
FOCAL~ 11., PR:;LIM 

--------~-------

RICH.!'tRD ~1 •. "!ZRRILL 

FEBRU&~Y 16, 1971 

COPYRIGHl' BY 
DIGITAL EQUI?:1ENT CORP,)RAI'IO~ 

MAYNARD, MA3S. 01754 

DEC, PDP, U~rrBUS, and FOCAL are register.ed trademarks of 
Oi~1tal E~ulp~ent Corporation. 

PR3FACE 

. FOCAL-II is identical to FOCAL-B for the user with the 
exception of the error diagnostics (Appendix A), the sy~bol 
t3ble typ~out (Appen::1ix C), pnd ad-litional feature3 
(A?pen:llx B). The~xtendej f~ . .mctions are not all 
imple~e nt~d, but m=iy be generated as done in th~ pro'Jr;rn of 
Appe njlx S, u3inq the special F~S~v'(A, G) function. Note:i on 
harJw:lre connectej problems are given in Appendix D. For an 
introjuction to FOCAL programming - se~ "FOCAL-S" in 
Pro)r~~~1n1 Languaqes. 

Several fC3tures have been alj~d to this varslon. All fi~l~ 
test versions should be discard~d. This 1s a prc11~inary 
rele~ne; a f 1 r.a.l r~le.:lse 1s sche.juled for 1 ate "71. 

ThIs 1s ~ 9t~n1-~lone verslo~ of tha pro3ram for use on the. 
P~P-ll/23 co~puter. 

Tho following 1s a concls~ description of the FOCAl. lan-Ju3'Je . 
to s~r~e ~s a revi~w.for users of FOCAL-II. 
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-~--------------

-I ~~PU r /OUTpr.l'r-

Tile *TYPE *' ani' * A5:'{w- S t'l ternen ts are useu for output and 
input of alphanu~eric calculations. Form3ttin~ of 
1n?ut/output is done within the state~ent itself. Sever~l 
expressions may be in the S3me statement if the eX9res3ion~ 
are e nlej by CO~l1:lS. In the ASK state:nent only sin~;l~ 
v.3ri:l hle n 3:"oes may be use::} bet<"bgen co~n~as. an:i the user 
types in the values. 

Tex •.. ~ l:)'e pl=ice.:i in quotation marks. A carri31c return 
nt:Yftilt 1 ea 11 y-~lose3 quotation rna rk s. The be fi~,:n:1Y-or~l y ba 
l'nse~-t;g-~;;-~rfriJ--J:iiitiar--fnput .';' -'-If' the user Wi5h-:s an 
.xp~erii~ type·jout.· to the left of the result fro~ the 
eY'l:lt.l.-~i~~ lH~OC'3SS, .. ne. may bracket the expression by 
.:Juestlo;)l '1l:lr;ka (e..q. ?A'*S.2?). This is a special use of 
the tr 3,C;~ t~ture.. . • ,) 

.7,-' >, ' •• 

" 
, . 

To supply c'lrria:re.returBs w.ithin a TYPE, or ASK. state"!lent, 
th~ excla'!lation !ll~rk (!) is used. A nu.'~ber sign (11) returns 
th~ print ~echams~ to the left-han1 margin but does not 
!ee1 the paper fonnr1. c Both the TYPE an:i the ASK 
st~t~!Ile nts rna-.! be followel by'·;" anj other com'!lands unless .. " ~ a $ is in the string. 

There is a symbol (~) to ~han'J~ the output form:lt ·.-lithin a 
TYP~ st~t~~ent: %X.0Y, ~here X an] Yare positive 
1ntp.~ers less than or equal to 31. X is the total nu~ber of 
:U~its to be output and Y is the nU'Y\ber' of digits preferrN 
to the riJht of the decil1al pOint. On output, le~~ing 0~s 
~rc typed 3S spaces. If the number is lar)er than the fiel:i 
wijth. ~ for~3t will be used. E form~t is alsti s?ecifie~ by 
~ alone: +(3.XX:C(XXX2fY "'lh~re E+-Y 'means "Hi to th~ yth " . 
pO·,J~r. The current output fermat is retaine:i u!1til 
ex~licitly chan1el. y 1s~ reduce1 when necess~ry. (see 
Apc>c nUx B. 4. ) • 

-~ 
/y 

In the *N,f<* st:ite:nent, 1nputnmsY be ter!Ilinatej by. cert-~in It SI( 
Ch:"1Cilcters: space. cOll=na. j, return, .• or alt-:node . (a 
specl~l nonpr1ntlnl ter~inator usel to 'syncb~onize the 

