system will malfunction otherwise.

This chapter describes how to write a new device handler and add it to
the system. A summary of differences between Version 1 and Version 2
Device Handler requirements is included for the user who wishes to
update old device handlers. Instructions and examples for making a
device the system device and for writing a new bootstrap for the device

are also included.
5.1 QUEUED I/0 IN RT-1ll

Once a device handler is in memory, any .READ/.WRITE requests for

the corresponding devices are interpreted by the monitor and trans-
lated into a call to the I/O device handler. To facilitate overlapped
I/0 and computation, all I/O requests to RT-11 are done through an I/O
queue. This section details the structure of the I/O queueing system. -

5.1.1 I/O Queue Elements

The RT-11 I/O queue is made up of a linked list of queue elements.
A single element has the structure shown in Figure 5-1:




Link to next element

Pointer to CSW
(Channel Status Word)

Starting Block Number

13 11410 ]

817
Job Unit Special Function
# # Code

Buffer address

Positive implies READ

Negative implies WRITE
Word count
# implies SEEK

1 implies .READ

g implies .READW
Even and nonzero
implies completion
routine address

Completion function

Figure 5-1
I/0 Queue Element

RT-11 maintains one queue element in the Resident Monitor. (In F/B,
one element per job is maintained in the job's impure area.) This is
sufficient for any program that uses wait-mode I/O (.READW/.WRITW).
However, for maximum throughput, the .QSET programmed request should
be used to create additional queue elements.

If an I/0O operation is requested and a queue element is not available,
RT-11 must wait until an element is free to queue the request. This
obviously slows up program execution. If asynchronous I/O is desired,
extra queue elements should be allocated. It is always sufficient to
allocate N new queue elements, where N is the total number of pending
requests that can be outstanding at one time in a particular program.
This produces a total of N+1 available elements, since the Resident
Monitor element is added to the list of available elements.

"Diagrammatically, the I/O queue appears as follows:

«




AVAIL:

Q2:

Q3:

Q2

> 03

A

AVAIL is the list header. It
always contains a pointer to an
available element. If AVAIL is
0, no elements are currently
available.

When an I/0 request is initiated, an element is allocated (removed

from the list of available elements) and is linked into the appropri-

ate device handler's I/0O queue.

of two pointers:

into the queue.

AVATL:

The handler's queue header consists

the current queue element (CQOE) pointer, pointing to
the element at the top of the list, and the last queue element (LQE)
pointer, pointing to the last element entered in the queue. The LQE
pointer is used by the S/J monitor for fast insertion of new elements

Q2:

Y

Q3

Device Handler I/0 Queue

IQE: Q1 (Pointer to last queue
element)

CQE: Q1 (Pointer to current
queue element)

In this case, the device is
associated with element Ql.

If another request comes in
for that same device before
the first completes, a waiting
queue is built up for that
device.
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AVAIL:

Q2:

Q3:

Q2

Device Handler I/O Queue

ILQE: Q2
CQE: Q1

When the I/O tranéfer in progress completes, Ql is returned to the

list of available elements, and the transfer indicated by Q2 will be

initiated:

AVAIL:

Q2:

Q3:

Q3

Device Handler I/O Queue

LQE: Q2
CQE: Q2

e




When Q2 is completed, it too is returned to the list of available

elements.
AVAIL: Device Handler I/O Queue
Ql: Q3 IQE: O
CQE: O
Q2: Q1 -
Q3: 0 ~

Note that the order of the queue element linkages may be altered.

A distinction between S/J and F/B operation is that F/B maintains two
separate queue structures, one for each active job. The queue headers
(AVAIL) are words in the user's impure area. The centralized queue
manager dispatches transfers in accordance with job priority. Thus,

if two requests are queued waiting for a particular device, the fore-
ground request is honored first. At no time, however, will an I/0 re-
quest already in progress be aborted in favor of a higher priority
request; the operation in progress will complete before the next trans-
fer is initiated.

Another difference between S/J and F/B operation is that the F/B sched-
uler will suspend a job pending the availability of a free queue ele-
ment and will try to run another job."

5.1.2 Completion Queue Elements

The F/B Monitor maintains, in addition to the queue of I/O transfer
requests, a queue of I/0 completion requests. When an I/O transfer
completes and a completion routine has been specified in the request
(i.e., the seventh word of the I/O queue element is even and non-
zero), the queue completion logic in the F/B Monitor transfers the
request node (element) to the completion queue, placing the channel




status word and channel offset in the node. This has the effect of
serializing completion routines, rather than nesting them. Completion
routines are called by the completion queue manager on a first-in/
first-out basis, and the completion routines are entered at priority
level 0 rather than at interrupt level.

The .SYNCH request also makes use of the completion queue. When the
.SYNCH request is entered, the seven-word area supplied with the re-
quest is linked into the head of the completion queue, where it ap-
pears to be a request for a completion routine. The .SYNCH request
then does an interrupt exit. The code following the .SYNCH request
is next called at priority level 0 by the completion queue manager.
To prevent the .SYNCH block from being linked into AVAIL (the queue
of available elements), the word count is set to -1. The completion
queue manager checks the word count before linking a queue element
back into the list of available elements, and skips elements with the

-1 word count.

Figures 5-2 and 5-3 show the format of the completion queue and .SYNCH
elements.

OFFSET

1) QUEUE LINK

2

4

6

19 CHANNEL STATUS WORD

12 CHANNEL OFFSET

4 COMPLETION ROUTINE

ADDRESS

Figure 5-2

Completion Queue Element

.

P
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OFFSET

) QUEUE LINK

2 JOB NUMBER

4

8

1] SYNCH L.D.

12 -1

14 SYNCH RETURN ADDRESS
Figure 5-3

.SYNCH Element

5.1.3 Timer Queue Elements

Another queue maintained by the F/B Monitor is the timer gqueue. This
queue is used to implement the .MRKT request, which schedules a comple-
tion routine to be entered after a specified period of time. The

first two words of the element are the high- and low-order time and

the seventh word is the completion routine address. An optional se-
quence number can be added to the request to distinguish this timer

request from others issued by the same job.

The F/B Monitor uses the timer queue internally to implement the .TWAIT
request. The .TWAIT request causes the issuing job to be suspended

and a timer request is placed in the queue with the .RSUM logic as the
completion routine. Refer to Figure 5-4 for the format of the timer

queue element. OFFSET
") HIGH-ORDER TIME C.HOT
2 LOW-ORDER TIME c.LoT
LINK TO
4 NEXT ELEMENT C.LINK
6 JOB # OF OWNER C.JNUM
19 OWNER'S SEQUENCE # C.SEQ
12 "]
14 COMPLETION ADDRESS C.COMP

Figure 5-4
Timer Queue Element
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5.2 DEVICE HANDLERS

This section contains the information necessary to write an RT-11 de-
vice handler. It is illustrated with an example, a driver for the
RS64 fixed-head disk (with RC1ll controller). A source listing is in-
cluded in Appendix A, Section A.l; portions of this listing are refer-
enced throughout the remainder of this section and in future sections.

The user should refer to the PDP-11 Peripherals Handbook for details
regarding the operation of any particular peripheral.

NOTE

All RT-11 handlers must be written in posi-
tion independent code (PIC). Consult the
PDP-11 Processor Handbook for information
on writing PIC.

5.2.1 Device Handler Format

The first five words of any device handler are header words. The for-

mat is:
Word # Contents
1 Address of first word of device's interrupt vector.
2 Offset from current PC to interrupt handler.
3 Processor status word to be used when interrupt oc-
curs. Must be 340 (priority 7).
4,5 Zero. These are the queue pointers.

See area C in the example handler (Section A.l).

A word must be provided at the end of the handler. When the handler
is .FETCHed, the monitor places a pointer to the monitor common inter-
rupt entry code in the last word of the handler. This requires that
the handler size in the monitor's $HSIZE table be exact or the handler
will malfunction. See area M in the example in Section A.l.

The word preceding the interrupt handler entry point must be an uncon-
ditional branch to the handler's abort code. The abort code is used by
the F/B Monitor to stop I/O for the device. The abort entry point is
shown at area G in the example and the abort code is at area K. (See
the RT-11 System Reference Manual, Section H.2, for further informa-

tion.)
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5.2.2 Entry Conditions

The device handler is entered directly from the monitor I/O queue
manager, at which time it initiates the data transfer. The fifth
word of the header contains a pointer into the queue element to be
processed. This word (called CQE, for Current Queue Element) points
to the third word of the queue element, which is the block number to
be read or written. Referring to the example, location RCCQE contains
the address of the third word of the queue element to be processed.
It is generally advisable to put the pointer into a register, as that
greatly facilitates picking up arguments to initiate the transfer.

In the example, the entry point is at the location marked by E. No-
tice that registers need not be saved.

5.2.3 Data Transfer

Most handlers use the interrupt mechanism when transferring data. The
handler initiates the transfer and then returns immediately to the
monitor with an RTS PC, shown at area F. When the transfer is com-
pleted, the device interrupts. When the interrupt routine determines
that I/0 is complete or that an error has occurred, it jumps to the
monitor completion routine in the manner shown at area J in the list-

ing.

If the interrupt mechanism is not used, the data transfer must be com-
pleted before returning to the monitor. The handler must loop on a
device flag with the interrupt disabled. When I/0 is complete, the
driver returns to the monitor with a jump to the monitor completion
code, similar to that shown at area J in the example.

5.2.4 Interrupt Handler

Once the transfer has been initiated and control has passed back to
the monitor, data interrupts will occur.

Information in the header of the handler causes the interrupt to be
vectored to the interrupt handling code within the handler. The code
at the interrupt location should keep the transfer going, determine
when the transfer is complete, and detect errors.

When the transfer is done, control must be passed to the monitor's I/O
queue manager, which performs a cleanup operation on the I/O queue.
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Restrictions that apply to the interrupt code are:

1. The common interrupt entry into the monitor must be
taken. Interrupt routines linked into a program use
the .INTEN request described in Chapter 9 of the
RT-11 System Reference Manual. Handlers made part
of the system have a more efficient method of entry.
The last word of the handler is set to point to the
monitor common interrupt entry code when the handler
is fetched. Upon reception of an interrupt, the
handler must execute this code by performing a JSR R5,
@$INPTR, where $INPTR is the tag commonly used by RT-11
handlers for the pointer word. See areas I and N in
the example. The JSR instruction must be followed by
the complement of the priority at which the handler
will operate. See area I for an easy method to make
the assembler compute the complement. On return from
the monitor's interrupt entry code, R4 and R5 have
been saved and may be used by the handler. Other
registers must be saved and restored if they are to
be used.

2. A check must be made to determine if the transfer is
complete. However, with nonfile-structured devices,
such as paper tape, line printer, etc., an interrupt
occurs whenever a character has been processed. For
these devices, the byte count, which is in the queue
element, is used as a character count.

Nonfile-structured input devices should be able to
detect an end of file condition, and pass that on to
the monitor.

NOTE

The queue element contains a word count,
not a byte count. The initial entry to

the handler should change the word count
to a byte count if the device interrupts
at each character. The transfer is com-
plete when the byte count decrements to

0.

Before the conversion to bytes is made,
the sign of the word count must be deter-
mined since it specifies whether this
transfer is a Read or Write. A negative
word count implies a Write and should be
complemented before converting to bytes.

3. Check for occurrence of an error. If a hardware error
occurred, the hard error bit in the channel status word
(CSW) should be set, the transfer should be aborted, and
the monitor completion code executed. The address of the
channel status word is in word 2 of the queue element.
The error bit is bit 0 of the CSW. Generally, it is ad-
visable to retry a certain number of times if an error
occurs. RT-11 currently retries up to eight times be-
fore deciding an error has occurred. (Note that this
is true for file-structured devices only.) It is
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desirable, in case an error occurs, to do a drive
or control reset, where appropriate, to clear the
error condition before a retry is initiated. See
the area between I and H in the example.

4. If the transfer is not complete and no error has
occurred, registers used should be restored, and
an RTS PC executed.

To pass an EOF (End of File) to the monitor, the
2000 bit in the CSW should be set. Refer to the
sample handler in Appendix A for an example of
setting the EOF bit. When EOF is detected on non-
file structured devices, the remainder of the input
buffer must be zeroed.

5. When the transfer is complete, whether an error oc-
curred or not, the monitor I/O completion code must
be entered to terminate activity and/or enter a com-
pletion routine. When return is made to the monitor,
R4 must point to the fifth word of the handler (RCCQE
in the example). See area J in the example for the
method of returning to the monitor completion routine.

Handlers should check for special error conditions
that can be detected on the initial entry to the
handler. For example, trying to write on a read-
only device should produce a hard error. It must
be emphasized that the user handlers should inter-
face to the system in substantially the same way
as the handler in Section A.l. This handler is
included as a guide and an example.

5.3 ADDING A HANDLER TO THE SYSTEM

When the handler has been written and debugged, it may be installed

in the system by following the procedures in this section. The process
consists of inserting information about the handler into the monitor
tables listed below.

Table to be Changed Contents
SHSIZE Size of handler (in bytes).
$DVSIZ Size of device in 256-word blocks. If
nonfile device, entry = 0.
SPNAME Permanent name of the device (should be

two alphanumeric characters entered in
.RAD50 notation, left-justified).

SSTAT Device status table. Refer to Section
2.5.2.2 for the format of $STAT table.

LOWMAP Low memory protection map; refer to
Section 2.5.4.




There is no restriction on handler names; any 2-letter combination

not currently in use may be chosen for the new handler and the name

may be inserted in any unused slot in the $PNAME table, or in a slot
occupied by a nonexistent device (i.e., a device not installed on the
user's system). Note that the name must be entered in .RAD50. Since .

