










































































































































































































































































































































































































































































































































































































































































three files are �c�h�a�n�n�~�l�e�d� through the same 256-word 
buffer to conserve core storage. 

The DRB handler also has a simultaneous 3-file capac­
ity but does not allow any but the system lOPS (Input/ 
Output Programming System) ASCII and binary data modes 
and the standard input-output functions. Its purpose 
is to be used in place of the DRA handler to conserve 
core storage when the special functions and modes are 
not needed. 

The DRC handler is the smallest being designed for 
input only applications. It has a one-file capacity 
with all modes but has only the standard functions 
available. 

The DRD handler allows all of the functions and data 
modes but only one file (input or output) at any 
given time. The one-file limitation gives it a much 
higher rate of transfer than the DRA handler has. 
Any number of sequential file references are allowed. 

The DRE handler allows all of the functions and data 
modes and has a simultaneous 2-file (input-output) 
capacity. Included are two 256-word buffers giving 
it the high rate of transfer of the D handler but 
making it approximately 256 words larger than the A 
handler. 

THE DRUM 

The drum monitor was written specifically for a l3l-K 
word drum. However, the system will work from larger 
drums or disks. The drum is divided into 256-word 
blocks. The blocks on a l3l-K word drum are numbered 
from 0 to 7778, Block 0 is used for the drum index 
maintained by the drum monitor. The drum monitor 
bootstrap makes use of block 7778 for temporary stor­
age purposes. Figure 3 shows a drum monitor printout 
of a sample index. Figure 4 shows the format of the 
drum index. 

DECTAPE 

lhree different types of DECtape are used with the 
drum monitor system. They are the drum monitor tape, 
the copy tape and the data tape. The copy tape is 
the only tape without a keyboard monitor system in­
dex. No DEC tape backup is required once the drum is 
loaded with the necessary data. Only the drum moni­
tor tape is necessary in initializing the drum. The 
copy tape and the data tape are used only for storage. 

The following changes to the standard keyboard moni­
tor tape are made to create a drum monitor tape: 
1) The drum monitor program is dumped into the tQ 
dump area (see Section 3.2.3.5 of the PDP-9 Honitors 
Hanual). 2) The system loader is altered (at system 
generation time) to load the linking loader from the 
drum rather than from DECtape. 3) -The drum device 
handlers are assigned to most device assignment table 
slots (see Figure 2). 

The copy tape is used to quickly store the entire 
drum image. The copy tape has no other use than to 
store the drum contents for future retrieval. The 
transfer is accomplished by a special double-buffered 
routine. The 512 blocks of the drum are copies di­
rectly into the first 512 blocks of DECtape. On 
larger drums or disks only 512 blocks would be stored 
on the copy tape. 
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The data tape may be used instead of/or in addition 
to the copy tape for permanent storage. Since all 
system programs exist on the drum monitor tape the 
storage may consist of only user programs and user 
data sets. Transfers between the data tape and the 
drum are identical to those between the drum monitor 
tape and the drum. The index of the drum monitor or 
data tape may be obtained with the peripheral inter­
change program. 

THE BOOTSTRAP 

The keyboard monitor DECtape bootstrap handles many 
transfers between the computer memory and DECtape. 
The various kinds of transfers can be listed as fol­
lows: 1) The keyboard monitor from tape-to-core upon 
initial loading or upon unrecoverable errors. [hiS 
transfer includes both resident and non-resident 
portions of the keyboard monitor. 2) All system pro­
grams except DDT, Chain, and the linking loader 
from the tape-to-core. 3) tQ dumps from core-to­
tape. 4) tQ dumps from tape-to-core. 

The drum monitor bootstrap handles only transfers 
between the drum and core. The various transfers 
can be listed as follows: 1) The drum monitor pro­
gram from drum-to-core. 2) All system programs 
except DDT, Chain, and the linking loader from drum­
to-core. 3) tQ dumps from core-to-drum. 4) tQ 
dumps from drum-to-core. 

The drum monitor bootstrap differs considerably from 
the keyboard monitor bootstrap. The drum monitor 
bootstrap searches the drum index for the element to 
be transferred, whereas the keyboard monitor boot­
strap loads all elements from absolute physical loca­
tion on the bulk storage device. To make room for 
the additional instructions in the drum monitor boot­
strap, 256 words starting at core location 10,000 are 
temporarily stored in block 7778 on the drum. The 
additional instructions for the bootstrap are then 
read from the bottom portion of block 0 at the end 
of the index into the locations starting at 10,UOO 
and are executed. The bootstrap then restores the 
original instructions at location 10,000 from block 
7778 . 

THE INDEX 

The format of the index entries is shown in Figures 
3 and 4. The general entries use three words to 
specify the entry name. The first two words of the 
entry specify a six-character name which appears as 
six-bit ASCII in the index. The third word is used 
for a three-character extension to the name also in 
six-bit ASCII. The fourth word of an entry indicates 
the number of blocks used by the data and the start­
ing block of the data. System programs can be iden­
tified by SYS as their �~�x�t�e�n�s�i�o�n�.� General entries 
will use SRC for alphanumeric information and BIN 
for data or binary information in most cases. Entries 
not using an extension of SYS, SRC or BIN must use 
the peripheral interchange program for any transfers. 
Additions to the drum index use the first available 
blocks. All entries use contiguous blocks. Deletions 
cause the drum to be repacked. 

fORE DUMPS 

tQ is a keyboard monitor command. If the keyboard 
monitor is being operated from DECtape a number is 



typed with the tQ to specify which unit the dump is 
to be written on. The dump is a complete core image 
into prespecified blocks (101 8-141 8) on the DECtape. 

The keyboard monitor command GET is used to retrieve 
core dumps. If DECtape is being used a number is 
typed with the command to specify the unit. The 
keyboard monitor bootstrap handles the transfers 
between the bulk storage device and core. 

The drum monitor bootstrap allows core dumps to be 
handled differently. The tQ command initializes the 
dump and the number specifies which of 8 possible 
dump areas is to be used. The numbers can be any 
between 0 and 7. Any number of dump areas up to 8 
can be reserved on the drum at drum initialization 
time. Areas which have not previously been reserved 
should not be used. 

lIm DRUB MONITOR COMMANDS 

When the drum monitor is ready for the user to type 
a command it will print an asterisk at the left-hand 
side of the page. The return of an asterisk after 
receiving a command indicates to the user that the 
command has been successfully executed (see Figure 5.) 

Index 

Form: INDEX 

Index prints the drum index on the teletype. Figure 
3 is an example of an index printout. This command 
can in no way be used to print the index of DECtapes. 
The peripheral interchange program can be used to 
print the index of DECtape. 

Prime 

Form: PRIME 

Prime causes the following items to be added to the 
drum: 1) the keyboard monitor, 2) the drum monitor, 
3) system skip block, 4) the system loader,S) the 
indicated number of core dump areas. The user is 
interrogated as to the number of core dump areas to 
be reserved on the drum. Each area takes forty 256-
word drum blocks. Any number from 0 to 8 is 
acceptable. 

This command also transfers the resident drum boot­
strap instructions to the core. 

Clear Index 

Form: CLEAR 

Clear will create a new drum index on the drum. 
Everything previously in the index is deleted. 

Set Transfer Direction: Tape-to-Drum 

Form: DRUM 

The direction tape-to-drum is initially set when the 
drum monitor is loaded and remains set unless changed 
by the command TAPE. To reset the transfer direction 
to tape-to-drum the command DRUM is given. Transfers 
in either direction will replace any file with the 
same name. If it is desired to change a file name 
during a transfer, the peripheral interchange pro­
gram should be used for the transfer. 
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Set Transfer Direction: Drum-to-'1ape 

Form: TAPE 

The command TAPE is used to set the transfer direc­
tion to drum-to-tape. This direction will remain 
set until the DRUM command is given or until the drum 
monitor is reloaded. In order fDr this command to 
work the DECtape unit ~ffiITE-ENABLE switch must be on. 
Transfers in either direction will replace any file 
with the same name. If it is desired to change a 
file name during a transfer the peripheral inter­
change program should be used for the transfer. 

Copy Drum Image 

Form: COpy 

The COpy command transfers the entire drum image from 
druTh-to-tape or from tape-to-drum depending upon the 
current transfer direction. The transfer will be to 
and from DECtape unit 1. 

Transfer File 

Form: xxxxxx yyy 

Typing any file name and extension will cause the 
corresponding file to be transferred from drum-to­
tape or from tape-to-drum depending on the current 
status of the transfer direction. The transfer will 
always be to DEC tape unit 8. The file name and ex­
tension will be inserted in the index of the destina­
tion device but will also remain on the source device. 
Only the three extensions, BIN, SRC and SYS, are 
recognized by the drum monitor. Files with an exten­
sion of SYS may be transferred only from the DEC tape 
to the drum. Files with extension of other than 
these three must be transferred with the peripheral 
interchange program. 

