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FOCAL 5/69 

DECUS Program Library Wr i t e-up DECUS N o . FOCAL8-52a 

GENERAL \ 

This is a new version of FOCAL , based on FOCAL-W, 8/68, wh i ch has been expanded and 
r ewr i t t en to remove numerous bugs and restr ic t ions and to provide a large number of new 
commands and extended c a p a b i l i t i e s . ' 

Some of the new features are : 

a) Better cont ro l over I/O dev ices , i n c lud ing the high-speed punch . 

b) New I/O formats, i n c l ud ing buffered input that accepts expressions as w e l l as numbers, 
input and output of s ingle ASCI I characters, and a t abu l a t i on c o n t r o l l e r . 

c) A group of " O P T I O N " commands that perform minor funct ions such as suppressing or restor ing 
keyboard echo and changing I/O modes. I 

d) A more compact extended func t ion package , resu l t ing in an enlarged user area; also a command 
for de l e t i ng the extended func t ions . 

e) Extended command formats; also a prov is ion for using ca l cu l a t ed l ine numbers. 

This documentat ion is a supplement to the FOCAL manua l , and presumes that the user is a l ready 
f am i l i a r w i t h FOCAL-W. 

L O A D I N G I 

The f o l l o w i n g b inary versions of FOCAL 5/69, ore a v a i l a b l e : 

a) FOCAL 5/69 Binary - This tape contains the basic ve rs ion , and is in two sect ions. The 
second (smaller) sect ion contains the extended funct ions and enables the LIBRARY DELETE c o m 
mand for d e l e t i n g them at a later t i m e . The extended funct ions may be omi t ted at load t i m e , in 
wh i ch case the LIBRARY DELETE command is also o m i t t e d , by load ing o n l y the f irst sect ion of the 
t ape . The extended funct ions may also be restored at any t ime by load ing the second sect ion of 
the t ape . C A U T I O N : there may be t roub le i f extended funct ions ove r l ap a user program; 
there fore , load the extended funct ions on l y after issuing an ERASE ALL command, or w i t h a short 
program present (less than about 1500 characters ) . ; 

I 

Loading Instructions (Non disk) | 

Be sure the B INARY LOADER is in core , then perform the f o l l o w i n g steps: 



1 . Set 1711 into the Switch Register and press L O A D ADDRESS. 

2. If the high-speed reader is be ing used, set SR b i t 0 to ze ro . 

3. Place FOCAL 5/69 Binary in the selected reader . If the 
te le t ype reader is be ing used, set the reader swi tch to 
START. 

4 . Press START, the tape w i l l be read i n . It w i l l stop at the end 
of the f irst sec t ion . If accumulator l ights are on checksum error 
has occurred and the load ing procedure should be repea ted . 

5. The extended funct ions are loaded i f desired by pressing press 
C O N T I N U E . When the reader stops, check the accumulator 
as above . 

6 . Turn the te le type to L INE . Set 0200 in to the Swi tch Register, 
press L O A D ADDRESS and then START. The te le type w i l l p r i n t : 

C-FOCAL, 5/69 
and type a back-arrow on the next l i n e , s igna l ing that i t is 
ready for commands. 

D i sk-Mon i to r 

To save FOCAL 5/69 on the systems d e v i c e , ensure the Mon i to r is in core and start by str ik 
CTR l/C or star t ing a t 7600. 

. L O A D ^ Ca l l the Binary Loader. 
IN-R:,R:^ Speci fy input dev ice (T ; ,T : 

i f no high-speed reader ) . 
* 

* 
*OPT-2 Two-pass l o ad . 
ST=)3^^ Return to Mon i to r after l o ad . 
i | , | | i L | | A f t e r each a r row, str ike CTRL/P 

to cont inue l o ad ing . A t the end 
of the second sect ion o f tape i t 
should be reposi t ioned to the 
b e g i n n i n g . 

.SAVE F O C A L '. 0-2577, 5000-7577; 200J 

To save FOCAL w i t h o u t the extended funct ions : 

LOAD^^ 
*IN-R:^ 
* 
*OPT-2 Reposit ion the tape at the 
S1=0J end of the f irst s e c t i on . 

.SAVE FOCAL '. 0-3577, 5600-7577; 200J 



b) FOCAL 5/69 Two-User Binary - This version requires 8K or more of memory, a second te le type 
and PTJ08 c o n t r o l . The tape is a b inary-punched vers ion , con ta in ing the extended func t ions , 
the LIBRARY DELETE command, and a s tar t ing patch in the user area wh i ch transfers FOCAL 
to F ie ld 1 and performs the necessary mod i f i ca t ions for two-user o p e r a t i o n . The cod ing 
in F ie ld 0 is for the standard te le type ( T T Y / ) , and the cod ing in F ie ld 1 is for the PT/8 
te l e t ype (TTY 1 ) . The system is arronged so that the computer wi 11 swap back-and-for th 
between users at least 1 000 times per second (PDP-8/1), thus p rov id ing a pseudo-time-shared , 
system. 

Loading Instructions (Non disk) 

Load FOCAL 5/69 Two-User Binary w i t h the Binary Loader as prev ious ly described . The 
tape has one sec t ion . Turn on both te l e t ypes , set 0200 i n to the swi tch register (the Data Field 
and Instruct ion F ie ld switches should be a l l set to ze ro ) , press LOAD ADDRESS and START. 
Both te letypes w i l l p r in t C-FOCAL , 5/69. The te letypes may now be independent ly opera ted . 

D i sk-Mon i to r 

To save Two User Focal on the systerns d e v i c e , place the FOCAL 16/69 Two-User b inary tape 
in the selected reader and g ive this command sequence: 

(Or T: i f using the t e l e l ype reader . ) 

Two-pass l oad . 
Return to monitor after l o a d . 
CTRL/'P as before . Reposition the 
tape to the beg inn ing when i t 
reaches the end . 

.SAVE FOCAL '. / - 4 1 7 7 , 5///-7577; 200^ 

Note that i t is not necessary to SAVE any th ing from Fie ld 1 (as i t was w i t h FOCAL 8/68, 
Two-User ) . A l l the necessary cod ing is i n i t i a l l y present in F ie ld / and is swapped to F ie ld 1 
ot ter s t a r t i ng . j 

c) Restarting - A l l versions may be restarted at l oca t ion 0200 in F ie ld 0. The te le type w i l l 
respond by p r i n t i ng 700.00, i nd i c a t i ng manual restart . ( In two-user FOCAL , on l y TTY / w i l l 
respond; however , both users w i l l have been restarted ,) 

C O M M A N D CHANGES A N D NEW FEATURES 

The fo I l ow ing is an a lphabe t i ca l l ist o f FOCAL commands, exp l a i n i ng a l l the changes in the 
F O C A L , 5/69 version 

ASK 

. LOAD^-^ 
* IN-R : ; 
* 
*OPT-2 
ST=/^^ 

m t 

This command now operates in two modes, in terpret ive and Character . It i s i n i t i a l l y set to 



In terpret i ve mode and may be changed by the O P T I O N commands. 

