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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/O gueuing 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-11l system. 

Although the information in this manual is aimed at V02B 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 V02B 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-ll kit, and is an experienced PDP-ll r iad 

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-1]1 is a single-user programming and operating system designed for 

the PDP-1l1 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-1l 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 

KMON 

USR 

CSI 

RMON 

CSW 

MEANING 

Keyboard Monitor 

The console terminal interface to RT-1ll. 
KMON runs as a background job and allows 

the user to run programs, assign device 

names, and generally control the system. 

User Service Routines 

The nonresident (swapping) part of RT-1l. 

The USR performs file-oriented operations. 

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. 

Resident Monitor 

RT-1l1 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/O queuing routines 

System device handler 

System I/O tables 

Message handler (F/B only) 

Job scheduler (F/B only) 

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/CSI BACKGROUND -~* 
HIGH LIMIT USR/CSI 

(SYSLOW) 

KMON 

KMON 
USER 

AREA 500 BACKGROUND AREA 

RESERVED RESERVED 

I/O VECTORS 0 I/O VECTORS 

S/d Monitor F/B Monitor 

Figure 2-1 
Monitor Memory Layout



The memory area diagrammed is arranged as follows: 

Memory Area Use 

0-477 Reserved for I/O vectors, RT-ll 
system communication area. 

500-SYSLOW Space available for user (background) 
programs. (The high limit of memory 
for the background is contained in 
SYSLOW, 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 (background 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 exceeds 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 ignore ad and the tself 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.



RMON 

«——— FLIMIT (HIGH) 

FOREGROUND 

JOB 

SYSLOW = BLIMIT (HIGH) ~ _ FLIMIT (LOW) 

KMON/USR 

BACKGROUND JOB 

BLIMIT (LOW) ——— 
Figure 2-3 

Job Limits 

The limit pointers for a foreground job are fixed once 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.1, of the RT-11 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. In 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.



RMON RMON 
SYSLOW 

USR LOADED 
(SWAPPING) HANDLERS 

KMON TEXT 

(SWAPPABLE) SCROLLER 

FOREGROUND 

AVATLABLE JOB 
FOR USR 

B/G (NON-SWAPPING) 
- SETTOP < SYSLOW 

KMON , 

(SWAPPABLE) AVAILABLE 

FOR 

B/G 

~ SETTOP 

y y 

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).



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 

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: 
RZ = SIZE 

JSR PC,GETBLK SIZE 

R4—r 

(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: g 

NEXT BLOCK SIZE 

NEXT BLOCK 
(One free block in list) 

Figure 2-5 

Memory Allocation 
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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: 

1. Monitor Fixed Offsets (F/B & S/J) 

2. 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 foliiows: 

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. If a byte quantity is desired, 
a better method is: 

CLR Rm 

MOV @#RMON,Rn 

BISB OFFSET (Rn) ,Rm 

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/O channels for the 
background (16 @ 5 words 

10 : each). 

244 164 SSYSCH 10 Internal I/O channel used for 
system functions. 

256 174 BLKEY 2 Segment number of the directory 
now in memory. 0 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 SDATE 2 Current date value. (The format 
is shown in Chapter 3, section 
3.1.2.5,) 

264 180 DF LG 2 "Directory operation in progress" 
flag. Used to inhibit “C from 
aborting a job until directory 
operation is finished. 

266 182 SUSRLC 2 Normal location of USR. 

270 184 QCOMP 2 Address of I/O 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 V0O2B, etc.) 

300 192 CONFIG 2 System configuration word. A 
16-bit series of flags whose 

meanings are: 

Bit # Meaning 

0 0*+S/J Monitor 

1+ F/B Monitor 

2 1+VT11 hardware 
exists 

3 1+RT-11 BATCH 
controls the 

background 

5 0+60-cycle KWI1I1L 

clock 

1+50Q-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 VT1l scroller 

9 1+USR is resident 
via SET USR 

11 Q>No PDP-11/03 
processor 

1+ PDP-11/03 
processor 

15 1+ KW1l1 clock is 

present (always 
set if bit 1l 
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 VT11 scroller. 

304 196 TTKS 2 Address of console keyboard 
status. 

306 198 TTKB 2 Address of console keyboard 
buffer. 

(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 
-l1, 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 CNT XT, 2 Pointer to the impure area for 
here) 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 hsv S/J Monitor. 

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

326 214 LOWMAP 2019 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 VT1l 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. 



2.5.2 Table Descriptions 

The monitor device tables discussed in this section include: 

SPNAME 
SSTAT 
SENTRY 
SDVREC 
SHSIZE 
SDVSIZ 
SUNAM1 , SUNAM2 
SOWNER 

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

ment; the default value is 14,5 entries per table. To alter this, 

it is necessary to first edit a new value of SSLOT 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: 

0 = RKO5S Disk 

1 = TC1ll DECtape 

2 = Reserved 

3 = Line Printer (LP11, LS11, LV11) 

4 = Console Terminal (LT33/35, LA30/36, 

vT05, VT50) 

5,6 = Reserved 
7 = PCll High-speed Reader 

10 = PC1ll High-speed Punch 
ll = Magtape (TMil, TUi0) 
12 = RF11l Disk 

13 = TA11 Cassette



Card Reader (CR11, CM11) 
15 = Reserved 

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

20 = TJU16 Magtape 

21 = RP11/RPO2/RP03 Disk 

22 = RX11/RX01 Diskette 

Odd 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-11 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 SENTRY (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 .RELEASEG or 

UNLOADed. 

2.5.2.4 SDVREC (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-1l, their position on the system device is 

not necessarily fixed. Thus, each time the system is bootstrapped, 

the handlers are located and SDVREC 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 SDVSIZ (Device Directory Size Table) - Entries in this table 

are non-zero for file-structured devices only and reflect the number of 

256.,.-word blocks contained on the device. The current devices and 
10 

their entries are: 

Number of Number of 

Device 256-Word Blocks Device 256-Word Blocks 

RK11 11300, RP02 116300, 

TC11 1102, RJISO03 2000, 

RJSO04 4000, 

RF11 2000, (1 platter) RX01 752. 

4000, (2 platters) 

6000, (3 platters) 

10000, (4 platters) 

The default for RF11 and RJSO03/4 is one platter, or 2000, blocks. It 

is possible to alter the system to indicate the correct number of 

platters. Instructions are in Chapter 4 of the RT-ll System Genera~ 

tion Manual, (DEC-11-ORGMA-A-D). 

2.5.2.7  S$UNAM1, SUNAM2 (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 

2-15 January 1976



The default device name, DK, is now directed to DECtape unit 1. The 

user-assigned name is stored in an available slot in SUNAM2, 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 S$SLOT. 

The command: 

-ASSIGN<CR> 

zeroes SUNAM2, 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. Thetableis $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



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 SSTAT 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 
WONLYS = 20000 Write-only device 
SPECLS = 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,0O,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 FILST$ 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 SHSIZE 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 SIMPUR 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 S$IMPUR table is accessed by using 

IMPLOC, located at an offset of 422 into RMON. IMPLOC points beyond 
the end of SIMPUR to SIMPUR +4 to facilitate accessing the SIMPUR 

table from the top down in order of decreasing priority. 

Under RT-1l, 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/O Queue Header. 

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

6 I.CMPL 2 Completion queue header. 

10 I.CHWT 2 Pointer to channel during 
I/O wait. When a job is 
waiting for I/O, the address 

of the channel area in use 
goes here. 

12 I.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.IoctT 2 Count of totai I/O operations 

outstanding. 

34 I.SCTR 2 Suspension count. Zero means 

the number of .SPNDs = the 
number of .RSUMs. 

36 I.SPLS 2 Address of the .DEVICE request 

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.SP 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.OPUT 2 Output "PUT" pointer for 
interrupts. 

256 I.OCTR 2 Output character counter. 

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

262 I. OTOP 2 Output ring buffer high limit. 

264 50 Output ring buffer. 

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

(continued on next page) 



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 protected, 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 2056 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 16 words of memory. 
10 

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 S/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: 

l. 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,RG 
BISB #+B11110909,342 (RQ)



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 l. 

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 VT05 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/O 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/O page addresses are: 

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

PN 
icw 

no fill characters are required.



-R PATCH <CR? 

PATCH Version number 

FILE NAME-- 
*MONITR. SYS/M<CR> 
*BASE; OR<CR> 
*66/ VECTIN<LF> 
62/ STATIN<LF> 

64/ VECTOUR<LF> 
66/ STATOUT<CR> 

*300/ nnnnn VECTIN<LF> 

382/ nnnnn STATIN<LF> 
364/ nnnnn VECTOUT<LF> 
396/ nnnnn STATOUT<CR> 
*6,xXX304/ 177568 17758@<LF> 
6,xx306/ 177562 1775%82<LF> 
6,xx31¢/ 177564 177594<LF> 
6,xx312/ 177566 177586<CR> 
*6,XX342\ g 368<CR> 
*E 
—_ 

The bootstrap must also be changed to 

[The current values for 

the BASE address and for 

the input/output vectors 
and status are in Table 2 

of RT-1l1 System Release 
Notes. They must be 

copied into the new ter- 
minal's vectors. ] [nnnnn 

are arbitrary numbers] 

[xx = 16 for S/J, 17 for F/B. 
Modify monitor's central 
I/O page pointers] 

[Protect new vectors] 

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 

.R PATCH <CR> 

PATCH Version number 

FILE NAME-— 
*MONITR.SYS/M<CR> 
*RELLST+19/ 68 30R<LE> 
RELLST+12/ 64 __384<CR> 
*E 

TR PIP<CR> 
*A=MONITR.SYS/U<CR> 
¥SY:/0<CR> 

is: 

[Bootstrap must be rewritten. 
Rebootstrap; system will appear 
on new terminal. ] 
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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, VT11 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-1l1 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-- co 

*MONITR.SYS/M<CR> [The /M is necessary; set 
*BASE; @R<CR> relocation registers; open 
*0,2141B\ 1198 264<CR> with backslash] 
*E 

In this example, the width is changed from 72 to 132 (204,). 
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. 

Nd
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TTCNFG Option Bits 

Table 2-5 

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. 

together the bit patterns for PAGE, CRLF and FB produces the octal 

value 212 (= 200 + 10 + 2). 

Adding 

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-1l System Release Notes 

is: 

«R PATCH <CR> 

PATCH Version number 

FILE NAME-- 
*¥MONITR.SYS/M<CR> 
*BASE; @R<CR> 

*9,TTCNFG/__._—.212 18@218<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. 

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 

and bit 15 of LISTFB must be a l. The of TTCNFG is 5 (4+ 1+ 0), 

patch procedure is: 

Bit 15 must be 
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»~R PATCH <CR> 

PATCH Version number 

FILE NAME-- 

*MONITR.SYS/M<CR> [The /M is necessary; 
* BASE; @R<CR> set relocation register; 
*$,TTCNFG/ 212 5<CR> change TTCNFG; 
*4, LISTFB/ 3316 1$3316<CR> set bit 15 in LISTFB.] 
*E 

After making any of these patches, it is necessary to bootstrap the 

system to load the new version of the monitor. 
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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 

| ~ + 1 - 
words are described in Table 3-l. 
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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 1<=N<=31, 9: 

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: 



STATUS WORD 

NAME (CHARS 1-3) 

NAME (CHARS 4-6) IN RAD5¢ 

EXTENSION 

TOTAL FILE LENGTH 

JOB # CH # 

DATE 

EXTRA WORDS 

' OPTIONAL 

Figure 3-1 
Directory Entry Format 

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

of data: 

Even byte: Reserved for future use. 

Odd byte: Indicates the type of entry. Currently RT-11l 
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 file 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 nanie 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-1l 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. 



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: 

15 14 10 9 5 4 0 

MONTH DAY YEAR-110 (8) 

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 

prevides for allocation and listing of extra words, RT-11l 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-11 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 16, 

2000 PERMANENT ENTRY 

51646 RAD5% FOR "MON" 

35562 RAD5@ FOR "ITR" 

75273 RAD5@ FOR "Sys" 

42 FILE IS 349 (42,) BLOCKS LONG 

0 

0 NO CREATION DATE 

1000 AN EMPTY ENTRY 

0 (THE NAME AND EXTENSION OF AN 

0 EMPTY IS NOT IMPORTANT 

0 

100 6455 (188 ,) BLOCKS LONG 

0 

0 

2000 PERMANENT 

62570 RAD5# FOR "PIP" 

0 

50553 RAD5@ FOR "MAC" 

11 FILE Is 910 (11,) BLOCKS LONG 

0 

0 NO CREATION DATE 

4289 TENTATIVE FILE ON CHANNEL 1 

62570 RAD5@ FOR "PIP" 

0 

50553 RADS5# FOR "MAC" 

20 

a JOB #, CHANNEL # 

0 

1000 EVERY TENTATIVE MUST BE FOLLOWED BY 

0 AN EMPTY ENTRY 

0 

0 

1020 FILE IS 32814 (1928,) 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 

31x Ez ] 

directory entries, where N equals the number of extra information 

words per entry. If N=0, this indicates that the maximum is 2232, 

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 are continuously added to a device, the maximum number of 

entries will be: 

507 
(M+1) E Ty 

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 7 . . ; 
y This represents a directory segment with some 

number of directory entries. n is the segment number. 

bees Lat an . 
| 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: 

1 
Ty 

| 
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:



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 . 
Before extension 

roy 

j 1 | After extension; half the entries are in the 

Link | i new segment, half in the old; segment 1 is 
Lo —m 

| linked to segment 2. 

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

overflow into the third segment, if it is available:



1 | 
Link 

to 2 | 

| 

| 

| 
| 

207 | 

Link 

to 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: 

I 

1 | | In this case, segment 2 overflows into 

Link segment 4 and the links are used to link 

to 2 logical pieces rather than physical pieces. 

| a 

° 7 | Link 

to 4



3.3 MAGTAPE AND CASSETTE FILE STRUCTURE 

3.3.1 Magtape File Structure 

This section covers the magtape file structure as implemented in 

RT-1l1, Versions 2B and 2C. The structure is slightly different from 

that of Version 2. However, RT-11 V02B and VO02C can read magtapes 

written under Version 2. 

RT-11 magtapes use a subset of the VOL1, HDR1, and EOF1 ANSI standard 

labels. Each magtape file has the format: 

HDR1*---data---*EOF1* 

where each asterisk represents a tape mark. 

A volume containing a single file has the following format: 

VOL1 HDR1*---data---*EOF1** 

A volume containing two files has the following format: 

VOLL HDR1*---data---*EOF1*HDR1*---data---*EOF1** 

A double tape mark following an EOF1l 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 '1l'). Table 3-3 shows the contents of the first 80 bytes in the 

three labeis. Not 

256-word block, of which only the first 80 bytes are meaningful. 

CIMT 1 und anA PAT 
A Ds 

- — 
-@ that VObLi, HvRi, an ch occu 1 aa n 

AL We CANS EE wePy ~ we 

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) 

CP 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%% jused to indicate an 

{Rr MT to RSX-11D 
52-79 (Reserved) 28 Blanks 

80 Label-Standard Version 1 1 

First File Header Label (HDR1) 

CP 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 bianks 
74-80 (Reserved) 7 blanks 

First End-of-File Label (EOF1) 

Same as HDR1 except that the label identifier (CP 1-3) is FOF, 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). 



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 HDR1*---data~--*EOF1** 

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 HDR1 

will be able to read RT-11 bootable magtapes if they can read regular 

RT-1ll magtapes. 
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3.3.1.2 Moving MT to Other Industry-Compatible Environments - RT-11 

VO2C magtapes may be read by RSX-11D 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 "RT1101". 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-1ll 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 VO2C 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 VO2C tapes under an IBM OS 

system are as follows: 

(In the DD statement of the Job Control Language) 

DISP = OLD 

LABEL = (01,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 

-7 ra; ha It does this on for example, by retrying the 

write 10 times, using the write with extended file gap to space past 

the bad tape. If, 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 (EOF1) 

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 EOF1 label. 

3.3.2 Cassette File Structure 

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

Clear ae Sentinel |~-——~_—_-——--— 
Leader Gap File Garbage 

3256 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 

nee eee eee” 

3234 1281, 

bytes bytes



Files normally have data written in 128 o~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-11 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 32, )-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, 

ication of logical end of cassette. The format of a 

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 128, 9 (200,); Note: byte 10=0 

(high-order), byte 11=200, (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 al 
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 40. 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-1l FILE FORMATS 

3.4.1 Object Format (.0OBJ) 

An object module is a file containing a program or routine ina 

binary, relocatable form; object files normally have an .OBJ 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. 

3-16 



SOURCE SOURCE 

PROGRAM —~— eee ee PROGRAM 

-MAC (?) 

FORTRAN MACRO -- CO ee cunGa 

CONPTEER ASSEMBLER PROCESSOR 

OBJECT 

MODULES 

- OBJ 

LIBRARIAN 

C) = FILE 

{] = PROGRAM 

LINKER 

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-1l file, 

On paper tape, or by some other means) and is arranged as illustrated 

in Figure 3-4. 

Byte containing octal value l 

Byte containing octal value 9g 

Low-order byte of length 

Length of Block 

High-order byte of length 

data bytes 1 

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.



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-lil 

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 

1¢ 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 

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: 

- Module Name 

- Program Section (CSECT) Definitions 

Internal Symbol Table Name (not supported by RT-11) 

- Transfer (Start) Address 

Pe
 

W 
NY

 
fF
 

©
 

I 

- Global Symbol Definitions or References 

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

matted as shown in Figure 3-5: 

a Two-word RAD5# NAME field 
> —_ 

7 [6 {5 {4 fa fz fi jo 

4 CODE BYTE FLAGS 

pt | | tt 

6 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). As many GSD blocks as necessary may be pres- 

ent, but all must appear before the ENDGSD block. GSD blocks need not 

be contiguous. 

Flags are coded as follows: 

Bits 0,1,2,4,7 unused 

Bit 3: 0 = undefined, 1 = defined (used only with 
Global Symbols) 

Bit 5: 0 = absolute, 1 = relocatable 

Bit 6: 0 = internal, 1 = global



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 deciared 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 "..uABS." (where wu 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 

If RT-11 is to begin 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. 
andLJLILJILILtL. 

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 

Absolute Load Data (up to 38 bytes) 

i=
 

—>
 

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 RLD 

command (explained later).



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. Internal 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 42 bytes 
10 

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 RAD5@ 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. Internal 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 



Examples: 

a) .WORD LOCAL 

b) MOV #LOCAL, 39 

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 G/1 2 

Global Name 

Examples: 

a) .WORD GLOBAL 

b) MOV #GLOBAL,R@ 

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 9/1 3 

Constant 

Examples: 

a) ABS=177559 
TST ABS both addresses cause 

internal displaced 
b) CLR 17755¢ 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 0/1 4 

Global Name 

Example: 

-GLOBL GLOBAL 
MOV GLOBAL, RG 

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,R@ 

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



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-11 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 séction at a dif- 
ferent point. This command is effectively ignored by 
RT-11 and is used for diagnostic purposes only. £4vsO LLL i ee heed ow Ji 

1g 

Constant 

Examples: 

a) -=100 ;I1F WE ARE IN THE ASECT 

b) -=.-29 ;IF WE ARE IN A RELOCATABLE SECTION 

9. Set Program Limits (code 11,) - This command (generated 

by the .LIMIT assembler diréctive) 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 

Th addAitinn +5 the above commands, note that commands numbered 14 
dil AMUEELY1L FY Meh be ChAT ee ee aay ec Ot ed 87 

159. and 16, can be generated by MACRO. These commands are identical 

to commands 4, 5, and 6 respectively, but are used when the global 

is really a program section name.



3.4.1.4 ISD Internal Symbol Directory - Not supported by RT-1l. 

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-1ll System Reference Manual should be 

consulted for details. 

The library header is composed of 1756 words describing the status of 

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



| FORMATTED BINARY 
BLOCK HEADER 

7 LIBRARIAN CODE 

X VERSION NUMBER 

re) RESERVED 

x MONTH-DAY-YEAR (OR @ IF NO DATE) 

0) RESERVED 

l2g | EPT RELATIVE START ADDRESS 

Xl EPT ENTRIES ALLOCATED IN BYTES 

0 EPT ENTRIES AVAILABLE (NOT USED IN V1!) 

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. 

0) SYMBOL CHARS |-3 (RAD5@) 

2 SYMBOL CHARS 4-6 (RADSQ) 

4 ADDRESS OF BLOCK BIT I5=I- MODULE NAME 

@-CSECT OR ENTRY POINT NAME 
6 # OF CSECTS IN RELATIVE BYTE RELATIVE BYTE MAXIMUM=77 7, 

OBJECT MODULE IN BLOCK CSECTS MAXIMUM =I77g 

Figure 3-10 
Entry Point Table Format



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-l1l. 

| | FORMATTED BINARY HEADER 

10 | FORMATTED BINARY LENGTH 

lO | 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 LDA 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.



| BYTE 

O BYTE 

BCL —__4 Low order 8 bits of byte count 
FIRST BCH —_—_ Hi order 8 bits of byte count 

DATA ADL —— Low order load addr 

BLOCK ADH ——_ Hi order load addr 
) DATA BYTES 

CHECKSUM BYTE 

1 BYTE 

O BYTE 

BCL 

BCH 
This pattern is repeated 

INTERMEDIATE ADL for all intermediate 
DATA ADH blocks BLOCKS 
(2-~n-1) DATA BYTES 

CHECKSUM BYTE 

| BYTE 

O BYTE 

DAP 6 BYTE — Indicates the last block 

BLOCK O BYTE 

(n) JL ——__—_——— |Eiither 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). 
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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 
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3. Internal Displaced Relocation always negative relocation 
(MOV 54,R) 

4. Global Displaced 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 9g 

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 Contents 

52 Size of the program root segment in bytes 

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

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

6g 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. 

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

buffer. 

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

The program text is read into the space just allocated 
for it. 

The relocation information is read into an internal 

buffer. 

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. 
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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 implies 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. 
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oMEALL 
eeVeas 

»REGNEF 
STt 

1$: 

2$! 

OLISTs: 

AREA?! 
PTRs 

BUFFS 

LKFATL? 
RDFATL? 
Kt 

»END 

eTITLE FTeST 

weve eer eREGDEF, gL OOKIP, FREAD, .OSET, »PRINT, EXIT 

2OSET 
»LOCOKUP 
acc 

#01183 ,#7 

#APEA,#0,#PTR 
{$ 
LKR ATL 

#APEA,#0,#RUFF,#956,,89 
Ps 
#RAFATL 

#OK 

727 

2a, 
JPR FYLE12/ 

Sh, 
r 

/JLAQKUP FATLED/ 
JRFADW FAILED, 
/READW QOK/ 

<ST+177%6e,>/2 
a



LE
-E
 

FTEST 

P
w
R
e
w
 
w
=
 

14 

it 

RT=11 MACRO VMA2e1A 

g0a8080 
A9%800 
ae@a00 
ageene 
ag@eng 
nee@ata 
Age@ale 

aeeo1e 

AGABLS 
AQ2024 
AQ0026 
agea3a 
ageadg 
aavase 
ne@Q44 
ag@gda 

a2ease 

aAgezaSe 
ag®easa 
AgeB54 
Agsas4 
AalBhg 
AWORbS 
AB0A7D 
AQAA 
AGALAY 
AaBilte 
200120 
200122 
AGG124 
AQei1ad 
100130 
00132 
ag21%e 
A00134 
Agei34 

nee®14ea 

14 a7Aq 

M1 P76 
104353 

ALATA 
1417760 
108019 
ALPeT 6a 
ABsSHba 
104375 
1A%OA4 

AL a7Tag 
1ga354 

1943590 

ALaTag 

142768 

1asa10 

ALaTAg 
AyaTbAA 

AL PTO 
A, a76A 

194375 
19%OAG 

ALATA 

1@4384 

{a4350 

ALATA 
194354 

AOnQ07 
aoarda? 

CL 
ABAAAY 

AAMSSH° 
mangaa 

001364 * 

ADASAG® 
AAABIA 

agAara 

ABNSe4? 
AgRaap 
ABAQAD 

aaianea* 

ABI4NI7® 

nanany 

Aanete 

ADAM 

AgAgAe 
AAAAha 
AAAANG 
Agngia 

oMCALL 
oeVbee 

oREGNEF 
STt 
eITF NA 

eITTF NA 

eITF NA 

1$% 

e ITF NAR 
wIYF NB 
eI1TF NA 
elTF NB 
eltF NA 

oITF NA 

2S? 
eITF NA 

PSHAPRo7S 10237381 PAGE | 

pTYTLE FTEST 
eeVeacs eREGDEF, lt.OnkuUeP, ePEADW, .QSET, aPRINT, ePXTT 

oQSET =#QLIST, #7 — 
<kT>, MOVB #7,%0 7 

MOV #OIIST,=(6,) 
EMT Fo35% 

VLOOKUP #AREA,#9,#2TR 
MoV H#APEA,%O 
MOVB #1,10) 

CL°B roy 
C#PTR>, MOV #PTR,2, (A) 

rLe a.(o) 
FMT 20375 

race 1§ 
VPRINT #LKFATI. 
<#LKFATL>, MOV #LKFATL,%O 

FMT ¥a351 
eEYIT . 

FMT oOz5a 

eRFAMNW #AREA, #0,#RUFF,#956,,49 
MoV #AREA,%Q 
MOVB #8. ,1(0) 
CLPB ray. 

a£HAr, MOV #0,2,(9) 
<#RUFF>, MOV #BUFF,4, (09 
<#?56,>, MOVs: #264, A, FON 
<HO>, MOV #0,8,(0) 
<X>, PMT =o%75 
rer 2$ 
ePRINT #RNFATL | 
<#ROFAIL>, MOV #RAFAIL, %O 

FMT Fo351 
eEXIT : 

FM? OB5A 
~PRINT #0K 
<#NK>, MOV #0K,%O 

FMT Fats)



BE
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14 400142 

A90142 1943520 
17 

18 A7Q0144 
19 AGO 

2% ABOSSGH AGT32R AMSBIb4 
26 9701364 114 117 

AQ1367 113 125 
AO137e2 aaa 1%6 
AQL375 114 114 
agian 194 AAA 

27 agiane 1?2 {Aas 

ABLUAS 14 127 
agiaia 1%6 144 

801413 iia 145 
ABL416 Q2Ag 

28 agiai?7 1?2 145 

FTEST RT@=1t MACRA VMAQe1A 

AQid2e 144 127 

Agiaas 117 113 
29 

FTEST RT=11 MACRA VMAD0I1% 
SYMBOL TABLE 

ARFA AGSIAGR RUFF 

PTR AGlsSeR AL TST 

R2 BexAG8Gne R3 
ST Agagaar 
~ ABS, Aa@Hne ang 

AVIT7S OAL 

FRRORS HFTECTENs: @ 
FREE CORF: 15895, WORDS 

A2ZA07B 
117 
12@ 
191 
145 

144 
049 
i1i 
144 

124 

PSwAPRO7S 

a4Q 
2a0 

PSH APRH7S 

AQGASH4R 

POAL4EGER 

RXYADAAAT 
wee? & ABAGAL 

eEXIT 
FMT Fq350 

ALTSTs VBLKW 77 
ARFAL eBLKW | 2Q, 
PTRS ~RADS@ /PR FILEt2/ 
LKFATLE# ,ASCTZ /LOOKUP FATLFD/ 

/READW FATIED/ ROFATL! VASCTZ 

OKs “ASCTZ /REAPW OK/ 

102937351 PAGE 1+ 

EVEN 

19337251 PAGE t+ 

LKFATL 0913648 aK 
PDFATL Agi 4maR RO 
P4 aeYAQAana RS 

AAIGIT7R 

BLAQABAD 
BLAAAAAS 

PC 
Pi 
SP 

aXAGaAga7 

BXAGAAML 

BXACHAAG



BLOCK NUMBER gaga 
ABA BABABS AAAGAA BAQAAA ABADAD GABAGA ANMBAD BADAAA MAAAAAD He scpeeavapesepet 
BH2A/ BAAAGA ABGAAAG BAgABA AAAAAA aNnAnmAaA AQMaMA anAnAM AOMOnA Boccepesaccgesene® 
AGA/ BMBAGE ABAQAG AAQAAA MBABAA BOLTTE MAITTS APAAGA AVASPG we capone eset Oe 
A6A/ BABAAS AQABA BAAAAD ABAAAA AADABA AQADAD AAAADM AAPBAD weaesnencveposepor 
1B0/ BAAABD AQBAQAA BABAAM AAAGAR BAAAAM AAABAD AABAAM MAADAD werrenevesapesene 
128/ gAgmee AAAAAD AAABAM HeAAAe ARABeA AaAamG BARAAA AQMDDD Keevepesonepesese 
140/ gAnAQe ABAAAD shaman ABAARe BABAAA AAAAAg AAAAAD AnMARAG Ro eeepesosepevere 
164/ gnaAae ABAAAA AAgagA AQABAA AMAMAA AARMAeA anaAae sanagAD Kee sroeseresesese 
20A/ B9AABS ABAGAG BAQAgA AArAMA AMAAAA AQaAAG BAanaa aAgaane Reecapecesepenere 
22%/ HAGAGD BQAgAA AMAMAA AAmAne aMAeAM MaaAAD anaAGA AQAAng Wensapecesenesenn 
248/ G8AOG8 ABMAAG BAAHAA AAAAAe BADAGA AangAD BABAAM MAMDAD wassapeevsepescns 
262/ BRUMBD ABAQAB BABAGA AGMOAG AMBMDA AAAAAA GABAAA AMABAD #1... evesepepese 
3QA/ BAAAG® AgAAAg anamAM AAnAAG aAamAm AgaeAe amanam manonD Mocca peserepscere 
320/ BABB AQAZAD BAGMAM ABAGAD AMOADA AAMAAD AABMAM AAADAD K,ssanesesepeseye 
348/ BOBAQS AQAGAG AARAAmA AAABAB BAAsAA AganAG AABAGAA Agaang Won seperasepesege 
360/ OnAa3B0 BemAAG AADABe namMAAg BAgAAA agaaNG AAAMAe AnROAA WO rope resapepere 
4OA/ BAABAS ABAGAD aAAFAD ABAAAD BAAAAM ABADAG AMDAAMA AAAOMD Hesesnenesepeneze 
420/ QABABE AAMGAA AAAMAM AAAAAD BADAAM AGMAAA BYOALA MAAADMD k.rrpesesepepese 
440/ GAARA MAABAD HAQAAA ABABAD OAAAAA AAAAAD AAAADM AGAQAD kacrepeenvapesere 
S6A/ BABAae Banas aAgAar REmGRG GRAarGA Agmama BraAGA AARBHG Rennepesesepessse® 
Saa/ goanee® aemane aagees aanaaa aagaaa AAADAD AABAAM AARAAG Waepapesenepapepe® 
329/ BPBAAA AQAGAD AAAAAR AGABAG® LAAMAM AAABAD AADADA MAMDAD H..cpeceneparene 
S4A/ QABAQa® Agagag aAgoOA HAAAAD aRMAmADM AgoAAG AMAADA AQnaDA Meesepoceeneusoee 
S56@/ gAaABh AAAAAD aAgAaya AangAg anatAA Agaame ArAAGe AQAAQnA Waccopewenepesese 
&2A/ BAAAB® AanQea AAABAA AgAAAD anaraA AgaAAe arAnae Agagag Keerepesesaposese 
620/ AAAAAS ABAAAR aAgaAA ABAAMe BAGmAM AgAAMA AAARAM MangaD Waccepepecopepere 
648/ QADAB® AQAAQAD AABAAm AAMAME AAgAGA AoMAre AAaAaM agQaaoA Weanepecepepanepe 
660/ EARAAe AAAAAR AMAMaA AQMAAg AanAAAM AgaaAD BARanMAA agnBAD Weccepewovepesere 
TOA/ GAAABS AQAQAD AADADA AQAAAD B|AAAAA AQAAMA AMDADA ABMOAD Hireepenseepepepe 
724/ BAHAG® BQMQA QAQAGA AAAAMD AnAAAD AgMAAe QoORGD AQaArG Meee peravepageys 
748/ BABABE BOABAA BARAAA MAAQAD AAQAD ABAAAD BAQAAA MGABAD He. capeenvepesope 
769/ GABAA AgHaAe BAgAAD AAAAAA BAAAAM AAMAAG BHAMAM MAMDAD we. cccecccecsccee 
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In block 0, word 50 shows the highest, non-relocated, memory address 

in the user program. Word 52 shows the program size in bytes. Word 

54 shows the size of the overlay region. The value is non-zero only 

for programs with overlays. Word 60 contains a 3, indicating that the 

relocation information begins at block 3 of the file. 
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BLOCK NUMBER ofat 
MOM/ 1127O2 ABAQAT BIS7T4H AAALOG {AASSS AYITAA AMBVAA 11427KhO ##,,.F KOFI, 

A20/ QAGMDL AQMAML {ASML M177KD BAGESH MaMAA2 BASMEM AAAAAG HieeaaePaNaraMven 
AGG/ 104375 1G394G B127OA% AAIZKG 144351 194350 BIZTAA AAMZAG wd, oeT THO ehe 
M6A/ 112762 AaAGIio amanal 195010 B1276A AAAAAR AAAABP ALP7AB HP sccerePecag era 
190/ BAQ3B64 APAAME A127THA ABAGADT AMAMAG ALATHS AABABA AQAHID HTL. sPeeeaePacone 
120/ {M4373 103004 Q127OM MOL4M? 194351 194359 BIZTAA ABIGIT HV Morel eH aMage 
140/ 194351 104359 BAQGADTA ABABA BABAGA AAAAAD AAGAAA ABABAD HTH, ,ceseepenene 
160/ @Agaee? Agagae eAgsan AaraAaa aagaga Aanaeea gagaae agagag Woasepesepepapepe 

200/ ananga® aarang amaaaa agtang amanan fanghn aneanaa agagea Wecneposenesanepe 

220/ anaaee AgAane gAanga aBAgAg BAAnAA AgaAAG AMEaAAA AAMORA Basseptocvepevepe 

24A/ BAQABA AVAGADT AAGASA AZABAA AASADA AQAGAD AMBABA ABMOAD wansspenavepesere 
268/ grange? AgAgag anenam agagag aagnaa Agaann angngaa aAgrang Weeonpesesepapepe 

3QA/ QABAGe AgAnAG AAgGMAAm AABMAAD AmAAABA HAARAAR AAAAGA AQABAAe We eecposesepenese 

3ea/ geanges Banmane etanen aghana gaamanm aAgagna argaan agngng Weapepevesepescce 

S4a/ gagaae® aangng QAgABA ABAQAa AAVABA HAgMQAG gaagnanm Ae33520 Wesenpenesepesell® 

360/ OP3364 B2227G BABAAA BAAGAG BAGAAA AAMGAD BARA MDALAD HTEAS. ceevepeners 
Aga/s gnange MAamerAG amaneaA aAgAgOD AraneA AnMAAe AAAAAM agAnaADa Weeeeneocespesese 

420/ angage nanang oApAam AarAAD ARAMA AQAAAA AREAGA AgAOAD Wowrepscenepacege 
G4A/ BABABL ABASAD AAQAAA ABAGAD OADABA AAAAAD AABMAH AAMAS wi eanesesepepese 
460/ OAAAG® AgAAMD BAGABA aABAMAAg anAAAA ABMAAG aAAAAD AgAaAD Waceopesesepesepe 
S20/ SABAVD SQAAAD CAQAAGA ABAAAD AAAAAA AGABAD AABADA AMPAMD Hevea nacecepeccns 

S2a/ anang® agagaea aagaga agnaon angran agaaag angage agnang Waneepevopepesere 
S4a/ gaeane® Banaaa aaAgeen aghong araaean AanOAe aagaanm agnaaa Baecepesovepepese 

Sea/ gagage Aanaeea eagamaam agaAgang ararenm Aaagag aagnnA aganea Becceperonerocase 

682/ QAaAa® MaDGRD aAAAAM AAMARG AMANAA AAMQAD BAGMAD AAMAAD Hisespesevepecere 
620/ BAAAee AgAAAe AnAnAA ABRAAA BABAAA AQaOAG aAMAAgA AAMOAg Weaespesosepepepe 

640/ QBABAGD AQAAAG AAGAGA ABAAAD BAahAGA AnAAAG aAgaga agAgag Keene pewenepepepe 

66%/ BANAMBE ABAAAG aAgQeAM AgAgBAD AAAmABA AgaarA aRAmAA AQAEAB Woveepeoscepesere 

7TOAS BADABE AQAQAD AAGAAA ABAAAD AABAGA AGAGAG AAKABH AQAKAD wi wsapesnsepeveps 
72a/ gagnee® agnang eaeaga agaasea eagngn Agaana angage agaeag Weceapeeoneserspe 

7TaA/ QnAAGe AAAgAa ARgAAA ABAGeA AMAAAA BAMAAA AarangA AQAaAG Weeenpesesepesere 

760/ GAAAGE BAMANA SAAAAA ABADAA BABAGA AGAAAM AADAGHM ABABAS wewecacssnerunsen 
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This block corresponds to locations 0-776 in the assembly listing.



BLOCK NUMBER aAne 

ABA/ BAAnAe AeAAAD 
Aea/ ananoe aaaaag 
ages gagaae agnara 

A69/ Qgnesee? naAaae 

{@9/ gnanae aAgaane 
120/ gagna® agagag 
14A/ gnearea agagna 

160/ aaaaae® agagag 
20A/ Bnanae ABAQAG 
220/ gnaneae® agnane 

Aggeaa 
gAgAaAn 
angaan 
angen 
gagaga 
aaacan 
eagnan 
eagaan 
Aagnaa 

aAgaga 

agAann 

nongng 
narena 
nanene 
neraag 
aamanD 
aarana 
AAABAD 

aoaane 
agaane 

24a/ gnanae AgAane 
268/ Bagnae® agagag 
3Qa/ gnamae® agagna 
320/ ananae® agaang 
Suns gagnee aanaag 
3o0/ BaAAAAe AgaaAD 
4Q@/ anaia4 auasre 
4e0/ 9aegSesd 253504 
4GA/ G@AgnGe BanGaG 
468/ anane® agagnga 
S@a/ gagqaasd agagag 
S2a/ gnanee agnana 
54a/ enane? sanana 
Son/ gagaae® apagag 
609/ Bnaree® Aanaaa 
620/ enane® agagag 
64A/ AMAAAe Bangag 
669/ anore® AanaAAe 
7ea/ gnana? aeaana 
720/ angage agnang 

Tans BABABB HQAAAg 
760/ gaone2 agnang 

This block 

aAnagn 
aapagea 
aagean 
aagees 
aAgaan 
aa7Sia 
942101 
Ga7sZan 

emaaan 
ananan 
ananen 
aagaga 
BABAGA 
Bagman 
BAgAAA 

gagaga 

arpanas 
arhanan 
aAageaa 

eagagna 
aAgaea 
BAgnaA 

corresponds 

agnaag 
agagaa 
agagag 
aangeda 
agnaag 
AOS517 
m2n127 
AgALI3 
Agroaa 
AgmaAAD 
AMAAAD 
AQABAG 
ABAGAD 

AQAgAg 
ABABAG 
AgAgaa 
Aangaa 
aanaaa 
AQABAD 

ABABAD 

ABAAAB 
nangag 

angran 

gaanan 
aagaga 
gaanan 
APBAAA 
argaan 
gagaga 
gaanana 

gaaaen 
aaanaa 
GAGAAA 

asaraa 
aaptaa 

gagaaa 
anonaa 

g5aie2e5 
@40506 
anaagn 
gagnan 
aagnan 
argnaa 
aanaran 
BagAga 
gagaga 
BABAGA 

AAGAGA 
gaagaan 

aagngaa 

poaaan 
aagaan 
paanaa 
gaanan 

AAABAD 
Agnaaa 
ABABAD 
AAAaAAA 
aAgagna 
ABRAAD 
AAABAD 
aAgaara 
AAAAAG 

AMAAAA ‘aaaana 

AgAgAg 
Aanaaa 
Agnang 
monaAa 
A4tAGQ 

Adeitt 
AagnaAra 

ABAAAG 
AGABAG 

LN Lal) 
fanaaa 
Aol dal) 
AQAAAB 
aAgeana 
AMAAAAG 
AQAAAG 

AAAAAG 

ANABAD 

aAgaana 

BAMAAg 

AAGABAA 

angaana 

aagaaa 
Aaraanana 
aagaan 
aagaga 
AAgAAA 
AaAaAneaA 
aagaga 
gaqnaa 
APQAGA 
aagnaea 
gagaaa 
AAGAGA 

BAgage 

DABAGA 
244501 
242105 

AAAABA 

AACAASA 

AABAgA 
QAAaan 

RABAGA 

AABARA 
QAaage 

anaaaa 

AaQgaga 
AABAGA 

AaAgaga 

BAQAaan 
areaae 
gaanaaa 

AAAARA 

AAABAG 

AQABAD 

AGAAAD 
AMAAGAB 

AAAAAD 
AQABAD 

AAABAB 

ABAGAD 
agagan 
Agngag 

agmeaa 
AQAGAG 
agegag 

AQDABAD 

Pangag 
Adesia 
A5LBAA 

AAAaAS 
maraag 

AGAGAG 

ADABAD 

AGAAAD 

AQAQAG 

AMABAD 
aQganag 
Aargaa 

ABAQAD 

AQACAD 
AABABAA 

ARAAAA 

AAABAD 

ALI DSS 

Weenepovevopocepe 

Waecepupesopepore 

Meesepesesepapers 

Ka esepesesepapaee 

Keaweprvosepesepe 

Reanepscosepensye 

Weasopesesepapene 

Weenepeverepepepe 

Wecceperesepenese 

Maeeapeeesepaseze 

* 
2 

£ 
#
4
 

£
4
 

£ 
H
H
 

OH
 

Weonepoecsspanesa’ 

Keesapeseosepasane 

Waasopesesaseners 

Weceesenesepesese . : 3 : Py 

*
 

© 
+ 

© 

Keeeanttenccantes 

wesc el OOKUP FATLE® 
*O0,RPEADW FATLFO,Re 
WEADW OK sean esene® 

Hecccnesnecvcesce 

We ceapeensopasepe 

Heccepesesenasepe 

Reccesreesesecers 

Meceaperesepnsepe 

Keasveseravesecnse 

Weerapeccccpavese 

Measapecesspasene 

Waerepssesepasese 

Weccepesccopssene 

Haceepererenpecrse 

Meeoepssoseposese 

Mecesnesenepnorpe 
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to locations 1000-1776 in the assembly listing.



PLOCK NUMBER 9493 ; Cop 
AAs BABABS AAAAHE AAGALS ABABA’ QmAAAT MaMAsA AAAASE 99m957 Messapenoss stele 
A20/ 177776 MBAgAD BAAQAaA AaMAAG AMAAgA AAPAAA araage agngng Ws mapesccepapope 
B4A/ BABABE AQAAMA AAgaAM ADAAne gaAAAGA HANGAg AZAAAe agMAAD Weesepenesepoepaps 
B69/ QAGAGA AAAgGAg anAAMAA ADAMAAe OABrAM MAaRAAG eABneD AQMOnA Weesepeanseponepe 
194/ BABABe ABAAAG AmaMAm AAAGAe AABAGA ABRAADA aganeD ADAAnD Waepepecesepesene 
120/ @aange® Banana 2AAAAA ABAAHA BASAAA AaAaAg aanage AMABAA Mace npesenapusepe 
14a/ gagnee AGAQAG AMAmAA AAarnAAA gaaran AnaAgAa araagn agagag Weaeapenecepesene 
164/ @neaae Aananeg eAgaaa agnane aaanga anaagag anaage agaaaa Woasepeceosnpasepe 
209/ @ngaae agaaae AAAMAA AAAABRD angwmaaA Aarana argage agpagag Weoevepesenapaceze 
229/ angage agnane BAagnam nanana gaanmAA aanaeg aponeD manana Weweopecesapenepe 
240/ ABABADB ABAGAG BABAQD AAAAAD BAQADA AQMAAA AMABADM AAMDAD w..eeposerepapene 
268/ BAGAQD AAAAA® aAgAA® AArGAgG AMgAgA AQABA AAMAnAM AArGOAD Wecnepeeonepacene 
3oa/ angnee® Agaaae 7ABMAA ABAAAD AABAGA AQeane aAaAAM agaana Bea wapacesepepepe 
324/ QaQnBe Banana GAagAgA ABMOAD anaes apAaAG BaAaeaM agaORG Wooseperesepesepe 
342/ GAGAG® ABABA BAQADA AArAAA BAGADA MAMAAM AABAGA OAPOAD ky earecnvepenepe 
360/ GABAAM ManAAA BAQHAA BAAGAG BAgQAGA AangAG BPanaA aaneng Wesnepecnccpepepe 
GQA/ GABAA ABABAG aaawaa aaAaAG AAAAGA AgnAme gManBA AgQAAGAD Measepeeccapesene 
42%/ BAGAVA ABAgAG aMpMAA ABAAMD QAAMAA AgAAAA AApAAA aaAenA Weevepssanepavepe 
44A/ AABABe ABAAMD AMaMAA AgMAAD BABAAA AQADAA AMDAAD AAMOAD Wiivepesevepacese 
460/ G@AGMA% AgAgAA anAMAA ABAAMe BAOMAA AAMAaAG ArPAnEE AAAgag Wassepesesepopere 
SQa/ oagage aanmang aAanmam AamANe ananeaA AamAAG aenmeD Aanaae Weesenesecspancene 
528/ BABALL AQFAAA BAQAgA MAAAAA GABA AMAAAG AMAADA MDMAA Hrecpeensenerese 
S4a/ gnane® apagaa aannea agngae gnamaAa aAgnanD arQMR0 AARMAne Weccepeconspopese 
56A/ BAQGAD® AgAgAe® AAgAaA AgAAAA AnAMAD Agana anaAgA agngag’ Weecepesecspasepe 
629/ angnee a@anena aAgrae wanana enanan ABABA AAnAnBA aAgAaaAD Rewcepecenepacese 
629/ QAZAG® MAAAAG BAgAAD ABAgQAD gAAAaM MaMDAG BAAADM MDMOAD wereepevesepegese 
644/ BADAGD HEABAD BAQAAA AAAAAD BAQABM AAMOAD AADAGE ADABPA H,.espevepeparere 
66A/ QFAAAe HaAAAG |MaAMAD mAMAMA enAgAA AQMEAA AnAMaAD AQnaAnD Wenseporssopesens 
7TO0/ BAQAGS AgAQMA AAAMAD AAAAMA AnAMAm ApMaAg anooeA Aanane Woccepecesepeness 
T20/ BAAG88 Agagag aAQMAM AAMARE ArMAAAD AaMAAG anaMe® agaeng Meevepesencpeoepe 
T4Q/ QAGAA® ABMAAG BhAAaM narAAA BrAmAA AQMAMA AMAAAD AQaQeD Woesapesesesesepe 
7OA/ BABABS AQABAD LHAAAA AGPAAD BABAGA AQODAD BMAMAM ADMOAD wicecacccacecesce 

"
+
 

~
 * 

e
e
n
e
e
e
e
e
w
e
e
e
t
e
e
e
e
e
e
e
e
e
s
e
e
u
e
e
e
e
e
n
e
e
e
n
e
 

© 

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 

Had negative relocation been indicated at relative location 6, block 

3 would have shown 100003, 6, 14, 23, 27, 40, 53, 57, 177776. 

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-1l 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 

| 
1 

Overlay 

N 
Data 

—__» Root Relocation Information 

~1 ——-» End of Root Relocation Information 

— » Overlay 1 Relocation Information 
T 

| 
I 

——_» Overlay N Relocation Information 

72 ——x» End of all Relocation Information 

Figure 3-14 
REL File With Overlays 

3-43



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 -l. 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



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 -l indicates that a new overlay region begins here. 

A -2 indicates the termination of all relocation information.





CHAPTER 4 

SYSTEM DEVICE - 

4.1 DETAILED STRUCTURE OF THE SYSTEM DEVICE 

The RT-11 system device hoids 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 # 

0 

1 

2 

3 to 5 

6 to (N*2)+5 

(N*2)+6 to end 

All other system components, 

Contents 

Bootstrap 

Reserved for volume identification 

information 

Bootstrap 

Reserved for monitor or bootstrap 
expansion 

Directory segments; N is the num- 
ber of directory segments 

File storage 

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 

DT.SYS 

TT.SYS 

RK.SYS 

DS.SYS 

DX.SYS 

DP.SYS 

PR.SYS 

PP.SYS 

CR.SYS 

RF.SYS 

CT.SYS 

MT.SYS 

MM.SYS 

BA.SYS 

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. 

fiexibie with respect to the interchange and construction of systems. 

Contains 

DECtape handler 

Console handler (S/J only) 

RK disk handler 

RJS03/4 fixed-head disk handler 

RX01 flexible disk handler 

RP disk handler 

High-speed reader handler 

High-speed punch handler 

Card reader handler 

RF disk handler 

Cassette handler 

TM11 magtape handler 

TJU16 magtape handler 

BATCH run-time handler 

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 

Thus, RT-1l is extremely



S/T 

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 1-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. 

tables are 

bootstrap. 

In the RT-ll boot, certain system device resident 

ee ~— a wee



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 l. 
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 VT11l 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-1l 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. 
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10. 

ll. 

12. 

4.5 

Action 

Update processor-dependent 
area in RMON 

LOOKUP the device handlers 

in system and store their 
record numbers in SDVREC 

Print bootstrap header 

Set up locations 0 and 2 

Turn on KWL1-L Clock 

Exit to Keyboard Monitor 

FIXING THE SIZE OF A SYSTEM 

Explanation 

If processor is a PDP-11/03, any 
PS references in the monitor are 
changed to use the MFPS and MTPS 
instructions. 