PATCH does not have a .RAD50 interpretation switch, the name must be
entered to PATCH in its numerical form. Appendix C of the RT-11l System

Reference Manual contains a .RAD50 conversion table; ODT can also be

used to perform .RAD50 conversions.

As an example, assume again the handler for the RC11/RS64 disk (the
sample handler in Section A.l) is to be inserted in the system. First,
the values of the table entries for this device are determined (the ad-
dresses used in the example are for illustrative purposes only; con-
sult Table 2 of RT-11 System Release Notes (V02C) for the correct

table addresses for the version in use):

SHSIZE: 316 After assembly, the handler was
found to take up 316 bytes. See
area 0 in the example listing.

SDVSIZ: 2000 The disk has 1024 (decimal) 256-
word blocks for storage.

SPNAME: .RAD50 /RC/ or 78378
The name assigned is RC. The
.RAD50 value of RC is 70370.

SSTAT: 100023 The device is file-structured, is
a read/write device, and uses the
standard RT-11 file structure.
The identifier (selected by the
user) is 23. Refer to Section
2.5.2.2 for the format of the
SSTAT table.

LOWMAP: 14 Protect RC vector 210,212 at byte
336 of LOWMAP (refer to Section
2.5.4.).

Once these values have been decided, the steps for inserting the de-
vice handler are:

1. Assemble the handler, using either MACRO or ASEMBL.

2. Link the handler at 1000. The name of the handler
should be whatever the $PNAME entry is, with the .SYS
extension appended: -

-R LINK

*RC.SYS=RC where RC.OBJ is the handler object

UNDEF GLBLS module. The default link address is
1000.
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NOTE

If the handler being linked is one that
could also be a system device handler,
the user can expect one undefined global,
SINTEN.

3. Run PATCH to modify the tables and protect the interrupt vec-
tors.

For this example, assume that the table addresses are found

to be:

Table S/J Address F/B Address
SHSIZE 13624 14556
SDVSIZ 13660 14612
SPNAME 16470 17630
SSTAT 16524 17664

NOTE

The addresses above are for illustration
only. Consult Table 2 of RT-11 System
Release Notes (V02C) for current table
addresses and for the address of the
monitor base location, BASE.

The tables have room for fourteen (decimal) device entries; all are
already assigned by the monitor. Assuming that a given configuration
never has all supported devices, however, at least one slot should be
available to be overlaid. For example, assume the twelfth slot is
occupied by a device not.installed on the system, and therefore avail-
able for change. The octal offset is 26, which, added to the table
addresses above, gives the address of the empty slot:

S/J Monitor:

-R PATCH<CR>

PATCH Version number

FILE NAME--

*MONITR.SYS/M<CR> [/M is necessary;

*BASE; JR<CR> Monitor base;

*9,13652/ 4099 316<CR> $SHSIZE table;

*7,13706/ 2 2¢@P<CR> $DVSIZ table;

*¥,16516/ 6250 7037@<CR> S$PNAME table;

¥09,16552/ 4 19@@23<CR> $STAT table;

*#,16336\ 77 <CR> Check that vectors in

*E permanent map are protected;

Exit to monitor]
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F/B Monitor

.R PATCH

PATCH Version number

FILE NAME--

*MONITR.SYS/M<CR> [/M is necessary;

*BASE; JR<CR> Monitor base;

*@,14556/ Appg@ 316<CR> SHSIZE table;

*g,14612/ 2 2@@P<CR> $DVSIZ table;

*@,17630/ 6250 7@37@<CR> $PNAME table;

*¥,17664/ 4 1¢@@23<CR> $STAT table;

*7,17336 77 <CR> Check that vectors in

*E permanent map are protected;

- Exit to monitor]
At this point, the system should be re-bootstrapped to make the modi-
fied monitor resident. The device RC will then be available for use.

5.4 WRITING A SYSTEM DEVICE HANDLER

This section describes the procedures for writing a new system device
handler. A system device is the device on which the monitor and
handlers are resident. RT-11 currently supports the RK, RF, DP, DS,
and DX disks, and DECtape as system devices. The procedures for
writing the handler and creating a new monitor are explained, illus-
trated by the example in Section A.l, the RC11/RS64 handler.

The basic requirements for a system device are random access and read/
write capability. These requirements are met by the RC1ll disk, which
is a multiple platter, fixed-head disk. When writing the driver, the
procedures in Section 5.2 should be followed. Because the system
handler is linked with the monitor, the additional tagging and global
conventions described here must also be followed.

5.4.1 The Device Handler

The following conditions must be observed when writing a system han-

dler. Refer to the example listing in Section A.l.

1. The handler entry point must tagged xxSYS, where
xxX is the 2-letter device name. For the RC disk,
this is RCSYS. See area D in the listing.
Important: Note that the tag is placed after
the third word of the header block.

2. The entry points of all current system devices
must be referenced in a global statement. These
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currently include RKSYS, RFSYS, DSSYS, DXSYS, DPSYS,
DTSYS and RCSYS. See Area A.

3. The entry point tags of all other system devices
must be equated to zero. See area B in the listing.

4., A .CSECT SYSHND must be included at the top of the
handler code. It is located above area C in the
example.

5. The last word of the handler is used for the common
interrupt entry address. This should have the tag
SINPTR and should be set to the value $INTEN. See
areas M and N in the example listing. These tags
should be global. See area A.

6. The interrupt entry point should have the tag xxINT,
or RCINT for this example, and this must be a global.
See areas A and H.

7. The handler size must be global, with the symbolic
name xXSIZE, or RCSIZE. See area A. This step is
not necessary if the monitor sources are available
and are being reassembled, since the global will be
generated by the HSIZE macro. See Step 3 in Section
5.4.3.

5.4.2 The Bootstrap

This section describes the procedure for modifying the system bootstrap
to operate with a new system device. Either the bootstrap source must
be acquired, or the listing in Section A.2 may be used. Again, the
RC11/RS64 disk is used for an example. The references in this section,
however, are to the bootstrap listing found in Section A.2 of Appendix

A.

The following changes must be made to the bootstrap to support a new

system device:

1. Add a new conditional, $xxSYS, to the list at point
AA. Here xx is the 2-letter device name, and in this
case the conditional is $RCSYS.

2. Add a simple device driver for the device inside a
$xxSYS conditional. This is shown at area CC. Be-
cause the RC1ll is similar to the other disks, it is
possible to share code with the other device drivers,
reducing the implementation effort. To do this, the
$RCSYS conditional is added at area BB and the device
specific code is at area FF. This code merges with
the common code at area GG.
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3. The device driver has these characteristics:

a. The SYSDEV macro must be invoked for the
device. The macro arguments are the 2-
letter device name and the interrupt vector
address. For this example, the arguments
are "RC" and "210", shown at area DD on the
listing.

b. The device driver entry point must have the
tag READ. See area EE.

c. When the driver is entered:

RP = Physical Block Number

Rl = Word Count

R2 = Buffer Address
R3,R4,R5 = are available for use

by the driver routine

d. The driver must branch to BIOERR if a fatal
I/0 error occurs.

5.4.3 Building the New System

This section describes the procedure for building a new monitor using
the system device handler and bootstrap just developed. Again, the
example used is the RC11/RS64 disk, and the appropriate listings are
those in Sections A.l1 and A.2.

The procedure is:

1. Assemble the handler, producing an object module with
the name xx.0BJ, where xx is the 2-letter device name.
In this example, the name is RC.

+R MACRO
¥RC.OBJ=RC.MAC

2. Assemble the bootstrap, defining the conditional $xxSYS
(where xx is again the device name; e.g., $RCSYS). De-
fine the conditional BF if an F/B bootstrap is desired.
Let BF be undefined for an S/J bootstrap. For the S/J
bootstrap: ,

«R MACRO<CR>
*RCBTSJ=TT:, DK: BSTRAP<CR>
2$RCSYS=1<CR>
~Z"$RCSYS=1<CR>

“ZERRORS DETECTED: @
FREE CORE: 156@8. WORDS




—

For the F/B boétstrap:

<R MACRO<CR>
*RCBTFB=TT:, DK:BSTRAP<CR>
~$RCSYS=1<CR>

BF=1<CR>

~Z”$RCSYS=1<CR>

BF=1<CR>

"ZERRORS DETECTED: f#

FREE CORE: 1558f. WORDS

If the monitor sources are available, the DEVICE macro
described in Section 2.5.2.9 can be invoked for the new
device by editing the macro call into RMONFB.MAC and
RMONSJ.MAC and reassembling the monitor. For the RC
device, the macro would be:

DEVICE RC 2000 100020 RCSYS

The HSIZE macro, described in the same section, must
also be invoked. For the RC device, the macro would
be:

HSIZE RC,316,SYS

Monitor assembly instructions are in Chapter 5 of

the RT-11 System Generation Manual. If this approach
is used, the table patching procedure in step 5 is not
necessary.

Link the monitor with the new bootstrap and device
handler.

For S/J:

.R LINK
ERCMNSJ.SYS,MAP=RCBTSJ,RTllSJ,RC

For F/B:

+R LINK
fRCMNFB.SYS,MAP=RCBTFB,RTllFB,RC

If step 3 was not done and step 4 used the current
monitor object modules, then the monitor tables must
be patched to enter the device information. The moni-
tor device tables are located using the procedure in
Section 5.3. An additional table, the $ENTRY entry
point table, must also be patched. For this example,
assume the table addresses are:

Table S/J Address F/B Address
SHSIZE 13674 14602
$DVSIZ 13730 14636
SPNAME 16516 17640
S$SSTAT 16552 17674
SENTRY 16612 17612
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NOTE

These table addresses are for illustration
only. Consult Table 2 of RT-11 System
Release Notes (V02C) for the table addresses
of the current monitor release and for the
address of BASE.

A link map was made during the linking sequence in Step 4.
Locate the value of the system handler entry point, xxSYS.
For this example, the tag is RCSYS and its value is found
to be 56266 for F/B. This value is put in the S$SENTRY table.
The other values were determined in Section 5.3:

$HSIZE = 316

SDVSIZ = 2998

$PNAME = 78378

$STAT = 1g@@23

SENTRY = 56266 (F/B) 45056 (S/J)

The patch procedure for the S/J monitor, using the twelfth
slot, would then be: :

-R PATCH<CR>

PATCH Version number

FILE NAME--

*RCMNSJ.SYS/M<CR> [The /M is necessary;
*BASE; #R <CR> Monitor base;
*0,13674/ 4088  316<CR> $HSIZE table;
*@,137348/ Ji] 20@@<CR> $DVSIZ table;
*#,16516/ 6258 7837@<CR> $PNAME table;
*9,16552/ 4 1@@@23<CR> $STAT table;
*@,16612/ i 45056<CR> S$ENTRY table;

*E Exit to monitor]

For the F/B monitor:

+R PATCH<CR>

PATCH Version number

FILE NAME—-—

*RCMNFB.SYS/M<CR>

*BASE; JR<CR>

*g,1l46p82/ 4088  316<CR> [$SHSIZE table;
*@3,14636/ jul 2p@@<CR> $DVSIZ table;
*@3,17640/ 6258 7837@<CR> S$PNAME table;
*@,17674/ 4 1@@@23<CR> SSTAT table;
*@,17564/ '} .___56266<CR> S$SENTRY table;
*E ' Exit to monitor]

The new monitor is now complete and may be used by
transferring it to an RC disk and renaming it to
MONITR.SYS.
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5.5 DEVICES WITH SPECIAL DIRECTORIES

The RT-11 monitor can interface to devices having nonstandard (that is,
non RT-11) directories. This section discusses the interface to this
type of device.

5.5.1 Special Devices

Special devices are file-structured devices that do not use an RT-11
directory format. Examples are magtape and cassette as supported under
RT-11. They are identified by setting bit 12 in the device status word.
The USR processes directory operations for RT-1ll directory-structured
devices; for special devices, the handler must process directory opera-
tions (LOOKUP, ENTER, CLOSE, DELETE), as well as data transfers.

5.5.1.1 Interfacing to Special Device Handlers - There are three types
of processes that a special device handler must perform:

1. Directory operations (.LOOKUP, .ENTER, etc.)
2. Data transfer operations (.READ, .WRITE)

3. Special operations (rewind, backspace, etc.)

The particular process required is passed to the handler in the form

of a function code, located in the even byte of the fourth word of the
I/0 queue element (see Section 5.1.1). The function code may be posi-
tive or negative. Positive codes are used for processes of types 1 and
2 above; negative codes indicate device-dependent special functions.

The positive function codes are standard for all devices and include:

Code Function
) Read/Write
1 Close
2 Delete
3 Lookup
4 Enter

These functions correspond to the programmed requests .READ/.WRITE,
.CLOSE, .DELETE, .LOOKUP, and .ENTER, described in Chapter 9 of the
RT-11 System Reference Manual. The .RENAME request is not supported

for special devices.
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A queue element for a special handler will look identical to an ele-
ment for a standard RT-11 handler when the function is a .READ/.WRITE
(negative word count implies a .WRITE). For the remaining positive
functions, word 5 of the queue element (the buffer address word dis-
cussed in Section 5.1.1) will contain a pointer to the file descriptor
block, containing the device name, file name, and file extension in
.RAD5# format.

Negative function codes are used for'device—dependent special func-
tions. Examples of these are backspace and rewind for magtape. Be-
cause these functions are characteristic of each device type, no
standard definition of negative codes is made; they are defined

uniquely for each device.