In in terpre t i ve mode FOCAL accepts e i ther numbers or v a l i d numer ica l expressions (composed 
o f numbers, func t ions , and de f ined va r i ab les ) . The f o l l o w i n g are correct responses: 

: 3 .4576 
:23*4 .68E-5 
:3/FSQT(77) 
:A+3*B-2 (assuming A and B are de f ined ) 

RUBOUT may now be used to correct mistakes (as in command i n p u t ) , and the back-arrow works 
no rma l l y . Leading spaces are ignoredo The number or expression must be terminated by a 
ca r r i age-re tu rn , comma, or CTRL/L charac te r . The user may also spec i fy another character as 
a terminator (see O P T I O N S). No te that space and ALTMODE are no longer te rminators . If 
there is an error in the input expression, FOCAL w i l l type an error message and stop, g i v i n g the 
step number of the ASK command as the loca t ion of the e r ro r . 

i . . . . . 
There is also a prov is ion for a t t a ch ing comments to the i npu t : any th ing typed af ter a semicolon 
w i l l be considered a comment and i gno red . 

The ASK command types a co lon for each var iab le whose value i t is ask ing . The co lon pr in tout 
may be suppressed, i f des i red , by the O P T I O N X command. A l l other features of ASK work 
normal l y (as in TYPE); see TYPE for the change to % and the a d d i t i o n of & . 

In Character mode, w h i c h is se lected by the O P T I O N C command, FOCAL accepts a s ingle 
ASCI I character for each va r i ab le and converts the character to its dec ima l code (see the l ist 
o f dec imal ASCI I codes). Any p r i n t i ng or nonpr in t ing character may be input by this method, 
and there is, o f course, no need to terminate the i n p u t . Example: 

-•-OPTION C; FOR l « l , 6 ; ASK X ( l ) , " " 
:A :B :X :# :fe :3 

-•-FOR M , 6 ; TYPE % 3 . / , X ( l ) 
A B X % 3 - ^ -

-•—OPTION I; FOR 1=1,6; TYPE X ( l ) 
193 194 216 163 192 179-^-

( N o t e : in FOCAL 8/68, the on ly v a l i d input is a number , 
and RUBOUT cannot be used .) 

C O M M E N T 

No change. N o t i c e that a b lank l ine is also a comment, as is step (the heading C-FOCAL, 
5/69, wh i ch is typed w i t h o u t its step number) 

D O 

The D O command works no rma l l y . No te that D O 3 is equ i va l en t to D O 3 . / / . 
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There are two new features a va i l ab l e in the D O command. First, more than one l ine number 
may be g i v e n , separated by commas; FOCAL w i l l execute them in order , as i f they had been 
g iven in separate D O commands. For examp le , 

D O 3 . 1 2 , 5 . 5 4 , 4 , 14, 1 . 56 ; 
is equ i v a l en t to i 

D O 3 . 1 2 ; D O 5 .54 ; D O 4; D O 14; D O 1 .56 ; \ 
i 
i 

This feature is also implemented in WRITE. | 

Second, a l ine number may be any v a l i d numer ica l expression i f it is preceded by a sign 
( + o r - ) . Thus, 

j 

D O + N - . l 
w i l l D O step 3 .2 i f N is equal to 3 . 3 . The expression is eva lua ted and t runcated to the next 
lower hundredth to ar r i ve a t a l ine number; i f i t is negat i ve or greater than 1 5 . 9 9 , an error 
message w i l l r esu l t . I 

W A R N I N G : in some cases, due to errors in approx imat ing a dec imal number in b ina r y , a 
number l i ke 4 . 3 / w i l l be stored as 4 . 2 9 9 9 9 9 , and w i l l be t runcated to the step number 4 . 2 9 ; 
i f this occurs , s imply odd a factor of .005 to the l ine number expression. 

This f ea tu re , w h i c h is also a va i l ab l e in ERASE, G O T O , IF, M O D I F Y , and WRITE, is very 
useful w i t h i n a program for a l l o w i n g var iab les to determine what steps are to be execu t ed . 

No te that a l ine number must be in standard form ( X X . X X , X . X X , X X . X, X . X , XX or X) i f 
i t is not preceded by a s i gn . No te also that FOCAL uses over f ive times as much t ime eva lua t i ng 
a l ine number in f l o a t i n g po in t as i t does in f i x ed p o i n t . 

ERASE I 

Erase works no rma l l y , w i t h the excep t i on that the command ERASE / w i l l no longer destroy 
FOCAL as i t d i d in FOCAL 8/68 . ERASE w i t h o u t a l ine number or ALL erases on l y the var i ab le 
storage; the command does not terminate the l ine as i t d i d be fo re . When a l ine number or ALL 
is g i v e n , however , FOCAL returns to command mode immedia te ly af ter execu t i ng the command; 
i t also erases the var iables (this was true of FOCAL 8/68 as w e l l , a l though not made clear by the 
manua l ) . This is because the var i ab le pointers are upset by eras ing, m o d i f y i n g , or adding steps 
(program and var iables share the same storage) . 

Summary I 

{ERASE Erase the var iables and I 

ERASE / cont inue r u n n i n g . 
ERASE 1 2 . 3 4 Erase step 1 2 .34 and va r i ab les . 
ERASE 3 Erase group 3 and va r i ab les . 
ERASE ALL Erase program and va r i ab les . 

N o t e : c a l cu l a t ed l ine numbers are legal as in D O . 
5 



FOR 

This command has been improved . The format is the same as i t was before (either FOR I=n1 , n 2 , 
n3; . . . or FOR i-nl , n2; w i th an assumed increment of 1) , but there a re , in a d d i t i o n , two 
new features: 

1) A negat ive increment may be g iven for backward c o u n t i n g . For examp le , 
FOR 1= 4 , - 1 , - 3 w i l l count : 4 , 3 , 2 , 1 - 1 , - 2 , - 3 . 

2) If the i n i t i a l va lue is a l ready beyond the f ina l v a l u e , the ob jec t statements 
(the rest of the l ine a ' ter the FOR command) w i l l not be executed a t a l l . 
( FOCAL 8-68 would always execute the ob j ec t statements at least once ) . 
For example : 

I FOR 1=1 ,3 ; TYPE " X " 
I X X X < -
I -•-FOR 1 = 1 , / ; TYPE " X " 
I FOR 1 = 5 , - 2 , 1 ; TYPE " X " 
! XXX-«-

-•-FOR 1 = 5 , - 2 , 6 ; TYPE " X " 
-•-SET N=77 ; FOR 1 = 5 , - 1 , N; TYPE " X " 
• • — 

G O 

The G O command works no rma l l y . No te that G O is equ iva len t to G O T O / . 

