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U/W FOCAL

" Vegsion: 1A {august 1978)

Author: Jim van Zee
University of Washington, Seattle, WA

Operating System: 05/8; 0s/12
Source Language: PAL~8/PAL-III
Memory Required: 8K

U/W FOCAL is an expanded version PS/8 FOCAL which offers 13 new
commands {including 2 unused ones), 15 more function entries

(30 altogetner), and many other imprdvements, all in the same amount
of core space! Among the new features are FOCAL Statement Functions,
double subscipting, variable file names, decrementing loops, the
constant PI, new EAE routines for the 8/E (and oclder machines too),
several improved functions, a command for printing the date and a
way to use the teletype as a giant switch register. 'This version of
FOCAL offers exceptional flexibility for laboratory applications as
well as greatly enhanced performance for purely numerical problems.
l0-digit*precision (a unique feature of FOCAL) is standard.

Restrictions: l-page I/C Handlers

Note: The date fix (see write-up addendum) is required only for the
paper tape version.
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COMMANDS (pel9)

OPERATORS (peé)

GRAPHICS (p.40}

ELEMENTARY COMMANDS

ARITHMETIC OPERATORS

FUNCTIONS {p.52)

ASK
BREAK

C OMMENT
00
ERASE
FOR

c1] .
HESITATE
IF

JUMP
KONTRIL
MODIFY

MOVE ?
NEXT 7
N B

PLOT

QUIT

RETURN

SET

TYPE

USER'

VIEW

WRITE .
XEZUTE o
ZERD ' T
and others

LIBRARY COMMANDS {(p.31)

§ %Y M TN e e

LIBRARY CALL
LI BRARY DELETE
LIBRARY GOSUB
LIBRARY RUN
LIBRAY SAVE
LIBRARY NAME
LIBRARY LIST
LIST aLL

LIST CNLY
LOGICAL BRANCH
LOGICAL EXIT

index at tha end of the manual

~ EX PONENTIATION
* MULTIPLICATION
+ DIVISION

L ADDITION

= SUBTRACT ION

()} PARENTHESES
[3 SQUARE BRACKETS
<> ANGLE BRACKETS

SPECIAL CHARACTERS (6}

RETURN/LINEFEED
"CARRTIAGE RETURN
TABULATE

FORMAT CCONTROL
SYMBOL TABLE
QUOTATION MARKS
TRACE

POWER OF TEMN
COMMA
SEMICOLON
DELETE. INPUT
RUBOUT KEY

LINE PEED KEY
ALTMCDE KEY
ESCAPE KEY
RETURN KEY
SPACE KEY
CTRL/C

CTRL /P

CTRL/G TBELL]
CTRL /L

CTRL/Z

U/N-FOCAL=T

FABS ( ABSOLUTE VALUE
FADC( ANALDG - DIGITAL
FATNS ARCT ANGENT

)
;

)

FBLKC ) STARTING BLOCK
FCOM!t ) STORAGE
FCOSC ) COSINE
FDAYC ) CHANGE DATE
FEXP( ) EXPONENTIAL
FIN{ ) CHARACTER INPUT

FIND{ ) CHARACTER SEARCH

EFITRI ) INTEGER FPART
ELEM{ ) FILE: LENGTH
ELO5( ) LOG (BASE E)
FMQ{ ) DISPLAY IN MQ
FOUTC ) ZHARACTER JQUTPUT
FRAC ) RANDOM ACT ESS
FRACU ) FRACTIONAL PART
FRAN{ ) RANODOM NUMBER
FSENU ) SIGN PART
FSINt Y SINE {(RADIANS)
FSAT( } SQUARE ROCT

FSR{ )
FTRM( ) INPUT TERMINATOR
and aothers

USER FUNCTIONS (p.568)

READ SWITCH REG.:

EILE COMMANDS (p.36)

OPEN INPUT

OPEN CQUTPUT

OPEN RESTORE- INPUT
OPEN RESTCRE JUTPUT
OPEN RESTART READ
CUTPUT ABORT

JQUTPUT BUFFER
CUTPUT ZLCSE:
JUTPUT DATE

OMLY LIST



Changes from O%SI PSIa FOCAL and FOCAL-69, FOCAL3 include: -

1)

2}

n
&)
5y

6)

4
83
9)
14)

11

12}
13)

14)
15

161

Extendad fibrary features with devace-independant chaanlng and
suybroutine calls between programs,

File resding and writing commandss 10 digit preciéion; expandhb!&
to 32k mamory» 35 possible functionsy 25 postsible command letters.

-omputed -tine nunbefk.and unlimited fine tengths,

Tabutation an autpdé; format control for scientific notation.
Doubt & subseripting allowed.

Negative exponentiation aperators permitted,
FiBG’FEXP;F&TN:FSIN;FCGS»FITR;FSQT‘renritten for 1l0-digit iccuracym
Character anipufatiaﬂs handied with ’FIW[)':'FGUT()' and 'FINDI()',

FSGNtO)-O EFSGN(O!!I in FOCAL,19691

FOUT (A} =0 [FOUT(A)=A in PS/8 FOCALYD

Ptot functions or commands available for POP-12 scopes Tekironix
terminals (including Jjoystick)s incremental plotters and LAB 8/e.

6 Special varisbies are protected from the '2ER0' commande =——
YPIV, 1Y, NP, 182, XY and t#Y. Pl is Initiafized as 3.,141592654

The number of variab!esris-IZO{ak}y 207012k} and 676(16k).
Text buffer expanded to 15 bliocks on 12k or targer sy;tems.
Two=page handters permitted withllzk tand Yarger) systemse.

Praogram and ftile names ara wholly progranmabl et file size may he
specifiedse 05/2 bloock numbers msy be ussd in place of fFile names.

"Cpen?’ 2nd 'Detete’ commands can have prograhmed error returns.
tmpfaved distribution and rﬁndam initialization of 1FRANO) Y,
YEIASE's 'MODIFY' and 'MOVEY do not erase variahies.

TYRITE' doasn't terminate a !ine; 'MIDIFY?® daesntt echo form feed,
U/W=FCCALY's starting address is 100 {Fijeld Q) or 10200 (Fiald 1}.

- = => (CTRL/F IS THE SREAK THARACTER < = = = =

e ol S - —

notea: U/W=FNZAL data files are compatibte with EDIT and TECIE;

however,; U/W=FOCAL program files are saved as core images.

U/W=FOCAL=-2Z ~



Program changes required hy U/4W-F0OCALS

Programs written in FOCAL»1969 should regquire onily two changes to
run undar U/4d=-FOCAL

1) the input devica is switched to the high speed paper tape
reader with the 'OPEN INPUT PTR:* command and switched back
to the terminal with 'OPEN INPUTs ECHO' instead of with the
' command of FOCALs 1969,

2) the YERASE' command must be changed to 'IERQY.

Progrems written In OMSY PS/8 FOCAL can be used after completing
the following simpte procadyres which converts the core image fites
inte ASCII data fileg:

1) Yoad PS/8 FOCAL
z2) LIBRQRY CALL DEVICErEILENAME

3} UPE?”'UUTPUT DEVICE:FILENAME; W2TITE
4) OQUTFUT CLOSE ' : _

The tast command witt neot echo and must be given when Snothing
sesms to be hMappening?. Repeat 2-4& for each program being converted;
a 'direct command file! may be created t3 perform these steps sutoms-
tisatly, Sees page ¢ of the OMST manual.

5) load UMNM-FQCAL _
&) OPEN INPUT DEVICE:FILENAME (wait for a *_t ta asppoear)
7) LIBRARY SAVE DEVICE:FILENAME; '
LIBRARY DELETE DEVICE:FILENAMS-.FD
8) ERASE {could go at the end of the previous staep)

Repeat 6=8 for esach progfam. If the 8/® version is useds steps
6-3 can also be automated by preparing s direct command papertape and
placing it in the low speed reader.

Note: at some point = probably between steps 6 and 7 = gne mus t
corvert all 'ERASE' commands into 'ZERO' commands. Usyally thess will
be found on the first 1ine of the program. Those which are not found
wili "find themseives?® when the program is rin because they witi clear
the entire taxt SHuffer (ERASE is the same as ERASE ALL), GSince the
program is saveds having it fsel f=destruct?! is not a complete disaster
and it may be catled in again and examinad more carefully.

U /=-FOCAL=-3



EXPONENTIATION -

TY?E- 3°2
SET X=Y*?
TYPE 10°(-2)
SEF x"zk 7

MILTIPLICATION
TYPE 2%4%
SET XaY#Z .

DIVISTION
TYE 6/2
SET X=Y/T

ADDITION
TY»E 242
SET {=sY+Z

SUBTRACTICN
TYPE 3=X
SET X=Y=Z

ENCLOSURES

HIEIARCHY

4

" -
ym

I~
|-
tx
1=
i m
I -
|
| o
o
)
tm
’A)
i
"~
(=
i »o
tow

1 {negative or positive integer exponent)
(autputs a 9% === I fo the second power)

(sets X esqual to Y raised to the integral Z power)
{outputs 10,017 === the same w5 *TYPE 1/10%2%)
{sets X egual to "3 —w= the % it dropped)

tuse the LOG/EXP routines for non=integer pawers]

[%1
{outputs an t81)
(sets X equai to Y times 7))

/1
{outputs a2 3%}
{sets X equal to Y divrfded by T

{+1

- {loytputs a "4}

(sets X equal to ¥ plus Z}

-1
{outputs the value af 3=X)
{sets X equsat! tec ¥ minus Z)

(Ys»L1s and <> may be used interchangeably
in matched pairs to eaciese quantities
which are ta be cperated on as 3 unit.

il VAR

note especially that muftiply and divide
are not equale Thus A/B*CaA/ (B=*()

OPERATORS=4
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RETURN/LINE FEED 1]

TYPE 2fdisXstl loutputs & carrisge return/line feedss the vaiye
' of Xs and then 2 more carrisge return/line feeds.

CAIRIAGE RETURN £#1

TY?PE limwagmynt - {gutputs two carriage return/tine feads»
prints = and 7 on top of =ach others
then types another carriage retyrn/tine feed)

TA3 ? C11
TY*E #: 20 =~1GJ&45 spaces to cofumn 19 inputs 10 characterss
then spaces to coltumn 44

QUrPJT FORMATTER %1
Sas what the '%2' does to line 12,30 first sritten then executeds

12,30 SET Xwl123,4563TYPE Z5.06 Xs1%4.02 Xs!7%3 XplT=3 Xo!lsXp!
123.456 :
123.5
123
L.23E+02
1.234560000E+02

*%4,02% permits four digits to be autput including up to twe
degimal! pisces; *TYPE 2* |{s eguivsilent te 'TYPE X~-10°*
Sas additional information with the *'TYPE' command.

SYVROL TABLE {s1

TYPE % {outputs 1ist of defined variabless 3 in a row)
TYPE %5 A {forints 5 in a row and changes the default vaiue)
QUCTATION MARKS 3

Text may be typed by enclosing it in guotes,
Seer what the i7"t dops to lfine 154465 first #rittan then executed:

14.65 TYPE WTHE AMSWER IS ", 3+3, 11!
THE ANSWER IS 11 .0000

OPERATORS=5



SPECITAL CHARACTERS

TRAZE €21

The first time FOCAL reads a %7*' {except within quotes) it will start

outputting the program white it Is executing its the next time it

encounters a Y2¥ (or upon return to command mode) it wiil stop typing
out the prograwe See what the *7% does ko the ltine bHalowt -

15.60 SET X833 SET Ye53TYPE X/Ys!Z
SET Y=5;TYPE X/Y>  0.56000

A VGO ?' command will trace the entire programe. The trace feature is
alsa yseful Tar input oromptings A ZX 2Y witl print *X & and wait For

- & rasponse,

PO4ER OF TEN ? e} ‘ o k
See what the 'E* doeg to line 6.80 first written then executed: ' !

0630 TYPE %9045 1E1s 7TE391.23E=253THEZ17»!

‘10,0000 7000.329 0.0123 3.760000€E+217
CTRL/C  (pressing 'CTRL' and 'C* at the same time)
Wilt raturn user to the 35/8 monitor. CTRL/F is the break charactar.
= the 'LOGICAL EXITY command is the program equivaltent of VCTRL/CY,.
STIL/F (presgsing 'CTRLY and 'F* at the same time)
U/W=FOCAL 's break character === stops program execution and returns
I/7 to the terminal.
SV1BELL? {pressing 'CTRLY and 'G* at the same time}

Usad with the "MODIFY' command te change the search character.

CTRLZL {eressing '"CTRL!' and *L' at the same Line)

Uséd with 'MODIFY?! tog skip to the next search character,

CTRL!Z {prassing 'CTRL' 3nd %2t at the same time)
Is the {ast character in a U/W=FOCAL data fite, Attempts to read past

the end=of=file will cause a '_' to be tyoed on the terminal and will
restore the terminal as the input/outputl device.

OPERATORS=4



LIMNE FEED

tlced with the T'YMODIFY' command to ratain remainder of modified line.
Alsao used dyring command input to retype the Input line just as the
0S/3 monitor and command degoder da.

DELETE INPUT . .1 (bscik arrows shift/3s underliine sign)

When. writing s programs '_' deletes everything over to left margine.
In response to an TASK' commands "_VY kills the  number Dbeing antered.
. Printed on the tearminat when sttempting input beyond the *end of
filat, . .
RETURMN KEY

dsod with the MODIFY?! command to delete remainder of modifiad fines
'RETURNTY js 3 tegal symbol for separating data in rasponse to an. TASK®
command. RE?)!@_ES a required terminator for alli command inpute

RUBOUT KEY (or YDELETE® on some terminals)

When writing a programs one character wil! be eragsad each time the
RIIAUT key is strueks RUBOUT will shod as & "\t === thyss
191 WE ANNVEASEY hacomes YPLEASEt, Aftaer many rubouts it is a good ideax
to hit LINEFEED to see what is teft,

ALT MODE KEY (PESCAPEY or *PREFIXY on same terminals)

-In response to an TASKY commands ALT MNDE retiins the previous value
of the variable, {A pzatch is needed for teletypes with a
TP EFIXT~kays see Appendix I1II)

SPAZE- KEY

SPAZE s & legal symbol Por separsting variables and expressions in
many commandss and for delimiting input during an ASK, It is required
for sepacsting command words from their sserands. '

2 OMMA L,1

A comma s a legal symbo! for separating data in 43K and TYPE
connandses It is a required separator between Yine numbers and other
arithmetic axpressions in many commands or betwaen mul tiple function
argumeantss See the affect of the 5! in line 26,40 balowt

26440 TYPE 2,3,5/68,12"%3,110¢

2.0000 3.0000 0.8333 1728.00

OPERATORS~7
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SEMICOLON 033

Separates commands when placsad together 9n ane lines See what the ¢;*r

L1

" does to tine 27.42 first written then exscuted:

27,42 SET X=173TYPE 3#X3SET X#3/73 TYPE ® Wy xXa3s!
51.0000 3.4286
TER MINATORS?®

NUMERIC INPUT: Anything excapt 0=-9s A~I3 onily one dacimal paint
: ar *Ef is allowed, 1eading spaces are ignor&¢.

EXPRESSIONS:® Commas semicotans CRy trailing spaces
 VARTABLES © Spaceg commas Teft parsnthesis, arithmetic ocperstor
SOMMA NDS @ J?ﬁ%pace: commas semicnlon} carriage return
. . MTSCELLANEQUS ¢

EXPRESSIONS ~==- an evaluatabte group of numbers, var iables and/or
fusctions! (2+38X) or [2%F{3.6)1/FSR().

Usi1g the high speed paper tape reader to read in SOJAL programss

1) Tyoe *OPEN INPUT PTR:?
2) After ™% |5 typed outs hit space bar ta read tape
3) Weilt for ¥_1, then continue

The foltowing 3 line program will ask for 10 numhers frem the raaders

10,40 OPEN INPIT PTR:
10.565 FUR X=1s103ASK A(X} :
10,70 OPEN INPUTSECHI ;COMMENT === restares the rerminal for input

LINE NUMBERS --- way rangse from 1,21 through 31.99 but must not
inciude integers, Variabl!es and/or axprassions may be ussd in ptlace
of tine numbers {examplie: 1GOTD X'). Sroup numbers are jntegers from
1 - 31 and reference groups of lines wity 1080, TON*, 'WRITE' and
VEJASE? commands and FSFE's, Line or grouo 2 refers gither to the
entire program or to the next command, depending upon the context,

MISCELLANEDUS -3



MERGING PROSRAMS === Mgrging *A' and '8! s done wWith s saries of
conmands which convert *A! jnto a data fite {0S/3 editor compatible)
and then bring it in 'on top! of program '8%: Note the convenience of
chenging iine numbers with the MOVE command in betwesn.

1) LIBRARY CALL A

2) 00 AsWs;0 2

3y LIBRARY CALL a

4y 0 T A&

SY tuait. For the ¥_ K to appear)

5} L D A.FD traaova As §if necessary)

The merged program wi ll now Be in your progras buffer.

PROGRAM NAMES === yp to six alphameric characters,. FOCAL assumes an
+FC ar JFD extensgion (program or datale. The use of FB fgr files in
us* with the random zccass function 'FRAT gnd .FM far FOCAL help fifes
is suggested, FOCAL healp filtes expiain how o  use g program. For
examples start, 2 program by asking: "O0J) YOU XKNOW H0W TO USE THIS
PRIGRAMY and %?;n do a 'L G ——— FH Y, : : .

PISHDONN LIST DVERFLOW =-—— too many '00" or ’LIBRAR? GOSUBY commands
have been given without a IRETURMN+, ZRenedy! preduce nested cails -
look Tor fineas which calt themselves and feplacse ' 50ts with '60T70's it
passi ble,

- STRINGS «—= any series of characters such ass

HELLO

122.5

599,95

NOW IS THE TIME FOR ALL GOOD PEOPLE .ess
TEST34

These  strings were oprinted out ['122.5* s alsg a number]l by
surrounding them with quatat:cn marks in & TYPE stategment as in line
22, ?5-

22,25 TYPE "HELLO™!

Strings may also be printed out charactar by character using the
PFIUT() Y fynction; input of strings may %e handled with the 'FIN()!?
furctian. The foliowing oaxampfe reads a string of characters
terminatad by a carri age return and then reatypes them:

2.1 FOR Is2,100;SET CIIY=FINCYSIR (CIT)I=141),2.2
2.2 BREAK;SET C{1l)=I=-13FOR I32,C{1)3X FOUTI(C(I))

8y ysing double subscriting (see p, 11) 2 'message array' c¢an easily
be constructed with the character count of each string stored as the
first element. '

MISC ELLANEQUS=9
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The ASK command may be used to input short strings for comparisont

22,78 COMMENT: 'YES OR NJI* SUBROUTINE
22.830 ASK MANSWER YES OR NO ? ™ AN
22,32 IF (AN=QYES)}22.84522.86

22.948 IF (AN~ONC)2Z.8022.88522.8
22.36 SET X=2;RETURN

22.88 SET Xs=1;RETURNM

ANSWER YES OR NO 2 YEP
ANSWER YES OR NO 2 NOPE
ANSJER YES OR NO > YES

Program contrel would then return to the commsnds following the sub—
routine call (¥DO' or *LIBRARY GOSUB') with X equat 2. This form af

5tring comparison is limited to respanses «ith only gne g1}

VARTABLES == ofie or two characters such as? As X» 27s P2, PIs AB; If

TABLDEFG' werlp used as a variable, anly ?fAB' would be significant,
"Variabtes may not stact with an *F? or a digit. ' :

An. infinite number of variables are permifted te: be squak to
zeros Thussy you should 2zero variables when no longer needed. (ZYR
Peatyre), ' - :

YR, AR, E 88,187 and 'Y are protected ‘wariables and cannot be.

_iTrPED'; or TASKEDT directlys but may be 'SET! and otherwise used as

regular variables. Note the use of !t a3 the dimension constant for
double subscripting and the use of the others in FOCAL Statement
Furctio~se These variabtes {(and *PTt) retain their values following a
$ZERQY command. ' :

Noter ETYPE =¥, *TYPE )’n TYPE 1%, ogr *TYPE D' gutput a string
af zeroes., This can be interrupted by typing 'CTRL/FY.

--—-)

STRL I/ F I3 THE 8 RE AK CHARACTER {(====

MISSELLANEOUS=10



shhad D QuUBLE S UB SCRIPTING =k

One of the most significant features of U/W-FD2AL is the addition
of double subscripting. This facility allows FOCAL t5 be used to
diagonatize matrices and solve linear ajgebra problems which wers
sssentiaily impracticatl be fore. Furthermore |t permits simple
translation of programs written in cther languagss (such as FORTRAN or
BASIC) withauyt resorting to special trichs Pfor deszling with
two-dimensionsi srrays. The maximum size of such srrays is obviousiy
finited by the number of variables, For the standard version of U/¥
FOCAL this 1imit is a 10%10 matrix if af! the elements are non=zero.
Because of the ZVR feaature hawever; jFf the array is tridisgansék, it
couid be as farge as 43%43!' Remaving same of the functions andior
adding more memory can incrasse this size still furthert The lak
ver'sion ¢an handle g 26 x 25 matrix. ' ;

Doubty subscripted varishlies Hwave the standard formé Allsd).
Either I or J.lor both) may be expressions invol!ving functionss other
sudscripted vagi ables, etec. Such exaressions need not have integral
~yalyes (although only the integer part will be used]l and in fact may
be zero or even negative, (This is also trus for singly subscripted
variables.) : : ‘

Internally, FOCAL assigns 2 single subscript to all variables,
This an unsubscripted var iable and one with a2 sybscript of zeroc are
identicatr XaX{(0)=X{(0s1l)=aX{!,0). In order to conver® from Twa sSub~—
scripts to one it is necassary for FOCAL to know the number of rows in
the arrayy» that iss the maximum valye of the first subscripte This
nunber must be stared in the first sacret variablie ($¢F) prior to the
first use of double subscriptinge. If ! is zeroy» or less Chan the
far gest value of the row index, the resul ting subseripts will net be
unigue., The algorithm s indexzinteger part of J*l=!+l, This Jjs
squivatlent to ordering the array column by sotumn, Thus B{1,2)=8(6)
if !=8, which is the way the sywbot! tabfe dump would apoear. Using
this schame the number of caotumns is not impertant in. accordance with
the ecommon practice of appending several columns to the matrix of
coeffici ents whem soiving sets of sivuyitanegus linear eqguations.

‘The yse of ! for this dimension constant is generaily quite
convenient since it is protected from the ZERC command and is thus
easily shared between subroutines and becayse, being a variable, it
makaeg an ideat Jpoop constant. In this way matrix programs are easily
written for any size array. Far a simple examplaes consi dar the
statemant = Z0R Isl, !3FOR Jal,!3TYPE A{I,J)sNEXTITYPE ! - which prints
an-antire '*! array with ! datermined eigewhere, In this way matrix
arigrams are easily weitten for any size array, For non-sguare arrays
it is racommended that the second protected variable (*) bte used for
tha number aof cotlumns. Alsos since ! is a variabtes it is possihble
far the program *o change the "dimension™ for different arrays shouid
this need ever arjisse, The ‘'examples® saction shows several sample
oragrams ysing double subsceripting. MNota in particular the 3 1ine
GAJSSIAN matrix inversion oprogram. This same routine requires 12=13

. FIRTIAN statements and about 15 tines when coded in 3ASIC.

SUBSCRIPTING=-11




*x%% P R 0GR A MS Hkks
Programs are usually created direct!y from the tearminal, but
program tapes may alfso be created off-line (i.2. with a terminal set
to YWOCAL') or by use of 3 general-purpose =2ditor and then read in
. tater. FOCALYs ~ bui {t=in editors howeyer, is very convenient since it
hardles line raferences directly and permits duplication of 1ines with
tittte effort.. 0Once the prograwn has bees entered you will probably
wart to save it just in case an taccident® occurs. The progras can be
savad either as an ASCII data fite bdy MWRITING it ouls or» more
commontys aS & ‘Ycore—image' fosd file by using the LISRARY SAVE
.coamande _ :

: W W-FOCAL provides a number of 'LIBRARY' commands (inherited frow
OM§Its PS/8 FICAL) for saving and recalling programs. These ars
described in detail | ater ons but here js a quick summarys

LIBRARY §AVE -saves the current program
LIBRARY CTALL ~raloads a program '
LIBRARY RUN -={npads and starts a program

LIRBARY GOSUB =runs = program as a sabrcutiné

The tast command is especizily potent since it permits coding =
mor a=or~1 255 general purpos2 subroutine which can then be calied by
savaral - different progr ams « In gcontrast to the OPEN commands
described next, the LIBRARY commands use *core—-image! fijes which are
‘not compatible with other 025/8 system programs., They are hormzlly
given an extension of '.FC' to identify them as FOCAL programs.
Programs saved in this way are fready=to-rynt' when loadad into core
and may thus be used as subroutines without further processing. They
contain the program name and the date they were saved in the header
fine as well as informatlon about the amount of core storage required.
Each systsm block provides room for approximatety 500 characters of
text storage. In order to pack programs as near to the Beginning of
the storage device 2as possibies the SAVE command computes the amount
of Pile space actunily nesded and then tries to fit the program into
the nearesst *hofe! of this size. tDefating! an oid copy of the
program first wil! thus usually restore the new version in the same
slace - yniess it has gotten tca big to fit! o

The LIBRARY LIST command wilt print out a tisting of all the .F{
programs on any device and LIST ONLY wilt guickty verify whether a
specific program is avaitabte. It is a good practice to check for the
existenca of a program with the same name -3SZFORE- you save something
sinea otherwise the 05/8 system wiii delete the other program without
tetling you about it! While the 'L ! commands assume an extension of
«F2y» any other extasnsion can be given sxplicitly, The LIST command,
for exampies can he nade to tist all programs with a PA  extension Dby
4using a command like 'L L +PAts This command witlt also tist all fiiles
with the same namey regardiass of the extensions L L FLUNCY.' wiil
tist atll! TRLUNKYSs'?
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Us/W=-FOCAL normaliy uses the terminal for all 1/0 operationss
Thus ASK and TYPE receive jnput and produce outout on the terminal.
Ta altow the use of gther 170 devices, such as the papger tape reader
or {ine printer, FOCAL calls upon the J5/8 device handlers which are 2
part of the operating system. These handlers are locaded into cores by
& series of IPEMY coamands which can thus switeh the input and/for
output fehannels' to eny device for which 2 standard system handier
has been written. The YOPEN INPJYT PTR:* commands for instances
swi tehes the input channet to the PTRE (see the list of JI5/8 device
‘mames on page L%). &1 input operations such as ASK ar FINDCE themw
use the tape rasder rather than the terminel, This alsa incliudes the
text input routiness thus when FOCAL is in cowmand mode vyou can . type
in the command aboves, pltace a program tape in the readers> and quickly
resd in 2 new prograwx. The tarminal wilt be restored as the inputbt
device when the reader runs ocut of tape {see befow).