Boot looks at SPNAME table to find 
the names of the devices in the sys- 
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 SDVREC entry. That implies that 
the device handler does not exist. 

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

Boot puts a "BIC RO,RO" in location 
zero and an .EXIT EMT in location 2. 

The bootstrap turns on the clock, if 
present in the configuration and 
processor is not a PDP-11/03. 

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: 

When the bootstrap is performed, the computer halts. 

the user to enter the desired size in the switch register. 

«R PATCH<CR> 

PATCH Version number 

FILE NAME-- 
*MONITR.SYS/M<CR> 
*BHALT/ 487 Q<CR> 
*E 
-R PIP 
*A=MONITR.SYS/U<CR> 
*SY:/0 

{Run RT-11 PATCH program. ] 

am fk 

[Specifying MONITR.SYS/M indicates 
it is a monitor file. 
Change location "BHALT" from a 407 
to a 0 (HALT). The correct address 
of BHALT can be found in Table 2 of 
RT-11 System Release Notes (V02C). 
E causes an exit to the monitor. 

Now run PIP to update the bootstrap 
and reboot the system.] 

The halt allows 

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. 

resenting the number of 1K word blocks of memory. 

following value: 
4-5 

Otherwise, the top five bits are taken to be a number rep- 

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) 

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-ll never accesses memory outside the 

bounds within which it runs. 

Another useful procedure, when desiring to always boot a system into a 

specific 

able, is 

memory size or when the console switch register is not avail- 

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/ 497 249<LF> {NOP the branch at BHALT 

*BHALT+2/_137£2 1279 2<LF> Change MOV @#SR,R2 to 

*BHALT+4/_ 177579 *XXXXX<CR> MOV #VAL,R2. Address of 

*E switch register is replaced 

: with one of the bit combina- 
—_ tions described previously.] 

4-6



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

I/O SYSTEM, QUEUES, AND HANDLERS 

I/O 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/O IN RT-11 

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/O 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/0 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 1110 817 . ; @ 

Job Unit Special Function 

# # Code 

Buffer address 

Word count Positive implies READ 
Negative implies WRITE 

@ implies SEEK 

1 implies .READ 
| g implies .READW 

Even and nonzero 

implies completion 
routine address 

Completion function 

Figure 5-1 

I/O 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/O 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 queve 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+l available elements, since the Resident 

Monitor element is added to the list of available elements. 

Diagrammatically, the I/O queue appears as follows:



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

available. 

Ql: Q2 ~<t 

Q2: > 03 

Q3: 0 ~~ 

When an I/O 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/O queue. The handler's queue header consists 

of two pointers: the current queve element (COE) 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 

into the queue. 

AVAIL: Device Handler I/O Queue 

Ql: 0 LOE: Q1 (Pointer to last queue 

element) 
CQE: Q1 (Pointer to current 

queue element) 

bo
 

.@
) W 

2 
Tn thia aaca 
ade BD Neo Lb abe eer SO ed Ne +e
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ssociated 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: | Q3 L- Device Handler I/O Queue 

Q2 LOE: O02 

COE: Q1 

Q2: > 0 

Q3: 0 et 

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

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

initiated: 

ny 

AVAIL: | Ql | | Device Handler I/O Queue 

Ql: Q3 LOE: Q2 

CQE: Q2 

Q2: 0 

Q3: > 0 



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

elements. 

AVAIL: | Device Handler I/O Queue 

Ql: > Q3 LOE: 0 

COE: 0 

Q2: Ql 

Q3: Q — 

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/O 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 queve of I/O transfer 

requests, a queue of I/O 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 queve manager. 

To prevent the .SYNCH block from being linked into AVAIL (the queue 

of available elements), the word count is set to -l. 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 

-l word count. 

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

elements. 

@ QUEUE LINK 

2 

4 

6 

1G CHANNEL STATUS WORD 

12 CHANNEL OFFSET 

4 COMPLETION ROUTINE 
ADDRESS 

Figure 5-2 
Completion Queue Element



OFFSET 

@ QUEUE LINK 

2 JOB NUMBER 

4 

6 

7) SYNCH 1.0. 

12 -| 

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 queue. 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 

4 wee NK TO C.LINK 
WEA CLCVWICING 

6 JOB # OF OWNER C.JNUM 

10 OWNER'S SEQUENCE # C.SEQ 

i2 @ 

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~1l de- 

vice handler. It is illustrated with an example, a driver for the 

RS64 fixed-head disk (with RC1l controller). A source listing is in- 

cluded in Appendix A, Section A.1; 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-11l 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 

i 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.1). 

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 SHSIZE table be exact or the handler 

will malfunction. See area M in the example in Section A.1l. 

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. 

ce 

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/O 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/O 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, 

@SINPTR, where SINPTR is the tag commonly used by RT-1l 

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 (RCCOE 
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.1. 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). 

SDVSIZ 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 SSTAT 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 .RADS5O. 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.1) 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-1l 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 O in the example listing. 

SDVSIZ: 2000 The disk has 1024 (decimal). 256- 

word blocks for storage. 

SPNAME: -RAD50 /RC/ or 79378 
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 

SHSIZE 

SDVSIZ 

SPNAME 

SSTAT 

S/J Address F/B Address 

13624 14556 
13660 14612 
16470 17630 
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 

[/M is necessary; 

Monitor base; 

316<CR> SHSIZE table; 

20QP<CR> SDVSIZ table; 

70378<CR> SPNAME table; 

190923<CR> SSTAT table; 
<CR> Check that vectors in 

FILE NAME-- 
*MONITR.SYS/M<CR> 
* BASE; R<CR> 
*B,13652/ 4909 
*2,13796/ g 
*6,16516/ 6252 
¥9,16552/ 4 
*8,16336\ 77 
*E permanent map are protected; 

Exit to monitor] 

5-13 January 1976



F/B Monitor 

.R PATCH 

PATCH Version number 

FILE NAME-- 

*MONITR.SYS/M<CR> [/M is necessary; 
* BASE; OR<CR> Monitor base; 
*9,14556/ 4898 316<CR> SHSIZE table; 
*G,14612/ g 2608 B<CR> SDVSIZ table; 
*G,17630/ 6259 78378<CR> SPNAME table; 
*8,17664/ 4 199823<CR> SSTAT table; 

¥6,17336 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.1, the RC11/RS64 handler. 

The basic requirements for a system device are random access and read/ 

write capability. These requirements are met by the RC11 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.1l. 

1. The handler entry point must tagged xxSYS, where 
xx 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 SINTEN. 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 S$RCSYS. 

2. Add a simple device driver for the device inside a 
$xxSYS conditional. This is shown at area CC. Be- 
cause the RC1l 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 

SRCSYS 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.



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: 

R@ = Physical Block Number 
Rl = Word Count 

R2 = Buffer Address 

R3,R4,R5 = are available for use 

by the driver routine 

dad. The driver must branch to BIOERR if a fatal 

I/O 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.1 and A.2. 

The procedure is: 

1. Assemble the handler, producing an object module with 
the name xx.OBJ, 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> 
“SRCSYS=1<CR> 
“2° SRCSYS=1<CR> 
“ZERRORS DETECTED: @ 
FREE CORE: 15688. WORDS 
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For the F/B bootstrap: 

«R MACRO<CR> 
*RCBTFB=TT: , DK: BSTRAP<CR> 
“SRCSYS=1<CR> 
BF=1<CR> 
“Z° $RCSYS=1<CR> 
BF=1<CR> 
“ZERRORS DETECTED: 6 
FREE CORE: 15588. 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/d: 

«R LINK 
*RCMNSJ.SYS,MAP=RCBTSJ,RT11S7,RC 

For F/B: 

.R LINK 
*RCMNFB.SYS,MAP=RCBTFB,RT11FB,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 SENTRY 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 

SDVSIZ 13730 14636 

SPNAME 16516 17640 

SSTAT 16552 17674 

SENTRY 16612 17612



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 SENTRY table. 
The other values were determined in Section 5.3: 

SHSIZE = 316 
SDVSIZ = 2698 
SPNAME = 79379 
SSTAT = 199823 

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; 
*6,13674/ 4682 316<CR> SHSIZE table; 
*$,13736/ gb 2688<CR> SDVSIZ table; 
*2,16516/ 6256 78370<CR> SPNAME table; 
*8,16552/ 4 180%23<CR> SSTAT table; 
*9,16612/ B 45856<CR> SENTRY table; 
*E Exit to monitor] 

For the F/B monitor: 

-R PATCH<CR> 

FILE NAME-— 
*RCMNFB.SYS/M<CR> 
* BASE; §@R<CR> 

*G,14662/ AZGA 316<CR> [SHSIZE table; 
*0,14636/ g 2600<CR> SDVSIZ table; 
*6,17649/ 6258 76370<CR> SPNAME table; 
*9,17674/ 4 169023<CR>SSTAT table; 

*8,17564/ g 56266<CR> 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-11 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/O 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 

g 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 gueue 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 

unigue 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 elemen 

is directly queued to the handler, by-passing any processing by the 

RT-11l 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 fuhc- 

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=89 

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-1l 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 used 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 biocks 

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 

-RAD5¢ /option/ [2 words of RAD50] 
. BYTE <routine-499>/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).



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- 

mation is discussed in Appendix H of the RT-1l 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 

ha nv 4 
naS prioric 

7 ans warmmeaa wank T+ y 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 RT11 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 handiers, the monitor can assure that aii 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



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 2356 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/O 

completion, the handler completes an I/O request, and there are no user 

I/O completion routines. 

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



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 
TTOWTS 13 Waiting for room in output 

buffer 
CHNWTS 11 Waiting for channel to com- 

plete 
SPNDS$ 10 Suspended 
NORUNS 9 Not loaded 
EXITS 8 Waiting for all I/O to stop 
KSPND$ 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., 1/0 

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/O 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/O 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/O 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 LOE word (entry point) in the handler. The 
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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



Labels and unconditional branches are implemented with the \L (label) 

and \J (jump) directives: 

\JEND 1 

\ LEND 

Fach BATCH command is sent to the log as it is executed, using the \c 

(comment) directive: 

\c 
SJOB 

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 

~TTYIN 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.



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) 
1 = 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 

1 = Character input comes from BATCH stream 

COMWAT 3 0 = No command 

1 = Command is waiting 

ACTIVE 4 0 = Console terminal inactive 
1 = 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 

l = Characters are going to B/G programs 

BDESTN 6 0 = Output 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 -Q = 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 1 = 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-1ll 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 Compiier 

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 LOG:. 

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



eleven pointers to important parameters within BA. 
These include: 

BA state word (BATSW1) 

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 

3. A command string is collected from the console ter- 

minal and is processed by .CSISPC. An input file 
must be specified. 

4. 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. 

5. A .LOOKUP is done on all input files. 

6. 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. 

7. j%&«If the input file is a .BAT file, it is now compiled, 
with output going into the .CTL file. 

8. 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. 

9. 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. 

10. 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 BATCH continuation of jobs in input stream 

/D Print the physical device name assigned a 
logical device name in a SDISMOUNT command 

/M Make a temporary source file 

/R Return from SCALL 

/S SCALL subroutine



7.3.2 BATCH Job Termination 

Every BATCH job must be terminated with an SEOJ statement. The SEOJ 

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 SCALL. 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$CALL. 

7.3.3 BATCH Compiler Construction 

The BATCH Compiler is constructed in two pieces: a data area anda 

| 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,@ 

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 SJOB 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 SJOB, SEOJ 

RT11 = 4 * RTI11 default on NO 'S' 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 valid 
BNOEOJ = 20 SJOB or SSEQ 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)



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 O0-— Buffer is free 
BWAIT = 2 In I/O 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/O 

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)



Table 7-1 (Cont.) 

BATCH Compiler Data Base Description 

Byte 

Tag Offset Description 

Pointers to EMT intercept pointers: 

OSEXT 76 ~EXIT 

OSTIN 100 -TTYIN 

OSTOT 102 -TTYOUT 

OSPRN 104 -PRINT 

CSI Buffer: 

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/O 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 

SWIMSK 5026 Switch mask for this BATCH directive 

FDO 5030 File descriptor 0 for BATCH directive 

FD1 5034 1 

FD2 5040 2 

FD3 5044 3 

FD4 5050 4 

FD5 5054 5 



7.4 BATCH EXAMPLE 

The following example demonstrates how the compiler converts BATCH 

Standard Commands into RT-11il 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 Ll, 

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 L2, skipping the 

call to EDITIT. SDIRECTORY and SDELETE operations are performed be- 

fore finally exiting from BATCH. 

Note the following about the .CTL files created: 

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

2. The SCREATE 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 
maAsAawa TA RPQITTyP Ant RELA Aer nmr tae ert hh LR MARI EASY OD 
MUVUULS ¢ LAdLitieVDU eo 4ALUCL CATCULULLYIL WLeEIL LIC blip evs an 

command, the temporary execution file is deleted with 

PIP. 

4, PIP is used to implement SPRINT, SDELETE, SCOPY, 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 l. 

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 -L1l 

There is no error checking done by the compiler. If 

an error is made (e.g., the minus sign is left off 
the Ll), 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 (\LSSSSS$) 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 
SCALL. The $CALL is implemented by simply running 
the BATCH compiler, passing it the name of the SCALLed 
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 SCALL EDITIT 
statement causes the file EDITIT.BAT to be compiled 
and executed.



10. 

1l. 

BATCH variables may be used to enter ASCII values 
into a job stream. In 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 SEOJ must terminate every BATCH job. The $EOJ 
command generates the stopper label, \LS$$$$$, 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 SEOJ finally generates 
a \E to bring in the KMON and a \F<CR> to termi- 
nate the BATCH stream.



EXAMPL. BAT 

$J08 
SMESSAGE EXAMPLE BATCH STRFAM 
SCREATE FILE,MAC 

eMCALL ,REGDEF, PRINT, -EXTT 
eREGNEF 

START: ,PRINT #M8G 

eEXIT 
eNLIST REY 

MSGi eASCTZ /THIS MESSAGE COMES FROM THE BATCH STREAM/ 
2 EVEN 
aL lST REY 

eEND START 

SED 
SRT11 

LET Sef@ 

Lis 
SMACRO/RUN FILE.LST/LIST FILE, MAC/TNPUT FILE/ORJECT 
SPRINT FTLE,LST 
SOELETF FILE.LST 
SRT14 

IFCS*@) ,,L2 
SCALL FDITIT {CALL EDITYT TO FOTT FILE,MAC 
SRT11 

60TO =L! 
Les 
SDIRFCTORY FILE,» 

SOFLETE FILE,» 
SENJ 

$JOB/RT11 
$1 JB TO EDTT FILE.MaC 

Ss LINCREMENT S$ TO PREVENT RECURSTON 
LET Aw33 !A IS ALT MONE 

eR ENIT 
WERFTLE MACTACR TAP fA? 
*GMSES AKI eASCTZ S/MODTFTEN RY EATTOR RUN RY BATCHS 

wPAP RY OAT CAS 

SENS



EXAMPL.CTL 

\Cc 
§ JOB 

SMESSAGE EXAMPLE BaTCH STREAM 
NEN@ EXAMPLE BATCH STREAM 

Ac 

SCREATF FILE.MaAc 
NER RATCH 

\DFILE,MAC/Ms 
eMCALL ,REGNEF, PRINT, .FXTT 

oREGNEF 
START: ,PRINT #M&G 

eEXIT 
eNLIST REY 

MSG5 eASCIZ /THIS MESSAGE TOMES FROM THE BATCH STRFAM/ 

eEVEN 
eo 1ST REY 

2END STaRT 
\c 

SEND 

SRTL1 
LET SsA 

\KS1 ALL! NCLis 

SMACRO/RUN FILE,LST/LIST FILE,MAC/TINPUT FILE/OSJECT 
NER MACRO 

\DFILE,FILE LSTsFILeE MAC 
\FA\D\ER LINK 
\OAGABMOEFILE 
NER \paaeate 
\ER PIP 
\oagaaaa.,SaAv/p 

\c 
SPRINT FILE,LST 

\ER PIP 
NDLSTsa,*#/XeFILE,LST 
\FNDAC 
SOFLETF FILE,LST 
\ER PIP 
\NDFILE,LST/0O 

IF (S92) .,Le2 
\Is 1 ile {AL \e 
SCALL FOITIT {CALL FOITIT TO FOIT FILE.MAC 
\FNER ARATCH 
\NDEOITIT/S 
\C 
$RT1i1 

GOTO “Li 
\JL1 A\LL2 NAL as



EXAMPL.CTL (Cont) 

SDIRFCTORY FILE.» 
NER PIP 

NOFILE,®/L 
NFNDAC 
SDELETE FILE,» 
\ER PIP 
\DFILE,#/D 
\C 
SEOJ 
\LSSSSSSN\FNER BATCH 
\O/R 
NENF 

EDITIT.CTL 

\c 
SJOB/RTL1 

$) JOB TO EDIT FILF,MaAC 

%S LINCREMENT S TO PREVENT RECURSTON 
\KS@\C LET Ast3 !aA IS ALT MONE 
\K4l \ER EDIT 
\DEBFILE .MAC\KAGR\KA2A\KA2 
NOGMSGS\KACKT eASCTIZ /MODIFTEN RY EDIT RUN RY BATCH/ 
NDNKAGEX\KAG\KAQ . . . 
\c 
SEQJ 
\LSSSSSS\FNER BaTCH 
\O/R 
NEF 

7-16



EXAMPL.LOG 

§JOB 

SMESSAGE EXAMPLE BATCH STREAM 

SCREATE FILE,MAC 

SEO 

SRT1i1 

LET Sea 

Lt Lis 

SMACRO/RUN FILE,LST/LIST FILEMAC/INPUT FILE/ORJFCT 

*ERRORS METECTED!: a 
FREE CARE: 15100, wOoRDSs 

*



EXAMPL.LOG (Cont.) 

oMAIN, 

O
P
N
 

PF
 
A
E
 
W
w
e
 

AQABAD 
AAMARD 
ABPAANS 

AQABIA 

RT=11 MACRO VMa2e10 

START: 

124 MSRs 

aeeagar 

eMCALL 
eREGNEF 
ePRINT 
EXIT 
eNLIST 
eASCTZ 
eEVEN 
eL TST 

1D-APRe75 19233:45 PAGF 1 

eREGDEF, PRINT, EXIT 

#MSG 

REX 
/THIS MESSSGE COMES FROM THE BATCH STREAM/ 

REX 
START



EXAMPL.LOG (Cont.) 

aMAIN, RTPL1L MACRA VMB201a {B-APRH75 10233245 PAGF 1+ 
SYMBOL TABLE 

MSG AaeaigR PC 2XAGAQAT RA exnangag 
R41 BYABEGAL Re 2xAnangne R3 RXYAAAGAS 
Rd RZADCOAG RS BXAQA9005 SP SLAAZAAAG 
START AVZAAGR 

. ABS, aaeane ano 
G08R62 way 

ERRORS DETECTED: 2 
FREE CORE? 1519a, woRDS 

FILE, FILE bSTeFILE MAC 

THIS MESSAGE COMES FROM THE RATCH STREAM 

SPRINT FILE,LST 

SDELFTF FILE.,LST 

SRT14 
TF(S9O) 4,12 

SCALL FOTTIT ICALL EDYTYIT TO EDTT FILE MAC 

SJOB/RT11 

${ JOB TO EDIT FIYLF MAC 
x8 !INCREMENT S TO PREVENT RECURSTON 
LET As33 !aA IS ALT MODE 

wERFILE MACSRSS 
* 
GMSGESkT eASCTZ /MNOIFTED BY ENITOR RUN RY BATCH? 
SEXSS 

SEOJ 
S$SS8S$ 

SRT11 
GoTo al 

Lit 

SMACRO/RUN FILE, LST/LIST FILE,MAC/TNPUT FILE/ORJFCT 

WERRORS METECTED! 
FREE CORE: 15136, woRDS 

*



EXAMPL.LOG (Cont. ) 

eMAIN, 

ABAAAA 
AQAABD 
ABABAS 

AQAGIA 

RT"11 MACRA VMA2Q0412 

START? 

115 MSF 

agaagar 

oMCALL 
oREGDEF 
oPRINT 

eNLIST 
2ASCT2Z 
eEVEN 
»LTST 
eEND 

1@-APR*75 10:934:98 PAGE 1 

oREGNEF, PRINT, .EXTT 

#MSG 

REX 
/MODIFTEP RY ENTTOR PUN RY BATCH/ 

REY 
START



EXAMPL.LOG (Cont. ) 

sMAIN, RTW11 MACRO VMADdWIA 

SYMBOL TABLE 

MSG aa@g1arR PC 
R4 BXAZOR1 RD 
Rdg sKAGVOR4 RS 

START agvaagrR 
e ABS, feOR2 20 

920050 gay 
ERRORS DETECTED: @ 
FREE CORES 15136, WORDS 

FILE,FYLE LST&FILE MAC 

{M=APR=75 14:34:98 PAGE 1+ 

BLAQABAT 
ZLZABABHS 
EXAGAGAS 

MOMIFIFD BY ECTTOR RUN BY RATCH 

SPRINT FILE,LST 

SOFLFTF FILE,LST 

SRT14 

TF (SQ) eal 2 

Les 

SDIRFCTORY FILE,» 

1Q"APR=75 
FILE BAK 1 1QeAPR=75 
FILE ,MAC 1 1Q8APR=#75 
FILE ,ORJ 1 1@eAPR@7S5 
3 FILES, 3 BLOCKS 
417 FREE BLOCKS 

SOFLFTE FILE,«* 

$E0J 

RQ 
R3 
SP 

SZAQAAAR 

SXABAOAS 

ZLAQADAG



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 $JOB or S$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: 

1. Current input channel number (range is 3-10.) 

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 set 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.



APPENDIX A 

SAMPLE HANDLER LISTINGS
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25 ABLB3IH ALSTIAS AAALAZ MOV #WwR, RS PASSUMF WRITE FUNETIAN



26 M009G2 AaRT14 TST @R4 CHECK WORP COUNT 
27 @@Qa4 naqury RES RCHOME mNA T/A ; 
28 900046 ‘iomanip AMY 18 ; MWRITE SPECIFIED 
29 209989 129825 PMPB (RAS) 4, (RE)e 1SFT REAM FUNCTION CODF 
30 700082 fmasdta NEG era MAKE WORD COUNT Ce) CROWC) 
31 908084 myascg 183 MOV P5,0(R4) 9SPT PROPER FUNECTIAN IN RCORS 
32 AQGQSe Hamany (*) { RTs Pc | 9GMeAWAY FAR 1/6 

ROLL Vatwo! fRTXFO HEAN ATSK) RTeait MACRA VM9I20e99 AwAPRaTS PEMHIDH PAGE 4 
RCwit TNTERRUPT ROUTINE 

1 oSATTL Rleld INTFPRRUPYT ROUTINE 
? 
s 

. 
4 108869 AQMaSe AR RCABRT | PARORT ROUTINE FOR F/B 
5 MMONTTAR 
6 , _ 
7 900062 MOaS7T7 nOn2>R~6 @aoam ISR PS, @SINPTR INOTTFY MONITOR & SET 
A a - MPRIORITY TO LEVEL § 
© 90%066 Mamiag I WORM  *eaPRengPre PRO PUNS AT PRIORITY § 

10 IPCHECK PAR ERRAR ON RC & RFTRY TF APPLICABLE 
if 
12 B0G7O ALATAS 4177714 MoV RCCOE,R5 GFT CURRENT QUEUE ADR 
1% *2007G AYPTMG 177446 MoV #RECS,RG IPAINT TO ASK CNTR & STATUS REG 
14 9901009 anesTia TST @RG DATA ADARFSS OR WRITE | 
18 ICHEPK ERROR OR WRITFeLOCK 
16 7 INON@ENTSTENT NTSK® 
17 980102 L1e0023 APL RCFILL . INS, . . 
18 00104 A3a71G MeEnAAD ArT #RTRVER, ORG MONLY PATA & ADR ERRORS MERIT A RETRY 
19 988110 Agiaas REQ 1$ INAPP = GO BACK WITH BERRAR 
20 900192 AgESeY 177709 nee PETRY PRPTRY FATAL ERROR & TIMPS 
2! ABGI16 ADs3S4g ; AGT PCRETR yOK PO TT AGAIN, 
2? 920199 aserss nanan 19! Ars #HPERR, @6 (P59 CANT GFT BY HARD ERROR 
as PSFT ERROR FLAG + 
a4 1G BACK TO MONT TOR 
23 720384 AyaTeG RCHOME#| MOV PO,RO 
26 7081286 M6P7%4 6177662 ADA #RECOE@,,RA MPYTC AMDR OF CURPENT QUEUE ENTRY 
27 400132 ALTARS MAAES4 MOV PHMONLOW,RE a 
2A O00136 ABAI7s aAgne79 IMP OFFSET (RS) rEXIT TO MANTTOR QUEUE COMPLFTTON 
29 - = . 
BA AQGL42 AY>7T3S7 AQA4AD 177446] ROABRT? MOV WARBORT, @#RECS | PABORT CURRENT OPERATION 
31 900180 AGATE BR RCHOME PEXTT TO MANTTAR 
3? 
3% K PFYLL REMATNPER OF DISK ALACK WRITTEN TOO WITH ZPROES, 
3G MGGSQ2 Agassy AamiAg REFILL? far RQ,RCCOMN HCALL COMMON RTN . i. 
35 908156 anatare “WORP TNHCA 9SPT TOO INHYBTT INC OF CURRENT ADR CRCCA) 
36 900160 416508 ABnamea MOV ac(Rs),R5 9GFT WORM COUNT FRAM
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a7 PCURRENT QUE ELEMENT (RCCOR) 
3A A98164 ISOA8S7 RPL RCHOME INOPTLEL FOR READS ~ 
39 FO0166 108795 T9786 RS PEVEN # BLACKS WRITTEN? 

40 9@0179 Aa1755 REN RCHOME 1YPS © FYLI NOT NECESSARY, ~ . 
41 A08172 Bassas NEG RS | PWRITE WORD COUNTS ARE NFGATTVE PN 
42 O00174 aya846 ; mov PS,=(SP) | 1THE QUE. | . 
as P FALCULATF THF # OF SFCTORS IN THE CURRENT OPFRATTON 
aa 5732 WORDS = ANF SECTOR) 
48 
4h BOO17— Bis7To~_ AoAeaS ; Mov #5,0(9?) PISH REPEAT COUNT ONTO STACK 
47 G0C202 @aK205 1$¢ ASR Rs MDTVTOR THE # WORDS 
4A @Q0204 104066 manors ROR 1 (8p) CHECK FOR SECTOR AVFRFLOW 
49 paSate 108316 ners esp POPCREMENT REPEAT FOUNT 
$A MO@212 AOIs73 ANF 18 ; —_ 
51 aabeia aae7as Ts? (SP)+ PSPCTOR AVFRFLOW 9 
S$? 908216 Marany AEA 98 pA ; 
$3 008220 agsans ; TNF Rs HINCLUNE NEXT SEETAR 
Sa ngGe22 231 - 
55 1 PND OF SPCTOR CALCULATION _ — ; 
56 AB@222 AEnsea4 Aon RS, (ROIS ICALCULATE CURRENT DTSK ADR, CRODAS 
57 A90224 ay aHm8 MOV (SP)O,RS 

RCt1 VaLe@i CFIXFD HFAP ATSK) Roll MACRA VMRSeG9 BeAPRa7S {PENGIDA PARE Gs 
RC@il INTERRUPT PONTING 

SA 000226 AS29795 17749 ers WITTAQA, RS PWRITE MUST RE LESS THAN 
$9 pA BLOCK CROWC TAKS ' 
on 92°S COMPLEMENT NEG, VALUE.) 
61 PAKe3e AnB7 ea TST (Rad)+ rPQINT TO RECS 
fe myharta ayataa agi1as MOV H#WR+TNHCA, FRO)+ FSET WRITE FUNATTON 
63 ABFP4qQ AYASSa MOV PS, (Ra}4 9SFPT WORD GOUNT (RWC) 
64 Ma@ada ayaria MOV Pc, @f4 : IPAINT MEMARY ANDARFSS TO A ZERO, 
63 909204 ME>r714a 1778K0 apn #ZFROe., ORD rPTC CYNTO ROCAY 
66 808250 aga2a7 (.)}—_" rc | pert
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00%252 
900256 
100260 
Aa0262 
age2ea 
AOA2b66 
aae27e 
aB0274 
ABlA7e 
aee3aa 
ABC3He 
AGO3H4 

AAOIA6 
Age3ia 
nae3ia 

aaesiag 

RTei! MACRA VMN2aoe RoAPRe7S {P2INGIZA PARE § 

“SATTL COMMON SURMRAUTING 
PROECOMN 
ICOMMON SURRGUTINE USED AY INTFRRUPT 
PAND ENTRY ROUTINES 

AL27AG 177406 RerOMil MOV wrecs, Ru 
ASIBI4 RCFOMNE ATT @RO,@RG 
agi4na REA 1$ 
A126a9 MOV CSP) 4,RO 
AOAT17 BR RCHOME 
ALKTAS 477516 18? MOV RCCGE,RS 
ALI5d6 MOV (REQ+, of SP) 
AOH3I16 ASL ose 
AO6316 ASL. esp 
AGH3I6 ASL esp 
ASaOiG ars fRA)+, ORG 
Aaadsy emp (RGU), (R49 
ALPota MOV (SP)+,@RA 
98725 TST (RE)¢ 
eon2ag ars RG 

. N 71 LF M nemonas Qaeranian corey") 

| Baa3st6 ROSIZEs .eRCSTRT 

AQmaay® 2 END 

IPT TO DSK CNTRL & STATUS REG 
IFTLL TN PROGRESS 
ann 
rPAP RA 
IFINTS FELL OF BLK WITH @f8 
MPTR TO CUPRENT QUFUF PNTRY 
1GET BLOCK NUMBER | 
ICALCULATE DYSK ADRESS FOR RCNA 
VUNTT, TRACK# & SEFTOR ANDRESS) 
1(3208e2 56) Be 
PINHTB CURR, AMR YNC (TF NPEREN) 
IPOINT TO CDA ; . 
1SFT DTSK ADR POR FRANSFFR 
FTGNORE UNTT #- 
PRPTURN TO CALLER 

MMONTTAR ENTRY ADDR, 

9STZF MF HANALER



RC11 vaie@! (FIXED HEAN MIS8K) 
SYMBOL TABLE 

ABORT 2 800400 
HDFRR » AQ08n4 

PRS = ag@2d49 
RCCOM, A0825—aR 
RCFR » 177444 

RCLOF AQVAAGR 
RCSYS Ag20%6ERG 
RETRY ag@@16R 
Rt exogeaas 
SP. #X800006 
paeV? a Agar, 
» ABS, Ma@oag 

20a80 
SYSHND 0°36 
FRRORS DETECTED: @ 
FREE CORF! 15627, WORDS 

RC,LPS/NITTM/CORC 

@Ae 

ane 
aaa 
a2 

ang 
any 
ane 

PPSYS 
TNHCA 
PR? 
Reorge 

RT#i! MACRA VMApee9 

a maqnare ¢G 

es AA10%A 
os Agassg 

AgnaiarR ane 
poamysar LP 

2 177884 
a agngis 
ws AQMGS G 
exAgnane 
a AQALAS 

Agsys 
MONLOW 
RCABRT 
Rees 
RCHOME 
RCRETR 
Rcver. 
RKSYS 
3 
7ERO 

AwAPRe7TS {PsMndtas 

n 990000 G 
se A0egs4 

Agaiaar 
a (77446 

AQAL24R 
Aang2zagrR 

es Ggn21e 

ws AgAaaA GC 
BXADAGAS 

AeAaeaR 

gA2 
oA2 

PAGE 54 

pTSYs « 
AFPSr Tea 

REA e 

RCKHA r] 

REINT 
PCSI7Es 
Rewe s 

RTRYERe 

AGAGHS G 
AgAe27TA 
177452 
177442 
ABAGERRG 
AQASL6 GB 
177430 
AGADAB 

Ra eXAGAGAG 
SINPTR ABASLARG @A2 

PXSYS = 400080 G 
PC. aXA900087 
RCCOMN @amaS6R 
RCMB = 177486 
RCLA «© 477448 
RCSTRT, BBAGABR 
RD a ABALAS 

RO exoonane 
RS aXAGnoas 
SINTEN® xaanew G



BOOT vaahe®1 

@= 2 
y= 1 
T= 29 

(Ge 1 
{ie 1 
fee 1 

BOOT Vaanw®y 
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RTwi1 BONTSTRAP RTwil MACRO VMAPeG9 8 AwAPReTS 11909900 
TABLF OF CONTENTS 

MACROS, GLOBALS 
ASFCT 

RONTSTRAP 7/0 ARTVFR » ROLE 
RONTSTRAP CORE DETERMINATION 
READ MONTTAR, LOMKUP HANPLERS 
RELOCATION LIST 

RTwil ROMTSTPAP RT=1i MAERA VMA2e99 AwAPRO7S 112099040 PAGE 1 

AgauAy, SRESYSa4 . 
STUTLe ROOT vVaAaReAt RT=1ii BOOTSTRAP 

w
w
e
w
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e
w
e
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RTmii RBONTSTRAP 

RECe11@ORBTAaD 

POPYRIGHT (Cc) 1975 

AIGITAL FQUIPMENT CORPARATTON 

MAYNARP, MASSACHUSETTS 01754 

THTS SOFTWARE 78 FURNISHFD UNDFR A LICENSE FOR USE ONLY 
MN A SINGLE COMPUTER SYSTEM AND MAY BE COPTED ANLY WtTH 
THE TNELUSTON OF THE AROVE COPYRIGHT NOTICE, THIS SOFTWARE, 
AR ANY OTHFR COPTES THEREOF, MAY NOT BE PROVIDFD OR ATHERWTSE MARE 
AVATLABLF TO ANY OTHER PERSON FXCEPT FOR USE ON SUCH SYSTEM AND TO 
ANE WHO AGREFS TO THFSF i TCENSF TERMS, TITLE TN AND OWNERSHIP OF THE 
SOFTWARE SHALL AT ALL TIMES REMAIN IN MIGTITAL, 

THE TNFORMATTON YN THIS AOFUMENT ITS SURJFCT TO 
CHANGE WYTHOUT NOTICF ANN SHOULD NOT BF PONSTRUES 
AS A COMMITMENT BY DIGTTAL FQUIPMENT CORPORATION, 

MIGITAL ASSUMES NO RFSPONSIBILTTY FOR THE Use 
AR RELTARILITY OF TTS SOFTWARE ON FOUIPMENT 
WHYCH TS NOT SUPPLTENM AY DIGTTAL. 
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Rfeil AOATSTRAP RTwil MACRA VMA2=R9 

BBa0K8 
A84088 
Agaeaa 
177579 

agnaag 

Boag, 
agagae 

AQAGAS 

Aanata 
Agagas 
AGAGNe 

AQAGAT 

SSRTTL 

»MEALL 
View 

MPALL 

MAPRNS, 

weViee 

‘extT, 

GLOBALS 

“LOOKUP, PRINT, 

BeAPAe7S 11869106 PARE B 

SAVESTATUS 

PRM NRE ENRON 
P CONDTTTONAL ASSEMBLY OF ROOT FOR SINGLE USER OR AF SYSTEM 

POFFAULT TO SINGLE USER 

SKMLAC, SMONBL, SPNAME, S8LOT 

FILLER, HWEPUS, HWOSPS, KMLOC 
MAPOFF, GCOMP, RT{182 ; 
SYPNTO, SYINDO, SYNCH, SYASSG 
USRLOC, USRSZ, MAXSYH 

For EITHER BF OR SU SYSTEM, BUT NOT OTH 

elt NAF BF areg 

) GLOBAL RPFFRENCES To MANTTORE 
2GLOBL SOVREC, SENTRY, SINPTR, 
TGLOBL SSWPAL, SUSRLC, SPNAMO 
 GLOBL RSTRNG, CORPTR, AKaSSG, 
Parone KMON,  KMANSZ, KWILLS, 
*6LOBL RTLEN, RTSIZE, SwaPSZ, 
»GLOBL SYSLOW, TTTBUF, TTABUF, 

*GLOBL RELLST 

1 FOLLOWING ARF BLABALS 

ptr NE BF . 
pGLOAL RCNTXYT, RKGNDY, AKANNB, 
POLOBL MSGENT, RMONSP, SWEPTR, 
PIFr . ; 
*GLOBL AVAIL, ,0SW, FPPADD, 
eEnDe 

PERM se 2080 

FNPBLK #» 460g 
JSw a 44 
SR 2 177576 

) REGISTER DFFINTTIONS? 

ROeX4 

Ri aki 
RaeX2 
R3zeX3 
RaaX4 
R5nX5S 
SP aX 
Peak? 

§ MONTTOR OFFSET CONSTANTS 

AKGNDS, CNTXT, FURGEL, PUDGER 
SWAPTR, TTYUSR, TTAUSR, .SCRTN 

PPPIGN, MONLOC, TRAPLC, TRAPPER 

PSTATUS WORD FOR PRPRMANENT FILE 
PSTATUS OF END OF SEGMENT MARK 
PADORESS OF JOB STATUS 
ICONSOLE SWITCH REGISTER
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ASECT 
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ae8eng 
ngtadea 

AG8O34 

AOaAsag 

Hane274 

177546 
17PA89 
1775460 
1773562 
1773564 
177866 

RTw11 MOOTSTRAP RTW=i1 MACRA VMA2~9g9 

AgAAtE 
Agaatig 

neonate 
Agauia 

Agaata 
ABALG7 AAAUKA 

CONFIG 
SYUNTT 

LKes 
GT Ae 
Tks 
TKA 
TPs 

TPR 

VSATTL 

o 300 
a 278 

es 177846 
e 172008 
= 177360 
® 177862 
e 177544 
es 177566 

ASECT 

er? NDF SRFSYS 
aIF NDF SDYSYS 
aIF NDF SOPSYS 
IF NDF S$088¥ 
IF NOF SResy 

al? NDF SNX8YS 
SRKSYSe OB 
pence 
,EnOC 
pENOC 
»ENOC 
»ENOC 
eENDE 

pASECT 
2 2 A 

aga 
AR 

pir NoF 
oo, « 2 34 

RoOeTiA JMP 

LIFe 
estos 
CSEBUFS 
C8RDe 
CSUNY TS 
CSNONES 

CSTRe 
CSFRRe 

RxCS8a 

PHARDWARE CONFIGURATION WORD 
18¥STEM UNTT # 

CLOCK STATUS REGISTER 
1GT4® LOCATION 
KEYBOARD STATUS 
yo" AUFFER 
PPRINTER STATUS 
’ " BUFFER 

AoAPReTS 11949904 PAGE § 

ITURN ON SRKSYS TF ALL OTHPRS ARF OFF 

IT MUST BP AN RK SYSTEM 

BOAT! 

SOXSYS 

ROOT 

| 
? 
6 

0 
49 
aan 
10AG80 

{77170 

WBMOT VALIMATION PATTERN 
YBRANCH TO REAL BONT 

sPUT THE JUMP BOOT_IN TRAP VECTOR 
PSTART THE BOOTSTRAP 

PSTART FUNCTION 
VEMPTY BUFFER 
MREAM SECTOR 
PUNT? 1 SELECTION 
mR DONE . 
IRYOB TRANSFPR REAAY 
mRY PRROR 

PRYCS STATUS RFGTSTER
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ASECT 

38 
59 
6A 
61 
6? 
63 

BOOT VaZR=0; 

; _ 8 
UNTTROE , 

BONT!3 
RETRYt MOV 

RTait BOOTSTRAP RTwl!l MACRA VMAdeg9 

PEADSs MOV 
MOV 
MOV 
“waRn 
ror 
MOV 
ror 
MOV 
yor 
MOV 

4$1 ToT 
Ts78 
RPL 
MOVB 
hee 
AGT 
CLF 

_ BR 
WATT? TST 

REQ 
BMT 

RTTRETS RTT 

RDEMEs 

READS 
a 
WATT 
Ce SBOeCSRA 

PINITIALTZ® BPT ANA TOT VECTORS 

PON BPT INTERRUPT TH READS ROUTINE 
PS SET TO @ 
YON TOT INTERUPT TA WATT ROUTINE 
MREAN FROM UNIT O, SETS WETRA BUT OK PS 

CSEO*CSRHSCSUNTTIREAN FROM UNTT 4 
134e82 USEABLE 

UNTTRD (RO) ,ROCMDISPT READ PUNCTION FOR CORRECT UNI? 
epe, SP 
#200,R2 

as 

ope, R3 

Ranta 

AwAPPa?S 11149104 

#R¥CS,RG 

R4a,R5 ; 

CPA +, (REI¢ 
a 

R3,eRS 

RO,@RS 

PINIT SP WITH NEXY INSTRUCTION 
PAREA TO READ IN NEXT PART OF BOOT 
sSFT TRACK NUMBER . 
POUT OF RONM HERE, GO TO CONTINUATION 
PPAPFR TAPE VECTORS 
9SPT TO ATG WORD COUNT 
pSFT TO ABSOLUTE TRACK 14 
PBRANCH TO CONTINUATION 
PPROGRAMMABLE CLOCK 
PARSOLUTE SECTOR 3 FOR NEXT PART 
ICALL READS SUBROUTINE 
PBRANCH TO CONTINUATION oo. 
PLOTS OF UNUSED VECTORS, (DRW118?) 

PAGE 3+ 

PRO eo» RY STATUS ROGISTER 
PRS WILL POINT TO RX DATA AUPFER 
PINITIATE READ FUNCTION 
OGFTS FILLED WITH READ COMMAND 
SCALL WATT SUBROUTINE 
PLOAD SECTOR NUMBER INTO RDA 
9CALL WATT SUBROUTTNE 
LOAD TRACK NUMBER INTO RXDB 

ICALL WATT SUBROUTINE 
WCSGOSCSEBIIF,ORGPLOAD EMPTY RUPFER FUNCTION INTO RXES 

@RG 

RTTRET 

ers, (Rade 

LB} 
4s 

R2 
as 

@R4 

WATT 

RETRY 

PCALL WATT SUBROUTINE 
1TS TRANSPFR REANY UP? 
IBRANCH TF NOT, SECTOR MUST BE LOADED 
MOVE PATA BYTE TO MEMORY 
SCHECK BYTP COUNT 
PLOOP AS LONG AS WORD COUNT NOY UP 
WKLUONGE TO SLUFF BUFFER YF SHORT WO ENT 
rLOOP . . 
nY8 TR, ERR, DONE UP? INT ENA CANS? BE 
HLOOP TILL SOMETHING 
PSTART AGAIN ITF BRROR 
PRETURN
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a1 
8? 
83 
a4 
as 
8&6 
a7 
ea 
89 
Ga 

91 
92 
$3 
ga 

BOOT Va2Re%1 

asecr 

i
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2 8 290 PSECTOR 2 MF RX BOAT 
Bootes MPs (RE), (RB) 4 PBUMP TO SECTOR § 

APT PCALL READS SUBROUTINE 
CMPB (R3I4, (R304 IBUMP TO SECTOR 7 
APT PCALL READS SUBROUTINE 
ATT #CSUNTT,RDAMD PCHECK UNIT ID 
BNE 18 NBRANCH YF BOOTING UNIT 1, Raat 
eLe Ro sSFT TO UNIT @ 

18 MOV RO, (PCI« PSAVE UNTT BOOTED FROM FOR LATER 
BTUNTT#S .WORD Af SAVE THE UNIT HERP 

MOV WTRWATT, Ow 20 LETS HANDLE ERRORS DIPRERENTLY 
IMP BonT INOW WE ARF READY TO OO THE REAL BROT 

»ENDE 

RTteill BOOTSTRAP RTeif MACR 

s 
) 
' 
U 
, 
’ 
’ 
U 
’ 
7 
26 
sy 
wt 
sy 
.e 
sy 

Sy 
sy 
oR 
sy 
rE 
WB 

® VM@2099 AcAPReTS 11269904 PAGE @ 

FOLLOWING ARF THF RONTSTRAP 7/0 PRYIVERS FOR FaCH VALID 
SYSTEM OFVICE, 
CALLING SEQUENCE? ; 

RQ = PHYSICAL BLOCK TO RFAM/WRITE 
Ri 8 WORD fOUNT 
R2 = BUFFER ADPRESS 
R3,R4,R5 ARE AVATLABLE AND MAY BE DESTROYER BY THE DRIVER 

THE PRIVFR MUST GO TO BIMERR IF A FATAL 7/0 ERROR OCCURS, 
TT MUST ALSO INVOKE THR MACRO SYSODEV 
aACRQO SYSDFY NAME,VECTOR . 
LOBL NAME*INT, NAME*STZ# WDFFINE SYSTEM DEVICE INTERRUPT & SIZE 
NAME 8 @ 

RPe ¥,@NAMPo 

NAME © <€SYNAMFO! *¥ alana SM 

NOR 
VEE e VERLTOR 917 VECTORS TO THIS LOCATION 
e SyvVFC yAT THE VECTORS 

WORM = NAME * INT, 300 1 PUT & VECTOR TO THE SYSTEM HANDLER 
a SYSY7E 

"WORA = NAME*S$77F IPUT HANOLFR STZF WHFRE TT CAN BE USED 
=» 402 PAND START THE COOP AT aap 
RITO =» VECTOR / 2a POPPSET INTO BIT MAP FOR PROTECTION 
AITs = *B11999000 PCOMPUTE ACTUAL BITS 
FPT «VFCTOR & {7 > / 4 NVPCTOR YS A MULTIPLE OF @ 
RITS «© SYAITS / 4 ISHIPT RIGHT 2 MORE AITS 
NDR 
NOM SYSDFY
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BOOT VA2R081 
ASECT 
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RTewli BOOTSTRAP RT=11 MACRA VMA2099 

pIF OF SDSSYS IRS SYSTEM 

AoAPRo7S 11949104 PARE 5 

eSATTL AOOTSTRAP 1/0 ARTVER wm RSI1 

p RStL OTSK HANDLER 

oIF OF MAUSSC 
SyYSDFY 8,152 

Rses2 oe 176310 
VENoC 
LIF NOF mausse 

SYSDFV 98,204 
rsc$20179080 
,ENDC 

READ? MOV RO,RG 
MOV #RSCS82,R5 
MOV (R35) ,a(8P) 

MOV #49,0RS 
ArT #2, 16(R5) 
ANE 18 

; ASL RG 
191 ASL RG 

are w®e7, (SP) 
MOV (sP)4, (R45) 
MOV RYU, a (RS) 
MOV R22," (RS) 
MOV Ri,= (RS) 
NER ORS 

; MOV #71," (RS) 
281 AIT #190200,eR8 

BEH 38 
AMY RIMERR 
RTS Pc 

VENDe 

COPY BLOCK NUMBER 
PPOINT TO REGISTERS 
ASAVE UNTT @ 
FCONTROLLER CLEAR 

PWHAT 78 IT? 
rrv°S AN RSOG 
rIT*S AN RSOS 
ICONVERT TO TRACK/SECTOR 
gSTRIP TO UNTT BITS 
9sPY uNTT 
SFT BLOCK 

160, REAM, NO INTERRUPT 
PWATT FOR PONE OR FRROR 

pB0OT FRROR
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BOOT VagRe®4 RT=if ROOTSTRAP RTaii MACRA VMAa9o9 BaAPRo7TS 11949184 PAGE 6 
ASECT 

{ ,IF DF S$DPSYS PCONPITIONAL FOR RPL AYSK 
2 SSRATTL ROOTSTRAP 1/0 DRIVER » RPLt 
3 
4 1 PP14 OTSK ORIVER 
8 - 
6 . SYSDFV OP,254 POFVICE YS_RP, IT VECTORS FO 284 
7 RPeSa 1746714 PRPLL DEVICE CONTROL REG 
a RPHSa 176710 PRPQS DEVICE STATUS REG 
9 RPDAS 1767284 PRPAS HSK ADRS REGISTER | 

10 C$,G0e ngagas G0 BIT TN CONTROL & STATUS 
1! C8,RO— AonaaAd PREAM FUNCTION CODE 
1? CS,0RV= Ba34a0 PUNTT SELECT BITS 
13 DS ,ATTs 900377 PUNTT ATTN BITS 

14 
15 READ? - MOV RO,R3 yR3S = BLOCK # 
16 JSR R2,01V 1GET SECTOR NUMBER 
17 aWORA 18, 9BY DIVIPING BY 1a 
18 MOV R4,a (SP) SAVE SECTOR 
19 MOV RS5,R3 SFT NEW OTVIDEND 
rt JSR Re,OTV pAND COMPUTE CYL & TRACK 
21 WORD 20, yBY OIVIAING BY Ba 
2? SWAB Ra IPOSTTION TRACK TN HIGH BYTE 
23 RYs (SP) %,RG HAND INSTALL SECTOR 
24 MOV #RPDA,RS IR3 em DISK ADRS REG 
25 MOV R4,@R3 1SFT TRACK & SECTOR 
26 MOV R5,#(R3) HAND CYLINDER 
2? MOV Re,#(R3) PAND BUS APDRESS 
28 MOV Ri,#(R3) YAND WORD COUNT 
29 NEG @RE . WMAKF NEGATIVE . 
30 are #™CaCS,ORV>,=(R3) FCLEAR ALL BUT UNIT # 
1 BIs #C$,804C8.80,eR3 7 AND START READ 
32 18! TSTB ORT PWATT UNTIL TRANSFER COMPLETE 
53 API 18 
Ba "sT ORE PANY ERRORS? 