G O T O 

G O T O a l lows ca l cu l a ted l ine numbers as in D O . 

HELLO 

This is a new command wh i ch q u i c k l y and easi ly i n i t i a l i z e s FOCAL to its o r i g i na l cond i t i ons . 
HELLO performs the f o l l o w i n g commands: 

I T Y P E % 8 . 4 ; O P T I O N K, T, I, E, :, S; ERASE ALL . 

Use of this command w i l l prevent confus ion , espec ia l l y to beginners , resu l t ing from output be ing 
typed in j nexpec t ed formats or a previous program not be ing erased. 

11 
IF command operates as be fo re , Co l cu l a ted l ine numbers are a l l owed as in D O . The space 
between IF and the le f t parenthesis is now no longer necessary. 

N o t e : The expression must be enclosed by curved parentheses; square or angle brackets are 
not a l l o w e d . 
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LIBRARY DELETE 

Library Delete is a new command w h i c h deletes the extended funct ions FS IN, FCOS, F A T N , 
F L O G , and FEXP in order to free more core for user a rea . The user area is 816 words long 
w i t h the extended funct ions present; the f igure is increased to 1126 words when they are 
removed. 

W A R N I N G : the ext ra space is not a va i l ab l e un t i l FOCAL has once returned to command mode; 
thus, LIBRARY DELETE should be g iven as a d i r ec t command o n l y . 

This command is not enabled unless the extended funct ions were i n i t i a l l y loaded w i t h F O C A L . 
(They are au toma t i c a l l y loaded in to both f ie lds in Two-User F O C A L . ) Thus i f the funct ions 
were omi t ted by not load ing the second sect ion of the t ape , LIBRARY DELETE is an i l l e g a l | 
command. 

LIBRARY is designed as an expandable command; LIBRARY DELETE is the on l y form 
implemented now, but others could be added i f desired by sac r i f i c i ng some user a rea . (There i 
is presently no free space le f t w i t h i n F O C A L . ) Interested users can obta in the l i s t ing at a 
hand l ing charge o f $ 5 . 0 0 

M O D I F Y 
i 

M O D I F Y worksasusua l . Ca l cu l a t ed l ine numbers are a c c e p t e d . Remember that the use of 
M O D I F Y erases the var iables and returns to command mode. 

C A U T I O N : It is possible, using M O D I F Y , to make a l ine more than 72 characters long 
( i n c l ud ing l ine number) . FOCAL w i l l not ob jec t to th i s . However , i f the program is punched 
and later loaded back in v i a the reader, the l ine w i l l be too long to read and w i l l cause an ! 
error message. 

O P T I O N 

This is a new fami l y o f commands for per forming operations useful ma in ly to the advanced 
programmer. An O P T I O N command consists o f the word O P T I O N fo l l owed by one or more 
words (wh ich may be abbrev ia ted to the i r i n i t i a l letters) separated by commas. For example : 

I 
O P T I O N KEY, PUNCH , ECHO, X 
OPT K; OPT P; OPT E; OPT X 
O K , P , E , X 

are a l l e q u i v a l e n t . 

C O M M A N D S 

O P T I O N R Switch a l l input to the high-speed reader . A l l 
subsequent data and command input is taken from 
the reader un t i l an O P T I O N K command is g iven | 
or the reader runs out o f t a p e . To read in a 
program, g ive O P T I O N R as a d i r e c t command w i t h 
the tape in the reader. 
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O P T I O N K Switch input to the te l e t ype keyboard (or te l e t ype 
reader ) . Input is also swi tched to the keyboard i f 
the reader runs out o f t ape , an error occurs , or 
CTRl/C is s t ruck . 

O P T I O N P Transmit a l l output to the high-speed punch . This 
new f a c i l i t y punches a l l the output that wou ld norma l l y 
be t y p e d , i n c l ud ing keyboard echo and back-arrows. 
(Key echo may be suppressed by the O P T I O N N 
command. ) 

O P T I O N T Switch output to the te l e t ype ; this restores FOCAL 
to normal te le type o u t p u t . Ou tpu t is also swi tched 
to the te le type i f an error occurs or CTRL/C is 
s t ruck . 

O P T I O N I Set the ASK and TYPE commands to In terpret ive Input 
mode and Numer i c O u t p u t mode. ( FOCAL is i n i t i a l l y 
set to this mode .) See ASK and TYPE. 

O P T I O N C Set ASK and TYPE to Character I npu t/Outpu t 
mode, whereby a single ASCI I character is read or 
pr in ted for each var iab le or expression; the character 
is stored by FOCAL as a dec imal number corresponding 
fo the character code . 

O P T I O N X Suppress the co lon p r i n t o u t , wh i ch occurs when FOCAL 
is execu t i ng an ASK command. This command is useful for 
p rov id ing cleaner ou tpu t , espec ia l l y when i npu t t i ng 
data from the high-speed reader. When O P T I O N X is 
in e f f e c t , FOCAL s imply pauses for input of each 
v a r i a b l e . 

O P T I O N : Restore the co lon p r i n t o u t , i f de le ted as above . 

O P T I O N S Set the number f o l l o w i n g "S" as the character code 
number for an ext ra input t e rm ina to r . Normal terminators 

(used in response to an ASK command) are r e tu rn , 
comma and CTRLy^L. The user may def ine space to be a 
terminator by t yp ing O P T I O N S 16/ where 1 6 / is the 
code for the character space. (Leading spaces are 
ignored on input and w i l l not t e rm ina te ) . O P T I O N S 
138 w i l l de f ine l ine-feed to be the t e rm ina to r . 

N o t e : on l y one special terminator is in e f f e c t at any 
one t i m e . 

O P T I O N S (Wi th no number) : de le te the specia l t e rmina to r . 
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O P T I O N N N o Echo: no rma l l y , a l l characters typed on the 
keyboard or input from the low-speed reader are 
p r i n t e d , or "echoed , " on the t e l e t y p e . This feature 
may be suppressed by the O P T I O N N command. Note 
that a back-ar row w i l l s t i l l be pr in ted to signal 
command mode , and a backslash w i l l s t i l l be typed in 
response to rubout . 

O P T I O N E Restore the echo , i f de le ted as above . 

O P T I O N M Start the Disk M o n i t o r . The Disk/DECtape monitor 
starts at loca t ion 7 6 / / ; O P T I O N M causes the computer 
to e x i t FOCAL at the comple t ion of a l l p r i n t i ng and 
jump to this l o c a t i o n , thereby star t ing the mon i to r , wh i ch 
responds w i t h a p e r i o d . O b v i o u s l y , this command 
should not be used i f the computer does not have a 
monitor system. The O P T I O N M command may be suppressed 
i f necessary by changing the contents o f l oca t ion 3271 
from 4225 to 4 5 2 6 . 