L%keuiseﬂ?the- command TOPEN QUTPUT LPT:' ecan be used to direct
output to the i{ine printer rather than to the terminal. Data and
programs can  alsp be kept in parmanent fileg an mass storage devices
suzh as LINCtapes or DECtapes or floopy diskse Al!l FTiles 4dccessed by

 the 'OPEN?' commands are formatted in B8«hit packed ASCII and may be

raad or written by othar 0S/8 system programs suech as PIP, EDIT,” TECO,
etc. These files contsin 334 characters per 05/3 blocke. '

The form of the 170 device/filasname specification used by the
TOPENY commeands is similar te that used by the keyboard monitor or the
conmand decodersy je.e., device names are delimited by a coton (2} and
fi{le names (if any) may include an axplicit extension code separated
by a perioad. FOCAL does not alliow embeddsd spaces in the name since
the space charscter is sensad as =z ssparator for the error trap option
descr ibed befow. The default device is *3}5K:%* if none is speacifiedsy
and the defayit extension for the 'OPEN* comwands is *.FDY, {Defauf t
extensions for other ccommands are described ef{sawhers,) A command
suehy as O 0 DTALIMYDOATA®Y woauld thus set up a temporary file on
DECtape 1 with the name 'MYDATALFD?Y.

The f*COPEN? c¢ommands alsc provide an PECHO® options This permits
¢oanacting the Input and Dutput devices togethery just as the keyboard
is normally connected o the terminal osrinter, This linkage js
specified by adding the phrase ',ECHD' f{or just 9%,E') after the
device/fi laname specification, Thus "0 I MYDATASE' wili switch input
to the file "MYDATA.FD? on the default device TNSL:t and echs each
character as it is read in. The techo! is sent ¥o the seiected QUTPUT
DEVICEs not necessarily to the terminai!

The ECHT option is also available during output. In this case
characters s2nt to the agutput buffer are alsc orinted-on the terminsl
so that you can monitor tha oatherwise invisgible rasults, Baginning
gragrammers often find the ECHO gotions somewhat canfusings so if £he
preceeding discussion seems unclear 4o not despair but read ons {oak
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at the examples» and as  soon as piyssiblie attempt to actually try
things outs '

It is fresquently necessary to switech I/0 from the terminal to &
file and back a3g9ain. To setect the telatype for inout just use the
"OPEN INPUT TTY:ECHO' commande. This witl return input to the
keyboards and simitariy Q00 TTYz2* will refurn s!! output (including
the keyboard achol) to the terminal printer. Since It is 2 nuisznce to
havees to write. out 'TTY3* 21t the timer the tarminal is assumed if no
other device or file name is givens Thus mest orogrammers would just
write 0 I,E30 O¢ for the commands sbove, '

Ta  switeh back to Fite input or sutput you use the OPEN RESTORE

‘sommands: O R T or R 0. Again the echo option is appendeds ag in

10 R IsEty etc. The 'RESTOREY cammands simply pick us from wherevar’
the current file painter iss Jjust as though no other I/0 operations
had interveneds -~ In the case of an input Ffile, i the file painter is
already at the tEnd=gf=-Filetv character (CTRL/Z is used to mark ths
E0®})y input s automatically returned to the terminal and an error

message is pri%ﬁéd.

Since it §3‘ usuakly nice to 2awvoid errar messages, the OPEN
gommands provides {in sddition to the techg* opticnsy an error trap

. Pfeature. Thig is included at the end of the command and codsists of a

line numbers separated by one ar more 3pacesy indicating where to
branceh if an error ocCCUurs. Thug 0 & Is2 12,1 witl! attempt to
return to input from a filey hut if the fite is empty the program wit?
branch to line 12.1. Simitarly the command "0 O DUCKY 19.7% witl
branch to tine 19.7 if" there igs no room Tor 8 Yew file on 1DSK:? or it
there is sfready an active output fite. (Onty one 0OS/7/8 outpult filas
cary be open at a2 time. Howevers users nay add their own internal
device handters to get around ¢this problem. The PLTR: fhandter
dis cussed in the graephics section provides an example of this
aoproach,) '

Output files are narmsily termivated by an 'QUTPFUT CLOSE®
conmande This command empties the oytputl buffer onto the device and
saves the Pile if the device s fitle structured (disk or magnetic
tacelse Tha terminal is then restored as the sutput device.

The 'OUTPUT BUFFER?' command simpiy dunps the current contents of
the bhyffer without closing the file or restoring output to the
terminaft. This permits fline-by~line' output on devices such as the
TVe cr LPT’z-

 Finailys the 'QUTPUT ABTRT' command discards the output file and
retuyrns ocutput o the terminat, Al 2 'elosing? commands are ignored
it there igs not an active ocutput Fitle,

The PEN RE READ command is useful ®or restarting input from ¢ha
beginning of & Ffite -after a program interruption, It saves the
overhead of rewinding a taps- al! the way back to. the directory in
order tg refocate the file, It is alsgo useful in sorting programs
which require many passes through the same data,
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AlY program errors immediately restare the terminal as the I/0
device (as does typing CTRL/F}. The& FIESTORE commands csan be used to
gontinue from the paoint of interruption 3r eise the cutput fife can be
abarted and the input fite re-started as indicated above.

Note: When writing FOCAL data filesy, it is necessary to incliude
a Spacey commar carriage raturn or other delimiter praceding any ®inus
gsigns, otherwise the number will appear positive when tagked?t, This
jis the reason for the initisl teading spesce produced by the TYPE
conmand. .

Several extensions to the usust 0§/8 device and File name
ex>ressions sre discussed on the next fTes pages.. These are especislly :
“eonvenient Por processing data files such as might be ocbtained im i
exper imental worke A summary at the end indicates the many different
kKinds of file name expressions which can be used in the JPEN commands,.

- am- e we W W e

f§ﬁ : | S -

#%% JS78 DEVICE NAMES: %4+ - - b

SYS:  System device (DSK: in disk systems ITAO: in DECtape system)
Bse: The disk in disk sSystems; OECtape #1 in DEZtape systems
- (*DSK:"* is assumed if a device is not specified)

DTAD: = OTAT7: DECtape drives

LTAQ: = LTA7: LINCE spe dr ives

MTAQ: = MTAT: Magtape drives

R<AJtr - RKBl: Removabte disk packs

RX50: -~ RXDIL: Floppy disk dr ives

DF: Small fixed hesd disk

RFs: Large fixed head disk

pTR: Paper tape reader

pPTPRY Paper tape punch

LPT: Line printer

TTre Tarminal {may be used with other devictes through FECHQT)
CORY Card rzader {2 cage handler)

TV: POP=12 scope (2 page handl er)

DL DIAL LINCtape handier (2 page handler)

and otherss instal}ation dependant = type 'RZS?! after the dot of the
35/8 monitor ta find them all, 2=p age handlers require a 12k systam.

Notat yss 1CTRL/SHIFT/PT to advance the disptay of the 'TV ' handlers
atherwise an "input buffer pverfiow! error may aoccur,
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This Teaturs repressnts a2 major improvewent to the 1library and

file commands by permitting programmable nanes in place of fixed ones.

This improvement satisfies the needs of data collection and anslysis

programs by permitting tetters and numbers to he programmad anywhere
in a file names inciuding the extension and device codese

Data Filess for exampier are comamonly given s shart [abe}? pilus
seversl ssquence digitsr e«s9. DATALY JATA2s ete. Such names msy now
be specified by enclosing the variable numeric pert in parentheses
fe«8se DATAINY. wivere N wauld be programmed to have the value 13223 reen

“The gusntity ¥n parenthesss need not bde a single varisbier any
‘tegitimate FOCAL expression msy bhe used» including FICAL statement

functions! The decimal digits of the inteager part of the expression

‘are then wused te caomplate the names A typical program sequence might

be: 5 #s#135; 0 O EXPT{#)s The numeric part is not restrictad to the
ends it may be placed anywhere; Thus 'IPEN INPUT (MITO(N)Y might call
a file represepting data values in the range M 3 N, Also both the
devica and tNe extension may be programmed: 0 O DTAIN):FILENG.{I).

This sort of thing could be usefu! in conjunction with FLEN in order

to s=lect & devige with the most roome.

Any gsort of expressien may be us#ds but the result shouid he
paositive since negative values serve 3 specia! purpaese {(see beiow).
The digits are suppliasd from left — to — right with no zero fill so
that if two=digit numbers in the range §~99 are desired (e.g. 0ls, 02
«e¢39) a2 small amount of programming s requireds. The simplest
solution is just to oprogram the two digits separately: F Is0» 9;
F J=D,930 [ FILE{I»J} would de the Iricik,! Another sailuticn witich
might be ysed is the fotlowing: : .

FOR N®3.159.330 I FILE(NsFRAC(N)®10.1)

Aftaer & characters {including any lstters) have heen filled»
additional characters are Ignored. Thus i A+B has the value 12345
the nane "RUN{ASBI™ Ril!) actuszily e "RUMN1Z23*. NMumbers ftass than 1
appear as- a single zerp. The device name is limited to & chacacters
and the sxtension to 2. A few eoxamples illystrating the paowerful
nature of the varjable fitename feature are shown below?

FOR J=1,N5L GOSU3 PROG(J) calis a sequence of subroutines
PR N=p3LIST ALL DTA(M): Lists the entir2 directory of 4 tapes
LIBRARY RUN NEXT{(ONE} fets TOME'Y decide what the program wiil be

For experihenting with this faatures the LIBRARY NAME command is
havydy: FOR QJ=1,10;t N TESTLOQ) ;W oproduceas 10 header lines (if no
program!l, NMumbered devices may he created with the monitor assign

conmand? LAS LPT:IDEVL?

Since the conversion routine anly Wworks properfy for positive
expressionss it was decided to uyse negative values tTo program
non=pumeric charactears, This is done by using the negative vaiue of
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thes ASCII <eoode. Thus the expressgion *{=189 =201)L{~=197sMsN}* is
equivalent to the name 'FILE{Ms NI, Code =132 1is permitted, byt it
shoylid onty be used %o fill out =2 name containing lass than 6
characters, *FIN' can be used directiy in the name expressions but
this method dees noet permit any arror cofrection in case of
mis~=typings It is better to set variables with an input logp which
checks for rubouts and ather special characters. An exampie is shown
be! owa

9.1 ASK PENTER A FILE NAME: W3;FOR I=6,=1,13S C(T)a=192;C 132=NULL
9.2 SET CsFIN()Z3T (C=295)59.331 (C-151)s9.435 I=1+1,C(I)==C3G 9.2

9ed S CUL)==192,IsT=FSGN(I);I (C}9.25T "\ ™6 G.2;:CHECK RUBOUTS

Feb L N (CCID9 L2322 CC D500 C<TOC<ED Y MENOW HIT LINEFEED KEY.

This routine uses the fallowing ideast (A) when *he lcop in F.1
ends the index 11 #ill be one increment bevond the liméits vize 03 (B8}
Tine 9.2 sets C(GC) to a positive value and checks for rubout (255) and
garr tage refurn (141). I* it ts neither of thess the index is
adv anced and the negative value stored in the. character  array; (C)
tine 9.3 hangles rubouts in a very clever ways first the |ast
character is 'frased? and then the index Is backed ups but in a way
{due teo OMSI) which ensures that it wilt never go heyond zero!
Howevers iF it is siready zeroy then C is reset to 3 negative valye
and * no backslash is echoed. Line 9.7 could be extended to test for
TLINEFEEDY to retype the Jliney, and '8ACK ARRAY? to restart. input from:
the heglinning, however the simplified version shown works weltl fop’
most cases. This routine can atiso be cafted First to read a device
name and  after saving C{l-4) as D{1-4), calied again to read the Pile
nane, Alternativety the characters '3:! snd *,.* may 2iso be programmed
as part of the name expression but with the restriction that commas
may not be usad to separate the character codes. This permits very
gsimplis coding for reading any 0S5/8 device or file name., The following
sonewhat awkward name exprassion is requirsds howsver:?

g I’(C?I))(C<Z>)(C(3>l(..}(C(IB))(C(I#))

Another important feature is the abllity o specify the maximum
sxpected file length when oaprning & file. This Pfacitity {(zhich is
autamatically invoked by the SAVE command) permits piacing short fil as
in 'holes® near tha beginning of a tapes thuys greatiy reducing the
access time. The size spacificstion is =nciosed in fsquare brackets?
immediatety foltowing the name and Before the comma which is present
if the acho agption is included with the name, Thus *t0 T BIGGIEL501]!
lozates a3 hole as g¢lese to 50 blogks Jonmg as possibles It may be
bigger *han 50s vou ¢an use FLEM{) to find out the exact size. When
copving a Ffile from one unit to another it is useful! to know how big
the input file ise. This is the reaasan for FLEN{1l), With thesa
features it is possibie to update a file *in situ?! provided it doesn't
get any longer. Nots the closing size aption ®or 'JUTPUT (CLOSE' to
deal with this problem:

P«1 0 I CLIGNEsE;L D OLDONELFD30 O NEWONELFLEN(1)I13...30 C;0 I,E
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A new 'direct access? feature has been incorparasted. This
feature permits block numbers to be substituted for file names nd
thys Dbypasses the directory sesrch reguired to get this infarmation.
Biysck number axpressions are enclosed inm tangie Brackets and may bhe
Potlowed by a file size specificatisn as wel! as the echo switech.
Error raturns do not oaccur. This feature is timited to input
opsrstions for the obvious reason trat it is dangercus to pecmit
writing Jjust snywhere on s device. This feature c¢can be used to
recover data  written into & file which didntt-close property or was
insdvertenttiy deteted - perhaps because it overftowsd the avasitabte
SPECH Use aof this feature can also save an encEmous asmount aof tape
mot oy when chaining from one program to another oar when processing
stquentislly stored files. .

In order to call programs by their bleck number it is necesstary
to tirst determine their locstion., Severa! methods may be usedy for
axawp ie by obtaining & directory btisting with & DIRECTY commend using
the /B optione. This will list the block numbers in octal; they can be
converted to  decimal by hand., The easiest way is to write 2 little
ptogram which fsks for the file names, perforns an open input (see the
examo e  on the previaus page) and types or saves the vatues of FELK()
and FLEN(Y), '

Since files are read on a block by 21ce< basis onty tha starcting
bisek §s required. Howe ver when ysing this feature to fink programs
or cal? subroutines it is alsa necessary to indicate the program size
{In sgquare bBrackets) cince programs =are read in ali st onces. This
informaticon c¢an siso be determined duriny an initialization phase from
tha FLEN(1) ‘Punctions byt for most uses it syffices to simoly specify
the targest program size. Infarmation beyond the end of the program
will slise be read into cores but it wil! have no effect upon program
execution (aside from intearfering with the pish down tist in the 8k,
versiony or the FCOM sres in the 12k and 18k versions).

To symmar ize the many different <¢inds of fCile names and
specifications now vpermitted by U/W=-FICAL, we 1ist bDefow severai
examp fess

simpia flie names L ¢ PROG loads 'PROG.EC?
8 ¥ DATA finds the file *0ATA.FD?
scho £ size options O R R, E restarts input with the scha on
g 7 TiNY(11] _ suts TINY.FD in a 1l hiogk haole
branch options L R LSTSQR 5.1 starts LSTSOR at fine 5.1
' : O I RESULT 29.3 hranches to 29,3 §if no 'RESULT
o xarjable namesg L A DTAUNYE Lists dirsctary of tape N
i O I FILE(I,J) 9.9 Finds FILE--, if pessible

e
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blsck number spec. L3 <SUds1 6L cslis subroutine S{I)s
executing group G{I)
OT1 LTAl1:<20%83+7>,E bBeging input at bleck
20*B+7 with the echo an

soexs COMMANDS S #%eds

Direct commands are given while FOICAL s in commend mode. They
sre typed without tine nusbers and FOIAL sxecuytss them as soen 25 the
return key is hits For example:
®TYRPE 3+4,! {FOCAL outputs the vatlus of 3+4)

‘70000
»

®SET Ye2
STYPE 34x+¥, §
8.0000

#SET X=3 | ?

3

" Indirect commands are used for tongef programs., They ars tyoed
following btine numbers between 1,01 and 31.99, not including integers
snd may be executed by 3 direct 'GO%: S

¥2+1 SET X=3
*2.2 SET Y=2
*2.3 TYPE J+X+Y,!

*GO0
8.000
=
— COMMAND FORMAT ==
The general forﬁwof sach comnand is given Pollowed by axampiles in
whicht < > enclose required terms. [ ] 2nclose aptional -terms, { )
anclose comments. One Jletter abbreviations may be used for command

words. X represenits @ variable. Els E2 and E3 are arithmetic
eXpressions. Lls L2 and L2 are line nunbers, Gl is ejthear & line-~ or
a8 group number, L1, L2y L3 and Gl may be renlaced by any arithmetic
exgrassions.

) Host commands must be followed by a space and many permift several
aperations to be performed with only one comnand, For exampie:

*2,1 SET X=3,y=7
3.1 WRITE 153555739
*%,1 00 1.8:1.9,3

*5.1 XECUTE FMO(12),FOUT(13S)
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*ASC ! TOENTIFICATIONILZELI(:~E21,IX]1 {variasbie input command}

ASC Y " {expects & vslue to be inout for Y¥

Ak 2 (*AY s the abbreviation Por *ASK®)
A" B2 s XsNUMBER {expects three values to be input)
A THOW MANYZ ™ {t ypae *HOW MANY' then sets M equal to the rasponse)

AS{ 2A1 2wAZ wAQ (prints ™AL %, inputs Al prints MAZ %, jipnputs AZ

A ITFORMATIWWE,ZVF (returns carriasges resds and sats g variable formaty
A MSET SWITCHES™:=1l(types messages waits for one char. from the TTY)

A =8 N :=18 §f’ tskips 8 characters, reads N» skips 18 more = vii.)

Sevaral techhiques,art'illustrateﬁ‘abovez 2} the yse of the trace

to praovide simplitiad promptings B) = wey o set 's variable formaty c¥
a 1ew addition to the tab command which permits skipping input

"characters by specifiying a negative column number.’ Thus :=10 reads

and i gnores the next ten characters; if the echo is on the characters
will Dbe printed, otherwise notse This Ffeature may be used to create a
sinole program pause by reading one character from the teletypes
hitting any key will continue the program. A more sgphisticated use
is for re-resding an input PFile which contains comments and ather
identification. Thus the output for the last example might look tikes
EXPT. NO 7 DATE 4713773 X®.4e etgce The command shown skips over ths
jabeisy, inputs the 75 then skips the dates te get the data.

An  ecptionatl patch provides an automatic *:¥ ags & promplt character
for sach input item - see Appendix III. Since any character sasxcept
0=3; A=7:; RUBQOUT and LINEFEED witl! terminste inputs it is important
that negative numbers stored in a file be preceeded Hy a spscey comma
or oaother delimiter so that *the '=! <jgn does not serve as a
terminators The TYPE command normsatly supplies a ieading space &2
avaid this problem,. Remember that RUROUT does not work for numeric
input - type a2 t_? (back arrows shift/O» undertine) to erass a
partiatly ant ared number., Use ALTMODE +*+s5 Vlaave the variabte
ynchanged from its previous value,

ASK preserves the tast terminator so the orogram can chack for
ths end=of=-input by lfooking for a special! ‘terminator. This is a
featyre which FOCAL has needed for some timed |t §s decidedly superijasr
to checking esach item for a speciajl vailue since no assumnptions need to
be nade about tha range of data values. While the spaca bar and
carriage return are common terminatorss a commas semicolon, question
marks double periodss or any othsr special cnmaracter will do just as
weli, The example on naxt page illustrates a2 typical input logp:
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71.1 T&?E mEND INPUT WITH A CR ~ OTHERWISE USE THE SPACE BAR™;ZIEROC N
142 SET NaN+#IZASK ! XIN) YI(N}SIF (FTRU()=141)1.2s51.23T N ™ ITEMS™!

The new FTRM function reads and compares the tast terminator with
the vatue (141) spacified. - MNote thsat input from a null fitle will be
terninated by a CTRL/Z (code 154). This aftlows FOCAL tg read dats
from a file without knowing in advance haxw many data points ta é&xpect,
However, carriage returns should not b5e used as data separators in
suzh fFites test theyy rather than CTRL/Z, tarminete the tast itam,.

BRE A K
#BIEAK ELTY (terminates a FUR'!cap and continues as &irected)
B3;IONTINUATION {breaks are ignored uniess executed within 2 laoop)
B 14.1 (specifying a line number coentinues from that [ine)
333 5.1 tsucce551ve breaks are required for nestad icops)

The—BREAK command andows FOCAL with the abitity to conditionzily
axit from a ‘toops preserving the current value of the loop indexs A
BREAK command may he ingserted anywhere in statements executed by a FOR
1030, The tcop Is terminated immmediately ypon encauntering the breau
and the program continues from that points or from the fine specified.
The fotfaoawing exampie reads and processes data pcants; terwinsting
upon reaching the end of file character: .

1.1 O I FILE
142 FOR I=1,10003ASK X+Y3;D0 Z50N tFTRM!IS#J”!.B,DU 3
1.3 O T»EFTYPE "THERE WEREMI™ DATA PQINTSM!;BREAK 4.1

Nete that group ¥ will not be executed after line 1.3 in spite of
the use of the *IN¥ test hecause the *BREAK?' command stops the toop

imn edi ately and (in this case) trasfers the program to line 4ol Ses
atsa the NEXT command. .

COMMENT /7 CONTINUE

*C {lines beginning with a C? wili ba ignored}

COMYMENT SCRT (comments are used to tell about a program)
CONTINUE {dummy § ine) :

C PRINT ROUTINE

CTomments can be added to the end of any line, No commands
following tha comment wil! be execytsd however, :
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*03 [G1s62:G31 {branch = and = raturn subroutine cat!)

ng (begins the program ~ same as 00 ALL' in FOCAL &9)
O 0,0 {runs the sntire program Luice = W3, " [< aquivalent}
0 1e3slabsS = {calls tines l.3sl.4 and then group 5)

D AsBsC : " (cslls three subroutines specified by the program)

D 2+#/710 ; {seiects a single line of group 2 according to #)

The: 00 command now handfes multipliy calts which is espaciatiy
canvenisnt in. foops as wall as for direct commands. '00 ALLT no
lavger existsy) since tha lettear *AY {5 na longer reserved for that
use.,

- 7§"  ERASE
*e#xsé CLINE OR GROU™ NUMBERY (deletes part of the indirect pragram)

ERASE . {elsars the text duffer = does not affect variables)

E 3 {delstes any group 3 tines =— 3,01 through 3.99)

E A (removes Jline or gr oup A if oresent)

The ERASE commsnd removes the program name from the header, fills
in the current date and then returne FGCAL to command mode. ERASE
. without an argument is the same as ERASE ALL (£ A} in previous FOCALS.

The ?'ZERO® commeand must be used to cliear the symbol table. Onty one
li1¢ or one group can be erased st a2 time,

FOR

#FIR X=E1[,E21,E3;COMMANDS  (repeats 'SOMMANDS' 1+(E3=E1)/E2 times)

FOR P=1, 73TYPE 3 {outputs a 13t zaven times)

FMR J=1,5300 17.1 {does 1ine 17,1y five times)

F X325258;T X755 {outpuls o4 +8 142 and 1.5 )

FOY Z=1,Y300 7 { does 3roup 7» Y times)

FOR I*=5,5345K X(I) (wili input 11 numbers called X{=5) .+ X o« X(5})
F NaS,=1,=NsT XIM) (will type 11 Aumbers: X{5)sX(4) o0 X oo X{(=5))

F A=,sP2T/180,P13D 3 ({secans angles from 0«1280 degrees in radians)

The 'range' of a FOR loap extsnds only to the end of a ! ineas

unlass it js shortened by a NMEXT command. Subroutine calls may be
useds, however, to eaxtend the range of execuytable statements to include
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entire programs if desired., The 1Ioos index is incremented by the
valus of E2 (or 1 if EZ is omitted) at the end of edach cytcle untli the
vaiua exceeds E3 in magnitude. Not: that both negative and
nea—=integer increments are permitteds Also sinece 'FOR® begins with 3
'SE-TY it is possiblie to use the initial vatue of the index to compute
the increment and timit. See also the NEXT and 3REAK commandse.

<

#G) C[LINE NUMBERT (starts executing program at designsted line)

60 8.17 {starts executing program at ¥Fine 8.17)

GOTC 3.1 {starts exscuting program at Jine 3.1¥

&0 tstarts executing projram st lowest line number)

G (same} C .