35 amt BIOERR rYPS 
36 MOVB WOS,ATT,@#PPNS FCLEAR UNIT ATTN FOR BOTH 
37 fLRB PHRPPS ' OLO & ECO°D CONTROLLERS 
3a RTS PC PELSF JUST RETURN 

39 
an P AIVIAE ROUTINE FOR RP HANDLER, 
ai PRS #9 RS / ORF, REMAINDFR IN RG 
rr 
43 prve eLR RS rQuOT, = @ 
4a CLR Ra pREM, © @ 
48 rst R3 11S DIVIDEND 0? 
46 REA 4s PYFS » JUST RETURN. 
ay CoM RS pQU0T, #2 wf & SET CARRY 

ae 183 ROL R3 INORMALIZE
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as ace 
50 2$1 ROL 
s{ MP 
52 ALO 
53 SUA 
5a 3st ROL 
55 ASL 
56 RANE 
87 COM 

BOCT VagRe®) RTalt BOOTSTRAP RTali MACRA VMAD0e99 
ASECT 

5A a$3 Ts? 
§9 RTs 
64 ; 
61 aFnDe 

BOOT VOzZR~8) RTeil ROOTSTRAP Rail MACRA VMA2=09 

RG OSHIFT & SUBTRACT 

RS PFYX QUOTIENT 

AeAPRa7S 11849900 PAGE 66 

(RA}+ 
Re 

AuAPROTS 11949900 PAGE 7 
ASECT 

1 VI” DF SRKSYSISRFSYSESRESYS (5B) 
4 

bs eTPOr SRFSYS ICONDITIONAL FOR RF OF8K 
a eSATTL BOATSTRAP 1/0 DRIVFR ow» RFI 
§ 
6 y RFLL OF 8K HANDLER 
7 
a SYSOFV RF,204 sOPVICE TS RF, YT VECTORS TO 204. 

9 RFes a 177466 CONTROL & STATUS REGISTER 
10 RFWC e® 177462 WORD COUNT 
14 RFMA ® (77464 IMFPMORY ADDRESS 
13 RFRA 8 177Gh6 yOTSK ADORESS 
13 REAE s 177470 WDYSK ADARESS EXTENSTON 
14 RFAB es 177&7e DATA BUFFER 
1§ 
146 READt MOV #RFOA,RY rPOINT TO ALSK ANDRESS 
1? MOV Ro,AS PCOPY BLOCK NUMBER . 
18 Swab RS MULTIPLY BY 2856 TO GET WORD # ON BISK 
19 MOV R§,RG ISAVE HIGH ORDER OY8K ADDRESS 
20 CLRB as mMAKE BA AN EVEN BLOCK NUMBER 
ai MOV RS, CRB) 6 PUT LOW ORDER ADDRESS IN CONTROLLER 
2? BIC U77740,Ra PISOLATE HIGH ORDER ADDRESS 
2% MOV 9G, (R3) PPUT I? IN CONTROLLER 
24 TsST #(R3} , PRESET POINTER
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32 agea4g 

ag@ane 
AQSHOG 
aesaia 
aatai2 
ae@ula 
AQ8416 
290429 

BOOT Va2Bu24 
BOOTSTRAP I/O PRIVFR w» ROLE 

177408 
177aGe 
177404 

177486 
17748¢ 
1774532 
177484 
177436 

ALaTAS 
AL ADAG 
AQK3Aa8 
AQSSAG 
ADKHIAE 
ALasiy 
BeSTAT 

RTwli BOOTSTRAP RTal!i MAERM VMAawB49 

177442 

agagie 

BENDC 
(IFDF  sresvsi BEQNDETIONAL FOR. RO (R864) DISK 

"SBTTL ROOTSTRAP 7/0 PRIVER = REL! 

FACIL DSK HANDLER 
DD SYSOFV RC,212 

Pr RCIt CONTROL REGSSTERS 

RCL Ae 177440 
REM AB qerade 
RCERS 177444 
RCCS8ea (77446 
RCWCs 1774650 
RCCAsS 1774682 

RCMNe {77454 
RCMBs 177456 

() 
] 

eENOE 
a ITFOF 
eSPATTL 

MOV #REDA,RE 
MOV PO,RS 
ASlL R5 
ASL PS 
ASL RS 
MOV RS,eR3 
Aon #12,R3 

SRKSYS 

rDFVICE YS RO, ITT VECTORS TO 210 

PLOOK AHEAN REGISTER 

IDTSK ADDRESS REGISTER 
PDTSK FRROR STATUS REGISTER 
IDTSK CONTROL & STATUS REGISTER 
1WORD COUNT REGISTER 
ICURRENT AMORESS REGISTER 
MAINTENANCE REGISTER 
sDATA BUFFFR REGTSTER 

PT TO DISK ADR REAISTER 
1GFT BLOCK NUMBER 

PCALCULATE DISK ADR FOR REDA 
9CUNTT, TRACK #@ & SFCTOR AOR) 
(32 6 Bnese) - 
2IND PROPER OYSK ANR 
HPT TO CURRENT APR REG © 38 
/CYNTERFACE TO COMMON Code) 

BOOTSTRAP 7/0 PRTVFR &» RKOS 

) RPKBS DISK HANDLER 

RKMA 

REaDet 

18! 
283 

S$? 

SYSOFVY FK,220 
e (77412 

MoV #14,R3 
AR 2§ 
apn #20,R3 
SUB #14,RQ 
APL 18 
apn R3,RO 

MOV #RKDA,RE 

arc #17777, ORS 
ATS RO, (RS) 

BawAPRe7S 112549904 PARE Te 

IDFVICE TS RK, TF VECTORS TO 228 
pRK ATSK ANDRESS 

MPHYSTCAL ALOCK TO RK PISK AND. 
VENTER BLOCK # COMPUTATION 
NCONVERT OTSK ADNRESS 

yRA HAS HISK ANDRESS — 
IPAINT TO WAROWARE OT8K ADDR REGISTER 
ILPAVE THE UNIT NUMBER 7 
PPUT DISK ADORESS INTO CONTROLLER
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74 089424 
75 @90426 
76 8004390 
77 A9@43a 
78 B90436 
79 age@aag 
8H A08442 
81 90444 
62 A90446 

BOOT Va2Rw2) 

ALneay 
ALHLGs 
08413 
B1P74S 
198713 
190376 
AOS713 
100404 
aan207 

RTeili BOOTSTRAP RT#ii MACRA VMAD0O9 
BOOTSTRAP I/O DRIVFR » RCLI 

S
B
E
B
r
w
P
A
r
a
A
V
-
 

14 

oENDC 
§ THYS CODF TS COMMON TO RKOBS,RC11 AND RFLI HANDLERS 

GG }——___—_—-» MOV Re,e(R3) 
MOV RL, = (RB) 
NEG (R38) 
MOV #§,6(R3) 

381 T8TB (R3) 
RPL S$ 
TST (R3) 
aM? ATOERR 
RTS Pc 

eENDE 

IF OF SDTSYS 

eSATTL 

) MECTAPE RBONTSRAP HANDLER 
SYSOFY O6T,214 

Term 8 (77348 
TCAT « 1773%0 
TcsT ® 177349 

ReaD? MOV #TECM,RG 
MOV #TCOT,RS 

OTaRCHt MOV RO,RS 
sua #2,R5 
MOV #4003,eRG 

281 arr #190280,eRaG 
BEA 28 
AMT QTERR 
CMP R5,@R3 

BLT ATSRCH 
PTFWROL MOV #3, eRG 
4g art #190200, 4R4 

REQ as 
BMY HTERR 
eMP RO,@RZ 
AGT OTFWROD 
ALT PTSRCH 
MOV R2,«(R3) 
NEG Ri 
MOV Ri, (R3) 

IBUPFER ADD, 
pWORD COUNT 
(NEGATIVE) 
OSTART DISK READ 
MWATY UNTIL COMPLETE 

PANY ERRORS? 
PHARO HALT ON ERROR 

BeAPRw7S 11349100 PAGE 8 

BOOTSTRAP 1/0 PRIVPR « DPCTAPE 

9OFVICE IS OF, IY VECTORS TO ata, 
9COMMAND REGISTER 
IDATA REGISTER 
PSTATUS REGISTER 

#R4 em COMMAND REG 
#R3 om DATA REG 
sCOPY BLOCK NUMBER. 
PSPARCH FOR 2 FARLTER 
PREVERSE,RNUM 
PWATT TYLL BLOCK FOUND 

y18 TY THE DESIRED BLOCK 
INO, CONTINUE SEARCHING 
PSEARCH FORWARD (CRNUM) 
mwart 

POFSTRFO BLOCK 
PNO@SEARCH FORWARD 
INQeSEARCH REVERSE 
PBUFFER ADDRESS 

WORD COUNT



6
T
-
W
 

BOOT vVa2Z8u®) 
BOOTSTRAP I/O PRIVFR » ROL 

O
p
r
~
w
P
r
e
e
w
w
y
-
 

14 

MTas 

DTFRRE 

eENDE 

READ? 

{$1 

283 
391 

431 

TRWATT! 

MOV 
AIT 
REO 
RMT 
CLR 
RTS 
rs’ 
BPL 
AIT 
ANE 
BR 

RTaif BOOTSTRAP RYeil MACRA VMAaeg9 

pIF OF 
oSATTL 

SYSDFV 

ASL 
ASL 
ASL 
MOV 
MOV 
MOV 
CLR 
BR 
SUA 
tne 
sus 
APL 
CMP 
ROL 
SUR 
BPL 
apn 
BpT 
MOV 
tne 
TST 
AGT 
RTs 
Ts? 
REQ 
RPL 

#5, ERG 

#190200,eR4 
Ata 

#4000, ORG 
OTFWRD 
OTSREH 

SDXSYS 

PREAD 
mWAIT FOR COMPLETIAN 

PREAN ERROR 

sSTOP PT 

yWHAT KINO OF ERROR ? 
yNOT END ZONE 
PREVERSE? 
ITHEN GO SPARCH FORWARD 
SELSF SEARCH REVERSE 

Bu APRH7S 14549104 PARE 9 

PFLOPPY SYSTEM 
BOOTSTRAP 7/0 ARIVER = FLOPPY 

DX, 264 

R® 
RG 

Ri 
RQ,~=(8P) 

RO,R3 
RO,RG 

RO 
35 | 
#23,,R3 
RQ 
#26,,R4 

28 
Woid,, RG 

R3 
#26,,R3 
4s 
#27.,R3 

($P)+,RO 
RQ 
Pi 
18 
PC 
@Ra 
TRWATT 
RPYTRET 

SFLOPPY VECTORS THROUGH 864 

ICONVERT BLOCK TO LOGICAL SECTOR 
PLSNSBLOCK#4 
MAKE WORD COUNT BYTE COUNT 
NSAVE LSN POR LATER . 
mWE NEFO 2 COPTES OF LSN FOR MAPPER 

yINIT FOR TRACK QUOTIENT 
rJUMP INTO DIVTIOF LOOP 
PPFRFORM MAGIC TRACK DISPLACEMENT 
YBUMP QUOTYENT, STARTS AT TRACK 1 
PTRACK@INTEGER(LSN/26) 
ILQOP = ROGREM(LSN/26) 026 | 
SFT C IF SECTOR MAPS TO 1013 
IPFRPORM 284 INTERLEAVE ; 
PADJUST SECTOR INTO RANGE 1,026 
PCAIVIDE FOR REMAINDER ONLY). 
INOW PUT SPCTOR INTO RANGE 126 
PCALL READS SUBROUTINE 
IGFET THE LSN AGAIN 
9SFT UP FOR NEXT L&N 
WHATS LEFT IN THE WORD COUNT 
PBRANCH TO TRANSFER ANOTHER SECTOR 
PRETURN 
INFW WAIT SUBROUTINE, PRINTS ERRORS 

SRETURN FROM INTERUPT
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3? 
33 
34 
35 
36 
37 
38 
39 

aa 

AG8489 
00484 
a00457 
a98462 
208465 
aaeare 
QQ00T7S 

BOOT VOgRa®y 
BOOTSTRAP CORE 

B
E
e
r
v
~
r
 

R
A
E
 
w
w
e
 

ao@aTa 
028508 
agesag 

B22506 
aaeSia 
ae8Si2 
aaesia 
M08516 

900520 
@08524 
808530 
OQO534q 
aa08aQg 

@g0544q 
2925380 
408582 
800556 

002S56e 

Ag6067 
215 
19a 
O37 
188 
117 
ang 

RTell BOOTSTRAP Rail MACRA VMA29R9 

AGA2G 
O12 
835 
117 
122 
122 

DETPRMINATIAN 

119037 177566 
185737 177564 
{Qa378 
10871 
AQI373 
AGABAS 
Banaag 
AQATTS 

O137%% 8 6A18000 
A\270@ Agneee2 
Oya7ay agaaae 
O127G2 Aa1AHe 
AQA767 177636 

B,a7ays aaaans 
11308 
Aya723 aane2a 
A213 

ABAGAT 

a7T 
iif 
84g 
122 
ate 

poeeee 

VENDE 

BINERRS JSR 

eASCTZ 

VEVEN 

THIS MUST FALL INTO BIOERR weawew 

R@,REPORT PSAY THAT WE GOT ERROR 
15 41 20\7R0T/0 FRROR\ at a> 

AwAPROTS 11209900 PARE 10 

eSATTL BOOTSTRAP CORE DETPRMINATION 

REPORi! MOVE 
REPORT? TSTB 

PPL 
TST 
BNE 
RESET 
HALT 
AR 

RonTt MOV 
MOV 
MOV 
MOV 

ssr 
eITF GT ,91080G, 

MoV 
MOV 

MOV 
PLR 

(RO)*, @RTPR 
exTPS 
REPORT 

ero 
REPOR 

20? 

#19900,8P 
#2,R0 

PPUT ANOTHER CHARACTER OUT 
pWAT? FOR TYPER READY 

PD wee 

PANYTHING MORE ? 
ryes, Loop 
STOP ALL AEVICES 

PKEEP HIM FROM CONTINUING 

1SFT STACK POINTER 
PREAD IN SECOND PART OF BODT 

REROOTSZa{nedga, Ri PEVERY BLOCK BUT THE ONE WE ARE JIN 
#1A00,R2 

PC, READ 

»ERROR 

#4,R3 

ORS,RS 

ONYM, (R394 

@RS 

PINTO LOCATION 1000 

PBQOTSTRAP BLOCK @ TOO BIG 
PPOINT TO TRAP LOCATIONS 
PSAVE TRAP LOC 
9SET TRAP FOR NON PXYSTENT MEMORY 

POPUPP POPS P POT PPPS PRP P PPPOE EP OP EP OR LEER POR OPP 
THIS BOOTSTRAP CAN STIMULATE ANY STZE PAROS, 
TF LOCATION *FYOMLE® 18 a HALT, THE CPU WILL STOP OURING THE BOOT, 

SET THE TOP OF AVAYLABLE CORE AS A MULTIPLE OF Ik, 
YF THE SR TS se 1680080 OR TF FYOALE {8 A BR 18 , 

’ 
, 
' 

1 AN CONTINUE, THE TOP § BTTS OF THE SWITCH REGISTER ARE USED TO 
' 
J 
' THE BOOTSTRAP WILL 00 A NORMAL CORFE PETERMINATION, 

EOP UPOPP ROPE PPP REPRO POET OR OPP OPP PPP eee eee eee ee) 
i$ FINOLE? BR 9CHANGE TO HALT FOR FIDDLING
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AGB86a 
208566 
A0e87a 
Q02576 
AGC68a 
800682 
262606 
A08612 
A00614 
A00616 
102629 
100626 
498630 
AO0634 
199636 
AaCb4a 
A00644 

400630 
800652 
800654 
802656 
700660 
AASEb4 
G20666 
009672 
A00676 

ROOT VOzZR=01 
ROOTSYRAP CORE 

100702 

900706 
> HO87T12 
AI2716 
ae%72¢0 
AGG72e 
A00726 
AQ273¢a 
AGa734 
AQ@T49 
AeO74G4 
AGATISE 
AQl7S4 
A007%56 

ars7aa 
aueTAe 
neneay 
108416 
aesoop 
AGA70R 
AQneAay 
ao1402 
ASTID 
aan7?y 
A,a7Aay 
O11 367 
ALarTay 

ALAA 
OO8737 
aSai4g 
AQ8737 
asaiie 
179000 
asaite 
ALAS2y 
A127 23 
Bi n52y 
O1P72% 
162702 
69702 

177570 MOV 
AQSTTT Are 
164000 CMP 

BLO 
181 CLR 

AB4ahe 28% ADD 
160000 cme 

REO 
TST 
BR 

ABL476 NXM# MOV 
177169 MOV 
A216%4 MOV 

MOV 
177546 Ys?’ 

BISs 
172000 TST 

ays 
CrEC 
ATS 
MOV 

ngasag MOV 
MOV 

AGAsa4 MOV 
AAADABE Su 
AQAGABG App 

RTeil BOOTSTRAP Rfell MACRO VMAaea9 

DETPRMINATION 

169788 Sur 

ABAT MG SYSIZE ® , 
AONTMG . 8 ee 
062702 ananenes App 
nane27 aynane eMP 
103466 BLO 
ALn246 MOV 
19790 monany MOV 
AO4309 DFND? = ASL 
62700 aonanG apn 
OLa7%) Malang MOV 
12792 #01634 MOV 
AOG767 177432 IP 
1270) ma1edg MOV 
ALa1Ag MOV 
ALatAap MONE? MOV 

owSR, Re 
#3777,R2 
R2, #160000 
NXM 
Re 
#4900,R2 
R2, #160000 
NXM 

98 
WBCLR, = (RZ) 

@RS,18 
#TSLIST,RG 

R1,ROA 
ee_LKCs 
(Ri}%,= (PRO) 

neta 
(R1}+,@RO 

(Ri), @RA 
P5, (R336 

#340, (R394 
RS, (R3)6 

W341, (R354 
#RTSTZE,R2 
#FYLLER,R2 

AmAPRe7TS 14999908 

(Peye,Re 

SMAXSYH,RO 
R2a,#109000 

TOOSML 
R2,«(8P} 

#19GG,R¢ 

WBUFFB, RO 

PC,REad 

WBLIFFRS IA, RL 

(RI) *,RD 
Ri,R2 

IGET SWITCH VALUF | 
VISOLATE TOP 5 BITS CLK TNCREMENTS) 
PSHOULD WE 00 NORMAL CHECK ? 
INO, USE THE SR VALUE 
WLOOK POR TOP OF CORE 
MOVE TO NEXT 1K BANK 
PREACHED 28K YET 9. 
1YES, OO A 28K SYSTEM 
mNO, SPE IF THIS LOCATION Exists 
1KEEP GOING TF WE BION’? TRAP 
PNONMEMORY TRAPS HERE | 
NBAD INSTRUCTIONS TRAP HERE 
PBYTS FOR CLEARING ON FRROR TRAPS 

NCHECK PRESENCE OF CLOCK 
PAPVANCE LIST 
PCHECK FOR DISPLAY 

PCHECK FOR FPU 

PRESTORE TRAP 
PTRAP TO 4 YS PRI, CARRY OFF 
PRESTORE 14 
PTRAP TO 18 TS PR7, CARRY ON 
#R2 NOW POYNTS TO WHERE WE WANT THR KMON 
PABUT YT AGAINST THE TOP OF CORE 

PABE 1A 

PRECOVER UNUSED CORE FROM SY?t 

PSYSTEM HANDLER SI7E PUT HERE | 
ITHIS WAY BECAUSE NO GLOAAL ARITH, 
WIS YT JUST TOO TINY ? | 
rYRS 
IPUT LOAD ADDRESS ON STACK 
INOW READ PERST HTRECTORY ALOCK 

PDTRECTORY STARTS AT 6 

PREAD THE SEGMENT 
PPOINT TO START BLOCK WORD 

PSAVE ADARESS OF STATUS WORD
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96 
97 
9&8 

94 

090760 
AGP7b4G 
O20766 
ae8772a 

ABS7IV2 
Age774 
AG877%6 
agigaa 
agiade 
agiggs 
901906 
@aiota 
meiaia 
@alete 
601022 
aglaee 
agiesa2 
a@01a34 
apiase 
a@gigae2 
@oleaaa 
agiasa 
AGIGSS 
@01956 

Malges 
01064 
01067 
Bale7ve2 

AG1074 
aaii1ae 
801103 
M2116 
@olisy 
Bel1i4 
AB1117 
oali22 
@01125 

Asa7ay 

Aaiait 
1697284 
051646 
169724 
O38562 

16971¢ 
A78273 
AGIAAD 
ASara, 
014647 
a3arviea 
001018 
646200 
A6a7Ap 
4646782 

O¢neay 
aga7Tse 
014708 
001334 
Agugey 

@1s 
1% 
117 
4(7 
124 
123 
aie 

@24067 
018 
12 
117 
145 
125 
24g 
122 
298 

192000 

agaata 

Agagia 
MAAG16 
AAAGLD 

A0a574 

177430 
Bie 
235 
040 
i116 
122 
131 
000 

177490 
ale 
Q85 
124 
i116 
197 
143 
105 

TOOSMLS 
a EVEN 
sr 
eASCTZ 

JEVEN 

WPFRM, (RID4 
1$ 
(Pe), (RID> 
/MON/ 
(PO) +, (RID6 
/ITR/ 
peje, (RI) 
/8¥8/ 
18 
w(RL1, 2 (R4 

MONFND 
WENDBLK, (Ra) 
as 
1Q(R29,RO 
#16,R2 
AUFFBe6,R2 
R2,R4 

MONP 
RUFFR+2,RO 
PFND 
RO,REPORT. 

HIS TT A PERMANENT FILE? 
INO, WE ARE TRYING TO FIND THE 
IFTLE MONTTR,SYS, AS THAT IS 
INTHE CURRENT MONITOR, 

PLAST WAS NOT ,8¥8 EXTENSTON 
:BOTH MUST BE @ 
IPOUND THE MONITOR 
118 THIS ALL IN SEGMENT? 
9Y"8, READ NEXT, IP ANY, 

HINCREASE START BLOCK 
rGPT TO NEXT ENTRY 

sPOINT Ri TO NEXT 

9SFE TP NEXT TS AVAILABLE 
HYFS, CONTINUE 
pHE AIN®T GOT A MONITOR 

4{S5R412r\PROND MONTTR,SYS\ alan 

RO, REPORT pHE YS IN A TINY MACHINE 
4135p a, 2e\FReNOT PNAUGH CORE\AL 2»
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BOOT Vagheu®y RTeil BOOTSTRAP RT@#ii MACRO VMAe=g9 AwAPRe7S $1349904 PAGE 14 
READ MONTTOR, LOOKUP HANALFRS 

{ eSATTL READ MANTTOR, LOOKUP HANDLERS 
2 001126 41682 MONFND# MOV esp,Ra PRECALL LOAD LOGATYON 
3 001130 62780 ranone ADA #BN0TS7Z,RO PBUMP RO OVER BOOT RECORDS 
4 B@1134 Anode MOV RO, =(8P) PSAVE SWAP BLOCK POINTER 
§ 821136 3970; wvagnooes MOV #MAXSYH, R41 100 GLOBAL ARITHMETIC HERE 
6 BO11G2 166794 177536 Sus SYSIZE,RI yRi @ MAXSYH@SYSTZF (BYTES) 
7 001146 69701 asangneas apd #FILLER, RY PADD AMOUNT OF EXTRA STUFF 
6 601152 ageany ASR R{ 1(WORDS) 
9 001184 Agmany NEG Ry 1(T0 SUBTRACT) 

19 001156 06970, wongnes ADA #RTLEN,RS 1LENGTH TO LOAD ¢CwoRns) 
11 @01162 Mer7A9 MonemeG aon #SWAPS7,RO PPOINT TO BLOCK WITH KMON 
12 @01166 004767 177210 JSR PC, READ PREAD THE MONITOR INTO PLACE 
13 801172 8129700 aarsoa MOV WRELLST,RG PPOINT TO LIST OF THINGS TO RELOCATE 
14 OB117% aYreay MOV (8P)4,R4 Wi os SWAP BLOCK NUMBER 
15 801200 42604 MOV (SP) 4,24 yRO mw» KMON EN CORE 
16 9012082 169780 nangees SUR #KMON,RG PSUBTRACT LOCATION KMON WAS LINKED TO 
17 @01206 19164 MgnanesG MOV Rit,SSwPBL¢(Ra) PRO » BIAS, SET UP SWAP BLOCK @ 
18 @01212 862974, wngnoees Aon #BWAPBZ,RY 
19 221216 62704 wvgnoaes apn #KMONSZ, RE 
ao 01222 ainiea nanaaes MOV Ri,8MONBL (RG) rS®T USR BLOCK w# 
21 901226 aen43o (Se apn RGU, @CRA+ PRELOCATE A&A POINTER IN THE ASECT 
22 001230 Aencar noisag eMe RO, #RELST2 YDONE YET 9 
23 901234 103774 BLO {$8 INO . 
24 21236 019005 MOV (RO) *,RS 1GPT POINTER TO THING IN MONTTOR 
25 001240 aenuns a$s ADD R4,RS PBYAS THE POINTER 
26 821242 Heaais apn R4,@R5 PNOW RELOCATE THE WORD 
27 01244 4139005 mov (RAV¢,R5 IGFET NEXT POINTER 
28 01246 901374 BNF 2s 
29 21250 A137009 weneSa MOV On54,R0 IPOINT TO MONTTOR 
30 
31 elF DF SRKSYSISDXSYS{SDPSYSISDSSYS ITHE RK,RX,RP,RISO3S/4 CAN BOOT FROM ANY UNIT 
32 
33 wIF MF SRKSYS ICODF FOR RK 
34 MOV O#RKDA,RI IGFET THE RK UNTT NUMBER 
35 ROL Ri 
36 ROL Ri 
37 ROL a4 
38 ROL Ri 
39 src a¥e7,Ri sEXTRACT IT 
4a »ENDC yOF SRKSYS 
ai 7IF MF SDSSVS rCADF FOR RJSOS/4 
42 MOV euRsls?, R4 gUNIT # INTO RI 
4s src e*e7,R! MS7TRIP 7O 3 BITS 
4a ENDS 
48 wIP DF SDPSYS PRPLI 
46 MOV #HRPCS, RI IGFT CONTROLLER STATUS REG INTO R14 
a? are #FraCS,ORV>,R1 PSTRIP TO UNIT NUMBER 
4a SWAB Ri PUNT? # INTO BITS 208
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BOOT 
READ 

Vaano®1 

62 #01284 
63 001262 
64 og1264 
65 a01270 
66 B01272 
67 aoleTa 
68 01276 

69 9013090 

70 001306 
741 M01319 
72 @O1314 
73 091320 
7a Mal324q 

78 901326 
76 G0i1330 
77 GOL3346 
7B GO1336 

79 @eisde 
66 AG1380 
8t 801354 
82 8013864 
83 001362 
84 @01366 
8S a91372 
66 Balan 
87 601402 
88 991404 
69 901406 
9a gelatia 
91 ag1429¢ 
92 agiaaa 

RTwoli BOOTSTRAP 
MONITOR, LOOKUP HANALERS 

ASH760 
AGSaAay 
049704 
AEnuny 
OO8724 
agiaia 
Bonaas 
826127 
AQ12%6 
A1M360 
Aom36e 
041168 
Oas724 
295203 
A229783 
901356 
Aor7Ag 
1529760 
Bya7Ay 
Aenuny 
262704 
ALY a7as 
19167 

1G3OHe 
aesaag 
BAAN 

O167146 
agseaa 
ABSIAS 

Agas2ea 

aAgAgeeG 

ABABAGE 

ABAQAAE 
A090806 
Aeneas 

AeaCbeG 

AgAala 
agaaia 
ADABABG 

AAABAAG 
agagtas 
aane2e2 

agness 

RTwii MACRO VMA2=09 

AGASAB 

ATASTO 

AVAVADE 

SENABL 

A$? 

asst 
$3 

6S! 

781 

8s! 

ENDC 

LIF DF SDXSYS 
MOV BTUNTT,R4 
2ENOC 

AOD Ri, DK A886 (80) 
aon RY, SYASSE (RO) 
MOVB 

1OF SDPSYS 

PFLOPPY 
PGPT BOOTED UNTT (STORED BY AOOTA) 
POF SDX8YS 

PF TX PERMANENT PSELIDOeASSTGNMENTS 

Ri, SYUNTT#1 (RO) PSET UNIT NUMBER WH BOOTED 

AeAPRoTS 11849900 PAGE if* 

ENDS IDF SRKSYSISOXSYSINPSYS 
LgA 

BIs ACNFG, CONF TG CRA) SET HAROWARE CONFIGURATION 
ete R3 PCOUNT DEVICE SLOTS 
MOV #SENTRY,RY PPOINT TO SENTRY TABLE IN RMON 
Apo RO,Ri 
Ts’ (RID¢ PRESTOENT HEVICE 7 
SEQ 58 9NO, SKIP YT 
aod R4,0(R1) 1YR8, FIX HANDLER POINTER 
CMP SPNAMOC(R1E)D, sSyNANE 1S THIS THE SYSTEM pevice? 
BNE 459 NO 
MOV R3,SYINDO(RQ) P8PT SYSTEM INDEX NUMBER 
Aon R3,SVYINDO (RO) 1(MOUBLED) 
MOV ORI, SYENTOCR®) sAND SPT UP SYSTEM ENTRY POINTER 
TST (RI}* 
TNC R3 PANY MORE * 
cmMP #SSLOT,R3 
ANE 4s 
Ap WSYBITO,RO PAPO IN OFFSET TO SYSTEM VECTOR IN MAP 
ATSB #SVYBITS,MAPOFFCRO) PAND PROTECT [Tf 
MOV #SPNAME,RY yPOINT TO PERM NAMF TABLE 
Aon RG,RI . 
aon #SAVREC, RG PPOINT R& TO SAVREE IN RMON 
MOV #SSLOT,RS PNUMBER TO LOOK UP 
MOV (R14, FNAMP IFILL IN NAME IN LOOKUP 
LOOKUP @,#BLO0K PLOOKUP SYtHH, SYS 
acc 78 1G60 fF THERE 
CLR (Ra)¢ PCLEAR RECORD NUMBER 
BR cy} 
LSAVEST @, #CBLOK 9SAVE STATUS OF THING 
MOV CBLOKe2, ORG pSPT STARTING RECORD 
TNC (Ra)¢ yFYX IT 
nec R3
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93 201424 091360 BNE 6$ 
94 
95 001426 19737 eneee Aanedg MOV #190000, OH SSW PNOTHING TO SWAP 
96 A01434 LPRINT #BSTRNG PPRINT BOOT HEADER 
97 O0144e aAgsaag CLR RQ 
98 G@@1444 849729 MOV (PC) +, (ROIs 
99 AQ1446 A4noag Barc RO,RO 

108 9014650 a1e720 MOV (PC), (RADS 
101 901452 eEXIT | 
192 21484 A3a76y aAAnanas AaA120 aT? HKWLILS,ACNFG 9ANOD IF HE HAS A CLOCK 
103 891462 agian REN 108 9 WE TURN IT 
104 801464 Bya737 ogame 177546 MOV #100, @08LKCS ' ON 
195 @g1472 oa0800%0 1OKe CLR Rg 
196 @91474 EXIT 
107 eOSABL LSA 
108 . 
109 801476 9898014 BCLR? LR @Ri STRAP MEANS THIS CONFIGURATION NYET 
119 881500 agnone RTY PUNTRAP 

BOOT Va2B=o} RTeif BOOTSTRAP RT#il MACRO VMA2=999 BeAPRa7S 11249104 PAGE 12 
RELOCATION LI8? 

{ eSATTL RELOCATION LIST 
2 901802 aAgnanKg RPELLST! 4 #ILLEGAL MBM AND INST, TRAPS 
3 80184 Agnata 1@ 
4 401506 Agnase 30 PEMT 
§ MB1510 son284 &4 PAMDRESS GF RMON 
6 701512 AaADbD 60 o7Ty vecrTors 
7 OB1814 AgnZeK 64 
8 AG1S16 Ban1%0 1@Aa #CLOCK VECTOR 
9 01520 Bonelo0 SYVEC SYSTEM DEVICE VECTOR 

19 801522 aan244 «9a LOCATION OF FPU TRAP 

11 901824 agazaes RELST2! USRLOC PLOCATION OF USR NOW 
42 02185286 agnaaeG SUSRLC PADORESS OF °NORMAL*® USR 
13 401530 @anoa06 QCOMP PQUEUVE COMPLETION 
14 81532 aAgnoaes SKMLOC PANORESS OF KMON ~ 
15 901534 dsanane6 TTTBUF yTTY RING BUFFER@e INPUT 
16 901536 Agn0026 TTIBUF +2 
417 801549 AanaMO6 TTTBUF +6 
18 9091542 aAgnainG TYLBUF +14 
19 901544 Agnoaer TTOBUE TTY RING BUFFERSeAUTPUT 
20 001546 AonaAKG TTOBUF 44 
2t 821380 agnanes TTOBUF +6 . 
22 901582 agnannG SYSLOW. ILOWEST USFD LOCATION 
23 @01584 Agnaaesn CORPTRe2 PFREE CORE LIST 
246 @01536 Aanones SINPTR PPOINTER TO SINTEN IN RESTDENT HANDLER 
25 921560 sanonnG SYNCH PSYNCHRONIZATION APORESS
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43 901562 
44 801564 
45 801566 
46 801570 
47 901872 
G8 BO1574 
49 801576 

51 aa%600 

$3 901682 
54 891604 

57 agieta 

BOOT VAahe®1 
RELOCATION LYST 

$8 aote14 
§9 001620 
6% @21622 

eI? NE BF 

aAgagaaG 
AgaAdAAG 

AGABAGG 
AGAGAAG 
AeageeG 
ABAAABG 
AGngA06 

eENDC 
aanage 

Agnana BCNPGS 
AanaAaG AenaMAG AgAeteG TSLISTs 

yp BLOOK 
875250 BLOOKs 

MBGENT 
TTTUSR 
TTOUSR 
FUNGEL 
FUNGE2 
BKGNOL 
BKGND2 
BKGNNS 
CNTXT 
RCNTXT 

RMONSP 
RWIPTR 
SWOPTR 
~SCRIN 

TRAPLCE 
TRAPER 
FPPAND 
FPPIGN 
MONLOC 

Y,CSw 

AVATL 

” /WORD 

18 THE 
wRADSQ 

RTwit AMONTSTRAP RT=1! MACRA VMAGeDS 

aeaena = aenane FNAME) 

875273 
CBLOKs 

~wORD 
~RADSO 
eBLKW 

PRELOCATE BR STUFF HERE 

WLACS FOR TRAPS TO 4/18 

1FPP SPRVICE FOR MONITOR 
MWHERE USR WILL SIT 
PSTNGLE USPR STUPF HERE 
MMONTTOR FREE © POTNTER 

9END OF LIST 

PBOOT CONFIGURATION WORD]eDO NOT MOVE 
KWILLS,HWOSPS,HWRPUS PBITS IN CONFTG WORD 

ARGUMENT ARPA FOR AN RTodi LOOKUP, 
s8v 

BeAPROTS $1609905 PAGE 124 

a,a IFILENAME GOES HERE 
/8V38/ 
5 PSAVESTATUS GOERS HFRE
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BOOT va2be®} 
RELOCATION LIST 

&
u
n
w
-
 

BOOT VOa8~981 
SYMBOL TABLE 

weitwew 

aalete 

001634 

aeteen 

wertwte 

antane 

wataae 

O01126 
weWane 

1774494 

AVAIL = 
BLOOK 
BUFFAR « 

DKASSGe 
FPPANDa 
Y,C$w s 

KWLiLSe 
MONFND 
QCOMP s 
RCER = 
RcWC of 1774680 

REPOR{ AQ0474 
Rq exAgegay 
SP BXA00006 
SYBITSs 899014 
SYSIZEs 200704 
Tks s 177560 
TRAPLCS satan 

USRSZ » antawe 
SMONBLS watnan 
SSWPBL a watwne 
. ABS, 902090 

ageeaea 

o
 

a
o
g
s
a
 

a
o
g
 c
a 

RTeoi! 

BG1634 
AgAaghe 
AOA000 
Banana, * 

RTeil BONTSTRAP 

2ag 
aa4 

FRRORS DETECTED: @ 
FREE CORF! 14985, WORDS 

BCLR 
BONT 

CBLOK 
FNDBLKa 

FPPIGNa 
J8w s 
tKcs ss 
MONLOC# 

RCCA 2 
RCINT # 

RTLEN # 

RT=il MACRM VMAa—g9 

AAL476 
AGnS2e 
01622 
Agaghg 
aeenen 

A00846 
177546 
CALLS | 

177452 
enenin 

Agnaae 
aeekee 

Re exXAgnghe 
SR a 

SYENTOs 
SYSLOwe 
ToosMmM, 
TSLIST 
SDVRECs 
SPNAME® 
SUSRLCa 

RCBTSJ,-LPS/NITTM/CaRCSYS, BSTRAP 

177570 
wwe ww 
wwe 
A01074 
ABI684 
Wie ee ie 
ww ewe 
when 

BOOTSTRAP RT#ii MACRO VMA2B999 

@ 
@ 

GD
 

RCNFS 
AOOTSZe 

CONF YGa 
PIMDLE 
GT4Q « 
KMLOE #8 
MAPOFFa 
NXM 

Recess 
RCLA 
RELLST 
PTSIZEs 

BeAPReTS 

nO1en2 
aoaade 
aga3e0 
nonS60 
172000 
koa ee 

e#kaw in 

09620 
177446 
177449 
901502 
wenkin 

RS axXAQ0203 
SWAPSZs 
SYTNDOs 
SYUNT Ta 
TPA r] 

YTYBuUFe 
SENTRYs 
SPNAMOs 
seeVi 8 

wai 
Ree 
AGARTY 
177566 
weekwe 
hie 
wee 
aaaga, 

+ 777 / 1000 
s ROOTSZ * 1900 
END 

112499904 

i
>
)
 

a
o
 

O
G
 

O
G
 a
 

AwAPRe7S 11249104 PAGE 13 

PAGE 134 

BF 2 
Boot! 
CORPTRe 
FILLER 
HWAOSPSs 
KMON © that 

MAXSYHe wowawe 

Pc axagnaay 
RCPA #« 177442 
RCMN # 1774354 

RELST2 9048284 
RTL1SZe wenwew 
R4 exeganged 
SYASSGa wxawaee 
SYNAME® OF7A370 
SYVEC = 480210 
TPS e 177864 
TTOBUFA wrenee 
SINPTRe eeenwe 
SRCOSYSa 1O0G00% 

400000 

600038 

Wennee 

ween 

weenie 

O
o
o
o
 
es
 

BIOERR 
ASTRNGs 
PND 
FNAME 
HWFPUSe 
KMONSZs 
MONF 
PERM «8 

reoB «a 
RCSIZEea 
REPORT 

800480 
wawnne 
A0N726 
MO1614 
onewie 
whee 
400756 
802000 
177486 
LL 
a00se0 

RO oX000080 
R5 aX000008 
SYAITOs 
SYNCH « 
TKA " 
TRAPERG 
USRLOC# 
SKMLOC#s 
S8LOT s 

0000108 
wewnie 
177562 
ween tn 
akawie 
wane 
anawen
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LP VaA2—93 
O
m
~
 

F
A
S
C
 

A
N
 

= 
P5eJUNOTA PTmil MAPRA VMM2—{% (4eAPR=-75 #9205311 PAGE t 

eTTTLE Le VQAeAS aga JINa 74 

—
 
S
w
 

e
e
 

W 
 
t
e
 

S 
 
e
E
 

 
e
 
S
P
 

 
~
S
 

S 
tS

 
OR

 
SE

 
YS

 
TR
 

8S
 
R
S
 

oe
 

Me
 PTe1! LINE POINTER (LP/LS11) HANNLFR 

NECHet19ORTLA#D : 

PGR/FP/ARC/EF 

MARCH 1973/FFBRQU4RY 1974 

COPYRIRHT (fC) 1974,4975 

MIRITAL FQUTPMFNYT CORPARATTON 
MAYNARA, MASSACHIISETTS 941754 

THTS SAFTWARF TS FURNISHFO UNDFR A LYCFENSE FOR USE ONLY 
CN & STNGLF COMPLITFR SYSTEM ANA MAY RE CAPTERD ONLY WITH 
THE TNCLUSTON AF THE ARQVE COPYRIGHT NATYCE, THIS SOFTWAPE, 
AR ANY OTHFR COPTES THEREOF, M&Y NOT BF PROVIDED OR ATHERWTSFE MANE 
AVATLAPLF TO ANY OTHFR PERSON FXTEPT FOR USE ON SUPH SYSTEM AND TO 
ANF WHO AGREFS TA THESE | IFENSF TERMS, TITTLE TA AND. AWNERSHIP NE THE 
SOFTWARE SHall AT ALI TIMES REMATN IN ATATITAL, 

THF YTNFORMATYON TN THIS MOFUMENT TS SURJFCT TO 
CHANGE WITHOIIT NOTICE ANA SHNULD NAT BF PONSTRIEN 
AS A COMMITMENT ®Y OTGTTAL EQUTPMENT CORPORATION, 

NIGITAL ASSUMES NO RFSPONSTBILTTY FOR THE IISF 
AR RFLYARTI TTY OF TTS SOFTWARE ON FOLITPMENT 

WHYCH TS NAT SIIPPLTED Ay DTGTTAL, 

U
P
I
G
N
V
H
 

AO
DI
AK
G 

T
T
S
T
/
d
I
 

E€
°w
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LP VaA~O5 

O
o
O
P
n
w
N
P
A
G
P
a
A
Y
V
=
—
 

P5aJUNW74 

ABADAG 
nenany 
AgMOne 

AQAUAR 
AgAnAY 

AGAAAS 
AMAUAG 
AQAAAT 

1779514 
177516 
ABALAD 

AGMA, 

Agaesa 
AMAA 
AAAZaA 
Agnern 

AQAOIS 
Agavile 

AQARIG 
AAMAL 

AQAeAY 

ROn8%” 
Pi 2%! 
Rest 

R3a%3 
Pae%4s 

R5a%5 

Spars 

PCs%7 

RPTm1il MACRA VMA2=1D {a= APRe7S5 19:O5211 PaGF A 

§ (INE PRINTFR CONTROL RFGTSTERS 
LPS 
LPR 
LPVEF 

$775%4 
{77516 
aaa 

ILTNF PRINTER CONTROL RERISTFR 
ILTNF PRINTER MATA BUFFER 
ILTNF PRINTER VERTAR ANDR 

ICANSTANTS FAR MANTTAR COMMUNICATIAN 
HDFRA 
MONL OW 
NFFSFT 
PRT 

PR4 

y ASE TT 

CR 
LF 

FF 
HT 

CfOLStz 

2 Gl OAL 

{ 
Sq 
70 
z4e 
aan 

PONSTANTS 

137, 

COlcNny 

tHARM FRROR ATT 
tBASF ANDAR OF MONTTOR 
tPAINTFR TO 8 MANAGER COMP ENTRY 

74%2 COALS
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LP Va2=a3 2SeJUN|=74 RTwil MACRA VMA2e14" 14=-APR=75 19208314 PAGE % 

{ f THE FOLLOWING ARF THF PARAMETEPS FAR INTFRFACE TON THF MONITOR “SFET® COMMAND 
2 
s Agaang eASECT 
4 — 
§ Agnaeg G)- e s 400 
rs 
7 ABV4AG Mamats SWORD 38, mMTNTMUM WTOTH 
A ABR4Me L4muSy ATTLIAD 2 eRADSQ = /WTOTH / 
9 AG04A6 Aungrs eWOR- <O,WIDTH@U9A>/244Q9GA INN PNAY OPTYON, NUMBER REQUTRED 

19 
14 @@SZ41Q Aameda NOP NA FR sep NOP CROPT 

42 AB@41i2 A129629m AanaAn eRADSA /CPR / 
13 ABF416 1gMAS3 eWwORA <0, CReAGMa/241990BM FALLAW NOP 
14 
18 AG2420 = Agnedgn NOP INQ FORMA => NOP FFOPT 
16 AB0422 Aar7S2 aAgaTag eRADSA /FARMG / 
17 9700426) fanmcag e WARD <O,FORMGeant>sretanaaa fALiLOoW “NAS 
18 
19 OAA43Q) Lamsag AMT LPERRPmFRROeT+, FNO HANG RY GOING TA FRROR 
20 AA0432 AIG MARTAD eRADSQ /HANG / 
21 A28436— famads WWARA KO HANG eAQMD>/A4I MANAG FALLMW °NO? 
2? 
2% ageudea Aanndag . WORD aa FAR NO LC, CONVERT LO TA UC 
24 980442 A4S57Q AARArE eRADSA LP s 
25 AB2uue anaSe ~WARA <0, LC=damssesiagaga 

ah : 
27 A9%468a Aamoan 3 a END OF LT8T 
aa 
29 700452 AYAnKT) BaMdbaA O,WINTH MOV RA,COLANT WNEW WTOTH TO 2 FONSTANTS 
30 FOO4S6H BYAAhy AAAS3ea __] MOV PA,RSTCeA 
31 902462 AanaasZ eMP P2,R% PERRNR TF «< 30, 
32 Agl4bG AgAeAT PTS PC 
3% 
34 AQl46H ALATOS N,ARe MQV (Pry+,R3 | PNM PNY, SO SFT TA AO CR 
35 AB947Q BMALKDS BFQ PSTC#CPOPT+, 
36 AQMAAT A AyM3s7 ABASAG MOV P3,CROPT rSFT CR APTIAN 

37 AQM4TSG Agnany RTS PC 
3a 
39 ABOSAD Aya7TAZ Nn FORMAEMOV (Pe) +,R3 SSFT TO AO FARMFFENS ON ALOCK A 
4m ABA5Ae Mga7y BFO ALK@aFFOPT4, 
41 AQASAG ALASE7 AgAZSO MOV R3,FFOPT 
G2 ABA519 Aga2a7 RTS PC 
4% 
44 ABe512 ALaTAs AHANG? MOV (Pe) +,R3 9SFT TO HANG 
45 AQ2Sig {gaudy BMT RETsFRAOPTS, 
46 ABGOS16 ALash7 MBAS E MOV R3,ERRMPT : 

47 AQa52e AaMmen7 PTS PC 
aa 
49 Ma852q agsaas o,tcr rLR R3 JFMR- *LC*%, LFAVE LAWFR CASF STUFF ALONE 
5A a88526 aAgaedg NQP 
51 age@sta Alase7 manang MOV R3,LCOPT 
5? ages34q aAgnen7 RTS PC
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LP VA2=05 

O
P
N
 

P
A
R
 

SE
 
A
V
 

1a 

agiang 
aolane 
moiana 
AQLANG 
nalea1a 

aeioate 
AG1016 
AB1o2e2 
ag1024 

ma1ase 

Agias4 

191036 
Aglode 
agioda 

agiase 
ABiaSs 

AgigS6 
Aglaqee 
ABplabe 
AB1Eb6a 
AeLA7Te 
ae19a7e 

AgLa7Ta 
AGIA 
Aagi1ag 
agiiaea 
AG11%6 
A9111@ 
AQ@liie 
motiig 

AG1116 
ag1122 
Agl124q 
MQ1130 
A01132 
01134 

AQ113%6 
7011490 
aglide 

25m JUNE TE 

AgIAAg 

Agneag 
Aamasa 
ABAeHD 

AgAaADg 
Aganar 

ALa7aa 
MOKSHU 
19%115 
A52737 
Agmen7 

agasioa 

AQ4S77 
AgALag 

AL6704G 
AGK737 
(onaay 
AQS7T2P4 
AQIGTY 

AQKTPY 
{25737 
1849233 
19046397 
Agagea 

AQ1O87 
113005 

AUSTAS 

AGS7TI14 
AQIGhY 
ABSe14 
Aaseaig 

1aa5e7 

{QB417 
1{2P7AG 
{atanea 
169745 
aganan 
AAS3P7 
Agmera 

AgSeTSs 

177772 
AANAAG 

ADALAA 

agneda 

177740 
177514 

1775ta 

177692 

AMAALA 

agaida 

RT=11 MACRO VMADe{ A 

977514 

| O40 POINT 

LOADPT? 

LPI QF: 
LPrQFs: 

, ENTRY 

LPs 

aWORA 
WARD 
eWORD 
»WORA 

.g WARN 

POTNT 

MOV 
ASI. 
act 

ATS 
RTS 

1G=APR@7S 

LPCQF,Ra 
&(R4) 
LPFRR 
#107,@#LPS 
PC 

S TNTERRUPT SERVICE 

(©) 

RR t PRONE 

LPYNTs J§ BS5,@TNTEM 
eWORD “CEPR 4rRPRT 

MOV LPrQF,Ra 

TST @HLPS 

FRROPT?: RMT PET 
TS? (Ra) + 

FFAPTs RER ALK 
TST (R4) + 

LPNEYT!: TSTB @#|PS 
RPL. PET 

- ASLB (Pe)+ 
TARFLG!: ,WORA aA 

ANF TAR 

YJGNORE! MOVB @(R4I*,RS 

Att #177604%,F5 

TST fR4) 

REN | PRONE 
Inc (RA) 

TN =(R4) 

rMPB RP5,#49 
RLA CHRIST 

CMPB #140,R5 
RHTS PCHAR 
SUR (Pl)+,R5 

LOMPTs 4A 
PCHAR: ME (Pr) + 
COLCONT?® ,WMRN corstz] 

RLT TGNORE 

10205211 PAGF 4 

PANDR OF INTFRRUPT VECTOR 
POF FSET TO INTERRUPT SFRVICE 
PPSIARTTY 7? 
PPAINTFR TA LAST Q ENTRY 

PPNINTFR TA CURRENT A FNTRY 

PRA POTNTS TN CURRENT © ENTRY 
PWORD COUNT TO BYTF COUNT 

PA RFAMD REQUFST TS ILLFGAL 

FCAUSE AN INTERRUPT, STARTING TRANSFER 

PARORT ENTRY POINT 

PINTA SYSTEM STATE 

PRO => CURRENT QUENE ELEMENT 
PERROR CONRITION? 
PYFSeHANG TI! CORRECTED 
#T8 THTS BIOCK @? 