FOCAL is i n i t i a l l y set (and is set by the HELLO command) to the f o l l o w i n g states: 

O P T I O N K Keyboard i n p u t . 
O P T I O N T Teletype o u t p u t . 
O P T I O N I I n t e rp re t i v e/Numer i c I/O mode. 
O P T I O N E Echo feature o p e r a t i v e . 
O P T I O N : Colon pr in tout enabled at ASK commands. 
O P T I O N S Special input terminator d e l e t e d . 

QU IT 

N o change . 

RETURN 

No change. Note that RETURN is equ iva len t to GiUIT i f there is no th ing to 
return t o . 

SET 

Works n o r m a l l y . F O C A L w i l l type an error message i f the expression on the r i gh t 
o f the equals sign contains an undef ined var iab le ( one that has not been g iven a 
va lue in a SET, FOR, or ASK command) . 

TYPE 

TYPE has been improved in several ways. FOCAL w i l l now no longer hang up t y p i n g zeroes 
when i t encounters ce r ta in format errors . A l so , TYPE no longer prints an equal sign before 
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each number to be o u t p u t , as i t d id in F O C A L . 8 / 6 8 . 

When the inpu t/ou tpu t mode is Interpret ive (see O P T I O N I and ASK ) , the output w i l l be 
typed in the numer ica l format (speci f ied by use of the % s ign ) . When the mode is 
Character (see O P T I O N C ) , TYPE w i l l instead convert the output va lue to a character 
and pr in t that single charac te r . For example : 

-•-SET A = 1 9 5 ; SET 8^183; SET C = 1 6 4 ; SET D=221 
-•-OPTION I; TYPE%3./J3, A , B, C, D 

195 183 164 221 
-•-OPTION C; TYPE A , B, C, D 

C 7 $ D - ^ -

A l l characters may be output in this mode ( i n c l ud ing non-pr in t i ng characters) ; legal codes 
run from / to 2 5 5 . If a code outside this range is g i v e n , i t w i l l be reduced modulo 2 5 6 
to a number between / and 255 . 

The f o l l o w i n g changes are e f f ec t i ve in both TYPE and ASK commands: 

Symbol Example 

% %7.3 This symbol is used for set t ing the format in 
w h i c h numbers are to be t yped . "TYPE % 7 . 3 . 
means type 7 d i g i t s , o f wh ich 3 are to be to 
the r i gh t of the dec imal p o i n t . ( It is now no 
longer necessary to specify ° 7 o 7 . / 3 ) . Examples: 

-•-SET A = 3 . 4 7 2 -•-TYPE ° 7 o 4 . 1 , A 
-e-TYPE ° 7 o 5 . 4 , A 3 .5-^-

3 . 4 7 2 0 ' ^ - -•-TYPE ° 7 o 6 . 6 , A / 1 / 
-•-TYPE ° 7 o 9 . 2 , A . 3 4 7 2 0 / " • -

3 .47-•-
-•- TYPE °7o2, A 

3-«-

Other improvements: 

1) The last example wou ld not have been legal 
in F O C A L 8 / 6 8 . In FOCAL 5 / 6 9 , the lead ing 
zero before the dec imal po int is suppressed i f 
necessary. 

2) Rounding is now done c o r r e c t l y . In % 2 format , 
the number 7.5 w i l l be rounded to 8, and 7 .499 w i l l 
be rounded to 7. 
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Symbol Example 

3) O u t p u t f ie lds are no longer rest r ic ted to 
31 characters . 

% This is the signal for E format o u t p u t . 
%0.0 Numbers are pr in ted w i t h six dec imal places 

(but no leading ze ro ) , f o l l owed by a sign and 
tens exponent . 

%0.4 This means type in E format , but w i t h on l y 
four d i g i t s . 

N o t e : the format is i n i t i a l l y set (and set by 
HELLO) to 7 o 8 . 4 . 

$ $ This is the signal for FOCAL to type the 
values of a l l de f ined va r i ab les . The $ does not 
terminate the command l ine as i t d id in FOCAL 
8/68 . The values are typed in numer ica l 
format even i f the I/O mode is Character . A l so , 
the f u l l , signed subscript is t yped ; FOCAL 8/68 
cou ld on l y p r in t posi t ive subscripts up to 9 9 . 
Legal subscripts are -2048 to + 2 0 4 7 . 

N o t e : the values are typed in whatever format 
is in e f f e c t at the moment . 

Example: 

-•-ERASE; SET X = 2 . 3 5 4 ; SET A (44 )=-2345 .6 
-•-SET VW(-554 )=X+A(44 ) ; TYPE $; ERASE ALL 

X L (+// )= - 2 . 3 5 4 / 
A& (+44)- - 2 3 4 5 . 6 / / / 
VW(-554)= - 2 3 4 3 . 2 4 / / 

& &22 This new symbol is a t abu l a t i on c o n t r o l l e r . For 
& N t abu l a t i on purposes, the te le type columns are 
St B+3 numbered from 1 to 72 from le f t to r i g h t , and the 

spec i f i c a t i on & N , where N is an expression, 
w i l l cause the te l e t ype to tabu la te to the N t h 
co lumn ( i f i t is a l ready at or past the N t h co lumn , 
the command w i l l be ignored ) . This feature is 
useful tor a l i g n i n g input da ta , p rov id ing more 
concise ou tpu t , and p l o t t i n g . Note that n o n 
p r i n t i n g characters w i l l not be counted a n d , 
the re fo re , w i l l not throw o f f the a l i g n m e n t . 

The symbols " , '., and ̂  w i l l work no rma l l y . No te that i t is not necessary to put a comma 
af ter a '. , , or r ight-hand q u o t e . 
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WRITE 

WRITE works n o r m a l l y . Several l ine or group numbers may be g i ven af ter a s ingle WRITE 
command, separated by commas, and the numbers may be ca l cu l a t ed (see D O ) . A WRITE 
command no longer terminates the command l i n e . 

N o t e : WRITE w i t h o u t an argument is equ i va l en t to WRITE ALL . 

A conven ient way to WRITE groups o f steps is as fo l l ows : to WRITE a l l the steps from 3 .42 
to 3 . 7 7 , g ive this command: 

••-F 1=3.42, . / I , 3 .77 ; W + | 

This w i l l work even i f there are on ly a few steps. 

C O M M A N D FORMATS 

a) The characterJ^is no longer ignored by FOCAL on inpu t , and is t reated l i ke any other 
charac te r . Thus, it is not suitable for leader . For this reason, tapes prepared on FOCAL 8/68 
w i t h 0 ^ (2.' S i ^>fo r leader , w i l l cause an error message at the start o f a l o ad . 

b) Blank characters , generated by C T R L / S H I F T / P or by pressing HERE-IS ( i f the answer-back 
drum has not been coded) , are now suitable for leader , and for this purpose they w i l l echo 
o n - l i n e . They are ignored by FOCAL at a l l t imes. To prepare a tape o f a program: 

1) Type WRITE ALL , but do not press RETURN. 
2) Turn on the tape punch . 
3) Generate leader , using HERE-IS. 
4) Press RETURN, and the program w i l l be typed and punched . 
5) When i t is f i n i shed , generate more leader , turn o f f the 
punch , and remove the t a p e . 