. prol c 'l1l \-lith extern:,.l events). If alt-mo·:1e is the first 
ch'1r'!1ctpr to be input after the colon, then the value of the 
va rl 'lble 13 uoch~ n-J~l. The left arrow erdse.:; input; rUDOllt 
if) 11no::>:-~1 (se~ i\;>per .. 3.ix B.0); and line feed is i"1!'1orej. 
In~ut wor·~ 11~ " « " "" ~ . ~ ~~ ,e YES, NO. INCHES are givan the 5~me 
nu~~rlCll. valu~ as conzE~nts 0Y~3, 2~O. 0INCHES 
reRl)ect 1 voly. 
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The *JPE~Al'::: ~ cO'!l:':l"ln'i is uS~':1 to sel~ct "' the ini.iUt ) ~n 1/~r ,~
output ~evice. The co~~.n~ OP~RAr~ R(or O<sp~ce>R c~us~s 
the hi'Jh spee.:l re3..jcr to be u:JcJ as the input devic·~ for all 
sub'3c'1ue nt input.. 0 ther ar~ru-nents tj the ·:iP;::Rl\'l.'':; con.''n'lnj 

.t ,. ft U II.. f 
'are ? for hiqh s:Jee.j t?uncl1, L for lin-2 printer t" or 

" h , 
ke'lbo~r1. an~ T to reselect the teletype pr1nter. Th~ 
com-:l:i nj O?£rt.~;Z RP selects both the hilh s?~ed devices. 

-CO'ir~OL-

The *~O* co~~ani for~s subroutines out of sin~le lines. 
groups or of the entire text bu~fer. For a sinJle line 
subroutine, contr~l will be returned when thz end of the 
line i!'> encounterej or when the line is otherwise ter'nin'lted 
(sm:h as by a RsrUin staterncnt t or in the case of 'l'Y?S with 
the $). An "IF" corn:nand or "GOTO line" =ielays return until 
the en1 of "line". 

The st~te-nent "DO 5" calls all of group 5 as a subroutine, 
be~!nnin~ with the first group 5 line number. Control will 
then oroceej through the group nu~bers going from s~aller to 

. 1~r1er. A return is generated from t.nis type of sll~routine 
(I) by usinJ the word REl'U:aLol. or (2)' by -encounteri:1'3' the en1 
of th~t group. or (3) after tr~nsferrfng control out of that 
gr~up vi:1 a GOTO or IF co:nrn:\n.:1. SimilarlYr the entire text 
.buffer "113.y be usej as a recursive subroutine by simply u3inJ 
DO or DO ALL. 

The D0 st~te~ent ~ay be combined with other le1iti~~te 
co~n~n1s by ter~inating it with a se"llicolon. Several for~3 
of subroutine groupings may be tested fro~ the conaole. 

The n u-nb er of DO 
recursively 13 
re~~inin1 in the 

com:n3.nds which may be nested line::trly or 
li!ll1 teJ, by the amoun t. of core stor-3.ge 
push-do\ID list. . (see Appendix B. 3) 

" 

When a GO'f-::> or IF st3.ta:nen t i 3 ex~ecuted wi thin . a 00 group 
subr0utlne. control is transferrej to the object of the G01'O 
'or IF co"t1:n'ln:1. l'h::lt line will be executed before 'return is 
m~je to the DO proc~ssor; if a line number outside the group 
13 no~ about to be ex~cuted. then a return ~ill be made fro~ 
the DO subroutine call. 

The *G~rj* Co~rn~nd will cause control of the pro~ra~ to be 
tr~n'ifcrrt:':i to the indlc:1teJ line number after the GO'fO 
cOll'n3nl. If control is initially han~ed to the prolr~m by. 
mCln3 of an l:n~ciiately executed GO. control will proccej 
fro'll lo~'" n L."Tlberc:i 1 in es to h11'her n un be r e.-:l lines as i3 usu:ll 
in t1 computer progra'11. Control will be returned to CO'T1'T1~nJ. 
~oJa u~~n en=ouL~erin1 a QUIT·comm~n1. the en~ of tho text. 
or ~ R~TU~ at the top level. 
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rhe *CONlI9US* State~ent i3 usei to inJicate dum~y lines. 
For exa~ple; it ~iqht be used to replace a line refarencej 
elsewhere without changinl those' references to th~t line 
nunber. 

The "R3"l'UR~:* Cornman:) is used to exit from DO 3ubroutines. 

rhe * Q"JIl'* Co~:n:l n.1 causes the pr~rJf.a'll to return 
to co~manj/input ~oje. type *, an~ wait. 
reset the I/Odevic~s, however. 

imrnedlat~ly 

It does not 

The' *C01 ... \lE ~'!I- State11e6"l t will cause the remaind.er of that 
'line to be i1nore~ so that comments m~y be insertej into the 
progra-n. 