Delete 

Form: DELETE 

When the DELETE command is given the user will be 
asked to type a name and extension of the file to be 
deleted from the drum. Any files existing below the 
deleted files will be repacked. 

Load Keyboard Monitor 

Form: K 

The K command will cause the drum monitor to load 
the core with the keyboard monitor. The keyboard 
monitor can now be used for all functions ~xcept 
printing or creating a DEC tape index. The DEC tape 
index can be obtained only from the peripheral inter­
change program. All other aspects of the keyboard 
monitor remain the same. 

Replace DECtape Bootstrap with Drum Bootstrap 

Form: BOOT 

When the drum monitor is not on the drum the DECtape 
bootstrap must be used for loading (see section on 
loading procedures). The BOOT command can be used 
to replace the DECtape bootstrap with the drum boot­
strap after the drum monitor is placed on the drum 
from a COpy tape. 



THE LOADING PROCEDURE 

It should be noted that when the user first sits down 
to use the computer he has no way to determine what 
is on the drum. Even if the drum index indicates 
the presence of certain programs, there is no assur­
ance that the programs are there in their correct 
form. However, if the last user was using the drum 
monitor system it is fairly certain that the current 
programs are safe to use. 

The suggested way to initialize the drum assuming 
nothing about the present contents is as follows: 

1. Place the paper tape labeled "Drum Monitor 
Bootstrap" in the paper tape reader and set the 
ADDRESS switches to 000000. Push and release 
the hard-wire READIN switch. 

2. If the words DRUM MONITOR are printed on the 
teletype the monitor should be ready to use and 
steps 3, 4 and 5 can be skipped. Under any other 
condition go on to step 3. 

3. Mount the DECtape labeled Drum Monitor and dial 
to unit number 8. Place the unit switches on 
RIGHT-LOCK and REMOTE. y.1ithout changing the 
paper tape bootstrap position in the paper tape 
reader or the ADDRESS switches as they were left 
from step number 1, again push and release the 
hard-wire READIN switch. The second half of the 
drum monitor bootstrap will read in. 

4. The teleprinter will type MONITOR. The regular 
keyboard monitor is now in core with the regular 
keyboard monitor bootstrap. Since the drum moni­
tor is stored in the DECtape dump file, it can 
now be loaded with the keyboard monitor command 
GET. 

5. The teleprinter will type DRUM MONITOR. At this 
point the drum monitor has been loaded and is 
ready to use. However, the keyboard monitor 
bootstrap rather than the drum monitor bootstrap 
is in core. This will cause all bootstrap trans­
fers to be to and from DEC tape rather than the 
drum. The drum monitor bootstrap may be placed 
in core in three ways. The commands PRIME or 
BOOT will place the drum monitor bootstrap in 
core or after the drum monitor is placed on the 
drum from a copy tape the drum monitor bootstrap 
may be reloaded as in step 1. 

6. The drum monitor is now ready to use and any of 
the commands may be given. 

9PERATION SUGGESTIONS 

Figure 6 is an example of the teletype record for an 
initial setup. Only those words that are underlined 
were typed by the user. The user followed steps 1, 
2 and 3 of loading procedures to load the keyboard 
monitor from DECtape which then printed out the first 
line. The user typed "GET 0" to load the drum moni­
tor from the dump file on the DECtape. The user 
next issued the PRIME command. At this point there 
are 4 system programs in the index. The next 4 com­
mands were given to transfer the system library, the 
linking loader, the editor and the FORTRAN compiler 
to the drum. An INDEX was requested with the expected 
results. At this point the drum was initialized to 
meet his particular needs. The user next desired to 
reserve his drum image for future use. The TAPE 
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command was given to set the transfer direction to 
drum-to-tape. The COpy command was given to write 
the complete drum image on DEC tape unit 1. 

Figure 7 is an example of how the user initializes 
the drum from a COpy tape. The single command COpy 
is used to transfer a complete drum image from DEC­
tape to the drum. The system and user programs can 
now be operated from the drum or additional system 
and user programs can be readily added. 

It is intended that most usually the drum monitor 
will be on the drum allowing the user to just load 
his COpy tape and type COpy to get started. 

lPE SYSTEM PROGRP~S 

The following is a list of required system programs 
for drum operation. 

Command to Transfer 
Name Index Entry to Drum 

Keyboard Monitor KM9 SYS PRIME 

Skip Block SD'BLK SYS PRIME 

System Loader SYSLD SYS PRIME 

Drum Monitor DRUM M SYS PRIME 

Linking Loader . LOAD BIN . LOAD BIN 

System Library .LIBR BIN .LIBR BIN 

The following is a list of optional system programs 
operable from the drum. 

Dump Files 0-7 

Editor 

MACRO Assembler 

MACROA Assembler 

FORTRAN Compiler 

Update 

Execute 

Patch 

Peripheral 
Interchange 

Dump 

Index Entrv 

DMPBLK SYS 

EDIT SYS 

MACRO SYS 

MACROA SYS 

F4 SYS 

UPDATE SYS 

EXECUTE SYS 

PATCH SYS 

PIP SYS 

DUMP SYS 

Command to Transfer 
to Drum 

PRIME 

EDIT SYS 

MACRO SYS 

MACROA SYS 

F4 SYS 

UPDATE SYS 

EXECUTE SYS 

PATCP SYS 

PIP SYS 

DUMP SY~ 



DRUM HANDLERS 

MODES SIZE NAME FILES 

ALL 1001 DM 3 
lOPS 872 DRB 3 
lOPS 576 DRC 1 (input) 
ALL 937 DRD 1 
ALL 1267 OOE 2 

DEC TAPE HANDLERS 

ALL 2316 
lOPS 1547 
lOPS 674 
ALL 1564 

Figure 1. DECtape and drum handler comparison. 

C 
DRUM MONIIDR 
*K 
MONIIDR V3C 
$REQUEST 

OAT 

-15 
-14 
-13 
-12 
-11 
-10 
-7 
-6 
-5 
-4 
-3 
-2 
-1 

1 
2 
3 
4 
5 
6 
7 
10 

DEVICE 

DRE 
DRE 
DRB 
TTA 
DRB 
PM 
DRC 
NONE 
NONE 
DRC 
TTA 
ITA 
DRC 
TTA 
PM 
NONE 
OTDI 
DRD 
NONE 
NONE 
NONE 

USE 

OUTPUT 
INPUT 
OUTPUT 
LISTING 
INPUT 
INPUT 
SYSTEM DEVICE FOR .SYSLD 
OUTPUT 
EXTERNAL LIBMRY FOR .LOAD 
SYS TEM INPUT 
TELEPRINTER OUTPUT 
KEYBOARD INPUT 
SYSTEM DEVICE FOR .LOAD 
USER 
USER 
USER 
USER 
USER 
USER 
USER 
USER 

Figure 2. Device assignment table. 

* INDEX 

DRUM DIRECIDRY 
NAME NUMBER 

OF BLOCKS 
.LIBR BIN 200 
.LOAD BIN 014 
DMPBLK SYS 040 
DMPBLK SYS 040 
DRUM M SYS 040 
KM9 SYS 036 
SKPBLK SYS 001 
SYSLD SYS 011 
MACRO SYS 027 
EDIT SYS 012 
F4 SYS 031 
DUMP SYS 004 
USERPG SRC 003 
251 FREE BLOCKS 

* 
Figure 3. Drum index. 
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STARTING 
BLOCKS 

001 
201 
215 
255 
315 
355 
413 
414 
425 
454 
466 
517 
523 



. SIXBT CODE 
OR SPECIAL 

PROGRAM SYSTEM PROGRAM STARTING 
NAME INDEX WORD CODE BLOCK # # OF BLOCKS 

SYSTEM 561411 .LI 
LIBRARY 022200 BR 

021116 BIN 
200001 1 200 

LINKING 561417 .LO 
LOADER 010400 AD 

021116 BIN 
014201 2Ql 14 

DUMP 021101 BLK 101 
AREA 0 041520 DMP 

233123 SYS 
040215 215 40 

DUMP 121101 BLK 101 
AREA 1 041520 DMP 

233123 SYS 
040255 255 40 

DRUM 560414 . DL 
MONITOR 170104 OAD 

233123 SYS 
040315 315 40 

KEYBOARD 000000 BLK 0 
MONITOR 041520 DMP 

233123 SYS 
036335 355 36 

SKIP 000044 BLK 44 
BLOCK 041520 DMP 

233123 SYS 
001413 413 1 

SYSTEM 000056 BLK 56 
LOADER 041520 DMP 

233123 SYS 
011414 414 11 

MACRO 000742 BLK 742 
041520 DMP 
233123 SYS 
027425 425 27 

Figure 4. Format of drum index. 
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Command 

INDEX 

PRIME 

CLEAR 

DRUM 

TAPE 

COpy 

xxxxxx yyy 

DELETE 

K 

BOOT 

Action 

Drum index printed on teletype. 