G2 T _ {*trace featuret! =— prints program during exscutian
4 until next occursance of 17°¢)

G X {starts executing program at ¥ine X)

HESLTATE

*H [E-1,E251 {stakts the program for 2 specified period of time}
‘B 1000 {waits fbr 1 second - times are in millisaconds)

H =&4y1000 {set time base and detay count For 1 sacond (PDP12])
H =551000 {ditto and wait for ona delay peciod immediately)

Hes s FOUTI(ISS Y {wait for 3 clock ¥ftagssring the beii, wait for 1 more)

This command is installation dependent (and therefore optionail.
The first forw shown utifises a software wait loop which gives
moderatesl y sccurate dejays but does not- compensate for program
executionm time., The ramaining exampiles illustrate 3 version using a
programmable® cioek such as the HKW1Z2% oaf DK 3=EP to provide ag¢ourate
det ays without concern for execution time otvrer than ensuring that it
be somewhat 1less than the specified defay time, IPf a clock is useds
it is not naceassary to set the periods unless vyou wish to change it
from 1 wmillisecond, But if vyou dos thers must be 38 new delay count
o3 . el ay counts must be tess than 4095, Initially the periocd 1is
set to milliseconds (=-4)+*, Specifvying (~51% gives a time base of 0.01
secondsy and {(=4}17% gives a rate determined by input # 1. If the c¢lock
*1ag is already set there j5s no wait (j.e, the program myst keep up
with the specified defay). To wait For at least asne detay pariods, uUsa
the - command 'H,' (=4 0s3)s To ring the be!! on the Tel etype every &
sezonds: ‘

1.1 H 400753 C QR H =5,400
1.2 H FOUT(135)3L 8 1l.15R

* Jsa =3 for the DKS=EP clock; # ditto, usa =2; % dittosr uss =1
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1 F

*1= (EL)}CLY,LZ,L33 (branch to LI, L2 or LY as El is =s0s+)

I tH—5}1.3,1.5,1.7 (IF checks the valua inside the parentheses)
IF (Y)12.72 1251 {FOCAL goes ta ling 2.7»1.2 or LY iF ¥ jis =sQs+)

T €3=3)2,8s7.93 {goas to next command if (B=3) is positive) .

T tZ)12.757 21 it Z is tess than O then 2,73 otherwisa *TYPE 21’1
IF {(#=2YA»Bs T {goes to fine A B or O if # is 1, 2 or 3)

T (Y)S5.6555.6 {continues the program if fTsQsotherwise goes to 5.6)
‘L (Z)»Te83T PT {goes to Fine- 7.3 if 7 is zero» otherwise types PFL)

: . wmittad ¥ine numbers lor & vafue of zZerol mey be used to indicate
a branchr Lo the rest of the liney if na commands follow on the |ines
.the next sequential program step will be used untess the IF command is.
part of a 'FORY laop. In that case the Toop index will be incremented
cand the program Flow will bYe determined by the fJoocp command, Be
carefui not to use excess right parentheses as they are not trapped as
an errore Alsa avoid line-number expressions containing doudle
susdscripted e¢friables and/or fuactions with more than one argument.

. The additiona¥ comaas may cayse incorrect Hranchinge See also the

FIIMPEE and ION* commends,.

J Uy Mp

_*JUWP’(EI)ELI:LZ}L3rL4;L5}.m.I {compute? goto c¢command)

JUMP (1L)14992.52 379442 (tine 1.9 if Lsl, Vine 2.5 iF L322y atce)

J (%)533.352.992441035.7 {(branches anly If X=3,4,6 or 8)

J (N72=114.55»8.9510.11 (it Nu4 or 5 goto 4.5 N=23,9 «=> 8.9 ete.])
d 1 FINS )-I‘?Z)‘?uiréo?9 “ow ‘i'li‘-)‘_;ti’ igi'--)ao?!' ’C‘--);..)

JUMP  js much tike TYIFY except that the intager value of an
axareassion is ysed ty zal ect the desirad hranch, IP the axpression is
ilass than 1 or greater than the number of branchesy ar if the line
nynber is omitteds no branch occurs and the program continues with the
next commend, Expressions not cantaining commas may be used in plage
of fixed fine numbers. In particuiars s Construcetion such as 'F{3}%xQ*
may be ysed Yo DO al! of group 3 and then return to the next
connand, Sees the ESF discussion for more detatls.

K GNTROL

Installation dependent command., Usad for axampie gn the PDP-12:
The relays are treatad as a 5 Bit number, so they may be set or
cleared simujtaneousiy. Relay 0232, l=15, 223 ,.,.. 521, thus decimat
25 (=15+8+1) wil) ciose relays 1,2 and 5 and open the cthars,
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MODIFY

*#MODIFY <LINE NMUMBER> {edit Tine)

IMOYIFY 3.72t followed by a 'RETURN?Y and the letter X7 will cause
line 3.72 to be typed through fts first 'X¥t, You msy thens

1) Type in rest of revised Tine and hit *RETURN?

2} use 'RUB QUT® to erase single characters

3} hit *LINE FEEDY to keep remainder of old tine

4} hit CTRLIL to go to nex® occurrence 3 %X?

Y Bit CTRL/BELL to civange search charscters then hit new character
8 hit *_*F (back srrow} to delete line aver to 1eft margin

7Y Wit *CRY to delete line over to the right margin

3) hit CTRL/F to abort leaving the line unchanged,

MIDIFY does not eche CTRL/Ls hence no Fform feed or screen erasure
takag place. Afso line numbers ending in 1.83% no longer cause any
probtems. Typing Jjust ‘*M(returnslinefeed)! wil! oprint the program
header, This ?&S useful when intarrupting a program which calils
subroutines td csee which one is in core,. YMODIFY' may be patched to
print the tine nunber at the beginning of the tine - see Appendix IIl.

M Ov E

EMIVE- LIl 2> (edit tine LIs» saving it as L2)

MIVE 1.1r1.20crtf) {(moves line 1.1 to 1.2 with no changes)}

M1ldals2el ter3_1?) (moves all but the first command in Jine 1.1 to 2,1).

M {erif) {displays the header 1 inst program name, date saved)
Mpl2,9 (ert ) {copies the hesder lLine {(line O0) to line 12.3)

MOVE is really an  sexpanded version of MODIFY and operates in
exactly the gsame way in terms of searching for a character, saté. The
only difference is the sacond !ine number (seperated by 2 comma) which
becomes the line number of the edited line., The original line remains
as it was. Altkhough it is possible te create whole number lines in
this way {Jje#se 1.00) such Jines cannot be iadividuaily arased and
cught %o be carefuiiy avoided, VWhen patched to print the tine number,
the nes number will be shown. Turning off the input echo will disabile
the teaxt output. This is useful for rapidily moving many (ines. In
the patched version the new tine number is printed anyway,
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NEXT

*NEXT €L1Y l{initiates the next cycle of a FOR loogp)

F IT=s1,103N3T *2" (fypes =one- question marik)
F J=2s93D 25N 3.2 {(continues with tine 3.3 following canplataan of locpl

The NEXT command altows nested (or seguentiat) tocps to be coded
on the same |ine, It parmits direct commands to include operations
both before snd after a Iloop. It facittitastes the conversion of

pragrams written in other tanguages by offearing the FOCAL progrlumer

an esasys Tlexible way to escape past commands i{mmediately folfewing =
joope NEXT may occur anywiheéere in statewments executed by & laops
Conmands. following NEXT will not be executed until! the foep is
satisfiede. Thugs NEXT esither indicates the start of the next cyclie of
the Yoops or the location of the next command foltcewing completion of

ths toops with the aption of branching to a specified line =t that

tinees A NEXT command encountered outside of a 1loop wilt simply

cortinue the .program with the =-next= commands as indicatad! This

aliows FOR loofs to refarence immediately sequential tines {in Cthe
style of other {fanguages) and then skip over those Jinss upan

completion of the focpe For exampl et

1.1 FOR I=1»103FOR J=l, 10300 1.23;NEXT;00 1..3:NEXT 1.4
1.2 TYPE A{I»d}

1.3 TYPE !

1.4 CONTINUATION OF THE PROGRAM

The *NEXT l.4¥ command in Jire 1.1 2ould siso asppear at tha end
of tine 1.3 in which case a2 simol e 'NEXTY woutd suffice, 0OFf course
this example (which prints cut a matrix «ith 3 carriage return after
sazh row) coulds and normaliy woulds bhe porinted on a single linet
Lol F Tolsel0sm Sl olT5T A(T»J)NIT ¥

Here the necting of the inner tJ)Y tagn is more obvious and in
fact the ahbreviation of the NEXT command has baeen chosen to make Ehis
as clear as possible, The folltowing ¢an now be written as a direct
conmand? )

3 3 FILE; F I=13100;:T X{I);N3 g
or two ssadgential loops may Be combined Jn a singles Jine:
F I21,10035 X{T)=T3N3 F I3100,=1,1;T X{(I),t

See 3alsa the BREAK command.
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*ON (EI1)LGLsG25G3] {cal) subroutine GIs 525 or G3 as El is =»Qs%+)
ON (BB =4H%A%C)1,2»3 (calis either group 1y 2 or 33 then continues)
3 (P=Q)PespQ {call eithar P or Q - whichever is smalier])

g (Xt{1Y=MINJZ.1 {calis tine 2.1 if X{I} is tess than MIN)

'ON* funections exasctly like *IF¢, except that DO-type branches.
are used = j.@es subroutine c¢alis. Hence after esxscuting the
apprapr iste subroutine the program continues with the next command
foltlawing the ON command. As with the inmproved *IF* commands Fine
numbeers may b& omitted i no branch ¥s desired. This commsnd is
primarily useful within 1{ooprs where several! ta2sts in & row must be
per formed. Use of the IF command in that case would ta2rminate the

" loop after the first tegt, 8 carefui not ta use excass right

parentheses as they are not trapped as an errors But computad a§s zeros
and - hence ¢’ branch is taken?! See alspo the restrictions an
liye=numher ex%:essions discussed ynder 'IFi.

PLOT

The PLOT command is instal} ation devendent. An sxtensive seot of
ingrementat plotter routineas are avaitable - or this command may be
ussd ¢to drive an anatog (XY) plotter. Roytines for Tektronix
terminals are also avaitable = see the gravhics section.

euUrrTY
*QIT (terminates prouram exesecution)
Q _ {abbreviation)
TETURN
*RETYRN (causes eascaps from a sihroutine to the command

fol lawing the calling YDO ' TONT, 'LIBRAQY GISUBY or 'E3F. Jtherwise
it funetions the same as 'QUITY end is recommended for this purpose so
that a program may be run either indepsndesatly or as a subroutine
without change. Comments following a 'return’ wit! be ignoreds)

2 _ " fabbreviation)

&
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SET

*#SET Y=<{NUMBER, VARIABLE (OR EXPRESSIOND> (sets variable vaiue)
SET Y=37 {causes *'Y' tg take the value 37)

S A=llQsPe32 {cayses TA' to assume the yvyalue of 110/P+32)

S rar+l {sets the naw vatuye of ¥ = 1 plie old value)

S X=FIN() |  {sets X to decims} ASCII code af next character inputhk

S itG:CGEQD'EIT?1UIH) (may be used instead of ™ S Asf;S C2535 Dmeee™)

. fstrings of SET commands may now be cambined by separating esch
equality with & commes. This permits more efficient programming and
2iso Improves the resdabitity of the prozram.

TY?PE

*TYPE [X-ELIC?E2,TLE3ICST toutput variabies, symbol tabkles etc.)
.TYPE "YAITINGM®?=1 (cregtes a pause by resding (and ignaoring) 1 char.)
TYPE %py=-6 ° (t ypeg 6%y not M - 6" as in PS/8 FOCAL)
TYPE %0 or T Z» {sets format to Pul! aregcisicn scientific notation}
T -5 ¥P1? {types PI 3.1416E+Q0 correct!y rounded to 5 places)
Lt {=1)3T % {typas X (=01} ees not X3(<C7)Y .. as in PS/8 FCCAL)D
TYPE- 3 {outputs a2 3 on tefeprinter or other output devige)
T YrY=1 {outputs the value of the axprassion X/Y-1)
T saetmpnincny {outputs *A%, 3% and *'CY in a vertical rowl}
T ! foutputs & return/line feed)
T Paltyg,ityn (prints = and 7 on top of sach other)
T WANS 17 26+ 5 (outputs *ANS: 217
T z3MAn (ocutputs *4? in pasition § osn line)
T s (outputs the symhol tables 3 variables / !ine)
T 210.09 {sets the output format to altow yp to 10 digits

' to be printedy of which 9 may be decima! places)
T Z10 (Pormats ocutput as ten digit integers)

Aside from the extension of the tab command to ine¢lude skipping
over imput 25 discuyssad bhefora; the primary changes teo TYPE are
rafated to foarmat improvements. Firsts the minus sign now "floatsh to
the position direct!y before the first digit rather than always
appearing at the beginning of the gutput. Seacondlys, "the power of
ten” format has been converted to proper scientific noetation - a " very
des irable change! Thirdiys the aumber of digits printad in this
fornat can now be controileds complete with rosndoff, by specifying a
negative integer format. And finaltys the symbol tahla dump now
correctiy prints singie character namas 25 well as subseriptfs greater
than 99 or tess than 03 it alsc prints ssveral variables per }!ine,
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Normatty TYPE $ is sat- to print 3 sariables per Jline. Specifying
PTYPE 85¢ wiilt $ist 5 across and change the default vajue to 5. Ir
var‘iabhles ogeur In palrs (@sge X»Y)» a value of 2 is vrather
caavenient,

Nate: a2 'TYPE' command containing an *=' gr an unbalanced right

parenthesis ui!l autput an infinite number of zeros untii interrupted

by CTRL/E.

VIEW

*YTEW Xs¥ 527 (CRT output)

The standsard rersion is witten for & ¥C8/e display control and

¢an be easily patched Por use with the POPL2, It is not possible to

drive & refreshed display with this command, but it is quite useful in
conjunctien with an XY plotter or a storage scope. In particular VIEW
ftas been implieMented for use with many of the Tektronix graphics
terminals - see the section on grahics aptivng.

WRITE

#4AITE [GROUP OR LINE NUMBER] (Lists srogram)

W2 {autputs group 2)
WRITE . {outsuts the entire styred praogram)
W Sslelse9 {prints group Ssthen line 1.1 then group 9)

F X=12,3134 X {tists alt program fines from 12.01 to 31.99)

WRITE no longer terminates the tine as it did in earlier versions
o FOCAL. This command provides the mesns for converting fcors—image®
progr-ms inty ASCIT data Files so that they can be merged or sent to
gcther instatlations. (See p. 93}

X E CUTE

=Xz CUTE [(E€13CE2s1C0 E3] {evaluat2s one or more expressions!

XECUTE FIND{154) ({searches for CTRL/ZI = ysed to mova a fils)
X TUT{138) FIN()Y (rings the teletype beit, waits for one character)
X FSINU#)/FCDS{#) (leaves the tangant of # in the floating agccumulator)
X \ {cliears tha floating accumyiator?}

The XECUTE command al!lows as many expressions as wild fit an a
ltine to bhe svaluated without explicitly saving the resyits. Spaces or
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conmas may De ysed to separate ths expressions.. This command is
primarily intended for calling inputfoutput control functions which do
not return a yseful numerical result, Another - fregquent use of the
XECUTE command {as ittustratad in the {ast two examples) Is in
scon_junction with FICAL Statement Functions: (veiels Mocte that an
unbalaneced right parenthesis or an ™=" sign in any expression will
craata an infinite Joop. The TYPE cammand has the same problem dus to
a *aquirk of the arithmetic processor.

Y NCREMENT

N ﬁaP tincrements X and P» squivalent to SET XaX+lyPepel)
Y =X {decrements X» equiveient to SET Xs=X=1) '

This cammand §s optional. It affows =z list of variabtleas
sayarated by spaces, commas or minus signs to he increwented - and/ or
decr emented mugh’ faster and more compactly than they wouid be using
the squival ent ?SET' commandse The 'Y' command also deas nat disturh
the result of 2 FSF unless us=d with 2 subscripted variable; this is
sometimes  usefu! for fpost—=indexingt nparations. - This command
‘overtays the 1laboratory?  functions unless there is additiaoans! core
space avajlabler for instance through the uss of the EAE patchss.

ZEROD

:_*ZE!n'tX,YyZI ~ {sets iérjabies to zero 3r clears the symbo! table)

IR0 B {etears the symba! table exeept For secret varlableg)

IERQ A»B»sl (defines three variables and/or sets them to zeral) -
251y dsX (places I»JdsK at thhe beginning of the symbol tablel
21" 88 {sets att protected variabtes to zero)

‘Eithar a2 space orf & comma may be usad *o separste the varisble
namas. If no variables are specifisdy IEY] clears the symbal tables
therey sffectively setting all variables to zero., 2ER0 replaces the
gid P'ERASE! command; it does not terminate the line, Z A is faster
then SET AsQ and does not alter the floating-point accumul ators wunless
usad with subscrioted variables,
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2BSEN = =B E =z = ‘. » = » x= =B = = = - E * 2 F F
shhdk | T BRARY C OMMANDS #hesx
EEER R 2 ¥ % 32 X =N = 2 B W = E 4 » - B 2ERER
LIBRARY C€ALL
*LI3RARY CALL UDEVICE :1<PROGRAM NAME> [SIZEY |
LI3RARY CALL CHISGR  “"(loads program 'CHISOR.FC' for use)
L C DTA3ZPRGRAM {laads 'PRGRAMJFC® Ffram DECtape #3}

L - TESTI ¢ loads *TESTULFCY from DSK:3)

_The 'L C* command returns FOCAL to ‘command mode"'hence commands
following this one will never be executed., .

¥ LITBRARY DELETE
| SLI3RARY DELETE CDEVICE:IKPROGRAM NAMEDL ERRORI (.FC is assumed)
LIJRARY DELETE TTEST  (removes $TTEST.FC' from the directory)
L D DTA7:PRCG {r emoves 'PROG.FZ' from DECtape #7)
L 3 HOLO.FD - {removes data file '40LD.FDY)
L D TEST(IIFD 3.7 {branches to tine 9.7 if TEST(I).FD is already
de le ted) :

This command closes open output Files and sets the 'proegram not
savad?® flag., Hence programs contazining 'L D' commands should not
perform ?*GOSUBS'., Note the use of a programmed srror refturne.

LI 3IRARY GOsus

- o Es e e Aw - e e A e

*LIBRARY G0OSUB (DEVICE: JCPROGRAM NAMED{STIZE] [GROUP OR LINE NUMBER]

LIBRARY GOSUB TEXT 13.7 (tine 13,7 of "TEXT.FC! becomes a subroutine
which raturns to the command foilowing *GOSUBY)
(when a 'GOSUBY js axacuted by a new programs

) the new program wil| be saved 3s VFOCAL.TH?')

SuMsQoR {treats antire 'SUMSQR,.FC' program as subroutine)

CALC T {treats group 7 of ICALZLFC! like a 'D0V subroutine)

<P{II>CSIT)] {calls the subroutine at dloek P{I} with size S(I)}

~ e
4 LY G

This command ciloses open output fites if given by an unsaved
version of a programs See note above regarding use of tL D' and 'L &
in the same oprcgram. Mote that lcading 2 “ew program or calling a
subroutines does not effect the variabtes.
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L I’RRARY RU

RLIIRARY RUN [DEVICE:IKPRUGRAM NAME>USIZEI [LINE NUMBERT

LIIARY YN JOHN {iagads YJOHNLFC' then begins program execufion)
L R DTAZ2rZONK {runs YZONK.FC! From dectape #2} .
L R POP 22.81 {starts executing 'POP.FCY at line 22,81}

Transfers execution to named program. Programs contsining PRUNS®™
mist dDe saved before exsacution. -

LI BEFERARTY §$ AL E

#LIIRARY SAVE [DEVICE :I<PROGRAM NAMED

LIBRARY SAVE PROG {saves the indirect_pragramras 1PROGLFCTY
L § DTAG:ZAAP | # © tsaves 'ZAAPLFCY on dectape #6)
LS pRGMAM  § {saves *PRGNAM,FCY an DSK?)

#

Ord  *PRGNAM.FC® |s deleted when new 'PRENAM.FCY is savede -

" Delsting the ofd program First will usually resutt in the new version

being saved in the same focatiaons, uniess it has gettem ifonger. This
command ciosas open output files. Thers way be a prcgrammed error
return, ' o -

LIBRARY NAME

*LI BRARY NAME [PROGRAM NAME] (inserts name and current date in header)

L N NEWONE {puts the name "™WEWONE™ gnd the date in [ine 0}

Onty the first six characters of the name are used; any device or
extension given is ignareds The purpose of this command is to provide
a way to fiil in the comment iine at the beginning af the program
priar to making & 1istings Thus P*LIBRARY NAME- LSTSQR;WAITE' oproduces
the fins: .

€ U/W~FOCAL: LSTSQR 09/13/73
fatlowed by the rest of the orograms. Ihae LIBRARY SAVE command al so

gnters this information before saving the programe Thus every time a
afrygram is { oadad, the name and the date it was saved can he found in

the header. Examining the header provides 3 dquick w~ay to find 2sut

which subroutine is in gore whan interrupting a program winich uses the

LIERARY GOSUB command. An expedient way to do0 this is to type

"M IRI{LFIN, This command alsc offers a convenilent way to greate
sragram defayse For instances 'L N {1E500)F wii! create approximateiy
a 3=second dalay w#ith the interupt off. L N 2150 sats the !'program
not saved? flag, and thus should not be used before a 'GOSUBRHY,



LIST  ALL

- e e

*LIST ALL UDEV:] (tists a whole directory of the specifiad device)
L A {abhreviation}
L & LAST : {lists af! filas on DSK: Ffaltawing 'LAST.FCY)

TLIST ALL® produces g listing showing onty the name and length.
T‘ne date and mtervemng tempties? are nat shoun. '

#_IST ONLY [DEVICE:JEFILENAMEI(prints the name £ length of one program)

LIST ONLY DEMO (locoks upr the program DE4YI.FC and prints its length)y
L 3 SYS:PROGO1 _(:abbreviation = chegcks PROGOL .FC on the system device)
L O PIP.SV §1prints the length ot PIPSY if it is faund an. DSK: }

« L7 , (lists at! +FC files - same as LIBRARY LIST)

The { O command is quitd usefyl for cneck:ng it a program with »

. given namae satready exists on 3 specified device since, if it does

axi st oaonly the information concerning that program will be typed cute
If the program is not Pound, there is no printout.

LIBRARY LISsST

*LTBRARY LIST COEVICE:I[FIRST FILE NAME TD BE LISTED]
(lists program and dats file names)

LISRARY LTIST {tists FOCAL t.FC! files saved on JISK:)
L L ' {abbr eviation!?

L L DTAS: (tists files saved on OECtape drive #3)

L L DTAS:TEST {starts tisting with *TEST.FCY) _

LL .SV {lists ai! files with the extansion %,5V?!)
L L FOCAL. {1ists st files with the nane FOCALY

This command |ists the length of 2any file with any extension
spprcified, After tisting the specified fife (iF any}) only fiitag with
the came extension {or name if a nuil extension was specifiad) witll be
t1g ted, Tha extension ',.FC! s the dafzylt henca the command is
usually used to obtain a pragram summary. iowevar, the fwild card?
feafuyre  is aquatlly useful far listing all t*emporary? Files, or aill
forms of 2 program such as *,PAt, 4§ ,.BM?Y, and 1',LS*', See aisg YLIST
ALL ', SLIST OMLY' and 'ONLY LIST?. '




LeGSTCAL BRANVNCH

#LOGICAL BRANCH [L17 (econtinues program at L1 unlees a TTY kay is
strucks perhaps hetter remembered as 'LETS BRANCH')

LOGICAL BRANCH 1.1 (same as GOTO 1.1 untess any key on the TTY is hit)
'L B 8HN/1003 A ¥-1 fcamputed | ine numbers are accsptables of course)

The tlogice) branch command is & unique featyre of U/W FOCAL.
This command provides & way to use the teletype for progras control
without requiring continous responses frow the gperator. The most
usefu?! applications are in iterative calculations and rea! time
cortrotl foapse. ' '

Morwsity the togica¥ branch command simply bBranchas &o the
designated line. Howevers if there is & character waiting in the
teletype buffers the branch is omitted and the program continues with
the next commanB. This command can then input and tast the character
tusing FIN)» or else it cam simpily read and ignare it {usings Says ASK
1=11e A& third possibitity is to do nathings teaving the character in.
the buffer for tater testing or input. Eventually whatever character
was struck witi be Inputy either by an ASK command {or FIN or FINDIs
ar as the first tetter of the next direct commend when FICAL returns
te command made. ' -

Since tivere are 128 possible kevboard characters, the L 8 command
effactively turns the taletype into a giant switeh register., Howavar
CTRL/F and CTRL/C always cayses an immediate interrupt and so0 are not
usafyl for this purpose. LINEFEED and RUBOUT are especially conven-
iert because they do not echo, Note that the L B command waits for
2!! output from the tefetype to be completed hefare ftesting the buffer
sa that decisions may be made on the basis of the results which were
typad out immediately befor ehand.