The. *EX~CUl'~ 7 Com:nanj i3 use·j to 
s~ttin1 up a ~u~my SE~ statement. 
the X:::CurE COllln.:i 01. For example 
output the character "0". 

call functions without 
Any ex~ression m~v follow 

" 4" XECUT~ FCHa( 48) will 

rhe Con1itional *IF* statement is use1 to tran3fer control 
after a co~p3rison. The normal form of the statement 
cont~ins the word IF. a s~acet a parep~hesized expression, 
a nj three line nU"Tlbers separated fro:n' each other by corn:nas. 
The' pro1ra~ will GOTO the first line nu~ber if the 
expression is less .. than ·zero, the secon-:-l line nu"":\~c:- if the 
st~te'1lent has a value of zero, and the thirj line nu.llber if 
the v51ue of the expressionls greater thati 
'Zero: IF (A-3) 1.1, .1.2, 1.3. 

Alternative 
re?l~e-rn; 
$«nl~oc: 

for~s of the IF comm~nd 
extra com~as. and line 

IF (A-3) 1.1; TYPE "HIGH". 

-CALC~JLAl'IONS-

are obt:iine~ 

nUl'lbers by 
by 

a 

The *s~r* State~ent 1s used for setting the value of a 
v~ri~ble e~u~l to the result of an ex~res3i~n. An 
expression "!lay contain function c").-lls, v3riable names. and 
n\.r.leric:ll values. .l\.ll of the usu:.tl ari.th:r.etic ol-'el::tt.ion~ 
plus cxponenti3t1on, may he use.:1 with thes~ ot;>cra!1:.1s. Any 
pairs of pa~entheses may be used: SiU' A=B* (1. 23+4/FSQl'<j)3L» 

The *F~l* St3te~ent: This com'll~nd i9 used for conven ience 
in setting up progra:n loops and 1nteratlons •. The gcn~r"ll 
f .. " or-nat is: FOR A = B,C,D;---. The index A is initializeJ 
to the v.alue B. th'3n the com:nand strinJ follo'din')" th~ 
~e~lcolon Is executai. When the carri~~e retu:-n is' 
encQuntcrej, the value of A is incrc"nented oy C an,j COr.lp:'l!."'~j 
to the value of D. If A is le~s than or e~u~l to D. th~n 
the CO:1l""lZlnj strin"J .:lfter the s(!.micolon is execute~ again. 
This procegg in repc~te~ until A is greater th~n D. Note: 
:t'l1e_co~putat1on5 involve,;! in the FO~ staterne:'lt are done in 

--~--... -'.-- ._-------- ._ .... _-- ---_.---- -.-

-:> C r 

I Or' r. - 0'1_ 
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flo~tinq point ~rith~etic. -;,_"'- ._, .... -. _. - -.- -. - - .•.. - .. --- ......... . 

, ... ~ .. :nUfit be :l sin·lle "::lri~ble; B, CL- and D Ini:ly all be 
'ex Pl-es sion :3: -., iii. i-a b l.en: ~g ~.~c.t'i on 5 t-=~r_ n'ull bers ~ ___ I f the COT.'11?l·-
anJ th~ v31ue of C are o:n~ittej, then it is a3su~e~ that the 
1ncre~ent is one. , 

_~:> I1' I ~r.;-

Edi~tn1 c~.:nlnds may not be follot-led by other co:n~a!1ds on 
the- sa:'lle line. 

l" [') 1 T /. k..;I-
'. , '- t. 

The *::R..l\SS * CO"tl'Tl::tn':i erases a 'Jroup of C01\~IHn,j lines or :l E J.:.A~")£ 
single line. For exa~plet ERASE 2.2 will caus~ line 2.2 to 
be cteleteJ. ~o error cQmment will be given if th3t line 
nunber joes not, exist. The com~and E~-\SE 3 or 3.0 will 
cause all of jroup 3 to be erased. To delete all of both 
the text· a nj the variables. one must type the words 
3R~5~ ALL. This is to insure that erasure is not 
accide ntal. 

SR~S&. used alone, has the function of, merely re~ovin'J. the 
variables without affecting the text~ This may also be 
thought of as initializing the values' of the variable to 
zero. ~ojifications to the text mayor may not cause the 
variables to be delete~ as if an ERASE co~mand has been 
liven. It is qoo~ practice to use an SR~SE at the be)inninJ 
of a pro~ra~. . 

Th~ ~RAS! T~XTco~~and leave~ the variables int?lct but 
re~oves all pro~ram text i~ preparation for using another 
pro1ra~ of the sa~e or E~aller size with the same variables. 