*YFS «= OUTPUT TNITTAL FORM FFEN 
?AND POINT TO ANRS OF NEYT CHAR 
pRFADY FOR ANOTHFR CHAR YET? 
yNAPF » RETUPN FROM TNTEPRIIPT 

TAB IN PROGRESS? 

IBRANCH TF ONING TAB 
IGFET NEXT CT HAR (TF AMY) 
I7"BTT 

PANY MORF CHARS? 
INQ EFINISHFD 

FYFS, RECREMFNT COINT (IT WAS NEGATIVE) 
PBIIMP AUFFFR POINTER 
PPRINTING CHAR? 
INQ*GO TEST FOR SPFCTAL CHAR, 
ILMWFR CASE? 

yNO 
rYFS, CONVERT TF WFSTRFED 

PANY RMOM LEFT ON LINE? 
1# OF PRINTER COLUMNS LEFT 
INA MORE RNOM AN LINE,RONPT PRINT PHAR
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LP 

4&9 
50 

$1 
5? 
53 
§4 
55 
St 

S7 

agi¢ag 

mai14d6 
ag118Q 

a01152 
AG1156 

aaii1eg 
aoi16e2 
AG1166 

ao117@ 

VA2"05 

oii7a4 
AG1LLT6 

Aalenea 
901294 

agieia 

feletea 
a01220 

agi226 

Ao12e30 
AG1e36 

agieda 

agieda 

Me1246 
agiasa 
791254 

agi2S6 

Aglebe 
101266 
agle7a 

» agiaTa 
agizne 

agi3zsaa 

1Q43?°7 

Aman, 
ARtGAs 

119537 (77536 
AgAT4de 

Aaneay 

1205297 manoii 
A0142¢0 

129527 amaagie 

eSaJUN=74 

AGIGAs 

129527 AMABIS 
Agnedn 
(anSe7 ageata 

AQ1333 
ALYS7IAT aAnnerAY 
ALYaAy7s7 amgaanaay 
AGa7S4 
ALO767 177712 

A142795 apagde 
AGAT3SS 

ASSe244q 
Aaradeag 
ALS7AS agnaia 

ABA7TS6 

A55754 Aanar, 

Masas7 177514 
AYa7AG 
AoaTha 177520 

A4%7A5 aanesa 
AMAITS5 agnata 

Aaaaag 

AGBASAS 

AMAA, * 

TARCAT? 

PO: 

PETS 
CHATST! 

ASI_B 
.wORn 
REQ 
MOVB 

RR 

PTS 
CMPB 
REA 
EMPB 

PTei1 MACRA VMMawia 

(prj 

{ 

PSTTABR 
P5,e@# Ps 

.PNEXT 

PC 
RS,#HT 

TARSET 

RPS,#.F 

REA RSTC 

CMPB R5,#CR 
PROPT: NOP 

Pf MPB RS,#FF 
ANE IGNORE 

177720 |RSTC! MOV #COLSIZ,COLCNT | 
17772" RSTTAB? MOV #1, TABENT 

RR PC} 
177636 TARSFT! MOV TARCNT, TABFLG 

TARS MOV #40,R5 
AR PCHAR 

BLKa? TNS =(P4) 

cr MP (R44, (R44 
MOV WFE,RS 

AR STC 

LPFRR:s RIS #HMEPR, OH (94) 

1 APFRATTON COMPLETE 

LPRONE! CLe #1 Ps 
MOV PC,R4 

Ann H#LPCQE=.,R4 
MOV CHMONL OW,RS 

MP @OFFSET(RS5) 

INTENS Aa 

LPSI7E = ,@LOADPT 

o END 

VUPDATF TAR COIINT 

yRFSFT TAB 
SPRINT THE CHAR 
TRY FOR NEXT CHAR 

}IS CHAR A TABP? 
HYFS@RFSFT TAB 
978 TT LF? 

{UeAPRe7S 14205211 PAGF 4+ 

TYFS@RFSTORE 
FIS TT CR? 
FIGNORF UNLESS MADTFTEN 
p18 TT A FF? 
INMeCHAR TS NON@ePRINTING 
SRF=@INTTTALTIZE COLIIMN COUNTER 

PRFSFT TAB COUNTER 

PPRINT THE CHAR 
9SFT UP TAR 
IPRINT SPACES 

COLUMN COUNT 

yMAKF SUPE WF ONLY COMF HERE ONCE 

FPAINT TO ADRS OF NEXT CHAP 

FPRINT INITIAL FF 

ISFT HARM FRROR ALT 

TURN FF TNTERRUPT 

FANOR AF CANE IM R38 

gJIIMP TO GO MANAGFR
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LP Va2~a5 
SYMBOL TABLE 

BLK@ agiads 
CROPT agianea 

HT = 790011 
LOADPY aateaae 
LPERR 01256 
LPSI7Es AQ23M6 
O.FORM "98500 
PCHAR ma1136 
RSTC Aglatea 
R3 eXYAQ0083 
TARCNT @@1146 
» ABS, 781346 

agegag 
FRRORS DFTECTEN: @ 

FREE CORE! 18070, 

sLPS/NETTM/CaLe 

PSeJIINaT4 

uae 
aay 

WORDS 

CHRIST 821162 
FRROPT AgiaSa 
TGNORE BLLAB 
LP Aa1ale 

LPYNT AB1A36 

LPVEC a» agnerg 

O,HANG oagmsia 
PCt na11Se 
PSTTAB AG1220 
P4 exngngna 
TARFLG 701074 

RPTa{i MACRO VMApaw{A 

COLCNT 
FF 

TNTEN 
LPpe 2 

| PLGOF 

MONL Awe 

n..c 
PRA . 

O9t(140 G 

AANA 

ABI 3AG 

{77516 

AGIAAG 
Ageasa 

ABASAY 

Mman2aa 

RO 2XAArarg 
RS eXPQOAQas 
TARSFT Ae12%0 

TOmAPRe7S 1H2A5814 PAGF de 

fFOLSTZ=s 
FFOPT 
LONPT 

LPCQF 

LPNEXT 

OFFSF Ts 

A, WIAT 

PRI s 

manera 
7O10ho 
Mati za 
ABA 
MBIA 
AQALTA 
Agnase 
AAAZ4A 

RY} eXMOnany 
sp ELAAMGAG 

CR en ABMALS 

HOFRR = MONDAY 

LF = Hanale 
LPPONE 01262 
LPS s 177514 

ACR AAAdKhE 

Pc RL ABAQAT 
RET AG1168 

Re axagaane2 
TAR AG1236
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CRISYS PTL! MACRA VMMae{ 

Pp
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A
U
 =

 
2 

CR.SYS P8T@11 MAPRA VMADe {A 
MISCFLIANEQDUS FOUATES 

‘ 
2 

. AAAnRE 
4 AQMAAY 

x AQAZHe 
4 AAMAAR 
7 AAMAMY 

a AQABAS 

9 AAMAG 

i” AQAAAT 
i{ 

PRRAPR=TS 1H20A3TR PAGE 1 

PRwAPREOTS 

~~
 

te
 
e
R
 

te
 

8
8
 
e
e
 

e
e
 

te
 

we
 
t
e
 

88
 

ee
 

ee
 

te
 

8S
 

fe
 

WS
 

ee
 

te
 

te
 

oTTTIE CRLSYS 
PTelt PASM RFANES f£CP41) HANALER 

REP el PT aOCRHA#D 

FCP, Af, PRR 
MARCH 1975 

POPYPTRHT fC) 1974, 1975 

PIRITAlL FOUTPMENT ePNnRPARATTON 

MAYNARD, MASSACHIISETTS @1754 

THTS SMFTWARE TS FIIRNTSHED NNER A LTCFNSE FOR LSE ONLY 
ON A STNRALF COMPIITFR SYSTEM AND MAY RE COPTER ANY WITH 
THE TNPLIISTON OF THE ARQVE COPYRTGHT NATTCFE, THTS SOFTWASE, 

AR ANY OTHFR CAPTES THEREOF, MAY NOT BF PRAVTDFED OR ATHERWTSE MANE 
AVAYLARLF TO ANY QTHFR PERSON FYPEDT FAR USE ON RUPH SYSTEM ANT TAH 
ANF WHO AGREES TA THESE | ICENSFE TEPMS, TYTIF TA ANA AWNERSHIP AF THE 
SOFTWARE SHAIL AT ALI TIMES OFMATN TN ATATTAL, 

THE TNFORMATTON TN THIS NOPCUMENT TS SURJECT TO 

PFHANGE WITHOUT NATTCFE &aNn SHOULD NOT BF PONSTRITEN 

AS A COMMITMENT BY NTETTAL FOUTPMENT CORENRATION, 

AIGTTAL ASSUMFS NO RFSPOANSTRIL TTY FOR THE I'SF 
AR RELTARPTITTY OF TTS SNETWAQE ON FOITTPMENT 
WHYCH TS NAT SIIPPLTEN BY NITGTTAL, 

{@:4%3TA PAGF 35 

eSRTTL MISCFLIANEMUS FQIIATES 

RAK” 

RP4i2e%4 

Pose 

P3eit 
Raeii 

RSe%h 

Spexys 
Pes%7 

PARPD RFARER CONTPOL 

7°
W 

U
M
T
A
G
N
V
H
 
H
O
T
A
 

T
T
H
O
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nanase 
177160 
{77169 
1771ha 

Pamamy 
ApAGSa 
AgmaTer 
17777 

Agasdn 
ADAZAR 

ABAL IE 

AQMALD 

ARAAIA 
AAAAG 4 

AAAAAY 
AAAAND 

ANAL AM 
AAMAA 
AAAaAn 
ADEM 
AQIAAD 

AMADA 

AL aun 
AaAvAG 

AU AAA 

1anuoa 

CRVECT# AT PINTFRRUPT VEFCTOPS 
CRETSL7716”A ICARMD PEADER STATUS PFRISTER 

PRALRI77169 DATA RUFFFR 4 
CRAGZI77164 mMATA RUFFFR 2 

P PONSTANTS FOP MONTTOR POMMIINTCATIONS 

HOERP es! PHARM FRENO 
MANL AWS 4 PBASF ANARESS NF MANTTAR 

AFEFSFTs279 POFFSET TN HANDLER RETURN 
PSai77774 PROGRAM STATLIS WORD 
PRISZRUA gPQTNRTTY 7 

PRaSTAA PPRTORTTY & 

: ASCITT CONSTANTS 

PfReif® ITARPTAGF PETURN 

Fai? LINE FEFR 
SPACFain PSPACE 

FOF REA, FEND OF FIIE 

9 CARD RFANEP FANTROL AND @TATIIS BITS 

PEADR4 pREAND 

FJFCTs2 gE TEPT CARN 

TNTER Rt an PINTFERAEUOT ENARLE 

COI Osanna FCOLIIMA AONE 

PEADYs4an rFRFARY 

PURY RIAA PBUSY 
ON! TN a2 ara FONL TNE 

APATLATS4AAM yDATA | ATE 
MOTINsI AAA PMATTON PHECK(PMY4 ONLY) 

HOPCK s2aen0 PHOPPER PHECK (PM(1 ONLY) 

PAPONeAADAGA CARD AONE 

FReainaang PE PRNR
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CR,SYS RTw1! 

Aatuag 

Aatama 

aeaaane 

Aaa 
ag@ata 
ABAA16 

aghaag 
ApAdeea 
ABALAG 

AQMaSA 
agtuxe 

AAaRassy 

agaada 
Aguada 
ANCES 

AAAGEA 

MAPRA VMADe{a 
CONFIGURATION SEPTTaN 

AQAUAD 

AAALAG 

AGaara 
42634 
faenes 

AQMAAS 

A777 84 

1anate 

Aarts 
AZILAE 
1QAns?7 

agaatrte 

Aqyaata 

aganda 

aqganre 

ABRLIY 
1aaanvea 

mgacan 

22600 

ASGASAD 

masTon 

aAYL7>9A 

Manatp 

PAmAPRHTR 1H28AM%ITR PAGE % 

’ 

’ 

SSRTTL PONFTGIIRATTON SECTION 

THE FOLLOWING FORE TS FXECITEN WHEN A "SFT CR" CANSOLE COMMAND J& 

RIVEN, 

eASEPT 
a BAAa 

' 

LU 

@—ET CR ENOI PRIF 

PCONFIGUPATION APEA 

APPEND/DA NOT APPEND CAR@TAGE PETUPN/LTNE FFEFD TN FAH CARR TMAGF 

RR 
eRADSO 
ewaRn 

eeT eR Nal 

etl XORLFeXeRIF 

/CRLFS . 
ECOL FaedQgrtnsaey 

TRIM 

Agaan 

TRIM/NA NOT TRIM TRATLING BLANKS FROM TAGM IMAGES 

AR 
wRADSA 
«WORD 

eeT eR (NOI 

atl XTRIMAX TRIM 
/TRIM/ . 
€TOT Mad QAa sa] 

HANG 

AMHAAA 

WANG/RETURA WAP EPRAR JE READER NOT RFARY AT START AF TRANSFER 

RNE 

“RADSA 
WAR” 

eET CR CADE 
SET TRANSLAT 

Swonen 

»RANDSA 
J WARN 

eET PR TNO 

TRANSMTT EAC 

VWmRa 

eRADED 
2 WARN 

eWARS 

ot) EPROR@XHANG 
JHANGYS ; 
CHANG mAQDA yD sO] 

fel Meh [Arg 
TAN TO A?6 [mA8] 

Mok, 
/CAOF/ 
KCADE AIO soeu 

TMAGE 
H PFOIUMN AS 12 A 

NOTMAGeTMRASE 

JIMAGES 

IMAGE ae GMA a/re 

a 

Arana 

MANE 

AAPA 

TTS (ONE WARASFOLUMNY 

(Aagnag 

PEND OF eAPTIONS FLAG
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CfR.SYS RPT"11 MACRO VMAaaw{ 

CONFTGIURATTION SURRAMUTINES 

B
N
 

P
O
A
C
 
A
Y
=
 

o 

Aahase 

aahasa 
AQBOASS 

P7a24ha 

AAAahY 

ADA Lb 
masara 

AaAara 

ABAUTS 

AQBSAQ 
AYASAS 
AGASAG 

ADAS IA 
AQASte 

ABASIT6 
AQARAg 
AaASAa 
ANAGPS 

AAGSta 
AQAS®y 
ADA5 SH 

AQASAg 
AQASda 

ABBAS ag 
AgASSA 
AQAgS—a 
ABASSY 
AAASS& 

ADBSAM 
AAA5ba 

AAASHYA 

AQAS79 
AgAsSTe 

PBZBS76 
AgMena 

AADEAG 

AAaSe12e2 

MAF%614 

ADAb16 

AAMHAA 
AQDHAY 

AA%6P6 
AQAGRO 

AL PIA 
aaneda 
ALASAT 
mamany 

ME DTOR 

aaneda 
ALASKA 
Agmeny7 

ALATA 

AAM2de 
ALAshT 
mamas, 

AUMTAY 

AGATHY 
1673AM 

(AMUAT 

AQIAAT 
AGAT M4 

AQArTAg 
AAIAAD 
Mamebhy 

Agana 

ALATA 

AGATA 
ADRAAN 

153109 
AniT?4 

AGAZAD 
11719¢@ 
AAaATTea 

AGDT|AZ 
AGMTAR 

AYAROT 
AL I367 
ALI Sh7 
AYASAT 
AAM QAP 

AAT ABD 
114557 
AQMmAR 4, 

AgAuMA 

AYR7S7 
AQAAAD 

AGMQU? 

ABMATH® 

AMAATH Se 

ARAM AQ 

AAAASA 
AAMDAR 

177716" 

aAaraia 

AAm, h ” 
amaaisSa* 

mnm156° 
mamieu? 

AAMSAG 

177162 

MRIFS 

TRIM? 

HANG! 

TONES 

COMEYTS 
SETCODS: 

SCMDFs 

TMAGF?3 

TMRASE! 

NOYMAG? 

YAYMALS: 

PRRAPRETS TH2NME3R PAGE A 

eSATTL 

MaAV 

NOP 
MOV 
PTS 

MOV 

NOP 

MOV 
PTS 

MOV 
NOP 

MOV 
PTS 

MAY 
ADA 
sR 
AMT 
AEA 

ADN 
rMP 
REN 
Ser 
PTS 
MOV 

4nn 

PLP 
RISH 

REA 
ADA 
MOVB 
RR 

aon 
ADM 
MOV 
MOY 
MOV 

MOV 

PTS 

REA 

MOV 
Sworn 
RR 
MOV 

“WARD 

PONE TGURATTON SUARMUTINES 

fpr) +, RS INMP JF POSITIVE 

P3,XCRIF PENTRY POINT FAR NA 

PC 

(Prjy+,R3 NOP TF POSITIVE 

P3,XTRI™M PEMTEY POINT FAR NA 

PC 

(Pe +, R% INOP TF POSTTIVE 

P3,XHANG rENTPY POINT FAR NM 
PC 

PC,R! 9R1 > CONVERSTON TARLFE FOR Mah 

#SFTAQhe, OL 
R3,RA 1026 REQUESTED? 

FONEXT INMPE «© FRROP (NOTE THAT C IS SETI 

SETCAN r¥FS, TT°S @?6 = GM MO IT 

H#SETA2ORSETAIBA, RI FRI «> COANVERSTON TARLF FOR 929 

#3,R0 mwaS [T p99 

SETCAN rYFS 
9FISF AN ERROR » INDICATF SUCH 

PC ft AND RETURN TO KMOM 

PCRS PREZ w> CHAPACTFR TABIE 
#CHRTBI =e, 958 

PO PPTCK WIP NEXT MFFSET TON RE MANTFTES 
FRI}+,PO t FROM APPROPRIATE TARLFE 

FONEXT fAlLL DONF (NATE: COTS CLEAR) 

R3,R® PPAINT TN BYTE TR MOOTFY 

(RID +, eR PAND PLUG TN NFW VALIIE 
SCADF CONTINU 

HYATMAGeNOTMAG,RZ PPAINT TH "YFS" TARLF 
PC,R® PENTOY FAR MAOH 

(RE+,XTM1 PAND PATCH HANALER 
(RB)+,%TMA 

(RE)*,YIMIe2 
(RB)+,VIMBe2 

PC 

SeNX TCHR =X TM 4 
PHRIRL eX TMD(P51,@(PCI+ 
4 

LON TCHR RX TMS 
@ECRAY,a fpr) 
]
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CR.SYS 

Ags, 
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B
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1! 

RPT=11 MACRA VMMae a 

279 CONVERSTOMN TARLFS 

90634 

ABAlS3S 
AAteda 
Autndea 
Anvoda 
OA%646 

AAAESO 
ABAGS2 
AgMeS4 
AaABSs 

Agteap 

AABhKe 
AAMtGHS 
AQlehs 
AG*H7A 
AMET A 
OAt674 
AAe76 
AAATAG 
ABATAe 

ABATAG 
AQATAG 

AaA7T1A 
AvATIa 
ABer7ss4 
ABAT16 

AAgbT7Ag 
AGATA 
AanTag 

AABTI Ab 

AAA ta 

AAAT ea 

AARTZS 
AUNT 8b 

aae@74g 

mQa7ua 

ABAT 44a 
AQG7 46 

AYPATSA 
ABAaATSo| 

2a 

AVS 

AIS 

Alb 

AT 

“sea 

aSa4 

vss 

AS e 

QE 

i112 

115 

116 

117 

eng 
aia 
e114 
e115 
ete 

AQ AIAMA 

nie 

AE 

21s 

“ATA 

“ot 

“ee 

“Sa 
CSS 

AS 

AR, 

11e 

115 
{ts 

117 

ame 

aie 
Pla 

ais 

216 

AGABAA 

1%7 
ars 

136 
Qayz 

134 
ars 
a5a 
g4e 

As 
O45 
a72 
1%3 
B7b 
ale 

ARs 
arr 
AS4 
175 
@7?a 

ave 
A43 
Q47 
ars 
“4a 
i%4 
Q45 
1%7 
AT 
a77 
135 
asi 
ays 
1%6 
Q46 
1%3 
a74 
ase 
asz 

PBRAPR@7E 16HIDALTA PAGE & 

SSATTL M26, M29 CANVERSTON TARLFS 

1 MAb CONVFREIAN TARE 
PF MOATFIFS CHAPAPTFR TABI E TA ACPFPT M26 KFYPLINCH CONES 

SETQ>6! JBYTF 
eBYTE 
TAYTE 
VAYTE 
WAYTF 

VAYTE 
TRYTE 
BYTE 

BYTE 
VBYTE 
eBYTE 
“BYTE 

2BYTF 
wBYTE 
JAYTE 
BYTE 
J BYTE 

VAYTE 
TBYTE 
.WARA 

m13,137 
ALR, ATS 
m15,136 
M16, 247 
M17, 134 
M5, A7% 
A54, AG 
ASR, Ay? 
ASR, MYR 
A57,945 
112,72 
115,1%3% 
1{&,A7h 

117,946 
PQ, ASR 
D42,077 
214,951 
a1, 135 
PLH, ATA 

A 

¥ M29 CONVFRETON TARLE 
y MOPTFTFS CHARPAPTFR TABI E TN ACPCFOET 429 KFYPUNCH FOMFS 

SETH>93 

TTF GF 

JAYTF 
VBYTF 
VBYTE 
WBYTE 
“RYTE 
VRYTE 

~BYTE 
JAYTF 
WBYTE 
VRYTE 
VAYTE 
JBYTF 
WBYTE 

eBYTE 
wAYTE 
TRYTE 

~RYTE 
VAYTE 
VRYTE 
VWARe 

<CHRITBE wl OANPT +a esmelara, 

nya,a72 
A,s, Mut 

A4S,%47 
ALe, 975 
AL7,%42A 
ASA, (34 

ASA, 4 

MS8,137 
ASK, ATH 
Ao? AT? 

147,135 
418,451 
14H, %7% 
117,134 
2EM, Aah 
749,13% 

744,774 

215,059 
aya, AGS 
m 

PBACK ARPQW 

rPEQUAL 

PUP ARROW 

PAPOSTPROPHE 

9BACKSL ASH 

rSFMTCALAN 

*LFFYT PAREN 

PQNHOTES 

gLA, STGN 
PPFROENT 

ITALAN 
tL BRAC KFT 

IGRPEATER THAN 

tAMPFRSAND 

Pi US 

PQHESTTON 

rR IGHT PAREN 

rR BRACKET 

PL FSS THAN 

tew FNMA AF TARIE we 

PC OLON 

tL AR, STGN 

PAPOSTPOPHE 

PFOUAL 

SQIIQTES 
rRACKS! ASH 

PPFRRENT 

+RACK ARROW 

tGPEATFR THAN 

SQleESTTON 

rR BRACKFT 

"RTGHT PAREN 

ISFMTICOLAN 
7UP ARROW 

PAMPERS ANT 

tL BRACKFT 

tLFSS& THAN 

tLFET PAGEN 

PLUS 

twee FNM OF TARIE we 

eEORMR 

fa=2) 

(893) 

(Ba5) 

(8-6) 

(8-7) 

fA=Bwe) 

fAwBawd) 
(Aw8aS) 

fA=BaG) 

(O-B=7) 
C1 twRap) 

114 eRaS) 

f {1 mAah} 

(1 1=2a7) 

(49) 
f{ AwRaDr) 

fy rawRe Ad) 

(1 PmAaeS) 

(1 aAmkah) 

(B=2) 
(Rue3} 

CaaS) 

fA=6) 
(a=74 

(AwRu2' 

(A-B=4) 
(Awad) 

(1=B=6) 
(A=8=7) 
C11 —Red) 
C11 whe) 

(Li web) 

(11 2AeT7) 

(1?) 
({AwRadr)} 

( {raha ) 

C1 2-Aed) 
(1 2=heh) 

1TABIE NOT IN ALNCK {
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CR,SYS PT=11 MATRA VMMD ema PBeAPRETS 1620%8%A PAGF & 

HANDLES PROPFR 

{ ~SATTL HANDI ER ORAPFR 

be] 

% AgAAAg® eCSECT TRIG 

4 
5 1 1 OAD PAINT 
& AQGAGAG BAMe XA 1OADPT!? , WORM PRVECT PINTFRPUPT VECTA 

7 sA92G2%2 AaAaese VWORD PRINTS, 1OFFSET TO INTFRAUPT SFRVICE 
R AABAMA AQAs™D eWARe wa PS 
9 AAABMH Bgayragd PRIQF: WOR a tLAST QUFUF FNTRY 

19 AABBIn ANnAAAaA PRPOF: WARN fa PCUIRPENT QHENE ENTRY 

4! 
1? r ENTRY POTNT 

1% 
14 @e@Qte2 M{KIASG 177772 CRHANDS MOV PREOF, PS PPOINT TA A FLEMENT 
15% ABADIG MERTMH MALS MOV PHEPTR,RA PPAINT INTM PARD IMAGE 
14 "9A922 AQASH5 ANMAME AS| &(P5) PCANVERT WARN COUNT TO AYTE COUNT 
17 ABBAA® 194555 RALMS LERPROR PNIIL! REAUFST MR WRITF YS LOGIC FRO 
12 MBABI® ABSIT, ABIAAM 1774460 RIT #REANYS+RIISY, @H#FRET PTS RFASER PEANY? 

19 AQAAN%E AAMAdA XHANG? NOP tw PATH HFRF TO TSSI'F HARM FRAOP 

am ABBAd4Q PARTAKE TST fRA)+ PRI OPK O REHIEST 9 

2! *BAR42 91575 REO RPE ANP PYFS, GO INITIATE PENUFST 

ar nahadug AART7AS TST fReE)+ INA, POINT TM AUPFER PTRS 

at aaAnde Mansa FR PONT 1G% SFF TF ANY STUFF [& LEFT IN ALA PARD 

a4 
a8 aa0egSo AansK?7 AR ABART TARORT 

ah 
2? § YNTESRIIPT FNTRY POTNT 

aa 

29 AE9A52 AAUS7TT MA1A46 CRINT!: (ISR RS, @8TNPTR 1ENTER SYSTEM STATE 

3A AB0OS6 Aamdg e4ORT *CePRaerRZPR7 

3t ABCAKHA AARZ67 BMAMahG nee POL CNT ICAUNT NOWN TNTEORIIPTS THIS CARD 
3A ABCA ALRIAG 177140 MrV HORST, RE GFT STaTus 
ZV ABBATA 1AMS44 AMT FREQ rWHOOPS ee ERRAR 

34 MAAB72 195705 TST PS IPCHECK FAR CALIIMN MONE 

35 aQgAa7va {amnay RP| fF APD PRP ANCH TF NAT COLIIMN AONE 

BRK AQAATH MYARTAS 1775K4 MOV OHPRAD, RE IGFET COMPRESSEN CHAR 

37 ABALAR MAINA REA TNC OLT *TT°S ALANK 
ZA ABAIAG ALRT4KR 1771{h2 Mav @#PRAY, = (SP) rGFT FYPANRTED CHAR 

39 AQA11O = APOTHT BAMA4E AQMATA er éMP PHPPTR,RIIF RTO PF TRST CALIIMN? 

4m 790116 AnIanma ANE TSTPIIN PNNPE 
41 PQOPLAFD M116 AT AAMIMA MOV @SP, CHART? fEI SF SAVE FOR ENF CHEPK 

a>? *@@leg Mur7tes 177QAR TSTPIING BIC #1 77AA%, #§P 9CHFREK ONLY BOWS 187 

4t ANGY3O 741646 MOV @S$P,-(SP1 MCHECK FAR INVALTN PIINC HES 

44 AQ@132 AARUt6 NER aso PBY CHECKING FOR 2 OR MORE PIINC HES 

45 09134 A4DrbPE rite (SP) 4+, (SP)+ fIN COLUMNS 17 

46 AAS{3H) ABIUAD YIMi? REN NX TCHR rTTPS MKAY 

47 AQALIG AYATAS AQAST?T MOV #377,R5 rFI SF FOPCF TRANSLATTON TNTO 134 

4A 990444 AUKTAT AAMAS NY¥TCHRS MOV PHOEPTR, (PCI + PRFEMFMREP POSITIAN OF NONeALANK
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ga 
Sa 
51 
52 
5% 
54 
ss 

56 
57 

FR,SYS 
HANDI ES 

AAA 
aag@ysSa 

0a@154 
ABCLAD 

Aae1be 
A80179 
ABALTS 

RPT=11 
PROPFR 

AADQAY 

Agrena 

AQB2MG 

aatein 
ea@etia 

AAF2A16 

aasarg 

AgA2A4 

209276 

AABera 

agtetea 
ABA2ks 

aataua 
aueedaa 

AAB246 

AOUA4G 
agdese 

aabesa 

PAteKa 
mOgWena 

AAADKG 

AAALTO 
agveTta 
AAALTY 

eure7e 
OOATAD 
AQUtAG 

AQAGAG 

PAasia 
AA%316 

AAAS 

aAgnaana 
AGATAS 

114937 

AgAnAg 
AG®TAT 
AGS 

ramen, 

AZSIAS 
aa~adea 
ALATRY 
Agnana 

ALATAS 
Aaasag 

Mar7Tay 
AAAAAA 

AQIGTY 

MIALUG 
ALOTAG 
Aaaeag 

ALATA, 

Aare, 

Aamedg 

113974 

1497 D4 

AYALAT 

AL rHmy 
AaaAdaAyg 

14 aa35 

AAR SIS 

AQVaS7 

Aazeds 

AQKTAY 
(aes7y4 

AZI7%7 

AQ4§26 

AYaATog 
AGA7T%4 

MAMEAG 

AAMGAY 
AAMT Ag 

MAPRA VEADe{m 

AEAQma 

{77572 

ARTA? 

{777AAa 

1777A4a 

AAAATS 

AGABIP 

1{77b6A4 

177644 

AnPaAag 

MOAB D 

177772 

17T7LAD 

PR=APRHTS 

1771{4AA 

FNAPTR? 
TNROL TT? 
YIMa?: 
CHePTR? 
Y—IM3? 
TNTRFT? 

SWARD 
apn 
MOVB 

.WARA 
ann 
RTe 
PTS 

a 

PC,RS yMAKF A PTC POTNTER TO TeEANS TABLE 

CHOTRL me CRE), OCPD + FPLIT TOANSLATER CHAR TN LINE 
a 

¥1,CHRPTS PPIISH RUFFFER POINTER BY 1 MR A 
#INTFR,@#COST fPEMARLE ANILINE TNT TF NFCFESSARY 
PC 

16°Q%3TR PAGE he 

7 CARN NANF AR FERAR 

racDds 

RUFPTRE 

CHARI AE 

YTOTM: 

1XTRIMS 

YCOLFs 

[XAPRLFS 

FIBRE? 

ronts 

Frei: 

PFADRSs 

ATT 

arn 

MOV 

WOR 
Mav 

re MP 
rMP 
A WORK 
REA 

MOV 

MOV 
Nap 
MOV 

Tver 

NOP 
MOVE 
MOVA 

MOV 
MOV 

RR 
MOVA 
ner 
REN 

tTNP 
rMéMe 

PHT 
arr 

ANF 

MOV 
spn 

#CARMAN,RE *CARA AONE? 

FRR PNOPE wm SPURTNAUS TNTERRIIPT = TENOQOE 

(peje, 24 tRA =» CHRAUF 
a PPAINTFR TA PHRASE 

CREOF , RS rPOINT TA A FLEMENT 

(RS) +, (RE) 6 #PLUISH AVER RUEFER POTNTES 

#7417, (PP) 4 rEND OF FILE? 
a P1{AeATT FOP FYPST FARPN CAL, 

FNAFTL rYFS 
Pi ,= (SPY 9SAVF By 

FHERTR, PI MPNINT TA SAST END OF AB CHARS 

tw PATCH HERF TO SIIPPRFSS TRIMMING 
FNAPTR,R 4 WMA, GTVF TT TA WM 

PY 

te PATCH HFRFE TQ SIIPPRFS& PR/LF 
#OR, (RI)+ 2JA, GTVFE TT HTM 
#LF, (Rijs 

PY,ENNPTS ‘THIS TS NAW THE END 
fgpjy+,FR4 IRFSTOPE R1 
FONT rENTFR FILLING Lane 
(RA) +, (P54 tPI'T A RYTE TN HTS BIIFFER 
ARS ‘TS ME FIILE ? 
PETMAN ryer 

=(®S) PPUISH RUFFER POINTER 

FNOPTR,RA PEND OF MUP APD 2 
FYI BIE tNOT YFT 
H#REFADYS+RIISY, @#O RET MKAY TO INTT RF AN? 

TNTRET ‘NOPE = FO HANK UNTIL PEARY 
PC,R4 PPOINT TM CHALE 

4#CHRRUFe, Pd
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91 9G@B3P4 AYAMUh? 177630 MOV Pa, CHRPT® *START FILLING FROM NEW PAPO 

Q> PANSTQ Amuse, 177614 MOV RO,ENNDPTP WHICH TS &S YFT EMPTY 
gt narszta AYRE? 177650 MOV Pg, RIIF PETS PFE STABL ISH BIUFFER POINTES 

94 AAMZ4R AARABT 1776460 rPLe PHAR A PCL EAR FOF FLAC 
9&8 ABAZ44 ALATA Amira MOV #8, (PRS SFT COLUMN POUNT 

9H 409350 AnAaraD rorCNT?: ,WARn o PCOUNT OF PFOLUMNS PEMATNTING TN CARN 
97 AYAZSO MATEY MmMAM{AY 177140 MOV #REARPSINTER, OHPRET FSTART A CAPH GAIN? 

92 AAATZEH AMER? RTS PC tRYVE 
99 

19a t VARINUS FROENARS 

191 
{AA ABAS62 ALKTOR 177428 |EPROR? MOV CREOF,RS PPAINT TA SUFUF FLEMENT 
{AE MAOS6H MHD7ISHE MaMAAy ATS HHOERR, @= (PS) rYNU CAN’T WRITE ON A PEADFR 
194 AQOS7D Mamata RR ABNRT 
108 

196 ABASTH ABD7IAG apAaen FrRone:s RIT #DATLAT, #5 pDATA TATE TS ANIL Y NAT CURABIE 
197 PBM4AA MAISTO ANF 1 EPRMR PTSSIIE HARA FRROP TF sn 
1GR AAMAAD AGRTIKT 17774) TST COL ONT INANE WITH DATA COI UMNS? 
$39 ABAGM—H LAMsZB" RPI FREY NOPE =m» MIST AE PTEK PHEFOK, ETC,, 

as 1 STAPT A NFW REAM TO CARPECT CONAITIAN, 

111 7QH41Q) AARMET?S AR PAPD fFI SF ASSUME CARD NONE 
449 
11% Y FENN MF FTLE faPp FOUND 
{ja 

FRSYS PYT"11 MArRAA VMADw yD PA@APRHTS 16208 tAR PAGE fe 

HANDI ER PROPFR 

118 AOA41A My >aG5aq FNRFTL? MOV (RE)+,R4 PPOIMT INTA HTS AUFFER 
1916 MA%414 AREA PLEBIIF? CLeB fR4}+ MCL EAR TT ALL 
117 PAA ABRRIG ner @RE 
{1A MAAGPH AAd3T7S RNF PLPAIF 

119 AQAdAPe AGA7TIS Mamana 177779 ATS #29AAR, @ef A(RS) SFT FOF ATT IN MHANNE 
12% AGA4BA MBRART 177514 ARARTS PLR. FNAPTR PFARPE aA REAM NEYT TIME 
121 

12°  GETURN TO MONTTOR (REQUEST DANF, EMF, AR FRRARY 
‘at 

424 AYAGTH MYMHAT 1775Pn PETMAN? MOV Pa, CHRPT® PSAVF POSITIAN JN FAPN 
125 AGBaan AgResy 1771h4 rie AEC RST INA YNTEPRIIPTS 
{2h AABGdK ALATMY Mav PC,R4 ITHE USUAL MONTTAR RETIIRM 
127 ABAU4G MEATMU 177340 Ann #CPCNEe, RA 
{PA FAA4SS M1TTAS anagsa MOY @¥MONLAW,RE 

129 AAP4SH BAAMITS5) AMamMeTA ™P @OFFSET(PS)
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CRSYS RT@11 MATRA VMR2m1M PBR APR=75 160%ITR PAGE 7 
CHARACTER TARLE 

{ eSPTTL PHARACTES TARLF 
 ] 

t 1 THF FOIELOWTNG MAPRO TAKFS 4S APGIIMFNTS THE ASCTT TRANSLATION 
4 YP MESTCEM ANR THF I TST OF PUNCH FOMATNATTONS FAR THAT FHARACTER, 
S 

& MACRO t eLrsT 

7 Tet 

A 2 TPP ¥,<S1 TST» 

° Se ee ae 
19 SIE LE NO le? 
it TaT+ye, 
1? elFF 
1% ilat@ 
14 REPT ¥o lem, 
1s ftwlletl 

14 eENDR 
17 Tete! 

1A eFNOS 
19 wlFF 
an TaTede 

a1 eeune 
a? eENOR 
2% eaCHPTRL +T 
pa ePYTE SCHAP 

25 RCHAP = SCHARP + 4 
Qk ~ENOM cr 
27 
DA f THF FAL LAWTNG TARALF TRANGLATFS A429 KFYPUNCH POMFS TO ASCTI, 
aa 

Bm AQh4bAa PHOTALS 
31 AAALma aREPT O54, 
32 BYTE (34 MPDEC STAMDARM FREON CHARACTER 
3% JENDP 

34 

38 MaMuha® eEPHETAL



rrR,S8VS 

Agtarea 

ABATSa4 
ARAIAYG 
ARATAS 

APRATAG 
ABASI A 
AOaSKa 
AYO5&, 
Agasna 

ABM%eS 4 
AQa7T1A 
AQASSD 
ABA7T1G 
POSI17 
AQAT AD 

AAAT A 
ABAT22a 
AvIATS 
AgtaMY 
AQARAS 

RT=11 

AQALAg 

MARA VMADe 1 

THARACTER TARLF 

AAA RA 

OOAS17 

AAA5PR 

ANASAS 
AGASRy 

ADA613 

ABABIY 

ABA5ePe 

aaesse 
AGFH17 

AB®HAD 

AQAe? | 
ADAHAa 
AADLES 

OnaATMe 

ABYSAG 

AABUTh 
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€17,4,9,A8,%> 

«{?,9,4> 

€1?,0,2> 
ejA,9,%> 

<9,7> 

€0,9,8,5> 
4A,9,8,6> 

<0,9,8,7> 

a11,9,4> 
<€17,9,5> 

<0,9,5> 
<19,9,A, > 

€1°,9,4,4> 

€17,9,8,5> 

«12,9,A,h> 
€12,9,8,7> 

“#17,11,9,8,1> 
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<11,9,8,4> 
€11,9,5,8> 
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€44,9,9,7> 

<8,3> 

<141,8,%> 

<7,8,4> 

<€1>> 

<8,5> 
<13,R,5> 
<11,AR,5> 
<41,8,4> 

ISTARY AT ACTA AA 

PNIILE 

SC TRI w@A 

ICTR =P 

ICTR =f 

ICTR =f 

ICTR wF 

ICTR wr 

ICTRL of 

ICTRL mH 

FC TRI =T 

ICTRi =f 

ICTR aK 

ICTRI el. 

ICTR =M 

ICTRIwN 

IOTRL =A 

ICTRI =P 

PCTRL =A 

ICTR «wae 

ICTR ws 

ICTRI oT 

PCTRI wl 

ICTR =V 
ICTR wl 

PC TRI mY 

PCTRI eV 
ICTRL=7 

PAL TMONE CFSCAPE) 
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ICTRI=* 
rCTRi a, 
ISPACE 
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98 
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PR.SYS 

AQAST7T7 

AGATA, 

ABASTS 
AGAGKHE 

ACAKTS 

agAseg 
AQASAs 

ag@uea 

AACGhS 

AAAL6S 
AAAUA?T 

AQAA 
Aahary 

Agar%ea 
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AQGBSAS 

AAaMaTsS 

AQMEAY 
1e0677 

ABARAY 
OGABay 
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A0672 

AAVG73 
ADVTIAS 
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RTL! MATRA VMNODel1m 

CHARACTER TAPLF 
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fan 
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€{A,R,h> 

aA,8,%3> 

€{i> 

€12,8,%> 

<A,i> 

<A> 

«(> 
«a> 

<3> 

«ad» 

<S> 

@6> 

a7y> 

<> 

<Q» 

<8,2> 
<11,R,&> 

a{>,8,a» 
«8,6» 

4<0,8,6> 

a9,4,7> 

<8,4» 

“19, 

€19,2> 

<€17,%> 

a{>,4> 

<19,58> 

€17P,h% 

«19,7» 

e{[9,a> 

a1, 

€141,%> 

€1',7> 

aii,%> 

<11,4> 

€11,&> 

<11,4> 

<1',7> 

ai',A>» 

“1t,%> 
<0,2> 

<A,3>
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$23 O905P6 er <a,4> LAU 

124 9QS5e7 er <0,5> "V 
{a8 agesta r 40,6> rw 

12h B05%4 t 40,7> x 
127 7@95%e c <0,8> ty 
412A AQAS33 r <A,9> 97 
129 MOASAZ r #19,%,9> rt 
139 A90675 r <A,8,e> 9\ 

131 AGABSS f a11,8,2> 1 
13> MQWS75 r <11,4,7> = 
1433 MBeoae cr <2,8,5> ', 
934 MgeSda r <B,i1> PACCFNT KRAVE 

435 amahara tr <17,9,%> oe 

13H AQATPAY r €19,%,2> ree R 
137 AgO7Aa5 fr <17,%, b> mer 

183A OA97PG r <12,%,4> mre 7 
139 Age727 r <12,4,%> rn F 
14M ABATTA ial 419,%,6> mLe oF 

141 MQO7 34 r <17,%,7> mee 
147 ABATZ2 c €17,%,A> rie ow 
14% AGATSS f €17,%,9%> me T 
144 AQ074% r <4P7,4%,1> med 
{45 AQA7bG fr <17,14,2> mer kK 

146 MADTHS c €17,91,3> re | 
147 AOATHKE is €19,14,4> Le OM 

148 AG97467 f €12,14,5> me M 
149 AQA77H t €17,41,6> men 
150 AGATTY r €17,'1,7> ye P 

154 99977— t €17,44,8> rhe on 
152 90773 f <17,41,9> rr RP 
153 A103 r <1',0,9> res 

§S4 AGP HAS t €11,%,%> ser Tf 

155 96%626 r <19,%,4> me! 
154 AGMH?A7T r <11,%,S> ter Vv 
157 70%6%O fr e11,%,h>» mer vl 
158 AYVPE% r €11,%,7> mr ¥ 
159 6%6%ea Pr <11,7,A> rie OY 
160 AAG35 i <11,%,%> me 7 
169 ABBE4SS c 12,» PNPEN RRACE 
(62 900793 r #{2,94> WVFRTTCAlL RAR 
16% ABB7HS fe <11,%> 1C1OS8F RAR 
164 MBAHAz ¢t <11,%,%1> PTTLIE 
168 mahePg c €17,9,7> tNFL 

164 
167 Anne? . 8 PHETRL + 256, 
16A 
{69 aAgigra PHOBIIFS .RI KW ay) 
170% MAalsaqg Anagaa SINPTRE JWORP a PPLURBGFO TA POTAT TO CAMMON FNTRY 

174
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CR,SYS ATH1t MATRA VMABe te PReAPROTS 
CHARACTER TARLF 

1732 AQIS Pp 
17% 

174 PmAMGM, ? 

CReSYS PT@11 MARA VMMdeIm PaeAPROTS 
SYMBML TABLE 

ABORT aa@asge VAD RUFPTR mameliaR 

CHAR12 agBerueR AAD PHRRUE MATGhAaPR 

CORE Aaesia POMEYT fansdg 

eR ws agaAgisS fRAL «= t774h2 
CRINT aataser Ama PRIF eanuse 

PFRVECTe anteta PATLATS ANAAAD 

FOF we AAABay FRR 2 10%Q09 

HANG AGV47H HMFRR = ABPAA 

INCOLT 7084829 aap TNTER & AANLAD 

LOADPT ag@aaar AMS IXPRIF anak ee 
NOTMAG Agela NYTCHR MAmML4gR 
PRA s AGING PR? fe AGMSAG 
READY & #aB4an RETMAN agmasaR 
R3 BXLPQAAAS Ra SYAAAGHY 

SETAAH AAABRa *CeETRPg MAAATHY 

TRIM antasbas TSTPIIN Mam {aur 

XIM1 ™QA1%6OR 20a YIM2 AaAmiSyaR 
SCHAP « AA%200 fINPTR AAtzeaR 
. ABS, 00754 aaa 

agvang Amy 
CRIA ALBA i) 

FREORS HETECTEN: A 
FRFE CORE? 17698, WORDS 

sLPS/NETTM/C BCP 

{H3AAtBH PAGF T+ 

CREI7Ee, eLmanprT 

oF MD 

{meAAs TR PAGF Te 

are 

AAP 

RUSY 
PFHEPTR 

rOLCNT 
rRAD 
PRI QF 
FJFCT 
FRROP 

2 AIAG 

AAALAAR 
PaAssaR 

a (77464 

AQABMED 
2 OGgagne 

Aarsrae 

s MeAQgan 

AAAL7TAR 

PanedeR 

= AGATA 
= (77776 

BYMAAAAA 

aYMAAQAS 

BXOTMAML 
a AQAAAA 

AAA ape 

ane 
ump 

ara 

' ame 

ane 
ane 

One 

PAR) 

CHE TRL 

roto 
rReOF 
PRAITE 

FNAFTL 
FRE{ 

TMAGF 
1 ERRAR 
MONL Mw 

ANI IN 
PEAD 

m1 
SCOnFr 

SPACE 
YCOLF 

YTRIM 

mamanaR 
AArgkhaAR 

AARAAR 
AnAATAR 
ABI 3P6 
mAmat eR 
AQMZABR 
PRASbY 
AAREAOR 
AumaAsg 

AQAAAA 
ARAAA 4 

BXODAAM 
AAASEA 

AAABaA 
AAMQ2OHP 

AAMZTHR 

a2 

Qae 

are 

ane 
ane 

are 

awa 

ahe 

PARDN ©& Aangaa 
PLREBLIIF aApmMalaR 

FANT AQAZAGR 

TRHAND aMgmataPr 
FRST 3 177460 

FNAPTR Mam, 5QR 

FIILBUF aAgma7OR 
TMRASE AQASTA 
1F a Aamale 
MOTIN © Mingag 

PC RYAAAQAT 
PFANHS AA*S16R 

Pe EXAAMAAD 

SETCND agag4e2 
T e Agmee7 
YHANSG AGAA*SOR 

YATMAG 97624 

ane 
QA2 
are 

ane 
awe 

Ane 

are
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 PT-11 PECTAPF (TC11) HANDLER 

MEP wet LH OP TRAN 

PB/EF 

AUBUST, 1974 

FOPYSICHT (Cc) 1974,1978 

PIGITAL FOINTPMFENT CORPARATTION 
MAYNARD, MASSACHIISFTTS @1754 

THTS SMFTWARF TS FIURNTSHED UNDFR A LICFNSE FAR USE ONLY 
AN A STNELF POMPLITFR SYSTEM ANP MAY RE CAPTEN ANIY WITH 

THE TNMLUSTON MF THE AROVE COAPYRTGHT NOTTCF, THYS SOFTWARE, 
MR ANY OTHER CAPTES THEREOF, MAY NOT BF PRAVIDFEN OP ATHERWTSFE MARE 

AVATLARLF TO ANY OTHFR PFRSON FYCEPT FAR USE ON SUPH SYSTEM ANP TO 

ANF WHA AGPEFS TA THFSF | TCENSE TERMS, TITLE TA ANR AWNESSHTP AF THE 
SOFTWARE SWall AT ALI TIMES RPEMATN IN AIGITAL, 

THE TNFORMATTON TN THIS MOPUMENT TS SURJFCT TO 
PHANGE WTTHOUT NATTCFE ANN SHAUI A NAT BF PONSTRIIER 
AS A COMMITMFNT RY DIGTTAL FQOUTPMENT CARPORATIAN, 

RIGTTAL ASSUMES NO RFSPONSTARTL TTY FOR THE ISF 
MR RFLTARILITY OF TTS SOFTWARE ON FQUTPMENT 

WHTCH TS NAT SUPPLTEN RY DTGTTAL, 
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AT VASaAT7 
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A
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L2eAPRe74 

Aaamame* 

Agnawa 

AAA Y 
AgRAAD 
AGAGAs 

Agarag 

AGAOAS 
AQALAK 

AAA AAT 
177776 

177350 

177840 

177340 
{77344 

177346 
Aagmata 

AGanry 
agarsa 

Agae7TA 

maaaaa 
AAaoAn 
Ramanan 

AgAGaAg 
AARAAR 

agaszae 

RT =i MACRO VMADm{m PReAPR@IR 16204224 PAGF 9 

eCeECtT &YSHAN 

sENARL ISR 

PaRrym 

Py2%i 

Pash? 