To punch a program using the high-speed punch, simply turn on the punch , press FEED to 
generate leader , and t ype : 

O P T I O N P; WRITE ALL; O P T I O N T 

When i t is done , press FEED aga in to generate more leader . 

Blank tape may also be generated by an opera t ing program by the use of O P T I O N C; leader 
has cod.2s o f / a n d 128 . 

c) FOCAL mainta ins an input buffer and an output bu f f e r . However , whereas the output 
buffer is l 6 characters l ong , a l l o w i n g FOCAL to cont inue processing w h i l e i t is s t i l l t yp ing 
previous ou tpu t , the input buffer is on ly one character l ong . Input buffer ove r f l ow occurs 
when this buffer is f i l l e d faster than i t can be used, and causes FOCAL to stop and pr int the 
message 7 1 1 . 1 8 . 
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Due to the const ruct ion of the keyboard c o n t r o l , when the low-speed reader is on and 
Contains t ape , the tape is read cont inuous ly , whether or not FOCAL is ready for the next 
charac te r . When read ing in long tapes, the reader can easi ly get more than 16 characters 
ahead of the output and cause an input buffer o v e r f l o w . There are two ways to prevent th i s : 

1) Every ten or f i f t een l ines , stop the reader momenta r i l y , 
u n t i l the p r i n t i ng has caught u p . 
2) If a l i s t ing of the program is not needed, g ive an 
O P T I O N N command before reading in the t ape . The 
program w i l l not be typed as i t is read m . To restore the 
echo at the end , type O P T I O N E. 

N o t e that this problem does not occur w i t h the high-speed 
reader; read ing takes p lace on l y as tast as FOCAL can use i t . 

d) FOCAL has a Command Buffer, wh i ch is 72 characters l ong , for ho ld i ng d i r ec t commands 
as they are be ing typed i n ; there is also an ASK Buffer, w h i c h is 46 characters l o n g , for 
ho ld ing input typed in response to the ASK command. If e i ther buffer is o v e r f l o w e d , FOCAL 
w i l l type an error message and then read in the rest of the l i n e , wh i ch w i l l also probably 
cause an e r ro r . Therefore i t is important that l ) program steps do not exceed 72 characters , 
i n c l ud ing the l ine number in its standard form ( X X . X X ) , and 2) data input expressions do not 
exceed 46 characters ( i n c l ud ing comment, i t any ) . | 

e) FOCAL recognizes commands by their f irst le t ter and ignores the rest o f the command word 
Thus FOCAL co.mmands must be proper ly te rminated so that FOCAL can see where they e n d . 
In FOCAL 8/68 , the on l y terminator is space, and i t is necessary to type a space after the 
command w o r d . In FOCAL 5/69, the f o l l o w i n g characters w i l l te rmmate a command word : 

space ' . " . + - ( C < , ; 

Thus, in a long program where space is at a premium, some storage may be saved in some cases 
by o m i t t i n g spaces. In the f o l l o w i n g examp le , the commands on the l e f t , f o rmer l l y i l l e g a l , 
are now equ i va l en t to the commands on the r i g h t : 

T '. '. 
A " W A = " W A , ' . : 
l (WA- l . 2 ) 3 . 2 1 ; 
T- l . 1 * W A 

T : '. TYPE '. '. 
A " W A = " W A , : : ASK " W A = " W A , '. 
I (WA-I .2) 3 . 2 1 ; IF (WA-1 .2) 3 . 2 1 ; 
T - 1 . 1 * W A T Y P E - 1 . 1 * W A 

N o t e : G O T O must be one w o r d , since i t is a s ingle command. If G O T O is typed (as two 
words) , FOCAL w i l l on l y skip to the f i rst (separating) space, t hen , f i n d i n g no l ine number, w i l l 
in terpret the command as " G O T O / . " 

I 

f ) In FOCAL 8/68 , there was a res t r i c t ion o f about 1 / consecut ive d ig i t s in a number, w h i c h , 
i f exceeded , caused an error message " l i t e r a l number too l a rge . " This res t r i c t ion has been 
removed . Any number o f d ig i t s may be t yped ; however , d ig i t s beyond about the f i rst e i gh t 
w i l l have no s ign i f i c ance and w i l l be processed on l y as p lace markers. 
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MISCELLANEOUS CHANGES A N D RESTRICTIONS 

a ) The a r i t hme t i c p r io r i t i e s have been changed to conform to standard a lgebra and to FORTRAN-
M u l t i p l i c a t i o n and d i v i s i on are on the same p r i o r i t y l e v e l , as are add i t i on and sub t r a c t i on . In 
the absence o f parentheses, FOCAL w i l l perform m u l t i p l i c a t i o n and d i v i s ion together in 
l e f t - t o - r i g h t order , f o l l owed by add i t i on and subtract ion in l e f t - t o - r i g h t order . The p r i o r i t y 
I ist is now as fol lows: 

Exponen t i a t i on . 
M u l t i p l i c a t i o n and Div is ion 
A d d i t i o n and Subt rac t ion . 

b) It is now permissible to raise a number to a negat i ve power . Legal exponents are integers 
from -2048 to + 2 / 4 7 . For exponents outside this range, or wh i ch are not integers, f cannot 
be used. Instead, use: 

N ^ = e-̂  ^ = FEXP( X * F LOG ( N ) ) 

c) Changes to funct ions : 

1) FITR(X) returns the va lue o f the greatest 
integer less than or equal to X . FOCAL 8/68 
worked improper ly for numbers between zero 
and -1 . 

F I T R ( 3 . I ) = 3 
FITR(2.9)= 2 
F ITR(1 .5 )=1 
FITR(-.1)= -1 
FITR(-.9)= - I 

I FITR(-1)= -1 
FITR(-5.4)=-6 

2) FSGN(X ) , the sign f u n c t i o n , is equal to 1 i f 
X is posi t ive and nonzero / i f X is ze ro , and 
-1 i f X is nega t i v e . Previously, FSGN(/) v/as 
g iven as 1 . 

