Y

r“’w\.

UNIVERSITY OF CALIFORNIA

LICK OBSERVATORY TECHNICAL REPORTS

No, 1

THE LICK OBSERVATORY PDP 8/I COMPUTERS

Lloyd B, Robinson

, . . A
r/‘\"" & "_-_-f_',f‘f": ;‘ fe / ?L/;"-\.—L -f»" :fp’{,’f ('\"-"7 ¥ Vﬁ‘) ¢
Fyin sl ,‘é *}"' 'é,‘"‘i

- Rl 2ot prent /ﬁwﬁw v ey, o

- /‘/775'){6’( &= M L e,()’f:,p‘—%’ Lttt ,

I .
— I Filx . f’h_o‘-&‘.fj nelt” et ¥ S’I;r-:g_g"(’f /,:}

Santa Cruz, California
December 1972







B

ABSTRACT

This report describes the Lick Observatory PDP 8/I computer

with specilal emphasis on the programming language used. The

system described represents one way of providing astronomers with
direct access to a flexible, interactive data acquisition and
reduction system,Aat reasonable coéts énd withoﬁt undue dependence
on programming specialists. The expanded FOCAL 1anguage described
in this report allows powerful programs to be prepared by ﬁeople

unwilling to invest a large amount of time learning the intricacies

of small computer programming.

The first part of the report giyes a general description of
the computers, and will be of interest to those desiring to use the
computers for standard data acquisition or reduction operations.
The second part cousists of a number of appendices that give more
detailed information and will be of interest to programmers who
may wish to expand or modify the system capabilities. Several of
the more exotic special FOCAL commands are also given a detailed
description in the appendices.

Appendix Z gives a summary of functions and commands that are
avallable in the LICK version of the FQCAL language.

It is probable that updated versions (or additional pages for

this version) will appear from time to time.
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THE LICK OBSERVATORY PDP 8/1 COMPUTERS

1. Introduction

a) Descriptiom _
Three PDP 81 computers have been installed at Lick Observatory, for

use in data acquisition and in data reduction operations where continuous
interaction between the computer and an astronomer Or operator is desirable.
One machine (A) is at the 120-inch telescope at Mt. Hamiltonm, the other two
are used (B) with the microphotometer and (C) with the Gaertner Automatic

Measuring Engine at the Santa Cruz Campus.

Each of the computers is equipped with an 8K 12 bit core memory, a 32K
disk memory, dual "DECtapes” and single 9-level IBM compatible magnetic
tapes, special sense switches and a teletype for'interactive work, and fast
ﬁultiply-divide hardwate, <Calcomp piottérs and large screen memory ogcillo-
scopes are provided for machines A and B. Machines A and B each have a |
"{oystick" which allows a non-storing curser to be moved about on the memory
oscilloscope, indicating points of interest to the computer similarly to the

way in which a light-pen is used.

In addition each machine has special hardware interfaced to aid in its
particular data gathering task, as well as a fast hardware "bootstrap' to

allow rapid loading of programs.

b) Using the Computer

Each user of the machine will normally have his own magnetic tape
(DECtape), which contains his programs and operating system. The hardware
"bootstrap" cireuit in the PDP-8 will automatically load the computer memory
from the magnetic tape so that any special operating procedure by one user

should not affect the behaviour of the machine for the next user.

DECtapes ("Operating" Tape) containing standard programs will also be
kept available. These are regarded as public property and can be used by
those who do not have their own programs or their own tapes. Copies of these
can be made by those who want a private tape, or wbo want minor modifications

of standard programs.

CAUTION: Operating tapes should be used with the "Write Lock" switch
setting on the tape transport. If operations requiring writing of data on

tape are to be done, use a private tape.




¢) Programming the Computer

An exceptionally simple, easy to use program language called "FOCAL" | ég?
(similar to BASIC) can be loaded into the computer ffom the DECtapes. Special
commands have been added to make the language more suitable for our work and
the new version has been named LICK FOCAL. A summéry'of the standard FOCAL
commands is given in Appendix A, error diagnostics in Appendix B, and a list
of special commands is given in Appendix Z. A number of manuals giving de-

tailed descriptions of the language are available.*

d) Some Features of LICK FOCAL

- Conversational mode of operatiom.
~ 10 digit precision, floating exponent 10-616 to 10*616 *
- Programmable addressed storage of over 7000 10- diglt_
floating point variables on the disk. -
- Programmable storage of over 28,000 4 digit (<4096) word—addressable
integers on the disk. _
- Chaining commands that allow one program te call another from the
DECtape. Subroutines may also be called from tape.
- Easy program-loading, and program-storage prbcedures; _ . 7' -
- Programmable tramsfer of data between DISK and DECTAPE. €i
- 1LOG, EXP, SIN, C0S, SQUARE ROOT' functions.
-~ External devices such as microphotometer, CRT display, chart recorder,
disk, and tape are under FOCAL language comtrol. -
- Additional special FOCAL commands can be added to deal with new

hardware, or to carry out special operations in machine language.

*Copies of these manuals are available from Digital Equipment Corp., Mountain
View. :

Advanced FOCAL

Introduction to Programming (1969) - Chapter o

Programming Languages (1970) - Part 2 -

Disk Monitor System .

+

E VLI )

2 and 3 are available in the Lick reading room.
tSome functions: SIN, LOG etc., give only 6-digit precision. é;



e) Start-up Procedure

{ 1.

IT.

FOCAL User's

1.
2.

Turn on power switch (key).

Place an operating tape on left hand spool of DECtape tranmsport
#8. Be sure only one tape transport is selected to wnit 8.

Set tape switches to write-lock, local. Press button under right
arrow for about 5 seconds to move tape past the "end zomne'.

Bootstrap procedure: on computer console, set address 200
(marked with red dot). Press "STOP". Set all other switches
to zero., Set DECtape switch to "REMOTE"'!

Press "LOAD ADD'(ress)
Press "DEP"(osit)
Press "LOAD ADD"(ress) )

Press lucite "bootstrap” button on left side of the computer.

Check that the teletype is "ON-LINE'". Press U"START".

Tape will 8pin for a few seconds, the disk contents will be‘checked
for parity errors, rewritten if need be, and the teletype will
print "%", TFOCAL is now loaded and ready for use. If a standard
program is to be used stype GO, press return key,and respond to

questions on the teletype.

Programming

Introduction

The programming system has been carefully designed so that any

user can readily prepare his own programs, OT add to an existing pro-

gram. This can be done at gseveral levels of complexity:

- FOCAL language programs can be written, or existing
ones can be modified, using the fairly powerful FOCAL

commands described in this report.

- Additional FOCAL commands can be prepared and made
available on a partiéular operating tape, without

modifying any of the exlsting system. (See Appendix N)

- FOCAL commands in the system can be deleted and replaced
by others more appropriate to a gpecific application.

(See Appendix )

- Stapnd-alone machine language programs can be prepared

for extremely difficult applications.




b) Writing a FOCAL Program

After the start-up procedure has been completed, a FOCAL program
can be prepared by typing it on the teletype.

For a new program, first type "ERASE ALL"? then type "WRITE", to
be sure that part of another program is not already present. To add
to program N already on the program tape, first type "X CALL(N)", then
type the additional instructions (or modifications).

~Note that FOCAL only recognizes a typed instruction when the

"Return" key is pressed.

¢) Saving a FOCAL Program on DECtape

After a program has been entered into the compuﬁer, it can be
stored on DECtape for future use.
1. Set DECtape #8 to WRITE ENABLED
2. Type X FILE(N)[Return]; where N is a program number between
0 and 25. |

(If no data are tc be stored on the tape, N may be as high as 168.)

3. The teletype will print the last address used for text storage.

If a program number N already exists on the tape, the teletype will é:

type OK?, unless that program has just been called from tape.
the previous program (or perhaps old data on the tape) is to be

. overwritten, type "Y'". To avoid writing, type "N'"(o), or press

CTRL-C, o

4., To recall the Program, type X CALL(N) [Return].
5. To recall it and start automatically at subroutine S, type

X CALL(N,S) [Return]. '

*CAUTION: If a non-existent program is inadvertently called,
FOCAL becomes deranged, and can pnly be cured by
calling a real program, or by repeating the boot-
strap operaticn. Attempts to ERASE, MODIFY, or
ADD TEXT will lead to total confusion.

""CAUTION:. A problem occurs if any line xx.63 is modified.

To change such a line, erése it and retype the

whole line." Digital Software News, June 1972.




d) Storage on DISK and DECtape.
The disk and DECtape can be used fox storage of both programs and

data. In order to avoid possible loss of data or programs, and yet
make fullest use of the available storage areas it is important to
understand how storage areas are allocated. |

The disk and DECtape are subdivided into "blocks", each of which
contain 129 12-bit computer words. The disk has 253 (374 octal) blocks
while each tape has 1474 (2702 octal) blocks. Each block_of’tape can
be addressed and modified without changing any other block. .Each word
on the disk can be independently modified. .

The FOCAL system reserves part of the tape for program storége and
allows the user to allocate the remainder of the tape to either data

'storage or program storage. The tape utilization is as follows:

Block No.
Octal - - Decimal Allocation
0 . 0 : DECtape Bootstrap
1-37 1-31 : FOCAL Field 1 '
40-71 32-57 o : Overlay prbgrams for topCjZ) JLE;
blocks of disk
72-131 58-89 : FOCAL Field @
132-133 90-91 : ~ Free
134-157 62-111 : X NAME(N) program storage
160-477  112-319 : programs 0-25 (8 blocks per program)
500-2700 32~-1472 : Data

On the disk, blocks 0-225-are available for data, the rest are used for

machine language program overlays.

(See also Appendix C)

e} Copying DECtapes

It is sometimes necessary to copy all or parts of a program tape,
sometimes onto a segment of another program tape. The FOCAL command L
will start a copying program whose options are listed by the teletype.

The options available are listed below, The copy routine resides in an
area of the core memory that can be written over by other FOCAL commands,
so copying should only be attempted immediately following a bootstrap
operation., If operations such as X CALL( ) or X PULL(N,l) have been used,

the L command will be ignored.




*,

- TAPE CDPIER

PRESS CTRL~P TO BYPASS PRINTOUT.
BLEXIT. '

1:STORE THIS FOCAL 0N TAPE 8.

COPY FROM TAPE & TO TAPE 73

2:PROGRAMS A~-25,

3:PROGRAMS G=49. . ‘

4:NAMES 1 ~=5. _ ' ' :
5:ALL FOCAL,NAMES AND PROG.#--49. : ' : B

6: SELECTED NAME.

7:S5ELECTED PROGRAMS.

8:COPY THE WHOLE TAPE.

9:COPY FOCALsNAMES AND INSERTS.

OPTION CODE:

£) Updating FOCAL Operating Tapes

There are several versions of LICK FOCAL, each containing commands

'suitable to particular operations such as microphotometry, image tube
scanner operations, etc, The version. is indicated by a code printed
whenever the command "WRITE" is used. Revisions are indicated by a = ei;-
 pumber indicating the year, and a letter showing the particular revi-
sion. Thus the heading LICK FOCAL SCN72-Q indicates revision Q, in
1972, of the version of FOCAL dedicated to operating the scanner sys-—
tem. _ -
Often it is desirable to store a reviéed version of FOCAL on a
program fape without changing the programs:
Bootstrap the new version into the computer, put the old
program tape on tape unit 8, and type L (Return). When
the teletype types OPTION: type 1. The FOCAL éystem
currently in the computer, and whatever overlays are on
the disk, will be stored on the program tape, withoﬁt
disturbing either the programs or any of the X NAME(-)

overlays.



g) Special Commands for FOCAL

The FOCAL language, as developed by Digital Equipment Corp., is designed
primarily for mathematical manipulation, using a teletype as the input-output
for the computer. The arithmetic is done by a software floating-point program,
and almost no provision is included for interaction with special devices and
with the magnetic tapes and disk. However, provision was made for the addition
of special machine language subroutines which can be called by FOCAL commands
and which can return numbers to the FOCAL arithmetic routines. | |

A considerable number of such subroutines have been developed to allow
convenient interaction with the disk, DECtape, memory oscilloscope and numerous
gpecial devices. '

The floating-point arithmetic done by FOCAL is inconveniently slow for
some iterative data processing operations, where identical operations must be
done on several thousand data words. Since FOCAL is an interpretive rather
than a compiler language, several milliseconds are used just to start each in-

tructlon and multiply or divide may use 30 msec. A number of speecial instruc-
tions have been developed which carxy out mathematical operations at high speed
in machine language on large arrays of data for a single FOCAL command . In
many instances, the time required to manipulate =z data array is reduced from
several minutes to a few seconds using these commands.

CAUTION: TFOCAL does its arithmetic operations in fleating-point

arithmetic, w1th 10 digit precision. Most of the special
data—handllng operatlons use fixed point arithmetic and

convert all input arguments to integer values.

h) Machine Language Program Preparation (See also Appendix E, M, M)
Machine language programs are prepared by using a program called EDTT,
to store a symbolic language source text on the disk. A program called PALP
is then used to assemble the source text into a binary program which can be
loaded into the computer by a program called LOAD.
A "DISK MONITOR SYSTEM" which is found on "asurce' tapes (but not on
ordinary "Operating' tapes) allows manipulation of programs on both disk and
DECtape, and can be used to control the editing, assembly, loading, storage

and running of machine language programs on elther the disk or DECtape.




The operations are very much faster and more convenlent usiﬁg the-disk;
but it is convenient to use the tapes for permanent storage, 5o programs
have been written that allow the entire disk content to be copied onto a
DECtape and later written back onto the disk., The progfam PUIT will store
a disk image as files $,1,2,3,4 on a DECtape, while program GETT will re-
load the disk from one of these files,

One bootstraps the DECtape monitor, uses GETT to recall a disk image
from the tape, then uses program DISC to enter the disk monitor. After
editing, assembling etc. program PUTT stores the current version of the
disk on tape, and program TAPE will iecall the DECtape monitor..

Since the DECtape monitor and PUTT use the same tape-(for convenlence),
and since the DECtape monitor can write over the section of tape used By
"PUTT", some thought must be given to how the space on a particular tape is
to be usged.

The DECtape monitor has been modified (by chaﬂging block(ZCS)a in the
STORAGE ALLOCATION MAP),;O make blocks beyond block (1277)g be marked as
full. Thus the monitor cannot access the area used by PUTT for files 2,3
and 4,

CAUTION: Program PUTT can store disk images in files @ and 1.

The area used by these two flles 1s accessible to the
tape monitor. Files § and 1 should only be used on
tapes where the tape monitor has only a few programs
in the directory, and vhere at least 1000 free blocks
are indicated when PIP is used to print out the direc-
tory. _

The final form of this data system owes much to the advice and suggestions
provided by numerous graduate students and staff members at Lick Observatory,
 Beveral people, most notably J. A, Baldwin, G. Cayrel, G. H. Herbig, and E. J.
Wampler have helped by using the equipment heavily and providlng detailed reports
of difficulties encountered,

T, Sarbin, of Digital Equipment Corp. provided invaluable advice on the
possibilities for modifications of the FOCAL language.

Much of the specilal electronics hardware attached to the computers has
been developed in the Lick electronics shop under T. P, Ricketts,

This work has been supported, in part, by funds from NSF grant GP-29684,
and NASA grant NGR 05-061-006, '

g ~ '
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Command

TYPE

WRITE

IF

Al

APPENDIX A

FOCAL COMMAND SUMMARY

Abbr ‘ Example of Form

T TYPE FSQT (AL t 3+FSQT (B) )

TYPE "TEXT STRING"1

w . WRITE ALL
WRITE 1
WRITE 1.1
l IF (X) 1.2,1.3,1.4

ExElanarion

Evaluates expression, types out
result in current output format.

Types text. Use ! to generate
carriage return line feed.

FOCAL prints the entire indirect
program,

FOCAL types out all group 1 lines.
FOCAL prints fine 1.1

Where X is identifier or expression.

Control is transferred to the first, second, or third line number if (X) is less than, equal to,

or greater than zero respectively. If the semicolon is encountered prematurely then the remainder of

the line is executed.

MODIFY

M MODIFY 1.15

Enables editing of characters on
line 1.15

The next character typed becomes the search character. FOCAL will position itseif after

the search character; then the user may

q
QUIT
RETURN
SET
ASK

a.
b.

a o

o

type new text, or

form-feed to go to the next occurrence, or
bell to change the séarch character, or
rubout to delete backwards, or

left arrow to kill bﬁckwards, or

carriage return to end the line, or

line~fead to save the rest of the line,

QUIT or * or control-C
RETURN

SET A = 5/8 * SCALE(3)
ASK ALPHA (1 +2 *))

> v om0

N. B. Do not attempt to

-modify any line

numbered XX.63

Returns control to user.
Terminates DO subroutines
Substitution statement

FOCAL types a colon for each
voriable; the user types a value to
define each variable.
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Command Abbr Example of Form Explanation ‘ {“ .
COMMENT C C - compute area If a line begins with the letter C,
_the remainder of the line will be
ignored.
CON‘T!NUE c C - ignere temporarily -
DO D DO 4.14 Execute line 4,14; return
DO 4 Execute all group 4 lines, return

when group is expanded or when a
RETURN is encountered.

DO ALL | : Execute enfire indirect text as a .
_ " sybroutine. o
ERASE E ERASE Eroses the symbol table,
ERASE 2 Erases all group 2 lines.
. ERASE 2.1 Deletes line 2.1, '
ERASE ALL Deletes all user text.
FOR F FORI=x,y,z; TYPE1l The command siring Foilowing the

semicolon is executed for each value;

X,y ,z are constants, variables, or
expressions. x=initial value of I,

y =value added to I until 1 is greater -
than z. y is ossumed =1 if omitted. { '

GO G GO Starts indirect program at lowest
numbered line number . _
GOTO G GOTO 3.4 Starts indirect program at line 3.4

C ~ The ESiabmsesa) Functions are

BN .
g - foy«f/}L FSQT - Square Root

)
FABS ) - Absolute Value _
M /l\/ FSGN ) - Sign Part of the Expression -
A FITR ) - Integer Part of the Expression
FEXP ( ) = Natural Base to the Power .
FSIN ( )and - FCOS ( ), HENEREEEER - Trig Functions
FLOG ( )  -=WNaperian Log . -

. o A

Computed GOTO: X GO(S, L) go to subroutine S, line L

Computed DO X DO{8, L) do line L, subroutine S. {% .
X DO(S8) do subroutine S. )
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{,. ' APPENDIX B
ERROR DIAGNOSTICS *
Table B~1
Errar Diagnostics of FOCAL, 1969
Location - Code Meaning
700.00 Manual Start given from console.
201.00 Interrupt from keyboard via contrel=C. -
0250 701.40, Ilegal step or line number used.
0316 201.78 : Group number is too large. .
0340 ?01.96 Double periods found in a line number.
0351 ?01,:5 Line number is too large.
0362 ?01.;4 . Group zero is an illegal line number, —
0440 702,32 Nonexistant Group referenced by 'DO’.
0464 ?02.52 Nonexistant line referenced by 'DO".
0517 202.79 Storage was filled by push-down list.
0605 ?03.05  Nonexistant line used after 'GOTO" or 'IF'.
0634 - 703.28 p4.3 l“egg!comn@ndtme%. Line too long
1047 . 704,34 Left of =" in error in 'FOR' or 'SET',
1064 704,52 Excess right terminators encountered.
‘ 1074 704,60 Hiegal terminator in 'FOR' command .,
é 1147 ?04.:3 5.1 _ Missing argument in Display command. _ Program too
- 1260 205,48 ' Bad argument to '"MODIFY'. long.
1406 706 .06 Illegal use of function or number.
1466 706.54 Storage is filled by voriables.
1626 707 .22 Operator missing in expression or double 'E'.
1646 707.38 No operator used before parenthesis.
1755 ?07.:9 No argument given after function call.
1764 707 .;6 [llegal function name or double operators used.
2057 208 .47 Parenthesis do not match.
2213 709.11 Bad argument. in ‘ERASE'.
2551 - ?10,:5 7 Storage was filled by text.
2643 . ?11.35 , Input buffer has overflowed.
5042 720.34 Logarithm of zero requested .
: 5644 ?23.36 Literal number is too large.
. 6543 726,99 t Power is too large or negative. .. .
711 ?28.73 27,24 Division by zero requested. vhasze;ested toe
7405 730.05 Imaginary square roofs required. )
?31.<7 litega! character, unavailable command, or unavailable
I T o "~ function used,

\

*
1f push down list overflows, try - Type $ to see if unwanted variables are
present. Use ERASE, to remove variables, but retain the program.

