














































































































































































































































































































































































































































































































































































DRECSA (the SELT is unchanged); these arguments can 
take several forms, such as simple mnemonics, -
pointers, and "CORESP". 

RECORD SIZE, TAG 
POINTR TAG 
QREC RECSA 
DELREC RECSA 
QINS 
DEUNS 
CLOSE 
EXIT 
WRNFL FLTYP, RECSA 
APTFL FLTYP ,RECSA 
DELFL FLTYP, FLN 
POSPNT TAG,RECSA,ELT1,ELT2,ELT3,ELT4 
LOCREC FLTYP,FLNO,RECTYP,NLEVEL,ITEM,FN,SIZEl,SIZE2 
MOVE SELT,SRECSA,DELT,DRECSA 
COMPAR ITEMA,FN,ITEMB,ITEr.c 
INSREC RECSA,WHERE 
OPNREC DRECSA,RECTYP 
OPMATR DRECSA,Nl,N2 
PUrCR DRECSA 
OVRLAY SRECSA 
ASK <"QUESTION"'> ,DELT ,DRECSA,NCHARS 
ASKX <IIQUESTIONII>,N 
ASKYN �<�~�U�E�S�T�I�O�N�"�>�,�Y�A�D�R�,�N�.�A�D�R� 

EDIT TAG 
PRINT RECSA 

fIG. 2 SUMrJIARY OF FURT VERBS. 

LOCREC is the tape search verb, and requests that a 
file of type FLTYP and number FLNO be found, con­
taining a record of type RECTYP at nesting level 
NLEVEL, in which the contents of the ITEM item obeys 
the FN relationship (greater than, equal, etc.) to 
SIZEl (and SIZE2 if FN = between or outside). The 
return is with the accumulator positive if success­
ful, and negative if unsuccessful. The record so 
found becomes the current record (CURSC). If it is 
modified by a MOVE, it must be re-written with the 
CLOSE verb. The whole current record may be copied 
into core with the purCR verb, or overlaid by 
another record with the OVRLAY verb. A record may 
be inserted into the file in front of or following 
the CUREC with the INSREC verb; this allows records 
to be stored in sequence in a file. 

A one or two-level "matrix" record may be opened 
with the �O�P�~�~�T�R� verb. In a matrix record, items are 
referenced by their numerical coordinates rather 
than by user-assigned mnemonics. The PRINT verb, as 
tentatively defined, will print the contents of a 
2-level record in a row-column array; this could be 
used for printing patient summary reports. 

The EXIT verb is used instead of DELHJS to exit from 
a queued instruction group without deleting it; 
e.g., after a LCCREC with the FLNO = "ALL", an EXIT 
would leave the instruction group in the queue and 
thus the next file which meets the specified condi­
tions would be found. The COJVIPAR verb is similar to 
the comparison function in the LOCRSC verb, with the 
result indicated by the contents of the accumulator. 

Severa I verbs to do floating-point ad thmetic have 
been defined tentatively. As FLIRT evolves, some of 
the verbs defined above may be deleted and others 
may be added. 

L. �I�~�l�E�R�N�A�L� STRUCTUrtc 

Several aspects of the internal structure of ?LIRT 
files and the subroutines which execute FLIRT verbs 
are discussed below. 
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4.1 Program Size 

A FURT program is assembled with the PDP-9 macrO 
assembler, which expands the FLIRT verbs and argu­
ments into subroutine calls. The subroutines which 
execute the FLIRT program will probably occupy about 
8K words when all the verbs have been implemented. 
We hope to use program-swapping between core and 
disc to reduce the resident core requirement to 
about 3K. 

4.2 File Storage on DECtape 

There is no limit to the length of a FLIRT file: 
each file is stored in as many chained blocks of 
DECtape as are necessary. We plan to increase the 
present 64-word block size and perhaps allow the 
block size to be defined by the user. A record 
cannot be greater than one block in length. 

4.3 Index and Keys 

In the present DECtape version of FLIRT, no index 
is used, and the number of the block in which a 
given file starts bears no relationship to the file 
type or fi Ie number. An index or a "mos t 1i ke ly 
starting address" computed from the file number may 
be used in the disc version of FLIRT. 

4.4 Internal File Delimiters 

Each record begins with a three-character header 
"(HI-lY and ends wi th a II)". HH is the code for the 
record �t�J�~�e�.� Items in a record are separated either 
by a colon, which precedes a binary item, or by a 
semi-colon, which precedes an alphanumeric or a re­
cord item. The characters ( ) ; and : cannot be 
used as data. The following example shows what a 
file containing a patient identification record and 
a test result record might look like. 

(HH;DOE,J;3568l;2ll-l;UREMIA) (HH;35681;3JAN;327 
;(HH;ELECT;(HH;123;3.5;82;20»;(HH;BUN;69»)) 

In a record of given type, the items are always 
stored in the order they were listed in the record 
definition. Specific items are located according 
to their sequence within the record. 

4.5 Queue Manipulations 

When records or instruction groups are queued, they 
are added to the end of the queue; when they are 
deleted, the remainder of the queue is moved up to 
fill the gap. If all records and instruction groups 
were the same size a list of free space (more effi­
cient) could be used instead. 

�~�I�h�e�n� a MOVE verb will alter a queued record, that 
record is moved to the end of the queue, so a change 
in the size of the record will not affect the re­
mainder of the queue. 

5. �A�C�K�N�(�)�H�L�E�D�J�~�r�'�E�N�T� 

The author is grateful to Jr. R. H. Pearce who 
played a large role in the design of FLIRT, and who 
is providing a continuing role in its evaluation; 
and to Dr. J. S. NacDonald, Dr. C. K. Harris, 
Miss �~�1�.� L. Gillies, Mr. H. J. Bridges, and the staff 
of the laboratory at st. Paul's Hospital, who pro­
vided many of the initial guidelines. �~�~�e� are grate­
ful to the Mr. & Jl-lrs. P. A. ioiood',rard Poundation, the 
Eritish Columbia Hospital Insurance Service, st. 
Paul's Hospital, Vancouver, and the Departments of 
Palhology and Electrical engineering of the Univer­
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ing the development of this project. 
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RECENT EXPERIE~CES I~ DESIGNING HODULAR 
INTERFACES USING H-SERIES LOGICt 

Gary B. Horgan 
National Reactor Testing Station 

Idaho Nuclear Corporation 
Idaho Falls, Idaho 

ABSTRACT 

The use of H-series (T2L integrated circuit logic) modules for 
interfacing to computers which are constructed using Band R 
series modules involves some new considerations. This paper 
will deal with three major areas of concern: (1) the economics 
of using H-series vs standard R-series, (2) system design of 
I/O using T2L logic for interfacing on-line control and data 
acquisition experiments, and (3) specific problems and solu­
tions when using the H-series line for an interface (including 
special cards which have been designed). A specific data 
acquisition and control interface for a PDP-9 will be used as 
an example of the three general areas above. 

INTERFACING SYSTEH CONCEPTS 

The task of interfacin~ external instruments, experi­
ments, controllers, etc. to small general purpose 
computers is one which should be approached from an 
over-all systems standpoint. The idea of adding one 
interface after another without considerin~ the over­
all system development will undoubtedly lead to poor 
results when the system grows beyond the first few 
small interfaces. Three major areas of consideration 
are discussed below. 

System Hodularity 

The users of these general purpose digital computers 
for data acquisition and control of experiments must 
have the ability to change the system configuration 
and alter its capabilities easily and without a great 
amount of manpower effort or wasted component costs. 
To satisfy this demand the system must be designed in 
a modular fashion. It must grow or change within 
this modular environment. Hodules must be designed 
such that the system does not depend on anyone of 
them to be installed or working for the rest of the 
system to function correctly. 

Programability vs Versatility 

The design of all parts of the interface which inter­
act with a program (the program controlled input/ 
output) must be given careful attention from a soft­
ware (program) point of view. Ideally the person 
designing such a system should be a competent pro­
grammer as well as a logic designer. There should 
also be a constant interchange of ideas and/or con­
cepts between the three types of people involved in 
the project (logic designer, programmer, experimental 
user). The modular components of the system should 
be designed such that the program tan determine un­
attended the status of the module (is the module on 
or off line, etc.). Whenever possible the hardware 
design should be such that the interface is as versa­
tile as possible, allowing the program and programmer 
or user to exercise their options on how the device 

will be run. This means that the same piece of hard­
ware may be used for several different experiments 
without major future modifications. The hardware may 
be used by different programs in completely different 
operating environments (interruptable real-time ~ 
non-interruptable program controlled). 

Hain ta inab i1 ity 

By designing the interfaces with an over-all system 
modular concept in mind, it is possible to greatly 
reduce the down time of the total system due to minor 
hardware failures or experimental changes. An obvi­
ous, but often overlooked, area is making sure that 
when a module is unplut'~ed from the system (cable is 
disconnected for off-line maintenance or because of 
a failure) the open circuited logic inputs don't tie 
vital signal lines in the processor to the wrong 
state (the interrupt bus or skip bus enabled). 

A second point is the cable configuration of the 
system. If every cable in the system is made in some 
standard configuration, then when a module is dis­
connected for changes or maintenance it can easily 
be connected to some general kind of simulation jig 
or mock-up device to enable bench check-out. The 
simulator jig could be as simple as a set of switches 
to simulate a register output or a set of indicator 
lights to simulate a register input. 

The systems concepts discussed in the preceeding 
section are illustrated by the following discussion 
of a time-of-flight interface to a PDP-9. Figure 1 
shows a block diagram of the complete PDP-9 I/O sys­
tem as designed. The devices on the left side are 
shown daisy-chained to the PDP-9 I/O bus in the nor­
mal manner. The high-speed paper tape equipment 
could be a device 1 and 2 for example. Device 3, as 
shown in Figure 1, is a large interface which will 
control several remote (100-500 feet) experimental 
interfaces. Device 3 (IC common logic) changes the 
PDP-9 bus appearance from the display chain to a fan­
out where each remote interface is completely modular. 
All lines to and from the IC common logic (Device 3A, 

t Work performed under the auspices of the U. S. Atomic Energy Commission. 

273 



3B, ... 3N) are driven and received by active gates 
in such a way as to allow any separate remote device 
to fail or to be disconnected without affecting the 
rest of the PDP-9 system. All the logic in device 3 
(IC common and remote interfaces 3A, 3B, ... ) with 
the exception of one set of I/O bus level converters 
is implemented using TTL integrated circuits. Fig­
ure 2 shows the time-of-flight interface in more de­
tail. The interface is capable of measuring the time 
between nuclear events from up to 32 different detec­
tors. At each event, the time (from some relative 
to) is stored in a buffer register 1 (13 bits). A 
5-bit tag word indicating in which detector the event 
occurred is stored along with the event time. This 
makes up the full l8-bit word which is dropped down 
through the 5 buffer registers and into the PDP-9 
memory through. the DMA 09 multiplexer. The dead time 
of the front end Is less than 200 nsec. Since there 
are 5 buffer registers in front of the DMA 09, as 
many as 5 random events may be accumulated in one 
microsecond before a hardware overflow will occur. 
If any buffer register has data in it a DMA request 
is given to the PDP-9 processor. 

All initial set-up parameters (channel width, timed 
initial delay, list location and size, etc.) are under 
program control. The remote time-of-flight chassis 
also has a set of switches and indicators on its 
front panel to allow the experimenter to communicate 
with the PDP-9 program (these are very useful in de­
bugging and maintenance as well as during routine 
operation). Figure 3 shows the remote time-of-flight 
interface front panel and chassis unit. The word 
count and current address logic for the DMA channel 
is located in the PDP-9 cabinet since its logic is 
not necessarily associated with a time-of-flight ex­
periment. An indicator panel is located at the top 
of the cabinet in the PDP-9 logic and is shown in 
Figure 4. Note also in Figure 4, there are flag 
indicators for every interrupt coming into the com­
mon logic and power indicators for every experiment 
hooked to the cornmon logic. 

lNTERFACES BUILT USING M-SERIES LOGIC MODULES 

PDP-8 Interfaces 

1. A hardware bootstrap loader. This bootstrap will 
load any twenty-word program into the core of the 
PDP-8 under pushbutton control. 

2. A general data acquisition and control interface 
for an 8/S using integrated circuits (scalers, 
counters, clock, DAC and ADC). 

3. Data acquisition and control interface for an 
8/S to control a bet~-ray spectrometer using 
integrated circuits. 

PDP-9 Interfaces 

1. Remote modular interface for 3-axis spectrometer 
on the MTR reactor. 

2. Remote modular interface for measuring the time­
of-flight information on the MTR reactor experi­
ments. 

3. General purpose control switch panel for inputing 
information to the processor. 

4. 10-key function box. 

Logic Circuit Considerations 

The interfaces listed above were constructed using 
M-series logic modules. This logic was chosen for 
two reasons: (1) The T2L logic is superior to DTL 
logic. It has a wider system bandwidth, its noise 
susceptibility is better and its drive capability is 
higher. This reduced problems and cost in driving 
long wire runs and cables. (2) At the time we started 
design (August 1967) the M-series line was the least 
expensive T2L module line on the market. 

A number of cards were designed and built "in house" 
to supplement the DEC M-series line. Since then DEC 
has added these functions to their standard M-series 
inventory. 

We find that the reliability of the T2L integrated 
circuits is very high (better than R-series)' and the 
logic is easy to use. The power distribution system 
for T2L logic must be very low inductance and well by­
passed to keep system noise to a m1n1mum. Reasonable 
care at the time of construction is sufficient. 

All interfaces designed for DEC machines (-3 volts 
machines included) should be designed using T2L 
integrated circuits. The time-of-flight interface 
described earlier was priced out at $3200 using M­
series logic. The same functional unit would cost 
$5300 using Band R series modules. 

1 This interface was designed and built by Donald Staples. 

2 This interface was designed by Paul Hofhine (Phillips Petroleum Company employee). 
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Reactor 
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Figure 1. PDP-9 Input/Output System. 

I/O BUS 

PDP-9 C.P'U. 

Direct Memory 
Access 

Sample Chopper Nuclear 
Change Motor Detector 
Motor Phase System 

'--------.....j1 Monitor 
o TIME OF FLIGHT EXPERIMENT 

Figure 2. Time-af-Flight Interface Diagram. 
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Figure 3. Time-of-Flight Chassis. 

Figure 4. PDP-9 and Common Logic. 
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A DATA COMMUNICATION SYSTEM FOR THE PDP-8 IN ARBUS* 

Thomas G. Taussig 
Lawrence Radiation Laboratory 

University of California 
Berkeley, California 

ABSTRACT 

A data communication interface developed for ARBUS (Advanced 
Reservation and Bed Utilization System--paper to be presented 
by R. Abbott, Biomedical Session) will be described. The low 
cost, high speed data break interface allows the connection of 
multiple duplex Teletype stations and data phones to the PDP-8. 
The design of this system results in low program overhead 
requiring less than 5 percent of computation time to assemble 
characters from 32 lines, sampling at 4 times the 110 baud 
rate. The system requires 2 words of memory per line. 

Introduction 

The Advanced Reservation and Bed Utilization 
System (ARBUS), consists of a PDP-8 System operating 
in conjunction with a commercial time-sharing 
facility. The PDP-8 system is located within the 
hospital and continuously executes the ARB US system 
program to provide local control functions. 
Connection is established as required to the Tym­
share facility via the Data Set and commercial 
telephone lines on a "dial-up" basis under control 
of the PDP-8 program. 

The PDP-8 system consists of various remote input/ 
output devices, a special interface to allow the 
devices to communicate with the computer, and the 
PDP-8 computer. The devices that were to be 
required by the system are; Model 33 Teletype units, 
Invac modified Selectric typewriters, Type 103A 
Data Set, Type 801A Data Auxiliary Set (Automatic 
Calling Unit), and a real-time clock derived from 
60 cycle ac power. 

Interface Description 

A block diagram of the ARBUS system is shown in 
Figure 1. The Computer Interface Control is 
basically a software controlled multiplexer with 
serial to parallel assembly and parallel to serial 
disassembly capability. Extensive use is made of 
PDP-8 control logic and core memory by use of the 
Data Break facility in a modified form. All devices 
are connected to the ARBUS Comp~ter Interface 
Control, and send or receive data, bit serially, 
at Teletype rate of 110 baud. As an exception the 
Real Time Clock sends a 60 Hz square wave that is 
used to synchronize the programs to real time. The 
ARBUS Interface may be expanded to control a maxi­
mum of 128 channels. Expansion beyond this number 
will result in real time problems unless average 
activity is very low. We have implemented control 
for 32 channels in the ARBUS prototype, with TTY 
line circuits for 18 channels. Expansion is a 
straight-forward procedure. 

Input/Output Devices 

Although the channels appear identical to the programs 
and to the remote devices, it was convenient to 
make certain channel assignments. Channel 0 input 
is used for the 60 Hz real time clock. Channel 0 
output is unused. Channels I and 2 are reserved 
for the Data Set and the associated Automatic 
Calling Unit. Channell input and output are used 
for the data receive and transmit functions of the 
Data Set. Channel 2 input provides status informa­
tion for both the Data Set and the Automati4: Calling 
Unit, while Channel 2 output is used for Automatic 
Calling Unit Control. The rema1n1ng channels are 
used for Teletype or Invac Selectric typewriters. 