Peex%k 

Panta 

Q5aX%% 

SPaX%s 

PCa%7 

PSzi7T777h 

S MECTAPF PONTPOL REGTSTFRE 
Tent s 177380 *PATA PERITSTFR 

TCSeT we 177340 ICONTRAL AND STATUS RERTSTFR 
TOrM 2 17734) FCOMMAND REGTSTER 
Tcwe =e 177344 rWORA COUNT REBISTER 
TCRA we 177346 PBUS ANNPESS RFGISTER 
TCVER 2 744 9TCLT TNTEPRIIPT VECTOR 

ICANSTANTS FAR MANTTSR COMMUNTRATIAN 

HNFERR 2 1 : PHARA FRRQP RIT 

MONL AW s 84 : IMONTTOR BASF POTNTER 

OFFSET «#2 270 YPMINTFR TA A MANARER COMP ENTRY 

.GLORL nTsys, PKSYS, PFSYS, PPSYS, ASSYS, AXSYS 
VGLORL STNPTR, SINTFEN, STINT 

PKSYS 2 ff rRK YS NAT RFSTOFNT 

Preys 2 tNFITTHFR IS RF 

, AXYSsYS s 

npeve eo 

nsays e A 
PRT = tan SENTFRS AT LFVFL 7
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NT VAguA7? LaekPRe74 RTelf MACRO VMApeqn PRWAPROETS (H2Blsrq PAGE % 

5] 
2 naeang REE 
% 1 | 04D PAINT 
A ag@arn aAgmatas VWARM TrVEr fTANDRESS OF YNTFERRIIPT VEPTOAR 

G aglarta anantes ~WORD ATINTs, INFFSET TO INTERRUPT SFRVITE 
& MAAGAE AQasen TWARA PR? PPRINRTITY 7 
7 aghans ATRYSs 
A AgMereH Agaecay ATrOFs WARD PPAINTFR TM LasT Q ENTRY 

9 AOAGIA AAREAE NTPOFS  JWARA MPPAINTFR TM CURRENT f FNTRY 
qa 
1! ' FNTRY POTNT 

12? 990B12 M2727 AOMOID MOV WB, fPRD+ PINIT THE PETRY COUNT 
1% AO9B1G Manone ATTRY: JWhRM TRETRY COUNTER 
14 MQ@QPQ AYTTAR 1T7TTH MaV @#OS,@fSP) PFAKF AN INTFRPUPT 
15 AQAG2G ABATHT BAMARA 188 PC,OTINT 
{6 AB@ata Mamery PTS PC sRACK TO MANTTOAR 

1? 
1A PINTFREUPT SFRVITE 

19 
am ag@gt2 Agasin aR ATSTOp PAPOQRT CALI FROM BEF SYSTEM 

21 AnFe%g ABAS7P MAMehe ATYNT? 18 PS,@SINPTR mNOW JSR TA POMMAN CONF 
2? *G0G49 Anev4A WHORN = *Ce3AQ>RERT PRUN AT LEVEL & 
2% aatogde ayoyds MAY PA,= (SP) 
24 Aet@ada M1470 «197740 MOV ATCQF,RA MRA POTNTS TA A FLEMENT 
25 eatesg 7429784 1773402 MQV #TCOM,RG FRAO POTNTS TO CONTROL RERTSTER 

26 ag®eSa 129046 MOV (RAD+, = (SPI PMFSYRFH BIOCK # ONTN STACK 
27 (ONGSH My araAs MOV CRA*,PS rUNTT # TNTO RS 
2A AALMAD MuUrATAS (7H377 rte HF P< TaGMDr,95 rTSOLATE UNTT NUMBER 
29 ABYEAK4 MIATIO I1AA1F%A AIT #1005a2, (RA) tFERNR RIT ON? 

30 PQAATGA Iamasa RMT ATERE ryFS 
31 MB9R7TA2 BAISAA RES PETRY rI® TNTEPRIIPT TS OFF,WE ARF TNTTTATING 
42 tA REQUEST 

33 ADPO7TH AIP714G BANARAS ATT #2, (Ra) PSFAPCHING? 
FA MAMTA MAHAR AEN ATAONE PNMeA PEAD OP WRITE TUST CAMPLETFD 
3S NAM1MA® MABTIGY 17735H APMAAG ee exeTOOT, RWANT PCAMPARE APTUAL ALACK TO NFSTRED Bt OCK 
3H 9O01L10 Mature REA RLKFND rFAUND IT 
37 MaBi1e MaruAY NTRECT? RLF FOPWARN PSFAPCH IN THE FORWARD ATRECTION 
TA AOPL14 ABATAS AnAgAA RPEVERSF RIS HAMQA,RS rSFT RFVFRSE RTT 
BQ ADLLPA 16971H AQMQMA gr #2, (5P) PSFARCH FOP Tw? BLACKS BFFARFE ANF 
uo PAPTITALLY MPESTIREN FTO ALLOW 

a1 PSPACE FAR THE TIIPNmARAUND 
U2? AQF®1P4 BAMADD RR FORWARN POON T SFT MFLAY INHTATT 
42 AGAR METAR My AAAA Fopwt: PYS #1 ARAALRS 9PTAPF TS ALREANY MAVING FORWARD 
aa #§O TNHIRTT HARDWARE OFLAY 

4S AGA{%—a PErTAR agAyA, FORWARN RY #IMZ,RS PTNTFERRUPYT EFNABLF,8NIIM, AND GN 

Gh AGAL%6 94 9KHK7) AMALSa4 MOY (5P)+,RAWANT TREMFMRER THF RALACK WE APE LOAQKING FOR 
47 AGPL4e MyASi4 RETRNIS “OV PS, (Pa) PTFLI PONTPOLLER TA FO 

4A OOO14a) A1LAbAA MOV ($e) +,PaA PRFSTORE RA”
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49 AR014&) BAAMemT RTS PC rRACK TNTO MONTTAR 
ga 

S¢ 740156 A39714 aAnAaaap FNAZR: RIT #OOGA, (RAY yWFRE WE IN REVERSE? 
$2 A00154 AQ1757 REN PEVERSF INM@PEVERSE TAPE 
S37 AVF{5H ABATI14 ANAORA RLWFND: RYT #490, (RH) MWERE WE GOING FARWARD? 
54 MAG1b62 AQI3463 RNF FoPWARD PNQeWE HAVE TO THIRN ARNAUND 
55 
5A P TNTTTATE RFAA/SURITE RPERMUEST 
S7 

AT Vana? 1eaeAPRe7y QTe11 MAPRA VMAde ye ARwAPRaTS 163042594 PAGF 2+ 

SR AGA164 ASPTAG mymiis ATS #14115,R5 PASSIIMFE WRITE 

59 MOA17Q My9037 177346 MOV (RA)+ @#TCRA IT MRE ANNRESS 

6A AGATA MLI1A164 MAY FRA), (SP4 PWORP POLNT (OVER ALACK #) 

6t "AG17R tQaamy RMT 1§ PWRITE WAS A GNON RUFSS 

62 mMaB2Aq Agi aAs3 PER ATNONE TF 7ERO,SFEK 
6% ABP2EHAR MAgRdI1E NEG (SP) PRE ARENERATE WORA POINT 

64 AE%2NG M4r>TAS Pamala RIt HLA, PS SFT REAR FUNCTIAN 
65 AVl21B 7149637 «1773446 Ss MOV (SP)+, @#TCWC SFT WARM POUNT 
64 AA%214 AQATSP RR PETRNI 

67 9 FRROP POUTTNE 
6A 

69 490216 AS27737 19400G 177340 ATFRRs ATT HLAUAOM OHTCST 8 END? FREQ? 
7% ABRPAPK ganas PP| NOTE? INAT ENO? 
7§ AOMPAG MAZZTI4 AANMAMAD AIT #2, (Ra) WERE WE SEARCHING? 
72 MGgAAasa Mad She ANE FNAZP PYF SeRFVFRSE TAPE 
73 AA02T4 MASBAT 177556 NOTE7: fer ATTRY MMORE TRIES LEFT? 

74 ag®ed4q mAreI7 RGT RETRY 9YFS 
TS MAPA4e AGS7T7IA BAAMAM, 177772 ATS #HRERR, @e FRA) FFNMeSET HAP FRROAR BIT 
Th 

77 Y APFRATTON EINTSHED 
7A 

79 AQ®25G AQRTAS RYMONE!? TST (SP)+ mPOP BI OPK 
AM AGteSp 14>740%0 MOV (SP}+,Pa PRESTORE Ro 

81 Aa@e54 149737 mamatys 177342 ATSTAP? MOVA #41,@6#7TCCM "STOP SELECTFED PPLVE 

8P AAPAK® ALATMa MOV PC,RA4 
B% 7EFPKH BMEAPTAG 177574 AON 4#OTCOE=,,RA PANOR MF CME IN RG 
BA AAMETO M417795 agaakgs MOV @eMONL OW, RE 
85 Ae2274 ABAiTS)§ oamarg IMP @OFFSET(RS) 
BA 

87 , PETRY FORE 
BA 

89 AB83AG 185737 177340 RETRYs TSTB a@xeTCST ITAPF UIP TO SPFEN? 
GA agesag TaaTin RMT FORW) FYFS@AVONTO STOPPING TAPE 

91 AAAIAG AHATAT AAMAMGE AAAAn?2 ADA #4, BWANT PNA eTT TAKFS 4 RBLOPKS TO START AND STOP 
92 AMOZIi4 MOP716 rMP (pejys, (§P) 9MA&KE AN ATTEMPT TA START TN THE



TS
-W
V 

9% ABCZ16 AnmuAe 

94 ADOSER ABMOTH 
gs 

94 ABPZAQ MaaeraT 
97 
98 AQMSPG 
99 

199 Aamnmy 

DT VAQ0eA7 1e-APRH 74 
SYMBM, TABLE 

RE Ag@eagR ama 
MSSYS = nahaag Gg 
ATLOF AQABABR Ame 
PXSYS = ABBE G 
MONL MWe AQ0054 

PS s 177776 
RKSYS a aa@ana G 
Rd axAQGang 
Tcnt «© (77350 

SINTFENG wxtaee G 
- ABS, agbana van 

antaeap any 
SYSHND AYAZ24 “Mp 
FRRO®S DFTECTEN: @ 
FRFE CORF? 1AA78, WORDS 

sLOS/NETTM/CEDT 

AGA1S HR 
ABAATAR 

AAA3A4 

Ana{SoPr 
AGA2s4gn 
Agmy4an 

SXMAAQAG 
SXLAAAQAS 

$7734 

PWwANTs «a 
AR RIRECT 

SINPTR? WORT SINTFEN 

NTSI7E 9 ,=AER 

oEND 

@me RWANT AGATZ1GR 

A> ATAONE BaAmAasAR 

ATSTAP ABPASER 
Q%> FORWAR M9m4%oR 
Q02 AMFFSFT® Anme7g 
O02 PETRY a#9m30—R 

R4 RYLAAADAY 

ap SUP Grane 

TCVEr = mamala 

SS7TZF NE HT KHANDLE® 

MACRO VMAaeyo ARwAPRa7S 162:04234 PAGF Be 

AA 
ame 
aoe 

Ane 

ano 

AAe2 
ane 
ane 

ane 

QAae 

NPSYS 
NTINT 
ATTRY 
HHFERA 

PR 
RESYS 
Ps 
TChM 
SINPTR 

PRIGHT DTRFCTION RASFO ON LAST BLOPK 

ANMBAA G 
AAMASARG 
AARAALER 

Aanany 
AAAZAD 

s AAAAAD G 
2LAGAQAS 
es 177342 

AQAZPARG





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.



KBLMAC VOLe01 RTaLt MACRO VMO2—909 AaAPR=TS 1793395! PARE 1 

{ 
2 ~aTTTLE KBLMAC Vaseny 
3 PRTett Ve DFVTCr TNDEPENORNT TERMINAL HANDLER, Ke! 
4 ’ 
5 ) MECalLmORKRA@D 
r } 
7 9 COPYRIGHT (C9 1975 
A J 

q I MIGTTAL POUTPMENT CORPORATION 
10 1 MAYNARA, MASSACHUSETTS 07754 
11 ’ 
1? 1 THYS SCFTWARF TS FURNISHPD UNDPR A LICENSE FOR USE ONLY 
{3 1 AN A STNGLF COMPUTER SYSTEM ANA MAY RE COPIER ONLY WETH 
{4 1 THF INCLUSTON OF THE AROVE COPYRIGHT NOTICE, THIS SOFTWARE, 
48 1 OR ANY OTHER COPTES THFRPOF, MAY NOT BF PROVTDFD OR OTHERWISE MADE 
16 ) AVATLARLF TO ANY OTHER PFRSON FXCEPT FOR USE ON SUCH SYSTEM ANA TO 
17 1 ANE WHO AGREES TO THFSF LICENSE TERMS, TITLE TO AND GWNERSHIP OF THE 
18 1 SOFTWARE SHALL AT ALL TIMES REMAIN IN BIAITAL, 
1@ ’ 
ao 1 THE TNFORMATTON TN THIS MOCUMENT FS SUBJECT TO 
a1 ) CHANGE WITHOUT NOTICE ANA SHOULD NOT BE hONSTRUED 
22 9 AS A COMMITMENT BY DIGITAL EQUIPMENT CARPORATION, 
23 ! 
24 DIGITAL ASSUMES NO RESPONSTBILITY FOR THE USE 
25 PAR RELYARILITY OF TTS SOFTWARE ON FQUIPMPNT 
26 ) WHTEM TS NOT SUPPLYED BY DIGTTAL. 
27 ! 
28 ’ MARCH (975 
29 ’ RGA 

KB,MAC V@le8{ Rett MACRA VMA2989 BoAPRaTS 17433251 PARE 2 

Reals VP PEVICE INDFPENPENT TERMINAL HANDLER, KA, KA 
9CAN oF USPD BY FITHER THE FORFGROLING OR BACKGROLINA (aut NOT. . 

pentH SYMUi_TANFOUSLY) TO RFAD AND WRITE TO ANY DLefiA OR KLetia 
PCANTROLLEA TERMINAL, 

’ 

PTHIS HANDLER HAS THE FOLLAWING CHARACTERISTICS: 

Q
e
 
P
r
P
w
~
r
a
A
n
w
a
w
-
.
 

, {JCARRTAGE RETURN CAUSES THE REMAINDER 
' OF THE INPUT BUFFER FOR THF CALLING READ RPQUEST TO AE 

i ? TERO=FITLLES, AND THE READ £8 COMPLETED, THUS,THE HANDLER



~
e
v
w
w
e
u
w
e
w
e
w
v
w
e
r
w
v
u
e
w
w
e
 
w
e
w
e
w
e
w
e
w
e
w
e
w
e
w
e
w
e
w
e
w
v
e
w
e
w
w
e
w
w
e
w
e
w
e
w
e
e
 

ws
 TRANSFFRS ONE LINE AT A TIME,NO MATTER HOW LONG THE 

TNPUT BUFFER T8 POR THE READ REQUEST) THE UNUSED PORTION 
OF THE BUFFER 18 ZPROMPILLPD, CARRTAGE RETURN FCHORS 
CARRIAGE RETURN, /LYNFOPEFD, AND INSERTS FR AND LF CHARACTERS 
YN THE BUFFER TF THERE IS ROOM,£LS® ONLY CR TS PLACED IN THE BUFFER, 

P)FORM FFEN FCHOFS 7 LINE PEPDS,AND YNSERTS A FF CHARACTER IN 
BUPFFR, 

T)RUBOUT ECHOES "\" AND MELETES THE LAST CHARACTER IN THE BUFFER, 
TF THERE ARE NO CHARACTERS IN THE AUFFPR,RUBOUT POFS NOT ECHO 
AND TS IGNORED, . 

AYTAR FCHOPS ENOUGH SPACES TA POSITION THE PRINT HEAN AY THE 
NEXT TAB STOP, AND TNSERTS A TAR CHARACTER TN THE BUPFER, 

B)CTRLE U ECHOES "SU" AND ERASES THE CURRENT LINE, 
S)°7TRL 7 ECHOES "*7" AND CAUSES THE HANDLER TO REPORT END@OPoPILE, 

THR CTRL Z CHARACTFR 38 NOT TNSERTPD IN THR BUPFER, 
TITHR LOWeSPRED READFR WILL RUN TF TT TS TURNED ON WHILE A READ 

REQUEST 18 PENDING TO THR HANDLER, IF THR TAPE BFING READ HAS 
MANY TABS, HOWEVER, THE TIME NECHSSARY TO BCHO THE TABS WILL 
CAUSE CHARACTERS FALLOWING THE TABS TO BE LOST, TO OTSABLE THE 
FCHOTNG OF TABS,THR "SFT* FOMMAND CAN BE USED AS FOLLOWSE 

"SFT KB LER" WILL OTSABLE TAB BCHOING, ALLOWING A TAPE 
, TO RE READ WITHOUT CHARACTER LOSS. 

"SET KB NOLSR" WELL FNABLE TAB ECHOING, POR NORMAL KEYBOARD 
INPUT, THTS IS THE PEPAULT. _ 

A)WHEN THE HANDLER RPCTEVES A READ REQUEST, A "PM CHARACTER 18 
PRINTED JN THE LFPT MARGIN OF THE TERMINAL TO SIGNEFY THAT THE 
HANDLER $8 READY FAR INPUT. THIS CHARACTER GAN BE CHANGED, OR THE 
PROMPT FEATURE CAN BF REMOVED, BY REWASSIGNING THE SYMBOL 
"PROMPT" TO THE ASAIT VALUF OF THE. ew 
DESTREN CHARACTER, SETTING PROMPT TO "A" WELL CAUSE NO CHARACTER | 
TO BF PRINTED, we es 

9)YF NO READ REQUEST IS ACTIVE, THE HANDLER WELL NOT ACCEPT INPUT, 
AND THE KEYBOARD WTLL NOf PCHO, YF IT DOS ECHO,THE HANDLER 78 
ACCEPTING YNPUT, 

ITHIS HANDLER CONTAINS CONAITIONAL CODE TO SUPPORT TERMINALS THAT 
IROGUIRE PYILLER CHARACTERS AFTER A PARTICULAR CHARACTER, TO FNABLE THE 
SPYLLER FUNCTION, MEPINE THE SYMROL "FYLCHR" EQUAL TO THR ASETY 
NVALUE FAR THE CHARACTER TA BE FILLED AFTER, AND THE SYMBOL. "FILENT® 
179 BE THE OCTAL NUMBER OF NULLS TO ME ISSUED AFTER PACH OCCURANCE 
POF THE CHARACTER PEPINER AY HPYLCHR", FOR EXMAPLE,TO PROVIDE 
P19 FILLER CHARACTERS AFTER A CARRTAGE RFTURN, SPT "PYLCHRSIS® AND 
P"RFILENTeL AR,



KB, MAC 
O
D
 

+
P
 
B
a
 w
e
:
 

1a 

VOlLeAt RTell MACRO VMA2099 AaAPRO7S 12933951 PAGE % 

)THE HANALFR 18 TNSTALLEM VIA THE POLLAWING PROCFOURES 
1) ASSEMBLE It as FOLLOWS? 

PEPING FILLER CONDITIONAL TP NECESSARY 
‘Rk MACRO 
wkKAaks 

20, INK. rf as FOLLOWS! 
aR LINK 
KB, SYS8KB 

SOINSTALL TT a8 DEVIPE KBE", AS NESCRIBEN TN SECTION XXNYXY 
AF THE RTet) VP SOFTWARE SUPPORT MANUAL, REMEMBER THAT . 
THF VECTORS FOR THe TERMYNAL MUST RE PROTECTED IN THE AIT MAP 
AS DFSCRIBPD IN THAT SPCTION, 
THF VALUFS FOR THE VARTOUS TABLE ENTRIES SHOULA RE 

HSTZFeVALUPF OF SYMBOL ®KASTZE" ON Last LIN® OF LISTING 
PVSIZESO (NONSFILE STRUCTURE Devree) 
PNAME@G24—am (RADSQ FOR "KB 4) 
SYavs MIAH ORDPR BYTFaA, Low ornegR BYTESANY Device NUMBER 

AVATLABLF, NOTE THAT TT CANNOT BF 4, A VALUE »80 
18 RPCOMMENDED, 

QYONCE INSTALLED, Ket WILL BP AVAILABLE WHEN THE SYSTEM 18 REBOOTED, m
=
 

me
 
w
w
e
 

Ww
W 
e
w
e
 

SE
 
w
e
 

Se
 

8 
SD

 
w
e
!
 
w
w
 

SS
 

’ 
ITHE HANALPR ITSPLF tS ACTIVATED wYTH READ AND WRITE RFQUESTS,A8 ARE ALL 
IRT=11 DEVICE HANDLERS, WHPN USING SYSTEM PROGRAMS WHICH OPERATE ON 
ILARGE BUFFERS, SFEVFRAL LINFS MAY ACCUMULATE IN THE BUFFER BEPORE 
PTHEY APPEAR ON THE TERMINAL, AND. THEN ALL AT ONC#, TO AVATA THIS PROBLEM, 
PEACH OUTPUT BUFPER CAN AE CLERO@FILLEO AND S@NT 70, THE TERMINAL TO PRINT 
PEACH LINFeTHE MANALER WEL! TGNORE NULLS ON OUTPUT, 
NIN PORTRAN, FACH LYNG CAN AE FORCED YN OR AUT BY USING A, REWIND 
JPALLOWING BACH MEAD OR WRETF TO THE OFVICP, FOR BXAMPLE? 
’ LOGICAL H! YNPUTL Cam) 

CALL ASSTON Cra *MBEsC*) 

WRITF (7,1) 
REWIND 7 
WRITE (7,29 
REWIND 7 
READ (7,3) INPUTL 
REWIND 7 

’ 
, 
@ 

iB PORMAT . 2 « « 
2 FORMAT . 2 a 
3 PORMAT . a e 

PTHE HANDLFPR CAN BF "REeCONFIGURED" FoR VARIOUS VFETOR AND 

PRPGYSTER ADNRFSSES AY CHANGING THE ASSTBNMENTS OF THE SYMBOLS 
OYWBVEC" AND "KBESR® ON THR FOLLAWING PAGE, FOYTING THES TWO 
PSUFPICES TO CHANGE ALL FPLAATING ANDRESS#S,



KBLMAC 

S
O
e
w
p
w
~
t
P
F
r
a
A
n
o
i
s
 

w
e
 

10 

VOlaAy 

neeune 
Aee4ahe 
ACB4As 
AQAAIA 
aAg@aie 
aaeaig 

AGP416 
ngeaea 

RTeit MACRNM VMR2=09 

AgasAg 
174599 

MaASAG 
176802 
1763524 
174506 

Agn279 

A2AaAG 
Aaas4e 
aeneag 

AGHA 
AQna1e 
Aemoia 
AgAais 
AA028 
AQABSE 
agnadn 
AQAL77 

AGaARa 

ARAGTS 

AGHAAD 
AgnaAD 
Manel) 
Aa7Ale 
19008 
AGAAAD 
ALaTAS 
AQASTY 
ALa3e7 
Agn2n7 

Aanang* 

AOABAD 

nomeagé 

nvector 

1OTHER DEVICE ADMRESSES 

BeAPMaIS 19233751 PARE 4 

pMCALL 
pREGDEF 
onVeos 

CRPGMEF,” .V2e00,ENTEN 

AND PEVICE REGTSTER ADMRESSESeFDIT THESE TWO TO RECONFIGURE 
KBVECe3Q0 
KBCSRal7A500 

PPVECRKBVECSS 
KBRUFSKBCSRe2 
TPCSRAKBCSR G4 
TPAUF RKBCERo6 

ICANSTANTS. 
OFPSETS27g 

FOPs2 0908 
PRISON 
PROS AA 

HTei4 
LPaie 
Preia 

CRei Ss 

CTRLU SAS 

CTRLIa32 
SPACFadg 
HELETa(77 

FBLENGTHe2O, 

PROMPT ein 

PSFT LSR CODF . . 
ITHE FOLLOWING IM THE HANDLER NTERFACF TO THE MONTTOR SPT_COMMAND, 
DFOR DETAILS OF TNTERFACTNG TO THE SFT COMMAND, SPE THE Rell V2 SOFTWARE 
PSUPPORT MANUAL 

Opi SR: 

pRADS® = /LSR 

r) 
Mov (PA) +, RE 
377 | 
MOV AS,LSROPT 
RTs Pc 

*cSecT 

IKFYROARD VECTOR. 
IKEYBOARD CONTROL REGISTER 

IPRINTPR VECTOR | 
1KPYROARD AUPFFER REGISTER 
PPRINTPR CONTROL REGISTER 
IPRINTER BUFFER 

SOPFSET TO MONITOR COMPLETION ENTRY 

rE0F ATT IN CSW _ 
:PSW VALUE FOR PREARITY 7 
pPSW VALUE FOR PRIORTTY 4 

1yas 
ILIN® PEPD 
1FORM PEED 
ICARRIAGE RETURNGIS 
sCTRE SU 
sCTRL/Z 
1SPACE 
PRUBOUT 

PLPNGTH OF HCHO AUFFER 

PPROMPT CHARACTER 

PFOR NOLSR,SET LSROPT TO "HT" 

40PLSReG9O>/201 00000 

1FOR LSR,SFT LSROPT TO 377 

IMODTFY OPTION VARTABLE TN HANDLER 
PRFTURN TO SET PROFESSOR



KB,MAC VOlwAY 

naegag 
aetade 
Agegn4 

Aatone 
aBAa10 

ag@aie 
meeaia 
ageazea 
ageera 
aee@ese 
180036 
nateda 
agegag 
aaeese 
ae8eSa 
700056 
ag@ace 
AeGGb4 
AGABbE 
ageara 
aete7ve2 
Aaea7a 
AQGG76 
age100 
AgG1A4 
800110 
aeeiie 

Ryell MACRO VMA2=89 

CLES | 
anise 
BaAsag 
agnang 
agaane 

ALaTog 
9oa70¢ 
aqaasy 
12737 
AGSAb7 
ALa7 As 
a225a5 
11567 
Aq aS67 
A06315 
A167 
AG1Kb6 
1a%49Q9 
ay¢saa 
ayasas 
198aa5 
AGRaAaG 
A0137§ 
1@8267 
Agaib? 

a7%6 
AQALbT 

Aan2a6 
AgaAsag 
ABAs4O 
AQATAe 
177746 

Agneve 
AGAbTA 

ABA6SS 

enesa 
ACAUSS 

377 
agagag 

AGASHe 

BReAPRn7S 17283051 PAGE § 

PTHIS &S THE HANALPR HEANER ARFA,USER BY FRPTCH AND THE 

PQUEUE MANAGER TO STORE VARIABLES CRITICAL TO HANDLER OPFRATION, 

KBSTRTE ,WORA TPVEC PPRINTPR VECTOR ADARESS 
WORD TPINTs, POFFSET TO PRINTFR INTERRUPT SERVICE 
WORA PRI 

KBLGE? WARD a : PLAST QURUF ENTRY _ 
KeeOFs WARD a YCURRENT QUEUE ENTRY 

MFOLLOWING IS THE TRANSFFR INITIATION CONE, 
ITHE FIRST WORD OF THIS ROUTING $8 THE ENTRY POINT FOR ALL . 

TRANSFER REQUPSTS., THE KEYBOARD VFCTOR TS SET UP (FETCH ONLY SETS UP THE 

IPRINTPR VECTOR), AND THE PARAMETFRS FOR THE TRANSFPR ARE ESTABLISHED, 
11h THE REQUEST 78 A WRITE, CONTROL PRANSFPRS TO THE PRINTER ROUTINE TO 

FOLTPUT THR FIRST CHARACTER FROM THE USER BUFFER, YF IT T8 A READ, 
ITHE ENTIRE LISFR BUPFER T$ ZEROEN,A FLAG (READPL) $8 SPT_TO 
1SHOW THAT A RPAN TS IN PRAGRESS,AND A PROMPY CHARACTER {8 ECHOED 
JON THE TERMINAL BRPPORE THR KEYBOARD INTERRUPT TS PNABLED, 

MoV PC,RO ; a, 
ApA #KBINT@,, RO PCALGULATE ABSOLUTR ADDRPSS OF KEYROARD INTERRUPT SERVICE 

Mov RO, @eKAVFC pSrT UP KEYBOARD vecror 
MoV #PRT,@NKAVEC HD . oo, 

RETRY: CLR READFL PINT? READ FLAG ANA TAB COUNT 
MOV KBAGE,RS ; PPOINT TO CURRENT © FLEMPENT 

CMe (REDS, (RBIS mano 46 TO RS. oo, 
MoV (RS) ,URPTR: SPT UP POYNTER TO USER RUFFER 
MOV (RS) +, UBPTR PAND SAVE ARIGINAL POINTER FOR LATFR 
ASL (ra) IMAKE WORD COUNT ENTO BYTE COUNT 
MOV (RS) ,BYTCNT PAND SAVE fT 
neo DONE PWORD COUNT OF @ TS SEFK,WHICH IS NOP IN THIS HANDLER 

Acs TPAUT2 PTF NEGATIVE, WRITE TO PRINTER 
MOV CRS) ,RG IBYTE COUNT TO R4 
Mav #(P5),25 PUSER BUFFER POINTPR IN RS 

381 eLRe (RE}e IZPRO USER BUFFER REPORE STARTING TRANSFER 
per R4 
BNF 35 BRANCH TF NOT DONF 
TNCB READFL . 8FT "READ IN PROGRESS" FLAG 
Jar 1, 8CH0 PPROMPY YNPUT WITH "pe 
“BYTE PROMPT,377 . 
Jue KBYN . PENABL® KEYBOARD INTPRRUPT AND RETURN



KB, MAC VOle81 MTelt MACRO VMA2909 ReAPROTS 1983151 PAGE 6 

1 ITHIS 7S THE ABORT_ENTRY PRINT@THE HANDLER 2S ENTEREA AT THIS ADDRESS 

» #7" THE MONTTOR RECTEVES A REQUEST TO ABORT ANY YO TRANSFER IN PROGRESS 

$ 860116 Bemdds AR ABART 
4 
5 ITHIS tS THE TERMINAL OUTPUT INTPRRUPT SERVICE, AFTER ENTERING SYSTEM STATP, 
6 ITY DETERMTINO|S TP THERE ARF ANY CHARACTERS IN THE PCHO BUFFER TO BE 
7 PRINTED, TF NOT, LY THEN DETERMINES WHETHER A WRITF REQUEST {S$ IN PROGRESS 

8 OR NOT, TP SO, THE NEXT CHARACTER IN THE USER AUPPRR IS PRINTED, 
9 PIP NOT, THR TNTERRUPT 7S OTSMISSFD, 

1a ITF THERE ARE CHARACTERS IN THE FCHO BUFFER, THE FIRST CHARETER IN THE 
if ILTST TS FETCHPO INTO RG,THE LEST IN THE ECHO BUFFER TS "SLT UP" 
12 BY ONF CHARACTER, AND THR @HARACTER YN RO 7S THEN PRINTED, 
13 PTF THE FILLER CONALTIONAL CODP 78 INCLUPEO AT ASSEMBLY TIME, 

14 ITHE CHARACTER IN 26 TS COMPARPD AGATNST THE CHARACTER TO BE_FILLEN APTER, 
18 17 THR SAME,A COUNT OF NECESSARY PILLS TS STUFFED IN "FTLENT® AND THE 

16 PCHARACTER TS PRINTED, THE INTERRUPT SERVICE THEN CHECKS THE NUMBER 

{7 OF PILLS NEFORFD AS THE PLAST TTEM,AND PRINTS NULLS TF ANY ARE LEFT 

18 990129 AgaS77 AANbPe TPYNT! JSP RS, @SINPTR VENTER SYSTEM STATE 

19 900124 Aanidg WORN «= *CaPRG>EPRI ; 
29 000126 B32787 anmeama 176504 TRAUTAal AIT #290, e#TPCSR 28 THE PRINTER READY . . 

21 700134 01436 REO RTSPC PYPSeTHEN WAYT FOR INTFRRUPT TO PRINT ANYTHING 

22 : 7 
23 eIPDF 8 FILCHR PCONPTTIONAL COCR FOR FILLER 

24 TsTB FILCNS PANY FILLS NEED To BE HUTPUT? 
2s BLE 33 PBRANCH TF NOT 
26 pecs PILONS HYFS=DFCREASE NUMBFR BY ONE 
27 CLR R4 pNULL 78 FYLLER 

as BR TPOUTS 160 PRINT fT 
aq ; ENDS 
30 900136 a1Hn7A8 381 MOV Pc,RS PCALC ABSOLUTE ANDRESS 
31 000348 G6a7as aAga5%a ADO BRASTRIw, 5 sOF PCHO BUFFER ; . 

BP 700144 144504 MOVE (R5),RG 9GFT CHAR TO ECHO FROM ECHO BUFFER 

33 909146 Aotdio REQ m) . FBRANCH TF BUFFER BMPTY . ; 

34 BQ0180 ALrT4R ABAOAG ' MOV WERLENGTH, = (SP) PNUMBER OF CHARS IN ECHO BUFFER ON STACK 
39 700154 1446888 Agnes 2st MOVB 1(R5), CRS) PSLIDE ECHO LIST UP . 
36 009160 05316 nec (SP) IOFCREASE COUNT OF CHARS TO SLIDE 

37 M08162 MOs374 act E} PBRANCH YF NOT FINTSHED 
38 000164 AARTBS Ts? (SP)¢ IDONFeCLEAN UP STARK 
39 AGG®166 AAAdi~a aR TPOUT! PAND PRINT CHAR 

4g . 
41 900170 108767 aAgaS4a 188 TSB READFL PARE WF PEADING OR: WRITING? 
42? @O0174 ABI1e16 ANE RTSPC PBRANCH TF READING. 
G3 FOC17— 1I77HH BANS4D TPOUTs MOVE OUBPTR,RG 1GPT CHAR FROM USER BUFFER INTO RG 

46 MA8292° MESab7 AQASS4 TNE UBPTR BUMP BUFFFR POINTER 
43 990206 AGR2b7 BANS24 TNC RYTCNT PAND DPCREASE TRANSFER COUNT 

46 900212 BOSo1e2 BGT PONE PBRANCH TF TRANSFER COMPLETE 
47 780214 1ORTHa TPAUTIE TSTB Ra IDAN*'T PRINT NULLS
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A
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ia
 

f
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a20216 

a982290 
A20226 
ag@23e 

VOLeAY 

aoeesa 
ag0249 
ao8e44 
ag@eds 

naees_e 
ag@286 

VOlweAy 

aaG@26ea 
ag@ese 
aAgee2To 
agea7rg 

agasag 
AGaIH4 

ABEIAG 

BQ17O3 

019737 

1{aas7 
AGA2AT 

AAGALAD 
1765% 

176584 

RTwoilf MACRO VMA2009 

AO8A37 
ADSas?7 
ALaTaAa 
AFT AG 
AYITAS 
AGALIS 

174504 
176509 

177342 
ABAO34 
AaA270 

RTell MAPRA VMRaa 9 

AOa577 
mania 
113784 
AgaTAg 

120427 
n01020 
M2K767 

nandgeo 

1745%2 
1776AQ 
ABALT7 

AAAg3SA AQAGSD 

TPAUTS! 

RTSPCs 

BEG 
LIPDF 
eMPB 
ANF 
MOVB_ 
"ENDE 
MoV 
MOVB 
RT8 

rTpauta 
FILCHR 
Ra, FILER! 

TPAUTS 
@PYLONT,FILCNG 

#1090, e8TPESR 

RG, Oe TPRLE 
PC 

BaAPRe7S 17183951 PAGE 64 

PBRANCH T® NULL 
NCONDITIONAL COOF FOR PILLFR 
NDQES THYS CHAR NEFD TO RE FYLLEM AFTER? 
1BRANCH YF NOT 
1YPSeSFT UP COUNT AF FILLS NFENED 

PENABLE PRINTER INTERRUPT 
IPRINT CHARACTER 
PRETURN TO MONTTOR 

PRFQUEST TERMINATION AND AMORT CADF 
THIS ROUTINE TS ENTERED WHEN THE 1/0 TRANSFER 18 
ICAMPLFETFPD OR ABORTED, THE DEVICE INTERRUPTS ARE DYSABLEN, AND 
ISTANDARD MONTTOR® COMPLETIAN ENTRY CODE 78 EXECUTER, 
ABART! 
DONE? 

CLF 
eLR 
MOV 
apn 
MOV 
MP 

enTPCcser 

@#eKBCSR 

Pc, Ra 
#KACORS,, RG 
O854,R5 

OOF FSET (RS) 

BeAPReTS 17933051 PAGE 7 

MKFYROARD INTERRUPT SERVICE 
ITHIS TS THE KFYBOARD INTERRUPT SERVICE ROUTINE, AFTER ENTERING 
PSYSTEM STATE,TT GETS THE TYPEN CHARACTER JNTO RO, THEN 
IPROCEFDS MOWN A CHAIN OF FHECKS FOR THE SPECTAL CASE CHARACTERS 
PCRUBOUT,CTRL U,CTRL Z,CRLFPY, 
PCHARACTFRS, THE ROUTINE wPCHO" 78 CALLED 70 ECHO APPROPRIATE 
ICHARACTERS ON THE TERMINAL, THEN APPROPRITE ACTION FOR THE SPRCTAL Case 
YS TAKEN, 

IDTSABLE OUTPUT INTERRUPTS 
TOTSABLE INPUT INTFRRUPTS 

9STANDARD MONTTOR 

COMPLETION ENTRY 
mCOoF 

IF TY TS ONE OF THE SPECTAL_ 

TF A NORMAL CHARACTER 18 TYPED,TT 18 BCHORD AND PLACED 
PIN THE UuseR BUPPER AEPORE THE INTFRRUPT IS OTSMISsen, 
KBINT? JSR 

SWORD 
MOVB 
Bre 
CMPB 
ANF 
ame 

RS, OSINPTR 

ME aPRangPRy 
eeKBRBUF, RU 
#177600,R4 
RP4,8DELET 

448 
UBPTR, UBPTRY 

PENTOR SYSTEM STAT 

9GPT CHAR 
PSTRIP TO SEVEN BITS 
118 THTS CHARACTER A RUBOUT? 
PBRANCH YF NOT 
PANY CHARS LEFT To RUB OUT?



KB,MAC 

meO314 
mOO316 
neOs2ea 
MOO326 
100339 
BOO¥34 
Aeesag 

AGA344 
AAAZGG 
PELE. 
908354 
n00360 
Q0363 
LAL YS 
AOA379 
00374 
AOB376 
ag@ana 
age4as 
ageune 
nee@ata 
AGG416 
aeeure 
nee4e4 
nge432 

VOl8A4 

AGGAS4 
Ageuag 
aaeaae 
AQC4U6 

AGUS, 
ageasa 

ag2460 
AB2G64 
AADUbe 
na8472 
AGG475 
Aaesna 
AOOSA4 
OeO5ie 

aa@Si4 
802529 
190852a 

801520 
AQ8367 
ASSIA? 

13a 
109267 
1@8077 

AGS267 
AGASOa 

12aaPry7 
G1 006 
AQ4167 

O12 

@ip 
ate 

taaaty 
ABIGIT 
AGai67 

O18 
377 

({aary 
AQRAE7 
AGS347 

BQ1 7% 
{19777 
AagaTae 

agadeg 
Aanadg 

377 
AGAGAS 
Agnane 
AGASTD 

AQABIG 

AGALAG 
@!2 
O12 
377 

ABADLS 

ABA164 
@12 

ABASSA 
AAASRY 
AAASIA 

ABABI2 

12 
ai2 

ate 

AgASIA 

RTell MAPR® VMA2e99 

{aauay 

AQ10A7 
AQa167 

136 
Ole 

ADA167 

1angeay 

AQa13 
AO41b7 

136 

@ip2 
0146705 
ASaTTS 
agae8e 

12agey7 
Agraae 

105267 

AQARAS 

AgAl12a 
195 
ang 

1773%2 

agaase 

AAnara 

132 
aA@ 

1773048 
A2ABAD 

agagaa 

agnais 

Q15 
377 

818 
377 

177776 

1498 

6$t 

7$1 CMPB 
ANE 

13 
eBYTE 

JMP 

CMPB 
ANE 
JSR 
‘eyvrTe 

MOV 
AIS 
BR 

CMPB 
ALT 
INCB 

R1,8CHO 

INO@TGNORE RUBOUT 
PBACK UP POINTER INTO USFR BUFFER 

1BUMP TAR COUNTER FOR "\h 
1ZERO RUABFD OUT CHAR 
HAND INCREASE TRANSFER COUNT TO REFLECT LOST CHAR 

9X8 THES CHAR A FORM FREER? 
PBRANCH YF NOT 
PYEFS@ECHOC 7 LINE PREDS 

LFLFLCPOLP LPS LP ok, 377 

Ri,ECHO 
CRLLF,O,377 

RG, @UBPTR 
UBPTR 
RYTCNT 
NONE 
LP, @URPTR 
PONE 

BwAPRe7S 198335951 PAGE B 

RG, #CTRLU 

43 

AE ECHO 

178 THTS CHAR A CRO 
IBRANCH YF NOT 
NYFSeECHO CRLF 

mPUT CR IN USER AUPFER 
PBUMP USER BUFFER POYNTER 
PRAOM YN BUFFER FOR LF TNO? 
IDAN‘T INSERT TT TP NOT 
PELSE AOD LF TO AUPFER 

118 CHAR CTRL UP 
PBRANCH YF NOT 
peeHn "*ye 

e*U,CR,LP,A, 379 

RETRY 

R4,#CTRL? 
98 
at 
BE ECHO 

PAND RPSTART RFAN 

178 CMAR CTRL 79 

YBRANCH YF NOT 
pECHO HF yn 

»°Z,ER,LP,4, 377 

KBCQOE,RS 
SEF, 02 (RS) 
PONE 

R4, #49 

ais 
TABCNT 

MPOINT RS 70 G ELEMENT 
PAND SET EOF FLAG IN CSW 
ISTOP TRANSFER 

128 THTS A PRINTING CHAR? 
YBRANCH YF NOT ; 
PYFSeINCREASE TAR POSITION
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14 
19 
aa 

ei 
2? 
23 
aa 
2% 

26 

KB,MAC 

10 

AGSS26 
aa8532 
AGOS36 
Ag0549 

Aae54qg 
agesSq 
aa85S4 
AGGSS6 
AgaSe4 

VOLety 

AGA566 
agestva 

OB0S74 
) 
8026%6 
ag2e19 
Agtei2 
me8614 
Ag2620 
800686 
200630 
Ao863e2 

1{mdey7 
Oa4a167 

aa@ 

{aa77 
AMQR2b7 

AGS367 

Aaie34 

a,s737 

Aga2n7 

aoRgng 
raagte 

377 
AAAI TS 
Agate 
aaniee 

MAAN, 

Fist 

FOR! 

176502 KBYNE 

Pfeil MACRO VM%2=e909 

ALATAS 
1ePTAS 
OL ASK? 
Genre? 
105728 
Aa13%6 
AOR3OS 
169567 
26727 
narene 
A19604 
naa7sy 

AanLag 
anya 
BOagey 

Mamita 
mamiie 

700126 

ABABA 

MOVB 

san 
oBYTF 
MOVB 

rae 
a) os 
REO 
MOV 
PTs 

W4,298 

Rt, ECHA 

4,377 

RG, @UBPTR 
UBPTR 

RYTENT 

MONE 

#101, @8KACSR 

Pc 

AeAPRa7S 19933951 PAGE 9 

SUBROUTINE FeHo 

PTHIS SURRAUTINE SPRVES TO PLACE THE SPECIFIED CHARACTFRS YN THE 
NECHO RUPFPR, AND START THE PRINTER IN CASE IT 18 IALE, 
ITHE CALLING SPQUENCE $8 

ITM ACCOMOMATE aA POSSBLE LYNE FEFD OR FORM FEED, Lf NOT, THE 

5a 
aBVTE 

Ri, ECHO 

9SFT UP TO ECHO CHAR 

MPUT CHAR TN USER AUFPFR 
PBUMP BUFFER POINTER 
PANY MORE TO TRANSFER 
PBRANCH YP NOT 
PENARLE KEYBOARD INTERRUPT 
PRETURN TO MONITOR 

CHARS, CHARS, CHARS. 46 .CHARN, 377 
PON PNTRY,RG CONTAINS THE PHAR TYPPD AY THE KEYBOARD, 
ONATE THAT THERE MUST BE AN FVPN NUMRER OF BYTPS IN THE ARGUMENT LIST 
AND: THEREFORE THE NUMBER AF CHARACTERS EXCLUDING THE S77 
mMUST RE OND, 
WHEN PNTERED,PCHO SCANS THE ECHO AUFFER TO FIND THE END OF THE 
ECHO LIST,WHIGH TS MARKFO BY A NULL BYTE, WHEN THR END OF THE LIST 
1T8 FOUNA, 'T TS PETERMINPD IF THRRE ARF AT L@AST 8 FREF SLOTS tN THE LIST 

ICHARACTFPR JUST TYPE 718 ITANORFD, TF 8A, THE CHARACTERS FROM THE 

PARGUMPNT LIST FOLLOWING THE CALL ARE INSERTED {IN THE AUFFER, 
THE PRINTER TS STARTED TF I? TS TALE,AND THE ROUTING RETURNS, 

NATE THAT TAB 18 A SPECTAL CASED TP RG CONTAINS A TAB CHARACTER 
PWHEN THIS ROUTINE YS ENTERED, THR ARGUMENT LYST TS NOT USER, RATHER, 

PAN APPROPRIATE NUMBER OF SPACRS Th MOVE THE PRINT HEAD TO THE 
ARE PLACEN YN THE ECHO BUFFFR,AND THE ROUTINE RETURNS ONFXT TAR STOP 

Fcwor 

431 

eC NABL 
MOV 
Vesely) 

MOV 

ADS 
TsTB 
ANF 
hee 
sua 
CMe 
act 
MOV 
RR 

LSA 
PC,RS 
#RASTRIM, 85 
RS, TEMP 

PCALC ABSOLUTE AnoRess 
10” FCHO BUFFER 
PSAVE ADDRESS OF FeHO RUFFFR 

WEBLENGTHet, TEMPYTEMP POINTS TO PNA OF ECHO BUFFER 

CRS)+ 

RS,TemMP 

TEMP, #84, 

38 
(SP)4¢,R4 

KBIN 

TS THYS END OF BCHO LIST? 
IBRANCH TF NOT 
1YRSeRS POTNTS TO FIRST PREE SLOT TN ECHO LIST 
JFTND NUMBPR OF FREE SLOTS_IN BCHO LIST 
178 THERE PNOUGH ROOM TO ECHO TAR OR FFG 
PBRANCH IF YES ; 
INQSTGNORE THIS CHAR THEN 
POTSMISS INTERRUPT
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36 700634 ALAbdS 381 MOV RG, ef $8P) ySAVEF CHAR 

37 200636 ‘tandey7 CMPB Ra, (PCIe 978 THYS CHAR A TAB? 

38 A0%64Q Banmaiy LSPOPTE HT 1THITS COMPARE QPRRAND CAN BE CHANGFD BY SET LSR 

39 420642 AQ1013 ANE 18 PBRANCH YF NOT 
4A A200644 149798 aganadge Sa: MOVB #SPACE, (RS) 4 pecHO A SPACE 
41 000680 108267 AnnebSs INCB TARCNT PBUMP POSTTION COUNTER 
42 0006SqG 139767 Maneay MOne57 aArTe #7, TABENT 9aT TAB STOP YET? 
43 ABV6b2 B01370 AN? ss PBRANCH YF NOT 
44 808664 AgaTe, "aT (RID® PYPSSARTIPYCTALLY AUMP RETURN 
43 900666 198015 CLRS (RS) END ECHO LIST 
46 990670 BondaS BR 6S ; 9AND START CHO 
47 M0067 149128 18s MOVE (RID*, CRED4 MOVE CHAR INTO PCHO List 
4A A08674 19N376 RPL 18 VBRANCH YF END@OFeL IST NOT SEEN 
49 700676 188048 CLRB # (RS) ELS USE 9 TO MARK END OF ECHO LIST 
$A 400700 AperTay 177222 6381 yer Pc, TPOUT? PPRINT A CHAR TO START PRINTER 
$1 A0079G AyPEna MOV (8P)4,R4 PRPSTORE CHAR 
$2 AG07%H Banzeas ers Ri PRETURN 
53 eOSaB. LSA 
84 

KB, MAC VOle0{ Rimi! MACRO VMA289S BwAPReTS 19985951 PAGE 1 

! IDATA AREA 
td 

3 PECHO RING BUFFER@PELENGTH CHARACTFRS LONG 
4 ag8710 @A8 RASTRT! pevre i] 

) PaLKR | PBLENGTH=4 
6 

7 IVARTABLP ARPA 
a 

9 - PIPOR FILCHR PFULLER CONDITIONAL 
4a PriCRis ,BYTP fFILCHR ICHARACTER YO BE FYLLEN AFTER 
41 PILCNIT JBYTE =O NUMBER OF FILLS REMAINING 
12 _ pENDE 
43 900734 nanone TEMPS AWARD OO 1 TEMPORARY 
{4 AGC73— KaAGAD BYTCNT? ,WORM OF JUSER TRANSFER COUNT 
{8 a0@74q aeg READFL? .BYTF Of FFLAG POR "READ IN PROGRESS" 
16 9OO704 one TARCNT? ,BYTF Of 1TAB POSTTYON COUNTER 
47 900702 Angmar UBPTRE WORD Of SPOINTER INTO USER BUFFER 
18 900744 Hanne UBPTRIf WORD Of PPAINTER TO START AF USER BUFFER 
19 
2a IMANITTOR SYSTEM STATE ENTRY LINK 
21 AGAT4—R AgaanrD SINPTRE WORD a 
22 
2s AQaTSeA KBSI7Fa, eKASTRT 

24 Maman, * WENO
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KBMAC VOleny 
SYMBOL TABLE 

ABORT AaMesarR 
DELET » 800177 
ad e 790014 
KBYN HESS5SER 

KBVEC s 998300 
PC eXAs2007 
READFL O@2740R 
Re exagtana 
SPACE e# aa0a4g 
TPINT 909120" 
TPVEE = 9003n4 

2 ABS, 900424 
000759 

FRRORS DOFTECTENS: 
FRFE CORPS 15460, WORDS 

Rfell MACRA VMAA984 

one 
Oa4 

) 

KB, LPE/NITTM/CaKR 

BYTCNT Aga7sar 

PONE agnaagr 
My ws ADAGIY 
KBINT Ganaber 
LF e onal? 
PROMPTs AGAGTEH 
RETRY o9003PR 
R3 eXAQAAS 
TARCNT AQATOIR 
ypaut AGALTER 
UBPTR aga7aer 

BoAPRa TS £95359 54 

cR «© AGAGIS 
PBLENGs a00G24 
KBRUF » 176802 
KBLGF AgGAAMER 

LSROPT agnedor 
PRG e AgA200 
RTSPC Agaatar 

Ra axagnawa 

TEMP AGAT SAR 

TPOUT, aaae214R 
UBPTR1 AGATOYR 

PAGE {A+ 

CTRLU «© fong!as 
FCHO AOASbER 
KBCQE oanatoR 
KBSI7Es 090750 
AFFSET= Ag9270 
PR? os A0R348 
Ys axnogeea 
RS #x00n008 
TPAUF = 1748%6 
TPNUT2 AG0186R 
SINPTR 800706R 

CTALZ «© aCAe32 
FOF «© a200%0 
KBCSR @ (74500 
KBSTRY @00000R 
OPLSR 809412 
RBSTRT AZA7TIOR 
Ri ekagangas 
SP a K990006 
TPCSR a 176504 
TPOUTS BaRzzOR 
eoeV¥2? & AONDAL



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 Vl 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. Vl 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. 