Create following items on drum: 

1. Keyboard Monitor 
2. System Skip-block 
3. System Loader 
4. Drum Monitor 
5. The indicated number of core dump block. 

The user is interrogated as to the number 
of core dump blocks to be reserved on 
drum. Each block takes 40 256-word drum 
blocks. Any number from zero to seven is 
acceptable. 

Create new drum index. 

Set transfer direction: tape to drum. 

Set transfer direction: drum to tape. 

Copy entire drum on tape or retrieve drum 
image from tape depending on current transfer 
direction. Transfer is on DECTAPE unit 1. 

Transfer file name xxx xxx extension yyy from 
drum to tape or from tape to drum depending on 
current status of the transfer direction. The 
DECTAPE unit must be dialed to 8. The file name 
xxx xxx with extension yyy will be inserted in 
the destination device index. If it is already 
in the index the old file will be deleted. 

User will be asked to type the name and ex­
tension of file to be deleted from drum. 

Load core with keyboard monitor 

Replace DECtape bootstrap with drum bootstrap. 

Figure 5. Summary of drum monitor commands. 
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MONITOR V3C 

$GET 0 

DRUM MONITOR 

*CLEAR 

*PRIME 

TYPE NUMBER OF CORE DUMP BLOCKS 
o 

*.LIBR BIN 

*.LOAD BIN 

*EDIT SYS 

*F4 SYS 

* INDEX 

DRUM DIRECTORY 
NAME 

DRUM M 
KM9 
SKPBLK 
SYSLD 
.LIBR 
. LOAD 
EDIT 
F4 

SYS 
SYS 
SYS 
SYS 
BIN 
BIN 
SYS 
SYS 

NUMBER 
OF BLOCKS 

040 
036 
001 
011 
200 
014 
012 
031 

407 FREE BLOCKS 

* TAPE 

* COpy 

* 
Figure 6. Initial drum setup. 

DRUM MONITOR 

* COpy 

* INDEX 

DRUM DIRECTORY 
NAME 

DRUM M SYS 
KM9 SYS 
SKPBLK SYS 
SYSLD SYS 
.LIBR BIN 
. LOAD BIN 
EDIT SYS 
F4 SYS 
407 FREE 

* 

NUMBER 
OF BLOCKS 

040 
036 
001 
011 
200 
014 
012 
031 

BLOCKS 

Figure 7. Day-to-day usage of the drum. 
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STARTING 
BLOCKS 

001 
041 
077 
100 
III 
311 
325 
337 

STARTING 
BLOCK 

001 
041 
077 
100 
III 
311 
325 
337 



PDP-9 MONITOR SYSTEM WORKSHOP 

David Leney and James Murphy 
Digital Equipment Corporation 

Maynard, Massachusetts 

ABSTRACT 

This lecture, discussion session, and demonstration is directed towards­
the presentation of major new developments in the PDP-9 ADVANCED 
Software System and towards the solution of existing trouble areas of 
genera I concern. 

The new developments include: 

1. Background/Foreground (two user time-sharing) Monitor System. 

2. Multi-user FOCAL system which may operate as the Foreground or 
Background job under control of the BIF Monitor System. 

3. The 339 Software Package. 

On Friday and Saturday, December 13 and 14, 1968, the PDP-9 
equipped with 32K of core memory, API, EAE, Memory Protect, and 
DECtapes along with knowledgeable DEC personnel was available for 
the purposes of problem solving and specific demonstrations. 

Three major developments in the PDP-9 Advanced Software 
area are: 

1. Background/Foreground Monitor System which is a two 
user time sharing system. The Foreground job is quite 
applicable to real-time work and is completely protected 
from the Background job, which is anything currently 
available under the Keyboard Monitor System. 

2. FOCAL language within Advanced Software 

3. 339 Graphics package 

BACKGROU ND/FOREGRO) ND MONITOR SYSTEM 

The prime goal is to give the user more of the avai lable 
CPU time to accomplish his work. With the Keyboard 
Monitor System a statisical analysis would show that any­
where from 60 to 80% of the time the system is I/O bound 
(waiting for some I/O to complete so processing can con­
tinue on). With the Background/Foreground System, 
control goes to the Background job to accomplish some­
thing useful if the Foreground is I/O bound. The way we 
define the system is that the Foreground job is a checked 
out user program, which is quite applicable to real-time 
processing, and this program will have complete priority 
over core memory, peripherals that are available, and 
CPU time. The only time it gives control to the Back­
ground job is when it is I/O bound. This program is com­
pletely protected from the Background job which could be 
a non-checked out program, which the user might be de­
bugging at this time. It is protected by hardware with a 
hardware memory protect option which won't let the Back­
ground job reference the core of the Foreground area. It 
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is also protected software-wise by the Background/ 
Foreground Monitor System. All I/O that the Background 
job does is accomplished via the CAL instruction identical 
to the current method in the Keyboard Monitor environment. 
The Monitor will verify all addresses and word counts that 
the Background job is passing on before it al lows the actual 
operation to take place. The Time-Sharing Algorithm is 
that control does not go to the BackgrolJnd job unti I the 
Foreground job becomes 110 bound. When control goes to 
the Background job, it keeps control until the Foreground 
job's I/O, which caused the Foreground job to become 110 
bound, is completed. 

There are two sections to the Background/Foreground 
Monitor System which control this operation: 

'. The CAL handler takes control from the Foreground job 
in the I/O busy situation; 
2. Each of the I/O device handlers, upon completion of a 
Foreground I/O operation which caused an I/O busy situa­
tion, will return control to the Foreground job. 

One of the nicest features of the system, especialiy to 
peopJe familiar with the size of DECtape handlers, is that 
both users can utilize the serne DECtape handler. Currently, 
we have four versions of the DECtape handler and four ver­
sions of the DISK handler. They vary according to the 
number of data modes that each handler will process, and 
the number of functions each will perform. 

In the Background/Foreground Monitor System there wi" be 
one handler. Its called the N-file handler. The buffer 
space required is built dynamically at run-time and both 
users can use the same basic handler. The buffers that the 



handler requires for each job are in the appropriate job area. 
The way it works is that the Foreground job (even if there is 
Background I/O underway, say for DECtape) will push its 
way in, stop the Background I/O so it won't delay the Fore­
ground real-time environment, and process the Foreground 
I/O request. Upon completion of the Foreground job's I/O, 
the Background job's 1/0 wi II be restarted again. 

HARDWARE REQU IREMENTS FOR 
BACKGROUND/FOREGROUND SYSTEM 

To run the Background/Foreground Monitor requires at least 
16K of memory, the memory protect option, bulk storage 
device (DECtape or DISK), and LT19 teletype multiplexer 
with at least one additonal teletype. One teletype is the 
Background control teletype and this is the normal console 
teletype. The other teletype on the L n 9 is the Foreground 
job control teletype. 

One of the options which brings more power to the system is 
the automatic priority interrupt. Without the API, the 
Foreground job runs at the mainstream level with its I/O at 
the program interrupt level, and the Background job also runs 
at mainstream, with its I/O at the program interrupt level. 
With the API, the Foreground job gets 3 additional levels 
of priority (software levels 5, 6, 8. 7). The Foreground job 
can uti lize all these levels. Also, control does not go to 
the Background job unti I the Foreground job is I/O busy at 
all levels it happens to be using at th is time. 

MONITOR CONTROL FUNCTIONS 

There have been two major additions to the Monitor control 
functions. The. TIMER Macro has been expanded to allow 
many intervals to be going on at the same time, so that the 
clock can be used by both Background and Foreground and 
can be used many times by each job. The address that is 
specified for the completion of the interval can also have a 
priority level attached to it. So this gives you all kinds of 
program priority capabilities. Now we also have real-time 
• READs (. REALR) and • WRITEs (.REALW) so that, rather 
than waiting for completion of I/O with a .WAIT, an address 
can be specified with a priority level for I/O completion 
(like. TIMER). The API brings these three additional levels, 
so there cou Id be four Foreground programs running at differ­
ent priority levels as all the internal workings are there to 
allow this to happen quite easi Iy. 

Question: With these mu Itiple calls to the clock, does 
that mean that each time you get an overflow it will reset 
the clock and then transfer control to the user address? 

Answer: As a • TIMER request comes in, the question is 
asked "Is there an interval going on at the moment?". If 
there isn't, this request gets stuck in the actual clock register 
(register7). If there is one going on, the decision is made 
as to if th is one is shorter than the current one. If it is, the 
shorter one gets stuck in the clock register, and all the 
other ~ntries in the queue are updated, based on the 
current interval. The clock doesn't interrupt every 1/60th 
of a second; it depends on the smallest interval that has 
been requested at this time. 
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Question: How big is the clock Queue? 