Memory Allocations 

When operating, the ARBUS Interface associates with 
each input or output channel two memory locations. 
One of these locations is called the "channel control 
word", the other is the "channel data word". The 
channel control word is loaded by the program and 
specifies; the number of bits to be shifted into or 
out of the channel data word, the relative phase of 
actual input or output of the bit to the initiation 
of the process, and the status of the channel. For 
the 32 channel system, the output control words are 
located in core memory at locations 2008 through 
2378, while the input control words are located at 
locations 2408 through 2Tt 8 (see Figure 2). The 
least significant five bits of the memory address 
of these locations are therefore the channel number. 
The associated output data words are located at 
locations 300a through 337a and the input data words 
at locations 340a through 3778. The data word 
address for a particular channel is therefore always 
100a greater than the control word. For a 128 
channel system the least significant 7 bits of address 
would correspond to channel number and the data word 
address would be 400a greater than the control word 
address. The four arrays, containing control and 
address Yords, would each be 128 words in length or 
one full page. 

* Thi~work was done under the auspices of Contract HPH 108-66-288. 
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Operation 

In explaining the operation of the interface, one 
might note that the proce~sing of the arrays of 
control words and data words always begins in 
synchronism with an internal 440 Hz clock. This 
clock, when "on", initiates a set of PDP-8 Data 
B~eak cycles every 2.273 milliseconds. The clock 
may be turned on by an lOT Instruction or by the 
presence of a logical zero or "Space" (tl'>e beginning 
of any character) on any input channel. The first 
Data Break cycle of the set is associated with the 
output control word for channel 0 (location 2008)' 
If the control word indicates that this channel is 
active, it is incremented and every fourth time 
(every 9.09 msec) a bit is shifted out of the output 
data word (location 3008) by a subsequent Data Break 
cycle. The remaining output and then the input 
control words are sequentially incremented, if 
active, and bits shifted out of the associated 
output data words or into the associated input data 
words as specified by the control word timing. The 
data Break cycles taken by the interface alternate 
with memory cycles taken by the PDP-8 central 
processor until the last control word is reached. 
No additional Data Break cycles take place until 
the next set begins at the output of the 440 Hz 
clock. During a set of Data Break cycles, any 
active control word that is incremented to equal 
zero indicates that the corresponding data word 
has been fully transmitted or received. 

Program Control 

The completion of transmission of a character is 
indicated to the program by the setting of the 
Input Interrupt Flag or the Output Interrupt Flag 
in the interface. These flags cause an interrupt 
if the Interrupt Enable is set. The Interrupt 
Enable is controlled by the following lOT instructions: 

6404 and ACO one Set the Interrupt Enable. 

6404 and ACr one Reset the Interrupt Enable. 

The 6404 instruction also turns on the 440 Hz clock. 
Two other instructions allow interrogation of the 
Output and Input Flags: 

6401 

6402 

Reset Output Flag and skip if 
flag is ON. 
Reset Input Flag and skip if flag 
is ON. 

These are the only lOT Instructions used by the inter­
face. 

Control Word (See Figure 3) 

The Control Word is composed of four logically 
distinct segments: A the Active bit, E the Enable 
bit, NB the Number of Bits to be shifted, and T the 
Timing Bits. 

Bit 0 of the Control Word is the A or Active bit. If 
this bit is on, the channel and the associated line 
is actively transmitting or receiving data. It is 
set by the program to initiate data output but is 
set by the interface logic for Input Control Words 
after the line associated with the control word 
becomes active. The control word is incremented 
during Data Break cycles if this bit is set. Bit 
1 of the Control Word is the E or Enable bit. For 
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input control words only, the Enable bit enables the 
setting of the Active bit during the associated Data 
Break cycle when a Start Space (a logical zero) is 
detected on the line. If the Enable bit is a zero 
the associated line is ignored and thus disabled 
by the program. Bit 1 is always set for output 
control words. Bits 2 through 9 provide control for 
the Number of Bits (NB) to be input or output. The 
number of bits to be input or output is essentially 
equal to the two's complement of NB. Bits 10 and 11 
provide the Timing (T) for shifting bits into or out 
of the data words. 

Data Word 

Data bits ~re shifted into or out of data words when 
T = 3 in the associated control word. For input, 
for example, the time of sampling and shif~ing a 
data bit after the transition of a Start baud is; 

= (3-T) 2.273 + 1.136 tl.136 msec. Data words 
are shifted one bit right, by the Data Break cycle 
that occurs after the corresponding Control Word 
is incremented such that T = 3. This shift takes 
place every 4 x 2.273 msec = 9.09 msec (correspond­
ing to 110 baud) on active channels. Input data is 
shifted into bit 0 and information in bit 11 is 
lost. Output data is shifted to the right, and 
bit 11 is shifted into the corresponding output line 
flag. The output line flag is a one bit register 
that will hold the bit that drives the line until 
the next bit is to be transmitted. 

Summary 

The total time overhead of the interface is quite 
low. For an output character. 11 bits are shifted 
onto an output line using 5 Data Break cycles per 
bit. The full character is output in 100 msec 
using a total of 55 Data Break cycles. The over­
head for outputting is approximately 83 microseconds 
out of every 100 milliseconds or .083% per line. 
For input only 10 bits are shifted in at 5 Data 
Break cycles per bit. The input overhead is then 
75 microsecon~s out of every 100 milliseconds or 
.075% per line. For a 128 channel system, the total 
interface overhead would be about 20.2% of computer 
time available. 

This system represents an effort to design a low 
cost, synchronous communications interface utiliz­
ing a minimum of wired logic and a maximum of the 
power available in the logic of the PDP-8 computer. 
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Bit No. 
o 1 2 3 4 

A E 

5 
I 

NB 

6 7 8 9 

A = Active bit. If this bit is on, the line is 
actively transmitting data. 

10 
I 

T 

E = Enable bit. The active bit will automatically be 
set on, for an input control word, if this bit is 
on and the corresponding input line is zero. 

~B = Number of bits. This field determines the number 
of bits to be input or output. 

For input: 
Number of bits input = two's complement of NB 

11 

For Output: 
Number of bits output = two's complement of NB if T I 3 

two's complement of NB-1 if T = 3 

T = Timing. These bits determine the time at which bits 
are shifted into or out of the data words. 

For Input: 
Time to sampling after Start baud 

= (3-T)2.273 + 1.136 + 1.136, msec 

For Output: 
Time to output after control word initialization 

(2-T)2.273 + 1.136 ± 1.136, msec, if T 4 3 
= 7.955 ± 1.136, msec if T = 3 

CONTROL WORD FORMAT 

FIGURE 3 
XBL 691-104 
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A DISC ORIENTED REAL-TIME EXECUTIVE FOR THE PDP-8/S COMPUTER 

W. T. Lyon 
Development Engineer 

Aluminum Company of America 
Pittsburgh, Pennsylvania 

ABSTRACT 

An executive was written for the PDP-8/s Computer to 
allow it to be used in a real-time environment for 
process contro 1. 

In its present form, it allows 12 levels of program 
priority, with a maximum of 115 programs running at 
the various levels within the priority structure. 
It decodes 24 process interrupts and provides 24 
software timers. 

Although the system was tailored to a particular 
process, it can be restructured by reassembly. 

INTRODUCTION 

Real-time control of a process with a com­
puter presents a variety of problems to 
the programmer. 

Many movements or events can occur concur­
rently in the process, demanding the 
computer's attention at unpredictable 
times. In addition, the computer's own 
peripherals must be scheduled in an 
efficient manner to gain the greatest 
throughput from them. 

Because of the complexity of this sched­
uling problem, a real-time operating 
system was written to satisfy the demands 
of all the interactive programs that 
would go into the process control environ­
ment. 

The system was tailored to a particular 
process application, but was written to 
enable it to be easily modified for other 
applications. 

The requirements to be placed on the 
computer were as follows: 

(1) Control material handling equipment 
associated with a machining process. 

(2) Provide scheduling information to 
the truckers who supply the process. 

(3) Keep a complete inventory of all 
material within the process. 

(4) Classify and identify the pieces 
prior to their leaving the process. 

(5) Provide communications with the 
operator to alert him of alarm 
conditions or to provide him with infor­
mation about the process upon demand. 
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HARDWARE 

To satisfy the demands of the-process, the 
following hardware was selected: 

(1) PDP-8/s Processor with 4K of core 
memory. 
(2) DF32 Disc File 
(3) CR02 High Speed Tape Reader 
(4) CR03 Card Reader 
(5) 132 Digital Outputs for Control 
(6) 180" " Displays 
(7) 180" Inputs 
(8) 24 process interrupts including 
1 - 10 Hz timer 
(9) 1 R033 Teletype Machine 
(10) 1 ASR33 Teletype Machine 

SOFTWARE 

The executive was written in modular form 
and consists of five parts: 

Scheduler 

(1) Scheduler 
(2) Interrupt Procesoor 
(3) Disc Driver 
(4) Time Delay Program 
(5) Keyboard Monitor 

The executive centers around the Scheduler, 
which determines the order in which 
programs will be executed. All programs 
communicate either directly or indirectly 
with the Scheduler. As can be seen in 
Figure 1, the only exception to this rule 
is the fast response interrupt programs 
and the portion of the Disc Driver that 
processes a disc interrupt. 

The Scheduler was intended to be as 
flexible as possible. It provides up to 
12 separate levels of priority. Any 



number of programs can be run at sub­
levels of a priority level. Programs can 
be either core resident or disc resident, 
but must all be the same at anyone 
priority level. All of these options are 
fixed at the time the system is assembled 
by the way the system tables are 
structured. 

Figure 1 illustrates the flow of control. 
Every program that runs is called for by 
the Scheduler. When the program 
terminates, it exits to the Scheduler. 
If the program is momentarily suspended 
by a disc call or a time delay, control 
is returned to the Scheduler via the Disc 
Driver or the Time Delay Program. 

Programs are requested to run by setting 
a bit in a bidding matrix. The Scheduler 
scans this matrix periodically to see if 
any programs have been bid for. If so, 
the highest priority program is run. 

Interrupt Processor 

The Interrupt Processor runs whenever a 
program is interrupted. It saves the 
contents of the accumulator, linc and 
program counter, and then checks to see 
if the interrupt was caused by the disc. 
If so, it goes to the Disc Driver. The 
Disc Driver returns control to the 
Interrupt Processor which then proceeds 
to decode other interrupts that may have 
occurred and to take appropriate action. 
The "appropriate action" falls into 
three categories: 

(1) Run a short program immediately (a 
"fast response program"). 

(2) Bid for the Time Delay Program 
(when the timer interrupts.) 

(3) Bid for a process program. 

After processing the interrupts and 
taking action, control is returned to 
the Scheduler. 

Disc Driver 

The Disc Driver is necessary to provide 
an orderly flow of information between 
core and disc memory. All disc trans­
fers, whether they be requested by the 
Scheduler, Keyboard Monitor, or a 
process program, are implemented by the 
Disc Driver. 

When a process program requests a disc 
transfer, its priority level is 
suspended until the transfer is complete. 
If the disc is busy when the request is 
made, the request is queued up until the 
disc becomes free. The queue is 
processed according to priority rather 
than on a first-come basis. 

Completion of a transfer is sensed when 
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a disc interrupt is received. When this 
occurs, the Disc Driver bids to continue 
the suspended program. At this time, it 
also initiates the next transfer if one 
is being requested. 

Time Delay Program 

The Time Delay Program runs as a process 
program under the Operating System. It 
is bid for by the Interrupt Processor 
when a timer interrupt occurs and runs at 
the highest priority level, level 1. 
This program allows other process programs 
to momentarily suspend their own operation 
or to request that another program run 
after some time has elapsed. It also 
keeps a real-time clock. 

Keyboard Monitor 

The Keyboard Monitor program provides the 
ability for the programmer to communicate 
with the computer from the Teletype key­
board. It runs as a process program 
under the Operating System at the lowest 
level of priority, level 12. Any time 
there are no process programs to run, the 
Keyboard Monitor is scanning the keyboard 
waiting for input. This allows one to 
interrogate or modify portions of computer 
memory without interrupting the control 
of the process. 

The functions available with the Keyboard 
Monitor are as follows: 

(1) DC xxxx yyyy (Dump core in octal 
from location xxxx to location yyyy). 

(2) LC xxxx (Load core starting at 
location xxxx with the octal numbers to 
be input on the keyboard). 

(3) BP xxxx yyyy (Binary Punch from 
core from location xxxx to location yyyy). 

(4) BL (Load a Binary tape into core). 

(5) DD xxxx (Dump 2 blocks from disc in 
octal starting with block xxxx). 

(6) LD xxxx yyyy (Modify block xxxx on 
disc starting with relative address yyyy). 

(7) CD (Call DEC Disc System). 

TIME AND SPACE REQUIREMENTS 

The executive was written for a mini-disc 
based system, but can be used for an all 
core resident system. It requires a 
minimum of 21008 words of core memory 
including half of page zero. 

Included in the 21008 words are several 
subroutines, which can be used by any 
program as long as it turns interrupt off 
before going to the subroutine and turns 
it back on after returning. These sub-



routines include the following: 

(1) Exclusive Or 

(2) Inclusive Or 

(3 ) Single Precision Multiply 

(4) Single Precision Divide 

(5) Single Precision Arithmetic Right 
Shift 

(6) Single Precision Arithmetic Left 
Shift 

Also included in the 2100 words are the 
tables which contain all the parameters 
needed to define the way the Operating 
System is structured. These tables vary 
in length with the maximum number of 
programs, interrupts and time delays, 
but occupy a minimum of 110S locations, 

In addition to the 21008 locations 
required for the executlve, 400S words 
are required for the Keyboard Monitor. 

The original version of this system 
occupies a total of 3200S locations. 
It allows for up to 115 separate programs, 
24 process interrupts and 24 software 
timers. 

The Scheduler is the largest time user. 
It requires between 2.1 and 12.7 milli­
seconds to execute. The time of 
execution is measured from the time the 
Scheduler is entered until it exits to 
a program. It varies with the priority 
of the first bidding program that is 
found. To determine that a program is 
bidding to run would require the 
Scheduler 2.1 milliseconds if the program 
is assigned to levelland 12.7 milli­
seconds if the program is assigned to 
level 12. 

The Interrupt Processor requires about 
5 milliseconds to execute. This means 
that the fastest recognition rate for 
interrupts approaches 200 interrupts per 
second. 

INTEGRATION WITH THE DEC DISC SYSTEM 

To be able to use PALD, Disc Editor and 
other options of the DEC Disc System, it 
was necessary to devise a scheme to 
integrate the DEC system and the Alcoa 
system on the same Disc. 

The approach taken was to save the Alcoa 
system as a "user" program under; the DEC 
system. Then, dummy entries were stored 
into the DATA NAME FILE and SAM table to 
reserve some space on disc for the 
process programs to reside. 

One of the options of the Keyboard 
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Monitor calls the DEC System and gives 
control to the DEC Monitor. (This 
function will operate only if the com­
puter is in the off-line mode). The 
Alcoa System, in turn, can be called by 
name with the DEC Monitor. 

CONCLUSION 

A small computer like the PDP-SIS, can 
be used for process control. Even though 
it is slow, there is no reason why it 
should be confined to overseeing one task 
at a time. The process that this computer 
is to direct is not yet in operation, but 
all preliminary tests indicate that when 
it does go on line it will be another 
example of the process industry moving 
away from the "overkill" approach to 
computer control. 
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TMF - A PROCEDURAL SOFTWARE PACKAGE FOR BIOMEDICAL 
AND SCIENTIFIC APPLICATION ON THE PDP-8 

Fred R. Sias, Jr. and Allen B. Wilson 
Division of Neurology, Department of Medicine 

University of Mississippi Medical Center 
Jackson, Mississippi 39216 

ABSTRACT 

TMF is a procedural software package including an Input-Output 
Control System (IOCS-8) for use with the PAL III or MACRO-8 
assembly systems on the PDP-8 series of machines. A number of 
definitions are added to the permanent symbol table of each 
assembler to permit execution of procedural subroutines 
analogous to Fortran statements such as IF, GOTO, DO, READ, 
WRITE, CALL, and RETURN. A keyboard monitor is included in 
the basic system. 

INTRODUCTION 

Programmers using higher-level compilers such as For­
tran find the procedural capabilities of the lan­
guage at least as useful as the arithmetical featur~. 
While floating point arithmetic software packages 
are usually provided by computer manufacturers to 
ease the programming effort when using assembly lan­
guages, analogous procedural packages are usually 
not available. TMF is a first effort at developing 
such a procedural software system. 

The basic requirements for a procedural software 
package were suggested by the procedural statements 
we take so much for granted in FORTRAN. We first 
implemented IF, Computed GOTO, DO loop and two­
dimensional array handling routines. Then it became 
apparent that a useful software package should in­
clude an input-output control system and some means 
of formatting input-output records. After adding 
some device handlers we had a package of programs 
that look much like the operating system used with 
an interpretive FORTRAN such as PDP-8 Fortran. How­
ever, programs are prepared using either the PAL III 
or Macro-8 assembler. A number of definitions are 
added to the symbol table of either assembler to 
permit execution of procedural subroutines analogous 
to Fortran statements. The nature of the assemblers 
are such that several statements may be strung to­
gether in a manner reminescent of a Fortran statement. 

In addition to analogs of the basic procedural For­
tran statements, we have incorporated a keyboard mon­
itor system, CALL and RETURN statements for handling 
subroutines, as well as necessary~erlays so that 
TMF will function with the PDP-8 Floating Point In­
terpreter and Input-Output controller. Using some 
offerings of DECUS we have provided for automatic 
round-off and proper handling of integers when out­
put is by the DEC Floating Point output controller. 
Finally, TMF includes a linking or chaining feature 
for segmenting programs. 