{ : - When reading a program from paper tape ?11.35 diagﬁostic can be avoided
by use of X STAT(1,980), command, which uses CRT for output listine, avoiding

the teletype buffer problem.
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APPENDIX C

Utilization of Dectape by Lick FOCAL

The FOCAL system, plus 26 FOCAL language programs,.plus 5 user—added
instruction sets, plus 18-4096 channel scans can be stored on one Dectape
with no overlap. ' ' '

Additional instruction sets beyond #5 can be added at the cost of

erasing programs starting at program @, where two instruction sets use

the space assigned to one program. Additiomal programs beyond #25 can
be added at the cost of erasing data scans, starting at scan #§, where
8 programs use the space assigned to ome scan. . : ’.
A number of blocks within the FOCAL system itself are initially
ﬁnused and can (with care) be used to storé special tables etc. AThere
are a total of 64 unused 12-bit wordé agssociated with each data scan.
These may be used for storage of identification information etc.
The folloﬁing page shows the exact location of programs, data, and
unused space on a Dectape. The "scans" and_"récords" referred to are

associated with data for the Image Tube Scanmer.
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DECTAPE SPACE ALLOCATION
BLOCK XNO.
OCTAL 0 1 ---14 15 27 30 —===37 40 —==— 71 72 ~—— 106 107 -- 113 114 131 132, 133
DECTMAL O 1 12 13 23 24 31 32 57 58 70 71 75 76 89 90 91
DISC FOCAL FREE FOCAL FREE
FOCAL 13015 -FOCAL OVERLAYS"
Boot  10000- -15627 12630, 0- 3177 46007577
strap 13014 _
Q
*Blocks below wmoﬁw0vnma be accessed, using negative arguments in MPUT, MSAV, MTAK, MGET.
CAUTION - Program space is unprotected aginst negative arguments!!
OCTAL 134 ——m—mm—— 157 160 ——— 477 500 —mem———— 2700
DECIMAL 92 —mmmm———— 111 112 -—— 319 320 ——m-m——r 1470
X NAME(-) X CALL(-) X MGET(-); Msav( }
5 User Focal text 18 SCANS, each having
generated programs 8 x 512 24-bit word Hmnoﬁﬁmﬁﬁoltmwbmv
overlays g — 25
for special X MPUT; MTAK( )
1151 x(129~12 bit word records or blocks)
FOCAL d
comments (#0-—-——f 1150
}Umﬁmww of one 8-block record [312 24 bit words] o
VL
Block 328 329 330 331 331 332 333 334 335 -
Word 0--—-128 0---128 0~ 128 0- 124 .Hw%rwwm 0-128 0--128 (0--128 0~-120 121--128 ‘Nﬂﬂm
125
512 12-RBit words of data;least 512 12-Bit words of data, Special
significant 12 bits, most significant 12 bits, I.D.etc,

*~ Scanner System
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APPENDIX D

Use of FOCAL System I - ( Subroutines

The input-output subroutines provided in LICK FOCAL should be used
by any machine language program that needs to fransfer data to and from
Disk, DECtape and Teletype.

A. Teletype
- JMS8 I CRLFX will produce a carriage return, line feed.

~ TAD ASCI1l  /ASCll teletype character .8 bit
~JMS T TYPEX

will type the character whose ASCll code is in the accumulator

- JMS I MESAGX
TEXT "ALPHA-NUMERIC MESSAGE"

will type the message following 'TEXT'. The PALP assembler converts
messages prefaced by 'TEXT' to suitable machine language code., A 6
bit @ is used by the assembler to indicate end-of-message.

- TAD NUMBER
JMS ‘T OCTPRX

will print the contents of the accumulator as a 4 octal-digit number.

Notes

All of these routines act only on the teletype,.and will not produce
output to the CRT.
- All routines use JMS I TYPEX for each character.

- JM5 I TYPEX will always wait until any FOCAL message is complete

before starting to use the teletype. [unless C(INTRUP) = (). See interrupt

note.] Page D4,
~ Unless otherwise specified above, the accumulator should be cleared
" before any of these operations. The accumulator will always be zero

when the subroutine returns contrel to the calling program.
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To read information from the teletype keyboard, use the following routine

107
KSF
JMP .-1
KRB

Core addresses are defiﬁed in the sub~listing "CON@"(Field 1) [see App. 2]

CRLFX - 130
TYPEX - 127
MESAGX - 22
OCTPNX - 136
INTRUP - 126
KILALL - 132

B. Disk

- JMS I GETWRX fills ARG2 with the disk word whose block number ig in
~ARG3 and whose word number is in ARG4.

- JMS I PUTWRX - puts the content of ARG2 into the disk word whose word
address is in ARG3 and block address is in ARG4.

—~ TIF ARG3, ARG4 are zero the next disk work is accessed.
-~ TAD FUNC (2 to write, 0 te rtead.)
JMS I DISCX .
JMP.-2 /DISK ERROR (Teletype prints ""DISK"?)
Will read or write the disk to or from core.
#Disk ERRORS will always return control to Focal via KILALL
C. Tape

— TAD FUNC /20 to write, 0 to read.
JMS I DTAPX
JMP .-2 /tape error (Teletype prints "TAPE"?)

will read or write the DECtape to or from core.

Any number of words can be read, but an integral number of 129

word blocks will always be written.

s
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Notes
The number of words, core addresses, tape and disk addresses are

determined by presetting several words in Field 1.

Word, Name Description
23 - DDCORE’ First core address
24 DDWCNT - Negative word count e.g. 7771
for 7 words _ _ ,
25 ] " DISADD First disk word address in'a 4K segﬁent.
26 - : DSFELD -Core field: 10- field 1. 00 - Field ¢

~Disk gegment 0,100,200---700: selects 8
4K segments. '

(e.g. for disc segment 100 and field l:
C(DSFELD)=110)

27 DTBLOK First DECtape block
30 " DTUNIT DECtape unit 7 (e.g. 7000 for unit)
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Two other words, DISEND and DTEST}control the area of the disk available
to the program. These should not be changed!

115 GETWEX - Get a word 20 - DISCX  disk routine pointer
120 PYTWRY - Save a word 21 - DTAPX tape routine pointer

One block of the disk is held in a core buffer,to reduce the number of
calls to the disk. To be sure that this block is actually om the disk use:
JIMS I BWRITX. If disk contents are being changed by JMS I DISCX, the core

buffer may be cbhsoleted:

Use: JMS I BWRITX /Location 10137
CLA CMA -~ /A non-existent block number
DCA BLOKIN [Location 10116

JMS I BWRITX copies any updating in the core buffer onto the disk.

BLOKIN is the number of the block now in core.
A word BWTEST, at 10033 is non-zero whenever updating of the core buffer
has not been copied to the disk.

Notes on use of Interrupt by FOCAL Subroutines

The interrupt is left on almost all the time in LICK FOCAL 73. Sub-
routines will be started with interrupt on. Interrupts from the Teletype,
Disk, DECtape and Clock can be‘properly handled. |

During program overlay, an interval of about 0.1 sec will cccur during
which interrupts are turned off. This is needed to insure that an overlay
cannot be stopped half-way through by CRTL-C (which could 'bomb' the system
in core,‘and force reloading). When DECtape is being written or read, the
interrupt is off for an interval of about Tg%vv seconds, where N is the
number of words being transferred.

Some machine language programs must run with interrupt off. They should

use the machine instruction IOF. If system I/0 routines are to be used with-
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out interrupt, set word INTRUP (10126) to @. [Pfessing the teletype CTIRL
and C should always return control of the computer to the keyboard. Pro-
grams which operéte with interrupt disabled should include JMS T FLAGX
(which tests the keyboard and other flags) in any sequence requiring more
than a second, or provide a keyboard test for CTRL-C within the program.]

The computer clock can be used as an interrupting dev?ﬁe, if an exit
pointer is placed at "CLOKGO" (lOOO?)land a time interval placed as a
negative number in CLKCNT (10113). When the clock times.oét; é JMS I CLOKGO
.resuits. The programmer must insure that his clocﬁ ser#icé ﬁrogfam does not get
overlaid in the meantime, and remember thét overlays from the disk, and
use of.DECtape, will produce intervals of up to 1/10 séc when no interrupt
can occur. Programmable~interval clocks are provided for éomputers at the
AME and at the 126~inch telescope. A clock with a period of 1/6 the power
line period ( 2.78 msec) is provided at the microﬁhotometer.

Routines triggered by the clock should not attempt to use the DECtape
or disk. Since the clock routine is called from subroutine "FLAGS“, any
attempt by a clock service routine to use JMS I FLACX will produce a closed

loop, which can only be stopped by pressing CGRTL-C.
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Tape Reproduction N _ %ij
A program "DUPL" can be uded to duplicate all or part of a tape. In

order to coﬁy a who;e tape, respond to the program's request by typing 0,

2]00. Set the "output" tape transport to 1, write enabled.
The tape is copied in segments, then Tape 1 reudndé and is read to

test for writing errors that would cause_parity faults. At the end, the

monitor is recalled from Tape 8.
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APPENDIX E

Programmer's Note

Storage on Source Tapes

The Dectape Monitor system stores programs on the tape, starting with
the lowest numbered free block (the first few blocks are used up storing
the Monitor itself). The disk monitor is stored on a tape by program '"PUTT"
which coples the whole aisk onto a selected area of.the tape. The tape can
hold up to 5 copies of the disk; each copy is called a "file" ;nd files are
numbered 0 - 4, The file number merely determines which section of the

tape will be used.

FILE NUMBER ‘ TAPE BLOCKS (OCTAL)
0 300 - 675
1 700 - 1275
2 1300 ~ 1675
3 1700 - 2275
4 2300~- 2675

Blocks 0 ~ 277 are used only for program storage and cannot be over-written
by PUTT. Program PUTT will always test the first 20 blocks of_any file
before writing on it and request confirmation if any non-zero word is
found, even when rewriting a file just copied to_the disk for edditing.
The Dectape monitor will use successivé blocks of tape for storage
as new programs are added. Thus data stored in file @ could be over-
written by a new program édded to the tape, énd no warning would be given.
Program PIP can be used to determine how many blocks have been taken

by the monitor. Type PIP (return) OPT-L (return) IN-D@: (return). PIP

types the number of free blocks, and the names of all stored programs.

Restart the monitor by pressing CIRL and typing C.
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APPENDIX F

Explanation of the "FUNC" Command in FOCAL (Microphotometer)

Introduction

The command"Set Y = FUNC(B,W)"can be used to calculate "Y" as a
function of the content of disk woxrd W, Block B. The function Y = f(x)
is first tabulated for.the 129 values of Y when X = 0, 8, 16, -——1024.
Then values of X between 0 and 1024, stored on fhe disk, can b§ rapldly
convefted to the corresponding value of Y. This table look-up technique
is 2 method of obtaining faster response from FOCAL. It also simplifies
the use of functions which do not have a simple mathematical description.
Proéedure

Values Yi = f(Xi) are calculated for i = g,--128, (where Xp=0, X1=8,
X2 = 16 ——— X129 = 1P24) and stored on words 0 to 128 of any disc block NC
by successive commands X PUT(NC, i, Yi). Then the command "} SET(NC,NC)"
will place that table in the appropriate buffer arearof the computer's
core memory. Further commands of the form "SET Y = FUNC(B,W)" Wili give
a value of Y corresponding to the value £ (X) where X is the content of

disc word W, block B and has a value between 0 and- 1024,

Interpolation Between Functions

If a function of the formy =M £f1(X) + N £2(X) is desired, where M
and N change over the region of interest, two tables can be generated and
stored in two blocks NB, NC, where f1(X) is in NB. Then use the command
X SET(NB, NC) to place both tables in core buffers. Now the command
SET Y = FUNC(B,W,K) will give a value of y where M = (3096-K)/3096 and
N = K/3096. (3096 is the number of words in 24 129 word blocks)
Caution |

1. The "FUNC" command uses 2nd order (Y = A+B X+—CK2) interpolation

between points, so that the result for a rapidly varying function can be
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less exact than may be desired.

2. The look-up tables are stored in Buffer "A" and "C" in the computer's
memory. Buffer "A" is also used in the commands X ADD() X DN(Q), X UP(),
X LFT(), X RIT() and X SUB(), thus if these commands are used, give the

"X SET()" again before using "FUNC()".

N.B.: In X SET(A,C): A and C must be non~-zero.

Zio
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Y < 2047
(8]
¥
1 = £(X1)
Ty
b
Y197 —n S
N 7 ]
- A
x 0 8 16 2 = e e oo 1016 1024
i 0 1 2 3 127 128

Y, is stored in the first word of the block

yl is stored in the second word

y2 etc.

For the microphotometer, x corresponds to transmission and y corresponds

to intensity.

¢1.01 C-DEMONSTRATION OF "FUNC'" OPERATION.
p.1p5 FOR J=p,8,1024;X PUT(5,J/8,10p*FSQT(J))
§1.1p X SET(5)

#1.3p ASK 1"X",XX

f1.406 X PUT(1,1,XX)

#1.56 TYPE "F(X)-" FUNC (1, 1)

#1.606 Go 1.3

*®

GO

X:2 F(X)= 78

X:102 F(X)= 1049
X:400 F(X)= 2000
X:900 F(X)= 2999
X:901 F(X)= 3001
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APPENDIX G

Notes on Use of the PDP-8 CRT Display

The PDP-8 can store points and characters on the Tektronix type 611

memory

oscilloscope. Several FOCAL instructions are available to control

writing.

X SWIT(-1) will erase the CRT.

X DIS(A,B) will place a dot at the x,y coordinates A,B. Full

scale is 1§23,

X STAT(A,B,S) will direct future teletype output ta,tﬁe.éRT, and

set the x,y origin to A,B.  Print scale is S. If A is negative, or
an error diagnostic bccurs,'output reverts to the ﬁéletype.

X PLOT(B,L;S,X,N,ﬁ,Q,OF) will plot N blocks of 129 words from tﬁe
disk starting at disk Block B with offset = OF, The Y deflection

is proportional to S/L and full scale deflection for 1#23 counts is
given with § = 16 and L = 1. L lines of 1§24 boints.will.be plotted
on successively higher segments of the display. X identical points
will be plotted side by side for each word taken from the disk. The
plotting origin X,Y is preset by X STAT(X,Y). Data values must be

< 2348 for correct treatment.

If L is zero, the chart recorder is used instead of the oscilloscope.

Example: 1.1 FOR J = §,1$23; X PUT(B,J,J); creating dummy data

1.3 X STAT(1,1); C-Set CRT baseline to bottom of CRT.

Then: 1.4 X PLOT(B,1,16,1,8) would draw a diagonal line across

the display

or: 1.4 X PLOT(B,1$,16,13,8) would draw ten lines across the

display, each one showing 103 words (1923/10) from the disk.
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Special Features for CRT Text Writing

The text writing origin can always be resét while in the CRT character
display mode by typing "C&". The use of & in any text string will also

reset the origin, and special characters such as "bell"” will produce a line

feed.

—When text cutput reaches the bottom of the screen, a new column will

‘start to the right of previocusly written text.

X STAT(-1) Sets output to teletype.

X STAT{(0,0,8) returns 6ﬁtput,to CRT, but does not change the current

character location. i.e. zero 1s ignored when setting the X, Y location

for plotting or printing.

‘Bee Appendix J for use of Joystick and Curser on the CRT.

N R Rt
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APPENDIX H

USE of the X PLOT( ) and X IFIX( ) Commands in FOCAL (Microphotometer‘only)

The function convertér Set D = FUNC (see Appendix F) was designed
especially to speed up the conversion of microphotometer.transmission data to

intensity values, when making strip chart reccrds or CRT displays. 1In order

to achieve higher plotting speeds, an additional command has been developed,

which uses the function converter at the machine language level, so that
several thousand points can be plotted with a single FOCAL command,

- X PLOT (B, L, S, X, N, ND, NF, OF) will automatically convert andr
plot up to 24 blocks of 129 data points interpolating betﬁeen two
conversion tables. | | |

e.g.~ Witﬁ a conversion function fB in block NB éorresponding to data

in block 28, and a conversion function £C in block NC corresponding to

data in block 50, data between these two 1imité,isay 11 blocks Starting
at block 32)could be plotted using linear combinations of the two fumc-
tions, by the following commands:

¥ STAT(1l,l); C~ Baseline

X SET(NB, NC)

SET L =0 ; C -output tolchart recorder

X PLOT(33, ., §, X, 11, 50-28, 28, OF)

The conversion function used would be fR x K+ fC x (1;K) where K hés

the value (33-28)450-28) for the first word and increases linearly to (33 + .
10 -+ 128/129 -28)/(50-28) for the last word. The maximum allowed value of
ND 1is 24, If more than 24 blocks are to be plotted, a coﬁveréion table
should be measured or calculated at the end of éach 24 block segment.

The meaning of variables L, S, X, OF is explained in Appendix G.
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Conversion of Data on the Disk

The output from the PLOT(---) routine can be directed to the CRT or
the strip chart recorder. It can alsoc be redirected to the &isk, tﬁus
rapidly converting the initial transmission data on the disk‘to digital
intensity data. (This will be useful for computer aided analytical work)
To store 24 blocks of disk transmission data back on the disk as intensity,
instead of pletiting, use:

X IFIX(B, (), 16%SK, 1, 24, 24, B, OF)
instead of :

X PLOT(B, O, 16%SK, X, 24, 24, B, OF)

Longer Plots with a Single Function -

If a single conversion function is used, there is no 1imit.(except
the size of the disk) on the number of words that can be plotted.
X SET (NB, NB)
X STAT(1, 1)

X PLOT(B, L, S, X, N, ND, B, OF)

8

N for ugse of conversion function

g

@ for direct output with no conversien.
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APPENDIX I - ARCTAN

Y

C-LICK FOCAL AlIG.9 HE JC

31 .31
M1 12
41293

31«04,

Gl el
fileld
11«27
71«30
A1 e 47
1«59
611 « 60
71« B
il 82
11 .91
@1 .99

B2 A1
A2 el
2 .20
12« 343

31.98
31499
*

C~ARCTAN ROUTINE:PRCG 22.
C~ATANCXI)=X/ (1 +X*X )< +M2/3+ (M2 (2443 /(3%5)

G FOMI3I%R(2KAFAI/(3%GXTI + + +esena>

C WHERE M=X*X/Cl+K*¥X)

S5 X1=FARS(X)3S8 RU=H

IF (X1=13 1425142538 X1=1/X135 RU=-1

S M=KI1*X1/C1+X1%X1)

5 N=23S D=355 EX=135 ML=2/3

5 ThL=1 ' ' . -
F J=1:20;5 TL=TL+M1EX*ML3}S N=d+2385 D=D+£238 FX=EX+135 ML=ML*N/D
S AT=<X1/(1+X1%X1)>%TL : )
IF (RVDY 182519519

S AT=1.578796327-AT

S AT=ATHFSGEN(X)

R

T " RADIANS NFGRFES | FoRont
ASK 1" DEGs TAN"»JJs ¥ :

no 1 .
T 721189 AT," '",ATH57.29577951." "o JJ-AT*57 29577951 -
G 2.1

o
X ENDCH) _ s

The arc-tan subroutine has been removed from FOCAL to make room for longer

aispatch tables. User's (hopefully few), who need to calculate an arctan can use

the FOCAL language routine given here.
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APPENDIX J

\

Joystick and Switch Panel

A FOCAL command can read the setting of any switch on the Program
non-storing
Control Panel. It can also display a movable /fiducial mark on the 611
Memory Scope and turn on the 6 indicator lamps on the panel. The joystick -
is used to move the fiducial mark, and the final X%, ¥ co~ordinates of the

mark can be returned to FOCAL by depressing a push button near the joystick.

SET D = FSWIT(GR, N, X, Y, M)

This command reads switch number ) of Group GR,if x =y = 0.
~ 1In group 1, switches are numbered 1, 4, 7, 10 and can have readings of
0, 1, —, 7.
- 1In group 2, switches are numbered 1, 3, 5, 7, 9, 11 and can have readings
o, 1, 2, 3.
-~ In group 3, switches are numbered 1 through 11 and have readings of 1 or 6.
- If M is non-zero, it is used as a mask to read several switches of one
group simultaneously, with the reading of each switch number N multiplied
by 201 |

- 6 indicator lights are provided, numbered 32, 16, 8, 4, 2, 1.

- X SWIT(0,8) : 1light lamp 8.
-~ X SWIT(0,5) : light lamps 4 and 1.
- X SWIT(-1) : erase memory scope

SET D = FSWIT(3, 11, X, Y, O, Q)

A fiducial mark with initial co-ordinates X, Y is displayed on the CRT
(full scale for X and Y is 1023). The mark can be moved by the joystick and

when switch "3, 11" reads non-zero, the fiducial mark disappears and D holds
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the final Y coordinate plus 1024 times the X co-ordinate. Normally the
switch 3, 11 (the push button beside the joystick) is used, but anv switch
may be selected to terminate the fiducial display and return the final co-
ordinates. WNormally, to avoid double returns from a single switcb motion,
the program waits till switch 3, 11 reads § before'displaying.the marker.
To get continuous returns with the switch held down, set Q = ;l.

Example of Joystick Program

1.1 SET X = 400, SET Y = 400
1.2 SET D = FWIT(3,11,X,Y)
1.3 SET X = FITR(D/1024); SET Y = D-1024%X ; X STAT(X,Y)

1.4 T 1! X,¥; GO 1.2 ; C~Prints X, Y values at location X, Y
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APPENDIX K

Plotter Speeds for the Microphotometer

The microphotometer PDP-8 can drive the Houstom plotter at speeds up
to 0.5 inches/sec. If a restricted Xscale is used, some losg of fine
detail can occur because the pen moves too slowly.‘

For maximum paper speeds, set the plotter buttons at 20"/min. In
order ro record more detail, set the plotter speed at 10"/min ana requeét
twice the dispersion, or at 5"/min and request four times the dispérsion.
The resulting chart scales will be the same but plotting time will double
or quadruple, and detail of very sharp features will improve.