Answer: Th is wi II be a system generation variable. The 
~ning at the Fall Joint had 20 slots in it for the clock 
intervals. You can specify as large a queue as you like. 

Question: Can you use the system without adding the tele­
type multiplexer and 2nd teletype? 

Answer: It's possible that you won't have to add it. The 
reason we requested it is because we feel the API is a 
strong option in this system and that you would want an 
external device that was connected to API. The console 
teletype is only on the program interrupt, so that there is 
no way you could break into your program if you saw an 
error condition while you were running at API software 
levels. The console teletype would not get service. The 
LTl9 is an API device. 

Question: How do you determine if the program is I/O 
bound? 

Answer: The way a program becomes I/O bound is that 
JrrAl) or .WRITE operation actually runs into a .WAIT or 
another .READ or .WRITE to the same .DAT slot. It then 
becomes I/O bound. If the program user saw fit to use 
.WAITR, then he would keep control and go to the busy 
address of the • WAITR. So a Foreground program cou Id 
keep control completely. But this is a function of your 
installation. If you want to utilize the Background, you 
shouldn't keep control forever by using .WAITR in the 
Foreground • 

Question: Is the Foreground area actually fixed? 

Answer: No. The hardware memory protect option on the 
PDP-9 allow you to move the bound in 1 K decimal incre­
ments. What happens is that the Foreground job gets loaded 
first, and the rest of core is for the Background. In addition, 
there is a FCORE command which allows you to specify the 
amount of additional space (free core) you want to give to 
the Foreground job. 

Question: Can the Background/Foreground jobs communicate 
with one another? 

Answer: Yes. We have a core to core handler, which looks 
like any other I/O device. It accepts Monitor. READs and 
.WRITEs. One time you could be using this handler and 
another time DECtape. When a job requests a core to core 
transfer, the request won't get honored unless there is a 
complimenting request from the other job. The Foreground 
program could be passing live data (output) to the Back­
ground job as test data (input). 

Question: Please discuss operation procedures; that is, how 
do you get started? 

Answer: The Foreground job gets loaded first in Linking 
Loader fash ion • You can spec ify the program you want to 



load. It gets loaded. The protection registers get set. The 
Background Monitor comes in, which looks like the key­
board monitor as it is now. Now both jobs are running. If 
you hit Control C on the Background control teletype, the 
Background job ends and Background monitor comes in, 
just like under the keyboard monitor. If you hit Control C 
on the Foreground teletype, it does the same thing, also 
killing the Background job. If the Foreground job completed 
naturally I then the Foreground user has the option of hitting 
Control C to ki II the Background job, or let the Background 
job continue to completion. 

Question: What kind of restrictions are there for the real­
time loader? Will it load a main program and all its 
associated subroutines, or must the Foreground job be one 
program? 

Answer: It is essentially the Linking Loader as it stands now. 
Tt"WTITload whatever you specify in the command string, 
plus any I ibrary routines required. 

Question: Can you run Fortran as the Foreground job? 

Answer: You cannot compi Ie Fortran programs, but you can 
run the Fortran object time sytem. 

Question: Would a program be considered I/O bound if it 
requested a • WAIT for a software level? 

Answer: There is no • WAIT for the software levels. Only 
the real-time reads and writes or the. TIMER requests have 
software level specification. These will not give control to 
Background. Once the real-time. READs, • WRITEs, or 
• TIM ERs have been initiated, a .IDLE (equivalent of JM P.) 
can be given to give control to the Background. 

Question: Will the N-file handler allow multiple output 
files to one device? 

Answer: You can't have two output files open at the same 
time or. the same DECtape. The Background and Foreground 
jobs can both use the DECtape handler, but they can't 
share the same physical unit; this is to protect the Fore­
ground job. 

Question: Would you comment on the kind of environment 
this Monitor System was written for: 

Answer: It is mainly applicable to the real-time environ­
ment, where someone has a parti cu lar job wh ich takes up 
most of the computer's 24 hour day (e.g. laboratoryexper­
iments, process control, etc.). We are buying a customer 
two computers with Background/Foreground Monitor System. 
In addition to running his production type work, he can 
develop new things, which can then be put into the pro­
duction system as soon as they are checked out. 

Question: Can the system be run in Background only? 
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Answer: There will be monitor commands which specify 
Background on Iy or Foreground only. 

Question: Can there be simu Itaneous output files to the 
same unit on a DISK system::> 

Answer: Not on the interm DISK system, which is currently 
available. But on the final system, many output files can 
be opened at the same time. You will also be able to have 
files of the same name with different user ID codes. 

Question: Can Foreground programs be developed in the 
Backgrou nd? 

Answer: Yes. One of the main features of the system is 
that you can develop and test the Foreground programs in 
the Background (even using DDT). 

Question: What happens if a Foreground error occurs 
( e. g. mark track error on D EC tape) ') 

Answer: Foreground error gives the Foreground control 
teletype the option of letting the Background go to comple­
tion or hitting Control C, which aborts the Background 
job. 

Question: How is Foreground system loaded in core? 

Answer: The Foreground Linking Loader will load up 
rather than down. It will not use any core in the second 
bank until there is no area large enough left in the first 
bank, etc • 

Question: How are the Background I/O requests prevented 
from destroying the Foreground job by random writes into 
core? 

Answer: Any I/O handler that the Background job requires 
that isn't already in core will get brought in below the 
memory protect boundary. All handlers run with the 
memory protect off. The mon itor checks to see that the 
word counts and addresses on I/O requests are legal. It 
also prevents the Background job from modifying the 
handlers. We assume the handlers to be checked out, like 
the Foreground user program. 

Question: Is memory protect a complete protection? 

Answer: Our memory protect scheme is write only protect. 
You can read anywhere in core. The hardware is the com­
plete protection, but the software will allow you to use 
the index registers for both jobs and to reference for read 
only all areas of core. One application in this area would 
be a Background job, which was actually monitoring the 
Foreground system. (e.g. was checking registers and pro­
ducing on-the-f1y data for immediate analysis). 

Question: Are any auto index registers reserved for the 



system use? 

Answer: The Monitor System does not utilize the autoindex 
registers and neither do the I/O handlers. The only system 
program that requires an index register is DDT, and that 
allows you to specify before you set break points which 
index register it should use. The standard is 17. You can 
change it by opening the register AX$ and change the index 
register number. 

Question: Has the restriction which prohibits CAL's from 
being executed in the. TIMER completion subroutine been 
removed? 

Answer: The problems of re-entrancy, due to issuing of 
"'LA['iSfrom real-time subroutine~ have been solved in 
Background/Foreground System. A CAL can be issued 
from any: real-time routi ne. 

Question: What is the minimum size of the Background 
job? 

Answer: There is a minimum of 4K on the Background job. 
This will allow you to run the non-resident Monitor and to 
do things such as editing, loading, and running of very 
small programs. The recommended size for the Background 
is 6 to 8K. If you want to use the 4K for the Foreground 
job, at load time you specify no Background and then 
Foreground has the entire machine. 

Question: How can I tell if a device is bu Ik storage or 
not? 

Answer: That the buffer size is 3778 is the clue to the fact 
"illat"Cihandler is bulk storage. Any other buffer size 
assumes non-bu Ik storage. 

Question: I understand that the new version of the Monitor 
will allow assembl ies of the .ABS codes on DECtaoe. Is 
there any faci lity for loading from the DECtape? 

Answer: That feature was put in primarily to allow you to 
assemble system programs and load them with PATCH. We 
have not written a loader for these DECtape files. 

Question: Can I prevent the system from returning to the 
Mon itor on an error? 

Answer: The new system never returns directly to the 
Monitor except on a • EXIT. It will print the error and sit 
there. If you want to go back to the Monitor use Control C, 
or if you want to restart the program use Control P. 

Question: What is the maximum block length with the 
Editor in Block Mode? 

Answer: It is a function of I ine length and core size, so 
with an 8K machine and average size lines, stick to the 
standard (5510), 
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Question: How can I speed up load time of system and user 
programs? 

Answer: If you are not using handlers for devices, such as 
the drum, card reader, etc., you can speed up loading time 
by deleting unwanted handlers from the library. 

Question: !-low can I add symbols to DDT permanently? 

Answer: Get sources from Program Library and edit new 
symbols into DDT. Then reassemble DDT (requires 16K for 
reassembly) • 

Question: How can I assemble large. ABS programs? 

Answer: If the program is too large to assemble with MACRO 
W'ff'hl5RB. and PPB., then you can try the PDP-9L COMPACT 
assembler. 

Question: What work is being done on the DISK system? 

Answer: The DISK System is currently available as modified 
DECtape system, but work is being done to treat the entire 
DISK as a real disk. We are also looking into the possibility 
of using an area of the DISK for symbol table storage. 

Question: How can I find the starting address of a user 
program. 

Answer: Location. SCOM + 6 (1~68) contains the starting 
address of the main program. If you are using DDT it is 
contained in the register SA$. 