The Table in the appendix shows the core allocation 
for the basic TMF package. Note that only four ex­
tra pages of coding are required beyond the space 
required by the floating point interpreter. If we 
compare this operating system with the analogous 
Basic 4K PDP-8 Fortran operating system we find that 
TMF leaves about 3200 octal locations for user pro­
grams while PDP-8 Fortran leaves only 2400 octal 10-

285 

cations. In addition, TMF user programs tend to be 
shorter and optional subroutines such as the extend­
ed functions can be deleted from TMF when not needed. 
PDP-8 Fortran does not offer this option. 

STRUCTURE OF TMF 

The structure of TMF is determined by five factors: 

1. The structure of PAL III Macro-8 Assembler. 

2. The structure of the Floating Point 
Interpreter. 

3. The requirements of device independent 
of 1-0 handling. 

4. Operation on data in the real Accumulator. 

5. Operation on data in the Floating accumu­
lator. 

Of course, shifting data back and forth between the 
real and floating accumulators is handled by pseudo 
instructions FIX and FLOAT. We chose to define all 
subroutine jumps on page zero rather than entering 
the procedural package through an interpreter. This 
is faster than using an interpreter and is not too 
restricting since the keyboard monitor and CALL table 
is located on page one rather than on page zero. 

All input-output functions are handled by IOCS-8, a 
one page device independent control system. It may 
be used independently of the rest of TMF by entering 
the device number in location DEVICE on page zero 
and entering the subroutine with data to be outputted 
in the real accumulator. A (decimal) 12 slot device 
assignment table contains the addresses of appropri­
ate device handlers. Also included in IOCS-8, is a 
text handler and a subroutine for chaini~g program 
segments. Input-output formatting is handled by an­
other segment of the TMF package. 

Fortran-like input-output statements are interpreted 
by a one page set of subroutines entered by the pseu­
do instructions READ or WRITE. To be compatible with 
PAL III, the following form may be used: 

WRITE 
4 
306 
6 
2 

IWRITE JMS I IRITE 
IDEVICE NUMBER 
IASCII CODE FOR F FORMAT 
ILIKE F6.2 
I IN FORTRAN 



Using Macro-8 the following format produces the same 
object code and is easier to read: 

WRITE; 4; "F; 6; 2 (carriage return) 

This is the first example of what might be called a 
TMF language except that its really assembly lan­
guage. 

WRITE is defined as a JMS to a write handling sub­
routine. 4 is the device number and is the first 
parameter provided to the subroutine. "F is assem­
bled as 306 and is the second parameter delivered to 
the subroutine. "F; 6; 2 then is the Format des­
cription. This certainly isn't Fortran but a know­
ledge of Fortran provides the understanding needed 
to prepare programs using TMF. The fact that PAL 
III and Macro-8 interpret a semicolon like a carriage 
return enables one to string out assembly language 
coding so that it looks like a higher language and 
provides the capabilities of a higher language. 

READ statements have the same structure. A,B,E, F, 
and I formats are the same as the analogous Fortran 
formats. C format outputs a carriage return and 
line feed. A and B formats are via the real accumu­
lator while E, F, and I formats utilize the floating 
point accumulator. Decoding is handled by these 
routines while actual input-output is handled by 
IOCS-8. The subroutines that decode the E, F, and I 
formats set control words on page zero that then 
utilize the floating point I-O controller for actual 
format control. 

Another page of coding is used to interpret several 
Fortran-like procedural pseudo-instructions. These 
include IF, computed GOTO, FIX, FLOAT, DO loops with 
unlimited nesting, and an ARRAY pseudo code to handle 
two-dimensional arrays. 

IF; ADDRI; ADDR2; ADDR3 

causes a JMS to a subroutine that examines the con­
tents of the real accumulator and causes a jump to 
one of the three addresses based on whether the 
accumulator is negative, zero or positive. 

A statement with the form 

GOTO; ADDRl; ADDR2; etc. 

is interpreted as the standard computed GOTO based 
on the integer contained in the real accumulator. 
The unconditional GOTO was not implemented since the 
standard JMP instruction is adequate. 

The following format is used to set up a DO loop: 

DO; N; J, 0 
(Instructions in do loop) 

CONT; J 

As implemented nm·!, J must be set to the starting 
value before entering the DO loop and CONT increments 
J N-times following each pass through the loop. Since 
independently defined indexes are used any nesting 
depth is possible. 

Arrays are frequently handled in DO loops. To faci­
litate this, the following statement is used: 

ARRAY; NAME; INDEXl; INDEX2 
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Where the indices are defined in a DO loop or else­
where and INDEXI and INDEX2 are addresses of the 
index values. The array must be defined in memory 
as follows: 

NAME, A /NO. OF WORDS PER ELEMENT 
B /NO. OF ROWS 
C /NO. OF COLUMNS 
(REST OF ARRAY) 

The subroutine is designed to handle two-dimensional 
arrays. If a one-dimensional array is specified, 
INDEX2 is not required, however, the number of 
columns in array definition must be set to zero. 
Execution of the ARRAY subroutine leaves the address 
of the selected array element in POINT on page zero. 
Of course, data is deposited or retrieved from the 
array by indirect instructions. 

Finally, the basic TMF package includes coding for 
a keyboard monitor and routines for locating sub­
routines named by single ASCII characters. For 
example: 

CALL; "D or CALL; 304 

causes a JMP to the address stored at location 304. 
The return to the mainline program is executed by 
the pseudo code RETURN via an indirect address 
stored on page zero. Locations corresponding to 
the ASCII code for letters of the alphabet are 
available to name subroutines. In addition, the 
same table of addresses is used by the keyboard 
monitor, so subroutines must not have the same "nalres' 
as programs to be accessed by the keyboard monitor. 
Separate address tables could be used but the letters 
of the alphabet should provide plenty of names for 
both subroutines and keyboard called programs. The 
statement CALL; "K is used to return to the keyboard 
monitor. 

The appendix defines the complete structure of TMF. 

CONCLUSION 

A procedural Software Package, TMF, has been develop­
ed to simplify assembly language programming. A set 
of pseudo-instructions similar in appearance to 
analogous FORTRAN procedural statements are inter­
preted by the basic TMF package. Combined with the 
floating point interpreter the system is both faster 
and more compact than the PDP-8 Fortran Operating 
System. Since we only appear to be using a higher­
level programming language we have the efficiency of 
assembly language programming along with the speed 
and documentation advantages of a higher-level 
language. TMF has been used both to prepare stand­
ard statistics programs, and to program a real-time 
data-acquistion system for neurophysiological re­
search. 
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APPENDIX 

I T~F: TrlIN~ING ~ANtS FORTRAN - A PROCEDURAL 
I SOFTWARE PAC~AGE 
I 
IFRED R. SIAS, JR. AND ALLAN 8. wiLSON 
IDIVISION OF NEUROLOGY 
IUNIVERSITY OF MISSISSIPPI MEDICAL CENTER 
IJAC~SON, MISSISSIPPI 39216 
126 JUNE 1968 
I 
I 
ITriE FOLLOWING SET OF SUBROUTINES CAN BE USED TO SIMULATE 
IFORTRANLIKE STATEMENTS WHILE ACTUALLY PROGRAMMING IN PAL III 
lOR MACRO-~. TrlE PAC~AGE IS ORGANIZED AS A GROUP OF MODULES 
ILOADED DOWNWARD IN MEMORY BELOW THE STANDARD FLOATING POINT 
IPACKAGE (DIGITAL 8-58-S> THAT STARTS AT LOCATION 5400. 
I 

ILOADED IN THE FOLLOWING ORDER, EACH IS INDEPENDENT OF ANt 
IMODULE IN LOWER ORDER MEMORY. 
I 

I 

I 

I 
I 
I 

I 
I 

I 
I 

I 

I 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I 
I 
I 

I 

7600-7777 

540kj-7577 

52'10-5377 

5000-5177 

46kJ0- 4777 

420k1-4577 

3600-4177 

020tJ-0332 

~ll 55-01 77 

!{J04kJ-0062 
0010 5-£11007 

01004 

ILOADERS 

/BASIC FLOATING PT PACKAGE 
I WITH 1/0 CONTROLLER 
IIOCS8, TEXT, AND LIN~AGE ROUTINES 

IFORTRANLI~E SUBROUTINES 

IFORMATTING SUBROUTINES 

ISCOPE OUTPUT PAC~AGE 

IFLOATING PT EXTENDED FUNCTIONS 

IKEY80ARD MONITOR AND CALL HANDLER 

IINDIRECT ADDRESSES 

IFLOATING PT PACKAGE 

10DT 

/INTERRUPT 

ILIBRARY TAPE IS A SERIES OF MODULES STARTING WITH IOCSd. 
I(FLOATING POINT PACKAGE ~Ar BE PLACED FIRST ON THE SA~E TAPE.) 
IPRESS CONTINUE REPEATEDLY FOR AS MANY MODULES AS REQUIRED. 
ILOWER ORDER MEMORY MODULES INSERT REQUIRED OVERLAYS. FOR INSTANCE 
I SCOPE PACKAGE OVERLAY SITS DAT SLOT I j\) I OCSo • 
I 

I 

I 
I 

IOCS8: INPUT-OUTPUT CONTROL MODULE 

II0CS~ USED WHENEVER THERE IS 1/0 TO BE DONE 
ITEl( T SUlHWlITPJE REQUI RES THAT S1A'RTI NG ADDRESS 
I OF STRING BE IN ACC ON ENTRY 
IFLOATING PT PACKAGE, IF USED, SHOULD BE LOADED 
I BEFORE THESE ROUTINES 
I 

I 

IIOCSd IS AN INPUT - OUTPUT CONTROL SUBROUTINE 
I ENTERED WITH NUMBER TO BE OUTPUTTED IN ACC 
I AND THE DEVICE CODE I''J "DEVICE" AT LOCATlO,\J 
I L 177 
I DEVICE REMAINS SELECTED UNTIL 177 IS CHANGED 
I EXIT FRO~ SUBR WITH I~PUT CrlAR IN ACC 
I 
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IA DEVICE ASSIGNMENT TA8LE STARTS AT LOCATION 52~5 WITH TWELVE 
IPOSITIO~S AVAILABLE. THE FOLLOWI~G DAT SLOTS HAVE BEEN 
IASSI (,NED: 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

1 
2 
3 
4 
5 

6-12 

ITTt PUi\JCrl 
ITT'( READER 
Irl I Gli SPEED READER 
ISTORACiE SCOPE 
Iii I Gli SPEED PUNCH 

ISPARES 

ITHE MESAGE SUBROUTINE CAN ALSO BE USED ALONE BY ENTERING WITH 
ITHE ADDRESS OF THE PAC~ED, TRIMMED ASCII CODES IN THE ACC. 
ITHE COD~S ARE INDENTICAL WITH TrtE DEC ALPrlATtPEOUT CODES AND 
I~UST TERMINATE WITH A 00 CODE. RETURN IS TO THE STATEMENT 
IFOLLOWING TrlE 00 WORD~ 

I 

I 

I LINKAGE FACILITY 
I 
IGI VES THE PROGRAr"1.>1ER THE ABILI Tt TO SEG,VjENT LONG PROGRAi'1S 
lAND CALL IN THE SEGMENTS AS NEEDED. 
I 

I LINK 
I 3 IDEVICE NO. 
I ";"1 IPROGRA,"1 NAi"1E (ONE ASCII CHAR) 
I 
lOR LINK; 3; Hi., 
I 
IBINARY PROGRAM SOUGHT MUST HAVE THE ASCII CODE PUNCHED 
IPRECEDI~G IT. THE CORRECT PROGRAM IS FOU~D AND LOADED 
18'-( THE i"liSSISSIPPI LOADER wHICH WILL START IT AUTO;...,ATICALLY. 
I 

I 
IFORTRANLIKE STATEMENTS AODULE 
I 

IDESIGNED TO APPROXIMATE FORTRAN STATEMENTS 
I 

ISTATEME~T StNTAX: 
I 
I 

I IF STATEi"1ENT 
I 

IENTERED WITH TEST QUANTITY IN ACCUMULATOR 
I 
I IF; ST1; ST2; ST3 
IWHERE STl, ST2, 5T3 ARE AODkESSES OF STATEMENTS FOR HANDLING 
IMINUS, ZERO, AND PLUS CONDITIONS, RESPECTIVELY. 
I 
I 

ICO;""PUTED GOTO 
I 
IENTERED WITH INDEX IN ACCUMULATOR 
I 
I GOTO; STl; ST2; 5T3; ST4 ••• 
IW~ERE STl, ST2, ••• STN ARE ADDRESSES OF STATEMENTS 
IFOR I NDEX EQUAL 1, 2, ••• N 
I 
I 

I DOLOOi-' 
I 
IUSED TO ITERATE A SEOUENCE OF STATEMENTS 
I 
I DO; N; INDEX, 0 
I 
I COI\JT 
I INDEX 
I 
IWHER~ N IS THE NU~8ER OF ITERATIONS TO 8E MADE, AND I~DEX 
IFOLLOWING CONTCINUE) IS TrtE ADDRESS OF TrlE LOOP INDEX. 
ITHE INCREMENT FOR INDEX IS AL~AtS ONE. UNLIMITED NESTING 
I I S P t: R :"1 ITT ED. 
I 
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/ 
/ fLOAT 
/ 

fUSED TO fLOAT A NUMBER IN THE REAL ACCUMULATOR. IT IS 
/LEFT IN THE fLOATING ACCUMULATOR. 
/ 
/ FIX 
/ 
fUSED TO FIX A NUMBER IN THE FLOATING ACCUMULATOR. 
/NUM8ER MUST BE LESS IN MAGNITUDE THAN 2047. RESULT 
/LEfT IN REAL ACCUMULATOR. 
/ 
/ 
/ INPUT-OUTPUT FORMATTING MODULE 
/ 

/ READ 
/ 

fUSED TO READ AN ASCII CHARACTER, A DECIMAL NUMBER OR A 
/BINARY It,IQRD. 
/ READ 

/DEVICE NO. / 
/ 

2 
If I /FORMAT TYPE - A, B, E, F, I 

/ 
lOR READ; 2,; "I 
/ 
/READING BY A FORMAT INPUTS A CHAR AND LEAVES IT IN 
/THE ACCUMULATOR. READING BY B FORMAT INPUTS TWO CHARACTERS 
/AND ASSEMBLES A 12 BIT BINARY WORD. THIS CONTINUES UNTIL 
/LEVEL 8 CODES ARE fOUND <RUBOUT OR LEADER/TRAILER CODES). 
/THE DATA STRING IS LOADED INTO SEQUENTIAL WORDS STARTING AT 
/THE ADDRESS STORED I N "PLACE" < LOC 160) ON PAGE ZERO. 
/A CHECKSUM IS CALCULATED ON PAGE LERO AND COMPARED WITH THE 
/CHECKSU~ ON THE DATA TAPE; If THE TWO 00 NOT AGREE PROGRAM 
/HALTS. REPOSITION THE BAD SEGMENT OF TAPE AND REREAD BY 
/PUSHING CONTINUE. 
/ 

/READING BY E, F, OR I FORMAT USES THE FL PT INPUT 
/ROUTINES BUT OF COURSE USES THE DEVICE SPECIFIED AFTER 
/" READ" • 
/ 

/ 

/ \tJRI TE 
/ 

/ WRI TE 
/ 4 /DEVICE NO. 
/ "F /FORMAT TYPE - A, B, C, E .. F .. ri, I 
/ 6 /LIKE F6.2 IN FORTRAN 
/ 2 
/ 
lOR WRI TE; 4; "F; 6; 2 
/ 
/A FORMAT OUTPUTS THE CHAR IN THE ACC. 8 FORMAT OUTPUTS 
/TWO 6 BIT CHARACTERS AND INCREMENTS CHEC~SUM. CHECKSUM 
/MUST BE EXPLICITELY SET TO ZERO AND PUNCHED BY PROGRAM. 
/ C FORMAT OUTPUTS 
/A CARRIAGE RETURN - LINEFEED. E FORMAT OUTPUTS LI~E THE 
/FORTRAN E FORMAT. F FORMAT OUTPUTS LI~E THE fORTRAN F 
/~ORMAT. I IS ALSO LIKE THE FORTRAN OUTPUT. E .. f, AND I 
/FORMATS ALL OUTPUT THE QUANTITY IN THE FLOATING ACC. H OR 
/rlOLLERITrl fORMAT OUTPUTS THE TEXT IN THE CODED STRING FOL­
/LOWING THE CALL: 
/ 

/ ltJRI TE; 4; "H 
/ TEXT *THIS IS HOLLERITH TEXT%#* 
/ 

/ 

/ STORAGE SCOPE OUTPUT 
/ 

/CALLED BY USING DEVICE NO.4 FOLLOWING "WRI TE". t,.HLL 
/HANDLE ANY OF THE OUTPUT FORMAT SPECS. 
/ 

/ 
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I 
I ARRAY SUBROUTINE 
I 

IGIVES THE ADDRESS OF AN ELEMENT IN A ONE OR TWO 
IDIMENSIONAL ARRAY. 
I 

IARRAY MUST APPEAR IN MEMORY AS: 
I 
I *STARTING ADDRESS OF ARRAy' 
I NAivJE" A INO. OF ~}ORDS PER ELEr'1ENT 
I B INO. OF ROlliS 
I C INO. OF COLUI'1NS 
I 
I"C" SHOULD BE 0 FOR A ONE DIMENSIONAL ARRAy' 
I 

IUSE: 
I 
/ ARRAY 
I 
I 

I 
I 

NA;"1E 
I 
J 

INAME (STARTING ADDRESS> OF ARRAY 
INO. OF ROW OF ELEMENT 
INO. OF COLUMN OF ELEMENT 

lOR ARRAY; NAME; I; J 
I 
ITHE SECOND SUBSCRIPT SHOULD NOT BE PRESENT FOR A 
lONE DIMENSIONAL ARRAY (THOUGH tiC" OF NAME" A; B; C 
n1UST BE 0). 
I 
ICALLI NG THE SUBROUTI NE PUTS THE ADDRESS OF TrfE 
IDESIRED ELEi'1ENT IN "POINT" ON PAGE ZERO" LOCATION 
1164. IT CAN THEN BE USED TO REFER TO THE ELEMENT 
IINDIRECTLY. 