The attached records show the changes in detail that may bé expected

as chart speed is changed.
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C&RGY P850

/COND |
/A LIST OF CONSTANTS AND ADDRESSES
FIELD 1

KB1=14n

FNTADL=6234 /NEW FUNGCTION LIST

FNTASF=6346
FNKDBl=-A200+6G0+FNTABL+10
FLETER=FNTA3L+10
LISTSM=63 /FUNCTION LIST
"ARG1=50
ARG2=ARG1+1

ARG 3=ARG2+1

ARG 4=ARG3+1
ARGS=ARG A4+
ARGA=ARG S+

ARG7 =ARG 6+1
ARGE8=ARGT+]
ARGO=ARGE+1
ARGB19=ARG9+1 /(=61)
ARG3H=16
ARGAH=ARGIH+]
ARGSH=ARGAH+1
ARG E6H=ARGS5H+1
ARG7H=ARG6H+1
ARG 8H=ARGTH+]
ARGOH=ARGHEH+]
ARG IBH=ARGOH*1

/

AETYRA=KB1+]

-/

DX S=6057
DXL=6753
DIX=6354
DYS=6967
DYL=6063

MUY=T7 405

DV 1=7 497
SHL=T41 3
ASR=T415

LSR=T7 417

MOL=7 421

MOA=T 501
CCEC=61236
CSCF=6133
COFF=61232

/

MUSTORP=6316
XPOWFR=63113 /5T0OR MICERAPHOTOMETES CODEL
/

/B0CAL CONSTANTS




alalrls]

2006
okl

70213
024
aAes
AN2 6
aae7
Q230
2231
P332
BAAa3
0G34
2335
Pe36
PE37

Raad

5770
a132

a4a9
7578
aaan

@914

Gao4
a2naa
anan
7577
anag
3200
A 44
5216
aaze

XRT2=12

L2

TELSW=16
LASTU=31
T1=32
BOTTOM=35
T2=71
CFRS5=133
END=134
ENDT=135
EFUN31=136
CHAR=66
COMBUF=132
DAXIN=173
ERRQOR2=4566
GETC=4545%

"PUSHJ=4540

POPJ=5541
EFUN=17 43
EVAL=1613
INTEGER=53
THISLN=23
FINDLN=4555

PC=02

NAG $W=65
PROC=611
BUFR=60
LINENO=67

. XRT=11

AXOUT=17 :

/ : :
F1=5354 /NEW DISPATCHER
/

LINEG=549

LINEI=560

. LVARIB=3200
_SPRINT=2600

BUFERB=T7577
/

DISCX=22
DTAPX=21
MESAGX=22

% /LOADER MISSES FIRST WORD

2

*6 :
CLENGT> ~2010
CLOKG 0s KILALL
*23

DDCORES 409
DDWECNT-7 570
DISADD, @
DSFELDs %18
DTBLOK» 4
DTUNIT. %
TEMPSG543
M2A1,~-261
BWTEST»%

FLACRs 44 /FLAC
BUFEMD, -2562
P20, 20

/~BFTEMP-2010+3:

/INITIAL TEST VALUES

/PARTIAL DISC BUFFER PROTECT
LABVAR,LVARIB /HOLDS CURRENT LAST VARIAZLE

TEXT END
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paan TaeT
apal e
na4a2 Gue92
343 3500
naads 38049

GAT6 3100
ae77  TT092

126 A5G0

DISEND->-711

.DTEST»0

PGLAST. 0
FSDhATAH s 584
FSPROG»> 3AGA
s

*7 6
PIOAL1EF
Map,-196
DCSETX=112
CLKCNT=113
DISPAX=114
GETPRX=1'15
BLOKIN=116
INTESX=117
PUTYRX=128

"LINPNT=121

LOTPNT=122
FLAGX=123
MYBUFX=124
WAITX=125
*126
INTRUP» @
TYPEXR=127
CRLFX=130__
KILALL=132
FLSETX=133
NOWNAM=134
PGRETN=135
COTPNX=136
BYRITX=137

L3
/793777 SHOULD BE LAST DISC ADDRESS

/FOR CHAINING

/LABL MUST SET THIS TO 168 OR FOCAL FAILS!

JENTRY TO LFOC DISPATCH

/POINTS TO TEMP STORE FOR LINESD

W-XVE VN, JTET S LY N

/BLS0 FOR CHAINING
JUSED TO PRINT CHAIN ADDRESS.




L4 _ File 3, Tape 107
Nov. 27/72

/

/

AMC NN

XLIST

/

CSCF=6133
CCEC=6138
ADCV=6532
ADSF=6531
ADRB=6534
MVLEFT=6314
MURIHT=6315
STEPUP=6311
STEPDN=6£312
PLSTEP=6317
REDBIIF=6353

FRASE=6362
LODBF1=6351
/

BUFERA=5577
RBUFFRC=5104

/

¥BASE=62

Y3ASE=63

XLOC=64

Y1.OC=65

LISMUX=66

LSBEGX=67

LSCLRX=78

READX=T1

PUTLSX=72

SCALE=73

XMAX=74 /NOTE DIFFERENT FROM XCON
V4 .

CRTGOL=6378 /SEE FOC4
LISLET=6044 /JLETTERING LIST
TELSW=16

OUTDEV=63

XOUTL=2676

AIST

PAUSE

*

€



R4S
B 46
D a7

poe2
363

Ar64L

Pa65
66
4967
AT D
anT 1
072
P37 3
ARt 4

4700

1560
- 6002

5303010
aARHG
AAGA
alalodo]
dulols]
BRBe
anne

Beas

alotalo
2aae
7740

/ECON

FIELD 1}

/7

*45

BUFHRDX.» 4000
PlO@3, 1000
M2AAD s ~2030
/ B
*62

XBASE, O
YBASEsD
XLOC,O
YLOC.0
SCALE,D
LOTEMP S @
HITEMP.@
SIGNs G
KMAKs O

P47 49
MA4A s ~ 403
NORMAL=TS5

r4
COMLOC=136
RBUFRO=187
RBUFR1=110
BUFS5TE=111
DCSETK=112
2
LISLET=6044
CRTGOL=6374
TELSWU=16
OUTDEV=63
XOUTL=2876
s/
ERASE=6362
LODBF1=6351
REDBIF=6353
PLSTEP=6317
SYNSKP=6452
PROSKP=6461
NATSKP=6451
CONSKP=0462
MCSTEP=6454
METOP=6456
SCNUNT=6455
BEADLN=6464

READHI=6465

FUNLOD=6453

TIMEHI=6467

TIMEL(=6457

L5

/CALCOMP LOCATION

/FOR EDIR

/CRT LETTER LIST




L6 _ File 3, Tape 10F
Yov. 27/72

.PALP
*0UT~S:LABL
¥
*IN=S:CONMs S :LABL
*

*OPT-T

ARG 1 aa5a

/CONG
XLIST
PAUSE/
/LABL
FIELD 1
k550
@550 4A15 4415 /M
@551 1193 1123 71C
p552 6762 6762 /72
@553 5510 5519 /=Y
-/
*DISEND
a340 7667 =711 /END OF DISC DATA AREA
*FSPROG '
BBa4  A509 580 /FIRST DATA BLOCK
*F SPR 03 |
@144 @164 166  /FIRST PROG. BLOCK
/ o
/LOAD OUER MFOC TO LASEL EACH NEW VERSION.
/MUST BE LOADED AFTER ALL ELSE. OTHERWISE X CALL FA[LGI
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Field 1

L7

Core Usage - Lick FOCAL - 1973

0 - 5 LFOC

6 - 7 CON
10-17 ARGH, Temp

20-44 CON®
76-77 CONg

112-130
132-137
240-376
400~461

462-537

540~554

555-556

560~
*600-744

*746-767

CONP
cong
L¥0OC
L¥OC
Tely Buffer

LFOC-LINED
LFOC~CHAIN
TEXT

FOC4 (FNKBYN)

F0oC4 (FNTABF)

*1000-1173 GODO
% 1200-1577 COPE
*1600-1753 COPG
* 2000-2362 FAST
% 2400-2540 COPG

6000-6041 ENTR

7000-7145 GWRD

7150-7177 Chain Nest Buffer
7200-7271 DISK 10UT
7274~7320-MESG

7322-7377 FLAG 10UT
7400~7422 DSET

7425-7434 CRT entry
7435-7440 INTEX

7447-7576 DECT 10UT

i
Initializing only

Field @

2414-~ 24
75157557

31 LFOC
132 LFOC
134 LFOC
173 LFOC

24. Apparently empty
Empty

175407 EXEC

1012 EXEGC

1142-1157
1201 EXEC
1335~1336
1343~1353
1553-1561

2600-2655
2662-2743

3120-3136
3140-3177
*4600-4616
4726-4727
4732-4765
5000~5032

5333 LFOC
5354-5376
6002 LFOC
6200-6233
6234-6367
7503~7514

7560-7564
7572-7577

LFOC

FOC4
L¥OC
GOTH

INTEX

————— CHAIN

TTY Output Buffer
LFOC

LFOC

FOC5

FOC5

LFOC
FOC5

FOC4 (loads from 10600--)
LFOC

- 8K overlay
— 8K overlay




L8

Microphotometer Core Allocation - Nov/72 -~ Field 1

0-5 FOCAL 1000-1177 GODO

6-7 CONg 560-2567  TEXT

20-44 cong 5000-5077 PUTL

76-77 ' 5100~5300 BUFERC XTRA'

50-61 ARG 5400-5567 CONV 150005577
62-73 MCON - 5577-5777 BUFERA ’
76-77 coNg

112-130 #000-6041 ENTR

132-137  COW |
140-237 KBl Load LABL after all else!l
6042-6154 DATU @ 6044-6064 PUTN @&
6200~6310 DATU 6066-6110 FSET :

6200-6354

6400-6533 STAG §400-6573 AT

6545-6577 MINM

6600-6661 MULT

6676-6777 DIUM

6044-6112  SHOW @ $112-6146 SHIF ®
6113-8144 COTO 6200-6377 NAME '

6267-6377 COMP 6520-6576 ADER

6422~6527 6600~6775 CHAIN

£531-6577 SWIT (Tape 12M) :

6600-6772

6044~6343 LIST € (Use FUKBL+66--77 ®
6400-6542 CRT for routines in

6545-6576 SAV4 program &)

6600-6765 (CRT)

6770~6777 (SAV4)

6550~6772 TAPE (From Tape 12M~3)

FAST Start at 12000 to create a 'FAST' tape.
. JKTRA : | '
,BETL

s TAPE

MFOG

L STEN

G



T
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Scanner System Map (Field 1)

L9

Nov. 3/72

G~tbm—m— 44 CONP

6000-6041 ENTR

6531-6577 7 SWIT

6600-6772

10-17 Temporary STORE 1000 1177 GODO

45"'47 XCON T TeIT I

50-61 ARG1--ARG10 2000-2355

62-66 XCON 2400- 2526} FAST

67- LOTEMP)

70~ HITEMP Sigze 226-237}’ Zaroed in

71~ SIGN 732-744{ PREP

72-75 XCON

76-77 CONg 1000-1577 TOVR

100-102 Temp (DIVD o
=SS :‘?:i"—p (PLVD) Ao =307 Besder i
106-112 XCON - o R
114-237 CONO,KB1 Table Yoo = 2 177 Su fff &F a;’ﬂ
6042-6120 TOTL @ 6043-6075 SHLF O
6135-6173 'EDIT — Dis

6200-6374 EDIT 6200-6231 GOTO*

6400-6515 PEAK - Uses EDIT —

6520~6544 COMP 6304-6325 PUIN
- 63266352-—RLOT

6545-6577 STAP -

6600-6666 ADSC 6400~6562—(PTOT)

6670-6762 (COMP) - ™
6765-6177 CLER 6600~6774 CHAIN® %

. {
6044~6343 LIST @ 6o44-6144 e | ()
- 6145-6164 LOOK g
6400~6542 CRT* - 5
6545-6576 SAV4 6200-6377 NAME !
6600-6765 (CRT) 6400-6567 NCRT- :
6770-6777 (SAV4) 6570~6576 ZCOM ,

: 6600-6721 (NCRT)} |

6722-6765 (LOOK) “
7425-7434 Permanent CRT 6771-6777 PAUS :
10770-776 £>6170~6176 --\\
6200~ 6376'} 6134-6177 REOR REV R @
6042-6167 » DIVD, MOVF 6200-6370% . o
6400-6421 6400-6507/
e ] : 6550 67?2"‘“TAPE'

6422~6527 o

N.B. ~KBl+66 FF. for Prog. 6

—Alvays load LABL last or XFOC is wrong!

*UJges Fleld @ parts.
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APPENDIX M

Disk Overlay Systém

Modifications to FOCAL allow for up to 64 specilal instructions of
the form "X Code(ARG3,--ARG10)." Each such instruction can cali a spec-
ially written machine language program to perform some required function.

The core memory space in the FDP 81 is limited, and when used yith
the scanﬁer, 25% of the memory is vequired for data storage. After
essential system functions such as &isk and Dectape access are provided,
only 512 words remain for machine ianguage routines, and SOQ words for
FOCAL text,

The text area has been expanded by use of chaining and automatic
subroutine calling from Dectape.

The machine language area has been expanded by an overlay system
using the DF 32 Disk.

Overlay System

Macﬁine language programs are assembled, and then stored on the
Dectape in a table called "SET1", SET1 is placed on the iaét 3.5 K words
of the disk before starting to work. (by the boots#rap routine)

A table in FOCAL gives the location on the disk of each machine lan-
guage program, and when one is requested by a FOCAL command, it is trans-
ferred from the disk into core memory, before running.

Generally, this overlay procedure does not cost much in execution
time, but certain sequences may be unéxpectedly slow: For examﬁle, the
command SET D = FCHAN(N) uses overlay No. 1, while the CRT lettering

routine uses overlay No., 2. Thus a sequence!
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1.1 X STAT(1,1000,1); For J = 0,499; T! FCHAN(J) would have to get

two programs from the disk for each channel printed on the CRT, which

would 1limit the printing speed. Higher speed would be obtained byv:

1.1 X STAT(1,1000,1); For J = 0,50,450;D0 2

).1 &Gurt
2.1 For K =

2.2 For K

since the disk

1i

0,49; SET D(K) = FCHAN(J+K)
0,49; T! D(K)

would only be used 20 times instead of 1000 times.

PROGRAM STORAGE ALLOCATIONS - Scanner System

Permanent

Overlay i

OverlayVZ
Overlay 3
Overlay 4
Overlay 5

Overlay 6

FPUT, FTAK,

FTOTL, EDIT, SAV, PULL, CHAN, SHFT, MSAV, MGET,
CLER, IN, OUT. ERAS, COMP, CPEN, FPEAK

STAT, CRT Lettering, STOR, FASK

DIVD, MOVE, SWIT |

PUTN, PLOT, ICRT, DIS, PEN, FILE, CALL, END, SHFT,
X CRT(), FORM, LOOK; NAME, ZCOM, PAUS

~ Scanner memory control

The overlay systenm commandeers the last 3.5 K words of the disk, so

programs attempting to access beyond Bleck 225 or Record 27 will cause a

diagnostic "DISK END'.

w0, §
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PROGRAMMER'S NOTE -~ DISK OVERLAY

The Disk Overlay System loads one ¢f several machine language
programs into field i core locations 6042-6777 when a FOUAL command
requires a program not alreadv in core. Dispatch table éntries less
than 240 are recognized as program numbers and the referenced program
is read from the disk., (Whenever a program is in core, the corres-
ponding Dispatch table location holds an address greater than 2000.

System Building

A. Initialize: Call "FOCAL", load "GODO", load "ENTR", Call INIT;
("FOCAL" is the Field llpart_of Lick FOCAL)

SAVE SET1 ! 500-6777: (saves entries to permanent

programs in "'FOCAL') ‘

SAVE XFOC! 10000-1177, 6000, 7000-7577; 1000
B. To add a new p;ogram‘(machina language} to XFQOC, using the Disk

Monitor:

Call XFOC

Load all programs for one overlayv image

Load LABL

Call SETL

Call STOR
STOR first removes all previous references to the new overlav program
number. Then, for each new entrv (to programs between 6042 aund 6777)
found in the XFOC dispatch table, it places a reference to the program
number in corresponding words of the dispatch table images in"SET1".

Then it copies the new entries into the single dispatch table image in

"SET1" that corresponds to the new program number. The new entries in

the "XFOC" dispatch table are replaced bv references to the new progran

number .
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Finally the new program is copied from locations 6042-6777 to the
SETL image corresponding to the new program's number.

.In case a new program uses a dispatch table location already taken
by a program of different number, a diagnostic will be typed giving the
lo;ation in "SET1" that is to be changed, as well as the new and old
contents. |

When done, "STOR" requests that the newly revised version of. "SET1".
and "XFOC" be saved. .The updated disk image is saved by "PUTT".

Finally, "PIP" is used to gg;%iftr the new “SEﬂiﬁzéﬂd "XFOC" to the
Master system tape. When used in a FOCAL system, "gET1" is loaded onto
the disk by "XFOC" , only if the tape monitor is in core.

For general use, 'FAST" tapes are prepared containing the FOCAL system

It is advisable to run FOCAL from a "FAST" tape to avoid the possibility of

a FOCAL command overwriting part of a source tape.
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Programmer's Note

Procedure to Prepare and Add Machine Language Subroutines

to LICK FOCAL (Scanner Version)

A) Without DISK overlay; (Only Basic FOCAL commands plﬁs PUT, FTAK
will be available.
- Program can use Field 1 locations 2000-6777 as well as 10,--~17,
100-110. Note howeVeg'that normally, data buffers occupy 2000-5777
~ Select name code and entry poiqt for new routine.
The command for such a program Wodld ba:
Set D = FABCD(ARG3, ARG4,---ARGLO) or X ABCDt ) ARG3, ARG4,
--—ARG1()

Proceed the Coding for your Program by:

*KBLHN  N=12---W O 77

BEGN

*FNKBL4N
CODE FOR "ARCD" sgee Note I

*GETPRX .
BEGH (DISCONNECTS THE OVERLAY SYSTEM)

*60P0

BEGH, ¢
CDFICIF (KILLS ANY ILLEGAL OVERLAY ATTEMPT)
JMP T .+1
200 (RESTART FOCAL)

BECN, @

YOUR PROGRAM

TAD RESULL /LOW ORDER 12 BITS OF RESULT
DCA ARG2

TAD RESULZ /HIGH ORDER 11 BITS AND SIGN
DCA ARGl

JMP I BEGN

$
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When assembling the program, use PALP

O"T: S:ABCD
IN: S:CON@, S:ABCD

CON@ contains pointers to page §, field 1: ARGl,---ARG1O, KBl, FNKBl, etc.,
as well as entries to teletype, DISC and DECtape handlers. Several numerical
constants are also defined.
To add the finished program to FOCAL DECtape, first load:

FOGAL (XFOC) then load, "ABCD"

SAVE NFOC! 10000-1177, 2000-7577; 1000
NFOC now includes your special program.

To start the program: »NFOC (Ignore the message typed here)
LSTEN

B. WITH DISC OVERLAY SYSTEM: (recommended )

ASSEMBLE THE PROGRAM AS BEFORE, BUT PRECEDE THE PROGRAM.BY:

*KB1+N . N =12-- 85.
BEGN

*ENKBI+N
XXX OCTAL NUMBER REPRESENTING COMMAND CODE (See Note 1)

*6042
~BEGN, 0

YOUR MACHINE LANGUAGE PROGRAM HERE
- JUMP I BEGN
$

WHEN LOADING INTO THE FOCAL SYSTEM:
.XFOC
.LOAD _ .
IN:S:" ABCD' (LOAD YOUR MACHINE LANGUAGE PROGRAM), S:LABL

*
.SET1
.STOR
PROGRAM N+ Choose a program No. whose current contents are not needed. 7 -

SAVE SET1l ~——-- ETC.
.SAVE SET1! 500-6777;
_SAVE XFOC! 199¢0-1177,60¢8-7577 ;1009

NOW USE "“PIP'" TO TRANSFER PROGRAM XFOC AXD SETL TO DECTAFE. JQ?C 7%?5

% /ME

" LABL must always be loaded just before SAVE XFOC;otherwise chaining and data
storage pointers will be Incorrect.
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NOTES:
I. A "hash" code technique is used to allow FOCAL to receznize function
names. ASCII codes for each successive cﬁaracterlare.added,.with successive
sﬁifts of-one octal digit., Only the lower 1l bits are reﬁained.
Fof example, the code for "NAME" would be the sum of ASCII codes for N A M E.

[N*(lOOO)8 + A*(IOO)8 + M*(lO)8 + E]}
The lower 11 bits form a numerical code for the name. The code for ""NAME"
would be (1555)8. Any one—tOHfour letter code cah be used for a command
code, Since only 2047 codes are possible to cover (26)4 possible names,
care should be taken to avoid duplicate codes.
FOCAL matches the‘position of the code in one list starting at.FNKBl, with
the poesition of an entry point to the desired subroutine in a second list
starting at KBIL.
I1. The ASCll language source programs for the Lick Focal system are stored
as individual short listings using the standard DF 32 Disc Monitor.

The image of the disc is saved on a Dectape, and is loaded back onto the
disc in order to add or change instructions in Lick Focal.

Jee nexs fEGE

butdd Fh mew J’/P.f/&"—

Cary ¢ore
¢ T ALPE N( use fep e

L pavt - fossy SErs

Fo Dose
FNELE Fable Fo
& -Lileo~8372)

7 e Spve /—A pew gu . /Lf Freck t wrz//tw-))
mu;m?" hew 7"&’!/1.8 q45 7 J’/:.:w-f /’/v”
CrimphOF i an na /// a

2 nA ¥ Lt/Aai/r" _/f/:'ff/wh e vﬂa/)/,f “ M/_eh ;f//f/f[éw’-
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«XFIC 'z""/d"”j A ;Eﬂffﬂ Focal S;L/J‘Zle’m.

tg_Lm (“

#10~5: REVR, SIMENF»5: TAPE
* - él'
* User responses Arc
ST= J ‘
IR 54}7ﬁ(éﬂ’/lﬁ el
+SET] . ;
L STOR |

PHOG NOe(l==6):6

~SAVE SET11520-7177; :
e XFOCTIOAAD~11TT5 6007, THAR=T5773 1002
. «SAVE SET11509~67773
.LOAD A
*1N-S:LABL
%
ST=
' |
«SAVE XFOC!10088-1177,60903,7006-757751000
=
<PUTT » _ _
SET TAPE 8 TO WRITE ENARBLED. (Save updated Disk Image)
FILE NO.(B-4)3:2 o
FILE 2 FULL.TYPE ¥ TO REUSE IT £Y
DONE!

soPTIs | | €

*0UT=-D@ : XFOC,-
* v
*IN=-S2XFOC

&t

*0PT=S

*OUT-DE:SETI

e

#IN~3:5ET1

&t

*OPT - CTRL-C |
+SETL [.XTRA -~ if core resident code needed in the area 12000-157771]
. FAST |
«TAPE

+ XFQC

+ STEN

K . , '
C:LICK FOCAL SCN72-N EO6@ Mouny A Mew Tape,

* START a7 J2oo 0.
DONEY .
*

New FOCAL system is now stored on the new tape.
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ADDING INSTRUCTIONS TO FOCAL (Using X NAME( ))

Introduction

Specially written instructions for Lick FOCAL are usually stored on
a protected area of the DISK meﬁory, as 6 individual sets which are auto-
matically called into core memory when their speéific FOCAL command is
used. A special book—~keeping program is now available which ailo%s users
to add many more special instructions to the system with no danger of .
damage to those already provided. The book-keeping programs ''PREP' and
"'OVR" store additional instruction sets on the program ﬁEC—TAPE.. A '
FOCAL instruction X NAME(N) takes instruction set N frﬁm the program
DECTAPE and stores it on the DISK, after which instructioﬁs from Set N
can belused just like any other FOCAL instructiomn. The instruction sets
can be switched as many times as desired - by repeated use of X WAME(-).