Question: How about optional deletion of the memory map 
by the linking loader? 

Answer: In the Background/Foreground System there is an 
option to delete the loader memory map and an option to 
list common allocation and/or global definitions. 

Question: Why do undefined globels cause a fatal error? 

Answer: If this is a problem in development of new programs, 
there is a way to get around it. Besides writing the initial 
call ing program, you can write another program which defines 
all the globals as dummy entries. Then in the loader command 
dummy string, specify that the dummy program be loaded 
after any of the real programs you are developing. 

Question: Can a program in the library request a • DAT slot 
by using a .IODEV? 

Answer: You have to make sure the program with the .IODEV 
is in the library before all the I/O handlers. In the Back­
ground/Foreground System we have gone to a three library 
structure: an I/O Library which contains nothing but I/O 
handlers; a Fortran Library which contains the Fortran Object 



Time System; and the standard user library. YOLI can have 
all three on the same system tape. Right now, in order to 
have a user I ibrary routine on a system tape, you- have to 
insert it into the system library which increases the length 
of time requ ired to load system programs. 

Question: Can I load parameter tapes for MACRO using 
an ASR33? 

Answer: The ASR33 does not have a select the reader lOT, 
so you can end lip losing characters because of the speed. 
The minute you read one character, the next character is 
selected and when you are running in the intern'pt system 
you could be interrupted from the Teletype handler long 
enough to get the next interrupt from the ASR. A solution 
would be to write on ASR handler which runs with the 
interrupt off. 

FOCAL FOR THE PDP-9 

Focal on the 9 takes the FOCAL language as it appears on 
the PDP-8 * with a few expanded features. The current 
version which we are hoping to release in ~Aarch will be a 
single user FOCAL with library facilities. The FOCAL 
language itself is a language similar to BASIC or JOSS. It 
is an on-line interactive laY1guage which allow most of the 
features which are available in FORTRAN • However, it is 
an interpeter rather than a compi lerr so it tends to be 
slower than the object code generated by FORTRAi'-I. 

Question: What are the limits on array dimensioning? 

Answer: There are no dimensions for an array. You do not 
have to dimension a variable in order to subscript. There 
are no array declarations. It is a completely flexible sub­
scripting. Storage for an array is allocated on an individ­
ual element basis. 

Question: How can I modify FOCAL Programs? 

Answer: There is a dynamic editing program built right in 
~AL. If you type in a line aY1d make a mistake, you 
can use the MODIFY command which allows you to change, 
add or delete individual characters within the line. 

Question: Is there a subroutine facility in FOCAL? 

Answer: Yes. The DO statement allow you to execute a 
single line or group of lines, which has been typed else­
where in you program, as a subroutine. 

* See FOCAL PROGRAMMING MANUAL (DEC-¢8-AJAC­
D) or INTRODUCTION TO PROGRAMMIi'-IG (Small Com­
puter Handbook Series) Chapter 9 for description of the 
FOCAL language. 

Question: Can I define subroutines as part of FOCAL? 

Answer: External subroutines can be added as functions to 
FocAL for the PDP-9. The names of the new llser functions 
are built into a user defined function table, which is loaded 
with FOCAL. A dummy function table will be sl,pplied for 
those users not desiring external functions. 

Question: Can the FOCAL functions be defined in FOCAL? 

Answer: That is something else we are looking into, hut 
there are no definite plans. 

Question: Does FOCAL take advantage of EAE? 

Answer: The version which will be released from the Program 
Library will use the standard PDP-9 arithmetic library. So 
if you have EAE, in the library as a resu It of System Genera­
tion, FOCAL wi II automatically use it. 

Question: How can I save FOCAL Programs? 

Answer: There are library commands which allows the 
FocAL programs to be created, stored, and loaded from 
bulk storage or paper tape as named files. FOCAL programs 
can also be prepared off line on a teletype or prepared on 
line using PIP or the EDITOR. These files can have calls to 
other files within themselves so that you can actually chain 
FOCAL programs and let one call another or just call part of 
another. 

Question: !-low is FOCAL laaded by the system? 

Answer: FOCAL is a user program which is loaded using the 
Linking Loader. It will make use of all available core which 
is left after loading for text, variable, and push-down list 
storage. 

Question: How about multi-user FOCAL? 

Answer: This is what we had in the Foreground system at the 
F"J"IT":"" With the Background/Foreground System, we will be 
offering a multi-user FOCAL package, which will allow from 
two to eight users. 

Question: How can I get a single paper tape of F0CAL and 
thereby not have to use the Linking Loader each time I want 
to use FOCAL? 
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Answer: There is a utility program in the new paper tape 
system which will allow you to link load any program with its 
I/O handlers and punch it out as a standard .ABS tape. 

Question: Can you read in the FOCAL sOllrce program from 
the reader and sti" have te I etype i npu t? 

Answer: The way the FOCAL has been set up on the PDP-9 
is that it assumes -2 and -3, which are the standard teletype 



.DAT slots, as your nonnal FOCAL control teletype. It 
then uses • OAT slots 3 as input and 5 for output. So you 
can assign any device to input and output. 

Question: Can I have FOCAL output on the line printer 
rather than teletype? 

Answer: One possible extension of the language would be 
to allow you to change the ASK device or the TYPE device 
and thereby make FOCAL really device independent. This 
feature may be added at a later date. 

Question: How does FOCAL accomplish mix mode arith­
metic? 

Answer: All numbers are converted into floating point 
fonnat. That is why you can use mixed modes. It just 
assumes a decimal point. 
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SYNCHRONOUS COMMUNICATION 
INTERFACE 

FOR THE PDP-IO 

Norman Housley, (In collaboration with J. C. Pooley) 
University of Western Ontario 

London, Ontario, Canada 

ABSTRACT 

Most remote card reader/printer terminals (whether 
computer or wired logic controlled) utilize the 
synchronous communication method of data trans­
mission. The University has developed a controller 
for use with the PDP-IO in order that it may provide 
remote computing facilities. This controller places 
minimum requirements on PDP-IO software/hardware 
while communicating at 2400 bits per second. Use is 
made of teletype receiver/transmitter modules (DEC 
W706, W707) as a front end to a PDP-IO data line 
scanner communication line. Worst case I/O service 
requirement is approximately one character time as 
opposed to the data line scanner requirement of 1.S 
bit times. 

OVERVIEW OF THE FACILITY 

Introduction 

Figure 1 illustrates the UWO 
Computing Facility (as of December, 1968). 
The centre is involved in providing 
computing facilities for research and 
teaching in most disiplines. Typical job 
loads are from 3000-6QOO per month. A 
GE-llS is presently acting as a remote 
card reader/printer terminal (RPT) proto­
type on a local telephone loop. It has 
been in operation for about one month 
while developing the necessary software. 

The PDP-IO section of the facility 
will be expanded in early 1969 by the 
addition of :-

1. A further 8 data line scanner 
ports. 

2. An additional 32K of 1.6 micro­
sec core. 

3. Another RD-IO disk and synchron­
izer. 
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Plans are in hand to have three RPT'S 
operational by early February 1969. These 
will be 2 - GE-llS's, 1 - UNIVAC 9200. 

COMMUNICATION PRINCIPLES 

Two methods of communication are 
generally used when it is necessary to 
transfer information between digital 
computers over telephone lines. 

1. Asynchronous 
2. Synchronous 

Asynchronous 

Essentially each character transmitted 
contains information that' will allow the 
receiver to synchronize on that character 
without reference to any other. Figure 2 
(a) shows a typical asynchronous trans­
mission sequence. Most terminals used on 
the PDP-IO are teletypes, they utilize 
asynchronous transmission at 110 bits per 
second. 



Synchronous 

In synchronous communication a contin­
uous bit stream is used to transmit a 
message. The initial three or four 
characters transmitted allow the receiver 
to lock onto the bit stream. Figure 2(b) 
illustrates 2 characters transmitted in 
synchronous system. Additionally at the 
end of a message a special character is 
appended to indicate to the receiver that 
it should go to an examine mode. In this 
mode the receiver is again looking for the 
beginning of a message. 

Comparison of the Systems 

Synchronous is inherently faster since 
stop/start bits are not required, it tends 
not to be used at low bit rates because 
more complicated and hence expensive hard­
ware is required.· A loss of synchronism 
may cause only one character to be in error 
for the asynchronous system. In a synchron­
ous system however, this may destroy the 
remainder of the message. 

SIMPLIFIED VIEW OF THE CONTROLLER 

Figure 3 shows the basic data flow 
paths in the controller. It is worthwhile 
noting at this point that although the 
system was developed with a view to provid­
ing a synchronous communication facility it 
may be used wherever conversion from 8 bit 
synchronous to 11 bit asynchronous (and 
vice versa) is required. 