I 
I KEYBOARD MONITOR AND CALL ROUTINES 
I 
I 
IKEYBOARD MONITOR WHEN OPERATING READS A ONE 
ICHAR ASCII CODE FROM THE TELETYPE. THIS CHAR 
lIS USED IN A TABLE LOOKUP TO JMP TO THE 
IAPPROPRIATE ROUTINE. THE FINAL STATEMENT OF 
IA KEYBOARD MONITOR CALLED PROGRAM SHOULD 
IBE CALL; 11K" "JHI CH WILL RETURN CONTROL TO THE 
IKEYBOARD MONITOR. THE MONITOR CAN THEN 
IBE USED TO CALL OTHER PROGRAMS. 
ITELETYPE BELL SIGNALS RETURN TO MONITOR. 
I 
I CALL ROUTINE 
I 

ITHE CALL STATEMENT" USED MUCH LIKE THE SAME FORTRAN 
ISTATEMENT" SERVES TO CALL SUBROUTINES LOCATED 
IANY WH ERE IN ('1E;vJORY. THE SY NTAX I S CALL; lIN 
IWHERE N IS THE NAME OF THE DESIRED SUBROUTINE. 
ITHE FIRST STATEMENT OF THE SUBROUTINE SHOULD NOT 
IBE 0" BUT AN EXECUTABLE STATEMENT. THE TERMINATING 
ISTATEMENT OF THE SUBROUTINE SHOULD 8E RETURN. 
ITHE CALL STATEMENT MAY NOT REFER TO ANY SUBROUTINE 
INAME USED By' THE KEYBOARD MONITOR AS THE SA~E TABLE 
lIS USED FOR 80TH SUBROUTINES AND KEYBOARD CALLED 
IMAIN ROUTINES. 
I 

ISUBROUTINES SHOULD BE COlvJPILED I·HTH THE FOLLOIJJING 
IFORM WHICH AUTOMATICALLY LOADS THE CALL TABLE: 
I 
I 
I 
I 

I 
I 

*"A 
A 

*ADDR 
A" INSTRUCTION 

/ADDRESS T ,'\1 f" f\ I I 
""""II V,--U ... '-

INAf'1E OF PROGRAf-i 
TABLE 

IACTUAL DESIRED ADDRESS OF START 
IEXECUTABLE STATEMENT 

ITHE SUBROUTINES MAY BE MADE RELOCATABLE BY USING 
ITHE MISSISSIPPI LOADER. 
I 
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ACCESSING DATA ARRAYS AND 
TELETYPE TEXT INPUT/OUTPUT 

David G. Frutchey 
Beckman Instruments, Inc. 

Fullerton, California 

ABSTRACT 

Two subroutine packages are presented which, when used with any 
of the standard Floating Point Packages, provide the user with a 
powerful, yet concise programming methodology. Data storage or 
retrieval with floating to fixed, or fixed to floating point 
conversion can be performed on terms analogous to single vari­
able, subscripted FORTRAN array terms such as "ARRAY (a*J+b)." 
A concise facility for text output (63 characters), character 
input, line spacing and tabulating is also demonstrated. These 
subroutine packages were written for the PDP-8 family of com­
puters and were intended for use with the PAL-III language. 

EFFICIENT STORAGE UTILIZATION 

The programming of a digital computer requires a 
knOWledge of both procedural and arithmetic tech­
niques. Higher level languages such as FORTRAN 
and FOCAL are recognized as being a significant 
aid to the programmer particularly for procedural 
operations and through the relative ease in which 
the language can be learned. Also, the complete­
ness of these languages can be illustrated by the 
simple, direct way in which the procedural tasks 
of input/output, branching logic, data conversion 
(integer storage/floating point storage), looping 
to repeat procedures, etc. can be done. Among these 
procedural tasks is the ability to process single­
subscripted-variable data array terms of the form 
ARRAY (a*J+b). The terminology used here is as 
defined in the American Standard FORTRAN in that 
the symbol, ARRAY, is a name given the beginning 
of successively stored data values and the sub­
script enclosed in par~ntheses with integer 
values of 1, 2, 3, ••• refers, respectively, to 
the first, second, third, ••• data array number. 

Analogous procedural programming requires more 
effort in the assembly language of the computer 
than of the higher level languages available. 
However, quite often, reverting to the use of 
assembly language can permit significant gains 
in the critical availability of computer core 
storage. In a small machine, such as the PDP-8 
family of computers, core storage is extremely 
limited and the desire to achieve improved core 
storage utilization is often an application pro­
gram necessity. 

What are some of the programming concepts which 
adversely affect core utilization? The following 
are a few: 

1. Direct storage of higher level language in a 
form much more lengthy than the assembly 
language equivalent code. 

2. Use of an inte~pretive system for all coding 
which in equivalent assembly form would not 
always require the use of an interpreter 
program. 
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3. Lengthy preparations for calling subroutines or 
lengthy calling sequence requirements to 
subroutines. 

4. Duplication of coding in that an internally 
available routine is not used. 

5. Failure to share work region requirements; that 
is, core storage which is temporarily used and 
otherwise available. 

6. Overemphasis of the coding consideration of the 
seldom used (if ever) requirements, rather than 
permitting omissions with an attendant savings 
in core; or by providing alternately coded 
packages so that the user may have a choice. 

The appearance of programming systems which attempt 
to preserve the procedural niceties of the higher 
level languages are prevalent today; however, many 
of these systems suffer from some of these same 
adverse conditions and produce little improvement 
in core utilization. The adverse concepts listed 
above may serve as a guide when evaluating both the 
system presented herein and other such systems. 

TWO NEW PACKAGES 

Two subroutine packages were developed during a 
biomedical project in which minimizing the core 
storage requirements was essential. To this end, 
the packages entitled "Teletype Text Input/Output 
Package" and the "Array Accessing Subroutine 
Package" were written. The usage and features of 
these routines enable a user to code several pro­
cedural tasks such as teletype page formatting, 
output and input, and processing data arrays. Also 
illustrated in the examples given are means by which 
other procedural tasks such as looping and decision 
branching could be coded. These two packages 
require the use of the Floating Point Package l and 
are partially integrated in their use and perform­
ance. The overall purpose in developing these 
packages was to ENABLE MINIMUM CORE STORAGE REQUIRE­
MENTS. At the same time, the peripheral benefits of 
being able to think or plan a program in FORTRAN are 
not altogether lost. In fact, the examples show 
FORTRAN equivalents which are a suggestion that 
FORTRAN coding could readily precede t;ie use of 



these routines. A second peripheral benefit is in 
the increase obtained in computational computer 
speed by these routines when compared to the pres­
ent FORTRAN-produced code. 

THE TELETYPE TEXT I/O PACKAGE 

This package consists of three routines; namely, 
subroutines TAB, TEXT and ECHO. The subroutines 
are "called" in the PAL-III assembly language 
through the use of the Jump to Subroutine (JMS) 
mnemonic. As in the Floating Point Package, a 
TLS must be used at least once prior to using 
routines TAB and TEXT. 

The Teletype Text I/O Package is available in two 
forms which are a ~~ana-fi~one version and a version 
to be used when the Floating Point Package is resi­
dent which will be referred to as the FPP version. 
The Stand-Alone version occupies 63 decimal storage 
locations. The FPP version requires 55 decimal 
storage locations. The FPP version has the distinct 
advantage of using the Floating Point Package for 
all teletype commands. This feature is useful in 
that if interrupt I/O is implemented, modification 
to the Floating Point Package only need be made. 

Subroutine TAB 

It performs tabulation across a page by typing 
blanks, or performs mUltiple line spacing down a 
page by typing carriage return (CR), line feed (LF) 
combinations. The routine reacts to the accumulator 
c(Ac) contents as follows: 

If c(Ac) Output 

=0 One CR and one LF 

=n positive, One CR and n+1 LF 

=n negative, Inl-l blanks 

No calling sequence parameters are expected by 
subroutine TAB other than the c(Ac), and the 
routine always returns with c(Ac)=O. 

Subroutine TEXT 

This subroutine performs the output of a message 
stored as six-bit (stripped) code with two char­
acters per computer word. The message is formed 
by subtracting octal 240 from any USASC-II eight­
bit code in the octal range 240 to 336, inclusively. 
The two-digit, octal results representing a char­
acter are placed into the first half, followed by 
a character in the last half of each computer word 
and continued into successive core storage loca­
tions. The two-digit, octal code 77 is used as 
the message termination signal and must appear in 
either the first or last half of the final computer 
word used for the messages. Messages may be as 
long as desired and may overlap page boundaries. 
The code includes the use of the alphabet, numerals, 
punctuation, etc. The routine is called without 
regard to the c(Ac) and requires the address of the 
first word of the message to follow the call. This 
feature was provided rather than following the call 
with the message itself to enable portions of a 
message to be reusable and to permit the placement 
of the message into core locations which would not 
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otherwise be used. The routine differs from previ­
ously written routines in that the link register (a 
one-bit, two-state register) is used to alternately 
point to the character to be printed. Also, the 
switching of the link pointer is performed without 
command through the arithmetic in testing for the 
terminating character. 

Example 1 - Using Subroutine TEXT to type "NO GO" 

· · · JMS TEXT 
MSGADR 

IJUMP TO SUBROUTINE TEXT 

+ PROCESSING CONTINUES HERE · · · MSGADR, 5651 
0047 
5111 

1M) 
I-G 
10 TERMINATION 

Subroutine TEXT always returns with the c(Ac)=O. 

Subroutine ECHO 

This routine performs the input and typing of a sin­
gle USASC-II, eight-bit code character. When called, 
the routine will "wait" until a keyboard entry is 
made and will return to the location immediately 
following with c(Ac)=O if the RUB-OUT key is entered. 
If any other key is entered, the routine will return 
to resume past the RUB-OUT return point and will con­
tain the USASC-II character in the c(Ac). Addition­
ally, the character will be stored at location CHAR 
in the listing of the subroutine ECHO used. When 
the Floating Point Package is to be used, the char­
acter is returned at octal location CHAR=0057. The 
Stand-Alone version of ECHO deposits the character 
at location CHAR=TEXT and it will be destroyed upon 
any subsequent call to either TAB, TEXT or ECHO. 

Example 2 - Using subroutine ECHO to input a 
character. 

AGAI N, JMS ECHO 
JMP AGAIN IWHEN RUB-DUT I S ENTERED 

PROCESSING CONTINUES HERE 
WHEN THE CHARACTER I S NOT 
THE RUB~UT KEY. 

THE ARRAY ACCESSING SUBROUTINE PACKAGE (AASP) 

This package provides subroutines which can be used 
to access single subscripted variable arrays of the 
form ARRAY (a*J+b). The use of the Floating Point 
Package is required in that several of the Floating 
Point Package internal routines and services are 
used. Also, work regions of the Floating Point 
Package are shared. 

The Array Accessing Subroutine Package requires 110 
(decimal) storage locations and is designed to reside 
beginning at core location octal 4400. When a Float­
ing Point Package version is used which does not 
include the subroutine FIX at location 4557, the 
Array Accessing Subroutine Package will supply 
subroutine FIX. In this event, all of the locations 
on the page between octal 4400-4577 are required. 
Ten of the locations required reside at the end of 
two pages within the Floating Point Package (octal 
6173-6177, and 6573-6577). 

The routines to be used are named as follows and will 
perform the attendant procedure: 



Name 

LOAD 

ILOAD 

STORE 

Procedure 

Clear the floating accumulator c(FAC) and 
load from a floating point array. 

Clear c(FAC) and load from an integer data 
array. 

Store c(FAC) into a floating point data 
array. 

ISTORE Store c(FAC) into an integer data array. 

FIND Without disrupting c(FAC), load a temporary 
accumulator defined as ANS at location 52, 
53 and 54 from a floating point data array. 

IFIND Without disrupting c(FAC) load c(ANS) from 
an integer data array. 

The routines are entered while operating within the 
Floating Interpreter via the table provided at 
octal locations 6556 through 6563. The proper 
contents of these locations will be furnished in 
the Array Accessing Subroutine Package. A user 
must define the table entry naming convention by 
providing the following octal equates to the 
Assembler: 

LOAD = 0012 
ILOAD = 0013 
STORE 0014 
ISTORE = 0015 
FIND = 0016 
IFIND = 0017 

The FIXTAB pseudo-op may be used for this purpose 
if desired. It may be well to note that 
these routines may not be called while not witnin 
the floating interpreter. Notice that the UGe of 
the ILOAD, ISTORE initiates both data array access­
ing and c(FAC) conversion. The routines can cer­
tainly be used for the simpler usage where conver­
sion only is desired. The resulting value will be 
found in the c(FAC) after either the ILOAD (load & 
fix/float) or the ISTORE (float/fixed & store). 

Each routine requires either a two or three-word 
calling sequence as follows: 

ENTRY NAME 
ARGUMENT 1 
ARGUMENT 2 (OPTIONAL) 

The routine to be entered. 
The address of the array. 
The values of a and b. 

The ENTRY NAME is coded by selecting the desired 
array operation, namely, LOAD, ILOAD, etc. Argu­
ment one is the array starting address which can 
be supplied by writing the same name used to iden­
tify the beginning of the data array in the pro­
gram. If the optional argument two will follow 
argument one, bit zero of argument one must be 
turned on. This can be accomplished in a variety 
of ways, but perhaps the most direct way is to 
add octal 4000 to the array name coded as argument 
one. 

The second argument is optional and should be 
coded only when the first argument has bit zero 
set to a one. This argument two contains the 
subscript values for a and b in the subscript 
(a*J+b). If the second argument is not supplied, 
these values are taken as a=l and b=O. Otherwise 
both of these values are supplied in argument two 
as shown in the following l2-bit computer word: 
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Bit 0 1 2 3 4 5 6 7 8 9 10 11 

lbOJ~l~~l~I.:LJ~~bl~~~L:l 
h 

j t t 
T e s~gn The value of a. The value of b. 
of b. 

If b is negative, b must be supplied as a twos com­
plement number. 

Lastly, the variable parameter, J, of the array sub­
script is provided as an integer value by the user 
on page zero at core location 0050. This location 
is internal to the Floating Point Package require­
ments and, hence, does not constitute an additional 
core storage requirement. The value of J should be 
set to 1, 2, 3, ••• etc. to access the first, second, 
third, ••• etc. data array number regardless of 
whether the data is stored as floating point or fixed 
point data. Additionally, J may be given the value 
of zero as a special case in which the first number 
of either a floating or fixed data array will be 
accessed. 

Arrays may consist of either integer values stored 
successively in core storage or as three-word group­
ings of floating point numbers. In either case, the 
first computer word of an array should be given a 
name in a PAL-III program to be used as the array 
starting address. Arrays may be of any desired 
length and may overlap page boundaries in any way 
desired. Also, arrays may consist of only one value 
which is not really an array; however, the ability 
to access any symbolic named integer in a program is 
useful in that the value can be loaded with conver­
sion to floating point for computational use. The 
load with conversion characteristic is also useful 
in that arrays which otherwise might have been 
maintained as floating point arrays can, in some 
cases, be stored as integer arrays with a signifi­
cant savings in core space. 

The following examples will illustrate the usage of 
the ArrdY Accessing Subroutine Package: 

Example 3 - Move array named HERE to occupy the 
array named THERE. Both arrays are 
10 words long. 

CLA 
TAD NEG TEN 
DCACTR 
DCAJ 
LOOP, ISZ J 
FINT 
LOAD 
HERE 
STORE 
THERE 
FEXT 
ISZ CTR 
JMP LOOP 

. 
• 

/DATA SECTION 
J=50 
ANS=52 
FINT=JMS I 1 
NEGTEN,-1.2 
CTR,QJ 

IPREP ARE FCR LOOP 

IZERO J 
IINCREMENT J 
IENTER INTERPRETER 
ICLEAR AND LOAD C(FAC) 
IFROM HERE (J) 
ISTCRE C(FAC) 
IINTO THERE (J) 
IEXIT INTERPRETER 

ITO ENTER THE INTERPRETER 



HERE=. 
*.+36 

THERE=. 
*.+36 

!DIMENSION HERE(lO),THERE(lO) 
ITHA T' S DC TAL LENGTH OF 10 FLOATING 
IPOINT NLJomERS 

In the preceding example, the coding of a loop is 
seen to be a direct feature of the PAL-III language 
Also, the equivalent of a FORTRAN DIMENSION state­
ment is shown. The coding of the equivalen.ts to a 
FORTRAN 'DO' loop and a FORTRAN 'IF' statement is 
shown in the following example, in addition to 
further use of the Array Accessing Routines, LOAD 
and FIND. 

Example 4 - Write the following FORTRAN coding in 
PAL-III with use of the Array Accessing 
Subroutine Package (AASP). Notice. that 
the use of mixed mode computation is 
indicated. 