F S G N ( - 2 7 . 9 ) = - 1 
FSGN(13.4E7)= 1 
FSGN(/ )= / 
FSGN(2E-555)=1 

3) FRAN( ), the random number f u n c t i o n , is equal 
to a random f rac t ion between zero and one . U n 
l i ke FRAN ( ) in FOCAL 8/68, this random number 
generator is suitable for s ta t i s t i ca l use of any k i n d . 
The numbers are we l l -d i s t r i bu ted and , in f a c t , are 
not expected to repeat for over four b i l l i o n numbers. 

d) The * (asterisk) command, wh i ch con t ro l l ed the high-speed reader in FOCAL 8/68, is 

f 
* and / 
+ and -
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no longer l e g a l , hav ing been superseded by O P T I O N R (fo turn i t on) and O P T I O N K (to 
turn it o f f ) . It is for this reason that FOCAL's "Ready" character has been changed from 
asterisk to back-ar row, so that the "Ready" character at the end of a punched tape w i l l 
not result in an error message when the tape is read back in (a back-arrow at the beg inn ing 
of a l ine is s imply ignored ) . Thus, when FOCAL types a back-ar row, i t is in command 
mode, and this is a s i gna l , "Your turn to t y p e . " 

e) The FOCAL 8/68 provis ion for " A l p h a b e t i c numbers" is not implemented in FOCAL 
5/69. Numbers are composed on l y of signs, d i g i t s , a dec imal po int and "E;" and a 
number such as /ABC is not p e r m i t t e d . A lphabe t i c in format ion in response to the ASK 
command is now interpreted as a var iab le name rather than as an " a lphabe t i c number. " 
To program for user responses such as "YES" and " N O , " s imply def ine the var iables YE 
and N O before g i v i n g the ASK statement . More sophist icated a lphabe t i c input (and also 
output ) may be handled in character mode . 

ALT-MODE is no longer a special ASK charac ter . In FOCAL 8/68, i t was used to skip 
over the ASK command. The same result may be ach ieved in FOCAL 5/69 by just t y p i n g 
the name of the va r i ab le that is be ing ASKed . 

f) When FOCAL 8/68 encountered a va r i ab le wh i ch had not yet been d e f i n e d , it d id not 
recognize this fact and took that var iab le ' s va lue to be ze ro . In p rac t i ce this caused c o n 
fusion because users were usual ly not aware that they were dea l ing w i t h undef ined 
va r i ab l es . 

This has been f i xed in FOCAL 5/69. When an undef ined var iab le name is found in an 
expression wh i ch is be ing eva lua t ed , an error message is p r i n t e d . This reminds the user to 
i n i t i a l i z e his var iables before he uses them in expressions. 

g) FOCAL 5/69 w i l l not operate on a PDP-5. 

USER AREA I N F O R M A T I O N 

The user area is the area of core from 3432 to 5112, or from 3432 to 5 5 7 / i f the extended 
funct ions have been d e l e t e d . In d e c i m a l , these f igures are 816 and 1126 words, r espec t i ve l y . 
The user area is used for stor ing the user program ( " t e x t " ) , the names and values of a l l 
de f ined va r iab les , and the push-down list wh i ch is used by FOCAL for keep ing t rack of 
opera t ions . The text is stored in the user area s tar t ing at the bo t t om . Var iab les are stored 
s tar t ing at the end of the tex t (this is why they are erased every t ime the t ex t is changed) . 
The push-down list is f i l l e d from the top of the user area backwards . Eleven words are 
reserved for the push-down l ist when execu t ion starts, but usual ly more is needed. When 
the push-down list and the va r i ab le storage run in to each o ther , the message ? /2 .81 is 
p r in ted and execu t ion stops. 

The f o l l o w i n g is a discussion o f storage requirements: 

a) Every de f ined va r i ab le requires 5 words of storage. 
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b) Every l ine of tex t requires three words of storage plus one word for every two p r i n t i ng 
characters on the l i n e , not i n c lud ing the l ine number and the space immedia te ly af ter i t . 
Other spaces, however , take ha l f a word each l ike p r i n t i ng characters . N o n p r i n t i n g 
characters take a f u l l word each . 

c) The length of the push-down list varies dur ing the running of a program, and tends to 
take up more space the more complex the program is. Here ore some guides: 

1) Each D O require.s 7 words for the dura t ion of the D O . FOCAL uses 
these locat ions to remember where it was before the D O was execu t ed , 
so that i t can return to i t l a te r . 

2) Each FOR command requires 12 words, wh i ch are used, u n t i l the 
FOR is e x i t e d , for storing the loop va lues . 

3) Extra space is also needed w h i l e FOCAL evaluates an expression; 
the amount needed depends on the comp lex i t y o f the express ion. 

d) A useful ru i e-o f- thumb is as fol lows: 

Space requi red ( in words) = 3n + ^ +5v 

where n = the number of lines in the program, 
c = the number of characters in the 

program, not i n c l ud ing l ine numbers. 
V = the number of var iables de f ined w i t h i n 

the program . No te that the separate 
subscripted elements or an array count 
the same as single var iables 

Subtract the resu l t ing f igure from the to ta l space ava i l ab l e (816 or 1126) to f ind the amount 
o f rema in ing space (wh ich must also serve the needs of the push-down I i s t ) . 

Saving FOCAL Programs On the Disk 

Often-used programs may be saved on the systems dev ice and ca l l ed back into FOCAL at a 
later t i m e . 

Before this may be done , i t is necessary to SAVE a f i l e col led "RESTART, " used For r e 
s tar t ing FOCAL af ter O P T I O N M has been used to ca l l a user program. This is done as 
fo l l ows : 

. F O C A L 

C-FOCAL , 5/69 
^ O P T I O N M 
.SAVE REST '. 7200-7577; 700 
.RESTART 
700.00 ( i n d i c a t i n g FOCAL has restarted) 
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Saving a Program 

Compose and debug the program as usual on FOCAL . Now type : 

O P T I O N M 
.SAVE N A M E : / , 34//-5177 ; (where N A M E is the 
.RESTART name desired for the 
?//.// user f i l e ) 
— 

The program is s t i l l in core and has not been a f fec ted by the save. If the extended 
funct ions are de le ted a t the t ime of the SAVE, the f o l l o w i n g core spec i f i ca t ions should be 
used in the SAVE command: 

.SAVE N A M E : / , 6 / / , 34//-5577 ; 

C a l l i n g a Program 

FOCAL must be in core before a program can be ca l l ed from the d i sk . 

-•-OPTION M 
.CALL N A M E 
.RESTART ; 
?/0./0 
•• 

The ca l l ed program replaces the previous contents o f the user a rea . If the extended funct ions 
were de l e ted when the ca l l ed program was saved, they w i l l be de le ted now. If the extended 
funct ions were present at save time but de le ted in FOCAL before the user program was c a l l e d , 
they w i l l be de le ted now, but the ext ra space w i l l not be ava i l ab l e u n t i l a LIBRARY DELETE 
command is g i v e n . 

C A U T I O N : Do not a t tempt to use RESTART unless FOCAL is in core . 