Storing the New Instructions on a Program Tape

Use the DISK MONITOR system to prepare machine language subroutines
for core memory, field 1, locatiom 6044-6777 (see below). Pointers to the
subroutines are located in locations KBL + 66 to KBL + 77.  The codes for
the corresponding FOCAL commands go into locations FNKBL + 66 to FNKBL + 77.
Currently, (May 2, 1972) KBl = 140, FNKBL = 744. (All addresses are in
gctal numbers)

" The DISK MONITOR tyﬁes ", " when ready to accept commands:
TYPE 'PREP', press RETURN, load your subroutines plus

- their entry names and pointers into core, then type
"IOVR' and press RETURN. The program will request an

overlay program number and an identification (up to
30 characters), When these requests are answered, it

will store the new subroutine on a FOCAL Program Tape,
mounted on UNIT #7.



N2

Using the Additional Instructions

To type out identifications for N + 1 overlay subroutines-on a program
tape, use the FOCAL command X WHATéggy)‘To enable all the instructions stored
in ovgrlay N, use instruction X NAME(N). This reads thé subroutine from
DECTAPE #8 and stores it on the DISK as overlay No. 6. [The current con-
tents of core buffer Qlof the scanner system are iosﬁ, and the instructions
previously stored on DIQK overlay No. 6 are temporarily disabled.] To
re—enable the original instructions of overlay No. 6, type X NAME(@). To

IR A -

type X WHAT(-1)}. |

lock the system against further uses of X NAME(N),

Preparing an Additional Instruction Set

The PDP 8T DISK MONITOR includes a machine language assembler and text
editor which may be used to prepare machine language programs using symbolic
codes. The language and procedure are described at various levels of detail
in a number of booklets stored near the PDP 8%. A sample program is included
with this description. Note especially that the system subroutines which
read and write DISK and DECTAPE and which output data to the TELETIYPE can he
easily accessed by user generated programs. (See Appendix D.) .

The entries to new imstructions, and the handling of input and output
arguments require special explanation:

Two tables are used by FOCAL to identify and start a subroutine
corresponding to a command X "ABC"(--). The first table is
located at FNKBL + 66 to FNKBL + 77 inclusive and contains a
code corresponding to the command "ABC". The code is generated
by successively shifting the ASCIl codes for the letters in

the command by one octal digit and summing. The code for ABC

‘would be 30100 + 3020 + 303 (octal). We keep only the
low 11 bits of the result., Thus the code for ABC is 3423.

*
See Programming Languages (2), page 13-3; and Introduction to Programming
'8~24, 8-21., [Most users will require an hour's tutorial session before
being able to use this information]

AT,
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Caution: The same numerical codes can be produced by more
than one command word. Commands that have a code appearing
on the attached list will not work, because FOCAL will always
select the wrong subroutine.

The second table is located at KBL + 66 to KBL + 77. It con-
tains pointers to the subroutines that are to be started.

The arguments are named ARGL, ARG.2,~—ARG10 in the.éommand X.ABC(ARG3,
ARGA——). The resultant of a subroutine may be put in ARG (upper 12 bits)
and ARG? {(lower. 12 bits). Instructions such as Set D = FABC(—~=) put D
equal to whatevér the subroutine ABC leaves in ARGl and ARGZ.

The upper 12 bits of any argument will be found in locationAARGBH
ARG4H ete. Since these locations are aléo used as auto index registers,
care must be taken to retrieve the register content before using the

' Jocations

register for other purposes. Any of the argument#’may be used as temporary

storage registers at the programmer 'sdiscretion.

Program Assembling

A 1ist of constaﬁts and pointers brovides addresses for the argument
table and the name and dispatch tables, aé well as pointers needed for
reading or writing of DISK’and DECTAPE. The list is titled CONg aﬁd is
usually assembled in front of any new subroutine, to giVe the assembler.
YPALP" the necessary informétion. (See Appendix L.)

In order to prepare machine language subreoutines for FOCAL, obtain a "

=

copy of TAPE #13 - "USER'S SOURCE TAPE MASTER". This tape includes PREP,

.

TOVR, CON@, along with a binary program loader, DISC and DECTAPE monitors,
and the symbolic editing and assembler programs EDIT and PALP.

Bootstrap the tape, type GETT to load thg DISK MONITOR. To use the
DISK MONITOR, type DIS¥. After editing or assembling programs on the DISK,

type PUTT to save the DISH contents on your Dectape.
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«PNALP

*0UJT -5 DEMO

*®
*IN=-S:C0NA, 5 ¢ DEMD
*

.

*3PT-T

ARCI1 @358

/CONG e
XLI1ST
PAUSE/
/
/DEMO _
/DEMONSTRATION OF X NAME( ) OVUERLAY PREPARATION.
/
' *FNKBL+66
-«a{@732 2131 131~ /DEMI
. »' 3733 9132 132 /DEM2
Vi
*KBL+66
#226 6342 DEMONI
3227 60M52 DEMON2

s
LK BAHL
6342 (A0 DEMONL,®
6043 1452 TAD ARG3.
6344 7425 MQL I MUY
6345 2100 183
6846 3957 DCA ARGI
6347 7591 Maa
6959 3951 DCA ARGS2, /SAVE RESULT FOR FDCAL
6751  $e42 JvP 1 DEMON1 :
7
6352 G930 DEMONZ2,0 -
6353 4422 JMS I MESAGX © #"THIS IS A4 DEMONSTRATION"

6254 2419 TEXT /TH
6@55 1123 1S N

€356 4311 1 TEXY? Jrdoe ,0
6357 2348 S ' : :
6M6m G140 A

6361 Paas DE

162 1517 MO

6063 1623 NS

6764 2422 TR

6965 A124 AT

6366 1117 10

6367 1656 N.

6ATH 998 /S

6371 5652 JMP 1 DEMON2
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OPERATION SEQUENCE FOR PROGRAM STORAGE*

*GETT )
SET TAPE 8 TO WRITE LOCK.
FILE NO.(@-4):3

*DISC )

*TOVR

YOU SHOULD TYPE 'PREP' FIRST OF ALL!
*PREP - (Error Printouts)
*TOVR :

TRERE ARE NO ENTRIES TO YOUR PROGRAM!
(prESSED CTRL-C)

*PREP /

*LOAD y DEM?O .
*IN—Sggggég (A previously assembled program.)
%

ST=
e ~(Press CTRL-P)
*TOVR

SAVE (ON TAPE 7) AS OVERLAY NO.:1
TYPE I.D;PRESS RETURN:-TARE-EDEEENG MAVI0/30s S E MO NLTART /0N

OVERLAY STORED!

(CHANGE FOCAL USER TAPE FROM #7 TO #8
BOOTSTRAP IT.)

'xX WHAT £5F (/) ¢)

1

W} }’f'ﬁp/yf;*}r/a/v

3:

c XA -
. ) A/ 4 /;%W/vﬁ\
7:% |

*Operator typing is underlined,

X NAME (1) | |
SEF D= FoEng (10) [ T D=, A5 5 x DFE 112(0)
= BHROTHIE 15 4 DEION LT g7 b A




CODES FOR FUNCTIONS AND "X'" COMMANDS

Né6

LICK FOCAL DEG/72

CODE COMMAND CODE COMMAND CODE COMMAND
13 cos 1200 MEMX 2465 MOVE
33 DIS 1201 MEMY 2533 ERAS
4  CRT 1216 MoV 2545 FILE

164 END - 1240 IFIX 2554 CALL
320 Exe 1274 MGET 2574 MPUT
366  CPEN 1334 SWIT 2636 MSAV
370 COMP 1366 PEN 2723 MTAK
403 LOOK 1454 TOTL 3164 MULT
406 CONV 1474 oUT 3326 CHAN
421 GRA 1555 NAME 3334 WHAT
662 ITR 1574 PUT 3356 DN

664 DIVD 1634 RIT 3357 D0

675 DIVM 1636 SAV 3404 SHFT
734 STAT 1674 SET 3407 GO

1004 LFT 1706 SGN 3426 IN

1034 EDIT 1723 TAK 3435 FORM

1040 MAX 1726 SIN 3443 ABS

1044 ICRT 2005 ZCOM 3444 ADD

1077 LOG 2034 QT 3517 SHOW

1112 STOR 2052 SUB 3544 TAKL

1114 PLOT 2077 ILOG 3570 up

1126 MIN 2154 PULL 3643 ASK

1153 MEMC 2163 VNG 3656 ATN

1155 MEME 2254 PUTL 3673 PAUS

1172 MEMR 2256 PUTN 3772 CLER

1177 MEMW 2302 REVR

Eé:: H
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APPENDIX 7
SPECIAL FOCAL INPUT-OUTPUT OPERATIONS
for "LICK FOCAL"

The FOCAL system was designed to handle complex arithmetic operaticns
using the typewriter for both input and output. However, in much of our work
we need to use additional input-output devices, wﬁile keeping the programming
convenlence afforded by the FOCAL lanéuage.

Some changes have been made to thé FOCAL system, to allow communication
with specially written machine-language programs that take and store data,
operaté the plotter and disk and 1o§k after some awkward data manipulation.

The special operations are handled just like the ordimary FOCAL coumands.
They are written in the form - (a) SET D = FABC(‘ARGB, ARG4 ——— ARGB) or (b}
X ABC( ARG3, —-—- - ). The arguments ARG3 ——- give the numerical values
that define the exact details of the operation. Arguments not stated are al-
ways taken as zero. The numerical result (1f any) of type (a) operations is
placed in %ariable D. Numerical results can have values uptoiIEZZ —lL while
the arguments usually must not be greater than 4095 (=212 -1)., Non-integer
arguments are taken as the next lower integer. The final argument of certain
commands may be as large as 223 -1,

A summary of the currently available commands is given in the folléwing
pages. More detailed'explanations of some of the functions are given in’

other Appendices.
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22 D55

| Tr,g;yz,o ﬁb,gﬁwr FUNCTION LIST: "LICK FOCAL" SUMMARY
/

Set
Set
Set
Set
Set
Set
Set
Set

Set
Set

'GUUUUUUU

g o

FITR(N) integer value of N. (D is set equal to integer value of N)
FLOG(N) log N (D is set equal to log N to the base e)

FSIN(N) sine N

= FCOS(N)  «cosine N

= FEXP(N) exponential eN

= FSGN(N) sign of N

= FABS(N) absolute value of N

= FSQT(N) square root of N

il

it

= FTAK(B,W) get single precision value of word W in disk block B.**

= FASK(B,W) get 10 digit floating format variable starting at disk
word W, block B. (4 words used) - See X STOR( )

A speclal command "X" (execute) can be used for functions which need not re-
turn a number to FOCAL:

X PUT(B,W,I) Store integer I* in disk word W, block B. ke
X STOR(B,W;V) Store variable V starting at disk word W (Note semlcolon)
X GO(S,L) Like ordinary GO,D0 but with computed arguments. '
X DO(S, L) (Subroutine S, line L.)
X FILE(N) File program N on DECtape.
X CALL(N,S,Q) Call program N, start at subroutine § (if S>O) 1f Q=1,
calls can be nested to 10 levels. Nesting list is cleared
for Q = 0.
X CALL(N,S*128 + 1) Start at line L, subroutine S, Program N.
X CALL(N) Call program N, don't start.
X END(®) Return to calling program; next line.
X SHFT(B,N) Move disk block B to an address N words higher. V<X 2 245
¥ PEN(X,Y) Move chart recorder X steps, then move pen to Y.
X SHFT(B,-N) Move disk block B to an address N words lower. V{204 Y
——-First disk block
First tape block
///H~ Number of blocks to transfer
. //, Tape Unit # (@ and 8 are the same unit)
X MPUT(D ? ?,?)—————m--~ Copies from Disk to Tape
X MTAK(D T,N,U) —————— Copies from Tape to Disk

Digk blocks 213 to 225 are changed. Atempts to
treat disk blocks above block 210 will produce a
diagnostic "DISK END" with these 2 instructions.

**1f B=W=@), the previously used disk address will be incremented and taken
as the current disk address.

*Integers can have values 04144095




CALCOMP PLOTTER

+ X

X

COMP(X,Y,D)

CPEN(P,T)

Set D = ZCOM(Y)

X DIS(X,Y)

3 /
X STAT(X,Y,S8) —

[#2]

b4

Mo

P’- [ ——
/

'r" g

Z3

Move a distance Y, then a distance X.
Move diagonally if D = 1,

P =0: Pen Up. P = 1: Pen Down,

Pause for time ~ 10*T msec. Pen motion
needs about 100msec, which can be used for
computation, or by the pause,

D becomes equal to the current Y location
of the Calcomp pen. Location record is reset
to Y. :

e ————— it b SRS

" Store a dot on the CRT ¥t Iocarion X,Y. —.

SWIT(—l)

SWIT(Q L)
D

(=}
f

NAME (N)

FSWIT(N, S g,8,M)

FSWIT(3,11,X,Y)

VTG A, )

{Full scale 1023)

X origin # O

Y origin # O

Letter size :

Dizeet all future printing to the CRT.
Redirect printing to teletype if X = ~1 or for

CTRL-C, or for any error dlagnost1c
(See Appendix G)

Eragse CRT. (Wait for 0 5 sec before trying to
write anything)

Load lamps L. Lamps are coded l,2,4,~——32.

Read switch N,5 to D. Set M = 4095 to read all
group N at once. (M = 9 to read switch 1 & 8,
weighted, etc.) M = 0 to read only switch N,S.

Display joystick marker at X,Y. When switch
3,11 is pushed, return 1024%X]1 + Y1 where X1,Y1

- is final marker location. See Appendix J.

PUTN (B,W,D,N, I)
ICRT (0)

Replace disk overlay program #6 with a special
user generated machine language program, #N.

Type the names of M1 user generated overlay
programs as found on a program DECtape.

(See Appendix N) .r)ﬂﬁiz?y ajf)p,é?iﬂﬁh A7,
First block

First word

First word content

Word count

Data increment for successive words

Load disk with linear data.

(Exchange X and Y axes for CRT plot command.
Useful for drawing vertical lines.)
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ADDITIONAL FOCAL COMMANDS FOR MICROPHOTOMETER

Input blocks
Qutput block

e ‘ Constant added to each output word

X ADD(B1,B2, %3 s K) ~— ~ Add blocks of data on the disk.
X SUB(B1,B2,B3 K)——- v ame  amem = Subtract data blocks (B1-B2+B3)

e e s e e : . First output data block No.

)/ - Firgt output data word No.

/—r Word count

X DN(B,W,M) — — — —— —Move stage down.
1

X UP(B,W,M) —  — —_— —— - Move stage up.

Move M steps of 4.5 micron each, record
digitlzed amplifier output at each step
in successive disk words. TFull scale
amplifier output is 1023,

e e e e . ~First block No.
g - -~First word No.
. Number of data blocks recorded
[

— -w-Step size iz (RS+1)%2.8 microns.
Threshold value to start recording

X L¥T(B,W,N,RS,TH) : Move stage left, recording digitized
i [ l l I amplifier output at each step.
X RIT(ﬁ,W,N,RS,TH) - Move stage right, recording amplifier
reading at each step.
Set D = FUNC(B W,K) ‘ D becomes a function of disk word W

in block B. Function tables are preset by
X SET(A,Z). K/3096 is the fraction used
of the second table. (interpolates
between the two tables.) See Appendix F

X SET(A,Z) (A,Z nonzero) Loads two 129 word function tables from
blocks A,Z for use of FINC( ), X PLOT( ),
X IFIX( ).

e e e First block to be plotted
e e e No. of lines of data on CRT (uses chart
recorder 1f L = 0)
-~ Scale = §/16

e s e meem—e - X gteps per point
// No. of blocks to he plotted

rrimmime we ==~~~ No, of blocks data on disk, (NDzN;
i e ———ee Birgt block of data on disk
e Offgat (1023 = full scale)
*X PLOT (B,L,S5,X,N, ND NF OF) Applies FUNC conversion to each data point,
and outputs result to CRT or chart recorder.

-’fﬂfﬂ,,,____,m_ If L = 0; output is on strip chart.
Mﬁhﬁ*ﬁ‘“:ﬁ; If ¥D = 0; direct readings from the disk

- function
~ -~ ; - are plotted, without use of the
-~ Ny fﬁ y N B tables. %
L 1" "‘ f A } [ ' S
) - M A_ ﬁ\
1 I e A
\ j -‘” /; /ﬂ ”//«-/ ‘ ‘

.-—%See footnote next page.
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#X IFIX(8,0,S,1,N,ND,NF,OF)

!

Z5

e

X MULT(B,W,N,G1,G2)

X PUTL(B,W,N)

-Set D = F TAKL(B,W)

e

X CONV(B,W,B1,W1,D,A)

Used exactly like X PLOT( ), but output
replaces original data on the disk, in-
stead of going to CRT or recorder.

See Appendix H.

Pirst block

First word

Number of words

Multiplier X1000 for first word
Multiplier X1000for last word

Multiplies N words on the disk by a
number which varies linearly from G1/1000
to G2/1000, as it goes from the first to
the last word.

Stores double precision values of N
(N £223(~8 x 10%) on disk words W, W+l,
block B.

Retrieves double precision data from disk.

Input block
First input word

- Qutput block

First output word

Common divisor

Common addend

Converts 129 double precision variables.
V1l = V/D + A.

- First block

f
Set D = FMIN(B,8,N)

fad '\3_

sSp= 7oL )

Number of blocks
Returns the minimum value found in
N blocks of the disk. (Sing]e precision data)

#USE X STAT(1,1) to initialize X,Y location

USE X SET(A,Z) to initialize function tables from disk blocks A,Z which
represent the calibration at the ends of the 24 block data
segments on the disk.
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ADDITIONAL FOCAL COMMANDS FOR SCANNER DATA REDUCTTION

X CLER(B) Clear buffer B to all zero.
X DIVD(Q,B) ) y Normalizevb?f er B to single precision. '
vhee, B, M. D — Neoyma e g ea HBubder B ¢ DO
X 21068, L —— ;ﬁecord'No. of Divisé;ig digk (prenormalized to
-~ ~— Buffer No. ‘ single precision)
e e e o= Multdplier €1 for default) o
Divisor if R = Q
Lowest channel treated J 2 j"%i)
/ ! Highest channel treated /v /| 77/ & 77w
X DIVD(R,B,M,D,L,H) Divides data in core buffer by data on the

disk. (for 1 512 word x 24 bit scanner record).

e e Channel No.,
e e e ——e s Bruf Far No,
First record No. of extended buffer
/ New content
X EDIT(C,B+100%R,K) Replace content of channel C.

Lowest channel No. treated
Channel count

MoK K M

ERAS(L,B+100*R,§) Clear N channels of buffer B to zero. )
IN(R,B) Add disk record R into buffer B. L
OUT(R,B) : Subtract disk record R from buffer B. ]

MGET (R,B, 1) Get record R into buffer B from DECtape unit U. .
MSAV(R,B,U) Save buffer B as record R on DECtape. = &

e -—— - Lowest channel No. treated
- Channel count
w= --~8hift for channel T is S5/1000
r Shift changes by I/1000 for successive channels
X MOVE(L,N,S,I) Partlal channel shift (Buffer 1 to Buffer ()

-~ - —-Lowest channel No. treated 7
e e e ~Buffer NO. .
s ee—Birgt Record No. of extended buffer
Highest channel No. treated
/ Switch (to return chanmnel No.)
~Switch (to count monotonic increases) .

Set D = FPEAK(L,B+100#R,H,SP,SM)Find highest channelyin up to 4096 channels.

(1f SP is zero, get content of highest channel, otherwise '
get the chamnel No., If SM is non-zero, get the count of
monotonically increasing channels starting at channel L.)

X PULL(R,B) Recall disk record R into buffer B,
X SAV(R,B) Save Buffer B as disk record R,
-Full scale = SCx1024

e ‘Number of points (512 in default)
~ First word used
Jroown e e Buffer No, -
/ s — -Sweep repetitions (1 in default) ‘éb
/ r—----— ~0ffget (full scale = 1023) _ -
/ ' / [ ——UsezCaleompedfmBasmndd o 50 b5 ae S
/ JA A ~Plot dots 1if D = 1

X CRT(SC,N,Xl1,B,SW,0F,P,D) Plots on CRT or Calcomp
(Stops plotting if switch 3,8 is set)
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Set D = FCHAN(C,B+18#*R) Loads D with content of channel C,
buffer B.
' ) First disk record No. of extended buffer
Set D = FTOTL(C,B+1@#@*R,N) ——————— Gives total of N channels in buffer B

starting at channel ¢. (triple precision,

ADDITIONAL FOCAL COMMANDS FOR SCANNER DATA TAKING

X MEMC(T) Count for T scan cycles- *(4.096 msec each)
Stop counting if T = 0, Elapsed time is about

4.4 msec per cycle.
syt .