As a gsimpte exampie of the utility of this commands consider 2
srygram which performs (say) s numericai integration - and which
reguires S=10 minutes of computation tine. If this program is
interrupted vie CTRL/F at some points it witi, in gensrals be
difficult to restart it again from the pgoint where it was stopped.
However, (f a few L 8 commands are included at appropriate placess one
¢an pravide a way to attow the oprygram to finish an entire cvcle
befare responding to the teietype. Naturaify these breskpoints shoutd
be chosen sa that the program can be easily restarted,

As another example, consider an iterative program for finding the
roots of a2 poivnomial, or some other simiiar prabiems, Since the rate
of convergence wil! probably not be knagwn in advances it is convanient
ts have the first few iterations typed cut. Then, if convergence s
Slows it is best to just a2t the oragram cyclie without afil the inter-
nedi ate printouts except for an sccasional check on the progre2ss, Thea
L 3 command is idealiy suited for this sort of operation since it is



very sasy to check the keyboard just before the output routine and
skio to the next cycle until a key has been struck. A simiiar check
at the end of the printout can be usad to decide whether or nat to
continue the iteratione.

The only precaution necessary when using the [ B command is that
ther s be enough time between an input conmand and a L B command for s
¢character ¢to be sent Prom the tatetype, The statement WASK A;L B 1.1%
wilk slways brancth (i the input is from the teletype)l because there
is no time gafter the ASK commend to strike snother key. However [
the input were from a file this command would work properiy. The L &

‘command sliwsys tests the TTYs no matter which input device is
sef ectead,

Exs (displays'klﬁﬂinputJin the MO} TI.1 % FMO{FADCC(FSR{}))IjL B l.I3R

LOGTICaALtL EXTT

&

*L.JGICAL EXIT ‘tteaves FOCAL S returns to OIS/ 8 monitorr

L e : . :{abbreviatian)

This command is aquivalent to CTRL/Z» but may be buitt into the
arygram.. FOCAL nay be restarted after 2 monitor exit by typing
ST ART™ {or just PSTW) and hitting TRETUINT',

gNLY LTST

_®ONLY LIST [DEVICE-tICFILENAMEY (prints the name and length of one file)

ONLY LIST DATA (looks up and prints the lLength of the file DATALFDY
T L LTAR:EILEOY (abbresiation - checks FILEOI .FD on LINCtape 1)
gt - trists atl JFD filas)

This commind §s the obvious countersart of the LIST ORNLY commands
The difference is just that an extension of FD rather than .FC is as-
sured, If an extension is given as part of the fitename both commands
are jdantical, OMLY LIST is convenijent for checking the fangth of a
data fite since it is not necessary to specify an extension and only
that one filse wWwill ba Jistedy erven if there are other FOCAL files
pr2sant an the same device.

S TRL ¢t F IS THE BSAK CHARATTE? = -




% - £ 3 2 %2 ¥ & 3 B =E 5 . B B = X =B 2 ¥ B I ¥® F =B N EEXEERS
*%%%d T NP Y T/7I3UTPUT T OMM ANDS #BkEk
& 2 8 T 4 » =2 = ¥ BB 5 5 = 2 B 3 =3 2 2 B R ¥ E 3 = I £ 2 £ 2 3
OPEN  INPUT
*0F EN INPUT‘EDEVICE-ICFILE NAMEI[»>ECHOIL ERRORY
_ ' (prepsres to read 3 fFile)
JPEN- INPUT BLEEP {switches input ta YILEE™M.FD' file an DSK2}
O OTA42RED 4.71 {opens *'RED.FD* Ffite on DECtape drive ib,
branching ta Fine 5.71 §#f the fite is messangf
0 I TABLESECHD {wilt =cho on outout device uhile reading
TTABLELFD' From the DSKED)
OPEN INPUT TTY:»ETHDO (reagstores terminal o normel funcetion}
O IsE {short fform}
oz : (disabtas TTY echo for fsilent¥ typing)

LA : :
CTRL /Z lsiﬁh&'end«rof-data-ﬂ!e character, Attempts to read past
Pt witdF output a *_¥ (shi ft/0» back arrow) end switeh I/0 back to the
terminal.

OgPEN o

‘<

TPyT

*OPEN QUTPUT [DEVICE: ILFILE NAHE:tSIZ:It.ECHU!E ERROR ]
: {preparas to weite & file)

QPEN QUTPUT OK {openg IDK.FD' to be written on the DSKs3)

00 0TA72ZZI137 11.7 (opens ¥2Z.F0" flie o be written on DECtepe)

3 3 DOPESECHO . {echoes on TTY® while writing *O0PE.FDY on DSK3)
(be sure to give an 'JUTPUT CLOSE® when done)

g3 TTY: {returns outpyt te the *srminal)

oo {gshort formi}

‘Open output fites will be ctosed if the commands 'LIBRARY SAVES
or 't TRRARY DELETE' are givan or IFf fLTBRARY GOSUB' is given by a
version af a program that has not been saved, The error return ocgurs
if insufficient space is avszi table or if 2 file is aiready cren on the
sama devices or if only the device name is given with  a
file=sturctured device.



gPrPEN RESTORE TINPUT

*0PEN RES TORE EINPUTELECHQIL ERROR] tresymes input fraw*noﬁ-TTY:t

OPEN RES TORE INPUT {resumes Yaskingt Por data from a previousiy
gpened input file after using TTY: :
inpul with an *0PIN INPUT TTY :»ECHOY)
tabbreviation)

R T
R I,E IF.I : {(same pifus echa snd error optison)

a
a
OFEN RESTORE OTUTPUT

*0PEN RESTORE OUTPUTC,ECHOIC ERRORI {resunes output to non=TTYT)

OPEN RESTORE OUTPUT {resumes *typing® on previously opened
_ . output device after using TTY?)

grR 3 N {abbreviation)

0 GrECHO § {same plus echa)

There can he & programmed seror returne

OPEN RESTART REATD

- i . — o e e e e apes -— e e

*0PEN RESTART READ [,ECHO] (restarts input from the first black of the

fast filel
R ® (abbreviation}
T3 sE (same plus echo)

’

This command saves 3 great dea! of bime when several passas on
the same dstx are reguireds, gr when restarting an interrupted programs
For non-fitle structured devicesy like &the PTR? or COR= use of the
3 R R command: causes input to commence immediately (it may be
differenty of coursels. Even if thhe Pile is deieted, O R R wili return
to the first block. '

e oM W e

guTPUT DATZ

*03TPYT DATE {prints the systam date in the forn MM/DD/YY or
: DD/MMZIYY, instaltation dependent)
23 {abbreviation)

The current date shou!d be entered with the monitor DATE command
befare 1oading FOCAL: it can he changad with the FDAY function, The
date also appears in the header. ITf no date has been entereds ¢the
message *NMO/DA/TE? appears instead. This command is espeacially useful
in data collectian and analysis programse.



QUTPUT  CLOSE

#OJTPUT CLASE [E1Y {ands file writing avd saves output File if device
g Fite structured [(disik: or magnetic tapel,)

13 ' {abbreviation « %3 £% restores the *TTY:! 35 the
_ auytput devicea. Ignored if there is no file open)
g7 g {ctosas Pite and enters length of 4 blccks in

the directory)

The ctosing tength is optional and If onvitted {or equal to zero}
the asctusd ltength w»il)l bes used. This provision is offered to
faci- titate adding information to & file without moving it to & new
tacatiom. An- errar wilkt occur iF the lfength reguested axceeds thet
avaitabies But no error is detected if the requaested length is smaiter
than the sactuatl lengthe Use 'FLEN® to keep track of the sizes

Ji:

*QUTPUT BUFFER - (dumps The contents of the output buffer)

TUTPUT BUFFER

a8 . 'f&bbrevi&tipn - fgnored ¥ tﬂfre=is no FTite open¥

This command may be used to create tine-oriented ocutput on non=fiie
structured devices such as the LPT: and TV, The 'O 8¢ caoammand simply
dumps the buffer contents without remaving the handler, thus additionat
autout may be cregted immediataliye Q Q0 TVe3T PIS0 BT FEXP(L);0 O30 B

CuUTPUT A3 0T

+QUTPUT ABORT [EIT  (closes an open file immediately)
1A ' fabbreuistign; ianarad I* thers Is no ftile open)
0 A FLEN()=1O {discard gutput fite tesving a 10«block 'haia¥)

‘This command provides a way ¢to end a file without meking it
permanent, It couid be used, For instances i? 3 file were
inadvertantly opened with the wrang name,. It can also be used in
sonnection with FLEN to determine the amcunt of space avajlable on a
devica, The most common usey however, Is in data coliection programs
as a way to quickfy terminate a partiel file LbLecause of sone
intarruption which invatidates the peevious resyits. HWithout this
conmand it is necessary to fTirst close a3 yseless fite and then deijate
it which takes considerable time on & ODECtspe systam. Another
imyartant usa takss advantage of the ogptional teangth paraneter, iIf a2
nan=-zeroc length is specified the filz will be jeft in the directory
with this jength, aithough no output need hare oecursd, This permits
tPixing' a directory after a program or file has been 'detetad' as
wel! as establishing in advance ftile areas for use with 'FRA* oar for
ather purposes such as forcing seldeom used fites to the end of a tape,



X file hendling program from the OMSI manusl?’

12.10
12.13
- 12. 4‘5
12.50

1Z2.560
12.70

13.1)
13.20
13.130
13.50
13. 60
13.70
13.32
13.30

C=-SETUP CUTPUT FILE (.FD IS ASSUMED EXTENSTONs DSK: THE DEVICE}
TYPE WM. INE 12.20 WILL NCW OPEN TNUMBRZ* FILE AND WRITE IN IT™!
OPEN OUTPUT NUMBRZ -

FOR I=21,10:3TYPE Z235Is! " .
COMMENT=NOW SAVE QUTPUT FILE AND RE-STORE QUTPUT TO TTY:

ouT™uUT CLOSE

TYPE "LINE 12.460Q JUST CLUSEQ THE "UMBRZY FILE™Y

TYPE "LINE 13.20 WILL NOW OPEN THE NUMBRI™ INPYT FILEW!

GPEN INPUT NUMBRZ

TYPE PLINE 13.50 WILL NOW READ IN YUMBERS AND COMPYTE ROGTS™E
FOR I=l,103ASK A;TYPE FWRODT™,Z2,As" TS "™ %5.04,FSOT (4)

TYPE $IMLINE 13.70 RESTORES INPUT TO TERMINAL®!

OPEN- INPUT TTY:»ECHE

TYPE WLINE 13.90C WILL NOW DELETE ™UMBRZ.FD* FROM THE DLRECTORY™!
LIBRARY OELETE NUMBRZ.FD , |

_ sinufated exscution aof the programs

LINE 12,20 WILL NOW OPEN *NUMBRZIY FILE AVD WRITE IN IT
LIME- 12.560 JUST CLOSED THE 'NUMBRZ* FILE

LINE 13,20 WILL NOw OPEN THE *NUMBRZI'® INPUT FILE

LIVE- 13.50 WILL NOW READ IN NUMBERS AND COMPUTE ROOTS

ROOT
ROIT
ROOT
RODT
ROJT
ROOT
ROIT
ROOY
ROIT
ROOT

1 I3 1.0000

2 IS Tadl42
3 IS 1.7321
& IS 2. 0000
5 IS 2.2361
6 IS 244495
7 I3 2.6458
8 IS 2.8284
% IS 3.0000
10 IS - 3.1623

LINE- 13,70 RESTORES INPUT TO TERMINAL :
LINS 13.90 WILL NOW DJELETE *NUMBRZ.FD' FIOM THE DIRECTORY
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le TEKTROMIX TEIMINALS

The foftowing Commands and Tunctions are avaifable for Teiktronix
tarminatls types T4002s TH010, T4&012Z» etce:

1. Alnhinumcrics

. These terminais can be used as norwaf tefétypes and respond to
all the ccmmands in the same way thet s normal teletype woulds In
addition the folfowing characters are avaitabtes

X FIUT{®) or FOUTITI3G) backspace ane chaf:cter (CTRE/H)Y
X S0UTI11) or FOUT(129) *iline yp? {(CTRL/C) -

. 2. Erase screewx:

The sequence X FOUT(2Z7) FOUT(12) or X FOUT{L155) FOUT(L40) c!ears
the screen. (ESCAPE, FIRMFEED or CErt/Shift/Ks CErt/L)

3. Hardeopy

X FOUT(27) FOUT(23) or X EOUT(155) FGUT(lEI} praduces a hardcooy
it the hardeopy unit iz availtable. :

e Graphics

The  VIEW command has been imp! emented for paint-to-point pilotting
an these terminais. The command has the forw *YIEW XsYsi® where X is
an expression for the hor izontal coordinate and ¥ is the vaiue of the
verticai coordinate. The X range is 0-1023 and the Y range is 0=-780,
2 eontrole the beam inteneity. If 2 i< nagative the point at (XsY)
is intensifieds IT Z 15 zeroy the beam is simpiy positioned at {(X»Y)}
and {f Z is positive, a bright vector is drawn from the cuyrrent
sosition to the point specifiede If Xs Y or Z are omitted a value of
e is assumed., The following routine will draw a circie in the
middle of the screent ‘

1.1 X FOUT(27) FOUT(12) 3SET R=209X3512,¥=2903V X, Y+R
le 2 FOR A2PI/255A,2*P TV IEW RIFSIN(AI+XH REFCOS{A)+Yy ]
143 VIEW X=17%7+2,Y=9;TYPE "THIS IS A CIRCLE!™;VIEW

. As iflustrated above, TYPE and VIEW may be freely intermixed to
provide annotataed displavys. The tatters are 10(x) by 18(y) with &
additional spaces on the top and rilght-hand side (14x22 total).



S5« Cursor or joysticke.

Mast modefs are equipped with a cross—-hair cursor or (originatlly)
8 joy stieck controt. This atlows user input af graphic as welfl as
keyboard information. The FJOY function may be uysed to read ejther
the current beam position or eilse the cursar 1ocatione T he
ccordinates are returned in the varfables ¥XJ* and 'YJt.

Note: the terminal response to the FJIY function is dependent
uponr aone of the *strappable options'. For best resuits the choice *no
terminator® for cursor anguiries should e sefected. Operation with
the CR terminstor {(the *normal® pasitisn) is possibles but requires =
pateh to FIOY.Y

To write some text on the screen and then underfine its the FJOY
fyrction is called with a NON-ZERTD argument. The variables ®*XJ' and
' retyrn the heam position.

Z+1 5 X=200,Y=7003V X»Y;T ™A LINE OF TEXT™
2e2 X FJOY{1)3VIEW X»YJ=1O03VIEW XJ»YJ=10s1

I the argéﬁent is ZERQ, the cursor asvozars on the screen. .
Yyping any charsctar on the keyhoard «Fil put the coordinates of the
er3es in Xd and Yle The typed char acter is returned by the function
as its decimal squivalent, sujitabte for use by IF, JOMP and the | ike.
Tha example program YSKETCH?! from the OMST msnual can now be c¢oded:

3. X FOUTHIZ?Y FOUTU(1213C ISPACEY FOR BRIGHT LINES, YYURQUTT FOR DARK
3;2 SET I=132=FJOY{};VIEW XHsYH;VIEW XJsY I» 23S XHaXJ,YH=YJ] ;G 3,2
&+ Anather exampliss

WEB BY BARRY SMITHs NMST SOFTWARE OEVELIPMENT GROUP

0l.10 C

01.11 C LAST CHANGE: 4/15/76 BY J. VAN ISE FOR U/7% FOCAL

0lel2 C #% TEKTRONIX T=4002 OR 4010 SRAPHIC TERMINAL REQUIRED **
0l.13 C THLS PROGRAM DRAWS A SPIDER AND HER 4EB. 1IT IS NITHING
31.16 C MORE THAN & HANDY DEMONSTRATION JF FICAL'S DISPLAY POWER.
01.15 C PLEASE DO NOT COUNT THE NUMBER OF (E3S - I D0 KNOW BETTER!
0le20 X FCUT(27) FOUT(12);TYPE =12 ™A SPIDER ANO HER WE 3™

02,10 FOR A=, 30,330 ;SET B=A/57.295,85«FSIN{B},BCsFCUS(B);00.2.2
02.20 VTEW 30054003VIEW 300+835%300,400+8C*300,13NEXT

93.10 SET 0=1,53FUR A=,30,3500;SET B=A/57.255;00 3.2
03.20 VIEW 200+FSIN[3J*D,40C+FCOSEBI*DL1;5ET D=D+2,5

Q4s10C VIEW 175,180;F0R A=p45,3603SET Baa/57.295;010 4,2
34420 VIEW 250+FSINIBI*1L0,170+4FCOSLB I*15,1

364.30 VIEW 220,213 ,1;VIEW 190»180s1

04,40 VIEW 250,185

04.50 VIEW 2355227,1;00 4.4;VIEW 300516001300 4.4
04.60 VIEW 2755225, 13VIEW 300221051300 4.43TYPE "aMyIEY

AxABDUTYA LY
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IT. INCREMENTAL PLOTTERS

A comprehensive set of routines for’ controiling an incremantal
ptottear {Calcomps Houston Instrumentsys Bensens, Zetas eotc.) is
avai lable for either the new XY3/e inteeface or the oilder XYBI, XY12
or 3508 types. The plotter s run under interrupt controi so thst
pragram execution may proceed in paraltlel with pfotter operaticns to
some. . axtants

The two sdditions to U/W-FOCAL implemanted by these rautines ars
the *PLOT XsPslsM®* command snd an internal handler calted PLTRI. - The
M OT command provides control: of the >en posit ion For drawing curves:
and marking dats points while the PLTR: handler is used in con junc tiom
with any of FOCAL's ragular output commands for adding annotatione
The routines require approximataly & pages o core and hence work best
wits & 12% or larger nmachine stthough & somewhat compromised Sk
version is possible, .

&
PLOTTING: !

‘The PLOT command moves the pen to the {(Xs¥) position indicated Dby
the: first two paramefers. The coordinates are usualiy specified in
«jrches—= or —centimeters~ depending upon the tyse of plotter, however
Soth wvatues are muitipfied by & scale factor variable $F so the

arygrammer can use any set of units he finds convenient, The plotter,

of courses must be driven s step at a time and this leads to & minor
limitation on the magnitude of the coardinates. Since at most 4095
steas can be counted without an overflow the maximum cgordinatas for =
plotter with & 10 mié! (0.010") step size are approximately +/- 20
inches, In facts the maximum —difference-- between any two points is
alsa restrictad to this value so that on reszily large plots twe calls
night be required to reach a point. For normat plotting on 3=1/2 » 1%
insh paper this restriction is almost never apparent.

At though these routines were oriqinally  developed for 2
fi13w-resglutiont plotter with a 10 ail increments they are easily
sdaptad (with s 2=word patch) to work with higher resofution plotters
Raving either a5 mil {(Q.1mm)} or 2.5 mii (J.05mm} step gizee The XiaY
ecayrdinates are stil! expressed in inches (or centimeters}) and the
max imum motion {except far the 2.5 @il unit) remains siightly over 20
inchess but the aoffective grid resclution is 1limited to 10 ails
{ Qs 25mm) , while this raduces the absslute positiona! accuaracy by 3
factar of 2 or 4y the quality of the lines will be that associated
with the smalier step size, The sampie plats included in this manual
wer2 prepared on a such an instrument.

The L% parameter in the PLOT command determines the type af line
ysed  to connect twa points. If L=20 the pen is raised during the
nation, thus «no-~ line is drawn. If Lzl the pen is Towered onto the
papar. Although not yet impliementeds it was planned to use L=2s3s 444,
for ereating various dottad and dashed lines, L=~1 moves with the pen



2.

up to the indicated position and then resets the location counters so
that this point becomes the new origin, This feature i3s3 neesded for
moving from ane plot to the next and is atso used for initializing the
margins on & new nlot, '

The *MY¥ parameter determines the kind of Mark which is drawn at
the econctusion of the move. Ms( draws -=no- mark while Msl makes a
small dot and M=2-146 draws marks of increasing complexity. These
synbols are intended primarily faor identifying dats paints but they
ary® also convenient Por sdding *tick” marks atong an =axis. Bath apen
and filled symbols sre avaliisbls and e=ach one can be drawn in 8
differant orientations and in 2 different sizes, This ganersily
provides an amplfe choicy of identifiers — sex the samplfe plat at the
engd of this section.

Mot ait four paramsters are required in every PLOT command.
Thase which are omitted will be given the value *0F, Thus many PLOT
conmands specify onlky the XY valuss and sometines L. Eaciy parawmeter
mavs of courses Be replaced by an acithmetic expression. Thig is most
conmon for X and Y which are usually VYinear transforms of other
var iablteg, o '

H

ANNOTATION:

; In addition to drawing curves and acxes it Is alss necessary to
arivi de isbels for ithe axes and other farms of annotation. This is
actompl ished by switehing output to the PLTR:  with  an
OPEN- QUTPUT PLTR: command and then wusing FOTAL's normal output

‘commands such as TYPEs OUTPUT DATE, FOUTy etce. to generate the output.

Not & that the PLTRY handter is not 2 regular OS/8 system handier; it
axists onily within FICAL. Recause of this it is not necessary fo
JLOSE output seant to the plotter since that operation is specifie for
the system handters. To swiltch to another output device simply use
anothher *0 OF o 'C R O command. Ancther minor difference is that
the ECHD option ig not supparted by the 2LTR: handter,

Writing on the plaotter is thus assentistty identical to witing
gn any other sutput device. Howevary there i3 obvigusly much mors
flexibility in the pracement and size of the characters and this
flexibility is econtrolled by the values of & special pilaotting
variables, Thesa all Dbegin with a '$'* and one of thems SFs has
airaady been mentioned in Sonnection with the PLIT command. 3F is the
Scaje Factor far the X and Y vatues., Narmally thils variabie is set to
Unitys but the user nay change this at any time, In fact, SF may aven
he negative which creates an inverted axis svstam,

The other 3 variabies are 33, tHhe Symbo! Size; 30, the Symbali
Directions And 3SRy the Scale Rotation. A '83' is useds rather than an
'St to avoid any conflicts with user srariabtes, These variables may
he changed at any time by the ysers progran3 they may be used in }oops
and for computationss; and may be examined in various ways. BSut since
they al{ bhegin with a '$?' they must treated [like ¢the ‘tsecret!?
var'iabissg when TYPEing their values. Yota howaver, that these

_ GRAPHICS=45




vari ables are =not- protected and witl disapoear after a ZERD command.
Thay wit! then be redefinad with their defaytlt values by the next PLOT
-conmand., Excspt for $Fs all defayit values are zeroy although this is
‘eas iy changed shrouid other values prove mare convenient. '

. The sgize of the characters drawn by the plotter output routines
{but not the size of the marxs!) is dstermined by the vatue aof $S.
This size is specified in integer multiples of the basic character
grid which s 6§ units widalx) by 10 units highl(yle The units arse
either 10 mils ar 0.25 mms cdepending upon the type of plotter, Of
this 6x10 sreas only 4x6 Is sctuslly Filled by the character so that
space _is asutomatically left between the sysbols. Setting $£5=2 (about
th: smallest practicat value) woulid thus maks characters Q.08™ by

QL 2™ ¥n size with  0.04™ spacing horfzentatiy snd 0.08"™ verticalkiy
- (and ecorresponding vatues for metric plattars). A¥i printabile ASCII
characters except the *3% symbol’ are availahle, plus CR and LF. Other
csrtro!l characters (such as Form Feed) wil! be converted to letters.

The orientation of —both- the marks and tetters is cantrolled by

.. the valye of . $D. There are 8 distinct dirsctions determined by the .

najar plotter m%ticns., Thess directions are always -reiative- to the
absalute oarientatian of the axis system (discussed below! and follow
the convention that Jirection 2 is 2long the positive ¥ axis (assuming
$F to be *positivel. Direction 1 iz then atoeng the dizgonal in
Quadrant I while Direction 2 is atang the positive X axiss snd soc ons
‘around | the dlacke Negaltive vraluss for SO simply represent
‘counter-clockwise roatations. Thuys $D==2 will produce. upside—down
‘tettaring along the =X axis. ‘

An interesting pecuyltarity aof the plotter is that annctation alfong
the diagonais is larger by a factor af the SORT(2) (about 407%) due to
the graster eoffective step size. This Wag the useful resuit of
creating bath big and littie marks simply by rotating them 45 degrees,
On the faw ogccasions when f{ettering along a diagonal is reauired it is
2 simple matter to reduce the size appropriately to compensate for
thi 5 geometrical effect,

Finglly we consider the roje F tye variable SR, the Scale
Rotations This variabla detearmines the absaiute orientation of the
axis system with respect to the paper feed direction. From ancient
timesg tha rule has bsen that the X axis !is2s aslong the dirsction of
2aver advance while the Y axis Jies along the width of the paper, Ir
5R=0 this convention wil! be observeds However, many (if net most)
users like to watch the plots as they are made and furthermore, }ijike
tec take advantage of the 8+1/2 x 11 ineh fanfold paper now in common
usa by placing the X axis along the width of the paper with the Y axis
in the direaction of the papar feed, This reprasents a G0 degrae
rotation and i§s accompiished by setting %22, No other changes nesed
ts be made to the progranst X and ¥ wil{ retain their usuai meanings
ani the annatation and marks will al? be tyrned appropriately, The
aniy programming wihich does depend spacificaliy upon the vatue of SR
is the initialization c¢ode which runs *he pen off-scale and the
conmand which advancas tha paper between pigts., These statements must
therefore examine the valye of SR and move accordingly,.



It is oossibdble to change the value of SR dyring a plot in order
to simplify the drawing of a highly symemetric figure, but one must
snsure that the pen has beem brought to the grigin first as this is:
the anfy point not transformed by the rotation. A similar problem
gecurs during annotation since the value of $0 s used as a tamporary
rotation. Thus it is necesssry that the pen ajways bde returned to the
soasition at the start of the annatation dbefore PLOT can move to & nmew
losation.. This sction is automatic and need not concern the user, but
is explained here in case it zppears puzzting. It is stso for this
reason that new valuss assigned to the plotter veriables will =not=- be _
used untit ~sftar=- the next PLOT command, This pecutarity is selfdom
not iced except in direct commands when one forgets to inctude s PLOT
ezil after ehangings says the size aff the tetters.