Vl channel numbers are restricted to 16,,. Also, the 

channel number in Vl is not a legal assémbler argument; 
it is merely an integer in the range 0 to 1555: 

Vl 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- 

guest; 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-l 
V1 Programmed Requests 

Vl - Format Same as V2/V2B Vl - Format Different from V2/V2B/V2C 

- CSIGEN -CLOSE 

-CSISPC .» DELETE 

-DATE . ENTER 

-DSTAT - LOOKUP 

~EXIT .» READ 

- FETCH . READC 

(continued on next page) 

C-1 January 1976 



Table C-1 (Cont.) 
V1 Programmed Requests 

Vl - Format Same as V2/V2B Vl - Format Different from V2/V2B/V2C 

- HRESET « READW 

- LOCK - RENAME 

PRINT - REOPEN 

-QSET - SAVESTATUS 

- RCTRLO ~WAIT 

« RELEAS -WRITE 

- SETTOP e-WRITC 

-SRESET »WRITW 

-TTINR 

-TTOUTR 

-TTYIN 

-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 A block number specifying the relative block in a file 
where an I/O transfer is to begin. 

-buff A buffer address specifying a memory location into 
which or from which an I/O transfer is to be performed. 

~cblk The address of the five words of user memory where the 
channel status will be stored. 

.chan A channel number in the range 0-17 (octal). 

.crtn The entry point of a completion routine. 

-dblk The address of the 4-word RAD50 file description 
(dev: file.ext). 

-length The number of blocks allocated to the file being opened. 

-went A word count specifying the number of words to be trans- 
ferred to or from the buffer during an I/O operation. 

-CLOSE .chan 

-DELETE .chan,.dblk 

-ENTER .chan,.dblk,.length 

-LOOKUP .chan,.dblk 

» READ : : 
. READC .chan,.buff,.went,.crtn,.blk coren as chee 
.» READW only for .RE 

»-RENAME .chan,.dblk 

»REOPEN .chan,.cblk 

-SAVESTATUS .chan,.cblk 

C-2 January 1976



-WAIT .chan 

WRITE : . 
: -crtn is required 

£ > pleat chan, .buff,.went,.crtn,.blk Es for .WRITC ] 

e ,% 

J 

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 Vl 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 Vl requests in their Vl 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 Vl format; no V2 requests can be used. 

Under Version 2B, the ..Vl.. macro call enables expansion of all macros 

in Version 1 format. ..Vl.. expands as: 

...V1l=1 

To enable expansion of all Version 1 macros in Vl format and all new 

Version 2 macros in V2 format, these statements must be included: 

-MCALL ..V1..,...CM1,...CM2,...CM3,...CM4 

--V1l.. 

A listing of SYSMAC.SML is provided in the RT-1l 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 
*LSPOOL=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? 

wo
 

Vv 

[Control must be redirected 

to the foreground via *F.] 
F> 

RF: *.LST<CR> 

This program assumes device DK: and extension .LPT un- 
less otherwise indicated.
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LSPONML =» LINF PRINTER SPQOOLEP 

o
O
o
p
n
r
~
P
F
A
C
A
V
W
 =
 

{a 

ALDAAL 
aArAGAn 

Aaavds 

Anes | 

AgaAAts 

eaawie 

27 Aahgamp ARI eRA?’ 

AACHAL 

aaunia 
aAAtate 

4} agveed 

PUVaeE 
AAAARe 

AAVATY 

Ayra7s7 

ALT aAhAay 

OR AaRA 

qnedasz 

MARTAT 
Anat 

APATEA 

RT #14 

OAR AL 

MACRO VMAA=11 

=
 

= 
~s
 

+s
 

«8
 

~s
 

se
 

“S
 

~S
 

S 
“S
O 

we
 

VS
 

SH
 

8 
“S

H 
SS

 
“S
D 

AGeNAVETS ABIAT3A4 PAGE { 

aTYTLE LSPOOL = LINE PRINTER SPOOLER 
eSATTL A USEFUL FORFGROUNND PROGRAM 

THTS PROGRAM FOR THE FAREGROIINGA TS A LTNE PRINTER SPOOLER, 
TT SEARCHES a SPECTFIEN NEVICE FOR FILES WITH A PARTICULAR 
FXTENSTON (THE OF FAULT 18 LPT) AND PRINTS THEM, RELETING 
AFTER PRINTING, TF NONF ARF FOUND, ITT WILL GO To SLEFP FOR 
HALF A MTNITTE, PERMITTING THE RACKRROUND TO RUN, 

TO RUN LSPOOL, FTRST LOAM LP HANDLER AND INPUT WEVICE HANDLER 

TF YT TS NOT THE SYSTEM REVICE TYPE, 

FS, 

pL OA LP,RF 
FRU LSPOO 

1SPOML WIL! TYPE: "DFEVTCE TO SPONL?" 
TYPE TNPIIT DEVICE AND FILE NFSCRIPTION, F,G,! 

PF ix LST 

oMCAILL oeV2ee,.RERDFF 
oMPALL ,RFANW, WRITW, LL AOKUP, DELETE, CSISPC,,TTYIN 
oMCALL ,PRINT, .TTYOUT, RESET, PCTRIO, ALASF, EXIT 
eMOATL ,OSTATIIS, ,_TWATT 

neVeeus 

oREGMEF 

USPSWP of 46 sUSR SWAP 1OCATIAN POINTER 
FRPBYT #8 52 PERPROR CODE 
AR ® 15 ICARRTAGE PETUPN 
LF s 12 PLTNF FEFO 

START: MOV ¥RUFF,@#USRSWP yMAKF USP SWAP AVER AUFF 
MOV SP, (PC)+ rSAVE STACK POTNTER FOR RESET 

STKSAV!? ,WARN oO 

1$8 

eOSTATHS #IOR,4LP mMUST BE IN MEMORY, 
RCs 1S PILLFGAL DEVICE 
TST TORed ITFEST ENTRY POTNT 
RNE REGIN yBP TO RFGIN TF LOANFN 
ePRINT #MSGA mLP NOT TN MFMORY} 
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4s 
4h 
47 
ga 
49g 

Se 
5} 
52 

5% 
54 
56 

54 
sy 

agagdea 

navedg 
AAaASe 

ABV256 
AavB7o 
aAYuvuTe 
AAA 
raving 
AOV1%6 
AAA. 

PL RTMs 

AYa7roe 
ALnen4 

marTng 

177732 

AB1142° 

AAPRIS 

LSPOOL = LINE PRINTER SPNOLER 
A USEFUL FORFGROUNAR PROGRAM 

OOG116 
O01 20 
aQ0122 
AAM126 
AA%130 

mgo1%e 
aged da 

AnO146 
AQe1se 
ageiSa 
mapnendg 
AAhelyA 

pa@eta 
noted 
andere 
anvaza 
agers 
Pawess 
eubere 
agers 
AnMase 

aAgrede 
agteSe 

an0e5y 
AAV PB 

Makieoe 
AaVelTe 

ABITTS 

119HAA 

faatoa 
AAI3shy 
(asada 

AL eb ing 
AAs oe 
AARTIIS 

ALATOD 
AAC rAP 

A,aTAa 

Adbebea 
AYSUb? 

ALATA 
AAA 

AaLaTOP 
O15 476 

P1erd4 

AAR ANY 

{AZAMT 
AGRTAT 

maqizAa 

ABpMATA 

ABADI? 

MAATTS 

AANA4K 
mAATSa 

ARAGAe 

ALAS? 

eFYIT rBACK TO USER FoR Aa Loap LP 

» COME HFRE ON B40 COMMAND STRING 
RANCOMms 

RERING 

{$s 

RT#1! MACRO VMAP@1 1 

383 

A$: 

See 

ePRINT 
MOV 

»CLOSE 
eRETRLA 
~PRINT 
MOV 
Mav 
eTTYIN 
CMP 

#M8G2 
STKSAV,SP 

#0 

aMSG1 
#CSTIPLK,R2 
R2,R1 

#0R,Ra 

REQ 1§ 
MOVB RO, (CR2I+ 
CMPB H#LF,RO 
BNF 18 

PLR # (Re) 
eCSISPC RL, #NEFEXT,RI 
MOV (SP)4+,Po 
RNE RAMCOM 
ACS BANCOM 
aL QOKUP #INB,#1,# LP 

MOV CSTRLK+3H,, ROA 
RNF *$ 
MAV (Pe) +, RO 
eRADS@ /LPT/ 
MOV PO LPT eee 
MOV CSTBLKS3A,, RO 
ANF 4$ 

Mav (PR) +, RO 
eRADSO = /DKQS/ 
MOV PQ, @R4 
FLR A(R1) 

eOSTATUS #TOR,R4 
RCS 5S 
‘ST TOR+G 
BNF 6$ 
ePRINT ¥#MSG3 

RR REGIN 

PPRINT ERRAR MESSAGE 
PRFESFT STAMK, FALL THRU TO RBFGIN 

pWE WILL USE CH a4, SO ALFAN [TT UP 

gRFSET CTRIL/O FLAG SN 
tPROMPTING MSG WILL PRINT, 
PPAINT TO COMMAND STRING BUFFER 
gCOPY THE POINTER ANA INPUT COMMAND 
tA CHARACTER AT & TIME, 
PCARPTAGFE RETURN? 

PENOV=7TS AAIG72A1 PAGE 1+ 

YYES, TGNOPE IT, 
mMOVE TT INTO BUFFFR AND 
sTRST FOR END OF LTNF, 
INQ, GET ANOTHER CHARANTFR, 
nYES, CLEAR OUT THE LINE FEED 
PPROCESS THE COMMAND 

rTEST # OF SWITCHERS 
INQ SWITCHES ALLOWFD 
ISYNTAX FRPOR 

RIT UNCHANGED, 

rGFT FILE FXTENSTON TO PRINT, 
PB@ANCH TF USER SPFCTFTED, 
VEL SF ltISE LPT EXTENSION 

tSAVF THE FXTENSTON FOR | ATER, 

IGFET THE INPUT DEVICE NAME 
IRRANCH TF USER SPRCTFTEN, 

PFLSF HSE THE 

PDFF AULT DEVICE, 

*SFY DFVICE NAME IN FILE 
POFSCRIPTOR RLOCK, CLEARING 

rOUT ANY FYLE NAME. 
PINPUT DFVICE HANDLER MUST BF RESINENT 
fILLEGAL OFVTCE 
STFST FNTRY POTNT 

PBRANCH TF O,K,, 

PELSF PRINT MESSAGE 



Re AGVaT2 Hs eLOOKUP #INB, am, PY 1rOPEN CHANNEL TO REAM ATRECTORY 
AY ABESPER FP HREK? RCS RANERR 
BR eENABL LSA 
Ra FAV322 12702 Anreane FINOILPSs “OV WHIFF, Re $RA => BLIFFER 
QM MAPBPA MyESIA® AMMA MOV #1,R3 PINIT RZ 
94 anes2 anasas 188 ASL P35 MULTIPLY RY 2 
9p Ay0334 A6270% AAAAAL AgN #4,R3 PAND AND 4 TO GET RLOCK NUMAFR 
o% FOF MIRPECTORY SEGMENT (STARTING 
au PAT BLOCK & OF DEVICE), 
9s aursae eREANW INK, €2%,P2,#1000,R3 FRFAN A NIRECTARY SEGMENT 

ge AREUMe 1ARd es Pcs PANEPR | PEPROR RFANING NTRFCTORY! | 
97 mat4ek armeas MOY P2,R5 rCOPY POTNTER 
QR AZ4URe ChP7TAS agmate ADM #12,R5 PMOVF PAST DIRECTORY HFANER 
99 mavdi2 a3R715 aAn4aana PS: RIT #UAAA, ORS ITFST FOR FNM MF SEGMENT 

190 MREAI6 AnIeth REN 3$ | PRRANCH TF MORE TO GO {ui amgbheeg A{sERR BAMAMA MOV P(R2),R3 GFT LTNK TO NEXT SEGMENT 
tye mAwdEd mgs aD ANE 1$ | FBRANCH TF ANOTHER SEGMENT EXISTS, 
1A®% AQvUIG eTWATT #INB,#TIMBIK gELSF WATT A WHILE 
1@4 agMuS2 pants RR FINOLP PWFORE AWAKE, LOOK FOR A FILF 
as epa@usa Aa aS AAAAAD BSe RIT HAABA, CRE) + STEMPORARY FILE? 

196 FACdbA BAnL4RE REN 4s 9YFS, SKTP IT 
17 Agakanpa Ae45a7 aAgnagnna fMP 4(R5), (PC) rONES THE FXTENSTON MATCH? 

108 ABeUbe agente LPT .ee% eWARD a 
199 AQGAIA AgLaAT REA COPIER rYFS, GO PRINT IT, 
110 ABUTS MBPTAS MMAGta ass Apd #14,R5 . ONO, AMVANCE TO NEXT ENTRY 
119 ™00476 nantes AR >§ AND GO LOMK AT TT, 
142 Ag%5a¢ RANEPRE ,PPINT #M8G4 PPRINT A MFSSAGE 
113 9BE506 ean7ty RR 1s THEN TRY NEXT SEGMENT 
144 ; eOSARL LSR 

LSPONL = LINE PRINTER SPNOLER RTaii MACRM VMMa-1 4 PoeNOVO7S AMIA7824 PAGF 1+ 

A USFFUL FOREGRPOUNN PROGRAM 

9L
61
T 

A
z
e
n
u
e
L
 

"15 
tie P THTS ROUTINE PRINTS THE SPOOQLEN FILE JUST FOUND AND THEN DELETES IT, 
117 : 
118 ae@e@Sia AL,eSby AQnMARA COPIFR: MOV (RS) 4,29 (R15 sCOPY FILE NAME ANA PXTENSTON 

119 902514 429564 Apaame MOV (RE) +,4(P49 PINTO FILE DESCRIPTOR ALOCK 
ian mAAsea Aq aShy AAAAAL MAV (RE+,6(R4) FAR A LOOKUP, 

121 9o65a4 ~LQOKMUP #108, #2,R14 pLOOKUP THE FILE ON CHANNEL 2, 
122 "96554 1a%642 ACS FINOLP PSOMF THING FUNNY HAPPENENR 

12% AGC556 APSE eS PLP PS fO.K,, COPY IT, RS IS BLACK # 
{24 Anse 1S: eRFANW #108, #2°,R 2, #1008, RS PRFAD 1000 WORAS 

128 AAVOR4 InzuPA RCS as JERROR ON READ 
{2h AVVHPG aAyevas MOV PA,R4G FCANPY ACTUAL WORA COUNT TRANSFERRED 



9
/
6
,
 

A
z
e
n
u
e
r
 

127 020630 eWRITW #I9B,#1,R2,R4,P5 AND WRITF TT TO @HANNEL 1 
12P ABPETE AARTAS TST fRE)+ 9BIIMP ALOCK # RY @ 
$29 AGPETH Myam7 AR 1$ PCONTINUF UNTIL FOF, 
1309 APHE7S YERI3P AAAAse PSs TSTH @#FRRBAYT pWAS ERROR JUST AN ENF? 

$31 AQLTIPA Ma44D PEN ag YES, 
432 agnarrog eCLOSE #2 rN, CLOSE THE FILE ANN 
132 @B716 ePPINT #ERRIN :RFPART AN INPUT EO@ROR 
{34 PAR7T2G BAMIb67? 177372 $s JMP FINDLP ¥THEN FINO ANOTHER FILE, 
{38 agt7 By 4$: eCLOSE #2 1ON FOF, CLOSE THE FILE 
136 AEZe7?4Aa eDFLFTE #798, #3, 1 MUST MELETE USING 
137 AART7T2 ePan7Tha AR zs PTHEN CONTINUE 
{3A 
$39 PQO7TH MaKb Te LPs eRADSH /LOER/ PSPOOLER OUTPUT NEVICE 
140 AGLT16 TOR? eAL KW 5 rEMT ARGUMENT RLOCK 
144 eNtETST PIN 
14? AAalnIO MERAY eASCTZ SNM LPS 
14% 791016 MSALs eASCTZ S/DEVTICE Tn SPONL?/ 
144 OG1437 ™“MSRe? eASCTZ s/TEY AGATNS 
{45 2A1H5{ MSR st eASCTZ /OFVICE?/ 
146 973064 MSG? eASCTZ /ERROR REANING ATREFCTORYS 
$47 AGI111 EFReINS ,ASCTZ /INPUT ERRARS/ 
448 eA VEN 

149 ~LTST RIN 
{57% AUILP_ Parr an MALeAa TYIMBLEf WARD M,AO,wIS, 

151 791132 Mueeea MEFEXT? ,RADSA /LPT/ tCST DEFAULT EXTFNSTOANS 
152 AG11%4 Bpaveen ABAAPA ADABAD aware 7,0,0 
15% eylyda CSTBLK? BIL KW t9, mC ST wORkK ARFA 

154 eplewD RUFF? eBLKR {aaa PAUFFER ARFA 
456 pamrep? eEND START 

LSPONL = LINE PRINTER SPNOLER RT=#11 MACRO VMA2~11 AbeNAVH7TS AG107894 PAGF 1+ 

SYMBOL TABLE 

RANCOM a#@bO44R RAMERR Mansaear BEGIN ABAVSOR RUFF 221 26aR COPIER 
CR s 902015 CSTBLK aasidaR MEFEXT 991132R FRRBYTs #00052 ERRIN 
FINDLP aAg@3eerR TOA AQATTOR LF = AGADRLe LP AGATTAR LPT ees 

MSGO aviaiar MSG AB1Q16R MSe AQ1AS7A MSG3 ABLASIR M864 
PC BXYAQGOAT RA BXADAADD R4 BXAGAAAY Pe EXAAGABAS R3 
RG ax7o0eR4 RS RXAZAGAS §P 2XAQAAAG START AAARADR aTKSAV 
TIMBI.K 9011268 US@SWPe AAND4G wae VP & AAAAMY 
. ABS, ABaUee CAD 

milena ving 
FRRORS OFTECTEN: @ 

FREE CORFE: 15935, WrPys 

pL PssNeTTM/CeLSPNo! yMar 

AN TNACTIVE CHANNEL 

AGASiGR 
AB¢W111R 
AQAGHER 
AZIBALR 

BKADAANRS 
AgAaiaR 





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 ry are per- 

formed 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 

MEXIT2 

= 

INIT POINTERS & 
DATA BASE WORDS 

OR SOFT 
EXIT 

PHRESET & CLEAR 
CHAIN BIT IN 

JSW 
| ; 

INIT THE STACK 
TO KMON STACK 

SET R5 TO KMON 
COMMAND BUFF 

MEXIT } 

' 

[ LOCATE _\ 

FIX NEW USR 
POINTERS 

C a 

PRINT ?ILL CMD? 

! 
C RTS rc) 

PRINT A DOT 

! 
COLLECT AN 
INPUT LINE 

NO-DISPATCH 

GET OVERLAY 
INTO MEMORY 

— ——SET 

RESUME ASSIGN 
SUSPEND SAVE 
FRUN TIME 

DATE 
GT ON/OFF 
CLOSE 
UNLOAD 
LOAD 

January 1976



Q NUM 

MAKE IT AN 
EVEN NUMBER 
AND SAVE IT 

GET BASE 
VALUE 

GET FIRST 
ADDRESS 

COUNT=UPPER-LOWER 

Pe | 

ADDRESS + BASE 

= LOC TO EXAMINE 

CHECK FOR 
VIRTUAL 
ADDRESS 

--GET BASE VALUE 

BASE/EXAMINE 

RETURN TO KMON MAIN LINE 

PRINT CONTENTS 
OF ADDRESS 

RTS Pc 

( opr) 
2 

----PRINT AND ADVANCE TO 
NEXT ADDRESS 

calerineniend BACK TO KMON



DEPOSIT 

| OCTNUM : 

| ~--GET LOCATION TO BEGIN STORE 

PUT ADDRESS + 

BASE IN R3 

> (7s) 

SAVEVC 

SETBIT 

-~-~ADJUST TOP OF MEMORY (LOC. 59); 

TURN ON BIT IN INTERNAL MEMORY 

CONTROL BLOCK 

ADTRAN 

---SEE IF ADDRESS INTO WHICH TO STORE 

COULD BE CURRENTLY IN SCRATCH BLOCK 

IT VIRTUAL 

No? 

Y 

SET BLOCK ---THIS CAUSES A SCRATCH BLOCK TO 

SAVE FLAG BE RE-WRITTEN AT SAVEVC 

SAVEVC - 

| 

{ OCTNUM \ ___cpr yext VALUE TO BE STORED a, 
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.



= 
MAKE DEFAULT 

DEVICE = SY 

/ FILE \ 

---PICK UP FILE DESCRIPTOR 

N 

[ CCBBY \ 

READ BLOCK 
\ B / 

INIT TO READ 
FILE STARTING 

AT 1000 

( BEGIN —= 

ENTRPG 

~T 

CHAINed Y 
TO 

? 
N 

SOFT RESET 

= 

SET USER SP 
& Loc. 59 

?0VR COR? 

THE PROGRAM MAY BE ALL 
WITHIN 598-776 

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. 

FIRS 

CALL TO 
GET 

READ THE FILE 
INTO MEMORY 

/_curccen _\ 
CLEAR INTERNAL 
CONTROL BLOCK, 
CLEAR LOC. 59 

! 
SET FLAG, NOT [ READSF _\ 

FIRST GET ; READ PART WHICH 
CALL GOES INTO REAL 

| MEMORY 

’ 1 
' Y 

LOOKUP THE READ BLOCKS FROM 
Ftun FILE; WRITE THEM 

INTO SYS. SCRATCH 

?FIL NOT FND? 

= | /{_ccBBg “| 
GET FILE'S | 

BLOCK @ INTO SET BITS ON IN 
KMON RMON MEMORY BLOCK 

EXTRACT LENGTH 360-377 CONTAINS 

OF FILE FROM A BITMAP OF RTs PC 
LOCS. 360-377 | ~~~BLOCKS USED BY 

OF FILE THE FILE. 



REENTR 

REENTER/RUN/START 

GET START ADD. 
MINUS TWO 

RUN 

[ GET 

STARTK 

[ OCTNUM 
GET SPECI- 
FIED START 
ADDRESS 

>| BADCOM 

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. 

ADD LOC. 
R2 TO GET ADDRESS 

4g TO 

if. 

\ 

SETUP TO READ 
PROG. INTO 
MEMORY 

BEGIN





E.1.1 KMON Subroutines



OVREAD/OVLINK 

OVREAD - 

< ~) 

SET PARAMS 
FOR .READW 

OF OVERLAY 

MARK THIS 

OVERLAY AS 
RESIDENT 

SSYS 

Used to read overlay command processors into memory. 

INTO RMON TO READ THE OVERLAY 

RETURN; OVERLAY NOW IN MEMORY 

OVLINK - Called from overlay processors to allow linking from one 

overlay to the other. 

C OVLINK ) 

OVREAD --- 

| \ 

JMP @R3 

READ IN THE OVERLAY 

RE-ENTER THE SECOND PART 
OF THE OVERLAY.



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. 

= 
~--GENERATE ?ADDR? 

Is 

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 

(ars Pc -~-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 

/_ SYSK 
WRITE CURRENT 
SCRATCH BLOCK 
BACK INTO SYS 

AREA 

Y_ 

RTS PC 

FILE - Called to pick up the .RAD5@ representation of DEV:FILE.EXT. 

LL
 

It will assume a default extension of .SAV. 

FILE } 

' 

PURGE CHANNEL 

NO. 17 

Is ] 

THIS A Y FILE DESCRIPTOR 

CHAIN TS AT 

LOC. 590 | 

f{ _ cetFp ——\ 

GET DESCRIPTOR 

FROM INPUT LIN 

_ XY 
?FILE? 

RTS Pc



CCBBY 

CCBBY - The CCBBY routine reads the first block of a .SAV file into 

the USR buffer, then moves selected locations from that biock 

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, 588-776 will be loaded with the contents of the file. 

(cous) 

Y 

READ A BLOCK INTO 

THE USR BUFFER 
(BLOCK @) COPY FILE'S MEM- 

ma ORY BLOCK INT 

RMON'S MEMORY 
MOVE WORDS FROM BLOCK 

FILE TO LOW MEMORY 
IF THE WORD IS 
UNPROTECTED € ec) 

MOVE 500-776 

OF FILE INTO 

REAL 500-776 



SYSK 

SYSK - Used to read/write blocks into and out of the system scratch 

area. 

( SYSK 

MARK NO ~-- THE USR BUFFER IS USED TO HOLD 
DIRECTORY IN THE BLOCKS TO GO INTO THE 
USR BUFFER SCRATCH AREA. 

Is 
OPERATION 
OF PROPER 

SIZE? 

--- CHECK TO SEE THAT MONITOR 
2?0VR COR? IS NOT OVERWRITTEN. 

$SYS 

DO THE 1/0 
OPERATION 

I 

RTS PC 

E-16



E.1.2 KMON Overlays



DATE/TIME 

N 
N --- SET DATE 2NO CLOCK? ) 

[ NUMK —\ 

GET DAY & Y 
CHECK LIMITS 

SET FOR 
i" 50 OR 60 ~ 

MATCH UP 
MONTH 

FOUND 

MATCH IN 

2 

‘ INPUT TIME, 
yy? | | CONVERT. 

[ NUMK \ AND SAVE. 

GET YEAR & ' 
CHECK LIMITS 

" EXIT 

SAVE THE 
DATE 

C EXIT ») 
GET TIME 
AND PRINT 

ws (mm) 
GET THE 

DATE 

! 
IF ONE, 
PRINT IT 

1 
(ase) 



(swe) 
! 

BLOCK AND USER 
HIGH (LOC 59) 
FOR OUR USE 

COPY MEM CONTROL 

GETHAN 

GET FILE NAME 
AND HANDLER 

END 

OF COMMAND 
LINE 

? 

CONTROL BLOCK & 
USER HIGH LOC 

CLEAR COPY OF MEM 

PROCESS A 
MEMORY 

SEGMENT 
SPECIFICATION 

END 
OF COMMAND 

LINE 

C DOSAVE + 

! 
COMPUTE # 
BLOCKS FOR 
SAVE FILE 

HIGH 
MEMORY 
LIMIT 

) 
? 
yO N 

- ENTER 

THE FILE 

Y 
COPY BLOCK 

@ OF MEMORY 
TO USR BUF. 

ANY 
SCRATCH 
BLOCKS 
LEFT 

? 

READ 2 BLOCKS 
INTO USR 
BUFFER 

! 
WRITE 2 

BLOCKS TO 
SAVE FILE 

t 
BUMP BLOCK 

# BY 2 

-CLOSE THE 
SAVE FILE 

Y 
C RETURN) 

SAVE 

PUT IN CORRECT 
HIGH LIMITS AND 
SAVE FILE MEM 
CONTROL BLOCK 

-WRITW |. — WRITE BLOCK g 
BLOCK 9 TO FILE 

USE MEM CONTROL | 
BLOCK LIMITS TRIGW 

Y MEMORY | — WRITE MEMORY 
DOSAVE RESIDENT RESIDENT PORTION, 

CODE STARTING AT BLOCK 1 

N -- INPUT USER LIMITS 

39S 

oe ORnnCH L-— — NOW WRITE OUT 
BLOCK COUNT SCRATCH BLOCKS, 

IF ANY LEFT



ASSIGN 

(__assren » 

Y 
GET SYSTEM 
PERMANENT 

NAME 

Y -- DEASSIGN ALL 

OF 
COMMAND 

LINE 
2 

GET USER 
ASSIGNED 

NAME 

?ILL DEV? } 

VALID 
PERMANENT PILL DEV? 

Y 
USE THAT 
SLOT IN 

USER TABLE 

FIND A FREE 
SLOT IN USER 

TABLE 

CLEAR ENTIRE 

USER TABLE 

(mae) 

SET PERMANENT 
NAME IN TABLE 

(m=) 

( ?rnL DEV?) 

E-20 

CLEAR 

C 1 ~ CLEAR USER 

TABLE 

FREE 
1 

SLOT ¥ ( EXIT > 
AVAILABLE Y 

? SET USER 
NAME IN 
TABLE



C 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 
ANMMATI. mriim 
eLPOLL Lic 

HANDLER. 

! 
PROTECT 

THE HANDLER'S 

VECTORS 

DETERMINE 
DEVICE 
TABLE 
INDEX 4 

! 
COMPUTE UNIT 

#; NONE 
IMPLIES UNIT @ 

FILE 

STRUCTURED 
DEV. 

?ILL DEV? 

SET TO 
ASSIGN JOB 

¢ TO ALL 
UNITS OF DEV. 

} 

ASSIGN 
OWNERSHIP 

TO ALL 
QCCURRENCES 

A DEVICE MAY HAVE 

SEVERAL ENTRIES 

IN OWNERSHIP TABLE 

(E.G., SY¥:, DK:, RK:) 

LOAD



UNLOAD/SUSPEND/RESUME 

( UNLOAD » 

GET A 
DEVICE 
NAME 

FG 
JOB IN 
MEMORY 

Lo] SLL 

MAP NAME 

TO PHYSICAL 

NAME 

a | ? 

Y 

Is 
BATCH 
ACTIVE 

DETERMINE 
DEVICE 

INDEX # 

| CLEAR 

| OWNERSHIP 

| 
FOR ALL 
UNITS 

?ILL DEV? 

! 
POINT TO 
FG IMPURE 

AREA 

SUSPEND 
? 

N-- RESUME 

SUSPEND/ 
RESUME 

SET SUSPEND 
BIT IN 

JOB STATUS 

CLEAR SUSPEND 

BIT AND FORCE 

CONTEXT SWITCH 

MAKE HANDLER 
NON-RESIDENT 
RETURN MEMORY, 
CLEAR VECTOR 
PROTECTION 

BITS 

{ ! 
(RETURN ») C - EXIT ‘+ 

FG 
IN 

MEMORY 

N 

?NO FG? 

MAKE 
NONRESIDENT 

& RECOVER 
MEMORY 

| | 
| | 
| | 

| | 

an £4 

| : 
| | 

| |



( GETBLK 

\ 
ADD 2 BYTES 
TO REQUEST 

FOR SIZE WD. 

! 
POINT TO 

FREE MEMORY 
LIST 

GET NEXT 
ELEMENT 
JN LIST 

WHAT WE NEED 

REMOVE 
FROM LIST 

SUBTRACT 

FROM IT 

5$ 

PUT SIZE 
IN WORD @ 
OF BLOCK 

NEGATE AND 
CONVERT TO 
WORD COUNT 

(- > |) 

i 

(per (| RETURN) 

KUMOVE 

SLIDE KMON/ 
USR DOWN 

! 
FIX SI2E 

BACK TO 
POSITIVE BYTES 

© 

GET/PUT A BLOCK OF MEMORY 

PUTBLK » 

! 
POINT TO 

SIZE IN FIRST 
WORD OF BLOCK 

Y 
POINT TO 

FREE MEMORY 
LIST 

REMOVE 
BLOCK FROM 

List 

GET NEXT 
ELEMENT 
IN LIST 

BLOCK 
_HIGHER 

! 
/  xuMoveE | 

RECLAIM — | 
MEMORY | 

I 

JUST LINK IN 
NEW BLOCK 

| 

! 
CONCATENATE 
NEW BLOCK 
WITH HI 
BLOCK 

CONTIGUOUS 
CONCATENATE 
NEW BLOCK 
& LO BLOCK 

| 

CAN 
RECLAIM 
MEMORY 

N 

E-23 

( RETURN D)



F JOB 
IN 

MEMORY 

RECOVER 
MEMORY 

FROM DEAD 
F JOB 

- FETCH HANDLER 
AND .LOOKUP 
THE FILE ON 
CHANNEL 17 

Y 
PROCESS 
SWITCHES 

AND SET 
DEFAULTS 
IF NEEDED 

READ BLOCK § 
OF FILE INTO 
USR BUFFER 

Y 
COMPUTE SIZE 
OF ROOT AND 

?F ACTIVE? POINTER AT 
POINT CONTEXT 

IMPURE AREA 

! 

IMPURE AREA 

ADD FREE 
MEMORY AND SET JOB 

HIGH AND 
ALLOCATE LOW LIMITS MEMORY 

ZERO THE PRINT 
BASE 

Y ADDRESS 
? 

RETURN 

THE REMAINDER 
OF THE JOB'S 
IMPURE AREA 

INITIALIZE 
THE CONTEXT 

SAVE AREA SET SUSPEND 

AND JOB BIT IN JOB 

STACK PTR. STATUS 

! { 
INITIALIZE 

C OPRINT » 

Y 
READ ROOT 
SEGMENT 

INTO MEMORY 
& RELOCATE 

~4 

OVERLAYS 

ADD STACK 

SIZE (DEFAULT 

OR /S:N) 

ANY 
OVERLAYS 

TO 
LOAD 

2 

READ THE 

OVERLAY INTO 
MEMORY AND 
RELOCATE 

?REL 
I/O ERROR? 

FIL 

--- GO TO KMON 
OCTAL PRINT 
ROUTINE 

~--~ OVERLAYS WRITTEN OUT TO 
FILE AFTER RELOCATION.



VTll 

HARDWARE 

PRESENT 
? 

FG 

ACTIVE 

ALREADY 

THERE 

? 

?ILL CMD? 

GT ON/OFF 

RETURN) 

STOP DISPLAY 

AND PAISE 

PRIORITY TO 7 

?ILL cup?) ] 

N --- GT ON 

RESTORE 

TERMINAL-— 

SERVICE & 

LOWER PRIORITY 

t 
?ILL CMD? ) 

STOP DISPLAY 

IF RUNNING 

AND TEST 

ITS SIZE 

! 
PROCESS 

SWITCHES, 
IF ANY 

! 
DETERMINE 

TOTAL SIZE 

ANC ALLOCATE 

MEMORY 
L 
Y 

PEAD SCROLLER 

CODE INTO 

MEMORY 

! 
(_ scrnrr \- 

_” 

RECOVER 

MEMORY 

! 
( rerury_) 

GO TO INITIALIZATION 

ROUTINE IN SCROLLER





E.2 USR (USER SERVICE ROUTINES) FLOWCHARTS 

E-27



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/d 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 

| 

ThANSPan TO ---~- R5 WILL BE POINTED TO THE 

I T USR CODE. 
BODY OF USR START OF RESIDENT U Cc 

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. Any 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. 

(_ Farat ----ENTERS WITH R4 INDICATING 

ERROR CODE. 

f{ LOCATE \ 

UPDATE USR 

POINTERS 

Y 

GET POINTER TO 

PROPER ERROR 

MESSAGE 

ERROR PC 

i 

DISALLOW THE 

REENTER COMMAND 

EXECUTE .EXIT 

E~29



USRBUF/FATAL/CDFN (CONT. ) 

CDFN - A resident function in the F/B system. 

GENERATE EMT 
ERROR # @ 

LEGAL 
REQUEST 

WAIT FOR ALL 
I/O TO QUIESCE 

! 
COPY EXISTING 
CHANNELS INTO 

NEW SPACE 

i 
ZERO ANY CHAN- 
NELS OVER AND 
ABOVE # PREVI- 
OUSLY DEFINED 

-- 

Y 

| 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 

| 

| 

FATAL ERROR: 
| ?M-ILL USR 
| 
| 

CALLING THE USR FROM A 
COMPLETION ROUTINE IS 
ILLEGAL, AS THE USR 
COULD HAVE BEEN 
INTERRUPTED. 

SAVE CERTAIN 

PARAMS; GET 

POINTER TO 

FUNCTION 

Y QSET 
DELETE 

DISPATCH TO |} FETCH/RELEASE 
PROPER CLOSE 

PROCESSOR ENTER 

LOOKUP 

RENAME 

DSTAT 

CSI THESE ARE USR 

FUNCTIONS ONLY 

CDFN IN S/J. IN F/B 

HARD/SOFT RESET > THEY ARE 

RESIDENT 

FUNCTIONS. 
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LOOKUP/RENAME 

( RENAME ) 

Y 

TURN ON RENAME ----THIS SERVES AS RENAME FLAG. 
BIT IN CHANNEL 

WORD 

“ { LOOKUP } 
| IN 

/ usRcoM \ 
-~---COMMON OPERATION IN OPENING A 

CHANNEL 

fn \ eee DEVICE IS NONFILE- 
a LNF ILE STRUCTURED 

OL 

Y SPLOOK  ) ----DEVICE HAS ITS OWN FILE 
STRUCTURE (MT,CT). 

--------+------------- GET A PERMANENT FILE OF THE 
SPECIFIED NAME. 

EMT ERROR 

#1; FILE NOT —( couxrt ) 
FOUND 

FILL IN NEW 

FILE NAME 

y DO COMMON 
____ CODE AT 

FILL IN C CLOCOM ) CLOSE. 

CSW AREA 

| 

court) 



LOOKUP/RENAME (CONT.) 

| LNF ILE } ----HERE ON NONFILE-STRUCTURED 

LOOKUP 
DELOUT > 

\ 

CLEAR OUT ~---CHANNEL AREA WILL HAVE A FILE 

STARTING BLOCK OPEN, WITH STARTING BLOCK =9@. 

# IN CHANNEL 

AREA 

COMXIT 

----HERE ON LOOKUP/RENAME 
ON 'SPECIAL' DEVICE. SPLOOK 

Y y GENERATE EMT A RENAME ON A SPECIAL 
ei/ERROR #1; CLOSE COMXIT DEVICE IS CURRENTLY 

CHANNEL ILLEGAL. 

----DO THE INDICATED 
FUNCTION (3) ON 
THE DEVICE. 

v SPDEL » 

| COMXIT 

SPSHL1 

CODE 2 

(DELETE) 

DELOUT 



HARD/SOFT RESET 

These are resident functions in F/B; USR functions in S/d. 

HDRSET 

SET 'HARD' 

RESET FLAG 

~--~-ENTRY FOR HARD RESET 

----ENTRY POINT FOR 
SOFRST SOFT RESET. 

RESET TO NORMAL IF JOB HAS OVER- 

16 I/O CHANNELS;|~--LAyS, CHAN 17 IS 
ZERO CHANNELS NOT CLEARED. 

! 
RELEASE NON- THOSE RESIDENT 

RESIDENT DEVICE|_--vIA .LOAD ARE 

WAIT FOR 11/05 

TTY TO SETTLE 

DOWN. RESET 

MAKE SURE. TTY IS 
QUIET SO RESET 

WON'T CLOBBER A 

CHARACTER 

TURN ON THE 

CLOCK INTERRUPT 

HANDLERS 

WAIT FOR ALL 

I/O TO QUIESCE; 

SET QUEUE TO 

1 ELEMENT 

! 
TURN ON 

INTERRUPTS FOR 

TTY OUTPUT 

1 

( rts pc) 

NOT RELEASED.



DELETE 

< DELETE  } 

Y 
/ USRCOM \ 

------ DO COMMON CHANNEL SETUP. 

| NONFILE DEV./— DELOUT ) 

——+(__ spe +) ----—----SPECIAL DEVICE (MT/CT) 

f DLEET  \ 

~------ FIND PERMANENT FILE OF THE 
SPECIFIED NAME. 

~-~+--- NOT FOUND; GENERATE R id 

——+{ LKERI +) ERROR #1. 
Y 

MAKE THE 
ENTRY AN 
‘EMPTY! 

( CLSOSH ) ~---FINISH UP IN CLOSE CODE. 



DO CHANNEL 
SETUP 

DEV. 
( 23} SPENTR 

f CONSOL \ 
---CONSOLIDATE 

THE DIRECTORY 

———— ) 

\ 

/ ENTRY \ NONE 

GET NEXT LEFT 

EMPTY 

| NONFILE _/ 
={ COMXIT 

SPECIAL 

ENTER 

TAKE 1/2 LARGEST 
OR ENTIRE SECOND 
LARGEST EMPTY 

i 12s 

MAKE THIS RE- 
QUEST LOOK LIKE 
ENTER FOR THIS 
FIXED LENGTH 

UPDATE LARGEST 
& SECOND LAR- 

GEST FILES LIST 

THIS KEEPS 
TRACK OF WHERE 
THE LARGEST 
AND SECOND 
LARGEST EMPTY 
SPACES ARE LOCATED. 

ENTRY IN 
DIRECTORY 

(3s) 
YY 

i 
/_BLKCHK _ 
GET PROPER 
DIRECT SEG 
INTO MEM. 

THE CORRECT SEGMENT 
WAS RECORDED WHEN THE 

EMPTY WAS FOUND.



ENTER (CONT.) 

EMT ERROR #1; 

ENOUGH 

---HERE WHEN AN EMPTY 
OF APPROPRIATE SIZE 
WAS FOUND. 

THIS 
HOLE LARGE 

ENOUGH 

OVER- 
FLOW ON THIS 

ENTER pore eee 

? 

EXTEND 

PUT A TENTATIVE 
ENTRY AT THE 
CORRECT SPOT 

Y 
[ “I 

FILL IN THE 

CHANNEL STATUS 

AREA 

Y 

{ SEGRW2 
REWRITE 

THIS 
SEGMENT 

! 

COMXIT 

DID NOT FIND DELOUT 
EMPTY BIG 

WE MUST EXPAND THE 
DIRECTORY IN THIS CASE. 

SPENTR 

SPESHL 

CODE 4 

(ENTER) 

COMXIT 

---DEACTIVATE CHANNEL 
AND RETURN.



EXTEND 

( exreno) 

THERE 
ANOTHER 

SEG? 

fCOMERR \ 
DIRECTORY 

OVERFLOW 

OCCURRED 

COMERR GENERATES A 
comme FATAL ERROR, AND 

WILL NOT RETURN. 

POINT TO THE 

ENTRY WHICH IS 

1/2 WAY DOWN 

IN SEGMENT 

{ 

GET FIRST PER- 

MANENT ENTRY 

AFTER 1/2 WAY 
POINT 

! 
MARK THIS AS 

END OF SEG; 

LINK THIS SEG 

TO NEW ONE 

/ SEGRW2 \ 

WRITE 
SHORTENED 

SEGMENT 

\ 

SEGRW \ --- THE NEW SEGMENT IS ADJUSTED IN 

WRITE OUT MEMORY, AND THEN WRITTEN OUT. 

THE NEW 

SEGMENT 

----THIS REQUIRES A READ & WRITE OF 
UPDATE THE SEGMENT #1. 

‘HIGH BLOCK IN 
USE' WORD IN 

SEG #1 

RENTR ----NOW RESTART THE ENTER WITH 
AN EXPANDED DIRECTORY. 
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DSTAT/FETCH/RELEASE 

GET DEVICE STATUS 

GESTAT 

DSTAT- 

NOT 

SEARCH TA- 

BLES FOR DE- 

VICE NAME 

EMT ERROR @ 

! 
FILL IN 4 

WORDS FROM 

TABLES 

COMXIT 

FETCH/RELEASE 

PHETCH 

FIND 

NAME IN 

TABLES 

EMT ERROR @ 

ILLEGAL 

DEVICE 

COMXIT 

COMXIT 

COMXIT 

--~- RELEASING SYSTEM 

HANDLER OR ONE 

LOADED IS A 

NO-OP. 

COMXIT 

| CLEAR THIS | 
HANDLER'S 

ENTRY POINT 
4 



LOAD 

ADDRESS 

DSTAT/FETCH/RELEASE (CONT.) 

F JOB CANNOT FETCH HANDLER 

~---WHICH WAS NOT LOADED. 

LEGAL 
>? 

Y 

READ DEVICE 

HANDLER; INIT 

VECTORS 

! 
« COMXIT ) 

FATAL ERROR; 

ILLEGAL 

FETCH 



CLOSE 

/  sPesHL —\ 
y GO TO HANDLER DELOUT ) 

FOR THE 
CLOSE 

N 

[ BLKCHK 
GET A ; 

DIRECTORY —— START WITH SEGMENT 
i 

SEGMENT INTO af 
MEMORY 

2$ at a 
| NO TENTATIVE OF 

THAT NAME WAS 
/ ENTRY NG_ NXBLE \ NO FOUND. 

MORE MORE | 

GET FIRST READ NEXT DELOUT eA 
_ TENTATIVE | DIRECTORY | 

ENTR SEGMENT 

Is / incri —\ 
THIS THE 

RIGHT 

ONE? 

POINT TO NEXT 
ENTRY 
IN SEGMENT 

og \ TENTATIVE NOT ASSOCIATED 
“7 WITH OUR CHANNEL/JOB. 

r 

SAVE POINTERS 

TO THIS 
ENT VW 

iv ie 

) 

(_cxsosx 

\ 

CLOCOM 
Ne 

AI.E., PERMANENT FILE WITH SAME NAME) 

CONSOLIDATE 
N THE SEGMENT 

AND THEN REWRITE 
IT. 

MARK THE 

OLD ONE AS 

AN EMPTY. 

OLD & NEW 

IN THE SAME 
SEGMENT 

GET 

CORRECT 
BACK IN 

THE 

SEGMENT 

MEMORY 



CLOSE (CONT.)/QUEUE EXTEND 

THIS 

A 

RENAME 

RE-INSERT 

NEW FILE 

NAME 

ADJUST FINAL 

LENGTH OF 

FILE & TRAILING 

EMPTY SPACE. 

1 

CONSOLIDATE 

AND REWRITE 

THIS 

SEGMENT 

(__ detour ) 

QUEUE EXTEND (QSET) 

C QSET > 

SET POINTER 

TO CURRENT 

HEAD OF 

I/O QUEUE. 

! 
LINK ELEMENTS 

OF USER'S 

SPACE 

TOGETHER. 

} SET PRIORITY LEVEL 7 

LINK NEW 

ELEMENT INTO 
EXISTING 

QUEUE. 

! SET PRIORITY LEVEL 9 

C COMXIT 
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E.3 CSI (COMMAND STRING INTERPRETER) FLOWCHARTS



CSI CODE 

Is 
THIS 

SPECIAL 
MODE? 

CLOSE FIRST 
NINE 

CHANNELS. 

USE PUT USER'S 

TERMINAL STRING INTO 

INPUT? CSI LINE 
BUFFER. 

OUTPUT. A 
PROMPTING 

(x! 

! 
TRAM ANNTANT 
dud + we OLE 

TRING; PUT 
INTO CSI 

LINE BUFFER. 

mM
 

tt
 

y 

ON Y ZERO THE 
MODES 39-WORD 

ODEs OUTPUT AREA. 

_ 

IS 
THERE 
OUTPUT 
SIDE 

C STRTIN. N 

SET FLAGS 
FOR INPUT > A 

SIDE. 

E-46 

--- PROCESS OUTPUT SIDE 



NXTFIL 

GET A FILE 

DESCRIPTOR 

4 
SWITCH +) 

N 

FETCH THE 

HANDLER 

REQUIRED. 

SPECIAL » 

LOOKUP 

THE FILE 

C SWITCH +) 

~ 

C SWITCH ) 

E-47 

CSI CODE (CONT.) 

?ILL cmp? )-- SYNTAX ERROR 

-- CHECK FOR 

SWITCH VALUES 

~- POSSIBLE FILE 

NOT FOUND; 
RETURN



CSI CODE (CONT.) 

sno) ( swrrcs +) 

GETFD —\ 

GET FILE Noswit ) 
DESCRIPTOR. 

Y 
THERE A N 
SWITCH 
VALUE 

? N 

/ OUSTUF Y 

CHECK THAT OUTPUT SET BIT 15 
FILE NOT BEING OF SWITCH 
OPENED NONFILE WORD; SAVE 

VALUE OF SWITCH 

\ — 

C SWITCH + 
PUT FILE 

NUMBER INTO 
Li SWITCH WORD; 7 

BUMP SWITCH 
COUNT 

| 
( NOSWIT ) 

Is 

NEXT CHAR 

A COMMA 

THIS ALLOWS FOR THE 

/X:1:2:3 CONSTRUCTION 

NXTFIL cer NEXT DESCRIPTOR 

STRTIN >) = wew PROCESS INPUT FILES 

RETURN ») 

ERROR | ___ RESTART CSI IF TERMINAL INPUT, 
?ILL CMD? ELSE RETURN WITH USER ERROR. 



CSI CODE (CONT.) 

< a, 

RESTORE THE 

USER'S STACK 

SAVED ON 

ENTRY TO CSI 

rere ree eee ee eee eee 1 

I i] 
j ! 
i I 

RE-ENABLE 
r ADDRESS '--- F/B DISABLES ADDRESS CHECKING 
; CHECKING FOR | WHEN THE CSI IS RUNNING, 

F/B THIS RE-ENABLES IT 
I 

| 

nn L451 
C MONOUT +): Revurn TO USER PROGRAM 





E.3.1 CSI Subroutines 

These subroutines are used by the CSI, and, in certain cases by the 

KMON.