Set D = FMEMC(1l) D becomes -z}aao if scamner is se# counting.
X MEME(¢) . Erase the scanner memory. ' '
X MEMX(1). : Load "¥" scan-program memory (512 word) from

buffer 1 and enable the linear sweep. The X

¥ oy
: program cycles once per complete scan cycle.

¢ Fev T

S o oY S
X PEND{(?‘) s PR e 2erl Load "X" scan-program memory from buffer 1 and
po vl P digsable the linear sweep. The X program cycles

f‘ﬁﬁ}ﬁfij(ﬁ; C)R)S)'%}f) P Mo anepry 8 times per complete scan cycle,

X MEMY (¢) Load Y scan-program memory (512 word). The ¥
program cycles once per complete scan cycle.

X MEMR(W,d,H) _ Read 1024 channels into core memoyy starting at
' ) scannet Channel W. Lower 512 channels to buffer
o I.Y\ Aej,ﬁe&”" 1, second 512 to buffer ¢. If H is non-zero, reads
/ALSI’“” only the low-order 12 bits to save time. (1424 channe

X MEMW(W,N,OR) Writes N 12 bit words from core buffer 1 into OTMa
scanner memory. Lf OR = #, low-order is loaded,
if OR = 1, upper 12 bits of memory is loaded.
(Useful for hardware checkout). /V<{/JI57

X FORM(N) Convert data in core buffer from 1§24 channel o ;—:-'__! ’
format.into 512 channel segments. COMPTESSEs = /.-

N channels of data into each resultant channel.

e : X origin :
e -Y origin ) :
eeew— - . - - Spacing between lines _
/ vemicr v - ~Number of channels (up te 1024)
/ / —immm -————Counts per dot '

—————First channel used
X LOOK(X,Y,ST,N,SC,CH) Draw an intensity map.
(Uses low 12 bits only; 1024 channel format)

i ee cmm———-- . -First channel treated

/ fo- e ——eeeem———No . of channels
X REVR(W,N Reverses the channel sequence. (/0 2¢ ehenne/ Forma,
X PAUS(N) Interrupt counting if N = 0, continue with no change!

.in elapsed time record if N = 1.

*In one "scan cycle", the sgcanner tests 4096 locations on the
image tube, with the possibility of adding counts to words in
the 4096 word memory. |
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Description of Arguments for Scanner Commands éj
Note that all storage assignments are by record and buffer number. A
given record or buffer No. is always stored in the same physical location.
B ~ Buffer number @ or 1. Buffer P uses memory area 14000 to 15777.
Buffer 1 uses area 12000 to 13777.
C.~ Channel number in a buffer.
R ~ Data record number. Each record uses 8 blocks on the disk orvtapel
The first disk block number of each record is 8 x R. The first 512
words of any record contain the lower precision and sec@nd 512 words
contailn the upper precision words ﬁf a 512 channel gpectrum segment
‘(28 records fill the disk, with blocks 224, 225—frée, 226 f£f useaq
for program overlay.) 144 records fill a Déctape.
S - CRT display full scale. Each channel content is divided by § before
being displayed. (full CRT deflection for 1023 counts if § = 1. éj
e.g., X CRT (10) for full scale 10230.
N - Data channel count. Spectra in a non-extended buffer have channel
numbers going from 0 to 511. Channel numbers up to 4095 can be used
in extended buffer.
K - When replacing the content of a channel in memory, numbers up to
1!222—1| can be used.
T - Counting Time in units of scanner sweep period. (4.096 milliseconds
per sweep.) NumbersruP to 223-1 are acceptable.
U - Tape Unit No. Usually either 7 or 8. [Unit @ does not exist; references
to unit P will actuate unit 8.]
Data Scales

173,405

Double precision PDP 8 words can hold numbers up to 5647,215(223-1). However -
the most significant bit is treated as a minus sign by FOCAL, so that values %“'

above 8,388,607 will appear as negative numbers when used by FOCAL'S arithmetic

routines. The FTOTL(--) command can handle numbers greater than 101 O0yithout

overflow.




1”.

Rl

29

NOTES ON USE OF DISK AND TAPE COMMANDS

A. TIf the arguments for disk word and block are both zero the system
will always increment the most recent disi. address, and use that for the

next disk address. This allows easy reference to a long string of disk words,

B, Disk Blocks are 129 words long. 1In a diSk address, ''Block B; Word W'; -
W goes from 0 to 128 in one block. An address: block 91, word 129, for
example, is exactly the same as block 92, word 0. Both addreséing modes
could be used interchangeably and the same disk word ﬁould 52 accessed in

either case. (W must be less 4096).

C. Restrictions on X CALL(N). X END(N). for program chainingz

The ¥ CALL( ) and X END( )} commands must not be used within a4 DO loop.

D. ©Nested program chaining is possible in FOCAL, provided each nested

call is written as X CALL(N, S, Q), Q > O}the nesting list is reset when

Q = 0.
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SECTION III. Spectrograph Preparation and Use

Setting Up the Instrument to Observe
Turn on Refrigeration Unit
Computer Room. (See V.E,1)

w1
2.

a.

b,

C.

d.

e.

£.

NOTE :
3.

Turn on main power switch to computer.
Turn on: i. port-hole 'scope; power switch is on SCALE ILLUM
ii. memory 'scope; after it is warm hit ERASE
iii. scanner memory (EI~703}. Set number of scan lines
to 8 for double slit, 4 for single slit. TFor the
C.A.T., set number of scan lines to 4 for double slit.

Insert floppy disk #EP-14 in a disk drive set as unit 0 and set
to WRITE ENABLE.

Bootstrap FOCAL. (See V.E.1.d4.)

Go to the coude' pit and turn on the sweep box (EL-430).

Set switch 1,1 to INITIALIZE. DATA TAKING, type G then RETURN, then
follow the instructions. As a temporary set-up for finding wave-
lengths, put an empty disk in the other drive set to unit 7 and
set to WRITE ENABLE, answer 0 for all the scan numbers, and answer
"N" to the LOG ID gquestion. Be sure to load some sweeps! If sweep
loading fails, you have probably forgotten to turn on either the
sweep box (EL-430) or the scanner memory (EL~703). If that's not
the case, something serious is wrong and you should call Mr. Deitsch.

The scanner memory in the computer room (EL-703) and the sweep box in
the pit (EL-430) should both be either on or off at the same time, and
if they are on sweeps of some sort must be loaded. If this is not done,
the sweep circuitry goes in a random fashion, resulting in overheating
and eventual destruction of circuit elements.

Coude' Room (See V.C)

a.

With power off to image—tubes and dissector, open the dark slide to
- the front face of the image-tube chaini:” ‘Check for dirt or film on
the window. If so, try:.cleaning it with lens tissue and ethanol.

On the east side of the I-beam are buttons to control the

collimator/crogs~-disperser lift. Push LOWER.

Hanging on a hook near those buttons is a paddle to control the

Echelle arm.

i. Rotate the arm (push the toggle toward USE) until it is
parallel with the I-beam.

ii. Push DOWN. While the arm is descending, carefully remove
the grating cover which is held by two bolts.

iii. There are two braces necessary to secure the Echelle arm
in its final position. The lower, or horizontal brace, is
round and about a meter long, and is stowed up against the
I-beam just to the west of the collimatoxr/cross-disperser
1lift. The upper, or vertical brace, is directly overhead
against the I-beam as you stand near the door to the loading
room. Lower this vertical brace from its perch and let it
dangle vertically.
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iv.

vi.

vii.
viii.

ix.

X1,

Further rotate the FEchelle arm in the USE direction until it

just touches the vertical brace,

Now remove the horizontal brace from its perch and carefully

swing it around past the collimator/cross-disperser 1lift and
20-inch camera so that the cone on its end is peinting upward

and is just beneath the Echelle grating. Rotate the Echelle

arm as necessary so that this machined cone fits as snugly as
possible into the corresponding female piece on the Echelle arm.
DO NOT SCREW IN THE BRACE UNTTI, YOU ARE THROUGH MOVING THE ARM.
Once the arm is in the right place, screw in the knoly so it's
snug, but don't force things if they won't go willingly; there's
unusually a reason. At the other end of this brace is a spoked
wheel to be tightened after the Echelle end is secure.

Now screw down the vertical brace snugly.

Climb up the aluminum ladder beneath the slit plate and lower

the small flat mirror into place. It is held by a black thumb-
screw that is near where the arm swivels and on the east side.
Raise the arm slightly with your left hand to take the weight

off of the screw, then loosen it a few turns and lower the mirror
gently against its stop. Remove the grey plastic cover by pulling
it straight off.

Open the door on the collimator/cross-disperser lift and carefully
open the cover on the Echelle grating. MNote which cross-disperser
is directly underneath the collimator for later reference. If the
rod that sticks out the west side of the collimator/cross-disperser
housing is fully in, the "G" grating is in place, otherwise the "R"
grating is in place.

Rotate the conventional grating turret so that the slot cut out

of the disk is on east side of it. This prevents vignetting of
the Echelle spectrograph beam by the turret.

Be sure all the lights in the coude and loadlng rooms are off
before leaving.

Coude'! Plt (See V.A and V.B}

a. Sweep box (EL-430) should already be on. Set number of scan lines to
8 for double slit, 4 for single slit. For the C.A.T., set number of
scan lines to 4 for double slit.

b. The image tubes are stored with 16 kV on them at all times. Turn
this up to 36 kv as indicated on the large meter above the 50 kv
power supply. The knob to the left of the wmeter controls the voltage.

¢. The HP 4 kV power supply thumbwheels should be set to 2840 V. Just turn
on the power switch. IFf the voltage meter fails to show results, try
turning the CURRENT knob slightly. :

d. The fan on the sweep box oven should ordinarily be ON.

e. Push RESET on the multiplexer (EL-331).

f. The dry nitrogen gauge {topmost of the two) should indicate a pressure
of around 3 inches of water, but any non-zero setting should be all
right. If the gauge reads zero there can be serious consequences,
and this fact should be called to the attention of Mr. Laub or

Mr.

Owens.
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Coude! Prit (Continued)

qg.

The Refrigeration unit at the back of the pit should be on, and
the pressure gauge should imply a temperature of ~20 to ~30
Celsius. This temperature can be checked by using an ohmmeter
on the peoints indicated on the electronics rack. This resistance
can be converted to temperature by using the chart.

If these conditions are not fulfilled, call Mr. Laub or Mr. Owens.

8lit Room. (See V.D)

.

Turn on the grating driver box at the east end of the room (EL-653),
then push CALIBRATE. The number displayed for the focus may not
agree exactly with that on the thumbwheels; this is of no consequence
and should be ignored.

Move the comparison lamp stage so that the thorium and tungsten
lamps are in position.

Remove the slit cover and the small plate below the slit that covers
the moonlight-eliminator holes.

The lower prism/decker is stored in the left cabinet in the computer
room. Mount it on the slit pedestal into the holes just below the
slit. ILay the prism back toward you as you insert it., DO NOT ALLOW
ANY PARTS TO CONTACT THE SLIT. One of the moonlight eliminator holes
is left exposed and should be covered with black opaque tape.

Select the decker desired {(usually decker #1 for the C.A.T., #2 for
the 120-inch).

Set the glit as desired. 200 to 500 microns is suggested.

get the behind-the~slit decker to 10 to 30 mm.

Remove the protective cover from the dark slide knob by unscrewing.

The dark slide is below the slit and to the east, ovexr by the
calibration filter knobs.

Turn on the remote display ‘'scope. The traces will center once it
is warmed up. If you wish, the cables allow you to place this
anywhere in the room, e.g., near the observer's chair so the
intensity can be turned very low.

Everything should now be ready. As a test, set the counting time
on the computer (switch 1,7) to 2 minutes, then push START
{switch 3,9). With 4 scan lines of 1024 channels each, there should
be a dark current of 6,000 counts total or less per scan line in the
2 minutes. If it is higher, consult the troubleshooting section.

Put in a filter behind the slit. When working redward of A5100, a
GG 495 is commonly used. Blueward of A5100, you will have to think
carefully about what filter you need. Generally, the cross-disperser,
when used in first order, will provide all the order separation
necessary (second order is in the u.v. where the tube is not sensitive).
But owing to scattered light, it is best to eliminate the red with,
for example, a BG38.

Cover the access hole to the filter behind the slit with black tape.
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B. Finding a Wavelength
1. Calculate the Grating Positions.

The computer at this point should be in a data taking mode because you
have gone through INITIALIZE DATA TAKING and have loaded sweeps. Hence set
switch 4,1 to position 1 {(GRATING SETTINGS) and depress 3,7 (B FUNCTIONS).
Enter the desired wavelength and wait a few seconds for the calculations to
be made. It 1s useful here to consult the graph of spectrograph efficiency
versus wavelength to determine the best Echelle order for the desired
wavelength. The "R" or "G" after the cross-disperser position indicate which
grating to use--~the R grating is blazed at 7500, the G- at 5000.

In some cases two Echelle positions will be calculated if the wavelength
gelected is near the end of an order. If the Echelle setting is large number
(20,000 or more) the dispersion will be high, and if the setting is small (leas
than 10,000) the dispersion will be low. I recommend the low dispexsion setting
for most applications. '

2. Select the Cross-Disperser

a. Make sure the dark slide in front of the tubes is CEOSED.

b. Go into the Coude' room. The rod that projects from the west side
of the collimator/cross-disperser housing selects the grating. If
it is all the way in,the G grating is in place. To change gratings,
pull up on the knurled knob with your left hand and move the rod with
your right. Release the knob once the rod has been moved slightly;
it will then fall into the detent when the correct position is reached.

Ieave the room ag before. Be sure the door to the collimator is fully
open and that all lights are off.

3. Position the Gratings

This is done with the grating driver box (EL-653) in the slit room. Set
the thumbwheels to the desired positions. The large green buttons labeled
ECHELLE and CR DISP move the gratings. Pugh ECHELLE. The grating will move
until it reaches the desired position and it should take out backlash. On rare
occasions the grating will move in the wrong direction or will go past the correct
position. If this happens, push the red STOP button, then push ECHELLE again.

Now push CR DISP. 'The same rules apply. If at any time the controllex
does something amiss, push STOP and start over.

4. Check the Setting
a. In the slit room, under the grating driving box, .ig the  "tungsten"

lamp power supply. Turn it on and adjust thé pot to about 4V. .- Put
- the decker in place over the slit, but have the lower comparison prism
.out of the way. Bring the upper comparison prism into position by
releasing the slide which it is on and gently lowering it. The catch
for the slide is on the west 51de, up and undex.

b. Open' the dark slide.

c. Go to the computer room and set the counting tlme {(1,7) to 32 minutes
and set the display switch on the scanner memory to REMOTE, Go back
to the slit room.

d. Push START (3,8) and open the shutter. Be sure the toggle on the
comparison timer is set to TIME.
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Check the Setting (continued)

e.

Look at the display 'scope. One wants all 4 to 8 sweeps to get
roughly egual amounts of light and they should bhe getting a lot.
If not, move the cross-disperser around to center the spectrum
on the sweeps. Try moving 10 units at a time. You may have to
move the cross-disperser as much as 300 units until the spectrum
hits the sweeps.

If the sweeps are grossly out of tune with the tungsten, go set
new . sweeps {(IIT.C)

When the spectrum is properly centered, close the shutter and push
the comparison prism slide up until it catches. Turn on the
thorium lamp and set to 20 ma. Set the comparison toggle to
FOCUS. :

Push START to erase the CRT and start a new scan; then open the
shutter., If you are at a very strong line, close the shutter
right away, otherwise integrate for awhile to define the lines
better,

Compare this spectrum with the thorium charts in the computer room.
Remember that red is to the right on the CRT, blue to the left,
These charts were made at lower resolution.

If you are lucky, you are right where you want to be, but in general
some corrections have to be made., If you can determine where you
are in the spectrum, you know which way to go and how much. Moving
the Echelle grating toward higher numbers takes you to longer wave-
lengths, but for the cross-disperser the sense is reversed. Moving
the Echelle about 100 units moves the spectrum about one screen width.
Don't move the gratings too much at one time or you will lose the
spectrum from the sweeps. If you do lose the spectrum, go back to
step a. Try moving the cross-disperser about 10 units for every
100 Echelle units, but in the opposite direction.

Once you have centered the desired wavelength, corrected for radial
velocity if necessary, on the tube face, you can check the setting
if and only if the sky is clear.

i. Open the upper shutter on the C.A.T.
ii. Bring the CAT flat into place over the slit and open it.

iii. Open the shutter with the T handle directly above you.

iv. Take a sky scan and compare with the Utrecht atlas which is in
the glit room.

Now that you have your wavelength centered, you need to set accurate
sweeps.
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C. Setting Sweeps.

1.

8lit Room.

a. Turn on the tungsten lamp and bring in the upper comparison prism
as explained in III.B.4.a.

b. Set slit to 150 to 200 microns.

¢. Open the dark slide and shutter.

Computer Room

a, Set 1,1 to position 4 - SET SWEEPS. If using a double decker, raise
4,9. Type CTRL-C,G, RETURN.

b. 8ET scan count switches. This parameter ranges from 2 to 64 on a
rotary switch on the scanner memory (EL-703). Set to 4 lines if
using the single decker or the narrow (CAT) double decker. Set to
8 lines if using the wide (120-in) double decker.

¢. BAnswer the queriles as appropriate.

. L. '"MAP TUBE? (Y/N)". Ordinarily you will wish to see where the
light is falling relative to the sweeps, so answer "Y", but
occasionally you may Jjust want to see what the sweeps look like,
in which case "N" would be appropriate.

ii. "FULL OR NORMAL VIEW." The higher magnification, "Normal" view
should contain the spectrum if you have done a rough centering
with the grating controller in the slit rcom.

iii. YCOUNTS PER DOT." Try about 10 for starters. If this isn't
appropriate, hold down switch 3,12 and you will get another
chance. ,

iv. Now the tube will be mapped and displayed on the memory 'scope.
Horizontally, the 26 mm of the tube face is shown, but vertically
the scale is expanded so that only a small portion of the tube is
shown. Fight of the broad bands displayed during the mapping
egual one millimeter on the tube.

v. When as much of the tube has been mapped as you care to see,
hold down 3,1l a few seconds until something happens (the floppy
disk drive will click). If you want to start the mapping over,
push 3,12 which takes you back to step iii (push ERASE on the
memery ‘'scope if vou do).

vi. "SWEEP # (-1 NO CHANGE,...'".

Entering -2 allows the sweeps to be automatically set by the
computer. This works well and is generally used, rather than
manually setting sweeps.
Entering -1 does nothing and takes you to the next step.
Entering 1 through. 7 recalls sweeps stored on the program disk,
displays them and then goes to the next step.
Entering 0 allows you to set new sweeps:
1. "SET SCAN COUNT SWITCHES" ~ you have already one this.
2. "IRACE (B)OUNDARY, (C)..."

a. entering "B" means you wish to trace the two edges
of the visible spectrum (this option works only for
the single decker). The program computes spacings
for the sweeps so that the area between the two lines
you traced is evenly covered. This option is not
recommended. ' '

b. entering “C" means you wish to indicate the apparent
center or centers of the spectrum (this option works
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C.

Setting Sweeps. (continued)

viii.

ix.

xi.

for any decker). If switch 4,9 is up the program
expects vou to trace two centers. Using the known
vertical scale on the tube, the program computes
sweeps so that 1 mm is covered on the tube. This
is the best option to use.

¢, entering "L" means you wish to trace individual
iines.

In all cases, mark the desired path using the joystick and
3,11. 1In the L option, previous lines can be copiled by moving
the cursor to the box indicated in the upper left screen.
Remember that offsets are negative if you are working downward
on the screen.

"CURVES OK? (Y/N)". If you are satisfied with the sweeps,

answer "Y', An "N" response sends you back to step vi.

"SAVE AS SWEEP NO". If you called these sweeps from the disk,
use the same number to store them again. If they are new sweeps,
use any number from 1 to 7.

"SWEEP n ALL SET". This is the usual reply. If the reply is 7
"LOADING FAILED'", the general cause is that either the sweep box
(EL-430) or the scanner memory (EL-703) is not on. If they are
on and the sweeps won't load, something serious is wrong and you
should call Mr. Dietsch.

"RESET SWITCH 1,1...". You have probably already initialized
data taking, so set to CONTINUE DATA TAKING.
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Taking Data

Just before taking the comparison and etalon” scans at the beginning of
the night, it is best to touch-up the cross-disperser position to center
the spectrum vertically on the sweeps,

Set the desired dwell time on 1.7. To change the counting time once a
scan has been started, push 3,11,

Be sure a data tape is available on unit 7, set to WRITE ENABLED.
Use switches 3,8 3,9 and 3,10 to control scans as explained in V.E.7.

Record the Universal Time and Hour Angle at the beginning of the scan
on a log sheet and enter this information into the computer if you
have selected that option.

When using the double decker, alternate the star between the deckers
on successive scans. Tt is suggested that you do an even number of
scans per star to simplify background subtraction.

Have as little light as possible on in the slit room while observing;
the image tubes are very sensitive.




A

B.

C.

D.

Section IV, Stowing the Spectrograph

Slit Room.
1. (lose the dark slide and shutter.
2. Turn off the grating driver box (EL-653).
3, Turn off any comparison lamps and the rack power.
4. Dismount the prism assembly and return to the cabinet
in the computer room.
Cover the moonlight-eliminator holes.
Cover the slit.

[= )W, ]

Computer Room.
1, Dismount tapes and disks.
2, Turn off:’

i. port-hole 'scope
ii. memory 'scope
iii. scanner memory (EL-703)
iv, main power switch on computer
3. List any problems in the log books.