Software errors (for example, file not found or directory full) oc-
curring in special device handlers during directory operations are
returned to the monitor through the procedure described next. A
unique error code is chosen for each type of error. This error code

is directly returned by placing it in SPUSR (special device USR error),
located at a fixed offset (272) into RMON. (Section 2.5.1 discusses
monitor fixed offsets.) Hardware errors are returned in the usual
manner by setting bit @ in the channel status word pointed to by the
second word of the queue element.

5.5.1.2 Programmed Requests to Special Devices - Programmed requests
for directory operations and data transfers to special devices are
handled by the standard programmed requests. When a .LOOKUP is done,
for example, the monitor checks the device status word for the special
device bit. If the device has a special directory structure, the
proper function code is inserted into the queue element and the element
is directly queued to the handler, by-passing any processing by the
RT-11 USR. Device independence is maintained, since .READ, .WRITE,
.LOOKUP, .ENTER, .CLOSE, and .DELETE operations are transparent to the

user.

Requests for device-dependent special functions having negative func-
tion codes, must be issued by using the .SPFUN special function pro-
grammed request, described in Chapter 9 of the RT-11 System Reference

Manual. Devices which need to use the .SPFUN requests must have a
bit set in the device status table (see Section 2.5.2.2).
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5.6 ADDING A SET OPTION

The Keyboard Monitor SET command permits certain device handler param-
eters to be changed from the keyboard. For example, the width of the
line printer on a system can be SET with a command such as:

SET LP WIDTH=8(

This is an example of a SET command that requires a numeric argument.
Another type of SET command is used to indicate the presence or ab-
sence of a particular function. An example of this is a SET command
to specify whether an initial form feed should be generated by the LP
handler:

SET LP FORM (generate initial form feed)

SET LP NOFORM (suppress initial form feed)

In this case, the FORM option may be negated by appending the NO pre-
fix.

The SET command is entirely driven by tables contained in the device
handler itself. Making additions to the list of SET options for a
device is easy, requiring changes only to the handler, and not to the
monitor. This section describes the method of creating or extending
the list of SET options for a handler. The example handler used is
the LP/LS11 line printer handler, listed in Appendix A in Section A.3.
The SET command is described in Chapter 2 of the RT-11 System Refer-
ence Manual.

Device handlers have a file name in the form xx.SYS, where xx is the
2-letter device name; e.g., LP.SYS. Handler files are linked in save
image format at a base address of 1000, in which a portion of block 0
of the file is uséd for system parameters. The rest of the block is
unused, and block 0 is never FETCHed into memory. The SET command
uses the area in block 0 of a handler from 400 to 776 (octal) as the
SET command parameter table. The first argument of a SET command must
always be the device name; e.g., LP in the previous example command
lines. SET looks for a file named xx.SYS (in this case LP.SYS) and
reads the first two blocks into the USR buffer area. The first block
contains the SET parameter table, and the second block contains han-

dler code to be modified. When the modification is made, the two blocks

are written out to the handler file, effectively changing the handler.
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The SET parameter table consists of a sequence of 4-word entries.
The table is terminated with a zero word; if there are no options
available, location 400 must be zero. Each table entry has the form:

.WORD value

.RAD58  /option/ [2 words of RAD50]
.BYTE <routine-4gg>/2

.BYTE mode

where:

value is a parameter passed to the routine in
register 3.

option is the name of the SET option; e.g.,
WIDTH or FORM.

routine is the name of a routine following the
SET table that does the actual handler
modification.

mode indicates the type of SET parameter:

a. Numeric argument - byte value of 100
b. NO prefix valid - byte value of 200

The SET command scans the table until it finds an option name matching
the input argument (stripped of any NO prefix). For the first example
command string, the WIDTH entry would be found (area 2 in the listing
in Section A.3). The information in this table entry tells the SET
processor that O.WIDTH is the routine to call, that the prefix NO is
illegal and that a numeric argument is required. Routine O.WIDTH is
located at area 4 on the listing. It uses the numeric argument passed
to it to modify the column count constant in the handler. The value
passed to it in R3 from the table is the minimum width and is used for
error checking.

The following conventions should be observed when adding SET options to
a handler:

1. The SET parameter tables must be located in block 0
of the handler file and should start at location 400.
This is done by using an .ASECT 400 (area 1 on the
listing).

2. Each table entry is four words long, as described pre-
viously. The option name may be up to six .RAD50 char-
acters long, and must be left-justified and filled with
spaces if necessary. The table terminates with a zero
(area 3 on the listing).
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3. The routine that does the modification must follow the
SET table in block 0 (area 4 on the listing). It is
called as a subroutine and terminates with an RTS PC
instruction. If the NO prefix was present and valid,
the routine is entered at entry point +4. An error is
returned by setting the C bit before exit. If a
numeric argument is required, it is converted from
decimal to octal and passed in RO. The first word of
the option table entry is passed in R3.

4. The code in the handler that is modified must be in
block 1 of the handler file, i.e., in the first 256
words of the handler. See areas 6 and 7 on the list-
ing for code modified by the WIDTH option.

5. Since an .ASECT 400 was used to start the SET table,
the handler must start with an .ASECT 1000. See area
5 on the listing.

6. The SET option should not be used with system device
handlers, since the .ASECT will destroy the bootstrap
and cause the system to malfunction.

5.7 CONVERTING USER-WRITTEN HANDLERS
User-written device handlers must, in all cases, conform to the stan-

dard practices for Version 2 (2B and 2C). General programming infor- I
mation is discussed in Appendix H of the RT-11 System Reference Manual.

Points to consider when converting user-written device handlers
(written under Version 1 of the RT-11 system) follow; the details of
these procedures have already been discussed.

1. The last word of a device handler is used by the moni-
tor, thus the user must be sure to include one extra
word at the end of his program when indicating the
handler size.

2. The third header word of the handler should be 340,
indicating that the interrupt should be taken at
level 7.

3. It is not necessary to save/restore registers when
the handler is first entered, although to do so is not
harmful.

4. When an interrupt occurs, the handler must execute an
.INTEN request or its equivalent. On return from
.INTEN, R4 and R5 may be used as scratch registers.
Device handlers may not do EMT requests without exe-
cuting a .SYNCH request.

5. The handler must return from an interrupt via an RTS
PC.

6. When the transfer is complete, the handler must exit
to the monitor to terminate the transfer or enter a
completion routine. When return is made to the moni-
tor, R4 should point to the fifth word of the handler.
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The handler should contain an abort entry point (lo-
cated at INTERRUPT SERVICE -2) to which control is
transferred on forced exit. The abort entry point
should contain a BR instruction to code that will
perform the necessary operations (stop device action
and exit to monitor completion code).




CHAPTER 6

F/B MONITOR DESCRIPTION

The RT-11 Foreground/Background Monitor permits two jobs to simultane-
ously share memory and other'system resources. The foreground job

has priority and executes until it is blocked (i.e., execution is sus-
pended pending satisfaction of some condition, such as I/O completion).
When the foreground job is blocked, the background job is activated
and executes until it finishes or until the foreground blocking con-
dition is removed.

6.1 INTERRUPT MECHANISM AND .INTEN ACTION

All interrupt handlers must be entered at priority level 7 and must
execute a .INTEN request on entry. The handler will then be called
(as a co-routine of the monitor in system state) at its normal pri-

ority level. This is essential to the operation of RT1ll for two
reasons:

1. As a co-routine of the monitor, the interrupt handler
exits to the monitor, which then does job scheduling.

2. Because of the above condition, there is a danger that
interrupt processing may be postponed due to a context
switch. For example, if a disk interrupts a lower pri-
ority device handler and goes to I/O completion, the
monitor may switch to the foreground job and delay the
lower priority interrupt until the foreground job is
again blocked. By requiring the .INTEN request of all
interrupt handlers, the monitor can assure that all in-
terrupts are processed before the context switch is made.

The .INTEN request is implemented as a JSR R5 to the first fixed-offset
location of RMON, which contains a jump to the interrupt entry code.
This code saves R4 (R5 was saved by the JSR) and increments the system
state counter. If the interrupt occurred on a job stack, the stack
pointer is switched to use the system stack. The priority is lowered
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to the handler's requested priority and control returns to the handler
via another JSR instruction.

The handler interrupt code now executes in system state, with several
results: any further interrupts are handled on the system stack, pre-
venting their loss by a context switch to another job's stack; a con-
text switch or completion routine cannot occur until all pending in-
terrupts are processed; any error occurring in the handler occurs in
system state, causing a fatal halt. When the handler exits via an

RTS PC instruction, control returns to the monitor, which can now
enter the scheduling loop if all interrupts have been processed.

6.2 CONTEXT SWITCH

When passing control from one job to another, the F/B Monitor does
a complete context switch, changing the machine environment to that
of the new job. The current context is saved on the stack of the
current job and is replaced by the context of the new job.

The information saved on the stack includes:

1. The general registers (RO-R5)
2. The system communication area (memory locations 34-52)
3. The FPP registers, if used

4. The list of special locations supplied by the job (via
.CNTXSW) , if any

In addition, the stack pointer (R6) is saved in the job's impure area
at offset I.SP (=50). The switch requires a minimum of 2310 words of
stack, not including the special swap list.

The following are the minimum calculated times to context switch be-
tween jobs. The assumptions are that the F/G job is waiting for I/0
completion, the handler completes an I/0 request, and there are no user
I/0 completion routines.

Processor 11/20 11/40 11/45
(core memory) .66 ms .36 ms .28 ms

—
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6.3 BLOCKING A JOB

The F/B Monitor gives priority to the foreground job, which runs until
it is blocked by some condition. In this case, the background, if run-
nable (i.e., not blocked itself), is scheduled. The conditions which
may block a job are flagged in the I.JSTA word, which is located in

the job's impure area:

Tag Bit in I.JSTA Word Condition

TTIWTS 14 Waiting for terminal input

TTOWT$ 13 Waiting for room in output
buffer

CHNWT $ 11 Waiting for channel to com-
plete

SPND$ 10 Suspended

NORUNS 9 Not loaded

EXITS 8 Waiting for all I/0 to stop

KSPNDS$ 6 Suspended from KMON

USRWTS 4 Waiting for the USR

6.4 JOB SCHEDULING AND USE OF .SYNCH REQUEST

The F/B Monitor uses a scheduling algorithm to share system facilities
between two jobs. The goal of the scheduler is to maximize system
utilization, with priority given to the foreground job. The scheduler
is generalized to use job numbers for scheduling, the higher job num-
ber having the higher priority. The background job is assigned job
number 0 and the foreground job number 2. Job numbers must be even.

The foreground job runs until it is blocked by some condition (see
Section 6.3), at which point the scheduler is initiated. The job list
is scanned top down (from highest to lowest priority) for the highest
priority job that is runnable. A job is runnable if it is not blocked,
or if it is only blocked pending completion and is not suspended. If
no jobs are currently runnable, the idle loop is entered.

If the new job is runnable, a context switch is made. The context
switch routine tests for the completion pending condition (i.e., I/O
is finished and a user completion routine was queued). In this case,
a pseudo-interrupt is placed on the job's stack to call the completion
queue manager when the scheduler exits to the job.
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The scheduler is event driven and is entered from the common interrupt
exit path whenever an event has occurred which requires action by
the scheduler. The set of such events include:

1. An .EXIT or .CHAIN request
2. A job abort from the console, or an error abort
3. I/0 transfer completed
4, Expiration of timed wait
5. A blocking condition encountered:
a. .TWAIT request or SUSPEND command
b. .TTYIN or .CSI waiting for end of line
c. .TTYOUT or .PRINT waiting for room in output buffer
d. Attempt to use busy channel
6. A blocking condition removed
7. No queue elements available

8. .SYNCH request (see below).

The .SYNCH request is used in interrupt routines to permit the issuing
of other programmed requests. The .SYNCH macro is expanded as a JSR R5
to the .SYNCH code in the F/B resident monitor. The .SYNCH routine
uses the associated 7-word block as a queue element for the completion
queue.

If the .SYNCH block is not in use, register R5 is incremented to the
successful return address and placed in the block as the completion
address. The word count is set to -1 to prevent the block from being
linked into the AVAIL queue. The block is placed in the completion
queue, at its head, and the job associated with the .SYNCH request is
flagged to have a completion routine pending. A request for a job
switch is entered before the .SYNCH logic exits with an interrupt re-
turn.

On exit from the interrupt with a job switch pending, the scheduler is
entered and the completion queue manager is called. When control fi-
nally returns to the code following the .SYNCH request, it is execut-
ing as a completion routine at priority level 0. It can now issue
programmed requests without fear of being interrupted. If another
interrupt comes in, and it requests a completion routine, the com-

pletion routine will be queued pending return of the current
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completion routine, since the .SYNCH block is freed before calling the
completion routine. Further interrupts will be rejected by the .SYNCH
code, unless provision is made for supplying extra .SYNCH blocks.

6.5 USR CONTENTION

The directory operations handled by the USR are not re-entrant, par-
ticularly since the directory segment is buffered within the USR.
Therefore, to use the USR in F/B, a job must have ownership of the
USR. To facilitate this, the F/B monitor maintains a USR queuing
mechanism.,

Before issuing a USR request, a job must request ownership of the USR.

'If the USR is in use by another job, even of lower priority, the re-

questing job is blocked and must wait for the USR. The USRWTS$ flag
is set in the I.JSTA word (see Section 6.3) and the job cannot con-
tinue until the USR is released and the blocking bit cleared. When
the USR is released, the job list is scanned for jobs waiting for the
USR, starting with the job having highest priority.