The *~10:)rFY* corn:nand facilitates correction of indiv ijual /"i c.. c) l F Y . 
ch~racters Hithin a given line. Thus, to :nodify the text in 
line 5.4. the user ty~es "MODIFY 5.~". The co~~and is 
ter~inated by a carri"lge return, whereupon the proqr3.r:\ waits 
for the user to type a character ·that is in the position at 
which he '''i sh-zs . to make cha nge.5. This character is not 
printed lm~ediately. but the program prints out the contents 
of the- line until an occurance of the search char:l.cter 1s 
founj an1 that character is printed. 

At this point the pro--:;ra'll ~7aits for the user to exercise on~ 
of seven options by typing 
1. !1C~-l Ch3.rClcterE;; 
2. forrn-fce,j (C~~TrtL/L); this will C-3use the search to 

proceed to the next occurance, if any, of the searcn 
character; 

J. C~n'HL/G{bcll); this allo·,7s·the user to cha:-.ge the search 
char.'1ctcr; 

4. rubout to delete aingle characters to th~ left; 
5. Ipft arro~ to dcl~te all of th~ characters to the left; 

(. 

l.1 

~--. 
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6. carri3.oe retu:."n to delete all char acter s to the ri':Jht i . . . 
or 

7. 11ne-f el2·j to save the remain der of the line. 

The *'~RI-rE * eo:n:nZlnj is used. to examine the FOCAL text: 
W~Il':::ALL (or ~o1 A) for all text; 
W~ITB 7 t~ list all or group seven; 
WRITZ 5.1,to print a single line. 

The trigono:netric 
FSIN(3rg) for the 
Further functi:::ms 
using the ~~~w(.) 

fur.ctions available are FCOS(urg) ana 
eosin e and sin e of an argu'rIcn t in r aJian ·3. 

~ay be used as in1icated in Appendix E by 
function. 

l'he user pro':jrarn:nej function l":~EW ( arg, ryroup) is u5e.i to 
transllit an ar'Jul1lent to the variable & (allpersa.nj) an·j then 
cdll the in~icatej group (or line nU'llDer) as a suoroutine. 
When the subroutine r~turns. the last value of & (a~?er3~nd) 
is t3.ken as the function return (i.e. the final value of 
the function FNEf'l(.». See Appendix E for example3. 

Qi,) 
~) 

tVglT£ 

l'h~ U ~E~JS control functio~·· FX (func, U~I3US-adjress, .i.ita) 1s i=X 
usa.} to control a.j~Utional device Qptions or non-st3.n..l3.r·j 
peripherals or t:> reference core- stora1e. The first 
~rgunent "func" can have a.value that is negative (-I), zero 
(0); or positive (+1) to select the fun~tion th3t is to be ~_ 
perfor:':'\e~. .. The functions are re.spectively re3.j (-1). -I -;. : ... c;\ h 
lo;:rical '\ID (O).nan-:i loaj (+1), onto the U~ISUS.;; .. -:-'l:!1,e~.'_O;:" AN D 
second ar1'Ul1ent UNIBUS-ad1ress· must be e1 tner an-:;,oc~ 
nU"lb~r or a vari:lble--n3.'Tle. T11"el:'unction selectej, Will--b~+" I -_~ L~/ 1-\ D 
perforl'led on thi3 ad,&ress 'with the data ':riven, if 3.:lY J in ' 
the third argu~ent ("data"). . 

The character I/O function FCHR (::lrJ) is 'U5,~,j to man i 2u13te Fe H T~ 
the value of a single ch3ract~r ~rol'l the currently select~~ 
input or output :leviees (see the OPEHA'rS .c():n;nanj for h;:,w to 
selGct oevices) • If the argu.llen t is nega.ti va th~n the 
function will acquire the next aV.3.ilaole eight bit ch3.ca.cter 
fro'll the input device. If tha arJument ~s zero or positive 
then that (deci~al) value will be convertej to an eight bit 
inteqer ::1nl tr;msrnitte1 to the currently selectel output 
:levice (The val ue of the fun etlon is the in teJer v).l ue of 
the argunent. ) • The ftm etion mily al so b~ use.1 
recursively: SST Z = FCIlR(FCiiR(-l) will accept- ~ co,"u"acter 
fro~ th~ input device. output the same 8 bits, and leave the 
valu~ in the vari~ble z. 

". 

l'he ranjolll nU'llber function F~\N( ) haG a pseudo-rando:n value t-- f\f\N 
bet\.:~e n 3 anj 1 (no ar-;urnent). 