The controller uses one communication 
port on the PDP-IO Data Line Scanner (DC-
10). This port is a bidirectional, full 
duplex asynchronous communication device 
with a maximum rate of lOOK bits per second. 
Communication with the data set occurs at 
2400 bits per second. 

The 11 bit serial asynchronous output 
of the DC-10 is received by an unmodified 
W706 receiver. The 8 data bits contained 
in that stream are parallel transferred to 
a modified W707 for synchronous transmiss­
ion. Synchronous data is received in a 
modified W706. After 8 bits have been 
received they are parallel shifted to an 
unmodified W707 for asynchronous transmiss­
ion to the DC-IO. The W707 performs the 
functions of bit rate change and addition 
of start and stop bits to the 8 bit data 
character. 

The controller is a full duplex device. 
Due to the extra registers outside the DC-
10 more time is allowed for the monitor to 
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service peak I/O demands. Since the device 
is interfaced to the I/O bus by the Dc-10 
minimal changes are necessary to the 
monitor I/O service routines. 

DETAILED DESCRIPTION OF THE CONTROLLER 

Figure 4 shows more details of the 
controller. W706A, W707A are the asyn­
chronous unmodified modules. W707S, W706S 
are the synchronous modified modules. The 
DC-IO is an open loop device, that is it 
does not rely on demand response control. 
If it's output register (W707) is empty, 
that fact is indicated to the PDP-IO and 
another character will be sent to the 
register. This will be serially output as 
soon as synchronism (with the scanner cloc~ 
is achieved. The controller must only 
allow the DC-IO to transmit if it requires 
another character. The "WAIT" signal 
achieves this requirement. It only allows 
the DC-IO to transmit if the W706A is 
empty. The asynchronous section of the 
controller i.e. W708, W706A, W707A is 
identical in components and logical operat­
ion to one port of the DC-IO. The W708 
module organizes the 800KHZ scanner clock 
for both transmission and reception of 
asynchronous data. 

Output Sequence 

Output is initiated by a sequence of 
synchronizing characters, these are under 
program control. Typically four 'SYNC's' 
are sent. On initiation of transmission, 
no data is contained in the controller. 
Thus the WAIT signal will allow transmiss­
ion from the DC-IO. When the first 'SYNC' 
character is received by the W706A, 
(contents of this register are continuously 
decoded), the command 'REQUEST TO SEND' is 
issued to the data set. This instructs the 
data set to go into transmit mode (in a 
half duplex system the line will turn 
around, typical turn around time 200m sec. 
Minimum 8 msecs). The data set responds 
with 'CLEAR TO SEND' when it is ready. 

At this time the SYNC character 
contained in the W706A is transferred in 
parallel to the W707S for synchronous 
transmission to the data set. While data 
was in the W706A the WAIT signal inhibited 
transmission from the DC-IO. Once the SYNC 
character is loaded to the W707S another 
character may be sent from the DC-IO. It 
in turn will request a further character 
from the PDP-IO as appropriate. When the 
first SYNC character has been transmitted, 
the next SYNC will be loaded to the W707S. 
After the first ~YNC character all other 



SYNC's are treated in an identical manner 
to the data characters that follow SYNC. 
Data characters will be appended to the 
synchronous bit stream after all the SYNC 
characters have been transmitted. Some of 
these characters may have program control 
significance. 

The last character of the message 
must be an END OF MESSAGE CHARACTER (EOM). 
This is used by the remote receiver to 
change it to a search for SYNC character 
mode. The REQUEST TO SEND signal is held 
for the full duration of transmission. 
The character END OF TRANSMISSION (EOT) is 
used by the controller to turn of the 
REQUEST TO SEND command. This is 
accomplished by a decoder on the W706A out­
put. EOT is only issued by the program if 
it is desired to turn off the data set 
carrier. In a half duplex system it is 
advantageous not to issue EOT unless 
necessary since this will save line turn­
around delays. 

Input Sequence 

The normal state for input is that of 
searching for a SYNC character. The out­
put of the W706S is decoded continuously. 
Shifting of the received signal taking 
place as soon as a carrier is detected. 
As soon as one SYNC is detected the 
receiver is considered locked. The SYNC 
character is transferred in parallel to the 
W707A for serial transmission at lOOK bits 
per second to the DC-IO. It is assumed 
that the DC-IO is always ready to receive 
a character. 

All following characters are trans­
ferred as appropriate. The EOM character 
is detected in order to take the receiver 
out of lock. When this occurrs no further 
transfers take place between the controller 
and the DC-IO until another SYNC character 
is detected. 

Figures 5 and 6 show the actual logic 
for the controller. Figure 5 is the out­
put logic, figure 7 the input. 
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Conclusion 

In conclusion I would like to summar­
ize the reasons for this particular implem­
entation. 

1. the converter had to be developed 
quickly. The time from conception 
of the idea to a working system was 
about four weeks. Hardware was 
chosen that was available quickly. 

2. changes to the PDP-IO hardware and 
software were to be kept to a 
minimum. 

3. physical size and complexity to be 
minimized. 

I consider that this goal was achiev­
ed. Other implementations are possible as 
are systems with additional features. 
Future designs may encompass some of these 
features. 
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RAPID PROGRAM GENERATION PROGRAM 

William F. Weiher 
Stanford University Artificial Intelligence Laboratory 

and 

Richard P. Gruen 
Digital Equipment Corporation 

Palo Alto, California 

ABSTRACT 

Rapid Program Generation on the PDP-6/10 has been made possible by the 
addition of five commands to the DEC Time-Sharing Monitor. These commands 
(EXECUTE, DEBUG, COMPILE, LOAD, and CREF) allow the time-sharing user 
to specify the names of the programs which he wishes to use and then delegate 
to the Rapid Program Generation System the task of compiling, assembling, and 
loading these programs, as needed, without requiring the user to type CUSP 
commands. The implementation makes use of an RPG cusp and some small files 
on the disk; only nine additional instructions have been added to the Time­
Sharing Monitor. 

INTRODUCT ION AND EXAMPLE 

Several new commands have been added to the DEC PDP-6/10 
Time-Sharing System to facilitate Rapid Program Generation. 
In the ordinary case a time-sharing user need type only the 
EXECUTE command, followed by a list of the files with which 
he would I ike to work. The Rapid Program Generation Sys­
tem (RPG) translates to machine language those of the user IS 

programs which need translation, loads all of the programs 
into core, and starts execution of the object program. Thus 
the ordinary time-sharing user need not be concerned with 
the var ious and sundry command lists requ ired by each of the 
individual translators which he uses. 