Because of the impact this may have on system performance, CSI requests
are handled differently in the F/B system than in the S/J Monitor. If
the command string is to come from the console keyboard, the prompting
asterisk is printed and then the USR is released, pending completion
of command line input. This prevents a job doing a CSI request from
locking up the USR and blocking another, perhaps higher priority, job
from executing. A job can determine if the USR is available by doing
a .TLOCK request (see Chapter 9 of the RT-11 System Reference Manual).

6.6 I/O TERMINATION

Because of the multi-job capabilities of RT-11 F/B, termination of
I/0 on job exit or abort must be handled differently than in the S/J
Monitor. The use of the RESET instruction is unacceptable, and a
form of I/0O rundown must be used. This is done by the IORSET routine,
called when doing an abort or hard exit.

The IORSET routine searches the queue of every resident handler for
elements belonging to the aborted job. If a handler is found to be
resident and active (i.e., there are elements on its queue), the
IORSET routine "holds" the handler from initiating a new transfer by
setting bit 15 of the LQE word (entry point) in the handler. The




current transfer may complete, but the hold bit will prevent the queue
manager from initiating a new transfer.

While it is held, the handler's queue is examined for the current re-
quest. If it belongs to the aborted job, the handler's abort entry
point is called to stop the transfer. The queue of pending I/O re-
quests is then examined and any elements belonging to the aborted job
are discarded. The hold flag is cleared and a test is made to see if
the current transfer completed while the handler was held. If it did,
the completion queue manager, COMPLT, is again called to return the
completed element and initiate the next transfer. At this point, any
elements belonging to the aborted job will have been removed from the
queue.

After the device handlers are purged, the internal message handler is
examined for waiting messages that were originated by the aborted job.
All such messages are discarded. Finally, all mark time requests be-
longing to the aborted job are cancelled.




CHAPTER 7

RT-11 BATCH

The RT-11 BATCH system is composed of a BATCH compiler and a run-time
handler. The BATCH compiler converts BATCH Job Control language into
a format comprehensible to the BATCH run~time handler. The compiler
creates a control (CTL) file (from the BATCH language statements)
which is then scanned by the handler; the CTL format is a versatile
programming language in its own right. The result is a BATCH system
that is simple to use, and yet easily customized to handle different
situations.

7.1 CTL FORMAT

The BATCH run-time handler uses a unique language format that includes
many programming features, such as labels, variables, and conditional
branches. The directives are explained in detail in Chapter 12 of

the RT-11 System Reference Manual.

Each directive consists of a backslash character followed by one or
more other characters. For example, to run PIP and generate a list-
ing, the CTL directives \E (execute) and \D (data line) are used:

\ER PIP
\DLP:=/L

Messages are sent to the console device by using the \@ directive:

\@ PLEASE MOUNT DT2
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Labels and unconditional branches are implemented with the \L (label)
and \J (jump) directives:

\JEND 1

\LEND

Each BATCH command is sent to the log as it is executed, using the \C
(comment) directive:

\c
$JOB

In this case, every character up to the next backslash is sent to the
log.

7.2 BATCH RUN-TIME HANDLER

The BATCH run-time handler (BA.SYS) is constructed as a standard RT-11
device handler. To use the handler, it must be made permanently resi-
dent via the monitor LOAD command. The handler links itself into the
monitor, intercepting certain EMTs described later.

The linking occurs the first time the BATCH compiler is run after the
BA handler is loaded. The compiler does a .READW to the BA handler,
which then links itself to the monitor and returns a table of addresses
to the BATCH compiler. The linking is achieved by replacing the ad-
dresses of monitor EMT routines with corresponding addresses in the
BATCH handler. Those EMTs that are diverted include:

EMT BATCH Handler Routine
LTTYIN BSTIN
. TTYOUT BSTOT
.EXIT BSEXT
«PRINT BSPRN

Once the link is established, the BATCH handler cannot be unloaded.
The links must first be undone by again running the BATCH compiler
and specifying the /U switch. The compiler removes the links and
prints a prompting message, after which the UNL BA command can be

issued.

e~




With the BA handler linked to the monitor, all console terminal com-
munication is diverted to BA, along with program exits. The BA han-
dler then dispatches the program request to the monitor routine or
diverts it to a routine in BA, depending on the values of switches in
BATSW1. The switches are:

TAG BIT DESCRIPTION
HELP 0 0 = Do not log terminal input (.TTYIN)
1l = Log terminal input
DESTON 1 0 = EMT is going directly to monitor
1 = BA intercepts the EMT
SOURCE 2 0 = Character input by monitor from con-
sole terminal
1l = Character input comes from BATCH stream
COMWAT 3 0 = No command
1l = Command is waiting
ACTIVE 4 0 = Console terminal inactive
1l = Console terminal is active; i.e., BA
is waiting for input from console ter-
minal
DATA 5 0 = Characters are going to KMON; i.e.,
KMON is active in B/G
1 = Characters are going to B/G programs
BDESTN 6 = QOutput characters are going to console
terminal
1 = Output characters are going to LOG
BGET 7 0 = Normal mode
1 = Get mode (\G); input comes from con-
sole terminal until <CR><LF> is en-
countered
NOTTY 8 0 = Log terminal output
1 = Do not log terminal output (.TTYOUT,
.PRINT)
9-13 Reserved
BSOURC 14 0 = BA directives come from console terminal
1 = BA directives come from CTL file
BEXIT 15 1l = A program has done an .EXIT while DATA

switch was set

The BATSW1 word, located six bytes past the handler entry point, deter-
mines the state of the system at any given moment. If the word is
zero, RT-11 operates normally. When the DESTON bit is set, EMTs are
diverted to routines in BA for action, but the specific action taken by
those routines is determined by the other switch bits.
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For example, if the BDESTN bit is set, output from .TTYOUT and .PRINT
is diverted from the console terminal to the log device. If SOURCE is
set, the characters for the .TTYIN request are taken from the BATCH
stream rather than from the console terminal via the monitor ring buf-
fer. Directives for the BA handler itself may come from either the
CTL file or the console terminal, depending on the state of the BSOURC
bit.

The state of the background is reflected in the DATA bit. Either the
KMON is active (DATA=0) or a program is active (DATA=1). If a program
issues an .EXIT request while in DATA mode, the BEXIT state is entered
until the BA handler encounters the next KMON directive (\E) in the
BATCH stream, causing any unused \D lines to be ignored. A program
can be aborted by diverting any of the .TTYIN, .TTYOUT or .PRINT re-
quests to the .EXIT code in the monitor.

7.3 BATCH COMPILER

The obvious function of the BATCH compiler is to convert BATCH Stan-
dard Commands into the BA handler directives mentioned in Section 7.1,
creating a control (CTL) file. BATCH jobs entered from a card reader
or a file-structured device are compiled into a CTL file stored on a
file-structured device for execution by the BA handler. However, the
BATCH Compiler has other important functions; these are described in
this section along with details on the initiation and termination of
BATCH jobs.

7.3.1 BATCH Job Initiation

The following sequence of actions is performed by the BATCH Compiler ..

when setting up a job for execution:

1. A check is made to ensure that LOG and BA device han-
dlers are loaded and assigned properly. The LOG han-
dler must be assigned the logical name LOG:; the
BATCH Compiler may be run several times during the
course of a job to do special tasks for the BA han-
dler, and it will reference ILOG:.

2. A nonfile-structured .LOOKUP is done on BA and a .READW
is issued. If this is the first time BATCH has been
run since BA was loaded, the handler links itself to
the monitor (see Section 7.2). BA returns a list of
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10.

eleven pointers to important parameters within BA.
These include:

BA state word (BATSWL1)

CTL file savestatus area (INDATA)

LOG file savestatus area (ODATA)

Output (LOG) buffer (OUTBUF)

Output buffer pointer (BATOPT)

Output character counter (BATOCT)

Input character counter (BATICT)
Monitor EMT dispatch address save areas

A command string is collected from the console ter-
minal and is processed by .CSISPC. An input file
must be specified.

If the input file is a .BAT file to be compiled, a
.CTL file is entered. If the LOG: device is file-
structured, a fixed-size enter is done and then the
file is initialized by writing zeroes in all blocks.

A .LOOKUP is done on all input files.

The .LOG file is .CLOSED so that a .LOOKUP and .SAVE-
STATUS may be done. The savestatus data is placed in
the ODATA area in BA.

If the input file is a .BAT file, it is now compiled,
with output going into the .CTL file.

The .CTL file is closed, again so that a .LOOKUP and
.SAVESTATUS may be done. The .SAVESTATUS data is
transferred to the INDATA area in BA. Buffer pointers
and counters in BA are initialized.

The BA handler is activated by setting the SOURCE,
DESTON, BSOURC and BDESTN bits in the BATSW1 state
word in BA. Control passes to BA when the compiler
does an .EXIT, assuming an abort is not requested.

If an abort is requested (an error occurred during
compilation or the /N switch was used), the .LOG

file is .REOPENed and all $ command lines are logged
out with any error diagnostics. The BATSW1 word is
then cleared before exiting, preventing the execution
of the job.

The following switches are used by the BATCH system during job initi-

ation and continuation, and should not be typed by the user:

/B
/D

/M
/R
/S

BATCH continuation of jobs in input stream

Print the physical device name assigned a
logical device name in a S$DISMOUNT command

Make a temporary source file
Return from $CALL

SCALL subroutine




~7.3.2 BATCH Job Termination

Every BATCH job must be terminated with an $EOJ statement. The $EOJ
statement causes the compiler to insert the CTL directives:

\R BATCH
\D/R

The /R switch for the BATCH compiler, which is legal only when entered
from a BATCH stream, is used to terminate a BATCH job. This switch
causes the compiler to pop the BATCH stack up a level. If the stack
was empty, the stream is finished and the compiler cleans up, clears
the BATSW1 word in BA, and exits. If the stack is not empty, the /R
switch implies a return from a $CALL. The stack contents are used to
restore parameters in the BA handler so that control will return to
the calling BATCH stream at the next statement after the S$SCALL.

7.3.3 BATCH Compiler Construction

The BATCH Compiler is constructed in two pieces: a data area and a
program area. The data area is located in low memory, in a .CSECT
named UNPURE. The contents are described in the accompanying table
(Table 7-1). The program section, located in the .CSECT named PROGRM,
starts at the symbol START. The general register R4 always points

to UNPURE and all references to the data base are made as indexed
references relative to R4.

Locations in the data base are created with the ENTRLO macro. For
example,

ENTRLO BOTLCT,d
allocates one word in the data base and initializes it to zero. The

symbol BOTLCT is an offset into the data base, so that references to
BOTLCT are made in the form BOTLCT (R4).




Table 7-1
BATCH Compiler Data Base Description

Byte
Tag Offset Description
BATSWT 0 BATCH Control Switches
ABORT = 100000 ABORT after compile
DATDOL = 40000 DATA or DOLLARS set
NO = 20000 "NO" prefix on switch
CTYOUB = 10000 Output to CTY (\ @)
LOGOUB = 4000 Output to LOG (\ C)
DATOUB = 2000 Output to user prog (\D)
COMOUB = 1000 Output to monitor (\E)
JOB = 400 $JOB encountered
MAKEB = 200 /B switch on command
COMMA = 100 Comma terminates command
BFORLI = 40 Next link requires FORTRAN
library
UNIQUE = 20 UNIQUE command option set
BANNER = 10 Print BANNER on $JOB, $EOJ
RT11 = 4 RT11l default on NO '$' in
Column 1
TIME = 2 Print time of day
MAKE = 1 Create a source file
BATSW2 2 More BATCH Control Switches
ABORT =100000 Second time through ABORT
FIRST = 10000 First card processed
SBIT = 4000 /S switch on command
SEQ = 2000 $SSEQ card processed
LSTBIT = 1000 Request temporary listing
file
COMSWB = 400 Command switches
MAKEB = 200 Same as BATSWT
STARFD = 100 Asterisk in FD field
STAROK = 40 Wild card option is wvalid
BNOEOJ = 20 $JOB or $SEQ before $EOJ
LSTDAT = 10 List DATA sections
BEOF = 4 EOF encountered on .BAT
file
XSWT = 2 /X switch set
EOJ = 1 SEOJ encountered
TMPSWT 4 Temporary command switches
COMSWT 6 Current command switches
LINSIZ 10 Input line buffer size
BINLCT 12 Last buffer character count
INSTAT 14 Input buffer status (see OTSTAT)
ICHRPT 16 Input character pointer
BINCTR 20 Input buffer counter

(continued on next page)
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Table 7-1 (Cont.)
BATCH Compiler Data Base Description

Byte
Tag Offset Description
BINARG 22 Input file EMT argument list
BATIBK 24 Input file block number
BATIBP 26 Input buffer address
30 Input buffer size
32 Wait I/0
BOTLCT 34 Last output buffer character count
OTSTAT 36 Output buffer status
BFREE = 1 0 — Buffer is free
BWAIT = 2 In I/0 wait
BEOF = 4 ) End of file
OCHRPT 40 Output character pointer
BOTCTR 42 Output character count
BOTARG 44 Output file EMT argument list
BATOBK 46 Output file block number
BATOBP 50 Output buffer address
52 Output buffer size
54 Wait I/0
STACK 56 Compiler stack pointer save area
These are the arguments passed between BATCH
and BA:
BATSW1 60 Pointer to BATSW1 in BA.SYS
INDATA 62 Pointer to INDATA
ODATA 64 Pointer to ODATA
OUTBUF 66 Pointer to BATCH handler output buffer
BATOPT 70 Pointer to output character pointer
BATOCT 72 Pointer to output character counter
BATICT 74 Pointer to input character counter

(continued on next page)
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Table 7-1 (Cont.)