170 
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The ~n'llo'J to dijitii.l.converter function 1",l\j)C(GI\nl,CHr~NN3L) 
a 110'.01',1 e'lsily, pro1r~rnilcj access to '.:lS m:my ?is 32 A/::> 
ch:tn,els on the AD~l-A.' The first. arJu,,:\ent.1., a '~1'lin 
control with a v31u~ o! 0,1,2, or 3 for a multiplier (on the 
input volta1~) ~f 1,2,4,8 respectively. ~ Th~ v:llup. of the 
function is in Units of volt9ti~e$ the multiplier factor. 
For other types o.E A/D converters, use the FX ( , ,) f:.l.'1ctlon. 

. . .. 
'l'h~ general purp0se ·functions are FSQ'r(ar1) to fini the 
81ulr& root 'of the argu~ent; FAB5(arg) to take the absolute 
Y!llue; FS:l~rar'J) to give the sign (+ 1 or -1) of the 
~tJU";Mnt; a-n:J FIl'R,(ar'J} to f1nd the inteJer part of an 
expre3sion. 

The <:10.01(' fUnc:tion FCLK{ ) bas a val ue of the time elapde1 
in' -60.tl'\$ t<lr52ths) of a se9-0n,:i since the clock was ztartej 
'(:by !,"(t:,17754Q',~4Jl. ~o ar'lu,nent is u3ed with the FCL::<{ ) 
funcl:i6n. -> The clock ,ca.u ~~ stoppel by FX ( 1 , 177546,0) , 
power-fail, or manu3.l-resi:.art but not by CN·rRL/C. The 
overhe~d per clock "tick" is 30.3 microseconds (see Appendix 
E .4) • 

-OPSRt\TIO~-l-

Lo~.:UnJ ~'jC,~L-l1 is done with the-absolute lO3..:ler: the 
pr.<?.lr a~ will start itself and autoll~_tic3.11y use all core 
fro'11 z ~ro t<? the binary lo;d.er. The pro,!r~'1l Ill:ly b~ 
restarted at any time by typi~j C~TRL/c or by pressing .. .. 
ST~P anj rest~rtin~ at location zero. 

Upon power-fail the progr~m will save all registers and 
halt. ~pon auto-restart the program will resume oper~tion 
fro~ wherever it stopped. ·A few characters may be lost on 
the' I/O devices, 

-POL IC'i-

The 'prelimln:tty release is not Qot budgetej .for soft<"lare 
support nor advertising. !Ne shall have to depend upon wor! 
of ~outh to spreaj the gooJ t-lord. 

The internal jocumentation (listings, sources, etc.) will be 
!lv~ilable in ~larch on an all-or-nothinJ basis for $2900.00. 
This policy gives the soph1sticated user all he neejs to 
cre'lte ne;J SySt"~l1S.· It make3 costly the a:iJ.ition of s1t:lll 
di~lectic ch3n1~s outnide of Dec and thus ~ceps uo in char1~ 
of the lafl1U'~'1e specifications. Finally, it :neans that. 
software support people will be spared l·lrge numbers of 
questions about. the internal workin1s. Such qu~stions m~ 
b~ __ wr itte n to M:t¥n:u:d. 

r- ,\ -~ . 
; - /.;1, .' 

F':.")(~ N 
---'- --~ J- J. I I, 

FCLi:,: 

" .. 
C 
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Ap;?endix A. 

FOCAL-II ERROR DIAG~JOS'rIC5 

-.-------------------------
?C0 - :na nU:l1 rest':trt made fro'll Ioea tion " or by CN'l'RL/C. (r) 

?01 - illegalltne number desiJnated • 
. 

102 - illegal variable or function name u~~d. 

103 - p"lrenthesis do not ~:natc:h. 

·104''';' i11e,:[3ol cO'llrnan:l used. 

105 - ~nonexistent line number reque:3ted. 

106 - nonexistent group or lin e n unher 're.luested by * j)O*. 

107 - illegal for~at foun1 in *SET* or *FOR*. 

1ea - operator :nissing in expression. 

1e9.- st:l.C~ overflow or nonexistent device seleetei. 

?10 - core fil1e~ by text. (o) 

?11 - core f1l1e.:1' by variable3 or.no roo~ for varia1jle~. (0) 

?12 - exponent range is outside of E+38. (0) 

?13 - jis~110wej buss address in "FX". (0) 

? 14 - :iivision by zero attempted •. (r) 

? 15 - n9'Jative power trfe·.1 or pow~r too large. (r) 

116 - too m3.0Y ch:'ir~cters in input data. (r) 

117 s~u~re root of ne1~tive. number tri~d (r) 

? 18 - input buffer overflmi 

'. ---------------
(0) - oper~tion~ error 
(r) - a run-ti~e error 
other lanJu~~e or for~at error 
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"Appendix 13 

FOC~-11 DIFF:':REr-Jce;~ FnO~l FOCAL-a 

-~--------~--------------------~-

I. sub;cripts _ .. -... _-----
a. Double subsc=ipts are ·modulo 255 (see also Appendix e.) 

b. 