· create main. f4 
*i1~~ 
~~1~~ 
~~~~ 69 
~~3~~ 
~~4~~ $ 
*e 
EXIT 

1'C 
· create sub 1 . f4 

*i1~~ 
~~1,0,0 
~,0~~ 
,0,03~,0 1,05 
,0~4,0~ $ 
*e 
EXIT 
tc 
· execute main, sub 1 

type 69 
format (' this is the main program l

) 

call sub1 

subroutine subr 
type 1~5 
format (' this is sub 11) 
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An example will help to illustrate the use of the new com­
mands. Suppose a time-sharing user wanted to work with 
a main program and a subroutine, both in the FORTRAN 
language. He might proceed as follows: 

;create a disk file 

;begin inserting on line 1,0,0 
;statements in FORTRAN 

;ALT -MODE ends the insert 
;e ends the edit and ex its 

;control has returned to monitor 
; use another disk fi Ie 
;insert starting at line 1,0,0 
;FORTRAN subroutine 

;ALT -MODE ends the insert 
;end and exit to monitor 

;request RPG execution 



MAIN. ERRORS DETECTED: X1 
SUBR ERRORS DETECTED: X1 
LOADING 
?X1X1X1X1X11 UNDEFINED GLOBALS 
? SUBl X1X1X1152 
LOADER 5K CORE 
? EXECUTION DELETED 
EXIT 
tC 
.edit 

subroutine sub 1 

SUBl ERRORS DETECTED: X1 

LOADING 
LOADER 5K CORE 
THIS IS THE MAIN PROGRAM 
THIS IS SUBl 
EXIT 

'C 

COMMAND DESCRIPTIONS 

COMPILE command 

COMPILE takes a list of file names as its argument. It is 
assumed that a II of the fi les are on the disk. Each fi Ie is 
processed by, the appropriate processor if necessary. It is 
considered necessary to process a file if no .RELfile of the 
same name exists or if the. REL file was created before the 
last time the text file was edited. COMPILE determines 
which processor is appropriate by examining the extension 
of the fi Ie. The following is a table showing which processor 
will be used for various extensions: 

.MAC 

.FAI 

.F4 

.REL 

MACRO 
FAIL {an assembler developed at Stanford} 
FORTRAN 
No processing will be done 

If the fi Ie has the blank extension, COMPILE wi II use which­
ever processor is considered IIstandard. II The IIstandard II 
processor starts out as FORTRAN and may be changed by use 
of the various switches (see below). It is not necessary to 
indicate the extension of a file to COMPILE. If only the file 
name is given it wi II first look to see if there is a fi Ie of that 
name with no extension. If there is not, it wi II look for one 
with the extension .FAI then .MAC then .F4 then .REL. 
It is on Iy if none of these are found that it wi II use the 
IIstandard II processor. 

As an example, suppose you wished to compile the files 
FOO.FAI with FAIL, GARP.FAI with FAIL and BAl.F4 
with FORTRAN. Any of the following command strings would 
be appropriate: 

;FORTRAN reports its progress 

;there is no subroutine named sub 1 
;this includes the space for loader 
; no execut ion 

;user now asks to edit sub 1 . f4 
;he need not mention the name, since 
;this is the file he edited last 
;replace line lX1X1 

;user asks to go to his program 
;this ends the edit {like e command} 
;and then does the last command typed 
ito the RPG system 
ionly the subroutine is recompiled, 
;since only it has been edited 
;both main and sub 1 are loaded 

;execution begins 

;execution ends 
;and so does this example 

COMPILE F90. FAil GARP. FAI, BA~. F4 
COMPILE FOO,GARP, BAZ 
COMPILE FOO, GARP. FAI, BAZ 

LOAD command 

LOAD operates as COMPILE, and then loads the specified 
files. 

EXECUTE command 

EXECUTE operates as load, and then starts execution of the 
ob je ct program. 

DEBUG command 

DEBUG operates as LOAD, but also loads DDT (the DEC 
Debugging Tape). It then starts DDT rather than the object 
program. 

CREF command 

Each of the above commands generates information as to which 
cross-reference listings have been generated since the last 
time CREF was used. The command CREF prints {on device 
LPT:} all cross-reference listings generated since the last 
time this command was used. In some systems, this command 
is CROSS. 

CROSS command 

Same as CREF command. 

EDIT command 

Takes a single file name. Brings EDITlX1 into core, and 
338 initial izes it to edit that fi Ie. 



CREATE command 

Operates like EDIT, except that it first initializes a disk 
file with the given name. CREATE should be used to creat-e 
a file wh ich has never before been used. 

TECO command 

Operates as EDIT, but brings in TECO rather than ED ITl,0. 

MAKE command 

Operates as CREATE, but uses TECO rather than EDIT1,0. 

TYPE command 

Types the fi Ie {whose name is the argument of the command 
on devi ce TTY:. 

LIST command 

Lists the fi Ie whose name is the argument of the command on 
device LPT: 

DE LET E command 

Accepts a list of file names, separated by commas, and 
deletes those files from the disk. Wild names or extension 
may be specified by asterisks {*}; for example DELETE * .MAC 
would delete all files with the extension .MAC from the 
disk. 

RENAME command 

Rename accepts a list of file name pairs, with the elements 
of a pair separated by equals (=) and the pairs separated by 
commas. The file having the second name of each pair is 
renamed to have the first name of each pair. For example, 
RENAME NEW1= OLD1, NEW2=OLD2 would rename OLD1 
to be NEWl and rename OLD2 to be NEW2. 

DIRECTORY command 

Lists on device TTY: the names and creation dates of all fi les 
on the user's disk. area. Ifan argument is given, that argu­
ment is taken as the name of the device whose directory is 
desired (rather than DS K:). 

NOTES ON GENERAL SYNTAX 

Spaces, tabs, and form feeds are completely ignored in all 
commands. Carriage returns and line feeds are ignored if 
they are followed by a comma, and are treate-d as commas 
otherwise. Blank lines are ignored completely. Asemi-· 
colon may be used to insert a comment; all characters between 
the semi-colon and the following linefeed (inclusive) are 

ignored. 

NOTES ON FILE DESCRIPTORS 

Fi les have been shown in most examples as just a name, per­
haps with an extension. In general files are described as: 

DEV:NAME. EXTCPRJ, PRc;J 
where DEV: is a device name (followed by a colon; assumed as 
DSK: if absent) 

Name is the name of the fi Ie 
EXT is the filename extension, preceeded by a period 
tpRJ, PRGlis the project and programmer pair describing some 
disk area other than that of the current user. For example, 
execute DTA4:PROG 1, PROG2 would compile and execute 
two files from DTA4: {since device names are sticky}. 
Similarly, LOADFOO. F4[1 >NFWl would compile and load the 
fi Ie F 00. F4 from the disk area of 1, WFW . Whether or not 
re-compilation was needed would have been determined from 
the dafe and time (if extent) of the file FOO.REL in the 
current disk area. 

SWITCHES TO COMPILE 

Switches. to COMPILE are preceeded by a "/" and are 
multiple character rather than single character. They may 
appear either before or after a file name (i .e. 

COMPILE FOO/MACRO, BA;;! 
COMPILE /MACRO FOO, BA~ 

If a switch appears after a file name (first example) it 
applies only to that file, if it appears before a file name it 
changes the "standard mode II of the compi Ie command for 
that file and all following files {until changed by another 
switch}. In the above examples if neither FOO nor BA;;! 
had an extension then in the first example FOO would be 
processed by MACRO and BA;;! by FORTRAN. In the second 
example both FOO and BA;;! would be processed by ty'ACRO. 

All switches may be abbreviated, requiring only enough 
characters to distinguish them from all other switches. The 
switches currently available are: 

FORTRAN set standard mode to FORTRAN (originally set 

MACRO 
M 
FAIL 
F 

LIST 
L 
NOLIST 
N 
REL 
CREF 

to FORTRAN) 
set standard mode to MACRO 
same as above 
set standard mode to FAIL. 
same as FORTRAN (the M and F switches are to 
allow frequently used commands to be shortened 
without confusion) 
create listing files (. LST) for all files processed 
same as above 
turn off I isting (original setting is NOLlST) 
same as above 
do not process fi Ie at a II 
create cross-reference fi les (. LST) for a II fi les 
processed 

C same as above 
LIBRARY do not process and if loading (see LOAD) do a 

I ibrary search 
NOLIBRARY turn off library mode 
COMPILE process even if dates indicate it is not needed 
NOCOMPILE turn off COMPILE mode 
MAP if loading create a loader map at this point, 

output file is MAP.MAP There is no difference 
in placing this switch before rather than after 
a file name. 
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EXAMPLE: Suppose FOOl, F002, and F003 were to be 
processed by MACRO and GARP1, GARP2, and GARP3 by 
FORTRAN. Also suppose that listings of F002,GARPl and 
GARP2 and a cref of F003 were desired. In addition suppose 
a I ibrary search of the hand-eye I ibrary were necessary. The 
following command string would accomplish this: 

COMPILE /MACRO F001,/LiST F002, F003/C,/FORT 
GARP1, GARP2, GARP3/N, HELlBC1,3J/L 

MULTIPLE FILES 

It is sometimes necessary to indicate to the processor that the 
program to be processed is contained in the concatenation of 
several files. For example consider the command string 

APRSER+-S,APRSER 
given to macrox. Such constructions are allowed by COMPILE 
us ing the "+ II feature, to get the same effect as above the 
proper command to COMPILE is 

COMPILE S+APRSER/MACRO 

A maximum of 7 fi les may be combined in this way. The name 
given to the binary (. REL) and listing (. LST) files wi II be that 
of the last program in the string (thus APRSER in the above 
example). It is possible to give the binary and listing files 
some other name by the use of the "= II feature. Suppose it 
were desired to give the name FOO to the binary produced 
above. Either of the following would work: 

COMPILE FOO=S+APRSER/MACRO 
COMPILE S+FOO=APRSER/MACRO 

SWITCHES TO LOADER 

It is possible to pass switches to the loader (assuming one of 
LOAD, EXECUTE, or DEBUG is being used). For example 
to pass the liS II switch to the loader, one wou Id use %S. This 
construction may appear either before or after a file name and 
the place of appearance is preserved in the commands given 
to the loader. Thus the command LOAD %SFOO would give 
the command string /SFOO to the loader while LOAD FOO%S 
would give FOO/S to the loader. The 11%11 take the next 
letter following it to pass to the loader. There is one excep­
tion to this. If the character following the 11%11 is a digit, 
it and all the digits following it and the letter following them 