FORTRAN 
DO 1.80 J=1.,4 
IF(DATA(2*J+3)-IVAR(J» 1.55,l.60,l6O · 1.55 : 
l.60 : · 1.80 CONTINUE · • • · Using AASP 
CLA 
TAD NEG4 
DCACTR 
DCAJ 
DOl.80,ISZ J 
FINT 
LOAD 
DATA+4000 
0203 
IFIND 
IVAR 
FSUB ANS 
FEXT 
TAD 45 
SMA CLA 
JMP Sl.60 
W5, • 

• · 51.60, • · S1.80, isz CTR 
JMP OOJ,80 · · • 
!DATA SECTION 
DATA=. 
*.+:1.4 
IVAR=. 
*.+4 

ITHAT'S -4 

IZERO J 
!BEGINS DO LOOP, DO 1.80 
IFLOATING INTERPRETER 

lLOADS DATA (2*J+3) 
lNOTICE MIXED MODE IS SUPPORTED 
ICCANS) HAS IVAR(J) tDJ CONVERTED 
I SUBTRACT 
IEXIT INTERPRETER 
lGET WORD WITH SIGN FOR 'IF' 
ISKIP 'IF' MINUS 

11.80 CONTIt-{JE 

!DIMENSION DATA(4),IVAR(4) 
lFOUR FLOATING POINT NUMBERS 

IFOUR INTEGER NlMBERS 

Limitations of AASP 

The Array Accessing Subroutine Package has several 
deliberate limitations; however, the major objec­
tive in permitting savings in core storage is the 
underlying justification for these limitations. 
The limits are as follows: 

Consider the term ARRAY (a*J+b) 

< < 
1. Range of a is given by 0=a=3l 

< < 
2. Range of b is given by -64=b=63 
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3. Range of J is given by -2048~J~2047 (Range of 
41< machine) 

4. The starting address of any array to be 'accessed 
must be in the first 21< of storage (0000-3777 
octal) • 

5. The temporary accumulator, ANS, located at 
c(0052, 0053, 0054) will be destroyed during the 
use of the square root, square, or an I/O con­
troller INPUT or OUTPUT. Note that in the case 
of an OUTPUT operation, the c(FAC) is destroyed 
also. 

Numeric Input and Output 

The Array Accessing Subroutine Package provides an 
additior~l service to augment the use of the stand­
ard Floating Poin.t Package numeric input and output 
routines. The subroutine entry table is supplied 
with input and output transfer addresses at octal 
locations 6554 and 6555. Hence, I/O can be per­
formed while within the interpreter if the octal 
equates INPUT=OOlO and OUTPUT=OOll are supplied to 
the Assembler. Numeric input in integer, fixed 
point or floating point notation may be encoded bV 
simply writing INPUT while within the interpreter. 
Similarly, output of the c(FAC) may be initiated by 
encoding OUTPUT. Use of the output controller is 
expected when using this OUTPUT feature; however, if 
desired, the omission of the output controller must 
be indicated by placing octal 7200 into location 
6555 by the user. When the output controller is 
used, the octal storage locations at c(62) and c(63) 
control the output format where c(62) should be 
given the field width, c(63) the decimal field 
width. These locations must be maintained by the 
user and are not initialized. If the output con­
troller is not used, the locations are not required. 
A routine is provided to place the decimal field 
width into the accumulator as required when using 
the Floating Point Package output controller. 

OTHER TECHNIQUES 

Relational Operators 

It might be valuable to point out that the Relation­
al Operators usable in 'IF' statements of recent 
FORTRAN versions can be equivalently coded in 
PAL-III through the use of the following convenient 
mnemonics: 

SKIP NEXT INSTRUCTIrn 
t-f\IEtOIIC IF CCAC) ... 
SGT=7550 ISPA SNA SKIP IF .GT. QJ 
SGE=751.0 ISPA SKIP IF .GE. QJ 
SEQ=7440 ISZA SKIP IF .EQ. 0 
SNE=7450 ISNA SKIP IF .NE. 0 
SLE=7540 ISMA SZA SKIP IF .LE. 0 
SLT;;7500 ISMA SKIP IF .LT. 13 

These mnemonics have been found to be extremely 
beneficial to the FORTRAN-oriented mind and have 
been made a permanent part of our PAL-III Assembler. 

Coding Across Page Boundaries 

Another procedural benefit in using FORTRAN or FOCAL 
is the absence of 'page' considerations in the PDP-8 
family of computers. A technique can be employed in 
the PAL-III language which can greatly reduce the 
problems associated with pages. 



Coding may begin at a convenient location (sav octal 
0200) and continue straight through crossing page 
boundaries. 

Adopt the following coding conventions to obtain 
this end: 

1. Use page zero for integer constants, a small 
work area (loop control, etc.) and for indirect­
ly addressing absolute references to floating 
point values or subroutines. 

2. Use the Array Accessing Subroutine Package for 
array processing. 

3. Use the Teletype Text I/O package for referenc­
ing messages. 

4. Code all jump (JMP) instructions' without using 
indirect addressing. 

Upon assembling a program written by these conven­
tions, the Assembler will report which jump instruc­
tions must be changed to indirect addresses. Chang­
ing the jump instructions and adding the indirect 
addresses to page zero will produce a program which 
will execute across page boundaries. 

SUMMARY 

When combined with the Floating Point Package, the 
Teletype Text I/O Package and the Array Accessing 
Subroutine Package provide a PAL-III programming 
methodology. The discussion and several examples 
presented show the coding of the following tech­
niques: 

1. Multiple ~abulating and line spacing. 

2. Multiple-word, message output stored as two 
characters per word. 

3. USASC-II, eight-bit code character input with 
RUB-OUT key recognition. 

4. Numeric input and output in any of the formats: 
integer, fixed or floating point. 

5. Accessing single variable, subscripted array 
terms of the general form ARRAY (a*J+b) to 
perform loading, storing, locating and, 
inherently, data conversion and in supporting 
mixed mode data calculation. 

6. The directly available features of PAL-III in 
coding equivalents to FORTRAN 'DO' loops, 'IF' 
statements with either arithmetic or relational 
arguments, DIMENSION statements, and coding 
across page boundaries. 

The emphasis in developing and presenting these 
techniques has been to utilize a minimum of core 
storage for each procedural task presented. These 
routines have been intensively used and appear to 
be completely reliable. 

A brief testimonial is contained in my initial 
usage of these routines. A biomedical computer 
applicationfwhich was only partly written in 
FORTRAN, occupied 96 per cent of available core 
storage. Text information was stored as two char­
acters per word and routines not required within 
the FORTRAN Controller were overlaid when the pro­
gram was in working order. The need for additional 
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computational application features prompted the 
rewrite of this program to eliminate the use of the 
FORTRAN controller" and the remaining FORTRAN 
code. The resulting program (which also worked) not 
only occupied less core space, now requiring only 
63 per cent of core storage, but also executed much 
faster. The former FORTRAN program version required 
12 seconds per compute cycle to initiate plotter 
movements while the program version employing the 
techniques of this paper required less than three 
seconds per compute cycle to initiate plotter move­
ments. 
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I TTY TEXT 1/0 SUBROUTINE PACKAGE. STAND-AU)III: VERSIOII 
_5.00 I PLACE WHERE WANTED 
I THIS PACKAGE PERFORMS INPUT AND OUTPUT (I.IO) 
I 
I PREPARED BY D 6 ,.RUTCHEY. BECKMAN IIIST.S • .JUNE. 1968 
I 
I SUBROUtINE TAB 
I THIS ROUTINE OUTPUTS BLANKS, CARRIAGE RETURNS eCR). 
I AND LINE FEEDS eLF> ACCORDING TO THE ACCUMULATOR CONTENTS. 
I t,. C(AC) - POSITIVE INTEGER. N. GET CR I 11+1 1."'5 
I I,. ceAC) - tERO. GET CRU' 
, I' ceAC) - -1. GET A CR 
I I,. C(AC) - NEGATIVE INTEGER. N. GET ABSeN)-1 BLANKS 
TAB,NOP 
STL lAC 
SMA 
CMA eLL ICe I.) - 0 HARKS CRLFS 
DCA TEMP 
SNL 
TAD POS3 
TAD BLANK 
SNL 
TAD 01,.1' 
.JMSTYPE 
1St T£MP 
....... -5 
...... I TA8 
POS3.3 
DIF,.375. 
BLANK. 0240 
TEJIJP-TEXT , TEMPORARY STORAGE , 
, SUBROUTINE TEXT 
I OUTPUT. STRIPPED CODE BEG]NNING AT ADDRESS PASSED. 
I EXAMPLE OF USAGE. 
, .JMS TEXT ITO CALL THIS ROUTINE 
I MSGI ITHE SYMBOL USED TO BEGIN THE MESSAGE 
TEXT. HOP 
CLA CLL , INSURE THAT L]D IS CI.!:AIl 
TAD I TEXT 
1St TEXT 
DCA T~ 
GETI • TAD I TEMPI 
StL 
.- .+5 
RTR ,,.IRST TIME THROUGJI 
ara 
Bra 
eLL 
AND MSIC 
TAD 1'177 
SNA 
.JoIP I TEXT I DONE. qTURIf 
TAD MSK .IRESTORl: AC AND COMP LINX 
TAD BLAn 
.... STypE 
SNL 
1St TEMPa , SECOND TIME THROU6JI 
.- GETl 
MSK.0071 
1'117.1101 
TEMP2-TAB , TEMPORARY STORAGE 
I 
, SUBROUTINE ECHO 
I USAGE. 
I .JMS ECHO ITO GET ASC] I CHAR INTO CCAC) I TYPEJ) 
I ..MP AGAIN II' RUBOUT VAS INPUT 
ECHO.HOP 
KS" / SKIP ON INPUT 
.- .-1 , VAIT 
J<RB / CLEAR CeAC). READ BUFFER. CLEAR FLAG 
DCA CHAR 
TAD CHAR 
SNA 
.l'!P ECY.')+I I ALSO WAIT WHEN NULL OR BLANK TAPE • 
.JMS TYPE I ECHO THE CHARACTER 
TAD CHAft 
TAD MnBOUT I HAVE RUB-Oun 
SNA C1..A 
JHP ] ECHO , RUB-OUT VAS ENTERED 
]SZ ECHO I INCREMENT TO BYPASS 
TAO CJl.J:lR 
.l'IP I ECHO 
I'!RBOUT.-317 
CHAR-TEXT 
I 
I SUS?'OUTINE TYPE 
rYi'E.NOfo 
TS, 
.JoIP .-1 
TLS 
CLA 
.... P 1 TYPE 
S 

296 

I TTY TEXT 1/0 SUBROUTINE PACKAU. "PP VERSIOII 
_5400 I PLACE "'HERE "'ANTED 
/ THIS PACKAGE PERFORMS INPUT AND OUTPUT (J/O) 
/ BY USING THE ROUTINES FURNISHED I. THE 
I 1"L0ATiNG POINT PACKAGE (INPUT, oun TO 
/ PERFORM SING1.1: CHARACTER TRANS,.U. , 
, PREPARED BY 0 6 ,.RUTCHEY'. BECKMAN INST.5. JUNE. 196. 
I 
I SUBROUTINE TAB 
I THIS ROUTINE OUTPUTS BLANKS. CARRIAGE RETURNS (CR). 
I AND LINE FEEDS (LF> ACCORDING TO THE ACCUMULATOR CONTDITS. 
/ I,. C(AC) - POSITIVE INTEGER. N. GET CR & N+I U·S 
I I,. C(AC) ZERO. GET CRL,. 
/ I,. CeAC) -1. GET A CR 
I IF CeAC) NEGATIVE INTEGER. N. GET ABSeN)-1 BLANKS 
TAB. HOP 
STL lAC 
SMA 
CHA CLL I CeL) - 0 MARKS CRUS 
DCA TEMP 
SNL 
TAD POS3 
TAD BLANK 
SNL 
TAD DIFF 
.... S 1 TYPE 
1St TEMP 
.JtP .-5 
.JtP I TAB 
POS3.3 
01,.,..3751 
BLANK.Oa.O 
TEMP-TEXT I TEMPORARY STORAU , 
I SUBROUTINE TEXT 
/ OUTPUT STRIPPED CODE BEGINNING AT ADDRESS PASSU. 
, EXAMPLE 0,. USAGE' 
/ .JMS TEXT ITO CALL THIS ROUTINE 
I MS61 ITHE SYMBOL USED TO BEGI. THE MESSA. 
TEXT. HOP 
(LA CLL I INSURE THAT LINX IS CL.&AIl 
TAD I TEXT 
ISZ TEXT 
DCA TEMPI 
GET I. TAD I TOIPI 
SZL 
.JtP .+5 
BTB I,.IRST Tnn: THROUGII 
an 
R11I 
eLL 
AIID MSIC 
TAD .. n 
SMA 
..I'IP I TEXT I DONE. RETURN 
TAD MSK IRES TORE AC AND COMP LID 
TAD BLANK 
.... S I TYPE 
SNL 
1st TEMPa , SECONll TIl'll: THROUGH 
.JtP enl 
MSK.0011 
1'117.1101 
TEMPe-TAB I TEMPORARY STORAGE 
/ 
/ SUBROUTINE ECK) 
I USAGE. 
I JMS ECHO ITO GET ASCII CHAR INTO CeAC) & TYPED 
I .JMP AGAI. II,. RUBOUT VAS INPUT 
ECHO.MOP 
(LA CLL 
TAD ECHO 
DCA I RESTRT 
.I'IS I INPUT 
Cl.A CLL 
TAD INPK6 
DCA I RESTRT 
ISZ ECHO ITO RETURN PAST THE RUBOUT .JtP 
TAD CHAR IRETURNS WITH CHAR IN CeAC) , AT LOC 0057 
.- I ECHO 
RESTRT .1167 
INPUT. 11 ... 1 /FPP ROUTINE INPUT 
INPKG.l.01 
TYPE. 734. IFPP ROUTINE OUT ADDRESS 
CHAR-0057 
S 



/ , , ARRAY ACCESSING SUBROUTINE PACKAGE 
LOAD AFTER LOADING THE FLOATI~G POINT PACKAGE. 

, THESE ROUTINES ARE USED TO A:::ESS ARRAYS OF THE 
, FORM. ARRAYCA*J+B) AND TO PRO';lDE FIXED/FLOAT 
, AND FLOAT'FIXED DATA CONVERSIO,,,. 
, THI S PACKAGE WAS PREPARED BY 0 G F,,;;TCHEY. 
, BECKMAN INSTRUM~TS. FUL.U:RTON. CALIP'. OCTOBER. 1968 
*655. 
FINT-•• 07 
7400 , 
DECOUT 
LOAD 
ILOAD 
STORE 
ISTORE 
FIND 
IFIND 
*6573 
DECOUT.NOP 
DEC-63 

,,JIIS I 7 
INPUT - 10 
, OUTPUT - II 
, LOAD - II 
, ILOAD - 13 
, STORE - I .. 
, ISTORE - 15 
, FIND - 16 
, IFIND - 17 

TAD DEC 'LOAD NR OF DE~ PLACES 
..JoIS I FPPOUT 
..M? I DECOUT 
tpPOUT.7:::00 
*6173 , 
, SUBROUTINE GET 
GET. NOP / R!:::$ TOilE THE C (FAC) FROM ANS 
FINT 
FGET ANS 
FEXT 
..JoIP I GET , 
, EQUATE SYMBOLS 
A-40 
&-"1-
SEE-... 
.,..50 
ADR-51 
ANS-52 , , tEMPORARY ACCUMULATOR. ~S 

, SUBROUTINE LOAD 
e4400 
LOAD.NOP , LOAD CC"AC) WITH FLOATlIIG POINT IfJl 
..JoIS P'lND 
..JoIS I AGET 
J'IP I LOAD , 
, SUBROUTINE ILOAD 
ILOAD.NOP , LOAD CCFAC) WITH ,.IXED POINT NR 
LFIND-IFlND 
JoI5 LF'IND 
..1'15 I AGET 
.w I ILOAD , 
, SUBROUTINE STORJ: 
STORE.NOP 
.... S FORM 
,.1 NT 
FPUT I ADR 
,.EXT 
.I1P I STORE , 
, SUBROUTINE ISTORE 
ISTORE.NOP , CONVERT CCFAC) TO FIXED & STOR!: 
..JoIS POINT 
TAD ADR 
DCA ADR , POINTS TO PLACE TO STOR!: 
J'lS f'lX 
TAD 45 
DCA I ADR 
TAD 1'13 

DCA .. " 

DCA ". .Jo!S I NORM 
..l'!P I ISTOR!: , 
, SUBROUTINE FIND 
FIND.NOP , LOAD ARRAYcA*J+B) INTO AllIS 
.!'IS FORM 
TAD I ADR , HOVE INTO ANS 
DCA ANS 
ISZ ADR 
TAD I ADR 
DCA ANS+I 
ISZ; ADR 
TAD I ADR 
DCA ANS+2 
.I1P I FIND 
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, 
, SUBROUTINE I,.INJ) 
I,.IND.NOP , LOAD FIXED INTO ANS & FLOAT 
.JI!S POINT 
TAD ADR 
DCA ADR , POINTS TO FIXED POINT ARRAY MDC8D 
TAD I AM 
DCA P13+1 
FINT 
FPUT BIN 
,.GET P13 
mOR 
FPUT ANS 
FGET BIN 
nxT 
.J1P I IP'IND , 

, SET UP I NTI:GD 

, HOLD CCFAC) 