Saving and C a l l i n g in TWO-USER FOCAL | 

It is equa l l y simple to save user programs w h i l e runn ing Two-User FOCAL The f i l e 
RESTART is saved the same way as for standard F O C A L . 

Since the Disk Mon i to r operates on ly from T T Y / , a l l ca l ls and saves must be made from that 
te le type • To save a use r/ prograrn,, be sure nei ther te rmina l is a c t i v e and use the same procedure 
as that exp l a i ned above . A program saved from Fie ld / w i l l be loaded into F ie ld / when | 
c a l l e d ; there is no way to load i t in to F ie ld 1 . When e i ther saving or c a l l i n g . F ie ld 1 p.o- j 
grams w i l l not be a f f e c t e d . j 

i 

The f o l l o w i n g commands are typed on TTY / . 
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Saving a TTY 1 program w i t h extended funct ions: 

-•-OPTION M 
.SAVE N A M 2 ; / , 3 4 / / - 1 5 I 7 7 ; 
.RESTART 
?//.// 

To save when the extended funct ions are de l e t ed , use this s p e c i f i c a t i o n : 

. SAVE N A M 2 : / , 6 / / , 3 4 / / - 15577; 

C a l l i n g a TTY 1 program: 

-•-OPTION M 
.CALL N A M 2 
.RESTART 
?//.// 

In a l l o f the above cases, the Field / program w i l l not be a f f e c t e d . 

It is important to be aware , when c a l l i n g programs o f f the d isk , to remember wh i ch f i e l d they 
were saved f rom. User programs w i l l a'ways be loaded in to the f i e l d from wh i ch they were 
saved. 

TWO-USER OPERAT ION 

In TWO-USER FOCAL the te letypes operate independent ly of each o ther . Ope ra t i on for 
each user is the same as for standard FOCAL , w i t h the except ion o f disk saving and c a l l i n g , 
as descr ibed above , and the changes described be low: 

j 
1) The LIBRARY DELETE command is au toma t i c a l l y ava i l ab l e on both te le types , as are the 
extended func t ions . The funct ions may be de le ted on ei ther termina l w i thou t a f f e c t i n g the 
o the r . 

2) The O P T I O N M command is i l l e g a l on TTY 1 , and w i l l result in an error message. 

3) The high-speed reader may be used by ei ther user. Reader usage is determined by 
Sw i t ch Register b i t / on the computer console . If i t is set to / i t may be used by User / , 
and i f i t is set to 1 i t is used by User 1 . If one user attempts to use the reader and the 
sw i t ch is set to the other user, FOCAL w i l l proceed as i f the reader has run out of tape , and 
w i l l swap to keyboard input for that user; the other user w i l l exper ience no d i f f i c u l t y . 

4) High-speed punch usage is not sw i t ched . The punch may be used by e i ther user; 
however , i t is important that on l y one user at tempt to use i t at any one t i m e . At tempts at 
simultaneous use w i l l have unpred i c tab le results. 
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N o t e : The I/O swa;Dping routines have been improved in this Two-User ve rs ion . In 
pa r t i cu l a r , FOCAL 5/69 does not hove the problem ot the reader opera t ing s lowly and 
rough ly when the other user is a c t i v e . 
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DECIMAL ASCI I CODES FOR FOCAL , 5/69 

Code Character Code Character Code Character 

128 CTRL/SHFT/P 172 216 X 
( leader) 173 - 217 Y 

129 CTRL/A 174 218 Z 
1 3 / CTRL/B 175 / 219 C 
132 CTR l/D 176 / 2 2 / \ 
133 CTRl/E 177 1 221 3 
134 CTRl/F 178 2 222 f 

223 ^ 135 C T R l / G ( b e l l ) , 179 3 
222 f 
223 ^ 

136 CTRL/H 18/ 4 
137 CTRL/I 181 5 255 rubout 
138 l ine feed 182 6 
139 CTRL/K 183 7 
1 4 / CTRl/L 184 8 
141 return 185 9 
142 CTRL/N 186 Codes 224 to 2 5 / 
143 CTRL/O 187 f are for lower-case 
144 CTRl/P 188 < letters on some 
145 CTR l /Q 189 = t e l e t ypes . On most 
146 CTRL/R 19/ > t e rmina l s , p r i n t 
147 CTRl/S 191 ? ing these characters 
|48 CTRL/T 192 <& w i l l result in cha r 
149 CIRWV 193 A acters i den t i c a l to 
1 5 / CTRL/V 194 B 192 through 218 . 
151 CTRL/W 195 C 
152 CTRL/X 196 D 
153 CTR l/Y 197 E Codes 251 to 254 
154 CTRL/Z 198 F : vary on d i f f e r en t 
155 CTRL/SHFT/K 199 G te l e t ypes . 
156 CTRL/SHFT/L 2 / / H 
157 CTRL/S HFT/M 2/1 1 FOCAL considers 
158 CTRL/SHFT/N 2/2 J the p r i n t i n g cha r 
159 CTRL/SHFT/O 2/3 K acters to be codes 
1 6 / space 2/4 L 1 6 / through 223 . 
161 2/5 M 
162 2/6 N Code 131 (CTRl/C) 
163 # 2/7 O is FOCAL's break 
164 $ 2/8 P charac te r . 
165 % 2/9 Q 
166 & 2 1 / R The characters 
167 • 211 S C, \d 3 are 
168 ( 212 T generated by SHFT/K, 
169 ) 213 U SHFT/L and SHFT/M 
17/ * 214 V r espec t i v e l y . 
171 + 215 w 
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ERROR D I A G N O S T I C S OF FOCAL , 5/69 

Messages in these forms: 

? n n . n n Error in d i r ec t command. 
? n n . n n ^ n n . n n Error n u m b e r ^ s t e p number. 

?//.// - Manua l restart , or restart from mon i to r . 
? / l . / / - Interrupted by CTRL/C. 
7 / 1 . 3 4 - II legal group zero usage . 
7/1 .42 - Line number w i t h zero f r a c t i ona l pa r t . 
7/1 . 1 1 3 - t r ror in step number. 
7 / 2 . 4 5 - Nonex is tent step referenced by D O . 
7 0 2 . 6 3 - Nonex is ten t group referenced by D O . 
7/2 .81 - Push-down list o v e r f l o w e d . May be too many var iab les , expression too 