BATCH Compiler Data Base Description

Byte
Tag Offset Description
Pointers to EMT intercept pointers:
OSEXT 76 JEXIT
OSTIN 100 .TTYiN
0$TOT 102 .TTYOUT
O$PRN 104 .PRINT
CSI Bﬁffer:
SPCO 106 Channel 0
SpCl 120 1
SPC2 132 2
SPC3 144 3
spc4 154 4
SPC5 164 5
SPC6 174 6
SpC7 204 7
SPC8 214 10
LINIMP 224 Pointer to command line buffer (LINIMM)
LINIMM 226 Command line input buffer
LINIMS 350 Command line buffer save area
LIBLST 470 ASCIZ name of FORTRAN default library
plus a line buffer
BATIBF 610 BATCH Compiler input buffers (INBSIZ * 2)
BATOBF 2610 BATCH Compiler output buffers (OTBSIZ * 2)
QSET 4610 Seven I/0 queue elements for double/buffering
SOUTMP 4700 Source temporary file descriptor
OBJTMP 4714 Object temporary file descriptor
LOGTYP 4730 LOG device status word (word @ of .DSTATUS)
ARGARG 4732 EMT argument list for BA handler initializa-

tion

(concluded on next page)




Table 7-<1 (Cont.)
BATCH Compiler Data Base Description

Byte
Tag Offset Description
STKBLK 4744 EMT argument list for READ/WRITE of BATCH
stack
DEFCHN 4756 Default channel numbers
DEVSPC 4770 Pointer to device handler space
WDBLK2 4772 Two;word EMT argument block
WDBLK5 5000 Five-word EMT argument block
FTLPC 5012 Contents of PC on BATCH fatal error
AREAO 5014 Pointer to impure area
LSTTMP 5016 Listing temporary file descriptor
SWTMSK 5026 Switch mask for this BATCH directive
FDO 5030 File descriptor 0 for BATCH directive
FD1 5034 1
FD2 5040
FD3 5044 3
FD4 5050 4
FD5 5054 5
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7.4 BATCH EXAMPLE

The following example demonstrates how the compiler converts BATCH
Standard Commands into RT-11 BATCH handler directives. The example
consists of a main BATCH stream, EXAMPL.BAT, and a BATCH subroutine
file, EDITIT.BAT. EXAMPL creates a program, assembles and runs it.
The program, called FILE.MAC, prints a message that is diverted to
the log. The listing file from the assembly is printed and then de-
leted. The BATCH variable S is then tested and, if it is zero, the
BATCH subroutine EDITIT is called. The EDITIT stream uses EDIT to
edit the file FILE.MAC, changing the message to be printed. After
return from EDITIT, the stream branches unconditionally to label L1,
repeating the assembly and execution of FILE.MAC. EDITIT increments
the variable S before returning, so that the BATCH stream, on encoun-
tering the IF statement again, now branches to label 1.2, skipping the
call to EDITIT. SDIRECTORY and $DELETE operations are performed be-
fore finally exiting from BATCH.

Note the following about the .CTL files created:

1. The $J0OB command produces a comment for the log (the
N\ C directive, but no action directives). 1Its func-
tion is to initialize the BATCH compiler.

2. The $CREATE command produces directives that run the
BATCH compiler, using the file name to be created with
a /M switch. This is a special function of the BATCH
compiler used to create data files. The compiler will
enter the data that follows in the CTL file into the
newly created file, until an EOF (CTRL/Z) is encoun-
tered. The data is fed to the compiler by the BATCH
handler through the ,TTYIN programmed request. After
the EOF character is encountered, the BATCH compiler
closes the new file and exits, returning control to
the BATCH handler through the .EXIT request. In this
example, the file created is called FILE.MAC.

3. The $SMACRO command has the /RUN switch appended, which
forces the compiler to generate a series of assembly,
link and execute instructions. A temporary execution
file, 000000.SAV, is created from the assembled object
module, FILE.OBJ. After execution with the monitor R
command, the temporary execution file is deleted with
PIP.

4. PIP is used to implement $PRINT, SDELETE, $COPY, and
SDIRECTORY. The compiler translates these commands
into the appropriate PIP command strings.




The variable S is defined to be zero with the LET
statement. This translates into the BATCH handler
directive,

\KSl<null>

which instructs the BATCH handler to set variable
S to the value in the byte following the character 1.

Labels are implemented by inserting a \L directive
followed by the 6-character label name into the CTL
stream where the label was declared. The label is
also logged out with the \C directive so that the
labels will appear in the log.

The unconditional branch, or GOTO command, is imple-
mented with the \ J directive immediately followed
by the label. Note that the BATCH programmer must
indicate whether the branch is forward or reverse.
In this case, the branch is a backward reference

and a minus sign is prefixed to the label:

GOTO -Ll

There is no error checking done by the compiler. If
an error is made (e.g., the minus sign is left off
the L1l), the BATCH handler searches forward in the
CTL stream until it finds the label. Since an error
was made, the label will not be found. The search
(and consequently the BATCH job) terminates when the
label stopper (\L$$$$$$) is encountered at the end
of the CTL file.

The IF conditional branch is implemented with the \ I
directive. The \I directive is followed by the name
of the variable to be tested, the value to be tested
against, and three label fields. Each label field
consists of the 6-character label name with a refer-
ence character appended. The character 1 indicates
the label is a forward reference, a 0 indicates a
backward reference. The test value is subtracted
from the current value of the variable and the appro-
priate branch is taken. If no label is specified for
a field, it is filled with spaces and causes the BATCH
stream to fall through to the next command if that
branch is elected.

The $CALL command is very useful and permits a BATCH
stream to call another BATCH file as a subroutine,
with control returning to the command following the
$CALL. The S$CALL is implemented by simply running
the BATCH compiler, passing it the name of the $CALLed
routine with a /S switch appended. Another BATCH
compile/execute sequence will follow, but the /S
switch will cause the compiler to save certain loca-
tions in the BATCH handler in an internal stack in
the BA.SYS file. In this example, the $CALL EDITIT
statement causes the file EDITIT.BAT to be compiled
and executed.

P
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10.

11.

BATCH variables may be used to enter ASCII values
into a job stream. 1In the file EDITIT, the vari-
able A is set equal to the value of the ESC (or
ALT MODE) character. The variable A is inserted
into a string of EDIT commands in place of the
ALT MODE character.

The $EOJ must terminate every BATCH job. The SEOJ
command generates the stopper label, \L$$3$$$$, and
then produces directives to run the BATCH compiler
again, this time with a /R switch. The compiler,
when given a /R switch, checks the BATCH stack. If
it is empty, the compiler exits. Otherwise, the
stack is popped to restore conditions in the BATCH
handler prior to the $CALL causing the push, and the
BATCH stream continues. The $EOJ finally generates
a \E to bring in the KMON and a \F<CR> to termi-
nate the BATCH stream.




EXAMPL.BAT

$J0B
SMESSAGE EXAMPLE BAYCH STRFAM
SCREATE FILE,.MAC

+MCALL  ,REGDEF, ,PRINT, ,EXTT

+REGDEF
STARTS .PRINT #MSG

EXIT

+NLIST BEY
MSG3 .A3c12 /THIS MESSAGE COMES FROM THE BATCH STREAM/

+EVEN

LIST  REY

«END STARY
SEND ‘ ‘
SRT11

LET Ss2
L1t

SMACRD/RUN FILE,LST/LIST FILE,MAC/INPUT FILE/QORJECT
SPRINT FYLE,LST
SOELETF FILE,LLST
SRT11
IF(S=2) ,,L2
SCALL EDITIY 1cALL FDITIT TO EDYT FILE, MAC
SRT1
6070 =] 1
Les
SDIRFCTORY FILE,*
SDELETE FILE,»
SENJ

EDITIT.BAT

SJOB/RT1

81 JNB TN EDTT FILF MAC _
LX) JINCREMENT § T0 PRFVENT RECURSTON
LET As%3 1A IS ALT MQDE

JR EDIT

*ERFTLF, MACPAPRrPAP A"

*GMSHsPA'K] <AQCTZ /MADIFTIED RY ENITOR RUN RY BATECH/

*'A'EX'A"A'

SENJ




EXAMPL.CTL

\C
$J0OB

SMESSAGE EXAMPLE BATCH STRFAM
\E\® EXAMPLE BATCH STREAM

\C
SCREATF FILE,MAC
\ER RATCH
\DFILE,MAC/M=
:MCALL .RFGDEF;.PQINY,.EXTT
«REGNEF
START: L,PRINT #MSG
JEXIT
+NLIST BEY
MSG: +ASCIZ /THIS MESSAGE FOMES FROM THE RATCH STREAM/
+EVEN
oLIST REY
<END START
\C
SEOD
SRTI

LET S=0
\KS1 \LL1Y \NCLLS

SMACRO/RUN FILE,LST/LLIST FILE,MAC/INPUT FILE/ORJECT
\ER MACRD
\DFILE,FILE,LST=FILE.MAC
\FA\D\ER L INK
\DRonpoesFILE
\ER \pogoovp
\ER PIP
\DRQapaa,SAV/D
\C
SPRINT FILE,LST
\ER PIP
\DLSTew x/Xe2FILE,LST
\FA\D\C
$DELETE FILE,LST
\ER PIP
\DFILE,LS8T/D
\C
SRT114
IF‘S'@) ppLa
\IS ! 1.2 I\L \C
SCALL EDITIT ICALL FEDITTIT TN EDIT FILF,MAC
\F\ER RATCH

\DEDITYT/S
\C
$RT1Y
GOTo -L1

\JL1 LAYNE- \PL2¢




EXAMPL.CTL _ (Cont)

SDIRFCTORY FILE,#
\ER PIP

\DFILE, */L

\FAD\C

SDELETE FILE,.w

\ER PIP

\DFILE,*/D

\¢

SEOJ

\LSSSSSS\F\ER BATCH
\D/R

\E\F

EDITIT.CTL

\C
$JOB/RT11

$1 JOB TO EDIT FILF,MAC
xS LINCREMENT § TO PREVENT RECURSTON
\KSO\C LET A=33 IA IS ALT MODE
\KAL \ER EDIT
\DEBFILE,MAC\KARR\KAR\KA2
\DGMSGI\KAZKY  ,ASCIZ /MODIFTED RY EDIT RUN RY BATCH/
\D\KA2EX\KA2\KA2
\C
SEOJ
\LSSSSSS\F\ER BATCH
\D/R
\E\F

Py
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EXAMPL.LOG

$J0B
SMESSAGE EXAMPLE BATCH STREAM

SCREATF FILE,MAC

SEND
SRTYY

LET S=0
L1 L1s

SMACRO/RUN FILE,LST/LIST FILE MAC/INPUT FILE/ORJECT

*ERRORS DETECTED: 0
FREE CNRF: 1512p, WORDS

[ ]




EXAMPL.LOG (Cont.)

oMAIN, RT={1 MACRM VMA2=10 10=APR=75 10233845 PAGF 1

! #MEALL L REGDEF, ,PRINT, ,FXTT

2 200000 «REGDEF

3 mroeone STARTZ LPRINT #MSG

4 opeene JEXIT

5 oNLIST REY

: 220010 124 Mset sASCTZ /THIS MESSAGE COMES FRNOM THE BATCH STRFAM/
LEVEN

8 LLIST  REY

9 200000 <END START

7-18
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EXAMPL.LOG (Cont.)

«MAIN, RT=11 MACRN VMA2=17 10=APR=75 102332145 PAGF 1+
SYMBDL TABLE

MSB P09Q10R PC 2%00PQA07 RO PLLLLLL)
Ry =%M00001 R2 =X000002 R3 2XP2NQ03
R4 =%000004 RS °%02RQ05 Y =10EN0%6
START  POVQRR2@R
. ABS, MQ2EAR 20g

200062 201

FRRORS DETECTED: @
FREE CORE: 151{0Q, WORDS

FILE,FILE,L.ST=FILE, MAC

THIS MFSSAGE COMES FROM THE RATCH STREAM
SPRINT FILE,LST

SDELFTF FILE,.LST

SRT1Y

1F(S=2) ,,12
SCALL FDITIT ICALL EDTITIT TO EDTT FILE, MAC

SINB/RTLY
${ JOB TO EDIT FYLF, MAC
%8 ] INCREMENT 8§ TN PRFVENT RECURSTONM
LET A=33 lA I8 ALT MODE
*ERFILF,MACSRSS
*
GMSGISKI +ARCTIZ2 /MNDIFTEN RY EDITOR RUN RY BATCH/
SEXSS
SENJ
$585%8%
$RT1
G0T0 -1
Lyt

SMACRO/RUN FILF,LST/LIST FYLE,MAC/INPUT FILE/QRJFCT

*ERRORS NETECTED: N
FRFE CMRE: 15136, WORDS

*




EXAMPL.LOG (Cont.)

«MAIN,

Paran2e
200200
A00006

nene1@

RT™=11 MACRN VM22=1D

START:

115 M§nm:

aepoonr

LMCALL
REGDEF
SPRINT
JEXIT
WNLIST
«ASCTZ
LEVEN
HLIST
LEND

10=APR=TS 12134308 PAGE 1

«REGDEF, ,PRINT, ,EXTT
#MSG

BEYX
/MODIFTED RY ENITOR RUN RY BATCH/

REX
START

—

TN




EXAMPL.LOG (Cont.)