, NORMALIU 

, RESTORE CC,.AC) 

, SUBROUTINE ,.ORM 
FORM.NOP , FORM ADDRESS FOR n.OATING POINT 
J'lS POINT , RETURN WlTH A*J+B-I 
TAD B 
TAD B , TRIPLE 
TAD ADR , FORM POINTER 
DCA ADR 
JMP I ,.ORM , 
, SUBROUTINE POINT 
, CALCULATE A.J+D-l AND RETURN IN CCAC) 
, ALSO. HETURN ARHAY ADDRESS IN ADR 
POINT.NOP 
TAD I 602 
DCA SEE 
TAD I SEE 
AND MSKI 
DCA AM 

, GET PO INTER TO CALLING SEQUU':E 

, GET ARRAY ADDRESS 
, 3777 DELETE ZEROTH BIT 

TAD I SEE , ARRAY ADDRESS AGAIII 
ISZ; I GOC , TO BYPASS ARGUMEIIT 
SPA CLA 
.w A5 
TAD J , NO 2ND ARGUMENT 
SZA , J MAY BE 0 OR 1 TO GET ARRAye!) 
TAD NEGI 
.JoCP AID 
A5,ISZ; sa 
TAD I SEE 
AND MSK2 
SPA 

, GET 
, "077 

BAA AAA BBB BBB 
GET SIGN AND • 

TAD MSK3 , 3700 EXTEND MINUS BITS 
DCA B , -64<B<+64 DECIMAL 
TAD I sa 
ISZ I G02 
AND MSK3 
CLL RTR 
Rra 
Rra 

, TO BYPASS AR6UHENT • 
, 3700 GET A 

, SHIFT 

DCA A , OC-Ac+38 DECIMAL 
, EVALUATE A*J+B-I 
TAD J 
DCA I MP2P , MUL.TIPLICANJ) 
TAD A , MUL.TIPLIER 
SZA , NO NEED TO MUL.T IF A-O 
J'lS I MP4P , 12 BIT MUL.TlPLY 
TAD 8 
TAD NEGI 
AIO.DCA 8 
TAD B 
JMP I POINT 
, CONSTANTS 

, RETURIf 

602.5655 , IN THE INTERPRETOR 
MSKl.3771-
",SI<2'''071 

, LOCATION OF I'IUL.TIPLICAND 

WORD 

MSK3.3700 
MP2P.6471 
MP4P.6437 
AGET.BET 
NEGI.-I 

/ FPP ROUTINE FOR FIXED POINT MULTIPLY 

NORM. 6600 
1'13.13 
o 
o 
BIN.O 
o 
o , 

, FLOATING POINT NORMALIl:E 

, SUBROUTINE FIX 
e4557 
FIX.NOP , FIX CCFAC) 
TAD .... 
SMA SZ;A 
JMP .+3 
CLA 
..l'!P FIXDlD 
TAD MI3 

DCA "" 
LOOP.TAD " .. 
SMA CLA 
.I1P I FIX 
..... S I .+2 
JMP LOOP 
6200 , DIVI IN INTERPRETER 
FIXEND.DCA "5 
JMP I FIX 
1'113.-13 
I 
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SUBtouTr~E LOAD 

B 

C 

D 

E 

F 

2 3 

Subroutine services performed 
by the Floating Point Package. 
See docmnentation in IIIilnual ,-5"-5 

SOBROUTIP\l£ STORE 

\\ J. 

MOVf. c..(FI\C.) 

''''TO U)!:I'ITJ:ON 

I'II)D~~SEO a'l 
c:.(1 DR) 

'I FEX"t" \ 

PlOD Tt\E 

STl'III.Tlr-JG. f'II)9l1.£ 

I'I~D slO~E 

I!cO"'VE~"f e.(fl\C.~ \flOIlT 
TO f'J.tOf 

\\ /; 

Move c-(45) 

If>JTO ,"OcflnoAl 

"OI)Re:l$£O ey 
1\0 

SUB!\()OTUJE IlOf\O 

MI\~E" 

G EII'OA/ErJ'T 

c,.(.ot+). 0013, 

H ~UO c,("t(,) 

I 

J 

K 
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4 

Special Symbols Used: 
c(AC) The Accumulator 

5 

c(FAC)The Floating Accumulator at c(~~,~5,~6) 

~ov, '</0110 

''.'If'SSI!'D 8)' 

c,,(~DR) It-IT1I I\NS 

MOllE woMl 

fI\)tlRts'eO By 

c:.(AOR) '~TO Atls+1 

IIDDfl.ESSEO '1 
c,.(~OIl.' WTO 

fiNS .. 2 

( 
"ET~~ ) --' 

SVSR.OOTliJE XfrMt) 

$Tl'ltlTIIJc; 

AOORESS ~flD 
SToRe 

,"",y( ~JJtE.a" 'tom:> 
1\ T"~n: wa'l) 
VN'-lO"""'ltHO 

Sf'lllE TlIE 

C,(FI\C) Vol 

,,(SIN) 

I'-lTE'fOl., 
OJOA"I'" L1ZE,. _ 111"0 

_~l>c;._~p'>TO cA'''IJ~ 
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suBROQTI: JJE FORM 

A 

C 

D 

E 

F 

G 

FO~ M 

rtJr \ 
& 

+'1.} 
lIoJll II,) 

/100 8 

TO ~I 

(8) 

(6) TO 

(~) 

/lG-1'I11J 

I'LE c,(~ 

/'lOll) ADO c-( 

W#4101 H liS f\RUlY 
~\)~1I'!. 

T I"'", 

M) 

RN 

!MEtJTa •• •• NO I\RGU 

LO"O c- (J") 

P.."'1 
fT 
f'lP..III\lL£ 

\ 
'" J c,C;r) =lERO \f£~ 

? 

"0 

y \ 

2 
~u8 ROUTINE PODJT 

Pox:tJT 

erET f'OIIJt61. TO 
C"LLIIJ6- SEQlfN(£ 
FRoM. FLQf\TI~ 
~NT(""RETEIt 
fltr c...((j.oz) 

STollE I","n) 

V<sEe) Tt) U&E" 

I'IS x,.,OlRec.T 
/lOOII.f.6S 

(j.Ei ft~M£NT 

I W~\C.1i I!. 

l\M\flY f'll>t/tt£SS 

O~LETe" 

&\T 0 

STott..E 

INTO c--CfIIOa) 

G-Ei A.~wr 

, fII~M~ 

r.UC-Rt_tJT c(G«) 
TO I'o,"ce THE 
FLO"TII.HO-
I'ITE~"""'-':" .,-0 

e""II~" 1I".UII..£t.)T \ 

SIT - i!£kO ()1aI~ 'ItS 

(1:1.&l1li) 

RIO 

3 

A5 

•• HIlVE rs .. R I\.~EN~~ • 

~OoIE,,"" 
~ 

StllfT RI"Hr 

c;,(SEE) " 81rs 

Wfl ll11GUo\6If".!! STOR.E IAirO 

WORD IJJTO cAIIC) <:t(FI) 

E.IlIIUJIIIE 1\ ¥J"~S-' 
MoVE c;,(l) 

"'''SK 11J RETAIN /NTO c,(Mf'2') 

SIG-H \lIT I'I~D S I'\S I'IUL Tll'llCI\NIl 

GET <:.("1'1) 

'" POSrn\lE INTO c,(!'IC.) 

IUJ""6eR ft3 ~I1LTI"LIE" 
~ 

0 

IS 

ExrENt) - c(~C). 0 

Neerl'lTtllE SIGN ? 
ens 

< ~,~ ) t.. GTOII.E rNTO Ie!. SIT 

Cl(6) ~T1'LY A~ 

GET III\.(O<)~NTa 
~ 

AOO B 
A(7AIN 

nICf.E~ENr c.(~ 
TO I"OIIC.e: TME 
FLol'ITI IllGo SU,,",f\CT " r-II-JTEII.' .. ETOI. TO 
~yp"t.:l. ON£ 
''It.IlIoo\E~2. 

M.N>I< TO r-
R.ETPIIN f\ 
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STORE ,NTO 
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INTO e(f'lC) FoR 

REToR~ 

REn>t1fJ 

SOllll.oUTINE G€T 

GEl 

~ n"T } £Un" FLol'ITI 

I:t.ITE."'~En> 

~ 

Mo,/e o(A\J$) 

'~TO c:;,(F~C.) 

{ FEXT} £Xtr f'Lo/,\TI 

INTE«1'P.ETf" 
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FASBAC PDP-9 
TIME SHARING OPERATING SYSTEM 

V. J. Zapotocky 
University Computing Company 

Dallas, Texas 

ABSTRACT 

The U.C.C. FASBAC System provides for remote access 
to a general purpose file editing capability and a 
string handling programming language. Input files 
may be UNIVAC 110B program files or data files 
which are to be submitted through direct access to 
run on the 110B. The time sharing operating system 
has been implemented on a 32K PDP-9 with a 524K drum 
and a specially built controller to allow sharing of 
a FASTRAND mass sto~age device with the 110B and 
direct core-to-core transfers between the PDP-9 and 
110B. This paper consists of a functional descrip­
tion of the PDP-9 operating system and some imple­
mentation problems w~ich should be of common interest 
to PDP-9 users. 

INTRODUCTION 

The time sharing operating system described 
in this paper comprises the heart of the 
FASBAC Remote Access System. 

FASBAC provides the facility for large vol­
ume input dnd output processing on a 
UNIVAC 110B data processing system initiat­
ed from remote terminals (Fig. 1). 

The user's programs and data files may be 
accessed selectively for debugging pur­
poses (to obtain, for example, a compiler 
diagnostic typeout) or directed to a 
high-speed printer connected to a COPE re­
mote terminal subsystem for larger volume 
output. 

A general purpose direct access file system, 
along with line and context editing capa­
bilities, is provided to allow storing and 
editing of customer programs and data 
files. In additio~, a string manipulative 
language called PASTRAC and an interpretive 
arithmetic expression analyzer called CALC 
are part of the FASBAC Remote Access System. 

The PDP-9 Time Sharing Operating System has 
been implemented on the following hardware 
configuration: 

32K PDP-9 with all processor options 

524K Drum, B.65 ms average latency 

Special multi-access controller to 
allow sharing of UNIVAC FASTRAND 
with UNIVAC 110B and provide di­
rect core-to-core transfers be­
tween PDP-9 and 110B. 

1000 card-per-minute reader 
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DEC Tapes (3) 

Interprocessor Buffer for core-to­
core transfers between PDP-9 and 
PDP-B. 

MAJOR SYSTEM COMPONENTS 

The Message Handler 

All communication over the Interprocessor 
Buffer between the PDP-B and PDP-9 is con­
trolled by this program. 

Processor Scheduler 

The queuing of all requests by various sys­
tem facilities for use of the PDP-9 pro­
cessor is handled by this program. 

Processor Dispatcher 

This component is responsible for the order~ 
ly dispatching of control to the highest 
priority system facility currently request­
ing the PDP-9 processor. 

I/O Handlers 

All input/output processing is controlled 
through standard device handlers providing 
queuing, where applicable, error detection 
and automatic retry. 

PDP-9/ll0B Commun~cations 

The handling of all I/O between PDP-9 and 
110B is through a device handler which 
makes the 110B look like a peripheral to 
the PDP-9. 

Service Functions 

Certain service routines and status tables 



are essential in the operating system. 
They include an overlay loader, memory 
dump routine, trace facility, time keep­
ing routines, a "CAL" handler, a system 
communications region, system macros, and 
a Logical Channel Table which provides 
status information about each active user. 

File System 

The File System provides a common inter­
face for creating, retrieving, updating 
and deleting files on the system's perma­
nent storage device which is the FASTRAND 
Drum. Both random and sequential files 
are allowed, and in fact either mode may 
be used to access any file created by the 
file system. A file security system is 
provided to maintain file protection 
against unwanted access. 

Language Processor Scheduler 

This component is responsible' for maintain­
ing control over the language processors. 
(The term language processors refers to 
the FASTRAC and EDIT processors.) 

Language Processor Interface 

This component contains many subroutines 
common to the language processors and also 
provides a common interface with the file 
system and with various operating system 
procedures. 

BASIC DESIGN PHILOSOPHY 

Queuers and Doers 

In order to provide efficient a~d equit­
able access to system resources, it is 
necessary to utilize a method for queuing 
requests for a given facility and a method 
for processing these requests. 

The operating system contains routines 
called "Queuers" to provide a means for 
scheduling the use of system facilities. 
The operating system also contains routines 
called "Doers" which obtain their 
input from the queues, perform the required 
actions to initiate the use of the system 
facility, and make the required alterations 
to the queue itself. Queuers are generally 
activated by software calls; (except for 
certain processor dispatching) Doers are 
generally activated by hardware events. 
Examples of System Facilities requiring 
Queues: 

PDP-9 Central Processor 

PDP-9 Drum 

FASTRAND Drum 

PDP-9 to PDP~8 Output Processing 

PDP-8 to PDP-9 Input Processing 

Queuers and Doers possess the following 
characteristics: 
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1. 

2. 

3. 

Multi-priority level queues are 
provided. 

Processing is first-in first-out 
within a given priority level. 

The capability exists for deleting 
items from a queue. 

Lockout: 

Only one queuer or one doer may be actively 
manipulating a given que~e item at any time. 
This is obtained by establishment of ap­
propriate hardware and software priorities. 

Many operating system processes are re­
quired to enter a "waiting" state until 
some external event occurs before they can 
continue processing. Examples are 1) wait­
ing for an I/O command to terminate before 
using requested input information, or 2) 
waiting for an overlay area to become free 
so a subsequent overlay may be read into 
the same area. 

A "tell" is a means by which information 
is passed to inform a given process (ac­
tually via processor queuing) that an 
awaited event has occurred. The request 
for a tell is normally attached to a 
queued request and is activated by the 
satisfaction (completion) of its associat­
ed requested event. After telling, the 
doer (the processor dispatcher) initiates 
the next entry in its multi-priority queue. 

A tell is not a process in itself, but 
rather is information associated with a 
queue entry which is to be passed on by 
the Doer of the queue to a destination 
queue upon completion of the requested 
action. The destination queuer is usually 
the Processor Scheduler. 

Summary: 

Three operating system scheduling facili­
ties have been discussed to this point. 
They are: 

Queuers 

Doers 

Tells 

Queuers and Doers work together to provide 
optimum use of critical system hardware. 
Queuers make entries in queues according 
to priorities established by the programs 
which call them. Dequeuing must be also 
provided, as in removing outstanding I/O 
requests when a process has been aborted. 
Doers process items in the queues and re­
move items when appropriate. A tell is a 
software event similar to a hardware in­
terrupt event. 



Storage 

Queue entry storage must generally be pro­
vided by the program calling the queuer. 
The program activated by the tell must 
arrange for release of the storage if it 
comes from a pool, as well as examine I/O 
status for error exception conditions (if 
appropriate). 

A queue entry contains for example: 

1. Forward link (used by queuer and 
doer) . 

2. Backward link (used by queuer and 
doer) . 

3. Status parameters, such as error 
coun t. 

4. Tell parameters such as software 
priority level and program entry 
point (more fully explained 
later). 

5. Job ID for accounting or aborting. 

6. Other parameters as needed by 
told program. 

Time-Out Lists 

The operating system provides means for 
keeping track of time so that processes 
may be timed and "awakened" if required. 
An alarm time may be either a time inter­
valor an absolute time of day. 

Time of day and date may be read on re­
quest. Hardware interrupts caused by 
real time clock overflow causes control 
to be passed to a routine which scans the 
appropriate clock lists to determine if 
any clocks have exceeded their alarm time. 
If so, a tell function is then activated 
to notify a prearranged process that time 
has run out. By definition, the acti­
vated program must be core resident. 
The identification of the affected activi­
ty is made available to the processing 
program, which in turn schedules any 
necessary successors. 

The time-out capability is especially use­
ful in the following situations: 

Notifying the language processor 
scheduler when a swap-out is in 
order for a particular user program. 

Providing a means for notifying 
the system when a new process is 
to be initiated. (e.g., an account­
ing run is to be initiated at mid­
night.) 

Memory Layout 

The memory resources have been divided 
into three major portions: 

1. Operating system, related 
functions and buffer areas. 
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2. FASTRAC processor and its buffer 
areas. 

3. EDIT (or other processors) overlay 
area. 

The operating system functions are basic­
ally core resident with overlay areas for 
bringing in routines which are infrequently 
used. 

The FASTRAC processor remains core resident. 
It is used by certain operating system pro­
cesses as well as by user programs. CALC, 
the calculation language runs essentially 
as a FASTRAC program, in a time sharing mode 
and is swapped in and out of memory. The 
Language Processor Scheduler initiates action 
to load waiting programs into assigned mem­
ory and to swap long-running programs. Swap­
ping is performed by using standard routines 
provided through tb~ o~erating system for 
physical I/O processing, queuing, etc. The 
Language Processor Scheduler is responsible 
for scheduling the FASTRAC processor when 
a FASTRAC jeb has been swapped in and is 
ready to execute. In addition, a timer is 
set, allotting a certain time quantum to 
the new FASTRAC user. If the time quantum 
is exceeded, a time-out occurs and a tell 
causes an entry to be made in the processor 
queue. The FASTRAC processor is allowed 
sufficient time to perform clean-up func­
tions after which the user work area is 
swapped to the drum (swapping occurs only 
if other users are waiting in the Language 
Processor's queue for the FASTRAC processor). 