will be taken. Thus to pass the string /6~~~0 to the loader 
use %6~~~0. 

SWITCHES TO PROCESSORS 

Switches may also be passed to processors by enclosing them 
in II() II. Let #1, #2, and #3 each denote a string of letters 
and digits. The construction (#1) will pass the string #~ to 
the source portion of the processor. (#1, #2) wi II pass #1 
the binary portion and #2 to the source and (#1, #2, #3) will 
pass #1 to binary, #2 to list and #3 to source. 

EXAMPLE : COMPILE FOO=GARP.MAC/L1ST(,A,Q) 
+GARP2(B, C)+GARP3(G) 
This wi II produce the macro command string: 
FOO(B), FOO(A}t-GARP(Q), GARP2(C), GARP3(G) 

The "( ) II construction must follow the file name. An error 
wi II resu It if an attempt is made to specify more than one 
set of binary or I isting switches for any given output fi Ie or 
if the "( )" construction is used more than once after any 
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PARAMETER FILES 

It is sometimes useful to assemble several programs with the 
same set of parameters such as accumu lator assignments, etc. 
This results in commands of the form 

LOAD S+APRSER, S+SCNSER, S+DISSER 

Such commands may be simplified by using the following format 
LOAD S+<APRSER, SCNSER, DISSER> 

Note that the constructions 
LOAD <FOO, BA~GARP 
LOAD GARP+<FOO, BA~>+FOOBAR 

are not perm i tted . 

COMMAND FILES 

At any point in the command string, the construction 
@Filename may occur. The@fileflame is replaced by the entire 
contents of the fi Ie named. This construction may be nested 
to a depth of 9 (this number may change). An error message 
wi II be given if deeper nest i ng occurs. 

REMEMBERED COMMANDS 

The last command given is remembered by the program so that 
the sequence of commands 

COMPILE FOO 
DEBUG FOO 

may be replaced by 
COMPILE FOO 
DEBUG 

HOW COMPILE WORKS 

Compile works by generating files containing command for 
the various processors. These have the following names 

QQMACR.RPG 
QQFAIL.RPG 
QQFORT.RPG 
QQCREF.RPG 
QQLOAD.RPG 
QQPIP.RPG 
QQSYCM.RPG 
QQSYED.RPG 

MACRO 
FAIL 
FORTRAN 
CREF 
LOADER 
PIP 
To remember last command given 
To remember last fi Ie edited. 

ERRORS 

TOO MANY SWITCHES too many switches for the internal 
storage have been given for either the 
loader or a processor 

TOO MANY NAMES too many names given in the + 
construction 

DISK NOT ABAILABLE something is probably wrong 

OUT PUT ERR OR 

INPUT ERROR 

with the system 

an output error on the disk which writinga 
command fi Ie 

an input error from disk whi Ie reading a 
file indicated by an @ 

PROCESSOR CONFLICT COfMPILE does not .kn.ow what 
processor 0 use, can resu rf trom a 
command string line 
COMPILE FOO.MAC+GARP.FAI 



NOT ENOUGH CORE there is not enough core for buffers 
available 

SYNT AX ERROR something is wrong with your syntax 

NESTING TOO DEEP the depth of permissible use of 
@,as been exceeded 

UNRECOGNIZABLE SWITCH a switch V type) has been 
given which COMPILE does not recognize, try 
typing more of the full name of the switch 

NO SUCH FILE - filename this file could not be found 

FILE IN USE OR PROTECTED - filename COMPILE could 
not write one of the QQ files 

Any error will cause COMPILE to call exit 
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A FLYING SPOT SCANNER ON-LINE TO A PDP-6 

I. G. Nicholls and C. L. Jarvis 
Computing Centre 

The University of Western Australia 

ABSTRACT 

The interest in image processing shown by several research groups within the 
University of Western Australia has resulted in a standard Fernseh flying 
spot scanner being linked on-line to the PDP-6 within the time snaring system. 

The paper reports the interface design and control in view of the restraints 
imposed by the existing PDP-6 configuration and the needs of the research 
groups involved. 

INTRODUCTION 

The acquisition and interpretation of data in the form of 
photographic images is becoming increasingly important in 
many fields of research. In the biological sciences scanning 
microscopes on-line to small computers are opening up the 
way to computer interrogation and quantitative measurement 
of images of many kinds. Such integrated special purpose 
systems are commonplace among the bigger research institu­
tions. Yet the cost of these systems, whi Ie not great, is 
often beyond the resources of smaller research teams where 
the decision of what system to implement or build is always 
governed by the availability of funds and the nature of 
existing equipment. This has been the case at the University 
of Western Austral ia for a number of workers interested in 
image processing. 

The flying spot scanner belonging to the Electrical Engineering 
School has been coupled to the University PDP-6 to meet the 
combined needs of these groups for a picture digitizer. 

This paper briefly describes the on-line linkage and discusses 
the resulting design in view of the user's needs and the sys­
tem restra i nts. 

DESCRIPTION OF EQUIPMENT 

The Computing System 

The University's computing system is an integrated one based 
on a time-shared 32K PDP-6 computer which has had exten­
sive additions made to it by the rea I time group. These 
additions include: 

1. A disc sub-system based on CDC 854 diskpacs upgraded 
to 12 million bytes and driven by a PDP-8. 

I 

2. A unit to communicate with up to 16 remote computers. 

3. Six real time on-line experiments which unless hardware 
is common may run simultaneously in the system. 

Flying Spot Scanner 

The FSS is a standard Fernseh whi ch accepts sl ides with a 
21 x 28 mm picture size and densities between 0.2 and 2.2. 
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Vertically these are made up of two interlaced fields of 312 
and 313 lines. Time to scan one pitcure is 1/25 second and 
at a sample rate of 14 Mc/s approximately 700 nyquist ele­
ments are sampled in a horizontal direction. For the 
Australian standard of 10 Mc/s 500 elements are possible. 
The current quantizer built by the Electrical Engineering 
School has 16 adjustable quantization level settings. 

DESIGN PHILOSOPHY 

As the link will be used by a number of research groups with 
varying goals, a flexible system is required. To achieve this 
it has been decided to have the computer send to the FSS an 
(x, y) coordinate and have the FSS return the quantized op­
tical density at that point, together with those of the next 
eight points (36 bits of information). 

This allows the user to either: 

1. Generate a matrix of points to cover the whole picture. 

2. Select a portion of the picture for digitization. 

3. Or generate (x,y) requests conditional on the data 
acqu ired to date. 

The immediate requirements of other devices and .the unpre­
dictable nature of other users within the system make it 
desirable to design an asynchronous link. While it is true 
the computer is far from saturated, the number of real time 
devices already in the system and the demands of the swapping 
system argue further for making the FSS an on-line asyn­
chronous linkage. 

The synchronous nature of the device has been bypassed by 
having the scanner's response to a point request wait until 
it next passes that point in its synchronous scan. It then 
collects the generated levels of the required 9 points and 
transmits them to the computer. 

Two other features are included in the design. A manual 
interrupt button that allows the user to cease data collection 
halfway through a picture and regain program control together 
with a "resolution switch" that allows halving of the sample 
rate in each direction. 



SCAN TIME CONSIDERATIONS 

Assuming that the user requests consecutive points he would 
collect data for 9 points once per scan taking 32.4 minutes 
to collect a fu II picture. It is obvious that if estimates can 
be made of the response time of the PDP-6 to service interrupts 
within anyone configuration, then the time to scan one pic­
ture can be appreciably reduced by ordering the coordinate 
requests in a systematic manner to optimize on the movement 
of the sampl ing spot. For example, if the user anticipated 
that the computer wou Id take on an average 500 IJsec. per 
sampling period (and was correct in this assumption) then 
allowed for this in generating the coordinates, it follows the 
computer would collect 8 amounts of data or 72 points per 
seen, taking 4.05 minutes to collect a full picture or lust 
over 1 minute at half resolution. 

HARDWARE 

The control register of the interface with the PDP-6 contains 
3 flip flops for the P.1. channel number, a done flag, a busy 
flag, a manual interrupt flag and an error flag which is set by 
the FSS if the (x, y) coordinates requested are out of range. 
A maintenance flag is also available so that the x and y co­
ordinate flip flops may be read back instead of data. 

The data register is used to buffer 10 bits for the x coordinate 
and 10 bits for the y coordinate. They are wired to come 
from different halves of the I/o bus so as to allow the use of 
the half word instructions in setting them up. 

SOFTWARE 

The FSS service routine added to the time shared monitor 
accepts a buffer of (x, y) coordinates and once started uses a 
BLKI followed by a BLKO to accept data and send out the 
next request coordinate pair. This cuts monitor overheads on 
the normal INPUT I OUTPUT UUO's to a minimum. 

The buffer length is set at 100 words and a 1 K user program 
can be used for straight data collection. To avoid setting in 
the middle of core for long periods while the device is active 
{shuffling being inhibited)1the job can be made a real time job 
by using the REALT UUO. This prevents the job from being 
swapped out of and into core, resu lting in it always being 
resident in lower core with all other real time jobs. 

COMMENTS 

The total cost of the linkage including additions to the FSS 
but excluding labour is under $2,500. It should be noted, 
however, that the quantizer unit at the FSS had been built 
by the Electrical Engineering School as part of another project 
and is not included in this figure. 

This is the second on-line device at our installation where 
the I/o service routine handles inputs to, mixed with out­
puts from the same buffer and it is clear that a REPLACE UUO 
would be useful. As well as being more meaningful, it could 
save the user fiddling with the lOUSE bit to keep buffers in 
order. 
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