4s with any new davicas or praograms some experience is necassary
to gaim & compfete urderstanding of the way it works. While study of
the sample plots Is uysefuls It s highly desirable that new users try
cut & Pew simpte opsrstions before coding = complex plotting program.
One  of the nigest features of fon-line* plotting with FOCAL is the
ease with which .2 program can be madified to adjusts, says the position
af & Tabet aér to change the scxle om an axis.. Trogrammers who rave |
never Wkad the experience of typing = direct command and seesing the% —
result azppesr iomedistely on the plotter are in for 3 razt) treast. '
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Examples,
37U SR=s73P 15513P»515C ORAWS ALL 8 BASIC VECTORS
S $R=2,3D=2,35=3;P;0 O PLTR:30 030 03¢ PRINTS THE DATE
P3S SReZ3F SD=s73F Mms183P M765=$D/2»sM3R0TATE ALL MARKS
C UFN=EDCALT XYAXIS 04715776
01410 235 SRe2p8S=2;P =12,,=13P o+ 75ps=1
01,20 3 O PLTR23T T23F X=ls103P Xarlsd
0130 S $D=25Pesl;F X2p103P XYeubomoZ3T X
01,40 S $S=F3P &4= 53T ®% A X T S®
01.50 S $5873P:F Yeleb;PpeYelsd
01.60 Pysl3F Yes63P =5,Y=0.63T ¥
01.70 § $»3,30=03P =u2,23;T " A X I S©
¢ J/W-FOCAL: PLOTER 04/15/76

01.10 C FOCAL PLOTTER DEMOS TRATION PROGRAM =JVZ-

0120 23Pr=12,=13Pre2s=130 F PLTRE ;S $D=2,$3s4

01e30 Pp2u53T WASCLIW™; ;P27 MIYMBOLS:™3S $Se5

0L 40 P 292°.33T WABCDEFGHIJKL NM™I1NOPORSTUV WY 2™ _

" 01e50 T "01234567B9=+xMI M 23127 }LICOMIM AZES/\" A
0160 T #223FO0UT(162) 310:FOUT(223 )35 $S=435P5. 03
0le 70 T "MARKS:"3S SOm=Z;F Mul,135P 1.3+M/49055sM
01.90 5 $S532,3022,X%6.25,Y923PF 5.35,2.35;7 "PLOTTER"
D1e90 P 8e5352.13T PMUNITWP XoV3P Xpd obslil 7.25»2.651
02410 P Ta25aY>153P %aYrl;iP 8439275 P 6435250137 Tol5e25»1
0220 7 T.15sYs15P 649691857 "XM3P 5,G6,1,67;T 7w

02430 P Tr1ab53P 714855137 508514855157 SD3P 6.82,1.,41;T noy
02.40 P §.6251 41T YWD 5,625, 75T WPAPER® P 7, ,73T WFEED®™
02650 S $S23,30363F Tro53F Mmyp23P 7=M75,.5;T w°"
02.50 P 6.31:3o1?? ®o3S SD=2,Y=3.15;5 P XY T WSIZE 2%
02,70 P 4 .4492,023T B*N;3D 4,737 NSIZE 3W5S SDaé
02.830 P 2.5553.157 ™733 8D=23P 2,Y;T ®STZE 5733 3Dss
02490 P o693.13T W %3S 3$D=23P,Y;T WSIZE 4m
03.10 S $D0=13P 3.557a1s9163S $S25,80853P 3.2,57.25
03.20 T "DIRECTION OW#2111"/5S $S=24,580 2750 3,%45745
03.30 T "OIRECTION 1735 $S535,8D=0;P 3,75,7.5;7 WOIRECTION 2w
03,40 5 3S=4,30213P 4,7.,253T "DIRPECTION 3935 $S=8, 5022
03.50 P 4,6.95;T "DIRECTION 41735 $S=4,8D23;0 3,75,6.7
03460 T "DIRETTION 5735 $S35,3D %4 3P 3,45+5,73T7 "DIRECTION &%
G370 5 $5=24,8095;9 3.2,56.95;T "DIRECTION 7%;S SD=2;p50 I
03439 T (161-FIN(})3.921435P F9s=13C HIT 'RURCUT® TO STOP

03.90 C 030 I,EsC *LINEFEED' TO ADVANTE, 'IETURN® TO REPEAT

A s s e e -
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- Nne of U/W-FOCAL's major advantages is its expanded function

table, Many -programmerss particularly those in a labaratory
anvironmenty have often wanted to add dozens of new functions in order
ta be able to interact with at! of their instruments. Consequent iy
the Fimitation aof eartier versions of FJICAL to 2 maximum of 15
functions wes often & serious handicap. 0One couldy of courses use =
sivglte function name For many different purcoses, differentiating esch
usx witir 2 numericatl parameteEry but while this ~does— worie» it is very
inconvenjent since after 2 short ltapse of time it is ususliiy
impassibl e to remember how SFMEW(1)® diffars from 'YRENEW(Z)F, The use
of distinctive names such as FDOUM and FDAC» on the other hand» makes
tha program much mare sef f~documenting. With this sort of philosaphy
in minds the function tabise has been expanded whenesver possibies
fivslly reaclhring its present level of 36  furctions. A theses oniy
aboyt 20 are in_use, feaving lots of room for new additions.

Programmers: wha &are adapting functions written fTor earlkier’
versions of FOTAL sthould consult the seaction om adding user fFunctions
For’ same helpful hRintse.  They wili ususlty Find that UFW-FOCAL hasg
nary internal routines which simpéify the code for such functions. -

- The ¥standard® functions are discussed below. Mote especiaily
that al? TFarithmetic* functions have been upgraded to *10-digit®
accuracyy consistent with FOCAL's extended pragcisian arithmetic
package, For funetlong emploving & series approximations, this means,
tysicallys that the tenth digit mey be in error bys says ¢/= 3,
although the errar isc often muchk smaller.

FABS!{ ) absoclute vialue

0340 TYPE FABS{=3),FABS(2),111Y

3.0000 Z«0000
FAXZt ) analteg %o digifa! input funeticon
04,22 SET X=FADCL( )

This function works for the LABE/es PDP=12, and is easily patched for
others. The argument sefacts the inouf channel.

FATNU ) egr et angent. Principat range —-PL/2 to +PI/2

05.25 TYPE 4#FATN(1),!!3
3.141592653E+CO

LR

43%THE ANGLE WHISE- TANSENT [5 1 SHIULD BE *PI?

Mota that FATN now resturns fufl] precigsion {(13=digit) answers.



EBLKL ) Stsrting biock number.

FALK retuens the starting block number of the current input fFite.
Thus the tocstion of any file (ASCTI or otherwise) may be determined
by using the JIPEN INPUT command to read the directory. Remember to
switch the input back to the terminal following the ¥0 I' command
untess vyou actuyalty wish to use that fite for iInpute The fallfowing
sethad csn be ysed, for instances to focate FUCAL prograss. This is
useful for fater catis by *direct accesst .
ot PQBG.FC;U I:E;SET EN(!I-FBLK();SZ!I)-FtEN(I}

_ ths-thtt an explicit sxtantion muyst be given for orograms since
the *I* commands sssume sn extensian of Y. FOIF,.

FBIFL } Accesses the dispiasy buffer

This function operates like FCIM (see below) to store or retrieve
12-bit signed nnteger vatlues in the display byffer, It is not =
standard ﬂunctnan._ :

*

FCI%L ¢core storage function

T™eis functionm provides access ¢t a storage ares apart from the
regutar variables ~ an ares which is frequent!ly undisturbed when FOCAL
is logaded so that wvalues placed there may be used at a later time.
{This is nat guaranteed sincs other systsm programs may use this
areal. Normaliy this area is sharad with the program so that the user
¢an trade afft small programs with large arrays and vice varsse.
However fthose wusers with more than 15k car add a shert pateh to
utitize Fielde &=7 providing space far 1p to 4066 valyezs. The
discussion batows however, assumes z smaller nachine {12 or l65k}.

FCOM may be calted witn either 1 or 2 arguments. The first is
the storage index which serves as the subseript. The index may be
either positive or negstive and detzermines the mode of variable
storage as wel! a5 the locatione. Positive numbers {0=Cca.900)
reference 4=-word floating point nusbers ahlie nagative indices {range .
-1 to ¢ca.=-1800) reference double precisiaon integer values in s manner
compatibtes with the double precision ¥E3E EAE instructions. Using
intsger meode storage agbviousliy doubies the size of the array byt does
rejyire data in the range +/=223, Since theres ig only ane storage
area the programmer nust remember that FCOM{-1) and  FCOM(=-2} occcupy
the same c¢ore lccations that FCOM{O) wuses. {Note: the *negative
index?! feature does not apply to the extended memory version mentioned
above, Only floating point storage is svailabie in that case.)

To store a value in the FCOM arrays the function is calied with

that vaiye {ar expression) as the seg ond argument, Thus
1Y FCOMUILPI)Y will store P! at the 'Tth* jocation and ‘T FCOOM(I)!
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will print it out. FCOM may be cailed recursively - {,e. it may bs
ustd as & function of itsetf; In facts recursive caj!s are frequentiy
nesassary when shifting parts of an array from one location to
ansther? ‘

F I=,199;8 X(I*!)lFCBH(I*ZOOpFCUH(I))?I FCOMITHX(I+1))

Since FUOM uses randaom access white the requiar variables use 2
table searchy FLOM not only provides mores efficient™ storage» but
faster retrievesl as well, On the other hand FIOM is not quite as
convenient ss the regular variables sincs there is no provision for

- doubte subscripting and values can not be input with an ASK statment.

FCOSC ¥ casine
06.27 TYPE Z,FCOS(1},FCOSI3/2) 11 5C OUTPUTS COSINES OF 1 € 1.5 RADIANS
5.403023059E~01 7,073720172E~02 |

Note: The' series appraximaticn-ats_besn optimized for U/W~-FOCAL.
By & least-squares fitting pracedure. '

FDAY( ) 0S/8 date functian

FOAY requires at least 12ks it alliows the programmer +o change
the 05/8 -system date as wel)] as the text printsd by the QUTPUT DATE:
cormand and the date saved in the header. The function always returns
the vafue ¢ and the argument must be the coded date as shown in tha

‘gaxampte hetows .

L.l ASK M™DATE? "MO,DA,YR tFDAY (MOR255+DA%3+YR~T70)
Input for this example might be 7715/ 74" using the W% gsparatar

s ® terminator. The ordering of montY and dey may be changed if
desired, Neote the use 3+ 2 tab,exwrassian to calt the functione.

FOIS!{ ) instaliation dependent display function.

fne version displays the contents of the buffer area filled By
the FRUF function. The disptay time is Jetermined by the argument:
FNIS(20) disptays Por aproximatety 2 seconds, FDIS!() dispiays until a
Rey is struck on the terminat., In this cease the vaiue reaturned by the
function is the decimal value of the ASZII character coda.
FEXP{ )} ‘Gexponentiafl

03.24 TYPE FEXP(II;FEXP(Z.I?);!; C MATURAL 3ASE TO THE POWER (X)

2.718281829E+00 3.7582864043E+00




FINE( ) characger input funetion -
Reads a single character for the inout devige. Ex: § XsFIN()

This sets X to the decimsl ASCII cade of the input character.
See the example on ps. 9 and also Appendix T.

FINDC ¥ character inpult functionm
exampltes 09.30 X FINDI(Q)

If =193 then U/W=FOCAL will inpuk charscters untit an *A* {code
I933) iz found. If the input is being echoeds s¥l characters wiil be
echoed up tas bBut naet includings the target charascter. The vajue
returned hy FIMNDCt ) is obvicusliy that of the search character, I* it
is desired to have that character echo toos & command similar to the
Poflowing should bhe employeds XECUTE FOUT(RING()}). Note the
convenience of the XETUTE command in thic case sinece no numerical
resutlt is requireds The reason for not echoing the search character
is to permit SIND to be used for editing and for merging files. This
last aperation is perforwed by searching for the end of Fife marks
CTRL/Z (code 15&), Since this chharacter will not echo it is possible

ts opemr another input file and add it ta the previous one. The QUTPUT

CLOSE command wi il then place a CTRL/Z at the end of the marged fife.

The comwand X FIND(141) is & very simple wey ta input & comment
line; it reads (and echos) at! the characters uo to the first carriage
raturn. Finally, this function may be used to skip unwanted inpuyt in
much the same way that the "negative tab™ feature is useds; ir a
simople search character exists (sueh as am "™ gign} this method is
more deagirable gince ne charscter count is required.

The argument wust be-iﬁ the range of 1legal deci mal character
codes s shown in Appendix T.
BITRC ) intasger part
09, 1% TYPE FITR{3/2),FITR(23.71F),FITR(=3,9909090099G),!

FJOYt ) joystliek leursor) position

Joystick or cursor on a Taektronix display terminal. The function
returns the values of the X and Y coordinates in the variables XJ and
Y and the yvalue of the key used t3 initiate the reading as the value
of the function. See Appendix I for a 1ist of decimal ASCII c¢haracter
codes and the graphics section Por more discission of FlOY.
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-'-Fum ) disptays a number in the MQ register.

FLZN( ) file length function

FLEN s used to determine either the nﬁmbsr af free blocks
resaining ir sn output Tile or the size of an inpubt i le. The choice

" is made by the argument: Q=output Jengths l=input tength. The Fater

information is useful in connaction with file size specifications.

The folfowing statements for examples may be used to determine the

size of the largest Yempty* on any device?

QPEN CQUTPUT DUMMYS OUTPUT ABBRT;TYPE FLEN().

FLOGE ¥ -natursﬁ'ﬁmgaeithm

10414 TYPE FLOG(I),FLOG(4237),FLOG(10),?

o.doaaooaoosq-oc u«as&e’sswa&wm | 2.302%3 5093E+400

- - - ID-LSGiRITHHy FL10 is not awai!able—- ysE a F.S P&

Ccmpute hp muftipfrtﬂg—FLGGI!*O.#E#fqﬁéelﬁr cr‘FLﬂG()IFLOGtIG}-

Th!i works on ali the iatar machnnes as dett as the PDP-lZ {uith

‘2 2 word pateh)s or on any machine with the E-AE aption. Howevers somne

of the EAF options do not save the MG so  the value Icadad may bhe
degstroyed. The Fotluurng tine gisplays a se! ected chtnnel af the ADC»

,:allauing it t2 be adjustad to zero:

1.1 X FMQ(FADC(FSRC)I 3L B L.1;R

FIJT( )} character output function
exampie: 09.25 § X=FIN{);X FOUT(X)

Qutputs the character whose code equals X. If an L% were typed
in response fto 8 FIN() requesty, X would be set equal tg 2C4, Then
fina 9425 wouid cause an ¥1l?' tp be asutput. The vaivue of FOUTI(YI s
alvays zero. This permits sending controt characters as part of a
command, For examples "W FOUT(14Q}' is e2qual to *'W 0. This sends a
form~Ffeed to the output devices then 4rites out the entire program
By placing FOJT inm a tab sexpression the funetion c¢an be eavaluated
without oprinting the rasyttsy since it is impossibla to tabulate to
caliumn zero. :

examplie: T "PRINT A "sROUT(162)" MARK™, producest PRINT A "™ MARK



FRA( ) - random sccess dats storage

This function provides FLOM~like access to dats stored in bhinary
form on any wsss—-storage device., Severst data modes are asvailables
gingfe word (signed and unsigned)y double precision and Floating:
agirte. The File used by FRA should first be [ooked up using the ¢0PEN
IN?UT?Y commands. Then "FRAY must be initixtized so that the necessary
poi nters can be transfered and the data format selected, T he
ol lowing types aof csils are pernmittedt (T is non-negativesr Y is sy
‘exprassiony. Note: the tast two forns always return the values Q.

FRALL) ' read the I-th value

FRA{I»V) stores and returns the Ith veiue (¥)
FRA{-LY¥ . writes out ths last btiock

FRA{ =L, M) initiallzes FRA and sefescts the dataz mode

The various data modes described alove are detarmined as followss

M=) ans igned integers {J=4095)

Mal ‘ gsigned integers (=2048 to +204¢7)

M=2 s doubte precision integers (=2"2131 to +2"23)
M =T ] - = not aveifable - -

M=de - fFour word o ating point numbers

"While FRA may be used s read and wite data in a fitey it cannot
create a3 new file — the fite must aiready axist as far as the monitar
systam is concerned.,. This featyre was intentional in agrder to avoid
Several difficulities assaciated with temparary fopent filegs, Thus
before an area can be ysed by FRA Jt must be antered in the diresctory
using the OPEN QUTPUT /7 CUTPUT AB0RT commands - to create 2 suitable
directory entry. For examples, the command *T7 0 EMPTY'Q A FLEN{)* will
reserve the largest empty area for use by FRA white O 0 ARRAYL.FB; O A
133 #ill set aside 100 bBlocks for ARRAYl., A~ =2rea of this size can
store 259603 integerss 12300 double precision integers or 6400
flrxating point numbers. To initiztize the function wue would then
writer O T ARRAYL.FB30 IsE; X FRA(=14%), Note that white thers is
onl ¢y one FRA functions it can bhe used withr saveral different files
simply by changing the flie painters and re—=initializing.

For sexamptle:

3 I <AS3F0OR IsFRAI~-1s4396353 A{L)=FR&(T)
O 1 <B>;FOR T=FRA(=1,4),833X FRA(I,A(I))

‘ Singe readings from a device such as an analog-digital sonverter
are inherently integers (even though the value may correspond tos says
5.346 volts), by .storing the ‘*raw! data diractly in intager formnat
rather than the fscatad' values, it is pyssibie to store aver & tines
as much data in a given file space. To distinguish these files it is
suzgested that the extension .FB (FOCAL 3inary) be adopted or atfse
parhaps LF0s  LFly +F2, .or .F4 as aporopriate. (Note the utitity of
FRA for raeading OJAL-LINC tapas via the JL handler),

FUNCTIONS =57




FRACL ¥ fractional psrt
TYPE %1l.1 FRACIPI)
0. 1415926535

This is the complement of FITR()« Accuracy is poor for | arge numbers.

ERAN( ¥ rsndowm number
11.22 TYPE FRANC FsFRANC }>FRANC )sFRAND ) sFRANL )st
'cr,zrzs_ 0.2239 0.984T OJI710 0,013

The pseudo=-random numbers producsd are part of a veary long and
wall distribyted byt deterministic series, You will usuaity obsarve
an entirely different series each time FOCAL ¥s initiaslized. Howevers
a0 rum & program severz2l times with the same serjfes of random numbers,
hit cRr twice . when  l[oading FOCAL. In this way the random
initialization wit! be disadbied immediatety. Exampler R UWFICRCRY

. (two stars (®) will be shown).

FSGN( )} sign | | |
12.3% T T1.0 FSGN(Z.7B)s" M FESGN{~299) % ™, ESGN{0)s™ WeFSGN{w=L)stt

1 -1 0 -1

FSINM Y sine of an angle given in radioms

13.52 TYPE FSIN(1)}y FSIN(O)»FSINC(3IT=2,22)s!!

8.41470984TE=01 0.000000000E+G0 =2,.208437649E~-01

Note that the serles apnrotimatibn used by this function has bHesanm
ootimi zed for U/W-FOCAL.. The errors in the first guadrant are
tvaicafly lags than 5E-=11.
FSAT! 9 square root of 2 positive number

14,40 TYPE ZlOoOQ;FSﬁT{é}sFSDTf391);FSQT(gG0389533,!!

2. 000000000 19.,77371993 0,062461233%

FSS{ )} or FSSWE 1) retyrn the status of *the sense switches

FS5SIN) tests senssa switch Nt retyrning =1 if off, +1 if on.
Sone oprogrammers prefer the more descriptive name FSSk.



F§Rt })» ERS{ )s FLS{ ) read the switch register.

FSR reads the console switch register., Since on the POPl2 there
"are 2 sets of switches, FRS (or FRSW) reads the right ones snd FLS lor
FLSW) reads the teff ones. The functions FSR and FRS rsturn @ signed
number while FLS returns an unsigned value (just for varietyl.

12,10 TYPE Z5.04,FRS(),FLS(}!;3C BOTH SWITCHES SET TO 7777

-1 +0000 409%. 0

ETAND ¥ tangsnt *FTANC }% Fs not asvsitable

The tangent is computed as the quotient of (FSIN/FCOS). Note the
£SF inplementation of this function - see the next section.

FTIM( Y efapsed time function

_ FTIM has been implementad using 3 rest=time clock to count teniths
of seconds. K negative argument resets the counters zero {(or no
argument) reads the counters, and & positive» non—zero value presets
ite The maxinmuw Lime is 538,360.7 secse (9 dayss 17 hoursl.

ETIML ) reads and compares the last terminator from an ASK command
with its argument. ASK preserves the last terminator so the pragram
can cheek for the end=of-input by toaking for a special tarminator.
This method is decidedly superior to checking each item for a special
value since no sssumptions eed to Je made about the range of datws
valuss. Any charscter except 0=9 and *A=Z¥ terminates numeric input.
whi e the space bar and ¢the carrijage return are commoniy ysad, 2a
commas semicolons question mark or any other specisi character wili do
just as welt. The following example iltustrates a typical input locps

1.1 T "END INPUT WITH A CR — OTHERWISE USE A SPACE®;Z N
1.2 S NeN#13A & X'N) YINIZL (FTRM(161)11.2551.2;T “N=mN

‘The ETRM function compares the ftast terminstor with the value 141
specified, Note that input from a nul! file witl be terminated by a
2TIL/7 (code 154%. This aitows FOCAL to resd dats from a file without
knawing in advance how many data points to exoect, N.B. files to b
read in this fashion should not use CR/LS to separate jtems, since it
they dny, the last value witl not be terminated by the EIF character
(CTRL/Z) But rather by a CR. o

EXL{ ) or FYSL{ ) tests an extarnal tevet (PCPLE)

FXL{N) tests the status of an external sense fine returning -1 if
highs +1 if ground., Soma orogranners srefer the longer function name
FXSL.
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FAOCAL statement functions are one of the more exciting features
of U/W=FOCAL. They allow any sequence of FICAL statements (i.e. 2
subroutine} to be catled as though it were a3 function. Thus it is
pagssible to wits a single command which computes the tzngeant of an
angle and to themr use this statement as FL{TAN»AF to find the tangent
of any anglsk Sinilarly one can produce a Punction to find the
max imum of & set of numbers and then check this maximum with a scomaand
suchr as TIF ({(FiMaxX}—-1E4), FOCAL statement functions may zisc bhe used
For computing Vine numbers (or Fformsts) which adds a particularly
novel capability to Che FOUAL Fanguage. : '

The fFarm of a statement function 152 Firefs 3rgsece) whera Trefw
is the Tine or group number af the sysroutine and Targs™ are the
exd>ticit asrguments required for the functione. Afthough there are no
- rastrictions on the number of argumentss, ususi¥y anty one - often none
at alt = is requireds since ail of the varishies defined by the
prygram are avajladie to the function. Tre first three statement
function srguwents are saved in the fast three protected variasbless kn
the order # PFirsty then 3$» and Finalty T. I* more than three
arjuments are requireds then the additional ones would be saved in the
first variabtes defined by the program. The ZERD comwand  could bHe
used to initially set these variables in the desired order:

ZE30s & B C DO E places A-E immediately after the Jast protected
vari able, X, ,

The value returned by the function is just the value of the last
axpression to be evaluateds Normally this value is computed by z SET
“ar an XECUTE command, although other commands could aiso be used. It
is alsa occasionsily possibla to use & Hne number calcutatiaon to set
the resul? if the statement function ends with 2 branch command. Note
that the commands RETURNs COMMENT» and ZERT do not alter the contents
of the flosting point accumuiator and so mey be used after the jast
evaluation without affscting *the result. For examples X PI; I PI
wil! retuen the number 3.14159.. aven though the variable Pl has
become 2ero!  (YZERG*ing =8 subscripted varifable wili leave the value
of the subseript)

Clteariy thers are an unfimited number of suchk functions {in
cortrast to the fixed naumber of internal functions) and they may ba
us2d recursively in any combination with the regular funections and
#ith each other. In particular a statement Punction may be an
argument of itself, (See axampltasg 6~3 in the nex?t saction.)

While a statement function is realily naot much more than a fancy

‘B3 calils it has been g missing ejement in the structure of FOCAL and
ity presence now permits a muych more jogical appproach to programming.

Consider the tangent exampler TIf line 13,7 contains the statement SET

2= SIM{AY /FCOS(AY then DO 13.7 will oniy find the tangent of the angle
A Ta use this tine to compute tha tangent of 3 we would need ta



SET A=283;00 13.7: and than finally recover the resutt- in Z. On the
other hands if we modify line 13.7 to be SET IsFSIN(H)/FCOS{#) then we
can compuyte the tangent of any angte with the fogical caltl
Fll13.TsANGLE Y. For extra esjisgance we can cot TAN®13:.7 and then use
the catl E(TANsees] as described before. Note that we get the resutt
in two ways: as the value of Z in tine 13,7 and as the reasuit of the
statement Pfunction. If we did not care to sst Z then we would just
YECUTE FSIN(X)/FCOS (%),

FAQCAL Statement Functions can atsy be used to impl ement 00 cakis
in place of GOTOD branches, This substitution is cocasionskly
des irable when performing conditions! transfers with the IF or JUMP
covmandss, thereby 2lioning the prograem t> castt & <subroutine in some
cases whilte branching in gtherse Since brayches to Fine 0 are ignored
by these twe commands (and afso by the VEXT and BREAK commands)s s
corvenient way to call s subroutine is to use 'F{G}*0¥ as a computed
l'ine numbery where 'G* js the (line} or group number of the
subroutine. Yuftintyving by Zerg simpiy ensures that the pragram wil¥
continue with the next command regardliess of the vatue returned by the
funetion catt. To ¥1lustrate:

IF {&-?% I.2,F(2) %030 Y00 2% IF ¥»2, OTHERWISE CONTINUE

.Aﬁ' agbvious extension of this ide&' is *to add & non—zero tine

number so that after returning from the 150" cafl the program cadnh be
instructed to continye e&jsewhere, j.,e. "F{3)#0+12,1* would creats a
07 336070 12.1F whitlte PF{7.4)1F(g)*0" would c¢al! line 7.4 then group
3 before continuing. Note thhat FSFts <¢hich end with an X' wil?
return the vatye '0t, thus eliminating the need to nmultipiy by zero.