'" c. 

~in1le subscripts are modulo 2116-1. 
,," . .. " 
The S~bol t-able typeout. ( $ ) is not in chronological 
order anj variables with s1nqle subscripts' are printej 
1 n the sYllbol table printout as double' sui:>scri?te:d 
variables. 

2. Lin~ )'lunbers 
-------------
a. Line n unbers larger ·than 99.99 are. ~0'l' error checked 

.~n1 so-ne of them are acceptej. Line numbers '~ith 
~reater'si1nificance than .01 are chopped off without 
notice: 1.995 becomes 1.99. 

b~ Vari3.bles not startin'J wi:th ·the letters "A" or ·'F'· may 
be used wherever a line nunber may be usej except upon 
initial input. • 

3. The Push-Down L 1st 

.~-~-------------~-

The Push~Do'~ List Is li~itej tQ'O words where 0 may oe 
approxi'nated by Q = N*7 + Mit 5 + L* 10 an.j must be less than 

.16!-l. 

N is the depth of subroutine calls (*~O*) 
M is the depth of paren.pairs 
L is the depth of nested *FOR* loops. 
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------... 

ll. Variable for"'1·).ts m3.Y be createJ by usinJ a '!ariable in 
place of the for~at descri~tion: 

* TYPS~~ JIGITS, ALPHA,! 

h. When the ri-rht hand margin (70 spaces) is -encountercd 
on the telety~e, an extra carr1a~e-return/line-feed 
pair is print~d. This does not apply to the lin~ 
printer nor to the high-speed punch. 

5. P~tch Inforon3.tion 
...,-... -------------- .. , . t !C'iO ~-v::;-2. c.. r , " <.0 ,-' 

Location BO'l'rO~ con&n s last core 
the content of(l'.XP~±§~·, to 104440 to 
space inste3d. Chanqe the content 

" " suppress : • 

6. Spee:l 

aJdres3 use~. ChanJe 
" " suppress and print a 

of ASK+6 . to 000400 to 
SD1Z 

A10 x 10 matrix can be inverted in a 4~ configuration in 
65 seconds. Such progra~s may be 40% faster than FOCAL-B.' 

7. stor~ge Space and Variables 

--~------------------------

In a 4K machine there are about 140Z word lOC3tions for 
progra~ text and/o~'variable&. The space that is not 
Used by the text is all used ~or the vari3bles. 

h. E~ch variable uses 4 worda; ,e~ch char~cter uses 1 byte. 

e. Variablea m3Y re11ain intact af ter a *~10DIFY* co~m:md. 
This can ma~e certain pro~rams easier to debu~ when 
d.ta is not lost while correcting the progra~. 

9. Arithmetic 
-... ---------

b. 

ArithMetic significance (6 digits) is the s~~e as that 
for FOCAL-S. but the roun:jing algorithm is i:nprovcd • . 
The ranJ~ is ten to the plus or minus 38. Ie 



g. st'artin1 A:1J.resseo 

.--~------~--------

a.' rhe pro'3r.).":l is self-startinlJ 'at loaj t!ile and upon 
power-fail plus auto-restart. 

, ' 

b. ~~nu31 restart is from location zero • 

.10. Input Dat!1 
----------
a. ' ~xpres3ions beJinnin1 with + or - a3 well as nu:nbera 

m·3.Y be use:i as input to an 1'rAS~* cOffi:rland:+X1'2-X+3.1. 
Double subscri:pted variables may not be use·j as input. 

h. Rubout may be used to delete single char~cters of 
input. 

J 1. :'IIet,., Com.'na ros an':l N-e!ol Functions 
" 

~-----------------------------

'il. The OPERA'l'E co~-nand is used to seiect I/O devices. 

,b. The XECUl'B cO"n'Jl3na 'is' used like a Fortran CALL to 
execute functi'ons as subroutine calls. 

c. The tl~e-of-dat 
FX(l,177546, 641 • 
FX(1,177546.S) • 

clock 
It 

can 
can 

'3. The ERASE TEXT corn:nanJ. is ne~l • . ~. 

be 
be 

started 
stopped 

e. FX(func. addr.data) to access the UN'IBUS. 

f. FNEW(arg,group} to call a user fu~ction 

q. FADCC'laln,channel) to read. the A/D. 

h. FCLK() to read the internal clock. 