JMAIN, RT=1{1 MACRN VMOA2=1iD 1@=APR=78 1134378 PAGE 1+

SYMBO|, TABLE

MS8G 7Q0P1QR PC =2%000Q07
RY 24000001 R2 s%2pn002
R4 =%000024 RS =4AANQARS
START nEVRAAQYR
. ABS, 00@p2Q el

BeY050 @0y

ERRORS DETECTED: @
FREE CORE; 15136, WORDS

FILE,FTLE,LST=FILE, MAC

MODIFIFD BY EDYTONR RUN BY RATCH

SPRINT FILE,LST

SDELFTF FILE,LST

SRT11
IFLS=2) ,,12
.21

SDIRECTORY FILE,w

IQ'APRQTS

FILE LBAK 1 12eAPR=78
FILE ,MAC 1 10=APR=TR
FILE LORJ { 10=APR=TS

3 FILES, 3 BLOCKS
417 FREE BLOCKS
SDFLETF FILE.w

SEOQJ

7-21

RO
R3
sp

=2%AQ2000
=%00M003
3%NRN026




7.5 CTT TEMPORARY FILES

In certain cases the BATCH compiler will produce temporary files with
the extension CTT and the file name of the BAT file being compiled.
These files occur when a multiple input file command string is issued,
or when an unexpected $JOB or $SEQ statement occurs in a BATCH stream,
or when multiple jobs are run from the card reader or a .BAT file.

The CTT file is actually a CTL file used to link together execution
of several BATCH jobs. Each CTT file contains the BA directives:

\ER BATCH
\\D/B

which execute the BATCH compiler, passing it the /B switch.
The CTT file also contains the following information:

l. Current input channel number (range is 3—108)
2. Current input file block number

3. The CTL file descriptor block (device, file name and
file size)

4. The LOG file descriptor block (device, file name, and
file size)

5. The set of input (BAT) file descriptor blocks (device
and file name) :

When the CTT file is executed, the compiler restores the input channel
number and block number and the entire sét of file descriptor blocks
from the CTT file. If, for example, the input channel number is 4,
the second of a string of .BAT files is compiled and executed.
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APPENDIX A

SAMPLE HANDLER LISTINGS
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APPENDIX B

FOREGROUND TERMINAL HANDLER

The following listing is a terminal handler for the foreground. The
user can write his own handler using this code as an example, or use
the copy provided in the software kit. Instructions for its use are
found on the second and third pages of the listing.
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APPENDIX C

VERSION 1 EMT SUMMARY

Although Version 1 programmed requests are supported by Versions 2,
2B, and 2C of RT-11, it is strongly recommended that the Version 1
formats not be used. For purposes of compatibility, however, this
section provides a brief review of the V1 format. The V2/V2B/V2C
format is covered in detail in Chapter 9 of the RT-11 System Reference
Manual.

In brief, the major distinctions between V1 and V2/V2B formats are:

1. VVl format has arguments pushed on the stack and in RO.
V2/V2B/V2C requests generally accept a set of arguments,
or an argument in RO,

2. V1 channel numbers are restricted to 16... Also, the
channel number in V1 is not a legal ass%ﬁbler argument;
it is merely an integer in the range 0 to 1510.

3. V1 requests are non-reentrant because the channel num-
ber and function code are embedded within the EMT in-
struction.

Table C-1 lists all the Version 1 macro calls. Those in the left
column have the same format as the corresponding Version 2/2B/2C re-
quest; those in the right column have a different format, shown after
the table. The operations performed by the requests are the same in
both versions. ’

Table C-1
V1 Programmed Requests
V1l - Format Same as V2/V2B V1l - Format Different fromV2/V2B/V2C
.CSIGEN .CLOSE
.CSISPC .DELETE
.DATE .ENTER
.DSTAT . LOOKUP
.EXIT .READ
.FETCH «READC

(continued on next page)
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Table C-1 (Cont.)
V1 Programmed Requests

V1l - Format Same as V2/V2B V1l - Format Different from V2/V2B/V2C
.HRESET .READW
. LOCK .RENAME
. PRINT .REOPEN
.QSET . SAVESTATUS
.RCTRLO JWAIT
.RELEAS WRITE
.SETTOP WRITC
. SRESET WRITW
.TTINR :
. TTOUTR
LTTYIN
.TTYOUT
.UNLOCK

The formats of Vl-specific requests (those listed in the right column)

follow. Definitions of arguments used in these macro calls are:

.blk

.buff

.cblk

.chan
.crtn

.dblk

.length

.went

.CLOSE

.DELETE

A block number specifying the relative block in a file
where an I/0 transfer is to begin.

A buffer address specifying a memory location into
which or from which an I/0 transfer is to be performed.

The address of the five words of user memory where the
channel status will be stored.

- A channel number in the range 0-17 (octal).

The entry point of a completion routine.

The address of the 4-word RAD50 file description
(dev:file.ext).

The number of blocks allocated to the file being opened.

A word count specifying the number of words to be trans-

ferred to or from the buffer during an I/O operation.

.chan

.chan, .dblk

.ENTER .chan,.dblk,.length

.LOOKUP .chan,.dblk

.READ
«READC
. READW

. RENAME

.REOPEN .chan,.cblk

.crtn is required.]

.chan, .buff, .went, .crtn, .blk [:only for .READC

.chan, .dblk

.SAVESTATUS .chan,.cblk

c-2 January 1976
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.WAIT .chan

WRITE . .
: .crtn is required
WRITC } .chan, .buff, .went,.crtn, .blk [.only for .WRITC ]

«WRITW

The system macro library (SYSMAC.SML) can be used with Versions 2 and
2B to generate Version 1 programmed requests.

Under Version 2} the ..V2.. macro is capable of handling V1 expansions.
..V2.. normally expands as:

.MCALL ...CM1,...CM2,...CM3,...CM4
.. .V2=1

This causes Version 2 expansions in all cases. To allow expansion of
all V1 requests in their V1 format (and all new Version 2 requests in
V2 format) the ..V2.. macro should not be called, but the utility
macros must still be defined:

.McaLL ...CM1,...CM2,...CM3,...CM4

omitting both ..V2.. and the utility macros causes all old V1 requests
to be expanded in V1 format; no V2 requests can be used.

Under Version 2B, the ..V1.. macro call enables expansion of all macros

in Version 1 format. ..V1.. expands as:
...V1l=1

To enable expansion of all Version 1 macros in V1 format and all new

Version 2 macros in V2 format, these statements must be included:

.McALL ..V1..,...CM1,...CM2,...CM3,...CM4
..V1..

A listing of SYSMAC.SML is provided in the RT-11 System Reference

Manual.







APPENDIX D
FOREGROUND SPOOLER EXAMPLE

The following program is an example of a line printer spooler for the
foreground. Instructions for its use follow.

1. Create the program using the Editor and store it on
the system device under the name LSPOOL.MAC.

2. Next assemble it under MACRO and then link it to cre-
ate the REL format output file:

+R MACRO
FLSPOOL=LSPOOL

.R LINK
*LSPOOL=LSPOOL/R

3. Load the necessary handlers (in this case, LP and RF)
and run the program. All files on device RF with the
extension .LST are listed on the line printer and then
deleted from RF: '

.LOA LP,RF<CR>

.FRU LSPOOL<CR>

F>
DEVICE TO SPOOL?

B>

[Control must be redirected
to the foreground via AF.]

F>
RF:* . LST<CR>

This program assumes device DK: and extension .LPT un-
less otherwise indicated.
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APPENDIX E
S/J AND F/B MONITOR FLOWCHARTS

The following flowcharts are of the Single-Job and Foreground/

Background Monitors. It is recommended that the reader have source

listings available for reference. Steps inside !__—— —T are per-
‘ormed only in the F/B or S/J Monitor, as noted. -

An index of all entry points appears at the end of the appendix.







E.1 KMON (KEYBOARD MONITOR) FLOWCHARTS




KMON

‘ MEXIT )

v

INIT POINTERS &
DATA BASE WORDS

HAI
OR SOFT

EXIT
?

INIT
N

LHRESET & CLEAR
CHAIN BIT IN
JSW

#‘_____________

INIT THE STACK
TO KMON STACK

i i
I .UNLOCK USR |
|
-

SET R5 TO KMON
COMMAND BUFF

I
I .LOCK USR I

RUN

BADCOM

Y

FIX NEW USR

POINTERS

BADCOM

PRINT ?ILL CMD?

RTS PC

PRINT A DOT

'

COLLECT AN
INPUT LINE

QVREAD

GET OVERLAY
INTO MEMORY

NO-DISPATCH

INIT

REENTER

STARTK

— — — __SET

JEHE0LR0E

RESUME ASSIGN

SUSPEND SAVE

FRUN TIME
DATE

GT ON/OFF

CLOSE

UNLOAD

LOAD

January ‘1976




BASE/EXAMINE

----- GET BASE VALUE

MAKE IT AN
EVEN NUMBER
AND SAVE IT

RTS PC ) =-==-- RETURN TO KMON MAIN LINE

GET BASE
VALUE

GET UPPER
LIMIT

COUNT=UPPER-LOWER

1

ADDRESS + BASE
= LOC TO EXAMINE

|

CHECK FOR
VIRTUAL
ADDRESS

OPRINT
PRINT CONTENTS

OF ADDRESS ==-==PRINT AND ADVANCE TO
NEXT ADDRESS

RS PC |} = =—=== BACK TO KMON




DEPOSIT

- ---GET LOCATION TO BEGIN STORE

PUT ADDRESS +
BASE IN R3

-1

(7)

SAVEVC

=-—-ADJUST TOP OF MEMORY (LOC. 54);
TURN ON BIT IN INTERNAL MEMORY
CONTROL BLOCK

-——SEE IF ADDRESS INTO WHICH TO STORE
COULD BE CURRENTLY IN SCRATCH BLOCK

SET BLOCK —-—--THIS CAUSES A SCRATCH BLOCK TO
SAVE FLAG BE RE-WRITTEN AT SAVEVC

SAVEVC -

-]
M —-==GET NEXT VALUE TO BE STORED

SAVE VALUE; GET
NEXT ADDRESS IN-
TO WHICH TO
STORE

®

Entered to rewrite the current virtual block back into the

system scratch area. It also acts as the exit point for

Deposit; The RTS PC will return control to KMON.




.

O

MAKE DEFAULT
DEVICE = SY

--=PICK UP FILE DESCRIPTOR

BADCOM

READ BLOCK
g

INIT TO READ
FILE STARTING
AT 1000

ENTRPG

CHAINed
TO

SOFT RESET

r

SET USER SP
& LOC. 5f¢

?0VR COR?

---------- -==---------THE PROGRAM MAY BE ALL
WITHIN 5@@-776 .

SET UP A .READW
FOR REMAINING

CODE

INTO RMON TO READ THE

REMAINDER; ENTER USER'S
RDOVLY PROGRAM




GET

GET - Used to load a .SAV image into memory. If parts of the file

overlay KMON/USR, those parts are placed into system scratch

blocks.

READ THE FILE
INTO MEMORY

[ circcB \
CLEAR INTERNAL
CONTROL BLOCK,
CLEAR LOC. 58

'

SET FLAG, NOT /[ Reapsr \

FIRST GET READ PART WHICH

CALL GOES INTO REAL

: MEMORY
! !
A .

'LoﬂﬁgilTHE READ BLOCKS FROM
FILE; WRITE THEM
INTO SYS. SCRATCH

?FIL NOT FND?

WITH FILE
?

Y

[ ccaag \ y
GET FILE'S
BLOCK @ INTO SET BITS ON IN
KMON RMON MEMORY BLOCK
OF FILE FROM A BITMAP OF RTS PC
1.OCS. 360-377 --=-BLOCKS USED BY
OF FILE THE FILE.




REENTR

GET START ADD.
MINUS TWO

STRE

!

RUN

GET

e
~__ |

STRE

STARTK

ol

[ OCTNUM \
\ GET SPECI-

FIED START
ADDRESS

ADD LOC. 48 TO
R2 TO GET ADDRESS

-

BADCOM

REENTER/RUN/START

PUT -2 INTO R2 FOR CODE AT
STRE.

INITIATE THE PROGRAM AT
START ADDR-2.

GET THE MEMORY IMAGE INTO
LOW MEMORY AND SCRATCH BLOCKS,
IF NECESSARY.

\

SETUP TO READ
PROG. INTO
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E.l.1 KMON Subroutines
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OVREAD/OVLINK

OVREAD =~ Used to read overlay command processors into memory.

OVREAD

SET PARAMS
FOR .READW
OF OVERLAY

MARK THIS
OVERLAY AS
RESIDENT
- INTO RMON TO READ THE OVERLAY
/
RTS PC -—- RETURN; OVERLAY NOW IN MEMORY
OVLINK - Called from overlay processors to allow linking from one

overlay to the other.

OVLINK

-— READ IN THE OVERLAY

- RE-ENTER THE SECOND PART
JMP €R3 OF THE OVERLAY.

E-12




pr—

ADTRAN

ADTRAN - Used to determine if a user-typed address is a) legal (i.e.,
address of RMON), b) in scratch blocks on system device.

ADDR. IN
SCRATCH

/ SAVEVC  \

REWRITE CURREN
SCRATCH BLOCK IF
IT WAS ALTERED

[

SAVE BLOCK # OF
THE ONE WE'RE
READING IN

READ THE

SCRATCH
BLOCK

GET THE ADDRESS
OF THE WORD IN
THE VIRT. BLOCK

RTS PC

RTS PC

---GENERATE ?ADDR?

---BACK TO KMON.

—---BACK TO KMON.




SAVEVC/FILE

SAVEVC - Rewrites a block of memory back to the system scratch area
if the block's contents were altered with a Deposit.

SAVEVC

WRITE CURRENT
SCRATCH BLOCK
BACK INTO SYS

FILE - Called to pick up the .RAD5J representation of DEV:FILE.EXT.
It will assume a default extension of .SAV.