Coude' Pit.
1. Leave dxry nitrogen running.
2. Turn refrigeration unit off.
3, Turn down tube voltage to 20 kV.
4, Turn off dissector voltage.
5. Turn off sweep box (EL-430).

Coude' Room. . ,

1. Close door on collimator/cross—disperser 1ift, then push
RAISE. . ‘

2. Carefully close the cover on the echelle grating.

3. Remove the horizontal brace from the echelle arm by loosening
at both ends, then stow 1t up against the I-beam near
the 20-inch camera.

4. Loosen the vertical brace from the echelle arm and leave dangling.

5. Rotate the echelle arm in the STOW direction until the arm is
parallel to the eastern I-beam.

6. Push UP. The arm will not raise unless a microswitch on the
1ift is depressed by a tab on the arm,

7. While the arm is 1lifting, put the dust cover over the grating.

8. Put the grey plastic cover on the flat mirror above the
image tubes. Ralse the mirror -arm fully up with the
left hand, then tighten the black thumbscrew on the
east side of the arm near its pivot. Lower the mirror
against its stop.

9. Rotate the echelle arm (once it has been fully raised) in the
STOW direction until it is about one inch from the big
green pipe. Stow vertical arm.

10. Turn off all the lights as you leave.




NGC-221

NGC-224

NGC-1068
NGC-3034
NGC-4565
NGC-4594
NGC-5194

NGC-1952
NGC-2440
NGC-3242
NGC-6210
NGC-6514
NGC-6523
NGC-6543
NGC-6618
NGC-6720
NGC~6853
NGC-7009
NGC-7662

NGC-5024
NGC-5272
NGC-5904
NGC-6205
NGC~-6218
NGC~6341
NGC~7078

VISITOR'S OBJECTS
36" REFRACTOR

GALAXTES

M-32
M-31
M-77
M-82
M-104
M-51

PLANETARY AND GASEQUS NEBULAE

M~1
M-42

M-17
M-57
M~27

SATURN NEB

GLORULAR CLUSTERS

M-53
M-3

M~-5

M-13
M-12
M-92
M-15

1985 C.0.
00-41-54  +40
00~41-54  +41
02-41-53 =00
09-54—-48  +69
12-35-38  +26
12-39-13  -I1
13-26-16  +47
05-33-36  +22
05-34-32  -05
07-41-09  -18
10-23-59  -18
16-43-50  +25
18-01-01  -23
18-02-14  ~24
17-58-35  +66
18-19-55  ~16
18-53-00  +33
19-58-54 422
21-03-18  -11
23-25-04 +42
13-12-12  +18
13-41-30  +28
15-17-46 +02
16-41-09  +36
16-46-25 =01
17-16-40  +43
21-29-17  +12

47
11
05
46
04
32
16

00
24
09
33
50
02
22
37
11
00
40
28
23

14
27
08
29
55
09
06




NGC-475

NGC-663

NGC-869

NGC-884

NGC~1912
NGC-2099
NGC-2168
NGC-2437
NGC~2682
NGC-6494
NGC-6705
NGC~-6838
NGC-7243
NGC~7789

OPEN CLUSTERS

1985 0.D.
01-08-09  +58
01-44-54  +61
02-19-40  +57
02-22-53 457
05-27-38 435
05-51-23  +32
06-07-56  +24
07-41-06  -14
08-49-42  +11
17-56-03  -19
18-50-16  -06
19-53-03  +18
22-14-28 449
23-56-16  +56

14
10
04
02
49
32
20
46
52
01
17
44
48
37




PHOTOGRAPHIC PLATE BAKING USING FORMING GAS.

During the year 1982, a Blue—M baking oven was purchased and set up in
the basement of the present recreation hall. A number of metal baking boxes
were also comstructed, so that it is now possible to bake most spectroscopic
photographic plates at Mouﬁt Hamilton. The procedures follow those used at

Eitt Peak National Observatory.
The following instructions and guide lines are to assist those baking
plates.,
PLATE STORAGE

1. 1In the basement of the recreation hall are also located eight deep
freezers that are used to store the photographic plates used on Mount

Hamilton.

FREEZER #1: Contains plates that have been cut to special sizes and

also baked plates ready to use.
FREEZER #2: All the 5X7-inch plates.and also older 8X10-inch plates.

FREEZER #3: All the 4X6-inch plates and also plates that astronomers

have in their own special containers.
FREEZER #4: All the latest vintage 8X10-inch plates.

FREEZERS #5 and #6: Are still in Shane telescope building, storing

special equipment.




FREEZER #7: Contains plates used mainly on fhe 20-inch Astrograph, and

is used to store baked plates in their bake boxes.

FREEZER #8: Large plates used at the 20-imch Astrograph.

BAKING PROCEDURE WITH 2% FORMING GAS

1. Take the necessary plates from Freezer #4 to the plate cutting
room, located directly behind Freezer #1, and allow them to warm to nearly

room temperature. This usually requires about three hours.

2. After the plates have warmed, they may be cut to the desired size,
and placed either directly in the plate baking box or in a removable rack
that is then placed in the bake box, (Usually the bigger plates go directly
into the boxesy while the smaller ones go into the special racks.) The

boxes and racks are stored on a table in the freezer room.

3. Put the lid on the bake box. When it is in place, one may use a
flashlight to line up the match marks. The 1id may then be bolted on, and

all bolts tightened with the special wrench furnished,

4, Take the loaded box to the table in the freezer room and attach the
blue hose to the proper fitting on the bake box. (Notice there are two
fittings: the other is a bypass valve so gas may flow through and out the

box.) At this point be sure both valves are open,

5. Notice as you face north there are two tanks chained to the wall.
The right-hand tank contains dry nitrogen, while the left one contains

forming gas (2% hydrogen, 98% nitrogen). On top of the nitrogen tank is a




valve which, when turned counter clock wise, lets pas flow to the regulator
on the left, through a valve with & black knob and to the right—hand of the

2 flow—meters located on the wall, thence to the bake box.

6. Turn the regulator control (T-handle) counter clockwise until it
feels free. Turn the black knob di:ectly below the control counter
clockwise several turms and then turn tank valve counter clockwise about one
half turn. Notice that the right hand regulator gauge now shows pressure,
Turn the regulator control clockwise and set left hand gauge to read about
10 1lbs. pressure. NEVER turn on tank pressure unless the regulator control
is fully open {counter—clockwise). Damage WILL gggugfif pressure is put
against the regulator when it is partially closed. Adjust the flow meter to
2.0 (units are cubic feet per hour), and allow gas to flow through bake box
for the necessary time: 15 minutes in the larger boxes to as little as.5

minntes in smaller bozxes.

7. After the necessary purge time is completed, first turn off the box
exhaust valve and then the inlet valve to prevent room air from entering the

box.

8. Put the box in the bake oven and connect the hose inside to the

inlet valve on the bake box.

9. At this point follow instruction #6 but now for the forming gas
bank, except in this case, set the pressure to only 6 lbs. Set the flow

meter, (in this case the left hand one) to a flow of 2 ocubic feet per hour.

10. Open both valves on the bake box several turns so that forming gas

may flow through the box, into the oven and out into the room.




11. Turn on the bake oven and check temperature after about one hour.
It should be between 60° and 65° cent. If change in temperature adjustment
is necessary, try to get E, Harlan to do this. If he is not available read
carefully the instruction manual; taped to the oven in a manila envelope.

If done incorrectly, the calibration will be lost.

12. Turn off nitrogen supply by following instruction #6 above. Be

i

sure to turn off tank first so pressure will flow out of system.

13. The baking time for the plates on hand is 2-1/2 to 2-3/4 hours,
plus one hour general warm up time, Feel free to modify this time to your

own taste.

14. After baking time is completed, turm off the two valves on the

bake box, pull off the hose, and turn off the bake oven.

15. Put the box on the table and connect the blue hose to the proper
fitting and again follow instruction #6, letting nitrogen flow for at least

15 minutes as so to be sure all forming gas has been driven out of the box.

16. Shut off exhaust valve and pressurize to 3 1b. according to gauge
in box {nmever over 5 1bl)., Then close inlet valve. The box can then be

taken away or stored in the #7 deep freeze.

17. Be sure the nitrogen and forming gas tanks are shut off. No extra

forming gas is kept on the mountain.

18, After a few plates are removed from the bake bozxes, if some
remain, then the boxes must be purged and repressurized. At the present
time, there are three places to do this: the plate baking room, 20—inch

Astrograph, and the 120-inch coude dark room.




19, Plates should not be kept at room temperature for extended periods
of time. This causes undue speed loss. Return the plates to a deep freeze
as soon as possible. It is said they should keep for thirty days but at

this time it is not known whether this is so.

E.A. Harlan

1/3/83
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THE LICK OBSERVATORY PDP 8/I COMPUTERS

Introduction

a) Description

Two PbP 8/1 computers have been installed to ald in data acquisition and
feduction, as well as for use in small computing jobs. One machine 1s at the
120~1ncﬁ teleséope én Mt., Hamilton, the other is attached to the microphoto-
meter at Santa Crusz. |

Each camputgr has an 8K 12 bit memory, a 32K magnetic disc, an ultrarella-
ble miniature digital magnetic tape "DECTAPE", a lérge screen Type 611 memory
oscilloscope; and a teletype,ltogether with special hardware interfaces that
allow the compﬁters to accept data from special devices such as the micropho-
tometer, and the image tube scanner, and from specially designed digital ap~
paratus.

b) Using the Computer

Each user of the machine will normally have his own magnetic tape (DEC- .
TAPE); which contains his programs and operating system. A hardware "bootstrap"
¢lrcuit in the POP-8 will autoﬁatigally 1oaﬁlthe computer memory from the mag-
netic tabe so that any special'operating procedure by one user should‘not affect
tﬁe behaviour of the ﬁachine for the next user.

A.magnetic.tape ("USER" Tape) containing standard programs will be kept in the
‘same.rooﬁ.as the PDP-8, This can be used by those who do not have their own
programs or their own tape«  Copiles of this tape can be made by those who want
a privatg tape. | |

CAUTION:. Ag a precautidn, the "USER“ tape should be used Qith the "write
lock" switch setting on the tape traﬁsport. If operations requiring writing of
data on tape are to be done, obtain a private tape.

¢} Programming the Computer

An exceptionally simple, easy to use program language called "FOCAL" (similar
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.tb BASIC) can be loaded into the computer from the magnetic tape. Special
commands have been added to make_thé language more suitable for our work and
‘the new versiﬁn has béén named LICK FOCAL AUG. A summary of the standard
commands 1s givén in Appendix A, and a list of speclal commands is given in
Appendix C. ‘A number of manuals giving detailed descriptions of the language

are available.*

Some Features of LICK FOCAL

Conversational mode of operation.

10 digit precision, floating‘exponent 107616 o 10+615.+

]

1

Programmable single variable-addressed storage of up to 8192 10-digit

" floating point variables on the disc.

Pfogrémmable‘storage of up to 32,768 4-digit (<4096) word-addressable

integers on the disc.

I

Chaining commands that allow one program to call another from the mag-

netic tape. Subroutines may also be called from tape.

Easy program-loading, and program-storage procedures.

H

Programmable transfer of data between DI/SC and DECTAPE,

1

LOG, EXP, SIN, COS5, SQUARE ROOT functions.
. = External devices such as microphotometer, CRT display, chart recorder,
disk, and tape are under FOCAL language control.

Additional special FOCAL commands can be added to deal with new hardware,

i

or to carry out speclal operations in machine language.

T Some functions: SIN, LOG etc., give only 6-digit precisionm.

% Coples of these manuals are avallable from Dilgital Equipment Corp., Palo
Alto, Some may also be found at the Santa Cruz Computer Center.

1, Advanced FOCAL

2. Introduction to Programming -~ Chapter 9
3. Programming Languages - Part 2

4, DisK Monitor System

EORS




Start-up Procedure .

i, TFOCAL User's

1. Turn on power switch (key).

2, Place a "FAST" user's tape on left hand spool of DECTAPE transport

marked 8. Be sure each tape transport is selected to a different number.

3, Set tape switches to write-lock, local. Press button under right
arrow for about 5 seconds to move tape past the '"end zone'.

4. Bootstrap procedure: on computer console, set address 200 (marked
‘with red dot). Press "STOP",
Press "LOAD ADD"(ress)
Press "DEP"(osit)
Press "LOAD ADD''(ress)

5, Press luclte 'bootstrap" button on left side. Check that the teletype
1s "ON-LINE". Preas "START".

6., Tape will spin for a few seconds, the disk contents willl be checked for
parity errors, re%ritten if need be, and the teletypelwill'print
"x"_ FOCAL is now loaded and feady for use, {(With some special
purpose tépes, a program may start automatically.)

1i. System Programmers: (Master tapes)

The "FAST" tapes are used only for FOCAL programming and do not include the
'DECTAPE monitor. '"Master" tapes also are availéblé which contain both DECTAPE
and D1SC monitors. The DECTAPE monitor caéjéz bootstrapped using the procedurel
abovg. (See _Etmy step 4 above) FOCAL can be loaded from a Master tape, but care
must then be taken that FOCAL tape-writing commands do not overwrite source pro-
grams, etc. which may be stored there.

The contents of Master tapes normally include 3 or 4 separate coples or

the

"images" of /32K disk. These images may include machine-language source-programs

for the FOCAL system plus Asgembler, Editor, and the Peripheral Interchange Pro-




gram (PIP),

To load the Disk monitor:

1,
2.
!
4.
5.
6.

7.

when
Bootstrap a master tape., Teletype types "."/DECTAPE monitor is ready.

‘Type GETT(Return)

Teletype says —-~—~ FILE NO(f-~4)

Type no: 1,2,3 or 4,

Tape will spin for about 30 seconds.

When teletype types '.", type DISC(Return).

DISC monitor is ready when teletype types "."

Saving FOCAL Programs

After a program has been entered into the computer, it can be stored on

DECTAPE
1,

2.

. 3

5I

for future use,
Set DECTAPE to WRITE ENABLED
Type X FILE(N) (Return); where N is a program number between 0 and 25,

(1f data is not stored on the tape, N may be as high as 168.)

The teletype will print the last address used for text storage. 1If a

program number N already exlsts on the tape, the teletype will type
0K?, unless that program has just been called from tape, If the
preﬁious program {(or perhapé 0ld data on the tape) is to be over-
written, type "y, .

To recall the program, type X CALL(N)(Return)

To recall it and start automatically at subroutinels, type X CALL(N 8)

(Return)

CAUTION: If a non—existant program 1s inadvertently called, FOCAL becomes

deranged, and can only be cured by calling a real program, or by
repeating the bootstrap operation. Attempts to'ERASE, MODIFY, or

ADD TEXT will lead to total confusion,’
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Storage on DISC and DECTAPTFAST" System

The DISC and DECTAPE can be used for storage of both programs and data.

In order to avoid possible loss of data or programs, and yet make fullest

use of the avallable storage areas it is important to understand how storage

"areas are allocated.

The DISC and DECTAPE are subdivided into "Blocks" each of which contain

129 12-bit computer words, The disc has 253 (375 octal) while each tape has

1473 (2701 octal) blocks. Each block of tape can be addressed and modified

without changing any other block.

modified.

Each word on the disc can be independently’

The FOCAL system on "FAST" tapes reserves part of the tape for program

storage and allows the user to allocate the remainder of the tape to either

- data storagé or program

-Octal Block Number

O.

storage.

The tape utilization is as follows:

Aliocation

: DECTAPE Bootstrap
1- 37 : FOCAL Field 1
40 -71 0 - : Overlay programs for top 24 blocks of DISC
72 ~ 131 . FOCAL Field
132 - 157 : Reserved for system expansion
160 ~ 477 : Programs 0 —~ 25 (8 blocks per program)
700 - 1277 : Single block storage using X TAD( ); X DIT( )
Scannér Only Microphotometer Only
. .
: Bo0 - 2700 -

500 - 2700

Data runs 0 - 143 using -
X MSAV( ); X MGET( ) (8

blocks per run)

Data Blocks 0 =/#52 using X MPUT( ); X MGET ( )

SEE APPENDIX E FOR DISCUSSION OF STORAGE ON MASTER TAPES.
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APPENDIX A
FOCAL COMMAND SUMMARY

Command Abbr Example of Form Explanation
TYPE T TYPE FSQT (AL t 3+FSQT (8) ) Evaluates expression,' types out
‘ , Jiifd result in current output format,
TYPE "TEXT STRING"| Types text. Use | to generate
carriage return line feed,
WRITE W ~ WRITE ALL FOCAL prints the entire indirect
' s program,
WRITET - FOCAL types out all group 1 lines,
WRITE 1,1 'FOCAL prints line 1,1
IF I IF (X) 1.2,1.3,1.4; . ‘ Where X is identifier or expression.

Control is transferred to the first, second, or third line number if (X) is less than, equal to,

or greater than zero respectively. If the semicolon Is encountered prematurely then the remainder oF 5

the line is executed.,

MODIEY M - MODIFY 1.15 .  Enables editing of characters on
' : line 1.15 o

The next character typed becomes the search character, FOCAL will position itself after .
the search character; then the user may ) '

_a. type new text, or -
B_. form-feed to go to the next occurrence, or
.<_:. bell to change the search character, or
d. .rubout to delete backwards, or

e, left arrow to kill backwards, or
f.- carriage return to end the Iine,.or

g line~fead to save the rest of the line. .

Q7 QUITor *or control-C - Returns control to user.
RETURN R ' RETURN Terminates DO subroutines
SET s SET A =5/ * SCALE(3) Substitution statement
ASK A ASK ALPHA 1 +2 * ) . FOCAL types a colon for each

variable; the user types a value to
define each variable,

E‘_ B
) H . F)




Command Abbr

COMMENT C

CONTINUE C .

DO D
ERASE E
FOR F
GO G

GOTO G

Computed GOTO:

X CALL(N,S) where § ig an inteper between 1 and 31,

Example of Form

C = compute area

C - ignote temporarily
DO 4.14
DO 4

A2

Explanation

If a line begins with the letter C,

the remalnder of the line will be
ignored.

Execute line 4.14; return -

Execute all group 4 lines, return

~ when group is expanded or when a

DO ALL

ERASE

ERASE 2

ERASE 2.1

ERASE-ALL
FOR1=x,y,z; TYPEI

GO
GOTO 3.4

C - The Eaurtsaw{14) Functions are

RETURN }s encountered,

Fxecute entire indirect text as a
subroutine.

~ Erases the symbol table,

Erases all group 2 lines.

" Deletes line 2.1,

Deletes all user text,

The command string following the
semicolon is executed for each valus;
X,y ,z are constants, variables, or
expressions. x =initial valve of I,

y =valve added to T until I Is greater

than z. y Is assumed =1 if omitted.

~ Starts Indirect program at lowest

numbered line number.

Starts indirect program at {ine 3.4

FsQr () - Square Root

FABS ( Y - Absolute Value _

FSGN () = Sign Part of the Expression

FITR { ) - lInteger Part of the Expression

FEXP ( ) = Natural Base to the Power ‘
ESIN_ ( )and - FCOS ( ), - E==mEmzzmy - Trig Functions
FLOG ( ) - Naperian Log :
B L T TS, T
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APPENDIX B
" ERROR DIAGNOSTICS *

Table B=1
~ Error Diagnostics of FOCAL, 1969
Location Code Meaning
200,00 Manual Start given from console,
?01.00 Interrupt from keyboard via control=C,
0250 ?01.40 Illegal step or line number used,
0316 701.78 Group number is too large.
0340 ?01.96 Double periods found in a line number,
0351 ?01.:5 “Line number is too large.
0362 ?01.; 4 Group zero is an illegal line number,
0440 702,32 Nonexistant Group referenced by ‘DO,
04464 702,52 Nonexistant line referenced by 'DQO". *
0517 ?02.79 Storage was filled by push-down list,~ see below
0605 ?03.05 Nonexistant line used ofter 'GOTO" or 'IF',.
0634 703.28 O3 Il!egal command used, R /.u: e Fev
1047 ?04.34 Left of "=""in error in 'FOR' or 'SET', U 4*#)
1064 204,52 . Excess right terminators encountered.,
1074 ?04.60 Illegal terminator in 'FOR' command.,
1147 ?04.:3 oS - ._Missing argument in Display command ,{Zrog.70°
1260 205.48 77 Bad argument to '"MODIFY'. . 4ony
1406 ?06.06 illegal ‘use of function or number,
1466 ?06.54 Storage is filled by varicbles.
1626 ?07.22 Operator missing In expression or double 'E',
1646 707.38 No operator used before parenthesis,
1755 ?07.:9 No argument given after function call,
1764 7?07 .;6 Hlegal function name or double operators used,
2057 ©08.47 Parenthesis do not match.
2213 ?09.11 Bad argument in 'ERASE'.
2551 ?10.:5 Storage was filled by text. ‘ ‘
2643 711,35 Input buffer has overflowed, See below
5042 - 720.34 Logarithm of zero requested.
5644 723,36 Literal number is too large.,
6543 926,99 t Power is too large or negative.
ARRE 728.73 Division by zero requested.
7405 730.05 Imaginary square roots required.
?31.<7 - Illegal character, unavailable command, or unavollob!e
function used,

" ‘
If push down list overflows, try “Typeﬁ to see if unwanted variables are

present,

~ When reading/program from paper tape 711,35 diagnostic can be avoided by use

Usae ERASE, .to remove variablea, but retain the program.

of X STAT(1,980), command, which uses CRT for output listing.




| APPENDIX C
 SPECTAL FOCAL INPUT-OUTPUT OPERATIONS . . .
! ‘ for "LICK FOCAL AUG" | |
The FdCAL system was designed to handle complex arithmetlc operatilomns
using the typewriter fof both input and output. However, in much of our work
we need to use additional input—output devices, while keeping the pfogfamming
‘conVenience-afforded by tne FOCAL language;
Some changes have been made to the FOCAL system, to allow communication
~with specially written machine-language programs that take and store data,
perate the plotter and disk -and look after some awkward data manipulation.
The special operations are handled just like the ordinary FOCAL’ commands.
They are written in the form - (a) SET D = FABC( ARG3, ARGL4 ~-—-— ARG8) or (b)
X ABC( ARG3, —-—= ——= ). Therarguments ARG3 -—- give the numerical vaiues
that define the exaet'details of the operation. Argnments not stated are al—.
ways taken as zero, The‘numerical result {(if any) of type (a) operations 1is i:
placed in variable D. Numerical fesuits can have valués up éb 223 -1, whiledﬁ
_the arguments usually must not be greater than 4095 (=212 -1). Non-integer
‘.arguments are taken as- the next lower integer. The final argument of:certain
‘“commands may be as 1arge as 223-1 | | |
A summary of the currently available commands is given in the fellowing
-pagea. More detailed explanations of some of the functions are given in laterual

Appendices.