1. FRANC) to have a random n~ber 0 to 1. 

by 
by 
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12. Future CO!lY'nands 
.... -.-...... ----------
a • The "BEGI~* c':)"T1man.j is usej to start a Foe.;!. proceas 

(i.e. to."Do=.a Jroup as a subroutine) when a certain 
time has been reachcj or a delay expirej (com~anj 1s 
~vail3ble only with the RSX and FOCAL-II overlay). 
e~. "BEGI~ 45 ~T Xu, where X is the time-of-Jay in 
hunjre1ths of a second. 

-h. rhe *KILL* commcm.j is used to halt all processes be1un 
by the BEGIN co~~and. 

c~ 'rhe *LIBRA..~Y* corn!Uand int~ract5 with the disk operating 
- syste'!l. It is available only with the DOS and FOC..:'\L-ll 
overlay: 

file
file 

tile (line) 
dev: 

LIB~ARY CALL 
LIBRA~Y DELeTE 
LIBRA~Y GOSUB 
LIBl{ARY LISr 
LIBRARY RUN 
LIBR:\RY S.l\VE 

jev:file (line) 
dev:file 

LIB~ARY EXIl' 
LIBRARY OUTPv~ dev:file 
LIBRARY INPUT- dev:file 
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Appendix C 

SYMBOL TABLS SUBSCRIPT PRINTING 
-------------------------------

Single sub5cripts and negative subscripts are printej as 
double subscripts. Nu~bers greater than 255 are printed as 
excess 255. 

Sin":Jle 
Double 

All ~utput 
, 

'''sage 

B( 123) 
B(e,1) 
B(256) 
B( + 1 , -1 ) 

·B(-I) 
BC-2S6) 
B( 257. 3 ) 

Subscript Stora':je • A(I) . 16 bits · . 
Subscript stora,]€ · A(I.J) . a hits B • • , 

is treated as nav in 'J .double subscripts: 

$ Printout Type of Subscript 

B (128. 
B (00, 
B (0G. 
B (01, 
B ( 255, 
B (00, 
B (el! • 

00 ) = single < 
01 ) = double < 
01) = single> 
255) = negative 

255) = . negat~ve 
255) = 
03) = 

. Appendix D 
-------_.. . 

negative 
double> 

HARDWAAE ~OTES 

255 
255 
255 
double 
single 
> 255 
255 

bits 

I. Us! nJ a non-existen t device (on a particular cohfiguration) 
will cause error ?Z9. 

2 •. An error ·1iagnostic or CONTROL/e resets Ito device selection 
to teletype output atd keyboard input. 

3. An A~01 error flaJ will cause FADC(,) to h~ng. Recovery is 
only by restartin'1 at zero or by a power-off-on cycle. 

. . 

4. At le·l.st one character must be type:l on the keybo~rd before 
the lo~.z speed re~1er will read. 

5. Po~~er-f ail or manu"ll START will stop the clock. 
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. A ppcn·:1i x E 

EXPANSION FUNC'1'IO>f5 

-~-----------------

E.l !xa~ple of a Recursive Function · . 
I .'1'! ~ro N == 5 ~ 
l ;J. TY?:: F~E:·.Y(~~.51;C-!:"~C!.ro~:t.!\L FU~C1'IO~ 
1 .3 OUl'l' . 

5.1 IF (1-&)5.2;R 
5.2 5,2:1'. &=&* E'N e'¥ (&-1 • 5) 

~.2 So~e rr~nscendental Functions . 
1J .131 C T-\N: D~ 11 OR E"NEiI{ARG, 11) 
11.1~ I {&t2-.0l)11.2;S &=&/2;D 11;5 &=2*&/(1-&'t2+1E-2~);R 
11.20 3 &=&+&t3/3+&1'5/7.5+&r7/315 

12.01 C A~I!'l: DO 12 .~COS: D 12.3 OR F~g;~. (?illG. 12. 3) 
12.10 I (&t2-.0l)12.2;S &=&/(F3Q'r(1+&)+FSQT(.l-&»;D 12;5 &=2*&;R 
12.20 S &=&+&t3/6+.07S+&t7/22.4;R 
12.30 D 12;D 10.1 

13.!Jl C A'rA '.l: DO 13 O~ FNE',l(ARG, 13) . 
13.12 I {&t2-.21)13.2;S &=&!(1+FSQf{&t2+1»;D 13;5 &=2~&;a 
13.20 S &=&~&t3/3+&iS/5-&T7/7 .' 

14.01 C SXP:' D'J 14 . 
14.J~ I {&t2-.01)14.2;S &=&/2;D 14;S &=&t2;R, 
14.20 S &=1+&+&t2/2+&t3/6+&t4/24+&tS/120+&T6/720 . . 