OUSTUF 

OUSTUF - This routine verifies that an output descriptor has a file 

name. If not, a syntax error is generated. It also will 

scan off the size in [ ] if it was specified. 

C OUSTUF > 

ERROR: 

?ILL DEV? 

GET DEVICE 

STATUS WITH 

.DSTAT 

GET SIZE 
REQUEST AND 

STORE IT. 

{~ 
Y 

RTS PC ) 



GETFD/GETNAM 

GETFD - Picks up a file descriptor (DEV:FILE.EXT) from an input 

string and packs it in 4 words of .RAD59. 

(| GETFD ) 

[ GETNAM NOTE: GETNAM will pick up a string 

NULL of §-6 characters and pack 

GET DEVICE them in up to 2 words of 

NAME | -RAD5@. 

USE CURRENT 
IS DEFAULT WE ALREADY HAVE THE 

NEXT CHAR DEVICE FILENAME NOW. GET THE 
NAME. THE EXTENSION. 

MAKE “HIS 

DEVICE THE 

NEW DEFAULT 

DEVICE. 

t 
GETNAM \ 

SKIP OVER 
GET FILE DEVICE & 
NAME. FILE NAME 

, ' 
ts ( Rts pc ) 

THERE AN 

EXTENSION? 
USE DEFAULT 

EXTENSION 

[ 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.



USRCOM 

This routine is used to 

C usRcoM _) 

! 
SAVE THE 

CHANNEL #. 

USRCOM - prepare a channel for I/O operations. 

Is 
CHANNEL 
ALREADY 
OPEN? 

GIVE EMT 
ERROR @; 
ACTIVE 
CHANNEL 

(com 

[ LK4DEV 

FIND DEVICE NAME 
ILLEGAL NAME 

IN TABLE. 

IS IT IN FATAL ERROR; 
MEMORY? 

DEVICE 
PUBLIC? 

DOES 
THIS JOB 

?M-NO DEV 

C
N
 e
R
 

e
n
 
e
e
n
 

ne 

- | | | | 
i 

MARK THE 
CHANNEL 
ACTIVE 



USRCOM (CONT.) 

POINT CHANNEL 

WORD TO 

CORRECT I/O 

DEVICE. 

IS ITA 

FILE-STRUCT. 

DEVICE? 

e 
SET REWRITE 

DIRECTORY BIT 

IF RENAME 

OR ENTER. 

4 
RTS R5 » TAKE NONFILE RETURN. 

N 

/ BLKCHK 

READ A DIRECTORY C USRNF ) 
SEGMENT INTO MEMORY 

' TAKE NORMAL SET DIRECTORY 
RIS RS RETURN. REWRITE BIT 

FOR SPECIAL 
DEVICES 

NO 'SPECIAL' 
DEVICE EXIT EXIT 

y 



DLEET/NXBLK 

DLEET - This routine scans a device directory to find a file of a 

specified name. 

/ BLKCHK \ 

GET A SEGMENT 

INTO MEMORY 

~\* OK 
\ 

/ ENTRY \ NOT IN THIS / NXBLK \ ALL 

SEGMENT DONE 
FIND A | GET NEXT RTS B5 ) 

PERMANENT DIRECTORY x 

TRY SEGMENT . 
ENT NO FILE 

FOUND 

CORRECT RTS R5 +) 
- NAME? 

UPDATE FILE -- THE START BLOCK OF THE 
L, | START BLOCK; FILE IS UPDATED FOR 

POINT TO NEXT USE IN LOOKUP 

ENTRY 

NXBLK - Gets the next in the series of directory segments, if one 

exists. 

( NXBLK } 

NO MORE 
Is SEGMENTS 

THERE ONE 

MORE SEGMENT RTS R5 } 

PUT SEGMENT #4 
INTO CSW FOR 

BLKCHK 
BLKCHK IS TREATED AS A 

{ CONTINUATION OF NXBLK, 
_ _ ALTHOUGH IT IS A SUB- 

q BLKCHK ) ROUTINE ITSELF 



BLKCHK 

BLKCHK - This routine isolates the segment number contained in bits 

8-12 of the CSW, and checks to see if that segment is in 

memory at the current time. If not, it is read in. 

C —— +) 

ISOLATE THE 

SEGMENT # 
AND DEVICE/ 

UNIT #. 

IS 

THIS SEGMENT 

IN MEMORY? 

Note that not only must the segment 

numbers agree, but also the device 

and unit numbers must be the same. 

MARK THE 

NEW BLOCK IN 

MEMORY 

t 
/ SEGRW ‘\ 

| READ THE | 

\ SEGMENT . / 

\ 

(ms) 
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SEGRW 

SEGRW - Segment Read/Write. This routine read/writes selected 

directory segments. There are three entry points: 

SEGRW1: Use segment #1 

SEGRW2: Use the segment currently in memory (BLKEY) 

SEGRW: Use the number in RY as the segment #. 

C SEGRW1 ) C SEGRYW2 ) ( SEGRW +) 

MOV 2 1 INTO MOV BLKEY 

RG TO RG 

\ 

BLOCK # = 
SEG # *2 

+4 

! 
SET UP AN THE ARGS ARE PUT 
EMT 375 ON THE STACK 

READ. IN THIS CASE, 

DO THE READ 

! 
(ms 3) 
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ENTRY /INCR1/COMERR/SPESHL 

ENTRY - This routine uses Rl as a pointer into a directory segment 

to find a specified file type (Permanent, Tentative, Empty) 

or the end of segment mark. 

THIS Y 

ENTRY A RTS R5 +) TAKE 'FOUND' EXIT 
MATCH 

N 

Y 
RTS R5 +) TAKE 'NOT FOUND' EXIT 

N 

[es \ 
POINT TO NEXT 

ENTRY 

INCR1 - This routine bumps Rl to the next entry in a directory segment. 

COMERR - This routine generates a fatal error from the USR. The 

call is: 

JSR R5,COMERR 

code 

Code is used to indicate which error is to be generated. If 

-SERR is in effect, control passes to COMXIT, which returns 

to RMON. 

SPESHL - This routine is used to effect file operations on MT/CT. 

This is done by passing a READ request to the Q manager. The 

even byte of the completion function will contain a 377. 

The queue manager detects this, and modifies the I/O queue element 

to indicate that the handler should perform a USR function. 

E-59



CONSOL 

CONSOL - This routine is used to compact a directory segment. It 

combines consecutive empties into one, and makes empties out 

of tentative files which are not associated with an active 

channel. 

C conser) 

POINT TO TOP 

OF THIS 

SEGMENT 

\ 

[ ENTRY 

ENTRY 

NO MORE 
FIND A TENTATIVE 

IS THIS 

TENTATIVE 

ENTRY OK? 

ad 

MARK THIS 

ENTRY EMPTY 

ADVANCE TO 

NEXT ENTRY 

POINT TO THE 

NEXT ENTRY 

Is 

THIS ONE 

LENGTH 9@ 

” ” 
Pd 

© | 

ALL UNUSED TENTATIVES ARE NOW 

EMPTIES. NOW COMBINE MULTIPLE 

EMPTIES TOGETHER. 

IF THE TENTATIVE IS STILL 
ASSOCIATED WITH AN OPENED 

CHANNEL, IT IS CONSIDERED 

LEGAL. 

POINT TO TOP 

OF SEGMENT. 

ENTRY [ \ DONE 

RTS PC POINT TO FIRST 

EMPTY. 

IS NEXT 
ENTRY AN 

EMPTY 

? 

COMBINE THE 

EMPTIES’ 

LENGTHS & 

SQUEEZE 

SEGMENT 



LK4DEV ~ 

Is 

PREVIOUS 

A 

PERMANENT? 

CONSOL (CONT.) /LK4DEV 

SQUEEZE THE 

DIRECTORY 

DOWN. 

5$ 
NY 

This routine looks up a specified device name in the system 

tables. It first attempts to fine the name in the user 

assigned name table; failing that, the permanent name table 

is searched. 

C LK4DEV 

LEGAL? 

POINT TO 
> PERMANENT 

NAME TABLE. 

_| 

IS ERROR 
DEVICE 

HE SPECIFIED RTS R4 » 

SET UP TABLE 

POINTERS & 

DEVICE INDEX 

FOR RETURN 

NORMAL RETURN 

(ms ma) 
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E.4 RMON (RESIDENT MONITOR) FLOWCHARTS FOR SINGLE-JOB MONITOR



EMT DISPATCHER 

The code of the EMT dispatcher is entered when an EMT instruction is 

executed. The EMT instruction is decoded and control passes to the 

approproate code for processing. 

EMTPRO } 

i 

CLEAR C BIT 
IN USER'S PS 
SAVE REGS. 

NEW FORMAT INCLUDES 
374, 375, 376, 377 

EMTOUT 

GET 'OLD' V1 
STYLE ARGS FROM 
EMT INSTRUCTION 

P ) 
USE FUNCTION ARGUMENTS ARE TREATED THE 

CODE TO SELECT SAME WHETHER THEY WERE G ARGS. 
ET GS. FOR EMT PROCESSOR NEW OR OLD FORMAT EMT A NEW (374,375) 

EMT CALLS. 

\ 
DISPATCH TO 
PROPER EMT 
PROCESSOR CHANER 

_—————— 

TOOBIG 

E-64



EMT DISPATCHER (CONT.) 

CHANER ( r008z6 +) 

Y 

FATAL ERROR; 

?M-ILL EMT FATAL ERROR; 

?M-ILL CHAN 

y 

| aro EMTOUT 

RESTORE THE 

SAVED REGS. 

RETURN TO THE 

( RTI ) --- USER PROGRAM 

The following EMT requests are no-ops in the S/J Monitor: 

Mark Time - MRKT 
Cancel Mark Time -CMKT 

Timed Wait - TWALT 

Send Data -SDAT 

Receive Data ~RCVD 
Channel Status -CSTAT 

Protect Vectors - PROTECT 

Channel Copy - CHCOPY 

Special Device . DEVICE 

Executing these requests in S/J will cause an immediate successful 

returns with no action taken.



USR DISPATCHER TABLE FOR EMT'S 340-357 

The USR Dispatch code handles dispatching those EMT's which require the 

USR. 

function identifier once the USR is entered. 

CSI-GENERAL MODE 

MODE 

CSI-SPECIAL 

MODE 

HARD RESET 

SOFT RESET 

DEVICE STATUS. 

RENAME 

LOOKUP 

ENTER 

CLOSE 

FETCH 

DELETE 

CDFN 

SET I/O QUEUE 

At each entry point, an INC R2 is performed. 

CLR R4. 

FLAG FOR GEN. 

MODE OF CSI 

( csstsp | INC R2 

INC R2 
( usrser } ~ 

( ssrser j} INC R2_ 

INC R2 
( psstar } ~ 

( Rswame }—NC R2 

( xgoox \ INC RA 

( ESNTER | INC R2 

INC R2 C$LOS2 2 

( PsprcH } INC R2 

INC R2 ( psnete } ~ 

( csppn2 \ HNC R2 

QOSSET a (a) 

E-66 

Thus, R2 acts as a 

R4 IS NORMALLY NON-ZERO; 
IT IS CLEARED HERE FOR 

DISTINCTION BETWEEN CSI 
GENERAL MODE AND CSI 
SPECIAL MODE. 

CALUSR 
_ DISPATCH TO 

-~--USR NOW 

IN MEMORY 

JMP @USRLOC 



E.4.1 EMT Processors 
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SET TRAP/SAVE STATUS 

SET TRAP ADDRESS 

| osrest_ ) 

PUT IN THE 

ADDRESS OF 

MONITOR'S 

INTERNAL 

ROUTINE 

J 

STORE THE TRAP 

ADDRESS IN LINE 

I 

C surour ) 

SAVESTATUS 

( SSAVST 

EMT ERROR #1; 

SAVESTAT ILLEGAL 

SAVE 5 WORDS OF 

CHANNEL; DEAC- 
TIVATE CHANNEL 
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REOPEN /CLOSE/RDOVLY 

Y EMT ERROR @ 
CHANNEL IS IN 

USE ALREADY 

RESTORE 5 WORDS 

OF STATUS TO IN- 

DICATED CHANNEL 

CLOSE 

-~- IF A LOOKUP WERE DONE, THE 

USR IS NOT REQUIRED. 

REWRITE DIREC- 

TORY 
(_ csuosz 

RDOVLY 

DEACTIVATE 
CHANNEL C RDOVLY + 

IOSR 
EMTDON {READ USER IN \ 

XY S/S FROM SWAP | 
BLOCKS / 
—e¢ ENTRPG » 

SET UP USER 

STACK POINTER 4 

FLAG USER 

RUNNING 

1 

(co TO USER 



READ 

RSEAD 

Y 
TSWCNT \ 

COMMON 
READ/WRITE 

CHECKS 

--- TSWCNT HAS 3 POSSIBLE RETURNS; 
READ ONLY REQUIRES THE 
NORMAL ONE. 

PUT THE CORRECT 
WORD COUNT INTO 

LEAR HARD ERROR 
BIT; GIVE EMT EMTDON 

ERROR #1 

CLEAR EOF BIT; 
GIVE EMT ERROR | 

#6 

IF .SERR IS IN EFFECT, 
FATAL ERROR RETURN IS MADE TO USER 
?M-NO DEV - PROGRAM. 

Y 

CHANGE LOGICAL 
BLOCK TO 

PHYSICAL BLOCK 

f/f QMANGR \ 

QUEUE THE } 



WRITE 

(wears ) 

Y 
/ tswent \, NONFILE 

SET EOF ERROR }e———J DEVIC® NFWRIT 
BIT R/W CHECKS 

Z 

UP- 

N DATE CLOSE IF THE LAST BLOCK 

LENGTH BEING WRITTEN IS ? THE 

CURRENT LAST BLOCK WRITTEN, 

CHANGE THE CLOSING FILE 

LENGTH. 

UPDATE THE 

CLOSING LENGTH 

\ 

PUT WORD COUNT 

WRITTEN INTO 

USER'S RG 

NFWRIT  } I > 

(_ NPREAD ) 
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WAIT/CDFN 

WAIT WSAIT 

GENERATE EMT 

ERROR #9 

THIS IS DONE BY WAITING 
FOR THE NUMBER OF FREE 

----+----~----, +--+ QUEUE ELEMENTS TO BE 
mato oe ALLI/O EQUAL TO THE TOTAL 

INISH NUMBER AVAILABLE. 

DID 

HARD ER- 
ROR OCCUR 

GIVE EMT ERROR 

#1; CLEAR HARD 
ERROR BIT 

‘z on | 

CDFN 

Cnanneil Define - the resident portion of CDFN 

the USR to be read in, then enters the USR. 

cuases a fresh copy of 

CSDFN 

MARK USR 
NON-RESIDENT THIS FORCES CALUSR TO 

READ IN A NEW USR 
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GET JOB PARAMETERS 

GET TIME OF DAY 

SET FPP EXCEPTION 

GET JOB PARAMETERS 

MAKE JOB # = @ 

! 
g=LOW LIMIT; 
MOVE HI LIM. 

ADDR OF 

CHANNELS 

__Y 
EMTDON 

GET TIME OF DAY 

GSTIM 

MOVE HI ORDER, »{ EMTDON 
THEN LOW ORDER 

SET FPP EXCEPTION 

SSFPA 

Is 

THERE A 
USER AD- 
DRESS 

? 

MAKE ADDRESS 
THE MONITOR'S 

ROUTINE 

_| 
Y ¥* 

I 

MOVE THE 
ADDRESS TO 
INTERNAL 
LOCATION 

EMTDON 
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SPECIAL FUNCTIONS /PURGE 

SOFT/HARD ERRORS 

SPECIAL FUNCTIONS/PURGE 

SPECIAL FUNCTIONS (MAGTAPE/CASSETTE) SOFT/HARD ERRORS 

SSPFUN 

EMT ERROR @ ——+(_ mumpow_) 

PUT A 377 INTO 

LOW BYTE OF THE 

FUNCTION CODE 

WORD 

( RSEAD 

PURGE SOFT/HARD ERRORS 

| PSURGE 

C SSERR ) < HSERR ) 

ZERO FIRST y " 
WORD OF 

E qT 7 CHANNEL, AREA oe CLEAR SOD 
BIT ACTION BIT 

! 
(__wnpon +) ! —- ! 

< EMTDON 



LOCK USR 

CALUSR 

READ IN USR 
IF NEEDED 

CHAIN 

CSHAIN 

! 
SET BIT 49¢ 

IN JOB STATUS 
WORD; MAKE Rg 

NON-ZERO 

UNLOCK USR 

LOCK USR/CHAIN/UNLOCK USR 

--- THIS BUMPS A COUNTER WHICH 
IS DECREMENTED DURING A 

-UNLOCK. THE USR IS REALLY 
UNLOCKED ONLY WHEN THIS 
COUNT IS @. 

RZ NOT ZERO FORCES 
A SOFT CONDITION 
AT EXIT 

JOIN EXIT CODE 
AT CHXIT 

IF KMON IS IN, SO 

USNLOK 

MONOUT 

DECREMENT 
- LOCK 

COUNTER 

EMTDON J 

KILL DIRECTORY 

NOW IN MEMORY; 
READ USR 

_ |



PRINT 

PRINT - Causes a line to be output to the console terminal. 

PSRINT 

™ ECHO A CR/LF EMTDON ) 

TTOPT2 

OUTPUT THE 

CHARACTER GET 

NEXT CHAR 



(\ sszror_) 

Y 

MARK JSW TO 

NO SWAPPING 

YOND SYS. 
LIMIT? 

MAKE REQUEST 

= SYSTEM 

LIMIT -2 

BEYOND ~\ N 

KMON 

? 

Y 

MARK KMON 

NON-RESIDENT 

BEYOND 

USR? 

MAKE REQUEST FOR 

BOTTOM OF USR 

MINUS TWO 

MARK USR 

NON-RESIDENT 

Y 

SET JSW TO 

INDICATE 

SWAPPING 

Y 

RETURN TOP 
LOCATION IN 59 

AND RG 

Y 

( EMTDON ) 

SETTOP



EXIT 

ESXIT 

SET EXIT IN 
PROGRESS FLAG 

CLEAR CHAIN BIT 

CHXIT — 
] 

WAIT FOR I/O TO 
QUIESCE (# AVAIL-|---- WAIT FOR AVAILABLE QUEUE ELEMENTS 

ABLE = TOTAL) TO EQUAL TOTAL NUMBER. 

SET STACK TO 
RMON STACK 

CLEAR .SERR 
DISABLE .TRPSET 
RESET FOR 16 
IO CHANNELS 

-—~~-GO DIRECTLY TO KMON. MEXIT2 

ARE 
WE IN 

SWAPPING 

READ USER 
PROGRAM BACK IN 

2$ 

E-78



EXIT (CONT.) /TTYIN 

SAVE USER 
PROGRAM IN 

SCRATCH BLOCKS 

an 

1 

READ IN 

KMON & USR 

MEXIT Jn-------—- TO KMON, WITH A FRESH 
COPY OF THE USR 

TSTIN TTYIN 

IS 

¥ A LINE Y _ 
Ne PA 

2 

N 

! 

EMT ERROR @; 
NO. LINE/CHAR 

IN BUFFER 

to 
EMTDON *) 

CYCLE TO HEAD 
OF RING BUFFER 



TTYIN (CONT.)/TTYOUT 

PUT CHAR INTO 

R@; DECREASE 

CHAR COUNT 

_\ 
IS ITA LINE 

TERMINATOR 

f EOLTST \ N 

>| EMTDON 

DECREASE THE 

LINE COUNT 

-EXIT TO 

SYSTEM 

| EMTDON) | 

RTI 

BACK TO 

USER PROGRAM 

EMTDON 

EMT ERROR @; 
NO ROOM FOR 

OUTPUT 



FATAL ERROR PROCESSING 

EMT 376 is reserved for reporting fatal monitor errors. When a fatal 

error condition is encountered, a call of the form: 

EMT 376 

code 

is executed. This indicates to RT-1l that a fatal error has occurred. 

The normal response is to print a ?M-error message and then abort the 

job. However, if a .SERR request has been done, no message will occur 

and control will pass to the user's program. The error bit (C bit) 

will be set and byte 52 will contain the negative of the error code. 

(76) 
SAVE ERROR CODE 

AND PC OF 
ERROR CALL 

--<<- IF CODE <g, IT IS ALWAYS FATAL 

AND WILL ALWAYS ABORT THE JOB. 

¥ TURN ON THE C 

BIT IN HIS PS 

ADJUST PC OF 
INIT SP TO CALL TO BE PAST 

1000; .SRESET CODE WORD 

READ FRESH USR 
\ 

( zwrovr_) 

---INTO USR CODE 
TO HANDLE 

PRINTING THE 

ERROR. 

<t
— 

E-81



CALUSR 

CALUSR is used to ensure that the USR is in memory for a USR type 

request. It will handle the situation where the user program must be 

written to scratch blocks before the USR is read in. 

in the USR buffer is required. 

EITHER 'NORMAL' VALUE- 

OR WHAT THE USER HAS 

PUT IN LOCATION 46. 

CALUSR 

\ 

INCREMENT 

USR USAGE 

COUNTER 

SET UP USR 

LOAD ADDRESS 

WRITE USER 

OUT OF THE 

USR AREA 

— 

Y 

READ USR 
INTO MEMORY 

__ 

Y 

(as 2 ) 

Entry is made 

at CLUSR2 when an error has occurred and the error processing code



E.4.2 Clock Interrupt Service 

The interrupt service for the clock is primitive. The clock vector 

is set up such that the interrupt routine is always entered with the 

C bit = 1. At the interrupt routine, the code is: 

ADC STIME+2 
ADC $TIME 
RTI 

Since the C bit is 1, $TIME+2 is incremented by the ADC. When the 

low order word goes from 177777 to 0, the C bit remains on and STIME 

is then incremented. No 24 hour wrap around is provided.





E.4.3 Console Terminal Interrupt Service



TT INPUT INTERRUPT SERVICE 

( TTLIINT } --- HERE ON INPUT INTERRUPT 

| 

SAVE REGS; PuT|-~--——- THIS LOWERS THE PROCESSOR 
CHAR INTO RG PRIORITY FROM LEVEL 4 TO 

BACK TO PRIO. @ LEVEL §. 

CONVERT IT TO 

UPPER CASE 

} 
CTRLC “c 
CTRLO ae) 

DISPATCH TO |----- CTRLQ 8 CTRLS S CHARACTER x 
PROCESSOR CTRLU U ALT 33,175,176 

RUB RUBOUT 

NOTE: THE CHARS BELOW. THE 
LINE ARE ONLY CHECKED WHEN 
TT IS IN LINE MODE. IN CHARACTER 
MODE THEY ARE NOT ACTED UPON. 



TT INPUT INTERRUPT SERVICE (CONT.) 

TTT Te IF IT IS < 49, IT ISA 

NON-PRINTING CHARACTER. 

---MAKES NON-PRINTS INTO 
ECHO “ FOLLOWED EQUIVALENT CHARACTER 
BY CHAR + 100 

a 

WAS 

LAST CHAR 

A RUBOUT 

--- THIS ONE IS NOT A RUBOUT. 
IF LAST CHARACTER WAS, ECHO 
A CLOSING '\' 

(meme: ) 

ECHO A \ 

N MAKE CHARACTER 

a A BELL 

UPDATE RING 
BUFFER POINTERS, 

COUNTER TERMINATOR 
| 
! 

EOLTST __\ ! 
TEST FOR | |_| BUMP LINE 

LINE [— =| COUNTER BY 1 

<ati. | 

| 

UPDATE PREVIOUS 

CHAR TO BE THE 

CURRENT ONE 



TT INPUT INTERRUPT SERVICE (CONT.) 

IN CHARACTER MODE, NO ECHOING IS DONE. 
N 

Y be 

Y 

N 

TTOPUT 

ECHO THE 
CHARACTER 

I 

ENTER TT: HAN- 
DLER, IF RESI- 
DENT, TO PROCESS 

XY 

TTINC3 

+ TTIEXZ 

IF“s IS UP, DON'T ECHO, AS OUTPUT IS 
TEMPORARILY STOPPED. 

---TT: USES HOOKS .INTO THE RESIDENT 
SERVICE TO EFFECT ITS PROCESSING. 
SEE TT: HANDLER FOR DETAILS. 

IF <CR>, PUT IN AUTOMATIC LINEFEED. 
WE SUBTRACT 3 FROM CHARACTER TO 
CHECK FOR <CR>. THAT MAKES THE 
CHARACTER A <LF> AT TTINC3. 

THIS USES SAME EXIT SEQUENCE AS 
DOES AN EMT.



ALTMODE/CONTROL O, S, Q 

These routines are entered when any of the corresponding special 

characters are struck. 

ALTMODE - 33,175,176 

T 

G
 

weseeo ALL POSSIBLE CODES ARE CONVERTED TO 33. 
AT SUBROUTINE TTOPUT, A 33 ABOUT TO BE MAKE THE CHAR 
ECHOED IS CHANGED TO A §. RECEIVED A 33 

TTINC3 

CONTROL O CONTROL S, CONTROL Q 

CTRLO 

CTRLS CTRLQ 

CLEAR OUTPUT 
RING BUFFER; 

ECHO “O SET SYNC CLEAR THE 
y FLAG NON-ZERO SYNC FLAG 

REVERSE THE " 
CTRLO --DO THIS BY 

FLIP-FLOP EMTDON FORCE AN CLEARING THEN 
| OUTPUT SETTING THE 

INTERRUPT OUTPUT INTERRUPT 
BIT 

GENERATE 
<CR><LF> EMTDON 

EMTDON



CONTROL C 

CTRLC 

GENERATE 

“Cc: <CR><LF> 

>| TTINC3 } 

------ EXIT IS ALREADY IN PROGRESS. 
EMTDON LET IT CONTINUE UNMOLESTED. 

THIS WILL CAUSE THE “C 
SET DELAYED TO BE PICKED UP ON RETURN 

“Cc FLAG TO EMTDON FROM THE INTERRUPTED 
140000 OPERATION. 

DELAY FOR 11/05 
TT; DOA 

RESET 

TURN ON THE 
~ (CLOCK INTERRUPT 

QUEUE ELEMENTS= THAT ALL I/O IS DONE. 
TOTAL AVAILABLE 

-EXIT 



RUBOUT 

IS RING 

BUFFER 
TTIBUM 

CONTROL U 

(mat 
{ CTRLU ) 

ECHO “U 

MAKE PREVIOUS 

CHARACTER A 

RUBOUT 

Y 
/ RUBCOM \ 

DELETE A 

CHAR FROM 

RING 

TTIEXZ 

IS RING 

EMPTY 

RUBOUT/CONTROL U 

BUFFER } 

LAST CHAR 

STRUCK 

CLEAR OUT 

PREVIOUS 

CHARACTER 

Y 

GENERATE 

<CR><LF> 

EMTDON 

TTIBUM



RUBCON/RUBCM2 

RUBCOM will update the input ring buffer pointers when a character is 

to be deleted. 

(__ RuBcom +) 

ADVANCE POINTER 

TO END OF 

BUFFER 

_— 

SET POINTER 

TO DECREASE 

THE COUNT 

t 
(Rts Bc +) 

RUBCM2 checks to see if the ring buffer is empty. The buffer is empty 

if either the count = @ or if the character to be deleted is a line 

terminator. This routine falls into routine EOLTST. The zero con- 

dition is returned if the buffer is empty. 

C RUBCH2 ) 

XY 
N RTS PC 

EOLTST  } IN Z BIT IS SET 

IS 

CHAR A 
<LF>,“C OR 

“Z? 

Z BIT IS NOT SET 



TT OUTPUT INTERRUPT SERVICE 

TT OUTPUT INTERRUPT SERVICE 
-~- HERE ON OUTPUT 

INTERRUPT 
TTOINT 

“S IS SET. DON'T OUTPUT ANYTHING. 

ARE 

WE DOING PUT CHARACTER TTPOXT ---- (TELEPRINTER FF OUT TO TPB ones) 

INTO TT: TO 
SEE IF IT IS 

ACTIVE 

CHAR. <4@ WILL 
NOT PRINT. TCHKSP 

AT 

END OF 
RING BUFF 

? 

WRAP THE 

POINTER AROUND 

ADJUST TAB 
1 STOP, IF 

NECESSARY 
DECREASE COUNT C mer , 

IN RING TPRNT2 a 

d 

BUMP 
BUFFER 

POINTER 
TTODON 

! 
PUT CHARACTER 

QUT TO TPB 

GET CHARACTER 

FROM RING 
BUFFER 

| | TTPOXT )} 

@) 



CLEAR FILL 

COUNT 

lam 

TT OUTPUT INTERRUPT SERVICE (CONT.) 

TST ee HERE ON CHARACTERS <49 

SET TO ECHO 

SPACES TO NEXT 
TAB STOP 

-RESET TAB 

STOP TO 8 

SETUP TO PRINT 

REQUIRED # OF 

NULLS 

i 

BUMP 

BUFFER 
POINTER 

CLEAR OUTPUT 

INTERRUPT; 

ZERO COUNT 

TTODON 

RESTORED SAVED 

R4, R5 

' 
C= 

(— TTPOXT +) 
X 



TTORUB/TTOPUT 

TTORUB and TTOPUT handle the printing of ALTMODE and RUBOUT. They 

print a $ for ALTMODE and \ for RUBOUT. 

C rroRUB 

! 

MAKE CHAR TO 

PRINT A\ 

< TTOPUT ) 

PRINT A S$ 

NO ROOM __{ PUT CHAR 

INTO OUTPUT 

RING 

| 

C RTS Pc) 
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OPUT 

OPUT actually puts the output character into the ring buffer. 

updates the ring pointers and sets the interrupt enable bit. 

buffer is full, it returns with the C bit set. 

OPUT 

N 

CLEAR OUT 
PARITY BITS 

XY 

STORE THE 
CHARACTER. 

UPDATE POINTERS 

N RTS PC 

CYCLE BACK TO 
START OF BUFF. 
BUMP COUNT 

r 

SET OUTPUT 
INTERRUPT 
ENABLE 

Y 

CLEAR C BIT 
IN CURRENT PS 

RTS PC 

It 

If the 

C BIT SET BY THE 
~-— COMPARISON DONE



E.4.4 I/O Routines 

E-97



I/O QUEUE MANAGEMENT ROUTINES 

I/O COMPLETION WILL 
FREE QUEUE ELEMENTS 

Y --- TO LEVEL 7 

PICK UP THE 

FIRST AVAILABLE 
ELEMENT 

! 
MAKE THE NEXT 

ELEMENT THE 
FIRST AVAILABLE 

| --- TO LEVEL 9 

FILL IN THE 
I/O QUEUE 
ELEMENT 

IF THE BYTE OF THE COMPLETION 
ROUTINE WORD = 377, THIS IS 

INTERPRETED AS A FILE REQUEST 

ON MT OR CT. 

ZERO THE 
FUNCTION WORD 

FILL IN 
FUNCTION CODE 

DEVICE 

NOW BUSY 

TO LEVEL 6 
t 

| 
MARK THE -(a) 

DEVICE BUSY 
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I/O QUEUE MANAGEMENT ROUTINES (CONT.) 

[ JSR PC, (R2) 
GO TO 
DEVICE ~ 
HANDLER 

--- HERE WHEN DEVICE IS 
ALREADY BUSY 

LINK THIS 
ELEMENT INTO 
DEVICE'S Q 

! 
MAKE HANDLERS 
LAST QUEUE EL- 
EMENT POINT TO 
THIS ELEMENT 

TO LEVEL 9 ---- ¥. ,--- A SYNCHRONOUS REQUEST WILL 

ne WAIT FOR I/O TO FINISH 

Y Is I/o 4 
j DONE al RTS PC 

? 
Iw 

RTS PC



I/O QUEUE COMPLETION 

COMPLT is entered when an I/O transfer finishes. 

COMPLT 

aN SVREG 

SAVE 

REGISTERS 

WAS 

THERE A 
HARD ERROR 

HALT 
ON HARD 

ERROR 

? 

HALT 

DOA 

COMPLETION 

ROUTINE 
? 

SET COMP. ROU- 

TINE IN PROG. 

FLAG; SAVE 52 

CHANNEL # 
INTO R1 

DECREASE THE I/0 

PENDING COUNT 

ON THE CHANNEL 

--- TO LEVEL 7 

FOR bE SET 'DEVICE FREE! VICE TO NAG 
DO? 

Z J 
Y 

PUT THIS Q ELE- 

MENT BACK INTO 

FREE LIST 

! 
BUMP THE 

ELEMENT 
FREE COUNTER 

Y 

Y 

GO BACK TO PS 
| WE ENTERED -_+(a) 

WITH 

E-100 

! 
/ asp PC, (R5) \ 

TO 

COMPLETION 

ROUTINE 

Y 
RESTORE 52; 

DECREMENT IN 

PROG. FLAG 
lw?— ps 

RECALL HANDLER 

FOR NEXT 
TRANSFER 

—_ 

Y 

NOPOP _\ 

RESTORE 

SAVED 

REGISTERS 

(Res PC ) 



E.5 RMON (RESIDENT MONITOR) FLOWCHARTS FOR 

FOREGROUND/BACKGROUND MONITOR 

E-101



E~102



E.5.1 EMT Processors 
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EMT DISPATCHER 

( eurpro_)-- INTERRUPT ENTRY POINT. EMT'S 
ARE PROCESSED ON USER'S STACK. 
EXIT WITH RTI. 

( EXIT ye <374 
FETCH 

EMT 
374 EXTRACT 

376 CODE 
C E376 CHANNEL 

NUMBER 

| ! 
FATAL ERROR EMT CHECK ARG. 

LIST ADDRESS 

! 
C EMTCOM ) 

PADDR? 

ERROR 

CHANNEL 2CHAN? 

# TOO ERROR 
BIG? 

LEGAL N 
SIN ODT 7 . ORMMTD 
FUNCTION Guid s 
CODE GRROR 

? 

( EMTCOM +) 

LOCATE EMT 

IN DISPATCH 

TABLE 

ARGUMENTS 2 ADDR? 

VALID ERROR 
o) 

POINT TO 

CHANNEL 

AREA 

( DISPATCH ) 

TO EMT 
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DS$STAT 

RSN i
 

LSOOK 

INC R2 

INC R2 ! 
ESNTER 

INC R2 ! 
CSLOS2 

INC R2 t 

FSETCH 

INC R2 u 

DSLETE — 

INC R2 ! 

QSSET 

Vaan 

INC R2 

EMT 16 DISPATCH, 

RSCTLO 

CLEAR 
CTRL O 
FLAG 

Y 

TTRSET \ 

PSRINT 

FORCE CTY 
CONTEXT 
SWITCH 

(2) 

1 

EMTRTI 

E-105 

pa 
_- 

! 

GET A 

CHARACTER 

-RCTRLO, 

--- .RCTRLO 

f/f TrouT \ 

PUT CHAR \ 
INTO OUTPUT 

BUFFER 

! 
PRINT 

<CR><LF> 

EMTRTI 

-PRINT 



.CLOSE, .PURGE, ~CSISPC, 

DISSOCIATE 
CHANNEL 

EMTRTI 
_»CSIGEN 

CSSIGN 

7 
v* «CSISPC 

° / 
Z. 

CSSISP 

SET C BIT 

SET CSI 
RUNNING 

BIT 

OWNS USR 
? 

RIDUSR 

MAKE USR 
GO AWAY 

EMTUSR 

-CSIGEN 

E-106 

PRINT AN 
tet 

! 
CLEAR 

SPECIAL 
MODE BIT 

SSYSWT 
WAIT FOR A 
LINE OF TT 

INPUT 

CALL USR 
BACK INTO 
MEMORY 

~-- MUST WAIT 
FOR INPUT 

-~- DON'T NEED 
TO WAIT 

-~- GO TO CSI VIA EMT 16 
DISPATCHER



-TTYIN, .TTYOUT, EMT RETURN 

TSTOUT 

TSTIN 

TTRSET PUT CHAR- 

COPY ACTER INTO 
SPECIAL BUFFER 

EMTRTI 

TT RETTIRN~” | BeLE Rg : \ / RETURN 
ERROR 
CODE g 

WAIT FOR 
AN INPUT 

LINE 
EMTRTI 

IGET 

GET A 
| CHARACTER 

EMTRTI 

RESTORE 
ALL 

REGISTERS 
PUT CHAR. EMTRTI 

IN RG 

EMTRTI POP 
ARGUMENTS 
OFF STACK 

(ss) 
_ EMTRTI 

MAKE RG 
NON-ZERO 

E-107



.READ, .RCVD, .SPFUN 

OTHRJB 
GET OTHER 
JOB NUMBER 

POINT TO 

MESSAGE 
CHANNEL 

GET 
COMPLETION 

FUNCTION 

f/f TSWCNT  \ 

CHECK 
VALIDITY 

OF READ 

SPREAD 

POINT TO 
HANDLER 

ENTRY POINT 

MAKE BLOCK 

NUMBER 

ABSOLUTE 

! 
GET DEVICE 

UNIT # 

f/f QMANGR \ 

QUEUE UP 
THE REQUEST, 

GO CLEAN UP 

3 ARGUMENTS 

EMTDON 

?NO DV? 

RWXT 

CLEAR ERROR 

BIT. RETURN 

ERROR 1 

RWXT 

E-108 

GET CHANNEL| 

STATUS WORD 

AND DEVICE 

INDEX 

GET 

COMPLETION 
FUNCTION 

f/ TSWCNT \ 

CHECK 

VALIDITY 

RETURN 
ERROR § 

--- MERGE 
WITH 

.» READ 

CODE



-SDAT, .WRITE 

. TSWCNT |} ----- READ/WRITE 
SSDAT COMMON ERROR CHECK 

OTHRIB COMPUTE 
LAST WORD 

GET OTHER OF TRANSFER 
JOB'S # 

/__CHKSP__\ 
CHECK IT 
WITH JOB 
LIMITS 

RETURN 
ERROR @ 

POINT TO RWAT 
ITS IMPURE 

ANTA 
AAA 

NONFILE-STRUCTURED 
READ/WRITE | 
‘ 

NFWRIT 

RETURN 
ERROR 
CODE 8 

SHORTEN IT 

DO --- 
.WRITE NFWRIT SHORT 
ANYWAY N RETURN 

RETURN 

NEWRIT () ERROR @ 

GAT 

“WORD. RWXT 
SHORTEN IT COUNT 

SPREAD +2 )--- USE COMMON 
NFWRIT CODE WITH .READ 
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-PROTECT, .CHCOPY 

--~ ERROR 1 

CONSTRUCT GET OTHER 
THE MASK JOB'S IMPURE 

AREA 

COMPUTE N 

BYTE OFFSET RETURN . 

INTO MAP ERROR 1 

POINT TO 
MAP IN EMTRTI } N 

IMPURE AREA 

ENTER 
SYSTEM 
STATE OTHER N 

CHANNEL ~ > 
CTI 

RETURN RETURN 
ERROR @ ERROR @ 

TRANSFER 

THE 
CHANNEL 

EMTRTI | EMTRTI 

SET BITS IN 
MEMORY MAP CLEAR DWRITS 

REWRITE ON 
t CLOSE BIT 

SET BITS IN 

“TASK MAP 
AS I 

- ENTERED 

EMTRTI N A .LOOKUP 

EMTRTI 
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~SAVESTATUS, .REOPEN, 
-MWAIT, .WAIT, 
.GTJB, .CSTATUS 

MSWAIT GSTJB 
--- SAVESTATUS SSAVST 

POINT TO RETURN JOB#, 
PROGRAM MESSAGE 

CHANNEL, LIMITS, START 
OF CHANNELS 

EMTRTI 

NZ 
N 

| 

TRANSFER 
STATUS WORD, 
MAKE CHANNEL 
INACTIVE WAIT FOR 

CHANNEL 
' NOT BUSY 

TRANSFER 
REST OF N 
CHANNEL 

EMTRTI 

Y 
EMTRTI + 

RETURN FILE 
START BLOCK, 

CLEAR HARD LENGTH, HIGH- 
ERROR BIT EST BLOCK 

RSOPEN IN CHANNEL 

RETURN DE- 
VICE UNIT # E5ERL AND RADS5@ 

E5ERG NAME 

RETURN 
ERROR 1 EMTRTI 

TRANSFER nano a 
FROM SAVE B | 
AREA TO 

CHANNEL EMTRTI 

EMTRTI 
EMTRTI 
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-CDFN, .TWAIT, .SPND, .RSUM, 

-CNTXSW, .SFPA, .TRPSET, .DEVICE 

CSDFN )--- .CDFN 

FIND OLD 
CSW AREA 

-CNTXSW ~-- SSSWAP 

CLEAR 
POINTER 

QUIESCE 
WAIT FOR 
I/O TO 
STOP 

COPY OLD COUNT 
CHANNELS TO 
NEW AREA 

y EMTRTI 

STORE NEW 
CHANNEL 
COUNT --- COMPLETION 

Comm) ROUTINE FOR 
-MRKT DONE 
BY .TWAIT 

19s BUMP 
SUSPEND 
COUNT 

q 

-TWAIT --- TSWAIT 

POINTER 

MARKTIM 

EMTERS 
LIMITS 

-SPND --- 

DECREMENT 
SUSPEND 
COUNT 

EMTRTI 

AN ADDRESS --- 
OF § MEANS 
MONITOR 
HANDLES ERROR 
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CHKSP 

CHECK 
ADDRESS 

" 
BUMP 

POINTER 

BUMP 
POINTER 

POINT TO 
WORD TO 

FILL 

MOVE ADDRESS 

FROM STACK 
TO IMPURE 

AREA 

EMTRTI 

EMTERG 

- DEVICE 

_ MARKTM 

GET NODE 
FROM AVAIL 

QUEUE 

Y 
SET UP HIGH 
AND LOW OR- 

DER TIME 

! 
SET UP 

COMPLETION 
ADDRESS 

! 
CLEAR 

CHANNEL 
OFFSET 

! 
STORE I.D. 
AND JOB # 

! 
ENTER 
SYSTEM 
STATE 

! 
SUBTRACT 

PSEUDO-CLOCK 
TO MAKE TIME 

SYSTEM 
RELATIVE 

\ 
LINK INTO 

CLOCK Q IN 
ORDER OF 

EXPIRATION 

Il 

LEAVE 
SYSTEM 

STATE 

RETURN 

E-113 

~TRPSET, 

--- SUBROUTINE USED BY 

-MRKT AND .TWAIT 

CHKSP 

ASSUME NO 

~DEVICE (CONT.) 

ERRORS FROM 

BUMP RETURN 
TO GOOD 

ADDRESS 

ERROR --- 
RETURN 



eSYNCH, .~GTIM 

POINT R5 
AT GOOD 
RETURN 

! 
SET UP NODE TO 

LOOK LIKE I/O 
QUEUE NODE. PUT 
SYNCH ADDR. IN 
NODE. SET WORD 
COUNT TO -1 TO 
FLAG THIS A 
SYNCH NODE 

REQUEST 
TASK 

SWITCH 

POINT TO 
TASK'S 

IMPURE AREA 

DOES 
ASK EXIS 

SET CPENDS 
COMPLETION 
PENDING 

BAD ERROR, 
RETURN FROM 
INTERRUPT 

t 
LINK SYNCH 
NODE INTO 

TASK'S COM- 
PLETION QUEUE 

EXIT FROM 
INTERRUPT 

G$TIM ~-- .GTIM 

ENTER 
SYSTEM 
STATE 

GET HIGH 
AND LOW 
ORDER 

PSEUDO-TIME 

! 
ADD IN AC- 
CUMULATED 

TICKS TO GET 
REAL TIME 

PAST 
MIDNIGHT 

ADJUST 
TIME 
WORDS 

t 
BUMP THE 

DATE 

CONTROL RETURNS TO 
CODE AFTER .SYNCH 

WHEN IT IS CALLED 
BY COMPLETION QUEUE 
MANAGER AT PRIORITY 
ZERO. 

E-114 

EMTRTI 

DO THE .GTIM 
ALL OVER AGAIN



C a, 

SET CHAIN 
BIT 

RIDUSR ——
 

_
 

MAKE USR 
GO AWAY 

vanort y ~ILLEGAL 
TO EXIT 

CANCEL ALL 
MARKTIMES 

! 
/[ REVERT 

WAIT FOR ALL 
I/O TO STOP 

! 
PROCESS 

SPECIAL DEVICE 
LIST 

! 
CLEAR JOB IMPURE AREA. 
REMOVE JOB'S SPECIAL 

PROTECTION BITS 
FROM LOW MEMORY BIT MAP \ .% Az 

FROM 

FOREGROUND 

FROM 
COMPLETION 
ROUTINE 

KMON 
IN 

MEMORY 

ENQUSR ‘\ 

GET OWNERSHIP 

OF THE USR 

! 
MAKE USR 

NON-SWAPPING 

WILL 
KMON OVERLAY 

USER 

WRITE OUT 
SWAP BLOCKS 

{ 

READ IN 
KMON/USR 

@xrr TO KMON)) 

59$ y 

FLUSH OUTPUT RING BUFFER. 
MAXE JOB NOT RUNNABLE. 
GIVE TT TO BACKGROUND. 

E-115 
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HARD AND SOFT RESET 

HARD RESET ( ) 
ENTRY — 

ENTER SYSTEM 

STATE WITH ee DOES IORSET CODE FOLLOWED 
SOFT RESET BY CALL TO SSRSET. 

CALLED AT EXIT 

I/O RESET ) ENTRY C IORSET 

SAVE REGS. 
g-3 

! 
SCAN HANDLER 
ENTRY POINT 

TABLE 

RESET HOLD FLAG 

TOP 

_ ELEMENT 
COMPLETE 

? 

Is 
~ HANDLER | 
RESIDENT 

CLEAR 
COMPLETION FLAG 

! 
COMPLT —

 

CALL QUEUE COMPL. 

SET HANDLER HOLD FOR TOP ELEMENT 

FLAG IN HANDLER 

mi 

ANY MORE 

Q ELEMENT 

[ JBABRT | 

ABORT 
PENDING 
MESSAGES 

t- ———— GO CANCEL 
DISCARD PENDING 

Iv C CMARKT MARK TIMES 
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HARD AND SOFT RESET (CONT.) /RDOVLY 

REVERT --- REVERT STOPS ALL I/O, 
RELEASES HANDLERS, (a) 

RESET 1/0 REMOVES EXTRA CHANNELS 
AND RESETS THE I/O QUEUE 

Y 
POINT TO REVERT (3s) 
CHANNELS : 

N 
QUIESCE 

PURGE NON- 

STOP 1/0 RESIDENT 
HANDLERS 

FROM SENTRY 

? 
y* POINT TO 

B/G 
HA iS) SKIP CHANNEL 

CHANNEL 17 

JOB THE cee 
INTERRUPT 

CLEAR ALL POINT TO RETURN 
CHANNELS F/G 

CHANNELS 

EMTRTI 

RDOVLY 

_— CHANNELS TO 
ORIGINAL 16 FLAG USER 

PROGRAM RUNNING 

QRESET 

JOB'S IMPURE 
READ IN USER 

= RESET FROM SWAP SUSPEND BLOCKS 
! COUNT | 

WAIT FOR 

(I. IOCT=) RESET QUEUE OF 
AVAILABLE NODES SET UP USER 
TO POINT TO THE STACK POINTER 

ONE INTERNAL NODE. | 
RETURN CLEAR COMPLETION 

QUEUE FLAG USR GONE 
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- SETTOP 

C SSETOP ) --- SET TOP MEMORY 

REQUEST 

LIMIT OF JOB 

SET EQUAL 
TO LOW 

LIMIT OF JOB 

J 

REQUEST 

> JOB HIGH 
LIMIT 

SET EQUAL 
TO JOB 

HIGH LIMIT 

[ ENQUSR \ 

REQUEST 
USR 

OWNERSHIP 

REQUEST 
HIGHER THAN 

KMON 

- MUST OWN THE 

FLAG KMON 
NON-RESIDENT 

REQUEST 
HIGHER THAN 

USR 

CAN 
WE 

SWAP USR 
? 

SET TO 
BOTTOM OF 

USR 

USR IN CASE 
IT MUST BE 
SWAPPED oUT 

E-118 

r-CAN'T BE OUTSIDE LIMITS 
SET BY MONITOR. 

MAKE USR 
NON-RESIDENT. 
SET USR-IS- 

SWAPPING FLAG 

[ DEQUSR \ 

GIVE UP 
USR OWNERSHIP 

a 

RETUFN TOP - RETURN HI 
VALUE IN LIMIT 
RG AND 58 ACTUALLY 

If GRANTED 

(ar) 



CANCEL MARK TIME 

C — +) 

GO TO SYSTEM 
STATE 

GET A QUEUE 
2LEMENT 

{- AQLINKE \ 

RETURN ELEMENT 

Y END OF TO FREE List 

58 - Q 

NLT ? 

08) THIS 
JOB'S 
LE VENT N 

EXIT 
(RTS PC) 

Y EXIT 
(RTE PC) 

N 

SET ERROR 
BIT. 

REMOVE 
ELEMENT t 

Be C EXIT ) 

CANCEL 

ALL 

N 

RETURN TIME 
REMAINING 
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SWAP IN USR, LOCK/UNLOCK USR 

( CALUSR )--SWAP IN THE USR 

[_ ENQUSR \ WRITE OUT 
GET OWNERSHIP SWAP BLOCKS 

OF USR 

BUMP USR 
READ IN USAGE COUNT USR 

USR IN 
MEMORY 

( TSLOCK )-- LOCK THE USR 
IN MEMORY 

EMTERY ) 

4 
GET FLOATING CLAIM IT AND 

ADDRESS 
READ INTO MEM. 

DOES 
ONE EXIST 

( usnoK ) ~-- UNLOCK THE 
USR FROM 
MEMORY 

EMTRTI 
THIS JOB 
OWNS USR 

DID IT 
LOCK IT 

? 