FUNCTION LIST: "LICK FOCAL AUG" SUMMARY

Set D = FITR(N) integer value of N. (D is set equal to integer value of N)
Set D - FLOG(N) Tog N (D is set equal to log N. to the base €)

Set D = FSIN%N) - stne N

Set D = FCOS{N} cosine N N

Set D = FEXP(N) exponential e

Set D = FSGN%N sign of N

Set D = FABS{N) absolute value of N

Set D = FSQT(N) square root of N

Set D = FTAKgB,w; get single precision value of word W in disc block B.

Set D = FASK(B,W) get 10 digit floating format variable starting at disc

word W, block B. (4 words used) - See X STOR( )

A special command "X" (execute) can be used for functions which need not
return a number to FOCAL:

I} Store integer I in disc word W, block B.

X STOR(B,WsV) Store variable V starting at disc word W {Note semicolon)

X DIT(D,Ty¥) Copy disc block D to block T of tape file 1, vape wm?¢ U,

X TAD(D,TjWCopy block T, tape file 1 to disc block D. " TY
)
)

X PUT(B,W,

File program N in tape file 2, 3, or 4 for chaining.
Call program N. X CALL(N,S) - Call program N, start at
subroutine §. X CALL(N,128%S+L) Start at line L-+1.
+ X END(@) Return to calling program;
Set D = FWHO(P) Gives D =S + 4096*N of calling program. {(For nested calls)

Storage Allocation on the tape, for chaining programs: . .
’ with FAST LoAPER

X FILE(N
¥ X CALL(N

Fite 2: N =0 - 3] "~ Block: 1300-1677 < BLoer o FF
Fite 3: N = 32 - 63 1700-2277 .
File 4: N = 64 - 95 230072677)8

SPECTAL MICROPHOTOMETER COMMANDS - SUMMARY

) Add disk blocks: L + M > N. Add K to each word.

) Subtract dis# blocks: L - M~ N: add K to each word.
Move disk Block B to an address N words higher,

ove chart recorder X steps, then move pen to Y.

$,TH}* Move microphotometer stage left or.right, record data,
_ at time intervals of ?RS+1)/360 seconds, on dise.

2= ~ N

N,

X RIT(B,W,N,RS,TH)* "Threshold - start data taking when a data point exceeds TH
: \ \\ L Resolution is 2.8*(RS+1) microns ‘ '
——————-Number of blocks to be recorded
—First disc word _
————- First disc block ' '

X UP B,N,M}* Move up or down M steps of 4.5 microns. Record a reading on disc
X DN(B,W,M)}*J at each step starting with disg word W, Block B.

*Can be written "Set D = FLFT( )" etc. to put final data réading in D.
¥ Use tape umt 2. | . ; L

! L
Rl
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Rapid Plotting of disk data, or functions of disk data.

Set D = FUNC(B,W,K} D becomes a function of dis§ word W in Block B.
' Function tables are preset by X SET(A,Z)
K/3096 is the fraction used of the second table.
Interpolates between the two tables.

X SET{A,Z) Loads two 129 word function tables from blocks A,Z
for use of FUNC({ ), X PLOT( ), X ICRT{ )

*X 'PLOT(B,JL S,‘X,N,ND,NF,OF) Applies FUNC conversion to each data point

automatically, interpolating between function
\  tables as it plots.
Offset (1024 full scale)

First block of data on DISC

-Number of blocks of data on DISC

Number of blocks to be plotted

-X steps per data point

Scale = §/16
-~Na, Lines on CRT
First block to be plotted

TF L = 03 output is on strip chart. _
If ND = 0; direct readings from the disc are plotted, without

use of the function tables.

USE X STAT(7,1) to initialize X,Y location

USE X SET(A,Z) to initialize function tables from disc blocks
A,Z which represent the calibration at the ends
of the data segmen®l. on £4he orsc.

3¥X 1FI1X(8,0,5,1,N,ND,NF,0F) Used exactly Tike X PLOT( ), but output replaces
: . tawes original data on the disc, instead of
going to CRT or recorder.

Copies from Disk to Tape.
y e TAPE UNIT Noff~g. (#5E
- X MTAK(D,T,NJ4}——————— Copies from Tape to Disc.
: '\ Number of Blocks (JﬁoO)k)
First Tape Block (Starting at rzpd)®
First Disk Block ‘
(Disk Blocks 237-253 are lost)

X MPUT(D,T,NjU}

* Always precede J/v Xffﬁ’f(/;/),fﬂ /Wf’f*“"{ baseline,

e
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X ICRT(0) exchange X and Y axes for X PLOT( )

X PUTN(B,W,D,N,I) Load disd with linear functions
— Data increment for successive words
Word count
First data word content
First disc word address
First disc block address

X STAT(X,Y,S) Send future teletype output to CRT
. Letter size
Y. origin (full scale 1023)
X origin (full scale 1023)

X STAT(-]) Send future output to teletype )_Tn;f:a/fgg Plat( )

" X DIS(X,Y) Plcot one point on CRT at location X,Y

C4

L
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Special FOCAL Commands for Multi-channel Scanner

* ' '
Note that omitted arguments will be taken as zero.

CLER(B) Erase data in Buffer B

X

X SAV(R,B) o Save Buffer B on Disc as Run R

X PULL(R,B) Recall Run R to Buffer B

"X IN(R,B) Add Run R to Buffer B

X OUT(R,B) ' Subtract Run R from Buffer B

S D = FCHAN(N,B) Set variable D equal to contents of Channel N, in
Buffer B.

X EDIT(N,B,K) Place K in Channel N of Buffer B. K<102"%

-Full scale multiplier = 2
TFirst channel

No. channels (512 if zero)
Full scale = 1024 X §

X GRA(%,N,C,M,I,J) CRT Data display
\ y Offset = 512 X J
. i\\\\i<§£\*"*~—No. of display cycles (lOMif zero)

X DIVD(0,B) Normalize buffer B to single precision ( 4096)

X DIVD(R,B,M,D, ,Q) Divides data in Buffer by disc data, or by D
' Uppéer channel used (511 1if zero)

Lower channel used

Division 1if "R = @" ‘

Multiplier (1 1f 2ero)

Buffer number (f or 1)

Divisor Run No. (single precision data)

I

. _ : recorder
X PEN(X,Y) . " Move X steps on chart /  then move pen to Y
X SHFT(B,S) ' Shift block B by S words
X MOVE(F,N,5,1) Partial channel shift ~ Buffer 1 to Buffer §

Number of channels shifted
First channellnumberl

\ ' Shift per channel changes by I/1000 for each channel
Shift for first channel 1s §/1000

. X SWIT(-1) |  Erase CRT

X SWIT(H,L) ' Load lamps L, Lamps are coded 1,2,4,---32,
S D = FSWIT(N,S,#,p,M) - Read switch N,S to D. Set M = 4095 to read all

group N at once. (M = 9 to read switch 1 & 8,weighted, etc.)
M = 0 to read only switch N, §.

§ D = FSWIT(3,11,X,Y) Display joystick marker at X,Y, When switch 3,11 is.
pushed, return 1024*X1 + Y1 where X1, Yl is final
marker location.




cé

X ICRT(0) exchange X and Y axes for X PLOT( )

X PUTN(B,W,D,N;I) Load disc with linear functions
\——~a~———Data increment for successive words
Word count

First data word content

First disc word address
First disc block address

X STAT(X,Y,Q) Send future teletype output to CRT
Letter size
Y origin (full scale 1023)
—X origin {(full scale 1023)
X STAT (~1) Send future output to teletype
X DIS(X,Y) . Plot one point on CRT at location X,Y
X MSAV(B,R,U) Save run on DECtape
A Tape unit No. (0-8)
X MGET (B,R,U) Recall run from Dectape
- \

Run No. (#-143)[P at Block 500]
Buffer (@ or 1)

Set D = FTOTL{(C,B,N) = Sum channel contents
Number of channels (512 if zero)
Buffer # or 1 ‘
First channel number

¥éet D = FNOIS(N,M,S) Replace data in buffer 1 by data from

buffer ¢, if C(1) > C(0) + N
First channel

* Number of channels (1024 if zero)
Maximum allowed count difference

*Expects a 1024 channel format, treats lowest 12 bits only, total

rejected counts appear in JJ,




Scanner Memory Commands

X MEMC(T)

1

Set D = FMEMC(1)
X . MEME(O)
X MEMX(1)

X MEMX(0)

X MEMY(0).

X MEMR (W)

X MEMW(W, N,OR)

Data Formating Commands

X FORM(N)

X LOOK(X,Y,ST,N,SC,CH)

X REVR(W,N)

c7

Count for T scan Cycles (4.096 msec each)
Stop counting 1f T = 0 . FElapsed time is about
4, 4 msec per cycle.

D becomes Zero if scanner count is finished counting time

is unchanged 1if counting.
Erase the data memory

{512 word)
Load "X" scan program memory/from Buffer 1 and enable

the linear sweep. The X program cycles once per complete
scan cycle.

Toad "X'" scan program memory from Buffer 1 and disable
the linear sweep. The X program cycles 8 times per
complete scan cycle.

{512 word)
Load Y scan program memory/, The Y program cycles once
per complete scan cycle.

Read 1024 channels into core memory starting at scanner
Channel W. Lower 512 channels to Buffer 1, second 512
to Buffer @/

Writes N 12 bit words from core buffer 1 into scanner
memory. If OR=0, low order i1s loaded; if OR=1, upper
12 bitg of memory is loaded. (Useful for hardware

-checkout)

Convert data in core buffer from 1024 channel format
into 512 channel segments. Compresses N channels of
data into each resultant channel.

Allows mapping of image tube face. Plots N vertical
lines of varying denslty, starting at X,Y, with spacing
between lines given by ST. 8C is counts per dot in each
line. CH is the first channel used. '

Reverses the ~sequence of N channels, starting at channel
W.
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Description of Arguments for Scanner Commands

B - Buffer number P or.l. Buffer P uses memory area 14000 to 15777,
Buffer 1 uses area 12000 to 13777,

R - Data run number. Each run uses 8 block on the disc. The first
disc block number of each run is 8 x R. The first 512 words of
any run contain the lower precision and the second 512 words con-
tain the upper precision words of a 512 channel spectrum. - (28
runs fill the @isc, with blocks 224, 225~;fee, 226 ff used for
program overlay.)

§ - CRT display full scale. Each cﬁannel-content is divided by S
before being displayed. (full CRT deflection for 1023 counts 1if
$ = 1)e.g. X GRA(10) for full scale 10230.

N - Data channel number. Spectra have channel numbers‘going from O
to 511. ' |

K - When replacing the content of a channel in memory, numbers up to
Jﬂfa—l can be used.

T = Counting Time inlunits of scaﬁner'sweep period. (4.096.milliseconds
per sweep.) Numbers up to 223-1 are acceptable,

U - Tape Unit No. usually either 7 0r 8. [@ and 8 are treated identically
by all progfams].

Data Scales

Double precision PDP 8 words.can hold numbers up to 16,777,215(22h“g; However;_"t'

the most significant bit is treated as a minus sign by FOCAL, so that

values above 8,388,607 will appear as negative numbérs whéhﬂused by}3ﬂﬂ

FOCAL'S arithmetic routines.
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NOTES ON USE OF DISC AND TAPE COMMANDS

A, If the arguments fpr disc word and block are both zero the system
will élways inérement”the most trecent disc address, and use that for fhe
next disc address.
B. The core buffer¢A and C are used as temporary storage for block by block
‘ ' function-conversion
addition, or alternatively as a / tables. This—table—can—be—generated
for—any—function-y.=EL)-by-stering-values—ofyfor—s—=rfy—Bytb—e1024
inuanyndiﬂ@wb&O@kr—-Ehemﬁahdﬁhéﬁw&henmlaadedw;ntamcoze_buffermAwbyﬂiunctth
"SRR e re—N—ia—the—dice—bloek—number—) see Appendix F.
C. Disc Blocks are 129 words long. In a disc address, 'Block B, Word W'; W
goes from 0 to 128 in one block.  An address: block 91, word 131, for example,,.
is exactly the same as block 92, word 2. Both addressing modes could be used
iﬁterchangeably and the same disc word would be accessed in elther case.
(W must be less 4096).
D. Restrictions on X CALL(N). X END(N).

These are not recursive functions, so that X END(N) will only recall
the last program that used ‘the CALL statement.

The X CALL and X END commands should not be used within a DO loop.
E.  Nested program cha1ning 1s possible in FOCAL, provided each level of

sub-routine expliciély records the return address of the calling program.

Example: PROGRAM NO., 1

25 ]

3.62 X CALL (2,6)
3,66 X CALL {--)

PROGRAM NO. 2

6.01 SET PG(2) = (FITR(FWHO(0)/4096)
6.02 SET LN(2) = FWHO(0)-PG(2)*4096
6.03 X CALL(7,5); calls some other chained program

6.99 X CA11(PG(2), LN(2)); C~ returns to program 1 line 3.66.
!

If statement 6.03 was not used 6.0L and 6.02 could be deleted ahd 6,99
would’ be'"X END (0)", '




APPENDIX E

ﬁz?rz“ﬂnqor}‘ﬁﬁfe Stofagé on Master Tapes

The Monitor system on Master tapes stores programs on the tape, stanting
with the lowest numbered free block (the first few blocks are used up storing
the Monitor itself). Data can be stored on the tape by a program called "PUTT"
which copies the whole disk onto a selected area of the tape, or by FOCAL,
which selectively copies blocks between dis& and tape, The tape can hold up
to 5 copies of the diék; ecach copy is called a "file" and files are numbered

0~ 4. The file number‘merely determines which section of the tape will be

used.
FILE NUMBER . TAPE BLOCKS (OCTAL)
0 o 300 - 675
T ' - 700 - 1275
2 ' | 1300 - 1675
3 | 1700 - 2275
4 | 2300 - 2675

Biocks'p - 277 are used only for program storage and caﬁnot be overnwriﬁten
by either PUTT or FOCAL. TOCAL as found on a Master tape can access blocks
300 ~ 2701 for ﬁata storage and access blocks 1300 - 2677 for program stor=-
age; Program PUTT will always test the first 20 blocks of any file before
writing on 1t and reduest confirmation if any non-zero word is found. Thus
gome protection is given against accidentall& overwriting programs with data.
The monitor will use successive blocks df tape for storage as new
programs are added. Thus data stored in file zero could be overwritten by
a new program added to the tape, and no warning would be given. Data for
iong term storage should be kept on higher numbered files, or else on a

tape on which no new programs’ will be added.
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PIP

*OPT~L ‘ . | |
*IN~DO3 . .Decfﬁpe Montl-or 5?57%Wg , \.5
. - (&/ﬂumfx In moest applicatons) ;
FBWB:YPE "y T APE STeoRACE
NAME g
8a . w%}iﬂi‘};)m ‘ ALLOCHT 10V o
GETT.SYS (1) p@o6 © N CAUTIONT 1 : g
DTAPs SYS (@) 0001 ‘

LOAD.SYS (0) 0603 PROGRAM “PUTT" CAN WIPE OUT

+CDes 5YS (O) DBOO6
COPYWS5YS (1) 20p6
DISC.S5YS (@) 9onl
PUTT.SYS (1) podse
PIP «5YS5 (@) P25

PROGHRAMS STORED IN ANY FILE, @
< - AND NO ERROR MESSAGE VWILL BE GIVEN.
¢ SAVE |- - |

USE PROGRAM "PIP" TO DELETE
‘ A DUMMY PROGRAMS D@@@--D4@7 IF EXTRA
FOCA. 5YS (1) 0017 SPACE 15 NEEDED FOR PROGRAM STORAGE.
STAR.SYS (8> 0632 i Moo ‘
| STEASYS ;?;gggz | « »OTHERWI SE,NO/PROGRAMS CAN BE

G5 -t11.008 STORED WHERE "PUTT",O0R ANY FOCAL J
: Gyt S COMMAND CAN HURT THEM. . ~

DBGOSYS C1> 0048  Fo o ‘ < |
DBG1+5YS (1) G04B v | i
DBB2.5YS C1) BB4E ‘

' DEB3SYS (1) 004D
DOB4.SYS €1) BOAB
DO@5.5YS ¢1) PB40

DOG6. SYS ¢1) 004D
DAGT.SYS ¢ 1) oasn (77
D16@«SYS ¢1) 0B4T 7o o
DIG1.5YS (1) 004n

D102.SYS C1) 8640 X D/ T CPUTT C
D1@3+SYS (1) po40 . .. | . ?
D1G4sSYS ¢1> posa X 7AD S |
DIP5.5YS (1) DB4E cGETT

D106sSYS C1) BO4LO
DiMT.5YS 1) ppan_/2 77 . : ;
' D2BB=SYS 1) 0p48 /J o0 | . - |
D201.5YS €1) 2p4g b 3
D202.SYS C1) 2040 e - - -
D2M3+SYS (1) 804D XFILE (=5~ FlLE
D204.5YS (1) 2048 X CHLL Y
D235+ SYS (1) @240 -
D236+ SYS (1) BOAD o -
_D207.SYS_(1) @048 /677 WY
D30B.SYS €1) 0048 ;o0 | T
D3@1+SYS (1) 04 .
D322.5YS (1) 0040 S 63
D303.5YS (1> opsg N /LA (,;{;—im,,w
D3OASSYS (1) 0040 o )y

D305+ 5YS ¢1) 0040

D3B6+SYS ¢ 1) B0A40 :
_D3B7.5YS (1) 0048 2277 / | A
DABB.SYS €13 804n 2L 300 7 : :
DAB1.5YS C1) 8040 ' |

DABR:SYS (1) D40 X 61-98" {/” |
D4B3+SYS (1) Q04D FILE f4., . L E
DAG4sSYS (1) OO4D . (F==57)

D4@5.5YS ¢1> spas X CHLL | A

DA4P6+5SYS (1) po4s

Lo W e IR N LIS A b A S e
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Program PIP can be used to defermine how many blocks have been taken
by the monitor., Type PIP (return) OPT~L (return) IN-D@: (return). PIP
types the number of free blocks, and the names of all stored programs. Re~
start the monitor by pressing CTRL and typing C.

., CAUTION: If many progfams.are to be stored, study the sheet oﬁ TAPE
STORAGE ALLOCATION carefully. This indicates the location on the tape of
the various files and programs. Since the tape can be used for storage of
both programs and data, the user must determine the use of each "file".
Possible uses of '"files" |

" a) Programs saved by the Monitor.
b) FOCAL programs saved for chaining by FOCAL'S "X FILE" command.
g} Data transferred from the disc by FOCAL'S "X DIT" cémmand.
&) Scanner runs stored by FOCAL'S "X MSAV'! command.
e)l Data stored by the program "PUTT"

Initially, the tape is filled with dummy programs DOOO -- D4b7, so that
the Monitor's SAVE command can't éccidentally write on .top of a "file";
Hdwever, if many programs are to be stored by a tape, some of ;he dummy
programs must be deleted, preferably those in File f. " After this is done,
it is vital that prbgram PUTT should never be used to write File #, as it

would destroy any programs stored there.




APPENDIX F

Explanation of the "FUNC" Command in FOCAL

Introduction

The command''Set Y = FUNC(B,W)'can be used to calculate "Y" as a
function of the content of disc word W, Block B. The function Y = f£{(x)
is first tabulated for the 129 Qalues of ¥ when X' = 0, 8, 16, ~==1024,
Then values of X betweeﬁ 0 and 1024, stored on the disc, canlbe rapidly
coﬁverted to the corresponding value of Y. This table look-up technique
| is a method of obtaining faster reéponse from FOCAL. It also simplifies
.the use of funcéions which do not have a simple mathematical descriptionm.
Procedure

Values Y1 = f (X1} are célculated for 1 -Aﬁ,——lZS, (where X{=0, X1=8,
X2 = 16 --- X129 = 1024) and storéd on words @ to 128 of any disc bibck NC
: bylsuccessive commands X PUT(NC, i, Yi). Then the command "X SET(NC,NC)"
will place that table in the appropriate buffer areasof the computer's
core memory. Further commands of the form "SET Y = FUNC(B,W)" will give
a value of Y corresponding to thervalue f(X) where X is the content of
disc wdrd W, block B and has a value between 0 and 1024,

Interpolation Between Functions

Tf a‘function_of the form'y = M fl(X) + N £2(X) is deaired,‘where M
and N chénge over the region of interest, two tables can be generated and
stored in £wo blocks NB, NC, where f1{X) is in N B- Then use the command
X SET{NB, NC) to place.both tables in core buffers. Now the command
SET Y = FUNC(B,W,K) will give a value ofry where M = (3096~K)/3096 and
N = K/3096. (3096 is the number of words in 24 129 word blocks)

Caution

1. The "FUNC" command uses 2nd order (Y = A+B X+ CX2) interpolation

between points, go that the result for a rapidly varying funchiqn can be




- less exact than may be
2. The look-up tables
memory. Buffer "A" is
X LFTC¢), X RIT{) and X

"X SET()" égain before

desired.

are stored in Buffer "A" and "C" in the computer's
also used in the commands X ADP() X DN(), X UP(),
SUB(), thus if these commands are used, give the

using "FUNC()".