Also note that it #s aften muehlhr c¢learers and perhaps even more.

efficient o simpty branch to = line with the appropriate *D0% catl
rather that attempt to combine the ozeratians 25 shown above, This
method does, however, afllow the program te return to the 'middle? of a
1ine, Einal!yy, note that no argument list may be included in sucgh FSF
cal t¢ becsuse expressions containing commas may no?t bhe used for
computing line numbers in IF» ON» or JUMP commands.

FeSeFs ¥s=641

i
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EXAMPLES OF FOCAL STATEMENT FUNCTIONS

FIPWR sX»¥) = raisegs X to the Y powar (Y non-integer}
3e1 X FEXPLFLOG(MISFABS(SIITFIGN(S)ISR

Thris Functionr must be used wienever the value of X°F is
required and ¥ is not an integer. If X ¥ negative the sign of
the result.mey not be correct,y ji.te FEFs=272173) will rcturn-*ti*r
not *=3% ag might be expected. '

FLYsNE - Pinds the Factoriak of (the Fnteger pact ofF N

I.I SET $=s1;FCR Isl,#;SET S=g*T

Te use this Punction calts £ must be set to lole F(reSislZ20s etCe

F{SUM) = cé@pute& the sum of the numbers X(I)
2. IERT $3FIR IeLsN3SET SaSeXil)

using this function we can write SET AVESF(Z.L)/N

F{PNsX) = evatyates the potynomial

YaC{O +L{1) 2X4C (2 1 #X 24 oo+ CINIRX N

3.1 ZERQ S$;FOR I=Np=1, 05 SET $=S#+C{I)
OFf course the main program must sét the>vufues'of'th& coeff!cients"
C(0Y=CIN} before calting this function. Note the decrementing FOR
Loop; atso note that we could evsiuste & polvnomial containing
hait=integer pawers by catling F(PN,FSQTIX)).
F;Z.X;?'- determines the smallest integer format

6,1 SET $=28+131F (10"S=-FABS{#)IX,TIXEDUTE &
This FSF finds the smatiest integar format which =it) output ail

the significant figures to the left of the decimal point. The
variable X muyst have the vatue 4,1 for the fynction to work as

‘shown. MNote that there are two arguments, the second one s

always 2ergo and is used Yo initiaiize the !oope TYPE ZF{ZsXs)sX
wilt store X in the minimum file space.

. The use of the sascret vseriable $ in examples 1-3 has no
significance other than offering somewhat faster lookup and being
an appopriately named variable for accumylating Sumse. Howevers in
examples 0,4 this variable is actualty set by the second argument
af the fynction.,



5.

F(MAX) = raturns th& ({algabralic) maximim velue of X(1)

S«l SET I=l1;D0 5.3»F.23X S$IR
5eZ FOR I=2sN sIF IS-X(IHE-T
543 SET Z=I3SET S$=X(I)

An entiraly simit ar Punction can be written to find the minimun.
By repFacing MW{I)* «with *FABSI(XII}I}® one car search for the
Fargest magnitude., Note that the commend TYPE ZFLT>F(SFs ¥  wikE
set the format to the minimysm size required for the fargest

. etement in an srray of positive numbers,.

e

Te

3

F{TANsA} = returns the tangent of A

. 2T.0L C TAN = 27.1
27T X FSIN(R)IZFCOS{#)

or it FSIN aﬁH'FCUS ave heen remoyed:

ZT;IG T fi#i-.dliZT.ZiS’teFtTlﬂ)#fz},S FaZRR L (TSt +] E=QQ):
ZTe20: S #=#38 33+ K S FT. 5+ 8" 71315 -

FUASINsAY = retuyrns the arc sine of Ay FUACOSsA) the arc cosine

30,01 ¢ ASIN®30.1 ACOS*30.3
30.1 X FATN(#/FSQT(1-42)
30.F % FATNC(FSQT(1=8"2)/%)

ar
30.10 T (#+8~,01)30.235 irthtASINy#ftFSQT(1+t)+$5ﬁTfI—t!}}
30020 S =883 /64, 0TSEA S+8°7 /27 .4
30.30 X PI/2=FCASIN)

F{HSIN»A) and F{HCOS»A) for the hyperbolic functions

31el X (FEXP(#)=FEXP(=#})72
C31.3 X PSAT{1-=FI{HSINI=2)
or
31,10 17 (#%8=,01)31.235 #=F(HSIN,)#73)3S #=3dfssin™]
3120 S #=#+4"376+4757120
31,30 X FSQT{1+F(HSINI=#}

Exampies 6» ‘7 and 8 are recursive formul 2tions as reported in
JECUS: FOCALR=89 BY A.Ke Head of Yelbourne Australiae Of course
the meore conventional computations can af so be uysag if the regular
trancendental functions are avail! able,
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e HYBERBOLIC TAMN» ARC HYPERBOLLIC SINE» ARC HYPERBOLIC COSINE and
ARC HYPERBOLIC TAN:

3Te4% X FUHSIN» #}/FIHCOS»>#)3C HTAN=3I.4

31«5 X FLOG(#+FSQT{#"2+131;C USE I1.5 FOR ARC HYPER SINE
316 X FLOGU#+F-SATI#72=1));3C USE F(31.6sA) FOR ARC HYP.COS
317 X (FLOG(I+#)=FLOG(1=#))/23C F(IL.T»Ak) FOR ARC H.TAN

10« R:d?x-aﬁﬁveesicns Decimal to octabs etce o
. Geoup 2 rsturns = Pseudo-octal mumber while grous IO

re—converts such numbers back to decimet. & Pseuda-vctal number

- ¥s one which =prints=~ in an octatl reprecentstion. The methhod may .

easilfy be extended to ather number tases by chenging the numbers

Fa ta?u

o&.lo_;fs;F Zabp=1,03S AR ITR(B/87T) o BuhaB R a8 ;¢ 210 0g+"
£

10010 T $3F Trbp=Ts05S PeFITRPILONT o hmtal 0 Tam, Sagbfer

The ftogop fimits have been chasen: to convert up ta & S«digit number
which Bermits printing all addresses in 2 32k machine. It is
quite amr easy matter to extend tris range by changing the vatue
ELr :

examples TYPE %5 F(8s512) Fll0LF(8,512))
1000 512

Jther examples off ESF*S xre found it the next section. The
FSF in line 2%.1 of Example 2 is used ta call the
triangularizstion routine. It was noticed that the fast element
gomputed by that routine {aftefr hundreds of steps!) was the first
vatue required in the back substitution. In this case the result
returned by the Ffunction §is aimost triviat in comparison with tha
ma jor purpose of the FSF caji.

FSF's have alsao heean usad extesnsively in the routine *to

transform a general matrix to Upper HESSENBERG formi this approach
considerably simplified the coding of this roytine,.
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*hkkd . EXAMPLES OF MATRIX PROGRAMS **i%%

Matrix inversion by GAUSSTAN efimination

-This.rcutine compy tes the inverse of 2 matrix on top af

- the originsl. By appending one or more columns to the matrixs

the ssme routine can be ysed to salve & system of simubtaneaus
fenesr equastionss. The sotution Fs obtsined in the appended
cafumnis). No interchanges are ussds hence this amethod is not
unconditionelly stable and smail diagonzt eiements st any stage

wi ¥t jesd to poor results. The use of doubte subscripting

101
10.20
10.30

Ze

20.10
20.20
20.30

20 .40°

perwits this usefui routine to be caded inm oniy 3 bines! *0O
10% §s the calt. lhemr using this roatine to sotve & system of
squationss change-the FOR koop Fimits in Tines 1042 and 10.3 to
’+M where ¥ is the number of additional caolumns.

FOR Tol, 300 I0.25F0R Jely P3TF (T=Jd¥10u3ps10.33NENSR
SET ZsA(I»IVoA(I,T)=13FOR Jal, I5SET A(I»d)mA(Isd)/%
SET %ZmA{JsE)SZERD Al Js I} 3FOR Kul,s!3SET A(JaK) =2A(JpK)=A(L,K)*T

Group ¥ of Example %5 sdds thes ryw-interchange technique to
this basic al gorithm in order to improve the numerical
stabitity.

Househatderts nethad for simulitanecus tinear squatians.

This routine uses e{ementary MHermitians to ¢triangularize
the matrix of coeefficients followed by back-substitution to
compute the ynknowrs. The method is completely stable dut does
not compute the inverse a2t the same time. 'D00 20¢ is the call.
The FSF in line 20,1 caills the triangufarizaticon routine and
the rest of the tine does the bHack substitutione. The
*inhomogeneous™ Lerms of the equation must be appended as an
extra column %o the amatrix of coefficients. The vector X
returns tha solutions.

SET X(Y)sF({20,2Y7A0 !> ) 3FOR Ref=1,=1,13SET X (R)sF(20. 7)Y/ X(R) ;N 3R
FOR R21,!'=R30 20.3520.4920.5220.53C A(TsJ) ARE THE CIEFFICIENTS
ZERQ $;FOR IaR,!;SET $=$+A({I,R)%23C THE "KNOWN TERMS™ ARE APPENDED
SET X(R}I=aFSQT{S)*FSINCALRSR)IsA(RyRIDA{RR+X (R 5mA(R,R)I*X(R)

20430 FOR JaR+1,s! #132ERD X(J)FFOR TR, {5SET X(J)sX{JI+ALI,RI*A(I, )

20..62
20.70

FOR JuR+l,!+13F0R I[aR,!3SET A(L»J)mA(IsJ)=-ALIsR)IMX(J)/S
SET S$Sa=A(R, 1+1);FOR [=R+1,13SET S$=$+A{, TI*X(T)



3+ Reduction of a generst matrix to upper Hessenberg form

This routine uses the stabitized transformations described by
dete WILKENSTM (The Atlgebraic Eigenvalue Problem - Clarendon Presss,
Cxfard 1565Y. Reducing a fultf matrir to this form grastty
decreases the amount of computstion regiired to cosplete the
disgonatizations. DO 3 is the eatt, :

03,10 FOR R=l,!-R;00 3.2;0M {F{3.4,R))s43IF ("=1Y3,6

03420 SET "wRel;IF (R=213.3;FOR [=1,R;SET #=[-1;D7 3.7
03,30 XECUTEZ;REDUCE A(I,J) TO UPPER HESSENBERG FORM

03,40 ZERQ Z;FOR [elyp=1,m;:1F (FABSIF( 37V =%)ssT,5

03.50 SET”!*F&BS(&(I)R}!;J‘IpEfRIlJ :

03250 FOR IwR+®, 13SET A(I,RI=A(LSR)FAL";2)

0370 IF (R=1J&%.33SET ATsRYRA (TN RIGF(T. A =F (2. 9)
0380 IF (!-®Y3,33ZERO $;FOR Ka*, 8 3SET SeErA (LY ®A(K R~}
03«70 IF (#=ZF¥¥.3;TERT $;FOR KeZy#5SET AT oK=L ) ALK LR

04010 FOR E=TpY3SET #m&{",T) A (™ T)o&(JsT) pAl LT )k

04.20 FOR IsTo13SET #oAlls™kpAl I a™)eh (I, d)pAllsl)ynR
0430 XECUTE A(I,»R) ;R0 AND COLUMN: INTERTZHANGES

4s Finding the eigenvalues of » genmera! matrie

C THIS PROGRAM FINDS THE EIGENVALUES OF THE MATRIX &(l,d)
0l.2C C USING THE QR ALGORITHM. THE MATRIX IS NOT REQUIRED TO
01.30 C BE SYMMETRIC - COMPLEX 6T GENVALUSZ-S WILL BE COMPYUTED IF
01.40 C NECESSARY. THE ORIGINAL MATRIX TS SAVED IN Cl{I,d) FOR
01.50 C USE LATER 8Y EIGVEC. _ :
01e70 F Ialsat3F Jolol S CUIsdV oAty d)

02.10 § KeA{ls1)sMel, NoY,221E=10,C092°.9

02.20 0 Zo33F LM N=I;D 3iN3F LaMyN=1;D 4

02,30 S Ke=KjF LwMuN;S Al Lol =& (L oL VoK

02,40 5 Lal=13T (L=212.5;1 (Z~FABS(A{L,L=1)1)2.5

02.50 S K=A(NsNIsMals T (L+1=MI2,2,2,73S X{N) k32 i) 36 2.9
02460 S JaFSQV(=d)s X(LI=I X (N}, Y (LYo JyYIN) =] 3G ?7COMPLEX 2
02070.5 T=(A(LsL)+K I/ 2,391 #T+A (L, NI*A INSL)=ACL,L)*K; T (d12.6
02480 S J=FSQTIJ)*FSGNII+Z I, X{L) oI+JoX (N)T=d532 Y(L) YIN)
02.90 S L=t=1,N=L31 (1~L)2,4,2.5;RETURN EIGENVALUES IN X{D)sY(D)
03.10 2 S3F Tal sN1S S=$+A(I,L) ~2

03420 S S$xFSQT(S) *FSGN(A(L, L)) ,B(LoL) sA(LsL ) +S

03.30 S QULI*B(L,LI*$3F I=L+1yN3S BU{I,L)eA(T,L)

03.40 F Jwl,N3Z P(JI;F IsLsN3}S PlIIsP(JIeBlT, LI®A(T, )

G350 F J=l,oN3F TaLsM3S AL, J)=A(L, J)=B(T,L)*P (33/0(L)

04,10 F I®MyN;Z P(1);F Jal,N:S PIT)=P{I)+ACTI,3)9B(J,yL)

04020 F T=MsNIF JalLsN;S A(I,J) %A (L, J)=PU{T)*RCIaL)/Q(L)

Elampl £ - &6 I



Fe. Finding the eigenvectors of & general mstriv.

0110 T THIS ROUTINE COMPUTES THE EIGENVECTORS OF Al(l,Jd) USING
01.20 € THE METHOD OF INVERSE ITERATION. GOOD ESTIMATES OF THE
0130 C EIGENVALUES ARE REQUIRED FOR RAPID CINVERGENCE- AND IM-—
01.40 C PROVED VALUEE ARE'RETU%NED. THE FINAL XFORM S3 A%C*B
01.30

Olwﬁﬁ-F Nsls!30 ZrSt#riiCAtL THIS SEQUENCE FOR £ACH EIGENVALUE

0la7C F IslI3F Jelns 23S A(E2l)=B(I:l)ysNsN3D 3,RETURW BOTH  SETS

OZUIG‘CUPY THE MATRIX AND SUBTRACT THE EIGENVALUE

02,20 F L=21s13F J=l,135 ACIsJd)sC (I, J)

02630 F I=Is!13S P(E)I»IeA(IoD)mA{IoTY=XIN}

03,10 F T215130 FeTFoT6355 P(I)e#;F Jols!sT (I=d)Febss3e b

03427 F Jsl=ly=1,135 #aPCJI;F T=ls!3S WsACI AV, A{Is#)=A (15 3)5A(15]) ="

03.30 C GAUSSTAN INVERSION OF A(Is3} USING THE ROW INTERCHANGE METHOD R
032,40 § S=A{ISI V3T ALIsTI3F Kels!3S A (el TmallaKi=A(TsK)*S ?
03,50 7 $3F Islpl;S KaFABSOA(I»I)) 3D (K=F13e335 #=ls$=k;] ($)eF.7 ™
03560 § S=A (BT Y>A(# 1=l F Kals!;S WaA(#K )/ S»A (Hp KI=A( I K)o ACTsK) =¥
03.70 S A(#»I1aZ3C THE PIVOT IS ZERO! SET TO STOLERANCE? AND CONTINUE
34.10 C THIS ROUTINE PERFORMS THE INVERSE ITERATION

04,20 F Isls 137 QUINF Jd=ls !3S QUII=Q(T)eAlI,J)»P(J)

04,30 Z $3F Ial,!31 (FABS(Q{I))})=~FABST$))4.1355 $=Q(1)

04,40 7 %£3F T=l,13S #s#eFABS(R(I)=QIT)}/S$)»P(T)=Q(T) /s

06.50 T

( 14Z-#)4.ZSRETUIN AS SOON AS THINGS CONVERGE
35,10 CORRECT THE EIGENVALUE § NORMALIZE THE VECTOR

0520 § X(N)=XINI+1/$3Z $3F Isl,! ;S $=seP(T)"2
05.30 § $=FSQTISI3F I=1-.!3S B(IN)=B(I)/8:0 SAVE IT

EXYAMPL F i 7




)

1

*NAESR 2 3 % 8 R = ® a*s= 2 & ¥ = 3 5 =B & =B AMERS
kkkxx A DD I NG NEW FUYNZITIDNS Skexs
SEEEw X 2 » = BB B B X B = 5 = # 2 ¥ % % ®R B BEREE

ADDING USER FUNCTIONS AND COMMAMS 1] U/W=-FOCAL

This section outlines the proceduyre for adding new
functions and commands to U/W=FOCAL and reviews the various
itterns?! routines which are Ffrequentty caffed by such
functions. Those acquainted with other versions of this
fanguaqge will find zo0st of the principles Ffamiliars but thers
ar'e some& new features in this version which facititate
ar gument checking and data conversion. :

Basicalty there are two reagsons for implementing new
functians or commands? one is to gsin access to specific IOT
irstructions for controtting an—line equipment and the ather
is to obtsin @& speed advantage by eliminating the overhsad of
the interpreter. Writing time critical funtions #n assemdiy
fanguage snd flinking these together with & simple FOCAL
srogram creates a very &ffective combinatiga,

User routines way be added to this version either as new

commands or as new functionse The choice in a given

si tuation is genaraity governed by the nature ol the

‘informatien transfer: those operations <+hich perform onty

putput are usuaily most convenientiy programmed as commands
while thos~ which return information to the program need to
be- implementad as functions. Examptas of the first clagss are2
PLOT (which moves pen and paper)s and KONTROL (which gperates
refaye), UOhvious examples in the second catagory are things
like FEADC (reads an A0 converter) and FXSL (tests the
st atus of an sxterna)l sense {ine). There are alsa functions
which perform control {(output) operations but which use the
vaiye returned oy the fungtion as & status report.

CALLING THE FUNCTIIN

The first question which arises is how internal routines
ara called by a uysers program., Wwhen 2 FOCAL program is
running {inctuding the execution of direct commands)s the
charactars stored in the text buffer are scanned one at a
time in order to determine what action ta taka, The jetter
wEn, for instances might g¢cause a branch to the FOR command
aracessorsy ory in another contaxts it might preprasent the
beqginning of a function calt, In order to make these
decistens, FICAL employs character-driven branches in which
tte value of the Jetter code is used to determine which
address in a table o Branch to. .Thus in order to impl ement
new commands or functions, atl a user needs to do is te patch
the appropriate tabie with an address indicating the entry



point of his routine and the interpreter will do the rest.
At the econclusion of this routine an appropriate J MP
- ivstruction {(*CONTINUE® ar 'RETURN'} will re-enter the
interpreter and the text scan witi be resumed.

COMMAND BRANCHES are ~ performed t hr ough s tabtle
containing 26 addresses starting at the location COMGO. {(Ontly
symbolic names wi'll be uysed in this discussion; consulting @
current tisting of the symbo¥ tabtlte will:  provide the cetal
vaiues), The letter 3%, for sxsmpies causes % branch to the
secoand asddresss the fetter WC* to the third sddresss etec.
Since FOCAL uses onity the first letter of a2 command words
thic table cannot be expanded; furthermore most of the
“jmtters are stready in use. Howevers & given l{etter can be

‘muttiot exed? by using 4§t for a3 series of doubt!ae=word

cammands as has been done for the letters "L " ang "OW, Kith
this idee in mind the letter "U™ hss been reserved for new
USER commandSs et TU AT PU B¥, ste. k wmethad for
impiementing such commands is shown on 3age 78.

FUNCTION BRANCHES are a bit more compiicated since
functions names may consist of seversl fetters fand/or
numbersy end it is obewiocusty inpossibife to stare entry paints
far 217 conceivablbe 1,2 & 3 character names,! Inr this cage,
thany two tabies are employed: FNTABL and FNTABF, each
cantazining 35 entries. When FOCAL detects a function call it
compares the name given in the progran with the list of
possible function names in FNTABLs, and upon finding a natchs
Jumps to the corresponding addrass in FNTABF. \When adding a
n¥w function it is thus necesssary to patch both tabtes st the
=»me ratative location. The patch to FNTABF is gquite simpie:
it §g Just the address of the new funection. The entry in
FNTABL nesds some additionat comment,

In order to pack anm entire functionm nawe into 2 single
cyre jacstion FOCAL resorts to a wethod of ‘'hash-coding* in
which: all the letters {except for the "FT") are combined. The

“algorithm for doing this is very sinaplesr Bubl: with simpiicity
furks the possibility &Lhat ¢the result may not be unique,
Basieally the 7-bit character cndes are summed after
multiplying the previous sub-tota! by Pour, This generates 2
polynomiat funetion using the ASCII codes as coefficients.
The reaguiting value nust he positive since negative numbers
a~s used to 4dafine the and of the tabte, This evaluation may
be performed by the assembler as foltows: {(the code for
'FARCY js shown.)

' MA=200%4+W3=200" 4+ (=220

WHERE DCES IT GO?
The next question which usualiy arises is where to

iscate the code for new fuynctions. Sines onily 12-Dit
addresses are used in the braneh tables, all antry paints
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MUST be in the sase fiesid as the intarpreter; in U/M=FICAL
this is Fiedd 1+ However, if o large amount of code is
required to impiement the operation (and i+ setdom is - most
ussr functions can be cadad in 10=-40 instructicens) it =ay be
srudent to locate such code in another Piefds Alt the "7
and "0" commandss for examples are coded in Fisfd 0 excapt
far about 50 instructions which praovide the necessary finkage
hetween the Tietds. On the cother hands It is generaily much
Nre convenient o ba able to writs the function *3ll-in=-cne
place®* and in sdditions funetions which reside Jin Fisid 1
have sccess to si! the text-scamning and I70 reutines as wel!
a5 use of the fFltosting=paint package. For thiz resson the
ares from 3200-4177 in Fiefd 1 hag been reserved for usse
additians; the only cateh i that this ares is afsa used by
the 3K versior Por storing variables. Thus those with aniy
8¢ must give up some variablas in order to add new functians
and commands (sae pe 3B}« Nots atso that there are 10 unussd
pege=2era locations ta facilitats cross-page rafarencss of
pateches to other routines whiclk might be resyired by x
ssohisticated programmer. These and any other 'holes® can be
eagily determined by consulting the apprapriate 'hitmapt.

COMMUNICATING WITH THE FUNCTION:

B

. It iss af courses sssantial that a FOCAL program be abie

‘to pass information to the functionm or command which it

itvokase This finkk is usuatty in the fores of an arithmetic
expressian whose value is avaifable &3 the uyserts routine
(1)e. Such parameters appear as a noraalized floating=point
rsmbar in a set of page-zeros registers known as FLAC, Most

~user routiness however, prafesr a3 12«bit intager resylt which

can be manipulated in the hardware accunmulabor (the AC). Cne
of the first steps in most user functions is thus to convert
> om one forw ts the other. This is done by & ca3lt to FIXIT
which convearts FLAC inta s 24=bit infegery ctears the 1ink
and ifocads the iez3t gignificant 1Z-9ity (LOKDY into the ACe
In this way the resylt of what may have Hesn a3 very
compl icated expression in the program is ullimetely raduced
ty a few managable bits in the accuwulastor!

We have been assuming above that there =was~ 3 parameter
and thsat it had already been evalyated and saved in FLAC
Bafore arriving at the user's routine. This is true of al!
function cails since FICAL assumes that there wil! always bae
at taszst ane argqument and goes aheacd and svailyates it, Ifsy
i1 fact, there is not an axplicit argument {(for example in 3
finction call tike FIN(})s the evyatuation orocess prsaturns the

(1) string arguments  are ailso possible = this
sub ject will not ba discussed here,

TS RR NS TTINRSS™




value 2zerc. The situstion for commands is slightly different
since not all commands require 3 numerical >arameter sa FOCAL
lsaves Jt up to the user to ask far an evaluation if one is

requireds. This step is also necessary for Tunctions whieh

have more than one arguments so the fol!towing comments are
pertinent to both types of routinss, '

PE(FQRHING AN ARITHMETIC EVALUAT ION:

Evaluating an arithmetic axpression can obviousty be &
vary complicated pracess indotviny nested parentheses,

subscripted variabless mixed operators, etec. The evaluator .

raoutines for examples must be abie to stop in the middle of
ana evalystion and start on & compl eteiy nes one whose resylt
¥s rsquired by the first expresgion. Jbotaining the v2lue of
3 subscripted variabte is 2 simple examoie of this sort of
complication: the subscript expression nust be evajusted
Bafore the value of the varjable can be obtsined, FOCAL iss
of course, prepared to handle atd these situationss but it
shouid not be surprising that a special cat! is required to
initiate an arithmetic evalustiaon. This call is & PUSHJ
oreration which s sort of a combination JMP and Jes
instruction.