TY 

DECREMENT 

USR LEVEL 
COUNT 

USR RIDUSR —\ 
CALLED 
ITSELF 

? 

! 
Cc EMTDON » (swzpow _) 

IS JOB IN 
BACKGROUND 

? 
USE NORMAL. 
USR LOCATION 
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E.5.2 Job Arbitration, Error Processing 
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COMMON INTERRUPT 

ENTRY AND EXIT 

C SENSYS » 

! 
SET UP RETURN 

ADDRESS TO USE 

WHEN EXITING 

! 
(sinter, 

SAVE R4. 
BUMP LEVEL 

COUNTER. 

() 

| swrtcH STK PTRS. | 

N 

LOWER TO 

HANDLER'S 
PRIORITY 

! 
\ 

CALL HANDLER 

BACK AS 

SUBROUTINE 

RETURN HERE 

FROM HANDLER 

EXIT TO USER --- 

ENTRY POINT 

(TIMER, EXSWAP 

RETURN HERE) 

C EXUSER +) 

RESTORE 
REGS 

INTERRUPTS 
? 

-USED BY MONITOR TO 

GO TO SYSTEM STATE. 

INTERRUPT ROUTINE 

ENTRY POINT 

SET PRIORITY 

TO 7 

ANY ABORTS —— ¥ 

OR CONTEXT EXSWAP )CALL 
SWITCH? SCHEDULER 

SWITCH TO USER JOB'S 

STACK AND RESTORE 

ITS REGISTERS. 

—«é EXINT ») 

’ ' 

DECREMENT 
LEVEL 

COUNTER 

C EXIT yo EXIT TO 
(RTI) USER 

38 

FAKE FPP 
INTERRUPT 

Y SAVE FPU 
STATUS 

REGISTER 

a 
SET TO 

RETURN TO 
USER'S FPU 
ROUTINE 

DOES N USE RMON'S 
JOB HAVE FPP ROUTINE 
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SCHEDULER 

( EXSWAP ) 
CALLED BY COMMON EXIT TO USER 
CODE TO PROCESS ACTION SWITCH 

ABORT ) 

YN --- DO A TASK SWITCH 
CLEAR ACTION SWITCH | --- TRY TO RUN JOB NEXT LOWER 
LOWER PRIORITY TO g IN PRIORITY (= JOB NUMBER) 
DECREMENT JOB NUMBER I.E., RUN HIGHEST JOB RUNNABLE. 

END y PLAY WITH 
OF JOB CONSOLE 
List LIGHTS + PROCESSOR IDLE LOOP 

>? 

ENT JOB | 

C EXUSER ) 
N 

JOB 
BLOCKED 

BLOCKED IN 
COMPLETIO 

— —_—— TASK WAITING TO RUN ITS 
I/O COMPLETION ROUTINE 

SUSPENDED 
° 

(45 

[ CNTXSW \-- IF COMPLETION PENDING, CNTXSW 
WILL FAKE INTERRUPT ON TASK 

( SWITCH IN | STACK TO CALL COMPLETION QUEUE 
\ THIS JOB | MANAGER ON EXIT. 

t 
C EXUSER » 
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JOB ABORT 

C UABORT > --- CO REQUESTS ABORT OF 

CURRENTLY RUNNING 

! JOB. 

GO TO SYSTEM 

STATE AND SET 

ABORT REQUEST 

FLAG FOR CURRENTLY 
RUNNING JOB. 

DONE AT LEVEL 7. 

ABORT \ ~~ L ABORTS ALL JOBS WITH 
ABORT REQUEST FLAG 

! SET IN THEIR JOB 
DROP TO STATUS WORD 

PRI @ 

© \ 

[ SWAPME \ 

FLAG ACTION 

FOR CURRENT JOB 

CLEAR ABORT REQUEST FLAG 

FOR CURRENT JOB. 

SEARCH TABLE OF IMPURE 

POINTERS FOR JOBS IN MEMORY. 

sa “pe ~ 2 
’ $ 

FOUND 

A 

JOB 

EXUSER + 
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JOB ABORT (CONT.) 

DIRECTORY 

OP IN PROGRESS 
? 

DON'T ABORT 

JUST YET 

CNTXSW 

SWITCH TO 

ARORT CONTEXT 

[ 

\ 

\ RESET ACTIVE 

I/O 

t 
FORCE JOB TO EXIT 

WHFN RESUMED. 

CLFAN UP JOB'S 

IMPURE AREA 

1$ 
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BLOCK A TASK/UNBLOCK A TASK 

REQUEST TASK SWITCH 

(_ ssyswr ) 

JOB 
STILL 

BLOCKED 
C —— D) --- WAIT UNTIL USR 

IS AVAILABLE 

“I.E., BLOCKING 
CONDITION STILL 

TURN ON 
BLOCKING BIT 

EXISTS? 
SET BLOCKING 
BIT TO WAIT 
FOR USR. 

PREVIOUSLY 
UNBLOCKED 

C SWAPME D) 

UNBLOK C 

1 
C SWAPME 

! 

CAUSE SCHEDULER TO 
SCAN TASK LIST 
STARTING AT CURRENT 
JOB NUMBER RETURN ) 

GET CURRENT 
JOB'S PRIORITY 

»| C_ srorsw » 

REQ. JOB 
PRIORITY < 

CURRENT 

C SROQSIG 

/ 
RETURN ») | 

SROTSW AND 
CLEAR BLOCKING 

BIT. GET 
JOB NUMBER 

S$RQSIG CAUSE 
SCAN OF TASK 
LIST STARTING 

t 
ff SROTSW \ 

REQUEST A 
TASK SWITCH 

! 
C RETURN > 

AT REQUESTED 
JOB NUMBER. 

E-126 

NEW REQUEST 
PRIORITY < 
PREV. REQ. 

SET TASK 
SWITCH 

ACTION FLAG 

! 
( EXIT > RTS PC 



CHANGE CURRENT CONTEXT 

( CNTXSW Dine ENTER IN SYSTEM STATE, PRIORITY @ 

FETCH CURRENT 
JOB'S STK PTR 

SAVE REG §-3 ON ITS STACK. 

SAVE 34-52 ON ITS STACK. 

FETCH NEW 

JOB STACK 
POINTER 

SWAP 
IN SPECIAL 

LIST 

SWAP FPU ? 
REGISTERS x 

SWAP IN 
ITEMS IN 
SPECIAL 
LIST 

SWAP 
SPECIAL 
LIST 

? 

SWAP ITEMS 
IN SPECIAL 

LIST 

535 

SAVE PTR TO TOP OF EXTRA SWAP FPU 
LIST, OLD STACK PTR, REGISTERS 

NEW JOB CONTEXT. 

6$ 
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CHANGE CURRENT CONTEXT (CONT.) 

RESTORE LOC. 32-52. 

RESTORE REGISTERS. 

SAVE POINTER TO JOB STACK. 

! 
SET UP JOB 

NUMBER. 

THAT'S IT! 

JOB DOING 

COMPLETION 

FAKE INTERRUPT ON STACK. 

UNBLOCK JOB. 

SET COMPLETION FLAG. 

SAVE CHANNEL # AND 

=RROR BYTE IN IMPURE AREA. 
mnyrmeaom ETT DMT AAT Arter FATA MTT 
BXITS TO COMPLETION QUEUE MANAGER. 

EXIT 

(RTS PC) 
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IGNORE --- 

USER 
TRAP SET 

ON STACK 
OVERFLOW 

CLEAR --- 4 

USER 
ADDRESS 
TO AVOID 
RECURSION 

C sRAPID 
SAVE CONDITION 
BIT IN LOC 52 

TRAP 

FROM 
SYSTEM 

STACK 
OVERFLOW 

INTERCEPT 
ADDR 

? 

CLEAR USER 
INTERCEPT 

ADDR. RESTORE 
C BIT TO FLAG 

TRAP TO 4 OR 19) 

Y 
EXIT TO 
USER 

CLEAN UP 
OUR STACK 

FETCH ADDR. 
OF ERROR. 

RESET STACK 

ERROR PROCESSING 

PRIORITY + @ 
RESTORE C BIT 
SET TO PRINT 

MESSAGE 

~-- MERGE WITH 
ERROR COMMON 
CODE 

MAKE ERROR SET TO PRINT 
CODE POSITIVE "DIR UNSAFE' 

GET ADDRESS 

OF ERROR PRINT ANY 

RESET STACK. MESSAGES 

! 
C UABORT ») 

(| errcom ) 

y 
- HRESET 
- RCTRLO 

! 
PRINT MESG. 
THEN ERROR 
ADDRESS 
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E.5.3 Queue Managers (1/0, USR, Completion) 
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ENQUEUE/DEQUEUE USR 

ENQUEUE USR 

ENQUSR ») --- REQUEST USE OF 
USR IF BUSY 

DLYUSR --- SEE: REQUEST TASK SWITCH 

DEQUEUE USR 
DECLARE 

OUR C DEQUSR _) ---exve UP 
OWNERSHIP THE USR 

Cae) 
( RIDUSR +) ~-- SWAP OUT USR 

N 

EXIT 

Y 

! ; a FLAG USR 
CLEAR USR NOT IN USE 

REQUEST LEVEL 

1 

GET NEXT 
JOB 

ABORT 
REQUESTED 

DURING DIRECT, 
OP 

UABORT 

IS USR 
SWAPPING 

? 

DEQUSR » 

WAITING 

FOR 
WAS USER 
SWAPPED 

USR 

OUT 

/ UNBLOK _—\ 
READ USER 

BLOCKS BACK LET THE 
INTO MEMORY RUN 

" ! 
s FLAG USR oD a R 

NON-RESIDENT 

C to » 

! 
(_sxrr » 
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Comes) 

I/O QUEUE MANAGER 

INSERTS I/O REQUEST 
NODE IN HANDLER'S 

REQUEST QUEUE. 

ADVANCE QUEUE 
AND BUMP 

# OF REQUESTS 

Y 

POINT TO Q 
OF AVAILABLE: 

ELEMENTS 
POINT TO 

QUEUE H 
IS AN EAD 

ELEMENT OFULL 
AVAILABLE = ) 

GET A 
QUEUE ELEMENT 

<THIS ELEM. ELEMENTS 
? ee a oe es 

BUMP CHANNEL NK ey 

REQUEST N-- FORDER T 

COUNTER LINK NEW 

1 ELEMENT IN 

INSERT: BLOCK #, PTR TO 
csw, UNIT #, JOB #, 
BUFFER ADDR, WORD DID 

COUNT, COMPL. ADDR. HANDLER 
C OFULL ) COMPLETE 

WHILE HELD 

HOLD THE HANDLER 

HANDLER 
ACTIVE 

UNHOLD HANDLER 
AND INSERT 
THE Q NODE 

( me TO 
HANDLER 

! ? 

{ 
C SROSIG 

E-133 

- GO. 
WAIT 

MT/CT 
SPECIAL LOWER 

FUNCTION PRIORITY 

TO @ UNHOLD THE 

| HANDLER 

PUT IN FUNCTION 
} 

OMPLETIO C uswaro_) { cwert2_—\ 
COMPLETION 
FUNCTION 

if DO THE 

ENTER SYS. COMPLETION 

Y STATE TO WAIT 

ENTER SYSTEM FOR A 

STATE, THEN Q ELEMENT 

WAIT UNTIL 
DONE 

(=m) 



QUEUE COMPLETION 

C COMPLT ENTERED FROM DEVICE 
HANDLERS WHEN I/O 
REQUEST COMPLETED 

MORE 
( CMPLT2 ) 

POINT TO , REQUESTS 
IMPURE AREA FOR 7 
AND DECR. 

DEVICE CLEAR LAST PENDING REQUESTS 
ON CHANNEL 

g 
QUEUE ELEMENT 

FLAG IN HANDLER 
SET STACK TO 
CALL HANDLER 

ON EXIT 

DOING 

COMPLETION AQLINK +) 

WAITING 
FOR IT 

SAVE CHANNEL STATUS WORD 
AND CHANNEL OFFSET 

[_ UNBLOK ‘\ IN THE O ELEMENT. 
UNBLOCK THE 
TASK WAITING 

FOR THE CHANNEL [ SROTSW "| 

REQUEST CONTEXT 
SWITCH FOR 

\ THE TASK 

DECR. # OF INSERT THE 
I/O REQUESTS ELEMENT IN 
FOR THE TASK THE COMPLETION 

QUEUE 

i 
EXIT 

( (RTS PC) 

[ UNBLOK —\ C AQLINK _ ) 

! UNBLOCK TASK 
IF WAITING FOR INSERT THE 
I/O TO FINISH ELEMENT IN 

AVAIL QUEUE. 
j BUMP COUNT 

REMOVE USED } 
ELEMENT 

FROM QUEUE C EXIT +) 
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COMPLETION QUEUE MANAGER 

(_ scRINe ») --- ENTRY POINT (ENTERED WHEN 
CNTXSW FAKES AN INTERRUPT 
ON STACK BEING SWITCHED IN.) 

GET ANOTHER 
COMPLETION 
ROUTINE 

GET COMPL. 

N (2) ROUT. ADDRESS 

[ \ 
CLEAR [| CALL COMPLETION 

COMPLETION ROUTINE AS A 
FLAG SUBROUTINE 

EXIT TO 
USER (RTI) 

LINK FORWARD 
IN COMPL. QUEUE 

CLEAR LAST 
Q. ELEM. FLAG 

THIS IS XY 
UAT 
oOLIWLT 

ELEMENT 

RETURN TO 
AVAIL. QUEUE 

rn 
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E.5.4 Clock Interrupt Service 
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CLOCK INTERRUPT HANDLER 

(| LKINT +) 

7 
BUMP TICK 

COUNTER FAST EXIT 

AT LEVEL 7 

N --- INTERRUPTED A 
TASK, O.K. 

SAVE R5 ON 
USER STACK. 
SWITCH TO 

SYSTEM STACK. 
PRIORITY * @ 

SAVE C BIT. 
LINK QUEUE 

FORWARD 

t 
SROTSW \ 

SAVE R4 AND 
SP. THEN GET 

REQUEST A 
CONTEXT SWITCH 
FOR THIS JOB 

! 
SET COMPLETION 

# OF TICKS PENDING FLAG 
ENTRY POINT q IN JOB STATUS 

FROM --{ TIMER » 
INTERRUPT ; 
EXIT 
CODE ADD TICKS CQLINK \ 

TO SYSTEM LINK TIMER 
PSEUDO-CLOCK NODE TO 

BUMP HI-ORDER COMPLETION 
PSEUDO CLOCK. QUEUE 
CLEAR C BIT . | 

DONE POINT ™O 
CLOCK QUEUE one nO Bre 

I.E., BRANCH ELEMENTS. VALUE 
TO 4S IF —— >fsrupDd (C_= 1) 
CARRY SET ‘CLOCK 

OVERFLOW (2 = 9 IF 
NON-EMPTY 
QUEUE) 

SUBTRACT 1 
FROM HI ORDER 

(2 = B) TIME. MOVE 
. ; PAST LO ORLER TEST FIRST - — IGH _/CAN'T HAVE EXPIRED mie 

ELEMENT IN ORDER N OURUE EXPIRATION 
TIME 

LO ORDER 
TIME? 

> 

Y --- TIMER EXPIRED FOR 
THIS JOB 

(C 

EXUSER 
LINK TO NEXT 
QUEUE ELEMENT 

= §) 
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E.5.5 Console Terminal Interrupt Service 
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TT INPUT INTERRUPT ROUTINE 

C sn > 

~\ 

[ SINTEN 

COMMON _ 
INTERRUPT 

ENTRY 

! 
FETCH CHAR. 
AND STRIP 
PARITY 

XY 
EXIT 

N 

CONVERT 
LOWER CASE 

TO 
UPPER CASE 

SPECIAL 
CONTROL 
CHAR. 

TTIDSP 

DISPATCH 
TO 

PROCESSING 
ROUTINE 

->CTRL.C 

‘F>CTRL.S 

—-CTRL.F 

r>CTRL.B 

DISPATCH 

TO 
PROCESSING 
ROUTINE 

> CTRL.U 

> ALT 

>> RUB 

(wanes) 

E-140 

f TTHIN 

BUMP COUNT & 
INPUT POINTER 

END 
OF 

BUFFER 

WRAP 

POINTER 

N TO TOP 

INSERT CHAR 
INTO BUFFER 

! 
a EOLTST \ 

CHECK FOR | 
END OF LINE 

, 

va)
 

G 

XY 

BUMP LIN& 
COUNT 

CALL HANDLER 

a 



7$ 

SAVE FOR 
PREVIOUS 

CHAR. TEST 

! 
/ _ UNBLOK 
UNBLOCK USER 

IF WAITING 
FOR TT 

\ 

Y 

TTOPT3 | 

ECHO THE 

CHARACTER 

—
—
 

CARRIAGE 
RETURN 

TT INPUT INTERRUPT ROUTINE (CONT. ): 

C CTRL.C ») C CTRL.B + (| TTOENE ») 

! 7 i 
[  zcuogc GIVE INPUT GNABLE 

ECHO "*C<CR><LF>" OWNERSHIP PRINTER 
TO BG INTERRUPT 

SECOND 
CTRL/C 

GIVE OUTPUT 

OWNERSHIP 

TO BG 

REQUEST ¥ 
TASK SET UP TO 

ABORT PRINT 

’ OWNERSHIP 
ID ("B>") 

C EXIT + " 

TTOENB 

ey
, CTRL.F 

CHANGE CODE 
TO LINE FEED 

+ —--GENERATE A <LF> 

ON RECEIPT OF <CR> 

! 
C TTINC3 } ~—GO INSERT IN BUFFER 

GIVE INPUT 
OWNERSHIP 

TO FG 
[  ecHo | 

ECHO "F2" 

FG 

SET UP TO 
ECHO A BELL 

! 
( axrr +) 

OWNS 
OUTPUT 

- - ECHOES 
"BELL' 
WHEN INPUT 

! BUFFER 

SAVE CHAR. 
IN CASE OF 

tC +C 

TS PULL GIVE OUTPUT 

OWNERSHIP 
TO FG 

Y 
t 

(| tropra) 

TO PRINT 
("F >") 

y 

EXIT + 
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TT INPUT INTERRUPT ROUTINE (CONT.) 

( crrn.s ) 
7 

SET XEDOFF 
SWITCH, IF C CTRL .U ) 
ENABLED ! 

[_ cHORg \ 
ECHO A 

WAS IT "au! 
ENABLED 7 

? 
C RUB ») CLEAR PREVIOUS 

CHAR, IF ONE 
__ PROCESS 

C TIIDSP + CHARACTER ANY 

CHARS. IN 

C CTRL.Q ») 

Y 
CLEAR 
XEDOFF 

TTIDSP 
WRAP PTR 
AROUND™ 

RE-ENABLE N y* 
TT OUTPUT DECREMENT 
INTERRUPTS COUNT & 

" PTR 

DOING 
RUBOUT 

? C CTRL.O ») 

y 
CLEAR CHAR COUNT, SET 
BUFFER POINTERS EQUAL 

i ! 
[ ECHO | 
|ECHO "+O CR LF" 

ECHO BACKSPACE, 
SPACE, 

SAVE PREVIOUS ‘BACKSPACE 
_ CHARACTER 

TOGGLE 
+40 FLAG EXIT WAS 

’ | LAST A 
| RUBOUT [ UNBLOK \ ] 

UNBLOCK [ ecHo_\ 
TASK IF STOPPING TYPE LEADING 

' ' OUTPUT WITH +O TYPE CHAR. 
DELETED 

! ! 
C sa) (ear) 
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TT ECHO SERVICE 

C ECHORG )-- ECHO A CONTROL 
CHARACTER 

{ tropt3_—\ 

FIRST ECHO 
AN ',' ROOM 

IN EXIT 1») 

BUFFER (WITH C = 1) 
MAKE CTRL --FALL THROUGH 5 
CHARACTER TO TTOPT3 TO 

A PRINTING CODE | ECHO THE 
H LETTER INSERT CHAR. 

BUMP PTR. 
( TTOPT3 ») ECHO A CHAR. INCR. COUNT 

- RE-ENABLE 

INTERRUPT. 
EXIT WITH 
C CLEAR 

( ECHOgc _}- ENTER HERE 
WHEN ECHOING 

! A CTRL 
_} [ ECHORG \ CHARACTER 

ECHO A ECHO CTRL 
T CHARACTER 

) C ECHO }- ENTER HERE 
TTOPT4 | TO ECHO UP 

TO TWO CHAR- 

{ tropt4 | ACTERS 
ECHO FIRST 
CHARACTER 

CHARACTER ECHOR ») 

N N 
(| tropra  ) 

’ Y 

POINT TO / TTOPT4 
' 

ieee ECHO THE 
SECOND CHARACTER 

- _ ] 
( vropr2  ) r 
— x OUTPUT C EXIT ») 

COUNT <f 
IMPLIES 
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TT OUTPUT INTERRUPT ROUTINE 

C TTOINT +) 

! 
INTEN 

DROP TO 
LEVEL 4 

a 
J 

DECREMENT 
COUNT, THEN 
PRINT A NULL 

C EXIT + 

XOFF 
FLAG SET 

? _y
¥ 

EUMP TAB 
FILL COUNT 

STILL” 
PRINTING 

A TAB 

POINT TO USER'S 
IMPURE AREA 

POINT TO 
JOB TABLE 

GET A JOB 
POINTER 

TT INTERRUPTS PRINTING 
AN ID 

CLEAR TAB WAS 
FILL COUNT y IT END 

{— OF TABLE 

TURN OFF 

i 
C EXIT +) (as) myY 

XT 
PRINTS JOB --- oe CHAS 

I.D. (F> OR 

B>) 

“-(65) 
Y 

CLEAR ID 

FLAG (TTOID) 

E-144 

WANTS 
TO TYPE 
ANYWAY 



TT OUTPUT INTERRUPT ROUTINE (CONT.) 

N 

{ 

CHANGE TT POSITION 
OWNERSHIP. COUNT > OBUMP 
PRINT ID WIDTH 

PRINT <CR><LF>. 
CLEAR LINE 

UNT TTHOUT +) POSITION CO 

8$ 

f UNBLOK 
L. \ 

UNBLOCK JOB 
IF WAITING FOR 

TT OUTPUT. 

GET RING 
BUFFER 

POINTERS 

WRAP CLEAR LINE 
AROUND POSITION 
TO TOP COUNT 

— 
( OBUMP » 

ANYTHING N az 
TO PRINT Y 

BUMP RING PTR. 
TURN OFF DECR. CHARACTER 

TT INTERRUPT COUNT 
GET BYTE 

CLEAR PARITY ' 3 Can) (« 
MAYBE NOT | PRINT THE TABLE | 

PRINS C CHARACTER 

¥ AY 
BUMP LINE NEED 
POSITION FILL CHAR. 

? 

<CR><LF> AT 
72 ENABLED OBUMP +) SET UP 

2 FILLERS 

Y i 

(em) 
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TT OUTPUT INTERRUPT ROUTINE (CONT.) 

PROCESS --- 
SPECIAL 

CHARACTERS 

SIMULATE FF 
WITH 8 <LF>S 

HARDWARE 
TAB 

MOVE LINE 
POS. TO FILL 
COUNTER. SET 

TO ECHO SPACES 

FIX LINE 
POSITION 

BUMP CHAR. 
POINTER 

t 
C OBUMP +) 

OCKCR ») | 

OBUMP ») 

BACK UP 
CHARACTER 
POINTER 

OBUMP 

OUTPUT 
COMPLETE 

? 

TTHOCM +) 

TTHOCM » 

GET A BYTE 
CHECK FOR 

NULLS 

Y 

BUMP BYTE 
PTR AND 

DECR. COUNT 

TTHOCM 

| 
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Y 
/ TTCMPL \ 

CALL COMPLETION 
FUNCTION FOR 

TT: OUTPUT 

! 
C FOON » 



E.5.6 Resident Device Handlers (TT, Message) 
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TT: RESIDENT HANDLER 

ENTRY +) 
POINT 

FIND IMPURE (a) 
AREA, THEN 

GET WORD CT. 

(WRITE) 

N 

BUMP 

BUFFER 
POINTER 

{ TropT2 —\ 

PRINT A ‘ft! 

PROMPT CHAR. 

--- GET AS MANY LINES 
AS POSSIBLE 

BUMP 
\< BUFFER 

POINTER 
( TTHIN = ENTER HERE WHEN 

END OF LINE IS 
NN DETECTED. 

LINE 

BUFFER UNFILLED F- RT-11 FILLS 
BYTE AND REST OF BUFFER 

COUNT DOWN WITH ZEROES. 
{ IGET \ 

GET A 
CHARACTER N (28) 

FROM BUFFER 

Y 

DOUBLE SET BOF 

5 

N CLEAR IMPURE 
AREA PTRS, 

y 7 WRITE POINT TO QUEUE 
TTCMPI, 

N 

[ \ 
\ DO compton | 

( COMPL'T D) 
PASS CHAR SET UP POINTER 
TO USER, ENABLE PRINTER 
DECR. THE INTERRUPT 

COUNT 

ty
 

> Hi
 

H 
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TT; RESIDENT HANDLER (CONT. ) 

C i D 
BUMP GET 

POINTER 

END 

OF 

BUFFER 
v2 
ry 

WRAP POINTER 

TO TOP 

—_ 

GET CHAR & 

DECR. COUNT 

1 

EOLTST [ _| 
f CHECK FOR | 

1C, 42, LF 

DECREMENT 

LINE COUNT. 

SET Z IF 

CTRL C 

t 
(exrr) 
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MESSAGE HANDLER 

ENTRY 
POINT 

GET JOB # 
OF WNEXT 
ELEMENT 

Y --- IGNORE 

CHANGE JOB # 
TO ¢ OF 

RECEIVING JOB 

ANY SET UP TO 
MESSAGE TRANSFER 
WAITING DATA 

MATCH WITH SDAT 
IS ITA 
RECEIVE 

ITS A SEND DATA,- 
MUST MATCH WITH 
RCVD. 

ABORT — 
@) ENTRY POINT 

FIND END OF (268) 
QUEUE AND 

LINK IN ELEMENT 

POINT TO 
IGNORE SEEKS A JOB'S 
(WORD COUNT = §) MSG QUEUE 

CLEAR LAST 
LINK WORD 

C)—Ft 
C EXIT ») GET AN ELEMENT 

TRANSFER DATA, AND FREE IT 
INDICATE : 

AMOUNT SENT. 

Y 
‘a compLT —_\ 

RETURN ELEMENT LINK IN 
IN QUEUE TO FIRST ELEMENT 
FREE LIST. 

--- FREE THE OTHER 

ELEMENT, RETURN 
FROM COMPLT 

C COMFLT ») 

E-150



ENTRY POINT INDEX 

Page numbers marked by an asterisk indicate the flowchart of the entry 
point. 

SCRINE, 

SENSYS, 

SINTEN, 

SRQABT, 
SRQSIG, 

SROTSW, 

SSYNCH, 

SSYSWT, 

E-135* 
E-122* 
E-122* 
E-141*, E-148 
E-126*, E-133 
E-126* 
E-114* 
E-126* 

ABORT, E-123, E-124, E-150* 

ADTRAN, E-13* 
ALT, E-89*, E-140* 

AQLINK, 

ASSIGN, 

BADCOM, 

E-134* 
E-20* 

E-5* 

E-4*, E-7, E-9 
BEGIN, E-7*, E-9 
BLKCHK, E-56, E-57* 

CSDFN, E-72*, E-112* 

CSDFN2, 
CSHAIN, 

CSLOS2, 

CSLOSE, 

E-66*, E-72 
E-75*, E-115* 
E-66*, E-69, E-105*, E-106 
E-69*, E-106* 

CSMKT, E-119* 
CSPYCH, 

CSSIGN, 

CSSISP, 

CSSTAT, 

CALUSR, 

E-110* 
E-66*, E-106* 
E-66*, E-106* 
E-111* 
E-82*, E-120* 

CCBBO, E-15* 

CDFN, E-30* 

CHANER, E-64, E-65* 

CHKSP, E-113* 

CHXIT, E-75, E-78* 

CLOCOM, E-33, E-42* 
CLSQSH, E-36, E-42* 

CMARKT, E-116, E-119* 

CMPLT2, E-134* 

CNTXSW, E-127* 

COMERR, E-59 

COMPLT, E-100*, E-134*, E-148, 

E-150 

COMXIT, E-30, E-33, E-34, E-35, 

E-37,; E-38, E-40, E-41, 

E-43, E-54, E-59* 
CONSOL, E-60* 
CSI, E-46* 

CTRL.B, 

CTRL.C, 

CTRL.F, 

CTRL.O, 
CTRL.Q, 

CTRL.S, 

CTRL.U, 

E-141* 
E-141* 
E-141* 
E-142* 
E-142* 
E-142* 
E-142* 

CTRLC, E-90* 
CTRLO, 

CTRLO, 

E-89* 
E-89* 

E-151 

CTRLS, E-89* 

CTRLU, E-91* 

DSDTAT, E-105* 
DSLETE, E-66*, E-105* 

DSSTAT, E-66* 
DSVICE, E-113 

D, E-4, E-6* 
DATE, E-18* 
DELETE, E-36* 
DELOUT, E-34*, E-36, E-38, E-42, 

E-43 

DEQUSR, E-117, E-132* 
DLEET, E-56* 
DLYUSR, E-126*, E-132 
DOSAVE, E-19 

ESNTER, E-66*, E-105* 

ESXIT, E-78*, E-115 

E, E-4, E-5* 

E376, E-64, E-81*, E-104 

E5ERO, E-111* 

E5ER1, E-111* 

ECHO, E-143* 

ECHOOC, E-143* 

ECHORO, E-143* 

EMTCOM, E-104* 

EMTDON, E-65*, E-68, E-69, E-70, 

E-72, E-73, E-74, E-75, E-76, 

E-77, E-79, E-80*, E-88, 

E-89, E-90, E-91, E-107*, 

E-108, E-120 

EMTERO, E-107*, E-112, E-113, 

E-120 

EMTOUT, E-64, E-65*, E-68, E-81 

EMTPRO, E-64*, E-104* 

EMTRTI, E-105, E-106, E-107*, 

E-110, E-1ll, E-112, E-113, 

E-114, E-117, E-120 

EMTUSR, E-105*, E-106 

ENQUSR, E-132* 

ENTER, E-37* 

ENTRPG, E-7, E-69, E-117 

ENTRY, E-59* 

EOLTST, E-92* 

ERRCOM, E-129* 

EXINT, E-122*, E-138 

EXSWAP, E-122, E-123* 

EXTEND, E-38, E-39* 
EXUSER, E-122*, E-123, E-124, 

E-138 

FSETCH, E-66*, E-105* 
FATAL, E-29* 
FILE, E-14* 
FOON, E-144*, E-146 

FRUN, E-24* 
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GSTIM, E-73*, E-114* 
GSTJB, E-73*, E-111* 
GESTAT, E-40* 
GET, E-4, E-8* 
GETBLK, E-23* 
GETFD, E-53* 
GETNAM, E-53* 
GT, E-25* 

HSERR, E-74* 
HSRSET, E-66*, E-116* 
HDRSET, E-35* 

IGET, E-149* 

INCR1, E-59 

INIT, E-4* 

IORSET, E-116* 

KLOSE, E-42* 

LSOCK, E-75* 

L$OOK, E-66*, E-105* 

LK4DEV, E-61* 

LKER1, E-34*, E-36 

LKINT, E=138* 

LNFILE, E~-33, E-34* 

LOAD, E-21* 

LOOKUP, E-33* 

MSRKT, E-112* 

MSWAIT, E-111* 

MARKTM, E-113* 

MEXIT, E-4*, E-79 

MEXIT2, E-4*, E-78 
MONOUT, E-49, E-75*, E-120* 

NFREAD, E-70*, E-71 

NFWRIT, E-71*, E-109 

NOSWIT, E-48* 

NXBLK, E-56* 

NXTFIL, E-47*, E-48 

OBUMP, E-145*, E-146 

OCKCR, E-145*, E-146 

OFILL, E-144* 

OPRINT, E-5*, E-24 

OPUT, E-96* 

OUSTUF, E-52* 

OVLINK, E~-12* 

OVREAD, E-12* 

PSRINT, E-76*, E-105* 

PSROTE, E-110* 

PSURGE, E-74*, 
PHETCH, E-40* 

PUTBLK, E-23* 

E-106 

QSSET, E-66*, E-105* 

QFULL, E-133* 

QMANGR, 

QRESET, 

E-98*, E-133* 
E-117* 

QSET, E-43* 

QUIESCE, E-117* 

RSCTLO, E-105* 
RSCVD, E-108* 
RSEAD, E-70*, E-74, E-108 

RSNAME, 

RSOPEN, 

RSSUME , 

R, E-4, 

RDOVLY, 

REENTR, 

RENAME, 

E-66*, E-105* 
E-69*, E-111* 
E-112* 
E-7* 
E-7, E-69*, E-117* 

E-33* 

RENTR, E-37*, E-39 

RESUM, E-112* 

RESUME, 

REVERT, 

RIDUSR, 

RSTSR, 

E-22* 
E-117* 
E-132* 

E-35* 

RTORG, E-29* 

RUB, E-91*, E-142 

RUBCM2, 
RUBCOM, 

E-92* 
E-92* 

RUN, E-4, E-9* 

RWXT, E-108*, E-109 

RWXTEO, 

SSAVST, 

E-108* 

E-68*, E-111* 
SSDAT, E-109* 

SSERR, E-74* 

SSETOP, E-77*, E-118* 
SSFPA, E-73* 
SSFPP, E-112* 
SSPFUN, 

SSRSET, 

SSSPND, 

SSSRET, 

SSSWAP, 
SSTRAP, 

E-74*, E-108* 
E-66* 
E-112* 
E-117* 
E-112* 
E-113* 

SAVE, E-19* 

SAVEVC, E-6, E-14* 

SEGRW, E-58* 

SEGRWI1, 

SEGRW2, 

SOFRST, 

SPDEL, 
SPECIAL, 

SPENTR, 

SPESHL, 

SPLOOK, 

E-152 

E-58* 
E-58* 
E-35* 

E-47, E-48* 
E-37, E-38* 
E-59 
E-33, E-34*



SPREAD, E-108* TTIDSP, E-140*, E-142 

STARTK, E-4, E-9* TTIEXZ, E-88*, E-91 

STRE, E-9* TTIINT, E-86*, E-140* 

STRTIN, E-46*, E-48 TTINC3, E-87*, E-88, E-89, E-90, 

SUSPEND, E-22* E-140*, E-141 

SWAPME, E-126* TTODON, E-93, E-94* 

SWITCH, E-47, E-48* TTOENB, E-141*, E-143 

SYNERR, E-47 TTOINT, E-93*, E-144* 

SYSK, E-16* TTOPT2, E-143* 
TTOPT3, E-143* 

TTOPT4, E-141, E-143* 

TSLOCK, E-120* TTOPUT, E-95* 

TSRPST, E-68* TTORUB, E-95* 

TSTIN, E-79*, E-107* TTPOXT, E-93, E-94* 

TSTOUT, E-80*, E-107* 

TSWAIT, E-112* 
TCHKSP, E-93, E-94* USNLOK, E-75*, E-120* 

TIME, E-18* UABORT, E-115, E-124*, E-129, 

TIMER, E-122, E-138* E-132 

TOOBIG, E-64, E-65* UNBLOK, E-126* 

TPRNT7, E-93*, E-94 UNLOAD, E-22* 

TRAP10, E-129* USR, E-32* 

TRAP4, E~-129* USRBUF, E-29* 

TSWCNT, E-109* USRCOM, E~-54* 

TTCMPL, E-148* USRNF, E-55* 

TTHIN, E-148* USWAPO, E-115, E-133* 

TTHOCM, E-146* 

TTHOUT, E-145, E-146* 
TTIBUM, E-91* WSAIT, E-72*, E-111 

WSRITE, E-71*, E-109 
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Abbreviations, 1-2 
Abort, 

code, 5-8 
entry point, 6-4 

Absolute section, 3-21 

Adding a handler to system, 5-11 
Allocating space for F/G, 2-4 
ANSI MT labels under RT-1l, 3-12 

ASSIGN command, 2-15 

Backslash character (\) (BATCH), 
7-1 

Bad tape errors, 3-13 

BATCH, 7-1 

compiler, 7-4, 7-6 

CTL format, 7-1 

CTT temporary files, 7-22 
directives, 7-1, 7-2 
example, 7-11 

job termination, 7-6 
language, 7-1 

run-time handler, 7-2 
BATSW1 switches, 7-3 

B/G (definition), 1-3 

Bitmap byte table, 2-21 
BLIMIT table, 2-4 

Block, 

_ENDGSD, 3-19 
GSD, 3-19 

Blocking a job, 6-3 
Blocks, data, 3-19 

Bootable magtape, 3-12.1 
Bootstrap, 2-24 

operation, 4-3 

system, 5-15 

Building a new system, 5-16 

SCALL command (BATCH), 7-12 
Carriage width, 2-26 
Cassette, 

file header, 3-15 

file structure, 3-14 

Channel number, 3-4 

Channel status word, 1-2 

Checksum byte, 3-18 

Clock interrupt service, 
flowcharts, E-83, E-137 

Command field, 3-24 

Command string interpreter (CSI), 
see CSI 

Compatibility between. RT-11 
versions, C-l 

Compiler (BATCH), 7-4 

construction, 7-6 

temporary files, 7-22 
Completion queue elements, 5-5, 

5-6 

Index-1 

INDEX 

Console terminal, 

interrupt service (flowcharts), 
E-85, E-139 

substitution, 2-23 

Constant field, 3-24 

Context switch, 6-2, 6-3 

Converting user-written handlers, 

requirements, 5-23 
SCOPY command (BATCH), 7-11 

<CR> (definition), 1-3 

SCREATE command (BATCH), 7-11 

CR11 device handler, A-35 

CSECTsS, 3-21 

CSI (Command String Interpreter), 
definition, 1-2 

flowcharts, E-45 

requests, 6-5 

Subroutines (flowcharts), E-51 

SCSW (definition), 1-2 

CT file header format, 3-16 

CTL file (BATCH), 7-1, 7-22 

CTT file (BATCH), 7-22 

Current queue element, 5-3 

Data base description (BATCH), 

7-7, 7-10 
Data blocks, 3-19 

Data transfer operations, 5-19 

by device handlers, 5-9 

Date, 3-5 

Definitions, 1-2 

SDELETE command (BATCH), 7-11 

Determining user program memory, 
2-2 

Device directory, 2-15, 3-1 

Device Directory Size table, 
SDVSIZ, 2-15 

Device driver, 5-16 

Device Handler Block table, 

SDVREC, 2-14 
Device handlers, 5-1, 5-14 

CR11, A-35 
format, 5-8 

LP/LS11, A-28 
RC11/RS64, A-2 

TCl1l, A-47 
Device handlers changed by SET 

command, 5-21 

Device identifier, 2-13 

DEVICE macro, 2-16 

Device Ownership table, SOWNER, 

2-16 
Device Status table, SSTAT, 2-13 

Devices with special directories, 
5-19 

Differences between Vl and V2/ 

V2B EMTs, C-1 
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Directive, 7-1 

SDIRECTORY command (BATCH), 7-11 

Directory entries, 3-2 

format, 3-3 
Directory header, 

format, 3-1 

words, 3-2 

Directory of devices, 2-15 
Directory operations, 5-19 
Directory segment, 3-1, 3-6 

extensions, 3-8 
format, 3-1 

Double tape mark, 3-11 

SDVREC (Device Handler Block 

table), 2-14 

SDVSIZ (Device Directory Size 

table), 2-15 
Dynamic memory allocation, 2-7 

Empty file, 3-3 

EMT processors (flowcharts), E-67, 
E-103 

ENDGSD block, 3-19, 3-22 

ENDMOD block, 3-28 
Entry conditions, device handler, 

5-9 
SENTRY (Handler Entry Point table), 

2-14 
Entry point, 

index, E-151 

table format (library), 3-29. 
SEOJ (BATCH) 

command, 7-13 

statement, 7-6 
Error checking (BATCH), 7-12 
Errors, bad tape, 3-13 

in special device handlers, 5-29 
Events, scheduler, 6-4 

Example, 

BATCH, 7-11 

program linked to produce REL 
file, 3-35 

Extra words, 3-5 

F/B (definition), 1-3 
F/B monitor, 

description, 6-1 
flowcharts, E-l 

F/G (definition), 1-3 

File formats, RT-1l, 3-1 

formatted binary (.LDA), 3-30 
object (.OBJ), 3-16 
relocatable (.REL), 3-32 

save image (.SAV), 3-31 
File, 

header, cassette, 3-15 

length, 3-4 

names and extensions, 3-4 

File structure, 3-1 

cassette, 3-14 

magtape, 3-11 
File types, 3-3 

tentative, 3-3 

empty, 3-3 

permanent, 3-4 

Files, size and number, 3-7 

Filling directory segments, 3-7 
First end-of-file label, 3-12 

First file header label, 3-12 

Fixed offsets, 2-10-2-12 

FLIMIT table, 2-4 

Flowcharts, S/J and F/B monitor, 
CSI (Command String 

Interpreter), E-45 

KMON (Keyboard Monitor), E-3 
RMON (Resident Monitor), F/B, 

E~-101 
RMON (Resident Monitor), S/J, 

E-63 
USR (User Service Routines), 

E-27 
Foreground job area, 2-3, 2-4 

Foreground spooler example, D-1l 

Foreground terminal handler, B-1 

Format, CT file header, 3-16 

Formatted binary block, 3-18 

Formatted binary. format, 3-30, 
3-31 

Function codes, 5-19 

negative, 5-20 

positive, 5-19 

Global, 

additive displaced relocation, 

3-26 
additive relocation, 3-26 

displaced relocation, 3-26 
references, 3-21 

relocation, 3-25 

symbol directory (object 
module), 3-20 

symbols, 3-21 

GOTO command (BATCH), 7-12 

GSD 

block, 3-19 
item, 3-20 
structure, 3-20 

Handler Entry Point table, 
SENTRY, 2-14 

Handler, 
installation, 5-11 
names, 5-12 

queue header, 5-3 
Handler Size table, $HSIZE, 2-14 

Handlers, 2-14 

interrupt, 6-1 
for special devices, 5-19 
user-written, 5-23 
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Hardware mode, 3~15 

Header block, 3-1 

format, library, 3-29 

words, device handier, 5-8 

High limit pointer, 2-5 
SHSIZE (Handler Size table), 2-14 

HSIZE macro, 2-17 

IF conditional branch (BATCH), 

7-12 

Impure area, 2-3, 2-18, 2-19, 2-21 

Initiating a BATCH job, 7-4 
-INTEN request, 6-1 

Internal relocation, 3-24 

Internal displaced relocation, 
3-25 

Interrupt, 

code restrictions, 5-10 

handler, 5-9, 6-1 

vector tables, 5-13 

vectors, 2-23 

I/O queue elements, 5-1, 5-2 
I/O queuing system, 5-l 
I/O routines, E-97 

I/O termination, 6-5 
I/O transfers, 5-1 

ISD (Internal Symbol Directory), 

3-28 

Job, 

arbitration, error processing, 
E~-121 

blocking, 6-3 

boundaries (F/B), 2-4 

ID area, 2-21 

initiation (BATCH), 7-4 
number, 3-4, 6-3 

priority, 5-5, 6-3 
scheduling, 6-3 
status, 2-19 

termination (BATCH), 7-6 
Job Status Word, 1-3 

S$JOB command (BATCH), 7-11 
JSW (definition), 1-3 

KMON (definition), 1-2 

KMON (Keyboard Monitor), 1-2 
flowcharts, E-3 

overlays, 4-3, E-i7 
subroutines, E-1ll 

Label, 

first end-of-file, 3-12 

first file header, 3-12 

volume header, 3-12 

~ Index-3 

Labels, 

BATCH, 7-12 
magtape, 3-12 

Language processor, 3-16 

object modules, 3-19 
Last queue element, 5-3 

-LDA, formatted binary format, 

3-30 
<LF> (definition), 1-3 
Library, 

end trailer, 3-30 
file format, 3-28 

header, 3-28 

object format, 3-28 
Limit tables, 2-4 

BLIMIT, 2-4 

FLIMIT, 2-4 
Linking BATCH, 7-2 

Location counter, 
commands, 3-23 

definition, 3-27 

modification, 3-27 

Low memory bitmap (LOWMAP), 2-21 

LP/LS11 device handler, A-28 

Macro, 

DEVICE, 2-16 
HSIZE, 2-17 

SMACRO command (BATCH), 7-11 
Magtape 

bootable, 3-12.1 

compatibility, 3-13 

file structure, 3-11 

Making SET TTY options permanent, 
2-25 

Mode, hardware, 3-15 

software, 3-15 

Memory, 1-1, 2-1, 2-2 

allocation, 2-7, 2-8, 2-9 
areas, 2-9 

Mnemonic names, 1-3 

Monitor, 

description (F/B), 6-1 
device tables, 2-13 

fixed offsets, 2-9 

memory allocation, 2-7 
memory layout, 2-1 
operation, 1-1 

MONITR.SYS contents, 4-2 

-MRKT request, 5-7 

Name field, 3-24 

Names, 
and extensions, file, 3-4 
handler, 5-12 

mnemonic, 1-3 

Negative relocation, 3-32 
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Object format (.OBJ), 3-16 
Object module processing, 3-17 
Offsets, fixed, 2-10 -'2-12 
Operations, 

data transfer, 5-19 

directory, 5-19 
special, 5-19 

Output (BATCH), 7-4 

Overlay programs, 3-32 

Overlay segment relocation block, 

3-44 
Overlays, 3-42 

Overview, 1-1 

SOWNER (Device Ownership table), 
2-16 

Ownership code, 2-16 

Paper tape format, 3-30 

Patch procedures, TTY options, 
2-26 

Permanent file, 3-4 

Permanent name table (SPNAME), 2-13 

SPNAME (Permanent Name table), 2-13 

Positive relocation, 3-32 

SPRINT command (BATCH), 7-11 

Priority level of handlers, 6-1 
Program sections, 3-21 

Programmed requests, 5-20 

to special devices, 5-20 
V1, C-1L 

Public device, 2-16 

Queue element for a special 

handler, 5-20 

Queue elements, 

completion, 5-5 

timer, 5-7 

Queue header, handler, 5-3 

Queue manager, 5-5 

flowcharts, E-131 

Queue structures, 5-5 

Queued I/O, 5-1 

-RAD50 conversions, 5-12 
RC11/RS64, 

bootstrap, A-9 

device handler, A-2 

REL file, 
without overlays, 3-33 

with overlays, 3-42, 3-43 
Relocatable format (.REL), 3-32 

Relocation, 3-32 

codes, 3-24, 3-25, 3-26 

global, 3-25, 3-32 

global additive, 3-26, 3-33 
global additive displaced, 3-26, 

3-33 
global displaced, 3-26, 3-33 

Relocation, ({cont.) 

information, 3-34 

internal, 3-24, 3-32 

internal displaced, 3-25, 3-33 

Resident device handlers 

(flowcharts), E-147 

Resident monitor, 1-2 

RLD, 

block, 3-22 

commands, 3-23 

format, 3-24 

RMON (definition), 1~2 

RMON (Resident Monitor) flowcharts, 
for F/B Monitor, E-101 

for S/J Monitor, E-63 

Root relocation, 3-44 

RT-11 file formats, see file 

formats, RT-11 

Sample handler listings, A-1 
Save image format (.SAV), 3-31 
Scheduling, job, 6-3 

Segments of directories, 3-8 
Sentinel file, 3-15 

SET command, 5-21 

SET command options, 5-22 
conventions for adding, 5-22 

Set program limits, 3-27 

S/J (definition), 1-3 

S/J Monitor, 

flowcharts, E-1l 

restrictions, 2-22 

Software mode, 3-15 

Special, 

devices, 5-19 

operations, 5-19 
Square brackets, [ and ], 1-3 

Stack, 6-2 

information, 6-2 

location, 2-3 

pointer, 6-2 

SSTAT (Device Status table), 2-13 

Status, 

buffer, 2-23 

register, 2-23 
word, 2-13, 3-3 

Symbolic names, 1-3 
-SYNCH element, 5-7 
-SYNCH request, 5-6, 6-3, 6-4 

SYSLOW, 

examples (background), 2-6 

pointer, 2-4 
System, 

bootstrap, 5-15 

communication locations, 3-34 

components, 4-1 

configuration word, 2-11 
date word, 3-5 

size, 4-5, 4-6 
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System device handler, 
requirements, 5-14 
writing a, 5-14 

System device structure, 4-1 

Tables, monitor device, 2-13 

TC1l device handler, A-47 

Temporary files, BATCH compiler, 
7-22 

Tentative file, 3-3 

Terminating a BATCH job, 7-6 
Terminology, 1-2 
Timer queue element, 5-7 

Trailer, library file, 3-30 

Transfer address GSD item, 3-21 

TTCNFG option bits, 2-27 
TTY options, 2-25 
-TWAIT request, 5-7 

TXT block format, 3-22 

SUNAM1L, SUNAM2 (User Name tables), 
2-15 

Underlining, i-3 
User Name tables, SUNAM1, SUNAM2, 

2-15 
User service routines, 1-2 

User-written handlers, 5-23 

Using auxiliary terminals as 
console terminal, 2-23 

USR (User Service Routines), 

contention, 6-5 
definition, 1-2 

flowcharts, E-27 

ownership, 6-5 

permanently resident, 2-7 

queujing mechanism, 6-5 _ 
Swapping, 2-2, 2-6 

Variables, BATCH, 7-13 

Vector protection, 2-21, 2-22 

Version 1 EMT summary, C-1l 
Volume-header label, 3-12 

Writing a system device handler, 
5-14 
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