The third area of memory is occupied by the 
EDIT processor, although this particular 
area is designed such that the processor 
occupying this space can be swapped to al­
low other language processors to use the 
area. The language processor is responsible 
for scheduling the use of the EDIT user 
area and assigning a time quantum. 

Both FASTRAC and EDIT are designed such that 
the processors need not be swapped. Only 
their data areas (variable for each user) 
need by swapped. The FASTRAC processor is 
effect~vely re-entrant since it is allowed 
the opportunity to clean up prior to having 
its user area swapped. The EDIT processor 
has been implemented as an actual re-entrant 
program. 

VRC Drum Layout 

An area is set aside on the VRC fast-access 
drum for each possible simultaneous remote 
user. Two drum sectors are allocated for 
input file building. Teletype input is ap~ 

pended to this area. Overflow goes to 
FASTRAND mass storage. One sector is re­
served for output information. Sixteen 
sectors (4096 words) are reserved for a swap 
area. The FASBAC. System object programs 
(Operating System and Language Processors) 
are also maintained on the drum. 

Maintaining Control over Remote Users 

Each user who is logged on to the FASBAC 



system is assigned a logical channel num­
ber. This number is used as an inde~ to a 
table of status information maintained in 
core memory. Included in this logical 
channel table (LCT) is the physical line 
number allocated to this user, user identi­
fication information, the language proces­
sor or system facility currently being used, 
and other information necessary to maintain 
control over a given remote user at all 
times. In order to allow referencing of 
information in this table, the address of 
the first word of a given logical channel 
table is frequently passed from one process 
to another and is a vital part of the te~l 
process. The address of the first word 
of a given logical channel table is re­
ferred to as the LCTA for a given user. 
System macros are provided to allow: 

Accessing information from the LCT 

Storing information in the LCT 

Setting indicators on or off in 
the LCT 

Testing indicators in the LCT 

The Executive Functions 

An underlying and somewhat unique phLl­
osophy has been used in th~ design of the 
"hard core" executive portions of the 
operating system. This executive con­
sists of the Message Handler, Processor 
Scheduler, and Dispatcher. 

These components have been designed to al­
low other portions of the operating systea 
and the language Frocessors to perform 
their work as though they are never inter­
rupted except for the voluntary relin­
quishes as described above. In fact, it 
is possible for these service functions 
to alter the executive's procedures with 
respect to message handling in order to 
provide for the unique requirements of a 
given remote user. Message handling then 
can become flexible instead of a very rigid 
set of rules enforced from the executive 
end. This philosophy encourages additional 
capabilities being added to the language 
processors without major overhauling of 
thes e "hard corell exe cut i ve func t ions. 

Th~ system component or language processor 
can in effect program (by means of software 
switch settings) the action to be taken by 
the Message Handler as well as the PDP-8 
remote processor due to input from a user 
terminal. 

The idea is for these executive functions 
to act as a good traffic cop (to perform 
a service without getting in everyone's 
way or making a nuisance of himself). 

The following portion of this paper provides 
a more detailed look at those components 
which make up the executive portion of the 
operating system. 
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THE EXECUTIVE FUNCTIONS IN DETAIL 

Processor Scheduler 

The processor Scheduler is the Queuer of re­
quests for the PDP-9 normal level processor 
(non-interrupt). 

Level 9 and its Priority Scheduling - The 
term "level 9" is used to describe those 
activities which run at the normal proces­
sing level on the PDP-9. For example, the 
FASTRAC processor, the EDIT processor, the 
langua~e processor interface functions, the 
file system, and parts of the operating 
system run at this level. 

While the API and Program Interrupt features 
of the PDP-9 hardware provide the mechanism 
for the operation of levels 0 through 8, the 
scheduling and dispatching of control to 
level 9 processes is a service provided by 
the Executive. Provision has been made for 
5 priority sub-levels within level 9. This 
number can be easily increased or decreased 
by a minor program change. The following 
level 9 priority assignments are used: 

9-0 

9-1 

9-2 

Operating System functions associ­
at~d with file building. 

Other Operating System functions. 

File System. 

9-3 Language Processor Scheduler 

9-4 FASTRAC and EDIT. Operating System 
clean-up tasks, and other lov pri­
ority processing. 

Current API (Hardware Priority) Assignments 

o 

I 

2 

3 

4 

5 

6 

7 

Power failure imminent, dead man 

VRC Drum transfer completed 

FASTRAND, DECtape, card reader, 
line printer 

Interprocessor Buffer, clock 

CAL handler 

VRC Drum read/write initiation for 
message handling 

Not used 

Processor dispatcher 

Current Program Int~rrupt Assignments 

Paper Tape Reader/Punch 

Console Teletype 



Scheduling an Activity 

There are 4 elements associated with a re­
quest for processor scheduling: 

1. Priority of the requested 
activity. 

2. Entry address (core memory 
location to which control is 
to be transferred. 

3. Logical Channel Table Ad­
dress (LCTA), described 
under "Maintaining Control 
over Remote Users". 

4. Parameter pointer (to list 
elsewhere in memory). 

Relinquishing the Processor 

When an activity has run to its logical 
completion, or when some form of I/O 
is required before processing can con­
tinue, the activity executes a Relinquish 
macro. 

Queuing the Processor Request 

The Processor Scheduler accesses the four 
parameter words and the queue entry is 
made at the end of the queue such that 
a "first-in, first-out" relationship pre­
vails within a given priority level. Pri­
ority 0 (zero) is considered highest and 
(for example) no priority 1 activity will 
be permitted until all priority 0 activi­
ties have been completed. 

Format of the Processor Queue 

The processor queue is a multi-level queue 
composed of entries built from a common 
pre-linked space pool. For each priority 
level there is a pointer to the first entry 
in the queue, and a pointer to the last 
entry in the queue. Also available at any 
time is a pointer to the next free entry 
in the space pool. At the time the queue 
entry is made the tell parameter words 
are inserted in the queue. 

Processor Dispatcher 

The Processor Dispatcher acts as the Doer 
on the queues built by the processor sched­
uler. Its function is to determine the 
highest priority activity currently re­
questing the processor and to dispatch 
control to that activity. The Dispatcher 
is called in the following two ways: 

1. Each time a new activity is 
scheduled, a request is made by 
the Processor Scheduler for an 
interrupt at software level 7. 
When all higher priority processing 
has been completed, the Dispatcher 
program gains control at its entry 
point due to this earlier interrupt 
request. It determines if the newly 
sCheduled activity is equal to or 
lower in priority to the one inter-
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r U:p re d . I f so, con t r 0 1 is ret urn e d 
to the ~nterrupted activity. 
If the new request is of higher 
n~;nr;rv rhQ rQo;crQrc nf rhQ ;~_ 
r - - - - - - J, - ... T - - (:) - - - - - - - .... - ..... - - ..... 

terrupted activity are saved and 
control is given to the new higher 
priority activity. 

2. Wh~n an activity has completed, it 
relinquishes the level 9 processor by 
executing the Relinquish macro. At 
this point control goes to the Dis­
pat~her and the queue is searched 
for the highest priority waiting 
activity. If no activity was sus­
pended, a new queue entry is selected. 
If an activity had been suspended and 
is now of highest priority, control 
is returned to the point of original 
interrupt. 

Savins Control Information - The following 
registers are saved when level 9 control is 
sWitched. 

1) AC 
2) MQ 
3) Auto index registers (10-17) 
4) Program counter, link, extend mode, 

memory protect mode. 

The four parameters associated with each 
entry in the system communication region at 
all times during execution of a level 9 pro­
gram. When an activity is suspended, this 
information is also saved and restored at 
the appropr~ate time. 

Degueuing the Entry - Immediately prior to 
dispatching control to the entry address of 
an activity, the entry is dequeued as de­
scribed in the section entitled "Format 
of the Processor Queue." 

The Idle Loop - When there are no requests 
for the level 9 processor and no API or PI 
interrupt processing is active, the operat­
ing system enters an idle loop. This loop 
runs essentially as a level 9 lowest pri­
ori ty ac ti vi-ty. 

Message Handler 

The MeSsage Handler is the operating system 
component responsible for the processing 
of all messages going to or coming from the 
remote processor subsystem (PDP-8) via the 
interprocesso; buffer. 

Significance of User Mode - The PDP~8 and 
PDP-9 comp-on:ents of FASBAC must be aware 
of the processing mode in order for all 
required message hand1ifi~ logic to be 
handled correctly. The following four pro­
cessing modes have been defined. 

0) Line 
1) Text 
2) FASTRAC N (normal) 
3) FASTRAC S (sp-ecia1) 

Line Mode is used by the EDIT Processor. 
In this m:od-e an input line which begins 
with a numb~r (0-9) Ls automatically 
appended to the input file. Each line 



is transmitted from the PDP-8 to the PDP-9 
with a "meta received" message type (the 
"meta character" or "end of message char­
acter" is a carriage return in line mode). 
A line beginning with a non-numeric charac­
ter is assumed to be command information 
(see heading "Handling of Command In­
formation"). 

FASTRAC N is the normal FASTRAC mode. In 
this situation input information is auto­
matically appended to the input file. When 
a "meta received" message type is received, 
the message is appended to the input file 
and after completion of the append to drum 
or FASTRAND, the meta received entry (see 
"Language Processor Entry Points") is sched­
uled for the FASTRAC processor. 

FASTRAC S is used when a one character in­
put message is anticipated from the user. 
This character is transmitted to the FAS­
TRAC processor through memory and no ap­
pending to file on VRC drum is required. 

Text is used to build a file where all 
characters typed on the terminal become 
part of the text of the file. No line 
deletes or character deletes are allowed 
and no meta character is recognized. This 
mode is terminated by use of the break key 
from the terminal. 

Normal file building to VRC Drum or FASTRAND 
occurs up to the time the break is depressed. 
The last message typed up to the break 
character is also appended to the file and 
the "break received" entry for the appropri­
ate EDIT process is scheduled. Thus, the 
language processor may exercise certain 
types of control over the PDP-8 remote 
processor and the responses of the PDP-9 
message handler by setting the proper mode 
for a given logical channel. 

Language Processor Entry Points - The term 
language processor or "system" is used to 
describe the 

FASTRAC Processor 

EDIT Processor 

Each logical channel connected to FASBAC has 
associated with it a particular system. 
Five different events cause the active sys­
tem to be scheduled by the operating system. 
These events are: 

1) Input message received 
2) Break received 
3) Meta received 
4) Command Analysis required 
5) "Send" has been completed (remote 

message has been typed on user's 
console) 

Each system may specify its unique entry 
points for receiving control upon detection 
of an appropriate event by the operating 
system. For example, FASTRAC may wish to 
receive control at a location called 
%BROKE (a global symbol) upon detection of 
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of a "break received" message while EDIT 
may wish to receive control at a location 
called %BREAK for the same event. Each 
system has its own jump vector associated 
in numerical correspondence to the five 
commun events mentioned earlier. The 
operating system computes the correct en­
try point by accessing the specified sys­
tem for a given logical channel and 
scheduling the appropriate language pro­
cessor activity. 

Handling of a Large Input File - Storage 
for approximately 1000 characters is 
available on the VRC drum for building 
an input file from a teletype. Two sectors 
containing space for approximately 500 
characters each are permanently assigned 
for each logical channel. 

When sufficient input has been re-
ceived to fill the first sector, the 
operating system switches over and begins 
appending to the second sector. It then 
schedules a request to open a temporary 
file on FASTRAND and writes the first drum 
sector to FASTRAND. This procedure is 
essentially repeated as many times as is 
required to complete the input file build­
ing procedure. (The only file size limi­
tation is that imposed by the file system). 
If the input file does not exceed two drum 
sectors, there is no need for a FASTRAND 
file. In the situation where more than 
one sector, but not more than two sectors, 
are required to hold the input file, the 
FASTRAND file is "killed" and the language 
processor is informed that the file is con­
tained on the VRC drum. 

Handling of Command Information - When the 
user is processing in line mode the operat­
ing system performs a check on the first 
character of each line received from the 
PDP-8. If the first character is numeric 
(0-9) the line is appended to the input 
file. If the first character is non-numeric 
the command analysis entry is scheduled for 
the current active language processor. In 
addition, the input line is written to the 
VRC drum sector normally used for output 
message buffering (no output may be sent 
concurrent with input file building). This 
strategy allows the operating system to 
dispose of the input message, schedule a 
lower priority task to make a detailed 
analysis of the "command" line, and immedi­
ately be in a position to begin processing 
another input message. The language pro­
cessor's command analyzer determines if 
the input line is a legitimate command. If 
so, the operating system must determine if 
the input file is totally contained on the 
two VRC drum sectors or if a FASIRAND file 
has been created. This information is 
passed to the language processor and pro­
cessing of the requested command begins. 

If the command is not recognized, a "WHAT?" 
message is sent to the user terminal. 

Message Acknow1edment - Each message re­
ceived by the PDP-9 from the PDP-8 contains 



a transmission number. The message is 
examined for format and validity and if 
no errors are detected, an acknowledgment 
is sent to the PDP-8. This acknowledgment 
contains the transmission number of the 
PDP-8 message. The PDP-8 in like manner 
acknowledges receipt of all PDP-9 initi­
ated messages. 

If any errors are detected, a negative 
acknowledge message is sent. This results 
in a re-transmission by the originating 
processor. 

Interface with the IPB Handler - All trans­
mission over the Interprocessor Buffer is 
managed by a special handler which operates 
essentially like any other I/O device 
handler. The IPB handler allows for a 
"receive" and a "transmit" to be active 
simultaneously. Two buffers are available 
for handling IPB input and two also for 
sending output information to the PDP-8. 
Thus, it is normally possible to be pro­
cessing an input message and simultaneously 
receiving into the other buffer; the same 
strategy applies to output processing. 

All IPB message buffers are 128 words in 
length. In fact, all messages transmitted 
over the IPB are 128 words long. Due to 
header and trailer information, a maximum 
of 119 data characters can be sent in one 
message. 

Output Message Handling - Two basic types 
of messages are required in the FASBAC 
System. One is used for sending data to 
remote terminals; these are called data 
messages. The second is used to control 
information to the PDP-8. This control 
information may pertain to a given remote 
channel or it may be of a general nature. 
These are called operational messages. 

Output messages are initiated through 
system macros provided for this purpose. 
The execution of these macros results in 
the queuing of a message for transmission 
to the PDP-8. All operational messages 
receive priority over data messages. The 
Output Message Processor Routine acts as 
the doer on the remote output message queue. 

The strategy of the Output Message Proces­
sor Routine (OMPR) is to keep the two 
output buffers ready to transmit. When 
a transmission terminates (detected by 
the IPB handler), OMPR gets an opportunity 
to initiate another transmission if a 
buffer is ready to send. Any time an out­
put buffer is free, this routine attempts 
to fill it so that another transmission 
may begin as soon as the one in progress 
terminates. 

Data Messages on Drum - A 256 word drum 
sector is reserved for output data for 
each logical channel. The language pro­
cessors make use of this facility to store 
up to 510 characters of remote output (ap­
proximately 51 seconds of teletype output). 
Normally a given user will be swapped dur­
ing the processing of this lengthy output 
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request. At the time an output buffer is 
filled by a language processor, the in­
formation is written to the drum and the 
appropriate macro is executed. The Message 
Handler provides the facility for the build­
ing of interprocessor buffer messages, and 
transmitting these messages until the drum 
sector has been "emptied" without additional 
action by the language processor. At the 
completion of the processing of the output 
buffer, the language processor will be 
scheduled at its "send complete" entry with 
the logical channel number as an entry 
parameter. 

The facility to send a message from core 
memory is also available. This type of 
message is limited to a maximum of 119 
characters (for one IPB buffer) and the 
message area must be guaranteed to be 
present in memory when processed by the 
Output Message Processor Routine. This 
facility is primarily for standard mes­
sages such as the log-in, "WHAT", "READY", 
etc. 

OBSERVATIOMS 

Debugging a Time Sharing System 

Time sharing debugging presents serious 
problems in that it is often impossible to 
repeat the exact time-event sequence which 
causes a bug to appear. Several debugging 
aids have been implemented to help solve 
this problem. The best and most frequently 
used is a system trace facility. Each 
component of the operating system has been 
assigned a unique two character alpha-numeric. 
This code along with certain interesting 
variables (up to 6 locations) and the time 
of day is traced (total of 8 words) at stra­
tegic places within the system. This infor­
mation is placed in memory in a circular 
fashion such that the last 64 system traces 
appear in core memory. In addition, a 
switch option allows tracing to DECtape or 
to drum. A post mortem trace listing pro­
vides a very helpful picture of system ac­
tivity. Each 8 word trace appears as a 
line in the listing. 

In addition, the old reliable mnemonic 
memory dump is ~sed with both absolute 
core locations and a relativized reference 
for each subprogram available. The ASCII 
representation is also printed in a separ­
ate column. 

It is also possible to display specified 
areas of memory on the console teletype 
and patch specified memory locations from 
the teletype while the system is in opera­
tion. 

Use of the Advanced Software 

Heavy use has been made of MACRO 9, PIP and 
EDIT provided by D.E.C. during system de­
velopment. Although DDT was useful in early 
debugging, it is not possible to use it in 
the time sharing environment. The Input/ 
Output Monitor system is not used in the 
time sharing software, but many good ideas 



were used from its design. The Linking 
Loader has been modified and is used in 
our system generation procedure. 

The Keyboard Monitor has been modified 
and can be run as either a VRC drum or 
FASTRAND resident system. 