15 .01 C LOG: DO IS 
15.10 I (&12-2.04*&+1}15.2;S &=FSQT(&);D lSjS· &=2*&;R 
l5.20 S &=(&-1)/(&+1);3 &=2v(&+&'t3/3~~T5/5+&i7/7) 

16.01 C ~I~"r!I:'Da 16 C03H:~O 16.3 
16.10 I (&t2-.ZI)16.2;S &=&/3;D 16;S &=3*&+4*&t3;a 
(6.20 S &=&+&f3/6+&fS/120;R 
16.32 D 16jS &=FSQr(lT&1~) 
• • 
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~a~ple of a Device Control Function 
• .. 
21 .01 C THIS PR'.X3.V,,"1 PRIt;TS Ta:.: BI'1' PA'l'l'::R~i I~ l'H;~ S R 
2J .10 5.::°r Z=P'X{ 1,177570.-1) 
21.20 IF (Z-21)21 .. 5.21.1.21.5 
21.5~ S Zl=Z;T !;S Z=F~Er.;r(z,43);G 21.1 

40. J~ S I~ 1=14 
40.20 IF (&-2f&I}40.3;5 Z=FCHR(49) 
40.21 s &=&-2f&1 
40.22 5 &1=&1-1 
4~.2S IF (&)X;3 40.2 
40.30 S Z=FCHR(49);G 40.22 ° 

* *. ,". 

000000000000101 
0C0000111000111 
II H!001110Z01 J 1 
0110130111000111 
" J U 11 11 10001 1 I 
01 J 111101000000 
~0000C00e0'H1000 

r."~,,:' ~~"ple of a °ri~1ng Routine 

1 .1 ~ X FX (-1 , 1 77546 , 64 ) 
t .20 S Y.=F~:LK{ ) 
1.30 F I=I,10.00; DO 2 
I .40 S X=FCLK( )-x 

° 1 •50 TYP! !%7.06. X/6023-30.3E-9*X." S~CONDS PER CYCLE."!! 
I .70 QOZ'I' 

°2.01 C SUBRourr ~ TO BE Tn~ED 
2. 10 oX A+B 
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A Ptlen::l1 x F 
--------_ .... 

POCAL-1i C omrn·:ln ds 

---------~-------
.' 

;BN:;LISH iFR£~CH iSPANISR ;G~R;·lAN 

ASK ;ASK ; DE:-iAND3 ; IN Ti:::~R 'JG'J?: ; ::'~~i\G~ 
~ IN,,)RC ;B~GIN ;LEVE ;XECUTi:: ; CO,~I~''iE:~ C~ 
PCl ; CO~l~E,Nl' ; CO:~:o1!::l'J1'g i CO:·lE;:.JT.a.RIO ; KO;1.'1&~T_~ 
00 ;00 ;FAIZ iH.'G;\ ; :'.ACHE 
S~S3 ;SASS iBIFFS , BORR;:: .iLOSCH:; 
F,;l ;FOn ;QU.~~ ; PARA ; OAF'=>:1 
GOl':>.. . ; GOTO jV.!\, jADELANTE jGESZU 

. ~R.+toac ;H- ;K-. ;G- ;U-
I? jIF ;SI ;S1 ;WEN~ 

EmO~C iJ- ;J- .J-t . ;1-
EJRORC ;KILL ;HALTE ;HALT~ ; H~\L'l' 
~ !R'::>::tC ;LIBRARY ;ENrSRPOS£ ;LAZO ;.I?ILBLIOl'HEi< 
MODIFY ,;MODIFY' ; :-lODIFI-:: ; ~10DlcIQUE ;AND~"lE 

·ERRORC ;~'1- i G- ;v- i J -
PROOIO ; OPERATE ; PRATIQUE ;OBRARS ; OBER.~1'~ 
E:aO~C ;P~ ;N- is'''' .~-

S'l'ARrX ;QUIr ;ARRETE ; DE'£ENG.a.SE E:~DE 

RE'rU~l ;REl'URN ;~ETOURN:: ; R :!:'.rOUR "lE Qr;Il'T~ 

s~'r ;SE~ ; ORGANIZE ;UBIQU~ s~rl'Z:; 

TYPS ; TYPE ;TAPZ ;TI.PPEE R:!:CH~1?: 
EImORC ;U- jU- . iW- p-
E~R:>RC 0". ;v- ;~N- , ;0- ,V-
~Rlr~ ;WRITS ;I~SCRIS ; ESCRIBA ;TIPP3 
XEC:J1'~ ;XeCUTE ;XBCUre iFLUI~ ;XECU1'E, 
;O'l'HZRS U.:mSE:l : ;YZ ;YZ .. ;Y'~ ;~ 