PUSHI oserform a JMP to the eantry point of the routines
but it saves tha return address (like a2 JMS) on the 9¥stack?,
PISHJ instructions are codad as two-word instructioms with
tha sacond word heing the address of the routine. In order
to avaluyate an arithmetic expressions far ecampla, the cail:z

PUSHI
. EVAL
is required. {The cecond uword of a2 two=~word instruction is
usually indented & Pew spaces in the listing), Umon rsaching
the end of the esvaluation the program «il] resume at the
location following the address EVAL. :

PROCESSING MULTIPLE ARGUMENTS:

Many user routines find a nead far multiple arguments.
For axamples 2 routine to control a series of stepping motors
#i ght need tha drive number and the number of steps. Another
common situyation is the use o2f a varijabte number of
parameters, This technigue s usads for examp {ey by
finctions ftike FCOM which fread? if called with cne argument
avd 'write? if called with two. In othese situations it may
jist be convenient to defautt to certain vatues if explicit
values are not provided by the function or command cali. In

aft! these <casaes the user routine nesds %o be able *g

srticipate whethar thers are additional oparameterss and if
sor ask FOCAL to evalyate them as described above,




This cheek - is simplified by requiring that mul tiple
expressions be saparated by commas (expressions not beginning
with a2 minus sign may also be separated by spaces; however in
the genarsat case commas are the onify permisssble sseparatorsl.
Thus after each evaluation the programmer needs onty civeck
the current character from the text byffer to see jif jt is &
commar and if it issy skip It and esvajuate the next paramseter.
This requirement accurs s0 frequently that there is a3 speciatl
routine for performing this servicesr TSTCMA. TSTCMA atse
provides an examplte of a3 technigque used by severat other
intarrnal subroutines: multiple return points, IT TSTCMA does
nat find & comms in the text huffers it returns to the next
gere Tocation (i.de Fcalbis+l?!) whereas ¥f it does find a
commas It skips that Focation snd returns to Teali+2* or the
'second -returnt. In additions TSTCMA sfso skips osver The
comma if there was one so that EVAL wontt gat stucki{l).
- Combining the routines menticned so far Feads to the basic
torput structure of atk usesr functions snd commandsS. krv
exampte -~ which processes muitiple arguments snd jumps to the
ms in routine when no more arguments are avsilable nmight be
caded as follows? '

TENTRYs PUSHS: FTHE COMMAND ENTRY
' EVAL :
FENTRYs FIXIT ° /THE FUNCTION ENfRY
DCA STORAGE FSAVE THE INTEGEY ARGUMENT
TSTT MA ' JARE- THERE ANY MIRE MARAMETERS?.
JMP MAIN INO» GO DO SIMET4INS
IMP CENTRY IYES, GET THE NEXT ONE.

An exampte which forces afl caltls to have two arguments might
be writtens :

FTuOs FIXIT FASSUME THAT THIS IS A FUNCTION
DCA ARG1 :
) TSTCMA /THERE SHOULD BE TWD ARGUMENTS
ERRORY JBUT WE ONLY HAVE ONEY
PUSHJ '
EVAL
FIXIT JETC.

The ERRORZ Instruction above calils FOCAL's error rouytine
which stops the program and prints out an error code equal
Yo the oage number and ralative tocation on the opage whare
the error otcured. For axampler [f ERRARZ is located at
location 3266(act) the error  code wo ul d be 13.38.

(1) Tt is also poassible ©tog asc EVAL to skip the
comma by performing a call to EVAL=-1i however this
methad does not work as nicety for commands as it
does for functions since commands need the initial
cal]l to EVAL anywavy.



. Functions which have more than. one argument r equire sonme
care when coding them if the second argument i3 to be
permitted to contain references ¢to the same functicn (i.z.
rzeursive calls). This point has been omitted in the

- preceeding examples. DJasicaily code which wight be reused by
s second Pfunctian catl cannot store argquments in fixsd
facations since these vatues wouild then be overwritten before

they could be used. The solution is Just to otace il such.
srguments on the *stack?®s recailing them lfater a3t necessary.
Thare are & instructions which are aveifabte for such
operationss PUSHA, POPAs PUSHF and POPF. The Pfirst two save
snd rastore a singie 12-bit number in the A%, the second two
save -and restore & consecutive locations such as might be
used to contain a ffoating~point number. As tn exampile of
the uyss of these routiness a function to read or write into

any care location In any field might be coded as followss

FCOR »

EXAM»

LOC N,

FCOF,

FIXIT
PUSHA
BUSHE

FEXIT
PUSHA
TSTCMA
JMP EXAM
PUSHI

- EVAL
JMS LOCN
FIXIT
DCA I
RETURN

XRT

JMS LOCN
TAD I XRT
FLOATR

0
CMA
POPA
DCA XRT
POPA
AND
oLl
RTL
Ta0
DCA
0
JMP
COF

p7
RAL

FCOF
o1

T LoeN

EVAL -1

13T ARGUMENT IS THE FIELD CODE
ISAVE IT ON THE STACK

“/ASSUME A MINIMUM OF 2 ARGUMENTS

/THIS IS THE CORE LOCATION

/A 3RD ARGUMENT MZ-ANS 'DEPOSIT!
IITHERWISE JUST YEXAMINEY

fGET THE VALUE ~ THIS CALL MaAY
- FREENTER FCOR WHEN MOVING DATA

/SET THE ADORESS AMD DATA FIELD
/BRING THE DATA INTDO THE AC
/DEPOSIT IT

/AND RETURN THE SAME VALUE

JCALLED WITH ONLY 2 AIGUMENMTS
JREAD THE VALUE
JAND RETURN WITH IT

/SUBROUTINE TO SET THE DATA FIELD
JCOQULD BE AVOIDEDs SHOWN FOR GENEALITY
/BACK UP THE ADORESS 3Y INE

/AND SAVE IN AN INDEX RESISTER

/MASK FTELD BITS

FADD IN A ¥COF?

JTHIS IS THE 'CDF' INITRUCTIDON

HS ER EIINFTTANS. 72



Note that if the sscond argument had been saved directly
i an indeax register and the routine had heen reentered By a
cafl such as X FCOR{3,1000,FCOR{(2,512)) Lthe iInitial value
wuld have heen destroved. Many  user routines do not
require this feature and may thus reduce their execytion Lime
and simplify their coding by storing their arguments directily
into the 1oacations where they are used. A usefyi bit af
krowtedge in this regspect is that the auto-index register
AXIV is always aveil able while the program is running. Thus
nan=confliceting functions or commands wmey iniétialize this
registear and use it to store & variabie 1ist of piarametars.
Toe aveoid probdtfems howsvers it is generally recommended that
M on—page register be usad for suyuch addressing with apnp IS57
ingstruction to sdeance it.

CUNVERTING.BCD DATA:

Many user Ffunet ionss especisify those which rsad
laboratory instrumentss need to convert fron 300 to birary.
J/4=-FOCAL has a routine specifically designed for doing this
called MULTIO0. MULTIO First multiplies the valus jn FLAC
{treated as an integer! by tens then adds in the value of the
callipg AC. This is just the algorithm needed Tor pracessing
B27 digits starting with the most signrificant. It onty
remains to set EXP  to 43(oct.){s35 bHits) before returning
fraoam thhe function {(the constant P43 is on page zeral. Of
course FLAC must be cleared initialty, This is accomplished
with another handy routine calied FLOAT ahich turns the AC
into anm unncrmalized floating=point number: I[f the AL is
z2ros FLOAT obviously just clesrs FLAT. 4 call! to NORMALIZE
is advised befare using the floating~point package to operate
on numbers prepared by FLOAT or MULT10.

ACCESSING USER VARIABLEST

Some fFunctions and c¢ommands require expiicit access To
speci®ic variables, Examples of this reqiirement occur in
FJOY whijch uses XJ and YJ for the ecoordinates of the
" jovstiok? gursor and in the PLOT command which makes use of
tha spacial variables $S: 3D SR and ¢$F, The foltlowing
discuyssion appties only to unsubseripted varlables and an
examination of the  routine GETARG is suggested before
adapting this procadure to subscripted gnes, Since all
variables may be subscripted, the yariabte-tookup routine
eno fovys reentrant code and hence must be entered with a PUSHJ
calt., The nams being ssarched for i coded in packed ASCII
axd stored in THISOP3 L3IRD must be . sat ta zero. The cali

PUSHJ
GSt .
then searches the antire symbo! ‘tabte and either finds or
creates a variable with the name in THISOP., It is sometimes
- us eful to know which coursa of action sccurad. This



information is ereturned in the 1link which Is set if the
var fabls was found and cleared otherwise. In any case the
variable pointer PT] is sat ta the location of the first data
word (iees the exponent).

Since the variables may now be in afmost any fields user
routines which are expectsd to work in several different
eanfigurations must "foltow the rufas? fgogr accessing them.
The anly tlagai® way to do this is to use the Floating=paint
package which hag been modified especiallty for Ethis purpess.
Tha folbtowing routines for exsmpler #ilt Bring the vaiue of
the variable 'A8% into FLACGT :

TAD NAME /SET 37 THISOP AND LORD

DCA THISOP

DCA LORD

PUSHY /SEARCH T4E SYMBOL TABLE
6S1 -

FENT

FGETIPTL JBRING IT INTY FLAC

FEXT | |

[ 2 3 X

NAMES, 0102 IPACKED:kaIT FOR #AB®

The specféi operation FGETIPTL,is.intarpr&téd by the F.PePe

. as  an out-of-field reference which is otherwise equivalent to

F3ET 1 PT1l, This will be discussed more fully in a Ulater
sectione : :

" CHECKING FOR LIMITS®

Arguments which are used to buyi'ld instructions shouyld
alwaye be masked or checked for timits to avoid creating
arronegys operations. For .axmmples If the instruction 6540
sets D/A channel Os then the foltowing code wight be used to
impiement 2 muitichannei FDAC Tunetion:

‘FDAC, FIXIT /PLACE THE CHANMNEL NO. IN THE AC
AND P7 JMASK OFF THE LOWER 3 BITS
TAD (6540 fADD INSTR. FO? CHANNEL O
DCA .+ 5 JTAND PLACE IN=LINE FOR EXECUTION
etc.

Note that P7s P17 P77 and other usef:! constants are on
page~zero, Another technique of generalt utility for checking
that an argument faits in the range 0=M j5 to add =(N+1) and
ehack for overflow into the tink. This is conveniently done
foltowing a calt to FIXIT gince this routine afways returns
Wwith the jlink claearad:




b

FIXIT  ZGET THE 1ST S ARAMETER INTO THE AC

TAD (-6 JCHECK FOR A VALID RANGE
SZL
ERROR2 /MOT IN THE RAMNGE 0-5

TAD (INST+6 /COMPENSATE FIR THE TEST CONSTANTY

L B J

This is a2 *friendly* approach to #imit cheecking in which
the programmer |s permitted to make improbable errors which
wiltl not ftead to disaster. For exampies the limit check just
shown does not consider the possibility that the HORD bits of
the argument are non=zerce Thus an argument: af 12,292 wilt
be gracefully accepted by this function {supposediy limited
te 0=~5) producing the ssme resuft as an argument of &3 the
additionat code to check for such an unliketly argument seams
caplateily unnecessary. :

RE TURNING TO THE INTERPRETERS

Finally we come to the end of the Function or command
and need to retyrn to the interpreter, Returns from a
cnmand are soded as CONTINUEs. This return: ctears bthe AC
and fetches the next command. Functi:n-returns may be coded
In 1 of 3 wayss, some of which have already heen  jilustrated:

"RETURNs  FLOATR and FLOATR. The first clears the AC and

returns whatever value is stored in FLACS? generaily this is
just the valye af *he fast argument al though other rasuilts
may bBe set ups for instance through the yse of calls to
MULTIO or the flosting-point package., The contents of FLAC
Wwill 22 normalized by RETURMN so this need not to he  done by
the function, FLIATR {(with Woh*) on the osther hand uses the
value in the AC as tha vajue of the finction. This s
canveanient for returning errofr vsiues as well! as for

‘converting 12=bit results,. The Pfunction FSIr for examples is

coded as LAS;FLOATR. The third passibititys, FLOATR (with
“zero™), is almost the same as the second exceot that the AC
is treated as an unsigned number in the range 0=4095 rather
than as 2 signed nuaber in the range ~2048 to +2047. On . the
PIPL2y  for examptle, the vatue of the left switeh register is
returned as an unsignead number,

TRICKS OF THE TRADE:

- FIXIT actuaiiy turns FLAC into a 24-bit intager so that
both =1 asnd 6095 $oad the AC with 7777. All ecalls to EVAL
leave the resylt in FLARG as well as in FLAT, thus the value
in FLAC may be tested or destroyed  without fosing the
ariginal valuye, FLARGP is the address - of FLARG., The
temporary resgisters T2 and T3 may 3¢ used by any functicn
whieh catls EVAL or the floating=point sackage, T1, SIGN and
tre index registers are certain to be altereads however., Many
of the common subroutines (such as FIXIT, SHI®RTL) do not care



about the data field setting. This is sonetimes convenient
but subject to change as additional EAE routines are
developed.

" Functions which use LINC mode instruetions {POP-12) must
di sable the interrupt system even though ani y a fen
mi crosaconds may be spent in this mode, Rather than using an
ICF instruyction foliowaed later By ION it #s wusually more
ecanveniant to add & CIF 13 instructionm at the start of the
LINC mode section. This will tempayrarily disabie the
ivterrupt system until the next JMP or JMS which Is typicaliy
Jist the RETURN or CONTINUE commend.

USTNG THE FLOATING POINT PACYAGE

Usu~-FCOCAL has a 4=word Floating point interpreter which
simulates floating point memory reference instruyctions for
datz in Field 1 plus Jimited refearences to 1ats in the fisfld
containing the variables. There are 9 possible operations
which are arranged in the order of FOCALts arithmatic
prigrities and hence do not correspand exactiy to the def-
ivitiong used in some other packages, These operations ares

"FGET = 0000 1ogads FLAS, leavaes OPER unchanged
. FADD = 1000 losds OPER» adds it to FLAC
=SU8 = 2000 'VYoads OPER, subtracts it from FLAC
FOIV = 3000 loads OPER» divides OPER into FLAC
SMUL = 4000 loads OPER, muttiplies it with FLAC
FPWYR = 5000 1ftoads OPERs raises FLAC to integer power of JPER
ZPYT = 5000 saves FLAC, leaves FLAC, IPE? .unchanged
FNOR = 7000 foads OPERs normalizes FLAC

It shoutid be noted that FPHUR now warks for both positive
and pegetive valuss of OPER. In particitar this permilts =
simple way to Porm the raciprocal of a number by raising it
to the =1 power. Since anty tha integer part of the operand
s used one does not need a constant exactiy equaf to -1, and
the following 'trick! may be uysed to produce g vatue egual to
- goproximately =1.74¢

FM1, 1 /THIS IS THE EXPONENT
FENT /THIS IS '4ORD!
FPWR FM1 JTAKE THE RECIPROCAL
FEXT /OR ANYTHING ELSE

To enter the floating point pacikage one yses tha FENT
calts to exits code FEXT as ¢the operation. In order to
provide access to data in the *variabiest fiwntd atf indirect
references through tocation 7 (i.e, things like FPYJT I 0) are
mpped to bhe out-of-field indirect rsfarences through PT1
{the Tvariabile pointer'), It is convevrient to dafine special
synbols for such operations by condensing the expression
13GET I PT1? into 'FGETIPTI' = IEGET I Ot, ate, There is one




exception to this interpretationt data located
be fetched Prom Fisld I since this
far references to FLARG.

2l ways

at 7600

No variables ars 1located at

position anyway (by designl.

Al

skusys fhave naorwsiized
tions freguently need temporsry storage aress.
which are convenisntiy resched via
FLARG: ¥s used by EVAL to cooy the result of
s used by some of the trancendentat
Their pointers are known: as FLARGPR and BUFFPT.

2age=28rCe
operationr and BUFFER
functions.

1

floating=point operations assumed normalized numbers
amd af! conclude with & calt to the normaltize
and F3UB
cansequent foss of precisions but FMUL, EFDIV: snd FPUR shoutd -
. Floating point cafculig—
There are two

may be

rtoutine,

with unnormali zed numbers with

argusents,

indireet pointers

EXPANDING THE COMMAND LIST:

The fol!owi.,r}g code may be used to expand any one of the

cammand letterss it Is shown for the USIR commands

*COMGO+" =Nk

USER FENTRY TN THE MAIN' COMMAND TABLE
‘ *SOMEWHE RE
USSR, SPNOR FIGNORE SPACES 3IETWEEN WORDS
TAD CHAR -
DCA LASTC /SAVE THE SECOND COMMAND LETTER
SORTY JTEST FOR ANOTHER TERMINATOR
IMP o+3 [FOUND ONF |
GETC JIGNORE ALL BUT THE FIRST LETTER
JMP .-3 ’
TAD LASTC JPERFORM A SECIND BRANCH
SORT & FUSING THE SECOND COMMAND WORD
USRLST~T ,
US ERGO=USRLST
JMB T (CERE JUMN=AVATLABLE CIMMAND
USRLST»™A JLIST OF SECOND COMMAND LETTERS
"y JTHESE LISTS MAY 3E PLACED ANYWHERE
ng /IN FIELD 1 '
ETC. fMUST BE ENDED 3Y A NEGATIVE NUMBER
JSER GO, USERA JENTRY=POINT OF THE UA COMMAND
USERY / U W
USERG / J 6
ETC.
USERAs soene JSTART OF THE U A COMMAND
CONTINUE JRETURN TO THE INTERPRETER
JSERWs DITTD '

it = IS P RIS - -

will
location is trapped
this

FADD

each



ASSEMBLING AND OVERLAYING A USE-R FUNCTIOM:

After working out the general plan of the code for & new

usar function (or command) the vprogrammer shoufd creaste a

syurce fTile using EDIT, TECOs etc. This File should also

~contain definitions for all the suybroutine catls and other

FOCAL symbols which it references as q4ell 3as plenty of '

commentary sa that & Fisting is  self-documenting as to the
purpocse and form of the function calt. Typicalty this source
file is given the name of the function, This fite Is then
assembled snd the resubting binary used to patch laoveriay)
the ogriginet U/W=FOCAL binary. & typicstf source fite
exampl es FNOP.PA - : -

/ FNOP: EXAMPLE FUNCTION FOR U/W-FOCAL =JVZ=-

/ =FNOP*™ DOES NOTHING IN PARTICULAR», BUT IT DOES IT VERY WELL!?
FTALLS MAY HAVE EITHER I OR 2 ARGUMENTSYT FNOPIXY OR ENOP(Xs Y.

FIELD T

FIXITe4560 #THESE JEFINTTIONS MAY NOT 8E
RETURN =5555 J/CORRECT FUOR EARLIER VERSIONS
TSTCMA=4543 : :
PUSHI=4522
EVAL=1606
FNTABF=2157
FNT ABL =2356
*FNTABF+26 /PATCH THE ENTRY POQINT
FNOP
- ®ENTABL+26 /PATCH THE NEW NAME
T N=2 00" 4+ "0 =200*4+1p =200
3206 FUSER AREA
FNO®, FIXIT /CONVERT THE- FIRST ARGUMENT
- TSTCMA : JCLEARS THE AC FIRST
RETURN /THE [NTEGER VALUE
PUSHJ JEVALUATE THE NEXT PARAMETER
EVAL
FIXIT /CONVERY THIS IONE TOO
RETUPRN /THIS ALSO CLEARS THE AC

$

To add'this functiony do the following:

«R DALY {or COM FNOP?

*E NOP <FNOP (greates ENNP,BN)

«R ABSLDR

*IWE, FNOP=1004% {merge main binary and patch)

« SAVE SYS:UWF ftsave the pew version)




AUDING INTERNAL DEVICE HANDLEIRS:

White the use of the 0S/8 system hardters is generaify
qlite convenient, occasionaliy there is 2 need to add other
ivternat handlers to U/W-FOCAL. One example might be the
inctusion of = Jine=printar handier so that output cauld be
sent ta & fPile and to the LPT:s if desired. Other sxampies
might be o CRT displisy wbich needs charatctee~oriented output
or the snnotaticenm routines for o digitsl plotter. Even
though routines such as the tast one could never be written
s OS/% handlerss ¥ it canvenient 13 let the FOCAL program
treat ofl T/0 cakfs i the same ways 50 thaty, far instances.
‘the ca3tf 3 O PETR=®* could be uysed s sweitelr cutput to the
amnatation routines..

This approach is atresdy in use For traspoing calkls to
the TTYe wandiery kuse FOI TTY:¥ does not load thve OS/E
hendier but merely switches *o the intarmat fnput routine,.
Hence. it is a relatively simple matter to add checks for
ather internaf _handierss all of which must have their entry
paints in the upper half of Fiefd Y. Traps: for such handliers
are inserted inte thre OPEN routine in Fietd Ol The: most
conventent pliace o do  this is at IPENSS wunich contains 2
GTNAME instruction. This may be moved (by condensing the
IAC3RAL sequence preceding it) or repiacad by tJIMS T (PATCHY
{note that this regquires modifying the next idnstruction as
wellY and PATCH is coded approximately as followsst

PATCH» o} JTHIS MIST IE SOMEWHERE IN FIELD O
GTNAME IREPLACE THE ONE WE ELIMINATED
CMA: CLL RAL /f==2 :
COMPARE JCALL THE BLOCK COMPARISON

NE-WDEV-1 /RQUTINE TD SEE IF THE NAME
YORDEV=T F/WATCHES YOJR DEVICE NAME
JMP T PATCH  /NC» CINTINUE WITH OPEN
TAD (ENTRY /YES» LOAD YOUR ENTRY POINT

CoF 18
DCA I (OUTDEV/OR INDEV
IMp EXIT /CONTINUE WITH THE NEXT COMMAND

YCORDEV DEVICE NAME /THIS IS YOUR DEVICE NAME

note s Butput te an internal handler shosld not be 'closed?
as this aperation is reserved for the fite output routines,
Te switeh to another devices simpiy per Torm another 0 Of
cammand,

Ll = LR TN L et V1 _ -



SERVICING INTERRUPTS IN U/W-FOCAL!

One of FOCAL's virtues is that it runs with the
interrupt system enabled. Afthough the standard varsion oniy
uses this facitity for running the terminal, there is roem in
the t*skip chain? for adding other user flag cheaks. In
addition there is space for inserting instructions to remgve
unwanted flags which the user does not wish to acknow! edge.
If U/W~-FOCAL ever fails to respond when loaded or after
cal!fing a nonesgstandard device handler the probiem is most
fikely an unknown ffag which i3 requesting an interrupt,
This may be cleared by hatting the computer, Jloading address
133 and restarting. Press the CLEAR or IrQ PRESET key if
your computer has one, otherwise START wilt per form this
functions resetting al! the device flags. If the oproblem
prrsistss consu it with someone familiar with the I/0 devices
attached to vour machine. ‘

Some experience is necessary befores attempting to add an
interrupt driven task ta U/W=-FOCAL. Most orcgrammers tand to
- feet! a3 litt!e uneasy (at last at first! in setting a device
i operation and then returning to the jaterpreter with the
assumption that it witl take care af® itself. Some of the
gancerns in programming such routines idnvoive (1) the
quastion of bBuffaring; (2) queuing of service requests and
checking for a tdone?! state; (3) preventing premature returns
to the monitor system. ODevices which are commoniy added to
the intarrupt system include clfockss digital plottarss, light
PensSs power—fail/auto restarts and event flags.

Motes on the Interrupt routines: The MO is nat
ordinarity savad al though thers js 8 register {SAVMQ)
avaitabie for it. It is also inportart to note that the
teleprinter routine (TINT) expects the DF to hs set to 0.
Thus in the 3/e¢ version which usaes the 353Q Instruction to
save some overhead, it is important that any user routines
reset the OF before returning to the skip ehain. In the
non=~3/e varsicons the 0F wit! be resst via the intsrrust
process byt service s siower. POP1? programmers may ba
pleased to note that it is possibl'e t3 provide for LINC-mode
interrupts in this version, The code at lacation 40 is
#asily relocated to provide room for a suitahle patceh,.

et~ R NIV N B N ) ¥ a3 |




PROGRAM=LEVEL EINTERRJPTS

One of the novel features of FOCAL ¥s the ability to
gsrvice interrupts within the FOCAL Rrogram. These
interrupts 3re limited to 2 rate not much greater than 20=30
per second and are only serviced when the program is actyalty
runnings but these conditions are met in many physiciogy
experiments ss wet! as other situations.. Such servicing
woutkd not be appropriste for s reai-tine cltocks o the gther .
hands, since the clock would ®*stapf whenever the prograss guit

er’ wss interrupteds even thaughh the clock ftag was concinuang
t3 be sat.

The basic plan is toe sdd & instructions to the interrupt
routines which check far some event ffag and mark its
peccurance by setting a software 1 ag. Whenaver the program

reaches the end of 2 tine af text it then checks this flag -

tnd if sn event has occured an automatic 03 3I1¥ command is
executed, The - programmer then uses group 31 to respond tao
this interrunts probably by sampting data, incrementing a

caynter, etc.. and at the snd of this group the program .

sutomstically continues with whatsver it was syppoasad to  do

next. The impfementation of this feature to be shown beisu’ o

ignores thye 'D0 31' command if there is no such group so  that
the code can be added without being used by every program.