complex , or DO's nested too deep ly (something D O i n g i t s e l f 7 ) . 
7 / 3 . 1 / - Nonex is ten t l ine referenced oy G O T O or IF. 
7 / 3 . 3 2 - I l l ega l command. 
7 / 4 . / I - IF not f o l l owed by parenthesized expression. 
7 / 4 . 2 6 - Left o f = in error in FOR or SET. 
7 / 4 . 3 5 - Excess r igh t parentheses in FOR or SET. 
7 / 4 . 4 2 - Bad format in FOR 
7 / 5 . 2 6 - Excess r i gh t parentheses or bad format in TYPE. 
7/5 .61 - I l l ega l or nonexistent step number a l te r M O D I F Y . 
706.07 - I l l ega l use of func t i on or number. 
7 / 6 . 5 6 - Undef ined va r i ab le used in expression. 
7 / 6 . 6 2 - Va r i ab le storage exceeded . 
7 / 7 . 1 2 - Comma or operator missing in an expression. 
7 / 7 . 3 2 - Operator missing before le f t parenthesis. 
7 / 7 . 1 / 8 - Double operators in an express ion. 
7 / 7 . 1 2 3 - Funct ion name not immedia te ly f o l l owed by parenthesized expression. 
7 / 8 . / 2 - I l l ega l f unc t i on name. 
7 / 8 . 5 9 - Mismatched parentheses. 
7 1 1 . 1 8 - Input buffer o v e r f l o w e d . Something typed on keyboard or read from te le type 

reader when FOCAL was not ready for i t . 
7 1 2 . 4 4 - Input l ine too l ong , or storage f i l l e d by program. 
7 1 3 . 5 7 - O P T I O N M at tempted on te l e t ype 1 . 
7 22 .46 - Zero or negat i ve argument for F L O G ( X ) . 
7 2 3 . 1 1 - Double periods in a number. 
7 2 4 . 2 2 - F ixed-point number too l a rge . 
7 2 6 . 4 2 - I l l ega l op t ion name. 
7 2 6 . 1 1 3 - I l l ega l LIBRARY command 
7 2 8 . 1 2 3 - D iv i s ion by zero or zero to a negat ive power . 
7 3 / . 21 - Raising to a power greater than 2/47 or less than -2/48 
7 3 / . 5 2 - Square root of a negat i ve number. 
7 3 1 . 1 2 7 - Unava i l ab le command or f u n c t i o n , i l l ega l charac te r , or miscel laneous e r ro r . 
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THIS DEC TAPE ( L I N G T A P E ) CONTAINS THE SOURCE AND BINARY 

FILES FOR EDWARD A TAFT I I I ' S FOCAL 5/69 (DECUS: F 0 C A L 8 - 5 2 A ) 

AND AN 8K OVERLAY < DECUS: F0CAL8- 189) DEVELOPED BY MAGNUS 

L U N D I N . THI S TAPE HAS BEEN SUBMITTED IN DEPEN DHITLY FOR THE 

CONVENIENCE OF P S/8 -0 S/8 PROGRAMMERS AND HENCE MI GHT NOT 

REFLECT CHANGES MADE BY THE AUTHORS TO THESE PROGRAMS AT A 

LATER DATE. THE FILEDATE INDICATES THE VERSION INCLUDED. 

MINOR EDI TING OF THE ORIGINAL PDP- 10 SOURCE HAS BEEN PER-

FORMED SO THAT ASSEMBLY MAY BE DONE WITH PALS. THE PRO

CEDURE I S GIVEN ON THE FIRST PAGE OF THE SOURCE WHI CH MAY 

BE L I STED ON THE TTY WI TH P I P. NOTE THAT THE BINARY F I L E S 

AS WELL AS A CORE-IMAGE F I L E ARE INCLUDED SO THAT ASSEMBLY 

I S ONLY NECESSARY FOR PURPOSES OF M O D I F I C A T I O N . THE L I S T 

ING FILES MAY BE PROCESSED WITH CREF I F DESIRED. 

CONTENTS: 

WRITE .UP 7 / 1 5 / 7 3 THI S F I L E 

FOCAL . SV 7 / 2 5 / 7 2 SINGLE-USER, 8 K , EXTENDED FUNCTIONS 

F0CAL5. 69 
FLOATS. 69 
EXTND5. 69 
8K0VR5. 69 
2USER5.69 

7 / 2 5 / 7 2 
7 / 2 5 / 7 2 
7 / 2 5 / 7 2 
6 / 2 9 / 7 1 
7 / 2 5 / 7 2 

FOCAL LANGUAGE PROCESSOR (SOURCE) 
ARI THMETI C PACKAGE ( SOURCE) 
S I N , COS, ATN, LOG, EXP ( SOURCE) 
SINGLE USER 8K OVERLAY ( SOURCE) 
TWO USER PATCH ( SOURCE) 

FOCAL .BN 
EXTND . BIT 
8K0VR .BN 
2USER .BN 

7 / 2 5 / 7 2 
7 / 2 5 / 7 2 
6 / 2 9 / 7 1 
7 / 2 5 / 7 2 

MAIN BINARY F I L E 
EXTENDED FUNCTIONS 
8K PATCH 
DUAL TTY 

FOCAL . L S 
EXTND . L S 
8K0VR . L S 
2USER . L S 

7 / 2 5 / 7 2 
7 / 2 5 / 7 2 
6 / 2 9 / 7 1 
7 / 2 5 / 7 2 

L I S T I N G 
t l 

• 1 

f f 

J I M VAN ZEE 
U N I V . OF WASH. 
DEPT. OF CHEM. 
SEATTLE, WASH. 
9 8 1 9 5 



FOCAL 5/69 P A L 8 - V 7 7 / 2 5 / 7 2 PAGE 1 

FOCAL 5/69 * * * * 
/ E . A . TAFT - REVISION OF FOCALW 8 / 6 8 /EAT/ 2 5 - J U L - 7 2 

/ASSH-IBLY INSTRUCTIONS FOR DECUS DECTAPE VERSION: 

/ I N P U T F I L E S : 
/ F0CAL5. 69 FOCAL LANGUAGE PROCESSOR 
/ FLOATS. 69 FLOATING POINT PACKAGE 
/ EXTND5.69 EXTENDED FUNCTION PACKAGE 
/ 8 K 0 V R 5 . 69 8K SINGLE USER PATCH 
/ 2USER5. 69 2-USER OVERLAY ( 8 K SYSTEM) 

/ASSEMBLY USING PAL8-V7 (ASSUMES INPUT F I L E S ON UNIT 1) 
/ . A S DTAl DSK 
/ . R PAL8 
/ *FOCAL, F 0 C A L - F 0 C A L 5 . 6 9 , FLOATS. 69 
/ . R PAL8 
/ *EXTMD, EXTND^EXTNDS. 69 
/ . R PALS 
/ * 8 K 0 V R , 8K0VR-8K0VR5. 69 
/ . R PALS 
/ *2USER, 2USER-2USER5. 69 

/EXAMPLE BELOW LOADS AND SAVES 8K SINGLE USER VERSION WITH 
/EXTENDED FUNCTIONS: 

/ . R ABSLDR 
/ * FOCAL, EXTND, 8K0VR$ 
/ . SA SYS FOCAL 

/CALLING SEQUENCE: 
/ . R FOCAL 
/ 
/ C-FOCAL 5 / 6 9 , 8 K , F 
/ 
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