F2
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APPENDIX G

Use of tﬁe PDP-8 CRT Disflay

Currently the PDP-8 can store poihts'ané characters on the Tektronix

type 611 memory oscilloscope.‘ Several FOCAL instructions are available,tb
control writing. | ‘

- X SWIT(-1) will erase the CRT

- X DiS(A,B) will place a dof at’ the x,y co-ordinates A,B. TFull
scale is 1023,

- X STAT(A,B,S) will direct future teletypé output to .the CRT, and
set‘the x,y.origin to A, B. Print scale 18 8. If A is negative,
or an error diagnostic occﬁrs,ioutput ngerts_to the teletype.

-X PLOT(B, L, S, X, N, 0, 0, OF) will plot N blocks of 129 words

from the disk starting at disk Block B with éffset = OF, The ¥
deflection is ﬁroportional to S/L and full scale deflection for

| 1023 counts is given with § = 16 and L = 1. L lines of 1024
-points will be plotted on successively higher segments of fhe
display. X identical points will.bé plottgd gide by side for eacﬁ

_word taken from the disk.
Data values must be (‘2048 for correct treatment.
If L 18 zero, the chért recordet is uaed instead of the osciiloscope.
Examplé: ‘l.l FOR J = ¢,1¢23; X PUT(B,J,J);_éréating dummy data |
1.3 X% STAT(l,l); C-Set CRT baseliné-
'!Then: : l.&IX‘PLOT (B; 1; 16, é) wdﬁlé'dééﬁra diagonal line across
the diéplay - B |
_ QR: 1.4.X PLOT (B, 1%, 16, 1¢, 8) wouid“draﬁ-ten 1ihes across
the display, each one showing 103 words (1923/19) from the

disk. .
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Spécial Features

The text writing‘Origin can alwaya be reset while in the CRT character
diaplay mode by typing "c&". The use of & in any text string will also
reset the origin, and special characters such as "bell" will produce a line

feed.
~When text output reaches the bottom of.the screemn, ; new column will
start to the right of previously written text;
' ~X PUTN(B, W, C, N, I) ﬁill faﬁidly 1oad'N éuccésaive disE Wofds,'
(starting at Block B, word W with C, C+I, C+ZI, C+31 etc.

This is uaeful when drawing straight lines on the diaplay




'APPENDIX H

USE of the X PLOT( ) and X IFIX( ) Commands in FOCAL (Microphotometer only)

fhe function converter Set D = FUNC {see Appendix F) was designed ‘
especially to speed up the conoersion of microphotometer transmission data to
intenéitf‘values, when making strip chart records or CRT dQSplays. In order .
to aché&ve higher plotting speeds; an additional command has been developed,
which uses the function converter at the machine language 1eve1,.so that
geveral thousand pointe can be olotted with a single FOCAL command.

| - X PLOT (B, L, S, X, N, ND, NF, OF) will automatically convert and
| plot up to 24 blocks of 129 data points interpolating between two
conversion tables. : | '

e.g.~- with a conversion function FB in.block NB corresponding to data

in block 28, and a conversion function FC in block NC corresponding to

data in block 50, data between these tﬁo-limits,(say 11 blocks startiné*'

at block 3%Lc°uld be ploﬁted using linear combinations of the tﬁo func—-

tiohs, by the-following commands!

X STAT(1,1) ;G- Baseline

X SET(NB, ‘NC)

SET L = 0‘ € -output to chart recorder

X PLOT(33, L, S, X, 11, 50-28, 28, OF)

The convereion function used would be £B ﬁ K+ fC % (1-X) whefe K has
the value (33~ 28/(50 28) for the first word and increaees linearly to (33 +
iO + 128/129 28)/(50—28) for the last word.- The maximum allowed value of
ND 15 24, If more than 24 blocks are to be plotted, a conversion table
.should be measured or calculated at the end of each 24 block aegment.

The meaning of variables L, S, x, OF is explained on Appendix G.




Conversion of Data 6n the Disk

The output from the PLOT(~--) routine can be directed to thé CRT or
the strip chart recorder. It caﬁ also be redirected to the disk, thus
rapidly converting the initial tranémission date on the disk to digital
inténsity data, (This wiillbe useful for computer aided anaiytical_work)

- bransmissien
To store 24 blocks of disk/data back on the disk as intensity, inastead of
- plotting, use: - | | |
X IFIX (B, 0, 16%SK, 1, 24, 24, B, OF)
instead of! ) | |

X PLOT(B, O, 16%SK, X, 24, 24, B, OF)

1
[
\

——i T .
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APPENDIX I

Joystick and Switch Panel

A FOCAL comﬁaﬁd can read the seﬁting of any switch on the Program

' Céntrol'Panei.' It can also display a movable ficucial mark on the 611 '
Memory Scope and turn on the 6 indicator lamps on the panei. The joystick

- ig used to move the fiducial mark, anq the f}nal x,Jy co-ordinatéa of the
mark can be returned to FOCAL by depressing a'push button near the joystick.

SET D = FSWIT(GR, #, X, ¥, M)

This command reads switch number #V of Group GR.
- 1In groué 1, gﬁitChea are numbered 1; 4; 7, 10 and can have readings of
0, 1, -—=, 7. g
- In groﬁp 2,‘awitches are numbered 1, 3, 5, 7, 9, 11 and can have readings
9, 1, 2, 3. |
- In group 3, switches are numbered 1 through 11 and have readings of 1 or g.
~ If M is non-zero, it is used as a mask to read several switches of one
group simulténeousiy with the reading of each switch number N multiplied
by 2(N"l). | | |
- 6 indicator lights are provided, numbered Bé, 16, 8, 4, 2, 1,
- X SWIT(0,8) : light lamp 8. |
-~ X SWIT{0,5) : 1light lamps 4 and 1. ;

- X SWIT(~1) : erase memory scope

SET D = FSWIT(3, 11, X, Y, 0, Q)
A ficucial mark with initial co-ordinates X, Y is displayed on the CRT .
(full scale for X and Y 18 1023). The mark can be moved by the joystick and

when'awitch-ﬁ}, 11" reads non-zero, the fiducial mark diaappears'and D holds




the final Y coordinate plus 1024 times the X co-ordinate. Normally the
switch 3, 11 (the push button beside the joystick))is used, but any switch
may be selected to terminate the fiducial display and return the final co-

ordinates. Normally, to avoid double returns from a single switch motion,

the program waits till switch 3, 11 reads # before displaying the marker.:'l

To get continuous returns with the switch held down, set Q = -1.

Example of Joystick Program

1.1 Set X = 400, set Y = 400
1.2 Set'D = FWIT(3,11,X,Y)
1.3 Set X = FITR(D/1024); set Y = D-1024*X

1.4 T 1! X,¥; GO 1.2

J2 .
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APPENDIX K

Plotter Speeds for the Microphotometer

The microphotometer PDP-8 can drive the Houston plotter at speeds up
to d.5 inches/sec; If a restricted Xscale 1s used, some loss of fine
detail canloccur bécauae thérpen moves too slowly.

For maximum paper speeds, set the plotter buttons at 20"/min. In
order to record more detail, set the plotter speed at 10"/min and request
twice the dispersion, or at 5"/min and reqﬁest four times the dispersion.
The resulting qhaft scales will be the same but plotting time will double
or quadruplé, and detail df very shafp features will improve.

Thé attaéhed records éhow the changes in detail that may be expected

as chart speed is changed.




APPENDIX L

USE OF FAST LOADER FOR FOCAL

A). Mount a "FAST LOADER" tape, set "Remote" switch
- Set address 200
Press LOAD ADD(RESS)
Press DEP({0OSIT)
Press LOAD ADD(RESS)
Press START
'Tape will spin, stop, then spin again. Teletype types ‘3! when FOCAL
is loaded and ready to go.
B). To copy system onto a mes tape
1) An "initial" Focal program can be stored on the system tape:

« Bootstrap the system.

- Type in an initial program. Text buffer can be used only up toll?77.

= Type L (RETURN); Set write enabled on Tape 8

~ In response to the teletype query, type S (store).
ii) The system, with its initial program can be saved on a.new tape by
mounting the new tape, then typing L (RETURN) and S.
"iii)-Pragrams can be "called" from'one tape and "filed" on another.
IV) To copy programs 0-25 d8 well as the FOCAL system to a new tape:
- Bootstrap the old tape on UNIT Serite lock)
- Mount new tape on Tape unit 7,(yrite Enabled) ,
-~ Type L, and respond to teletype by typing C.
NOTE: The C and § commands occupy the upper part of the progr&m:
text buffer, If a long program (past 12000) has been wfitten,r
or Scanner data has |oaded butfer 1,
the "L" command will merely restart FOCAL.
" G). A completely new FOCAL system can be stored on a tape. LOAD "FAST",
theg 1oad'the new system into fields 1, § and.on the disc. Set tape
8 to write enabled.
Start computer at 2000, Field 1. The new system will be wr;tten on

the tape in blocks 0 - 131.
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D). Program description: _
"FAST" occuples core locations 2000-2577 in Field 1.
It stores a one page bootstrap in Block #.
It stores Field 1 in blocks 1-37.
It stores Field # in blocks 72-131
It stores upper (6300)8 wofds from the DISC in blocks 40-71
It then recalls Field P and restarts FOCAL at location 177
~ When the. bootstrap button on the PDP 81 is pushed, a short-program
is loaded that reads block #§ to the monitor page (Field 8,7600~ ~1777) .
~ This routine then loads Field 1 from tape. The programrin Field 1
then uses the FOCAL bECtape and DISC routines (also in Field 1} to-
load the upper (6300)8w0rds of the DiSC and finally Field'ﬂ from tape;
Finally, it starts FOCAL at location 177, Field f.
écanner dat@ is stored from Block (SOD) upwards (Previously 300) "TAD"
and "DIT" refer to tape Block (700)8 as Block # . ({as always.) “CALL" and .
: "FILE" store programs sta;ting at Block (160)8 (Previously (1300)8) "MPUT"‘

~and "MTAK" store disk data starting at tape block-(SOO)B.




APPENDIX M

Digk Oﬁerlay Syétem

Modifications to FOCAL allow for up to 64 epecial_instructions of
the form "X Code (ARG3,--ARG10)." Each such instruction can call a spec-
ially written machine language program to pérform some required function.

_The core memory space in the PDP 8I is 1imited, and when used with
the scannef, 25% of the memory is reéuired for data storage, After
esasential system functionsisuch as disk and dectape access are provided,
only 512 words remain for machine 1ahguage routines, and 800 words for
FOCAL text. |

The text area ﬂas been'expanded by use of chaining and automatic
aﬁbroutine calling from ﬁectape.l

The machine 1anguage area has been expanded by an overlay system
using the DF 32 Disk.

Overlay'Syatem

Machine language programs are assembled, and ﬁhen Bfgred on the
De;tape in a-table called "SET§!". SETL is placed oh the last 3.5 K words
of the disk before starting to work. (by the boo t&fra,é routine).

A table in FOCAL gives the’location on the disk of each machine lan-
guage progrﬁm,‘and when one i8 requested by a FOCAL qommand, it is trans-
ferred from the diék into core memotry, before running.

Generally, this overlay procedufe does not cost much in-ekecution
time, but certain sequences may be ﬁnexpeétedly.slow:-AFor example, fhe

' coﬁmand SET D = FCHAN(N) uses overlay No. 1, while the CRT lettering

routine uses overlay No, 2. Thus a sequence!
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.l.l X STAT(1,1000,1); HFOR J = 0,499; T! FCHAN(J) would have to get
two programé from the disk for each channel prigted on the CRT, which
would limit fhe pfinting gspeed. Higher speed would be obtained by:

1.0X STAT(1,1000,1); For J = 0,50,450;D0 2. . |
2.1 For K = 0,49; SET D(K) = FCHAN(J+K)
2.2 For K = 0,49; Tl D(K)

gince the disk would only be used 20 times instead of 1000 times.

PROGRAM STORAGE ALLOCATIONS

Permanent B ‘FPUT, FTAK, FSTOR, FASK, FDIT, FTAD, FWHO.

Overlay 1 GRA, EDIT, SAV, PULL, CHAN, SHFT, MSAV, MGET, CLER, IN, OUT.
FToTLy NOIS. o :

Overlay 2 STAT, CRT Lettering, STOR, FASK '

Overlay 3 'DIVD, MOVE, SWIT

Overlay 4 o PUTN, PLOT, ICRT, DIS, PEN; FILE, CALL, END

Overlay 5 Scanner memory conttrol

Overlay 6 R

The overlay system commandeers the last 3.5 K words of the disk, so
h programs attempting to access beyond Block 225 or\ﬁUN\Z? will cause a diagnbstic

"DISK END",
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PROGRAMMER'S NOTE - DISK OVERLAY PDP 8/1

 The Disk Overlay System loads oﬁe of several macﬂine language
programs into field 1 core locations 6042-6777 when a FOCAL command
requires a program not already in core. Dispatch table entries.less
than 177 are recognized as program numbers and the referenced.progfam
igs read from the disk. (Whenever a program is in core, the corres-
ponding Dispatch table location holds an address greater than 6042)

System Building

" A. Initialize: Call "FOCAL", load "GOP§", load "ENTR", Call INIT;
("FOCAL" is the Field 1 part of Lick FOCAL)
| SAVE SET:l! -500?6777§.(saves'entries to permanent
programs in "FOCAL")
SAVE Xroc! 1¢000-1177, 6000, 7000~-7577; 1000
B. To add a new program (machine 1anguage) to XFOC, uGing the Disk
Monitor:
Call XFOG - . x
Load all programs forrone overlay image
Call SET1l |
Call STOR |
STOR first reﬁoves.all previous references to the newﬁ%?gggém number .
Then, for each new'entry found in the XFOC dispatch table, it places
a reference to the program number in corresponding words of the dia;
patch table images JII"SET:l". Then it copies the new entries iﬁfo
the single dispatch table image in "SET 1" that corresponds to the

new program number. The new entries in the "XFOG" dispatch table are

replaced by references to the new program number.




finally the new program is copled from locations 6042-6777 to the

‘SET:1 image corresponding to the new program'é number.
| In case a new program uses a dispatch table location already taken

by a_prdgram of different humber, a diagnostic will be tﬁped'giving the
location in "SET1" that is to be changed, as well as the new and old
contents.

When done, "STOR" requests that the newly.revised version of "SETL"
| and "XFOC" be saved.
‘Finélly, "PIP“ is used to transfer the new "SET1" and "XFOC" to the
' Master systém tape. When used in a FOCAL system, "SET1" is loaded onto
the disk by "XFOC" , only if the tape monitor is in gore;

Fér general use, "FAST" tapes afe preparéd containing the FOCAL system
It 1s adviSable to run FOCAL from'a "FAST"rtape to avold the possibility of

a FOCAL command overw:iting'part of a system tape.

M4




Procedure to Prepare and Add Machine Language Subroutines

to LICK FOCAL (Scanner Version)

-~ A) Without DISK overlay. (Only Basic FOCAL commands plus PUT, FTAK,

| _STORy=FASE; DIT, TAD will be available.)
| - Program can use Field 1 locations 2000-6777 as well as 10,---17,
100-110. Note however that normally, d%ta‘buffera occupy 2000-5777
- Seleét name code and entry point fof new routine. l

ihe_cdmmand for such a program would be:
'Set D = FNAME(ARG3, ARG4,-~-ARGL0) or X NAME{ ) ARG3, ARG4,
---ARG10) |
Proceed the Coding for your Program by:

*KBL+N N=12w==77
BEGN

*FNKB1+N
CODE FOR "NAME" sgee Note 1

*GETPRX ' &
BEG@ : (DISCONNECTS THE OVERLAY SYSTEM)

*600p

BEG@, # ' ' '
CDFICIF (KILLS ANY ILLEGAL OVERLAY ATTEMPT)
JMP T .41 :

209 (RESTART FOCAL):

BEGN,

YOUR PROGRAM .

TAD RESULL * /LOW ORDER 12 BITS OF RESULT
DCA ARG2

TAD RESUL2 /HIGH ORDER 11 BITS AND SICN
‘DCA ARGL .

JMP T BEGN

$ .
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When assembling the program, use PALP

QUT: S:NAME
IN: S:CONg, S:NAME

CoNg contains pointers to page ¥, field 1: ARGl,-~-ARGl0, KB1l, FNKB1, etc.,
as well as entries to teletype, DISC and DECtape handlers.. Several numerical .

conatants are also defined.

To add the finished program to FOCAL DECtape, first load:
FOCAL (XFOC)$4*R%) then load, 'NAME"
SAVE NFOC! 10000-1177, .2000—7577; 1000

‘NFOC now includes your special program.

To start the program. pNFOC (Ignore the message typed here)
' « START

B. WITH DISC OVERLAY SYSTEM: (recommended)
ASSEMBLE THE PROGRAM AS BEFORE, BUT PRECEED THE PROGRAM BY:

*KB14+N ) N =12-—- 77.
. BEGN

*FNKB1+N . .
XXXX : + - OCTAL NUMBER REPRESENTING COMMAND CODE (See Note I)

k6042
~-BEGN, 0

YOUR MACHINE LANGUAGE PROGRAM HERE

—-— . L . i
- JUMP T BEGN

$ .

WHEN LOADING INTO THE FOCAL SYSTEM:

» XFOC :

.LOAD , : ‘
IN:S:"NAME" (LOAD YOUR MACHINE LANGUAGE PROGRAM)

L SETL
.5TOR
PROGRAM N@: Choose a program No. whose curtrent contents are not needed.

SAVE SET1 =-=-~--ETC.
.SAVE SETL! 500-6777;
.SAVE XFOC! 1@9p9-1177, 6ﬂﬂﬂ 7577; 1m0m

' NOW USE "PIP'" TO TRANSFER PROGRAM XFOC AND SET1 TO DECTAPE.

<




NOTES!

I. A "hash" code technique is used to allow FOCAL to recognize function
names. ASCII codes for each successive character are added, with successive

shifts of one octal digit. Only the lower 11 bits are retained.

For example, the code for "NAME" would be the sum of ASCII codes for N A M Ea

[N*(lOOO)8 + A*(lOO) + M*(lO)8 + EJ}
‘The lower 11 bits form a numberical code for the name. The code for "NAME"
would be (1555)8 Any one~to-four letter code can be used for a command |
code. Since only 2047 codes are possible.to cover (26) possible names,
‘care should be taken to avoid duplicate codes.
| FOCAL matches the position of the code in one list starting at FNKBI, with -
" the position of an entry point to the desired subroutine in a second list
;starting at KBL, |
IT. The ASCl11 1aﬁguage source programs for the Lick Focal sgystem are stored

as individual ahort 1istings using the standard DF 32 Disc Monitox.

The image of the disc is’ saved on a Déctape, and is loaded back onto the .
!i! -

disc injorder,to.add or change instructions in Lick Focal.
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DISC and TAPE UTILIZATION -

The disc and single dectape haye limited storage capabiiity. Lick
FOCAL can use ali of the disc when running, and has access to Dectape blocks-
Iabove (300)8. Thus the system can'be safely operated and run by the dectape,.
monitor, buﬁ noﬁ by the disc monitor. It 1s convenient however to assemble
the machine language subroutines for new FOCAL commands using the disc monitor.
When "XfOC" is loaded by‘the tape monitor, it expects to find "SET1" in
cofb;-and coples it onto the last 3K of the disc, for later use of fhe overlay
system. Hoﬁever, when XFOC is loaded into core by the disc monitor (necessary |

when adding or changing commands); 1t discovers that the tape monitor is ab-

sent and doesn't alter the disc content. 1In this way the disc monitor can be

safely used in preparation of the FOCAL system, even though it cannot safely

run the Lick FOCAL system,

e - _ a4 S No . '
(300)g (1200), ;s/ac/r > (2700

':.."k | Tape
'ff;?. . Tape mon.itor .Data Callland File . Monii:or_
o& & programs | Runs o~ | Programs @ ---95 S
Ko _

\55} Data Run

R ' ‘ e o

NN (60)g - ook (2760),

u\ ’ ' N ‘1 : . .

~ .

qij Focal ‘ "~ "Call" and "File" Data ‘ "FAST" Tape
':33 system »I Programs 0 —---(25) IRuns 0-(143) - L;:g:i for
g'k'  Fblocks per g Blocks

Program PEr Run.
Data Runs l - Overlay DISC USAGE
0 -""(27)&0 “ Syetem
‘ i _
o- - - - _ - (253)
/ | <226)11% 10  Block No.




APPENDIX P

Detailed Command Descriptions

1. X DIVD(RN,B,M,D,L,U) - Fast integer division.

Divide Buffer B by RUN RN on the DISC. (Only the low order part:of
RUN RN is.used, so RN should be normalized éo that no éﬁannel coﬁﬁains
more than 4095)

Multiplies each channel content by M to maintain precision.

Operates from channels L te U, from channel L to 511 if U is zero or
omitted, or on ali channels if L and U are zero or omitted.

X pIvp: (0,B) wiil divide contents of data Buffer B so that no channel
contains more than 4095 éounts._l

X DIVD(0,B,M,D,L,U) wiil divide bj D instead of the disc contents.
X MOVE(N,C,K,I) - Fast partialechannel shifter.

Moves channels N through N+C by a fraction éf a channel. Shift of

channel N is K/1000. Succeasive channels are shifted by (¥+I)1000,

(K+21)1000 up to K+(C*I)/1000 for channel N+C. Shifting is done by.

:replacing-cpntents of channel ¢ "e(J)" by SH*C(j+1)/1000 +‘(1000;SH)*

- €(31)/1000 where 1 is 4i'f6r negative shift, and -1 for positive shift,

' SH is the absolute value of the shift Kij,I
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