Clearty the response time ta such interrupts wit! not be
tinstantaneous's Furtharmore the program mist be written so
that the text scan comes to the end of a line reasonabily
of ten. The foliowing commands, for exampie, would completeiy
ivhibit the intarrupt festures ;

320 IF {D)3.25%3.23C ATTEMPT TO WAIT FOR AN INTERRUPT
31.1 SET D=t |
The reason is that line 3.2 which is supposedly waiting
P57 31.1 to set 'Y never executes through an end=of=iine so
the softwasre flag is never tested! A passible Fixe

3.1C
3.20 IF (D)3 .1»3.1;C THIS EXECUTES THROUGH AN EQL



CHANSES TO ADD THE PROGRAM INTERUPT FEATURE:

FLAG »

CRTRAPS

ERTRAP,

FIELD 1

STABCNT+1
-1

CRTRAP
ERTRAP

*PC1

JMP I FLAGHL

*IM AT
JMS T FLAG+Z

HPINT

SKPFLG

CdMPR LT

CLRFLG

- DCA FLAG

*SOMEWHERE

TAD FLAG
'SZA CLA
117

ISZ FLAG

- TAD P7500

DA LINEMND
DCA NAGSW
PUSHI

00+3
CMA :
DCA FLAG
POPJ

0

TAD FLAG

SHa SZA CLa
IMP T .+4
TAD ERTRAP
DCA I TABCNT
JMP T TABCNT
MEXIT=-2

/PAGE-ZERD USER SPACE
1 SOFT WARE EVENT FLAG
JEND-TF=LINE TRAD:
/MISSING GROUP 31 TRAP

JCHECK THE EVENT FLAG

. FCHECK IF WE NEED GROUP 3I

/ADD A NEW INTERUPT TEST
JSKIP ON THE EVENT

JCLEAR THE HARDWARE F.LAG

7SET THE SOFTWARE FLAG

_JANY INTERRUPTS YET?

~ INO
JYES, SET TO *STANDBY!?

" JSET POINTERS FOR GROUP 31
JEXECUTE A *90 3t * COMMAND

JRESET THE SIFTWARE FLAG
7AND CONTINUE THE PROGRAM -
JCOME HERE IF GRIUP 31 TS MISSING

/00 WE NEED IT?
/ND -

IYES

/CONTINUE THE
/ERROR RETURN




SUMMARY OF U/Ww=FOCALs INTERNAL ROUTINES

The foklowing list of internal subroutines has been prepared
to heilp the beginning programmer tfael his way arqund® in FOCAL.

Notstiont X = don't care or unknown

U = unchanged

adde = address of data or entry point of a subroutine

. FIELD @ ROUTINES

Name ' Faunctiorn

o o .-

-

- CLOSER Cltoses an sutput file

COMZ ARE Compares 2 blocks of data to

addr-1 see if they are the same
sddr =% CAC»=¥# of words/black)
different Ist return & different
identicalF 2Z2nd return it the same
DISYISS Remove the USY
ERRIR1 Lower field error call

" ERRORO Special error csli which
altows trappabie erraors

GETHND Load a device handier

GETMON Loads the USK

GTNAME Read & dev:?Pi lenane.2x
ICH&Rq,Reads 1 char from input buff

IOUALIT wWaits for ths sutput buffer

to emptyr turns off interupts

LJUMP  The equivalent of SORTY
list=1
difference

LPOPE The equivalent of POPF
addr ;

LPUSHF The equivalent af PUSHF
addr

NUHE AD Plages name and date in header

Calt
DF

o

0

‘Retern
IF

¢
- 0

G = Q

Caké Tten Rt

AC AC
0= G
°c 7
) 4 0
X 0
X o]
o} 0
o} aQ
0 s
0 char
X 0
X 0
¢ 0
0 0
0 0

LINK

x

predic=-
tabise



Name Functian Catk

OF
OCHARD Writes 1 char to cutput buff ¢

Ist return for sche
2nd raturn for non-—-echa

OPEW - F“ffaf‘t Cfaockup® and Fentart ) 2

functions via the UST -

SAVE  Saves the program buffer = O

;yﬂ?&:&f Prints the AC as 2 ASUTII chars %

gt

FIELD T ROUTINES

ALIGN: Abign the binary peints of %
com®t  FLAC, OPER o
can
CONFINUE Clesr ACsy get naxt command 1
DCATAXIN Store the AC in the text bufft ¥
‘DELETE Remove a line of text x
DIVI  Shift OPER rights adjust EXI X
DIVZ Shift FLAC rights adjust EXP X

DUBLAD Triple precision sdditiom with %
tink pltus sverfiom

ECHOC Print AC it the eche i on C 1

EDE Restores TTY 1/0s returns a *_%v X

-ERRIRZ=4 Print error message _ 4

EVAL - Performs an srithmetic evalu- 1
ECALL ation - sse prior discussion

FETIH Performs a GETC or READC, de- 1
pending if CHIN js 0 or 1

FINOLN laocate a line no. in buffer - X
can't THISLN = naext Jins
san THISLN = LIMEND

Rtrm
3FE

Calt
AC

char

~ 6OSw

exlis

valy

Rtrn
AC

Q @2 Q@ @ O o

337

Rtrn
LINK




Name Function ' Cet! %Ftrn CotlF Atrn REtrn
_ ' ' oF JF AC -~ AC LINK

FIXIT Converts FLAC to 24~bit integer X u X LORD O
FLOAT Put AC ints HORDs P13 into EXP X U valu 0. U
snd ctesr LORD» OVER ' Ce
FLOATR Reaturn signed AC as fn.vtlue_ X X vaty 0 ;4
FLOATR Return unsigned AC ss Pr.vafue X I wafu a X _
. . - - 5“2‘
GETC Read CHAR Prom the taxt buffer X * o 3 X B
. : L S
GETLN Reads a2 linenos X I a e Q‘nat,iik'
| sets LINEND» NAGSH - S - gL
N GRPTST Compare group # in AC w/LINEND x o u a 0 X
= dif ferant 1st return if different L '
identicalr Znd return it the same ,
LPRTST Decides if CHAR is & Teft- 2 1 ¢ Q@ R R
“no  parenthesis S R _ _ : T
yes ‘ _ ' e SR ¢ )
- : ' o E R T
MOLTIO Muf tipty FLAC by ten, - B U o digit 0 . X
' then add in cafling AC . : L - i3
NEGATE Performs & *CIAY omr FLAC T t ¢ 0 J-nenzerae
: : ' I-zero
NORMALIZE Normalizes FLAC 1 S | 0 x
ONTEST Evaluates a linenc and per forms X ¥ c Q x
& 006070 or YNOPH™ _
PACCC Pack CHAR into the text buffer 1 1 o 0 X
POPA  Restores the AC with a 'TAD® X 1 Y  Xevalu 4
paps Restores 4 words 1 1 o 0 -t
POPJ  Return from a PUSHJ X 1 0 0 U
PRINTZ Print AC X 1 ehar . O X
or CHAR ' 0
PRINTD Print 3€D digit in the AC Cox 1 digit 0 o X
PRINTN Convert binary to BCD & print 1 1 s . bufr X

Convert to 320 £ do not print -1 ‘adde



- Name - Funetiun

PRNTLY Print a2 tine number
PUSHA Saves the AC on the stack

PUSHF Save & words on the stack
sddr =saddress of 1lst word (Field 1)

PUSHE Jump and save return addrass
addr ®entry point of routine

REAIZ Get & character from INDEV

REAIN Convert ASCIT to bimsry
AC=0 reads a char to start

RETJAN Clear Als return FLAC as_vaiue'

REVERS Performs = *CIA¥ on OPER

RTLS Impiements RTL;RTL;RTL

- SGNCHK Takes the absolute value of FLAC 1

‘¢vx3era  -Cheeks fsr 0 and sets T3
non=0 LinkeQ if arg. is negative
ST
SHISTL Shifts FLAC I position laft
Does not change EXP

SHIFTO Moves OPER => FLAC

SORTJ  Tabte branch routine
T ETgigt=l =iist of possibitities
fee ditf soffsat between lists
£ fail . wreturn podint if not in list
Ere v :
'~ SORTX "Sorts for comma, space semi-
yes * colony carriage return
no

SPND?- Jse GETC to remove spaces

Calt

DF

x

Retrn

3F

1

¥

[ ]

gtrn
AC AC LINK
0 8] ' X
velu ¢} -0
43 0 Qo
g o O _
g 0 X
143 03 %
¥ 0 X
g G.V'&inuﬂzero
: J=zero
‘¢aiu ansr X
0 4] _
i l=pagitive
O=-neagative
o 0 X
o o} U
co de Q 4
or :
O=
CHAR
¢ 0 “x’
0 0 b ¢

caty Rtrn



Name - s ~Funectian Catk Rtrn Catk REen Rtro .
: ' ’ DF oF AC AC LINK

e ——— . - - S - L | o - .

TESTS Decide it CHAR is ar I .1 S« B B S
terminator ' : _ . o
function - o s iewe. oatat

_ nuwber : S ,
ur Iabte R T _ ST ) T B

TESTN B‘eeide 24 c&m is am- S 4 ¢ - G a
period . R T T PO
- nakther - : _ LT ALt JraR e
nusher '

TESTX Check i CHAR s @ terminator e e @
no SﬂR?Cﬁ is not changecr _ S T Joe Ny

(2 I

TSTCHA Chedke if CHAR ks & comws DR O S A e o

no w i G , .
yes - and‘-’ Femoees ctmm with ssrc— e T R Cideak

X133 Irmut routmo for ths— t&rmn a}

[ e

o

xmm. TTY mtput routi ne

W q\;‘b?

ARSOLY: Takes shsoltute vakue of FLAC Q ptedi‘ctshw

» =x »
e e
Q

RESILV Restores proper sigm to. FLAC o "0 sreicranre
. T e

€ e

Note for 8K programmerst Since botWw user rsytines and thexsymbmf
table must compete for the same core spaces the - symbal tabie :is ndw
created at run=time starting at the Tocation: found in- FIRSTV. « This
altrue ney routinee to he codad at the beginning of the user arsg and
ended with s declaration 'STVAR=,* which defines the origin of: first
symbale This velue shoufd then be patched into tocation 32 (Fieid l).



decimat ASTII codes for-

CODE

CHARACTER

128
129

%G CTRLZE

- 13t
137
134

CTRL/F
CIRL/G:

CTRLZSHFT /&
CTRL/E -

CTRL/C
CTRLLD:
CTRL/E

EQT
ENC:
AQK °

soM -
ET%

‘BELLé ey

I

-

AP P’E H & I t

ae bt soe e

FING T FGUT{ ) FINDC § ana FTRME )2

CDe CHAR. " CDo C - Che CHAR

¥

'”-I&GfSF&€E3 19z 22%

U ger

3%
- 13

T and

b CTRUFH

137 CTRL/T H.TAB
¥43 LINE FEE

139 CTRLIR | w,fA&
Y40 CPRLLL FF 0
IS canwrsea—nsrusﬁ=
182 CTRL/N ST

‘143 CTRL/D  SI

- 144 CTRL/P DLE
145 ETRL/G BCL

146 CTRL/R DCZ

147 CTRL/S 0C2

148 CTRL/T DC4&

149 CTRLIU NAK ;

150 CTRLSY

151 CTRL/M -

152 CTRL/X

152 CTRL/Y E™

154 CTRL/Z SU®

155 CTRK/SHFT/®

156 CTRL/SHFT/L
CTRLY/ SHFT/M

CTRL/SHFT/N
¢ TRL /SHFT/ 0

ET8 -
CANCEL

Fs

158
159

RS
us

”&ﬁtﬁS?f N

*s*nc;‘*f'

190

191 a3l o vo2ss

3
. 19 A 2% e
o182 TI9A B - U226k
RS T TS - 1 gzr e ¢
. 166 % 196 - 228 & .0 .
168 % ISP E - 22% e £
v 166 & . 198 B 7230 f ok
167 % ¢ L9 G- L 23F g A
se ¢ LT W T . 232 B 25
189 y o CFOGLT .- U233 F Fla
1w e g0z g T 236§ . sh.
171 + 203 ¢ o0 235 W - =
172 » - T 20& L 0 236 ¢ ° z
iTF - - (Z0F W 23T e €
‘ﬁI?ﬁ . 206 N L e 23E oo :
175 7 207 0 239 o - ”
176 & 208 & . 260 p ¥ it
177 2094 U241 @ o MO
178 2. 210 R 242 poFT 0 e
17¢ 3 Z11 $ 263 ¢ C 7 a
18¢ 4-” 2I£1T‘- 4 L0 S
18L 5.0 - 213 U CZes w T
-~ 187 & 216V - Zes v 7t v
183 7 S 215 N T 267 WY "
184 8 218 % . 248 x0T 0
.“I&ﬁ'@“f ZiT Y T ZeG g i
. T 186 T 0 218 T 253 ¢ o
ESC 1wrsy 219 C - o251 C‘ o
188 € 2200 v 252 %
35 ° 186 = 221 1 “253 } or ALT! %ODE
> 222 * 254 T or PREFIX
?

RUBDHT i?“

-
Yoae

EAUT(141) will output a RETURN/LINE FEEDS FGUT!IB)' will cutput 3
TARRIAGE RETURN onty, Code 13& ({CTRL/FY 'is U/H-FQCAL'S break
characters - 225 through 250 are lower=cagse Jetters on some
terminals, Many terminals wuse shift/<y /t,-and IH for 't* LA

1%, Sodes 0 -through 127 are similar 't 128-255 axcept that

the parity bit is

equa i

ts z&ro.

.- .
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AMPPENDLI X TT
ERROR CODES FOR U/W~FOCAL (V3NF 15 JULY 1976

ek g . - S " A v———— i —— .

00.00 RESTART FROM 10200
01.00  “F = KEYBOARD INTERRUPT . .- .- N

0le67  GROUP_MIMBER LESS THAN I . .. ... s i,
G1.53 DOUBLE PERIODS IN LINE NUMBER - e-*@a%;.*a~-z::
01.97 - GROUP NIMBER GREATER THAN 31 . fogen o

02.06 ~ NOM=EXISTENT LINE REFERENCED IN & MNODIFY: ﬁﬁ’ HﬁVE r.:amwm
03.00 ~ NON-EXISTENT LINE C’&LtEU Rf' GGTU;TF:JUHF»L By QR s RUN
03.2F  ILLEGAL COMMAND v ¥ oE SEED gE
03.47 NON=EXISTENT LINE REFERENCEU Bﬁ 30 ONs l’.. GBSUBJ O & FSF
03.66 NON-EXISTENT GROUP CALLED BY. DGs TN, L 30SUS, OR K LFSE
04.06 ERROR TOQ THE LEFT OF THE = SIGN.IN & FOR R SET COMMAND:
04,25  EXCESS REGHT TERWINATORS LN 4 FOR OR SE“'P ’UHH&H!I‘*‘ PR S

04.3% NOU STATEMENTS FOLLOWING A& FOR -COMMANY S
06.03 TLLEGAL ‘USE OF A FLH(:TIBN ar rwnasm ASK:SE,Tm-&{JR: *J%; ZERD
05&73 TUU H&W V&RIABLES. PN A _-.1. ‘;":3 ;

0733 OFERATOR MISSING EEFGQE .3 LEFT”’P&RE"WESW T b a*‘, B ]
807.8%  INCORREUT FUNCTEIN SYNTAX CPARENTHESES ﬂr_“ssmﬁ?' 3“ L
07.94 -DOUBLE OPERATORS ORF AN UNKNOWN FUNCTTQN’ ' 5
08.19 ‘PARENTHESES DONT MATCH o e FaoaETLE T
10.52 PROGRAM TOO LARGE - DR S S
11.34  INPUT BUFFER OVERFLOW (NOT H‘ITH 3JE VERSIB"S) mrETE R
17.22 - FRA-INITTALIZATION ERROR: USE O [, THEN X FRA(~1eM) .-
17.33  FRA_ INDEX TOO LARGEs VALUE LIES JUTSIDE THE FILE LREA»
I7.62 FRA MODE ERROR, ONLY MODES.Os»1sZ»4% ALLOWED v ,.o® '.I"
18.42 FCOM INDEX TOO LARGE :— (REDUCE PROGRAM SIZEY) : T
12.54 BAD SENSE SWITCH NIMBSER (POP=L2 IANGE IS -0-5 ﬂ"f.‘f‘)"‘" s

13.77 NON=EXISTENT EXTERNAL SENSE LINE (RAMGE IS D=L 7
19. 4% LOGARITHM OF ZERD REQUESTED. - IO S T S
21.94 NEGATIVE ARGUMENT IN A FSQT- CaALL o :." _'
22.99  NUMERIC -OVERFLOW: :TOO MANY DIGITS IMN A ETRING # ¥

23,20 OUTPUT 'ABORT OR CLOSE IEQUESTED TOO MUCH SPACE - #n

23.17 OUTPUT FTILE EXCEEDED SPACE AVAILABLE (FILE %AS’DELETEB!
23¢55%. CANNDT OPEN OUTPUT FILE (70O BIG, FILE ALREADY OREN 3R NO' NAYE)
264,25%c NO OUTPUT FILE T2 RESTORE : LA

26420 .~ ILLEGAL -OPEN COMMAND - B T R R T

24,32  TLLEGAL RES TORE COMMAND

24.36% INPUT FILE NOT FOUND (WRONG NANE?; WRENS DEVI’E?)

264448% NO,INPUT FILE TO RESTORE . - -. . oEe s

264,61 - NO INPUT FILE TO RE=READ . - s . |
25.97 DEVIGE DOES. NOT.EXIST.ON THIS' sv:ren R ILLEGAL Z-PA E -HANDLER
26.37 .TLLEGAL LIBRARY COMMAND : .

26415 . ATTEMPTED LISRARY OPERATION ON A NON=FILE srnucruaso DEVICE
26,37% FILE SPECIFIED IS ALREADY OELETED -,

25.76% SAVE ERROR: NO NAME, DEVICE FULLs OR NOT A FILE DEVICE

27.06  PROGRAM REQUESTED NOT FOUND {(WRONG NAME?, WRONG JDEVICE?)

27.57 . ATTEMPT TO LJAD THE INITIAL DTIALIG

27.42  ZERO DIVISOR

28,00 STACK OVERFLOwW: REDUCE NESTED SJBROUTINES AND EXPRESSIONS

Efrn Mmn (ol i ol L



29.27  CANNOT USE THE <> CONSTRUCTION WITH OPEN OUTPUT

29,70 DEVICE ERROR (WRITE=LOCK OR -PARITY ERROR)

30,30  ARGUMENT MISSING-IN THE.VIEW COMMAND '

30.86 DOUBLE PERTOBS IN & EILE NANE

31.¢7  FUNCTION REFERENCED IS NOT YET IMPLEMENTED IN THIS VERSION

*  MAY BE- PRGGRAHHEQ TO.BRANCH, Iﬂ A& SPECIFIEB EINE NUHBER

e L P

>

teeﬁqt Cl!iclﬁ

Tr .ST 100 . 'uuit nléem oST" an*t P
21 s O DEVT o ATDEWSY, Is. fuastl) .the, mei;ta-tecks& ane :
3) *CONTINUE - ihut.bt%susa-ta urtts-easata it tbas tsm&

: T A IO
g A - - AT ST
3 L 5 . i
#* - S S & Y .
- = . L
AP EENOLX. L LT s
i . B - e T, .- o e . o
u“l" oo . . N T o J B T“E’- Cree
Since there ;s na;:uktae& &uafa;.tMa fbr}a»tnq simple ﬂﬂf‘pttcheg
Tay ﬁrave‘usefuxa e e e mme e e e

RN T -~

- 031558/ 7610 6213, add- CRILE bnfcr& ah errar. ngssagerILZk version)
03766/ 7610 6213, ditto.for. the k. versisme .o - _
ISS LT %337 4347, sdd. faue. ms?e~aecf§t vﬁriah%es-QSp?,s;\}

10% 1372 7000 45&4T sﬂtffine nuﬂber ﬂriutnnt tn HQDIFYIWUVE
I121&/ 2533 453F . add The ®rF% prlatyut‘t3\ASK P

155764/ %5346 7200 etiminate the initial space prlnted by TYPE
157727 037% 0376 change ALTMODE to PREFIX

157167 7001 Q3763 157257714% 1316 change teading 2eros to spacas

144467 11047000 -s¥low. FCOM to use locations abbve 76007 7 - -~
14452/ 4562 70003 14456/ 6221 6241 place FCOM En. field d oom

133337 4565 4455 protect POP=1Z patches iin-the Sk version
176137 7421 $2125 61641331452;5555 nodify- FMQ Por a PDP=12 without EAE

100337 45&51520%s~121?015030u2733?2733?2?33-~rem@ve FLOGs - FEXP and FATN
~ . cceestg gain more variable space in-fhe Sk-version

10033/ 5204 53123 1216675210 2733;2733. -ramove FSIN-and FCOS to gain
.7 stilt more variable space in the 8k version,

.
T

DATPHECLOY




e s
- F 3
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)
E —— N - -~
FE 7 ¥ ¥ <

= m - o e

# F0 L RS CTT QadQS-ooocoobcoetr&uvttcnfeuxtéoi ..39~ :

Break character".r......‘......._....u.-u.&

Chsnges from other FOCAL "Seevecensbaca 253

] Chharacterss spﬁﬁI"tttto.oots&&t&.tc&otc &

AR ﬂouminGS...e.é..%..r.a..lg fﬁ‘etiF“fifths *4¢n Jﬁﬁ';uﬁg
' Jevice NMMEScecssccnrrnsesncovescnsssanelld 2 Ly ”*ﬂﬁ’)
Diract atteSSessorrcrrercssrnsrnesnisscell
EﬂcfCSHI-'QS&&Q.‘.&#«.Ostﬁo:‘;-tgvi.muu&éﬁti L
) Erfcrs¢iaue..-.¢a¢cv.-.¢aéc&..o..4&2223§90
'k5*GSPTQSSSOﬁSo#vsa.uttt&uﬁoq00*-#&0.:51891 8
Examp!esw&e-wcq¢.9r10r17339;43rﬁlrﬂﬁybz-bT
- FunctionSecessessresrs5Z=61 seaparste list &
Incremental plottercecorssvsvsvsrescenes 44
!nputlﬂutput......-u..&o........o-......lﬁ
.Iﬂtsrfupt50|¢-o&.ooooouoo‘0.ot0’01¢0031-63
s : . L’ne‘ﬂu&bers-&&uﬁﬁUQGpmvvwoQotﬂ&&uoyocom 8
Matr i ProOgrimSessrccsssesncrrsrashneenebhy
Qﬁ@fgiﬁg‘PrﬁgrlMS&otvoiororccioooodo&oncn 9
M T FOCAL s wsenesvesenvrnscessevanssen 233
-foﬂef!tﬂfs-otuccmcur-ooetoumo%&vo&outoqso &
Program HQMQSﬁbovvomrgo&sttu.ttool¢QDQQt1&
PatcheS ececassvennssssreresvrernsasanereredl
o . Pugh down 1l istecessnssccvensvesnsssssanse F
LR RS ;fspQCihd?thfﬂcfifShitJ;“..b.;f.ctlét;ttwﬂ T
: ~Statement funcltionSeceserssvssssserivosesesdl
. 'Strings......r........o-...........-.... 9
N el Ay SUbScfiptgm.t.ooonoortttotcwoacoivotv.0.11 .
) Tektromix t!fﬂiﬂa'swouiooo.ot¢v.o¢mo.o&.§c~5 -
TerMiAstOrshiveinsstbsoressdbsiveivivasnnee 87
User Punctions and ccmasnds.........;...ba

;vari.bl.Sr&o-otrott&ocﬁatoitcoﬁmrutocovtlo

Variabie fli!ﬂ&ﬂ!$w¢orwtdrv.o.rt&oooot0015“V

3o

L

I e - £ oy
k . 2 -

%
e
E
;
e

=1 N S e e Gl XL A W
& F s FrEY . el e s S

== INPUT =y ECHO soveosesacht input onto outout. deviee * -
wrmQUTP YT yECH T csoocesvssatcho ‘oubtput onto terminal-s .7
«FC € .FD are the'program'afdat;ATﬂie'hame‘ext@wsions)f AT
" oFB & oF+4 are the binary and help Fit1e ~rame extensions S

<> anglos’e Tequired termss [1 anclise optional. terws.”
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DATE FIX FOR U/W~FOCAL, DECUS FOCAL8-301

The date routine in U/W-FOCAL (Version 1) was ncot designed to

work beyond the end of 1977 since no prov151on had been made at
the time it was written (1974) for extending the system date
beyond that time. Consequently dates in 1978 are printed as
*1970', and in general, dates will cycle through 70-77 every

eight yeirsq The following patch may be used to add thevneggssa;y'
offset so that the proper year ig ;shown. =H€te¥thakithe offset
will hEVe'to be changed avery.eight yeaxs, and. in,any case w1II

- not work after 1999.

«GE SYS UFOCAL (see listing pp 16, 16-1)
..ODT . _ S

14510/ 7440 7000 ' o .NOP
14460/ 4317 Q767 : ‘AND I (7666
L4461/ 1767 1264 = © TAD ‘BASEYR

14462/ 0366 4274 o - JMS“EACKQ

- 14463/ 4317 7410 ' o - SKP '

- 14464/ 1061 0Ll6 ﬂ.‘BﬁSEYR o ‘116 S
+*C ' P
«SA 8YS ‘UFOCAL. - (Doxit, twice: tn put ghe ppoqxam
<83 8YS" ‘UFOCAL. back ln.xts arlgzn '

Note that the last location, 14464, will havie 6 be'
every eight years. The table below gives® the' Bropet valudir""

1970-1977: 0106 LN L
1978~1985: 0116 (Shem ahwe) RN e ‘
1994<1999: QL36 oiECC VHUE rt W

The version distributed from the library will alwaysohéve'the :f°
current base year patched. Other ?e&éiéﬁﬁf(cuiEehtly?V?pﬁf??gf??*i

available :form the author.
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