( FILE )
Y

PURGE CHANNEL
NO. 17

Y FILE DESCRIPTOR
IS AT
LOC. 544
N

\GET DESCRIPTOR

FROM INPUT LIN
< \

RTS PC




CCBBY

CCBBF - The CCBBM routine reads the first block of a .SAV file into
the USR buffer, then moves selected locations from that block
into the corresponding physical memory locations. The words
moved are those marked with @'s in the RMON bitmap. This pro-
cedure protects the system from having its vectors overlaid.
If a chain is being done to a program which does not accept a
CHAIN, 5@@-776 will be loaded with the contents of the file.

( CCBBY )

Y

READ A BLOCK INTO
THE USR BUFFER

(BLOCK #) COPY FILE'S MEM-

| ORY BLOCK INTO
RMON'S MEMORY
MOVE WORDS FROM BLOCK

FILE TO LOW MEMORY | {

IF THE WORD IS
UNPROTECTED ( RTS PC )

MOVE 500-776
OF FILE INTO
REAL 500-776

E-15




SYSK

SYSK -

area.

( SYSK )

MARK NO
DIRECTORY IN
USR BUFFER

Is
OPERATION
OF PROPER
SIZE?

20VR COR?

DO THE I/O
OPERATION

RTS PC

Used to read/write blocks into and out of the system scratch

THE USR BUFFER IS USED TO HOLD
THE BLOCKS TO GO INTO THE
SCRATCH AREA.

CHECK TO SEE THAT MONITOR
IS NOT OVERWRITTEN.




E.l.2 KMON Overlays
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DATE/TIME

N --- SET DATE

[ NUMK \
GET DAY &
CHECK LIMITS

- ?NO CLOCK?

SET FOR

] 50 OR 60 ~
MATCH UP

MONTH

FOUND
MATCH IN
TABLE

N -- SET IT

? INPUT TIME,
CONVERT
[ NUMK \ AND SAVE.
GET YEAR &
CHECK LIMITS
. EXIT
SAVE THE
DATE
EXIT
GET TIME
AND PRINT

GET THE
DATE

!

IF ONE,
PRINT IT

EXIT

EXIT

E-18
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SAVE

COPY MEM CONTROL
BLOCK AND USER
HIGH (LOC 58)
FOR_OUR USE

[

|

GETHAN

GET FILE NAME
AND HANDLER

\

)

SAVE

PUT IN CORRECT
HIGH LIMITS AND
SAVE FILE MEM
CONTROL BLOCK

v

.WRITW
BLOCK ¢

- — - WRITE BLOCK @
TO FILE

USE MEM CONTROL

/

PLOCK LIMITS

Y
DOSAVE

END
OF COMMAND
LINE

<WRITW
MEMORY
RESIDENT
CODE

?

- - - WRITE MEMORY
RESIDENT PORTION,
STARTING AT BLOCK 1

N =-- INPUT USER LIMITS

CLEAR COPY OF MEM
CONTROL BLOCK &
USER HIGH LOC

DECREMENT
SCRATCH
BLOCK COUNT

PROCESS A
MEMORY
SEGMENT

SPECIFICATION

END

— — — NOW WRITE OUT

SCRATCH BLOCKS,
IF ANY LEFT

OF COMMAND

READ 2 BLOCKS

LINE INTO USR
BUFFER
Y Y
DOSAVE WRITE 2
BLOCKS TO
SAVE FILE
COMPUTE #
BLOCKS FOR ‘
SAVE FILE BUMP BLOCK
# BY 2

HIGH

MEMORY
LIMIT

?PARAMS?

.ENTER
THE FILE

Y

|

COPY BLOCK
# OF MEMORY
TO USR BUF.

.CLOSE THE
SAVE FILE

RETURN
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ASSIGN

ASSIGN

GET SYSTEM
PERMANENT
NAME

WAS
IT

NULL

?

Y -- DEASSIGN ALL

\ @

END
OF
COMMAND
LINE
2

- N
GET USER
ASSIGNED CLEAR ENTIRE
NAME USER TABLE

?ILL DEV? EXIT

VALID
PERMANENT

?ILL DEV?

USER
NAME IN

SET PERMANENT

Y
USE
NAME IN TABL
ALREADY Y E
USE THAT
SLOT IN
USER TABLE EXIT

FIND A FREE
SLOT IN USER

CLEAR

\

ET| CLEAR USER

NAME FROM
TABLE

EXIT

?ILL DEV?

SLOT
AVAILABLE
2

SET USER
NAME IN
TABLE

?ILL DEV?

E-20




o

LOAD

GET A DEVICE
NAME AND
MAP TO
PHYSICAL NAME

OWNER
ASSIGN
?

DETERMINE
OWNER'S
JOB #

DO .DSTAT
ON DEVICE

HANDLER
RESIDENT

ALLOCATE
SPACE AND
.FETCH THE
HANDLER.

1

PROTECT
THE HANDLER'S
VECTORS

LOAD

DETERMINE
DEVICE
TABLE

INDEX #

1

COMPUTE UNIT
#; NONE
IMPLIES UNIT @

FILE
STRUCTURED

DEV.
SET TO
ASSIGN JOB
Y # TO ALL
UNITS OF DEV.

- !
o;ﬁgﬁgﬁgp A DEVICE MAY HAVE
TO ALL SEVERAL ENTRIES
OCCURRENCES | IN OWNERSHIP TABLE
oF pEvicg | (E-G., SY:, DK:, RK:)

RETURN
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UNLOAD/SUSPEND/RESUME

UNLOAD

GET A
DEVICE
NAME

FG
JOB IN
MEMORY

MAP NAME
TO PHYSICAL
NAME

__ 3]
SET SUSPEND CLEAR SUSPEND
BIT IN BIT AND FORCE
JOB STATUS CONTEXT SWITCH

Is
BATCH

ACTIVE
?

?ILL DEV?

DETERMINE
DEVICE
INDEX #

CLEAR
OWNERSHIP
FOR ALL
UNITS

SUSPEND/
RESUME

POINT TO
FG IMPURE
AREA

?NO FG?

5]
l:xi

[

=]

RETURN < £

MAKE HANDLER
NON-RESIDENT

|
|
|
I
|
Y |
|
t
|
|
|

RETURN MEMORY,
CLEAR VECTOR NONRESIDENT
PROTECTION & RECOVER
1 BITS MEMORY
L_ ‘Hii) F/B

RETURN
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S

GETBLK

ADD 2 BYTES
TO REQUEST
FOR SIZE WD.

'

POINT TO
FREE MEMORY
LIST

GET NEXT
ELEMENT
IN LIST

REMOVE
FROM LIST

SUBTRACT
WHAT WE NEED
FROM IT

]
5%

PUT SIZE
IN WORD ¢
OF BLOCK

RETURN

NEGATE AND

CONVERT TO

WORD COUNT
(-=21)

1

KUMOVE

SLIDE KMON/
USR DOWN

/‘"\

1

FIX SIZE
BACK TO
POSITIVE BYTES

E-23

GET/PUT

PUTBLK

POINT TO
SIZE IN FIRST
WORD OF BLOCK

Y

A BLOCK OF MEMORY

POINT TO
FREE MEMORY

LIST

REMOVE
BLOCK FROM
LIST

o

1

KUMOVE |\

GET NEXT
ELEMENT
IN LIST

RECLAIM
MEMORY

NEXT
BLOCK
HIGHER

CONCATENATE
NEW BLOCK
WITH HI
BLOCK

JUST LINK IN
NEW BLOCK

~—_1

CONTIGUOUS
WITH LO
BLOCK _

CONCATENATE
NEW BLOCK
& LO BLOCK

]

CAN
RECLAIM
MEMORY

RETURN




FRUN

F JOB
IN
MEMORY

?FACTIVE?

RECOVER
MEMORY
FROM DEAD
F JOB

.FETCH HANDLER
AND .LOOKUP
THE FILE ON
CHANNEL 17

PROCESS
SWITCHES
AND SET
DEFAULTS
IF NEEDED

Y

READ BLOCK f#§
OF FILE INTO
USR BUFFER

1

COMPUTE SIZE
OF ROOT AND
OVERLAYS

ADD STACK
SIZE (DEFAULT
OR /S:N)

POINTER AT
IMPURE AREA

POINT CONTEXT

1

ADD FREE

RETURN

MEMORY AND SET JOB
HIGH AND
ALLOCATE LOW LIMITS
MEMORY
ZERO THE PRINT
IMPURE AREA BASE
i ADDRESS
2
INITIALIZE
THE CONTEXT
SAVE AREA SET SUSPEND
AND JOB BIT IN JOB
STACK PTR. STATUS

1 {

INITIALIZE
THE REMAINDER ( OPRINT )
OF THE JOB'S

IMPURE AREA

!

READ ROOT
SEGMENT
INTO MEMORY
& RELOCATE

READ THE ~=——= OVERLAYS WRIT
OVERLAY INTO FILE AFTER RE
MEMORY AND

RELOCATE

?REL FIL
I/0 ERROR?

E-24

--- GO TO KMON
OCTAL PRINT
ROUTINE

TEN OUT TO
LOCATION.




vT1ll
HARDWARE
PRESENT

STOP DISPLAY
AND PRAISE
PRIORITY TO 7

!

CLEAR POINTER
TO SCROLLER

!

RESTORE
TERMINAL-
SERVICE &

LOWER PRIORITY

!

?ILL CMD?

RECOVER
MEMORY

STOP DISPLAY
IF RUNNING
AND TEST
ITS SIZE

!

PROCESS
SWITCHES,
IF ANY

!

DETERMINE
TOTAL SIZE
AND ALLOCATE
MEMORY

1

READ SCROLLER
CODE INTO
MEMORY

SCINIT -

RETURN

GO TO INITIALIZATION
ROUTINE IN SCROLLER

E-25

GT ON/OFF

RETURN
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E.2 USR (USER SERVICE ROUTINES) FLOWCHARTS
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USRBUF/FATAL/CDFN

The first 2 blocks of the USR are used by the USR for directory opera-
tions. They are also used by the KMON at various points for a 2-block
general purpose buffer. There is, however, executable code in the
buffer that can be executed every time a fresh copy of the USR is

read from the system device. The functions included in the buffer

are:

1. USR Relocation
This code is executed whenever the USR is newly read
into memory. It serves to make certain pointers into
RMON absolute.

2. Fatal error processor and fatal error messages
(S/J only)

3. CDFN (channel define) EMT (S/J only)
The CDFN EMT call forces a new copy of the USR into
memory to guarantee the presence of the EMT processor.

The flows for these functions follow.

NOTE

Fatal error handler and CDFN processor are
RMON functions in the F/B Monitor. The only
code in the buffer in the F/B system will

be the USR relocation code.




—

USRBUF /FATAL/CDFN (CONT.)

USRBUF is the initial entry point for USR calls when the USR has just
been read into memory. LOCATE sets up pointers into RMON.

RTORG
USRBUF —-—--- START OF USR BUFFER

UPDATE

OINTERS TO
RMON

JMP (R5) ———— R5 WILL BE POINTED TO THE

TRANSFER TO i
SR CODE.
BODY OF USR START OF RESIDENT U» C

The LOCATE routine is called to update the list of pointers at RELIST.
The list is initially a list of address differences (i.e., VALUE-$SRMON
where VALUE is the desired location and $RMON is the address of

the start of RMON). LOCATE then makes all the differences into ab-
solute addresses. vAny errors which would generate a ?M-error use the
FATAL error processor code to generate the message in the S/J system.
This is a resident function in F/B.

--—-ENTERS WITH R4 INDICATING
ERROR CODE.

UPDATE USR
POINTERS

i

GET POINTER TO
PROPER ERROR
MESSAGE

A

PRINT THE ERROR
MESSAGE AND
ERROR PC

|

DISALLOW THE
REENTER COMMAND
EXECUTE .EXIT
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USRBUF/FATAL/CDFN (CONT.)

CDFN - A resident function in the F/B system.

GENERATE EMT
ERROR # #

LEGAL
REQUEST

WAIT FOR ALL
I/0 TO QUIESCE

!

COPY EXISTING
CHANNELS INTO
NEW SPACE

Y

ZERO ANY CHAN-
NELS OVER AND
ABOVE # PREVI-
OUSLY DEFINED

e

i
COMXIT

E-30

----IF REQUEST IS FOR FEWER THAN
THAN ALREADY EXIST, IT IS AN
ERROR.

---~TAKE COMMON USR EXIT.




The following flowcharts detail the code contained in the main body
of the USR. On entry to the USR, R2 contains an index representing
the function to be performed. This is used to dispatch control to
the proper processor.




USR CODE

r CALLING THE USR FROM A
COMPLETION ROUTINE IS
ILLEGAL, AS THE USR
COULD HAVE BEEN

|

|

! FATAL ERROR:

| ?M-ILL USR -
|

|

I

INTERRUPTED.
SAVE CERTAIN
PARAMS; GET
POINTER TO
FUNCTION
L QSET
DELETE
DISPATCH TO |_ _ _ _ _ _ | FETCH/RELEASE
PROPER CLOSE
PROCESSOR l ENTER
LOOKUP
RENAME
DSTAT
csI THESE ARE USR
FUNCTIONS ONLY
CDFN } IN S/J. IN F/B
HARD/SOFT RESET ) THEY ARE
RESIDENT
FUNCTIONS.




LOOKUP/RENAME

( RENAME )

\

TURN ON RENAME -—--THIS SERVES AS RENAME FLAG.
BIT IN CHANNEL '
WORD

- i LOOKUP )
y

USRCOM

~---COMMON OPERATION IN OPENING A
CHANNEL

______ DEVICE IS NONFILE-
- LNFILE STRUCTURED
\ SPLOOK --—--DEVICE HAS ITS OWN FILE
STRUCTURE (MT,CT) .

~——-—-———-—-—--—-—-=—--GET A PERMANENT FILE OF THE
SPECIFIED NAME.