In summary we have made extensive use of 
the D.E.C. Advanced Software package, we 
have been very pleased with it and feel 
that we would not be nearly as far along 
as we are without it. The device inde­
pendent features have been especially 
useful in helping us make use of the 
VRC drum and FASTRAND during development. 

Implementation Problems 

Our largest single problem has been one of 
memory size. We attribute this to two 
primary reasons. 

1) A very limited instruction 
set means many memory locations 
must be used to get a given job 
done. 

2) Lack of index registers is a 
serious handicap in any program 
development, but especially 
serious in time sharing work. 
Much space is used up in ad­
dress calculations. Even ~ 
index register would be nice. 
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ABSTRACT 

At th~ end of 1968, the time-sharing hardware of the PDP-9T 
was not fully operational. Design changes in the operation of the 
XMR have been implemented, to permit ORing of the 6 bits of the ex­
tension of the XMR with the target address of any memory reference 
instruction found in the vector table other than JMP, JMS, or CAL. 
This provides the user machine with an additional form of memory, 
supplementary memory, which is available in 64-word blocks outside 
the 32K working memory. Another modification permits the monitor 
machine access to the current user's supplementary memory, and to 
supplementary memory tables of its own. 

The minimonitor design and coding is essentially complete. It 
awaits completion of the hardware before it can be properly debugged 
and used. In the initial version, three 8K user machines reside in 
the 32K of core available in each of the delivered PDP-9Ts. The 
fourth 8K contains the minimonitor itself. With core to disc swapping 
of one of the user areas, the machine will be capable of supporting 
half-a-dozen conversational users using independent languages. The 
other two user machines each may support one or more real-time pro­
cesses, with response latencies of the order of a few milliseconds. 
The DEC Advanced Software System will be available to all users, but 
with some of the restrictions on the use of large device handlers in 
8K machines lifted. Users are not forced to use the ADSS, since they 
are provided with a simulated 8K PDP-9 with program interrupt. Essen­
tially, any operation that does not require the full speed of the 
PDP-9 may be run within any of the user machines. 

This paper reports the status of the PDP-9T 
hardware and software at the end of 1968. We 

work memory. All of the memory reference commands 
except JMP, JMS, and CAL will have their analogues 
in supplementary memory reference instructions, 
though indirect addressing in supplementary memory 
will be possible only by the use of Vector Service 
Routines (VSRs) which will be implemented only for 
certain commands. 

assume that the reader is familiar with the prev­
ious reports on the PDP-9T, published in the 
proceedings of the last two DECUS Symposia (Fall, 
1967 and Spring, 1968). The earlier of these 
papers presented the major elements of the hard­
ware design and the overall plan of the time­
sharing monitor system eventually to be implemented, 
while the second paper presented the outlines of 
the interim minimonitor software. The present 
paper is intended to be read as an updating of 
these two reports, rather than as an independent 
entity. 

HARDWARE 

Supplementary Memory 

The action of the XMR (Execute Monitor) com­
mand has been altered to permit the user access to 
64-word blocks of memory totally outside his 32K 

* This is DRET Tech. Paper #733. 
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The revised action of the XMR command is shown 
in Fig. 1. The XMR has an operation code field of 
4 bits, an 8-bit function or address field, and a 
6-bit extension or microcode field. If the machine 
is in user mode, or if the command MVEC or UVEC (see 
below) has just. been executed in monitor mode, then 
the operation code 70, normally associated in the 
PDP-9 with lOT, becomes an XMR. The function field 
then selects a word from the appropriate "Vector 
Table"· the selected word is executed as an instruc­
tion, ~xcept that the contents of the extension 
field of the XMR is ORed with the last 6 bits of the 
effective address of the instruction found in the 
vector table. This DRing does not happen if the 



command is JMP, JMS, or CAL, which operations remain 
as described in the earlier report. The action is 
like that previously described (Taylor, Forsyth and 
Seligman, 1967) for the case when lOT is found in the' 
vector table. 

As an example of the use of supplementary mem­
ory, suppose that the command XMR 12345 is issued by 
the user, and that location 523 (400+123) of the 
monitor machine contains LAC 4000; the instruction 
actually executed is LAC 4045, where the target 
address is in the monitor machine. Supplementary 
memory thus supplies a small region of readily 
accessible memory which can be used without alter­
ing the contents of the virtual core of the user 
machine. By changing the target addresses of the 
instructions in the vector table, one supplement­
ary memory table after another can be made avail­
able to the user. Such changes must be made at the 
activation of each new user, and whenever a user 
demands to open a new supplementary memory table. 

One use of supplementary memory is to facili­
tate the use of pure procedure (1) bodies in read­
only memory. In the original design of the PDP-9T, 
it was envisaged that the impure parts of shared 
procedures would be held in read-write pages of 
each user's work memory. There are several reasons 
why this approach is unsatisfactory in practice. It 
is inefficient in terms of core usage, in that the 
ratio of the sizes of the pure and impure parts may 
vary greatly. Routines with small pure parts are 
not worth writing since little if any oore is 
saved and system overhead is added in keeping track 
of the sharing operation. Routines which have small 
impure parts are worth writing, but lead to difficul­
ties when more than one shared routine is used at a 
time, because the loader needs to know about ad­
dressing conflicts in all the sharing machines. If 
the PDP-9 had an index register, this difficulty 
would be much less severe. 

The use of supplementary memory improves the 
situation, in that although the addressing is still 
absolute within the supplementary memory table, the 
table itself is outside the work memory; it is auto­
matically changed for each new user and on a request 
from any user. Loading conflicts may be alleviated, 
if not eliminated, by the judicious use of supple­
mentary memory tables. 

A related second benefit of the use of supple­
mentary memory is that the system can provide the 
user with small data areas which do not use any 
read-write page of core. This means that there may 
sometimes be no need for any read-write page of user 
memory to be in core during the execution of a 
shared routine. Most important, there is no need 
for one particular read-write page to be always in 
core when a particular pure procedure is active. 

The modified XMR operation permits another 
variation in the use of the vector table. If the 
instruction found in the table is XCT, the 6 bits 
of the extension field are ORed into the effective 
address field of the XCT. This permits the XCT to 
address any of 64 different commands, some of which 
may be JMS, and some not. If the command found by 
the XCT is JMP, JMS, or CAL, the operation is 
exactly as if the command had been found in the 
vector table directly by the XMR; priority is 
raised to API level 4, and the jump performed. 
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Hence, the use of XCT in the vector table provides 
entry to 64 Vector Service Routines (VSRs) which 
do not use the extension field for numerical para­
meters. If the extension field is needed for a 
numerical parameter of a routine, then that routine 
will still be accessed by a JMS placed directly in 
the vector table. Potentially, the user machine 
now has quick access to a great many more VSRs 
than was hitherto the case. 

Monitor Vectoring 

A second change in the hardware, used in con­
junction with supplementary memory, is the provision 
of monitor vectoring. This provides the monitor 
machine with the equivalent of the XMR command. If 
the monitor issues lOT 3121 (MVEC) or lOT 3161 (UVEC) 
the next instruction, which must be an lOT, is inter­
preted as an XMR. If UVEC was issued, the XMR 
operates exactly as in the user machine, but if MVEC 
was issued, the vector table is taken to start at 
location a instead of 400. 

The provision of the MVEC and UVEC commands 
permits the monitor to access directly the user's 
supplementary memory, and to enter VSRs in the same 
way that a user does. Previously, to enter a VSR 
from the monitor machine required the use of an ISA 
command to activate API level 4, with the concomit­
ant necessity of saving and restoring the accumula­
tor. MVEC permits the monitor a rudimentary index­
ing capability which assists in handling the 
various control tables used in the system. 

SOFTWARE 

The construction of the software is proceeding 
in two stages. The full system will be that de­
signed largely by Strom, and described by Taylor, 
Forsyth and Seligman (1967). An interim system, 
intended to permit useful real-time work under a 
time-sharing regime, is a modified version of that 
described by Forsyth, Forshaw and Taylor (1968). It 
permits several simulated 8K PDP-9s to run "simul­
taneously" and independently. A whole simulated 
machine must be entirely in core in order to run; 
this "minimonitor" does not permit page-turning. 

A basic decision valid for both the minimonitor 
and the full system is that the DEC Advanced Soft­
ware System (ADSS) will at all times be available 
to the users. This decision requires that the user 
machines include a simulated programme interrupt. 
The implementation of the minimonitor is thus some­
what different from that described in the earlier 
report, in that virtual machines, rather than tasks, 
are the natural unit of user programming. The 
current design, which has been coded and is now 
being debugged along with the hardware, is due 
largely to R. Walton of Princeton University and 
to R. Strom of Harvard. 

The initial minimonitor is intended to run on 
the PDP-9Ts at Harvard and DRET. Both these mach­
ines have 32K of physical core at present. The 
minimonitor uses 8K, and runs 3 in-core simulated 
8K machines. Early revisions to the minimonitor 
should permit core to disc swapping of one of the 
user areas, thus providing adequate service at 
conversational teletypes for 4-8 users, while still 
maintaining service latencies of a few milliseconds 



for users in the remalnlng two areas. Another an­
ticipated early revision should relax the 8K 
boundary size, thus permitting more smaller mach­
ines to be locked into core without disturbing 
either the rapid response time of the locked-in 
machines or the use of the conversational terminals 
on the machines being swapped to and from disc. 

A standard 8K PDP-9 cannot handle Fortran or 
Macro-9 when DECtape is used for both input and 
output, because of the size of the device handlers. 
The 8K user machines under the minimonitor do not 
have this problem, since the handlers are simply 
XMR calls to routines held in the monitor area, and 
thus take very little space in the user's 8K work 
memory. These XMRs are activated directly by the 
.READ and similar calls to the lOPS system of the 
ADSS. This type of operation applies to all those 
devices which users think they alone have, but 
which are actually shared, such as the DECtapes, 
Paper Punch and Reader, and the Line Printer. 
Devices which do belong uniquely to a user, such 
as his teletype or a special interface, normally 
have their handlers in his space and the actual 
lOTs become XMRs which are interpreted by the 
monitor. On the DRET machine, one user at a time 
may have the 340 display, which he may use just as 
if he had an 8K machine with a 340. 

The scheduling algorithm is not uniquely de­
termined within the minimonitor, and many schedul­
ing variations are possible. Initially, users are 
scheduled on around-robin basis, every user who 
has work to do being given 2 msec of computing 
time before being deactivated. If a programme 
interrupt has come up since the start of his last 
computing period, he starts at location 1, with 
the return information stored at 0, just as if a 
natural PI had happened in his simulated PDP-9 
at the moment when he was last deactivated. He 
can test simulated device flags by using the same 
lOTs (which become XMRs) that he would have used in 
the standard PDP-9. Programmes written for a PDP-9 
without API and which do not use cycle counts for 
timing purposes should run unmodified on the 
simulated machines under the minimonitor. The 
simulated real-time clock should tick every real 
1/60 sec in location 7 of each user machine in 
core, so that real-time programmes should be no 
less precise in the simulated machines than in the 
standard PDP-9. In addition, the initial version 
of the minimonitor permits real-time operations to 
occur at times pre-specified to the nearest 10 
msec. 

In the ADSS system, the user must be able to 
communicate with his own user programme and with 
the monitor, using the command teletype. When he 
initiates the system, he communicates enough with 
the monitor to bring in a system programme or his 
own programme, which then takes over control. 
Typing CTRL/C puts him back in communication with 
the monitor. In the time-sharing system, another 
level of communication is necessary. The user 
must communicate with the time-sharing monitor as 
well as with the ADSS monitor. The TS monitor 
allocates resources, in particular processor 
power, to the user, and at the very least the 
user must make his presence known to the system 
before he can begin work. He may also want to 
communicate with the TS monitor at other times. 
To accommodate this, typing CTRL/A returns con­
trol to the TS monitor, as CTRL/C does for the 
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ADSS monitor. In addition, CTRL/B bootstraps a copy 
of the ADSS monitor into the user machine, thus el­
iminating the need for a paper tape bootstrap. 

FOOTNOTE 

(1) Any routine may be divided into those locations 
which change during the execution of the routine and 
those which remain fixed throughout. If the unchang­
ing locations are grouped together, :they are called 
the "pure" part of the procedure. The res.t, by 
changing locations, are collectively called the 
"impure" part of the procedure. In a time-sharing 
system, considerable saving of real core may some­
times be gained by writing commonly used routines 
as "pure procedures", that is to say, by deliberat­
ely separating the pure and impure parts of the 
procedures, and ~haring the pure parts in a read­
only region of memory common to the users who 
"simultaneously" require the procedure. Each user 
then has his own copy of the impure parts of the 
procedure. 
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Fig. 1. Modified action of the XMR command when the instruction 

found in the vector table is not JMP, JMS, or CAL. The 8 bit 

function field finds an instruction in the Vector Table. This 

instruction is executed, but the 6 bits of the extension field 

of the XMR are ORed with the last 6 bits of the effective target 

address of the vector instruction to determine the final target 

address. In practice, the vector instruction defines the base 

of a supplementary memory table, while the extension field of 

the XMR defines the target address within that table. 
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OPERATING THE KEYBOARD MONITOR SYSTEM FROM A DISK 

C. Wendell Richardson 
Phillips Petroleum Company 

Atomic Energy Division 
Idaho Falls, Idaho 

ABSTRACT 

The Disk Monitor Program is designed to allow efficient use 
of a disk or drum by the Keyboard Monitor System. A basic 
PDP-9 with DEC tape and any size drum or disk is sufficient 
to operate the monitor. DECtape is used for permanent stor­
age. There is no need for protected or reserved areas for 
system programs since only those programs being used need be 
on the disk. System and user programs and user data sets are 
transferred from the DECtape to the disk for fast access by 
the computer. The time required for such tasks as program 
editing and compiling can be reduced by a factor of 10. 

THE SYSTEM 

The Digital Equipment Corporation has developed a 
significant amount of software (The PDP-9 Advanced 
Software System) for the PDP-9 computer. The system 
includes a FORTRAN compiler, a MACRO Language assem­
bler, a peripheral interchange program, a system gen­
erator, a linking relocatable loader, two monitor 
systems, and others. One monitor is used on the 
basic PDP-9 without DECtape or other bulk storage. 
On configurations with at least DECtape a more versa­
tile monitor (The Keyboard Monitor) is used. It will 
execute commands from the keyboard to load system 
programs into core with designated device handlers 
and will provide communication between the programs 
and the handlers. The monitor allows complete device 
independent programming. 

The system generator can be used to create new sys­
tems to fit any configuration. Any bulk storage 
device may be used as the system device provided 
suitable handlers are available. On configurations 
with both DECtape and high speed auxiliary storage 
(disk) there is a question as to which one should be 
used for the system device. The space which must be 
dedicated to the system and the time required to 
access the system programs are the main factors to 
be considered. 

At least 400 blocks (256 words per block) are required 
for the system since there is no provision for delet­
ing unused parts. The use of 400 dedicated blocks 
for the system is acceptable on DECtape because the 
amount of storage medium is unlimited. However, that 
amount is serious on smaller disks and prohibitive on 
a 512 block drum. 

Even though the system uses DECtape very efficiently 
the time required for access is undesirable espe­
cially during program development. It was determined 
that 70% of the time required to update, assemble, 
and load a program is DECtape access time. A high 
speed device can reduce the access time by an aver­
age of 90%. Thus, operating the system from a disk 
is considerably faster than from DECtape. 

In February 1968 we received a PDP-9, two DECtape 
units, l3l-K word drum, and a 339 display scope. 
Soon after beginning our program development we re­
alized that operating the system on DECtape was much 
too time consuming but the drum was too small to be 
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the system device. We solved the problem by develop­
ing a program which we named the Drum Monitor. The 
drum monitor together with five drum device handlers, 
a drum bootstrao, and the advanced software programs 
make up the system. 

The drum monitor was designed to use DECtape for 
permanent storage of programs and the drum for tempo­
rary storage and high speed transfers between the 
drum and the comouter memory. The user first initial­
izes the drum with 2ElY those programs he intends to 
use. ~~en he has completed his operation the complete 
drum image can be saved and later restored from DEC­
tape. Any system or user program can individually 
be added to or deleted from the drum. Hence, the 
entire drum is available for each user and no portion 
must be dedicated or protected. 

The time required to save or restore the drum image 
is less than the time needed to load one program from 
DECtape. Thus, both the time and space problems have 
been solved. 

Some of the capabilities of the drum monitor are as 
follows: 1) One block of the drum is reserved for 
an index. ~~en a data set is written on the drum its 
name, ~ize, and location are entered in the index. 
Upon request the monitor will print on the teletype 
the information contained in the index. 2) The sy~­
tem and user programs can be loaded into core from 
the drum for execution. 3) Up to 8 different core 
images can be dumped on the drum and restored from 
the drum. 4) The entire drum image can be dumped on 
DECtape and restored from DECtape. 5) System programs, 
user programs, and user data sets can be individually 
transferred to and from DECtape. 6) The keyboard 
monitor can still be used to execute commands from 
the keyboard. However, the keyboard monitor is now 
loaded into core only by the drum monitor. 

THE DRUM r~NDLERS 

Five drum handlers with varying capabilities have 
been written for the system. They are designated as 
DRA, DRB, DRC, DRD, and DRE (see Figure 1). 

The DRA handler is the most versatile and combines 
the capabilities of all the other handlers. It con­
trols 3 files (input or output) simultaneously with 
all modes and functions applicable to the drum. The 



three files are chann~led 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 777 8 , 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 ~xtension. 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. 

321 



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. 

322 

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? 

327 

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 
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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 
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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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