EMT ERROR
#1; FILE NOT COMXIT
FOUND

FILL IN NEW

FILE NAME
Y DO COMMON
| ____ CODE AT
. [«
FILL IN ( crocoMm ) CLOSE.
CSW AREA
\
COMXIT




LOOKUP/RENAME (CONT.)

‘ LNFILE )

‘ DELOUT F

SPLOOK

CLEAR OUT
STARTING BLOCK
# IN CHANNEL
AREA

COMXIT )

~---HERE ON NONFILE-STRUCTURED
LOOKUP .

----CHANNEL AREA WILL HAVE A FILE
OPEN, WITH STARTING BLOCK =f#.

----HERE ON LOOKUP/RENAME
ON 'SPECIAL' DEVICE.

COMXIT

GENERATE EMT
ERROR #1; CLOSE
CHANNEL

-—--DO THE INDICATED
FUNCTION (3) ON
THE DEVICE.

LKER1

A RENAME ON A SPECIAL
COMXIT DEVICE IS CURRENTLY
ILLEGAL.

SPDEL

CODE 2
(DELETE)

&




HARD/SOFT RESET

These are resident functions in F/B; USR functions in S/J.

WAIT FOR 11/05
TTY TO SETTLE

DOWN. RESET

HDRSET --~--ENTRY FOR HARD RESET

SET 'HARD'
RESET FLAG

COMXIT

MAKE SURE. TTY IS
QUIET SO RESET
WON'T CLOBBER A
CHARACTER

TURN ON THE
CLOCK INTERRUPT

E-35

RESET TO NORMAL
16 I/0 CHANNELS;
ZERO CHANNELS

!

RELEASE NON-
RESIDENT DEVICE
HANDLERS

!

WAIT FOR ALL
I/0O TO QUIESCE;
SET QUEUE TO
1 ELEMENT

!

TURN ON
INTERRUPTS FOR
TTY OUTPUT

RTS PC

SOFT RESET.

‘ --=-=ENTRY POINT FOR
SOFRST

IF JOB HAS OVER-

~---LAYS, CHAN 17 IS

NOT CLEARED.

THOSE RESIDENT

---VIA .LOAD ARE

NOT RELEASED.




DELETE

( DELETE )
\

USRCOM

—————— DO COMMON CHANNEL SETUP,.

NONFILE DEV.
- DELOUT
SPDEL —————-—---SPECIAL DEVICE (MT/CT)
|

DLEET

——————— FIND PERMANENT FILE OF THE
SPECIFIED NAME.

------- NOT FOUND; GENERATE
LKER1 ERROR #1.

MAKE THE
ENTRY AN
'EMPTY'

\

)
CLSQSH ~=---FINISH UP IN CLOSE CODE.
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ENTER

DO CHANNEL
SETUP

@___>

| NONFILE
»{ COMXIT
SPECIAL

DEV.
SPENTR

CONSOL

LENGTH

OF -1 RE-

QUESTED
?

~-=~CONSOLIDATE
THE DIRECTORY
SEGMENT IN MEMORY.

/ NXBLK \
READ IN THE
EXT DIREC-
TORY SEG

TAKE 1/2 LARGEST
OR ENTIRE SECOND
LARGEST EMPTY

MAKE THIS RE-
QUEST LOOK LIKE
ENTER FOR THIS

FIXED LENGTH

RENTR

UPDATE LARGEST
& SECOND LAR-
GEST FILES LIST

THE CORRECT SEGMENT
~ WAS RECORDED WHEN THE
EMPTY WAS FOUND.

BLKCHK
GET PROPER
DIRECT SEG
INTO MEM.

THIS KEEPS
TRACK OF WHERE
THE LARGEST
AND SECOND

LARGEST EMPTY
SPACES ARE LOCATED.

ENTRY IN
DIRECTORY
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ENTER (CONT.)

EMT ERROR #1;

N DID NOT FIND DELOUT ---DEACTIVATE CHANNEL
EMPTY BIG AND RETURN.

ENOUGH

---HERE WHEN AN EMPTY
OF APPROPRIATE SIZE
WAS FOUND.

THIS
HOLE LARGE
ENOUGH

WE MUST EXPAND THE
DIRECTORY IN THIS CASE.

EXTEND

PUT A TENTATIVE
ENTRY AT THE
CORRECT SPOT

1

FILL IN THE
CHANNEL STATUS
AREA

SPENTR

CODE 4
(ENTER)
COMXIT

SEGRW2
REWRITE'
THIS
SEGMENT

Y

( COMXIT )

E-38
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THERE
ANOTHER
SEG?

EXTEND

POINT TO THE
( ENTRY WHICH IS
1/2 WAY DOWN
IN SEGMENT

GET FIRST PER-
MANENT ENTRY
AFTER 1/2 WAY
POINT

1

MARK THIS AS
END OF SEG;
LINK THIS SEG
TO NEW ONE

WRITE

SHORTENED
SEGMENT

WRITE OUT
THE NEW
SEGMENT

UPDATE THE

'HIGH BLOCK IN

USE' WORD IN
SEG #1

RENTR

EXTEND

COMERR GENERATES A
FATAL ERROR, AND
WILL NOT RETURN.

DIRECTORY
OVERFLOW
OCCURRED

-—-— THE NEW SEGMENT IS5 ADJUSTED IN
MEMORY, AND THEN WRTTTEN OUT.

-==-THIS REQUIRES A READ & WRITE OF
SEGMENT #1.

----NOW RESTART THE ENTER WITH
AN EXPANDED DIRECTORY.




DSTAT/FETCH/RELEASE

DSTAT- GET DEVICE STATUS

GESTAT

[ _LK4DEV
SEARCH TA-
BLES FOR DE-
VICE NAME

NOT
FOUND

FILL IN 4
WORDS FROM
TABLES

COMXIT

FETCH/RELEASE

PHETCH

LK4DEV

NOT
FOUND

Y

RELEASE

COMXIT

EMT ERROR # COMXIT

EMT ERROR f#
ILLEGAL COMXIT

CLEAR THIS
HANDLER'S
ENTRY POINT
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COMXIT

~-- RELEASING SYSTEM
HANDLER OR ONE
LOADED IS A
NO-OP.

—




o

DSTAT/FETCH/RELEASE (CONT.)

|

|

| F JOB CANNOT FETCH HANDLER
| ———-WHICH WAS NOT LOADED.
|
|
|
|

— i — e ] e i

READ DEVICE
HANDLER; INIT
VECTORS

COMXIT

FATAL ERROR;
ILLEGAL
FETCH
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CLOSE

KLOSE

ZA, SPESHL

GO TO HANDLER
FOR THE
CLOSE

\ NO

DELOUT

NO TENTATIVE OF
THAT NAME WAS
FOUND.

MORE |
DELOUT -

[ BLKCHK
GET &
DIRECTORY — — START WITH SEGMENT
iy

SEGMENT INTO #7.

MEMORY
\

ENTRY NG .

[; OBE NXBLK
GET FIRST - READ NEXT
TENTATIVE DIRECTORY

ENTRY. SEGMENT

IS
THIS THE
RIGHT
ONE?

Z, INCR1 44\\

POINT TO NEXT
ENTRY
IN SEGMENT

TENTATIVE NOT ASSOCIATED
WITH OUR CHANNEL/JOB.

SAVE POINTERS
TO THIS
ENTRY.

AI.E., PERMANENT FILE WITH SAME NAME)

MARK THE
OLD ONE AS
AN EMPTY,

IN THE SAME

{ CLOCOM )
‘ CLSQSH ’

i

CONSOLIDATE

N| THE SEGMENT

AND THEN REWRITE
IT.

OLD & NEW

-SEGMENT

GET THE
CORRECT SEGMENT
BACK IN MEMORY

_.®
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—

CLOSE (CONT.)/QUEUE EXTEND

RE-INSERT
NEW FILE
NAME

ADJUST FINAL
LENGTH OF
FILE & TRAILING
EMPTY SPACE.

)

CONSOLIDATE
AND REWRITE
THIS
SEGMENT

DELOUT

QUEUE EXTEND (QSET)

QSET

SET POINTER
TO CURRENT
HEAD OF
I/0 QUEUE.

!

LINK ELEMENTS
OF USER'S
SPACE
TOGETHER.

!

SET PRIORITY LEVEL 7

LINK NEW
ELEMENT INTO
EXISTING
QUEUE.

COMXIT

SET PRIORITY LEVEL @
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E.3 CSI (COMMAND STRING INTERPRETER) FLOWCHARTS
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CSI CODE

STRTIN N

Is
THIS
SPECIAL
MODE?

CLOSE FIRST
NINE
CHANNELS.

MODE?

USE PUT USER'S
TERMINAL STRING INTO
INPUT? CSI LINE
BUFFER.
OUTPUT A
PROMPTING
(X
COLLECT CONSOLE
STRING; PUT
INTO CSI
LINE BUFFER.
[
ZERO THE
SPECIAL 39-WORD

OUTPUT AREA.

SET FLAGS
FOR INPUT
SIDE.

-—- PROCESS OUTPUT SIDE
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L

SPECIAL
MODE?

GETFD

DESCRIPTOR

\ GET A FILE

N

FETCH THE
HANDLER
REQUIRED.

ENTER
THE
FILE

SWITCH

)

CSI CODE (CONT.)

?ILL CMD? -- SYNTAX ERROR

SPECIAL

Y
SWITCH —= CHECK FOR
SWITCH VALUES

Y| LOOKUP - POSSIBLE FILE
THE FILE NOT FOUND;
RETURN

( . SWITCH }
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CSI CODE (CONT.)

SPECIAL

/7 GETFD

GET FILE
DESCRIPTOR.

&>

Y
/’ OUSTUF X

SWITCH

NOSWIT

~— |~

THERE A
SWITCH

VALUE
?
Y
CHECK THAT OUTPUT SET BIT 15
FILE NOT BEING ‘ OF SWITCH
OPENED NONFILE . WORD; SAVE

VALUE OF SWITCH

i B
(  switca ) :
PUT FILE

NUMBER INTO

] SWITCH WORD; [~

BUMP SWITCH
COUNT

NOSWIT

—_— =

THIS ALLOWS FOR THE
/X:1:2:3 CONSTRUCTION

Is

NEXT CHAR ~GET NEXT DESCRIPTOR

v ‘ -
NXTFIL

STRTIN

- NEW PROCESS INPUT FILES

RETURN

ERROR | _ _RESTART CSI IF TERMINAL INPUT,
?ILL CMD? ELSE RETURN WITH USER ERROR.
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CSI CODE (CONT.)

RETURN

RESTORE THE
USER'S STACK
SAVED ON
ENTRY TO CSI

rm————— | —————— 1

] ]

| |

] ]

| RE-ENABLE :

: ADDRESS o F/B DISABLES ADDRESS CHECKING
\ CHECKING FOR | WHEN THE CSI IS RUNNING,

: F/B : THIS RE-ENABLES IT

1 ]

e —— ______EZ?J

MONOUT -RETURN TO USER PROGRAM
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E.3.1 CSI Subroutines

These subroutines are used by the CSI, and, in certain cases by the
KMON.




OUSTUF
OUSTUF

hame.

scan off the size in [ ] if it was specified.

IS
THERE
A NAME?

OUSTUF

- This routine verifies that an output descriptor has a file

If not, a syntax error is generated. It also will

ERROR:
?ILL DEV?

GET DEVICE
STATUS WITH
.DSTAT

®

GET SIZE
REQUEST AND
STORE IT.

RTS PC
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GETFD/GETNAM

GETFD - Picks up a file descriptor (DEV:FILE.EXT) from an input
string and packs it in 4 words of .RAD5{.

GETFD ’

/ﬁ GETNAM NOTE: GETNAM will pick up a string
NULL of @-6 characters and pack
GET DEVICE them in up to 2 words of
NAME / .RADSg.

USE CURRENT

IS

DEFAULT WE ALREADY HAVE THE
NEXT ?HAR DEVICE FILENAME NOW. GET THE
A NAME . THE EXTENSION.

?

MAKE THIS
DEVICE THE

NEW DEFAULT
DEVICE.

GETNAM ‘X

SKIP OVER
GET FILE DEVICE &
NAME. FILE NAME

A

< RTS PC )

Is
THERE AN
EXTENSION?

USE DEFAULT
EXTENSION

Z GETNAM \
GET
EXTENSION

?
RTS PC

GETNAM - Converts a string of @-6 alphanumeric characters to a 2-word

RAD5# group. The two words are zero filled when necessary.
See code at GETNAM in the source listing if greater detail

is necessary.
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USRCOM

USRCOM -

This routine is used to prepare a channel for I/O operations.

USRCOM

SAVE THE
CHANNEL #.

IS
CHANNEL
ALREADY
OPEN?

GIVE EMT
ERROR #;
ACTIVE

CHANNEL

COMXIT

/ LK4DEV

ILLEGAL NAME

FIND DEVICE NAME
IN TABLE.

IS IT IN

FATAL ERROR;

MEMORY?

DEVICE
PUBLIC?

DOES N
THIS JOB

IOWNIy

MARK THE
CHANNEL
ACTIVE

?M-NO DEV




POINT CHANNEL
WORD TO
CORRECT I/0
DEVICE.

IS IT A
FILE-STRUCT.
DEVICE?

SET REWRITE
DIRECTORY BIT
IF RENAME
OR ENTER.

N
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