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SUPPLEMENTARY NOTES 0" BASIC 

SYNTAX 

The general process of analyzing an input to the languag~ processor 

is displayed in the section on flow charts. The annotations in the listing 

explain the actions of the subroutines, while the core map and section on 

internal representation describe the objects/structures bping created or 

manipulated. The BASIC syntax, in conjunction with the listing, explains 

the method of identification and recognition of legitimate r.ASIC statements 

from·the input string. 

II Phase 2 

A. Comp i 1 at ion 

The preliminary section of CMPLE prepares for executioll of the program 

following a successful compilation .• Uull programs require no processing. 

If a sequence number follows the RUN (e.g., RUN - 220) the int(~(prete:r's 

program counter is set to the first statement whose sequence nun~)er equals 

or exceeds the reference, otherwise it is set to the first stc1tcn~nt of the 

user program. If the program is already compiled (as when a pro3ram is RUN 

twice without intervening program modification) PBPTR is set buck to the 

first word following the value table and phase 2 simply rcinitiulizcs all of 

the variables to iundefined i
• Otherwise FILTB is set to " so PRnST will not 

terminate compilation by mistaking it for decompilation. 

The symbol table is then built as explained in the li~(in9 (~cfcr to the 

flow chart for general logic flow and to BASIC Variable S~or.l~!(, /\llocation for 

a v i sua 1 examp 1 e.) Our j ng comp i 1 at ion SPTR poi nts to the pr()~, rtH;1 :'Jord be i ng 

processed and VALTJ3 is either -lor a pointer to the <FIL!:~ ~t(~tel·ent> if 

one exists. An error in compilation will cause a en}1 to ocr·rl to restore 

the source form of the program fol1ov.Jed by a call to tilf' <'rror rO~ltine. If 

after a successful compilation a (FILES statement) hiV, bef:·: fOUIHI, GI\SIC cnlts 

the system with VALTO pointing to the second word of the st.du,'Pllf. The system 
• 

• 



analyzes a (FILES statement) and bui lds the fi Ie tilblc. fi 11 ing in thc 

first, second, and fourth words of each entry. 

The symbol routine has two entry points: SSYrn is u!;cd for functions 

and simple v()riables and ASYMT ;s used for urr<ly .1nd string variables. Because 

the dimensionality of an array variable may not be knm'/n locally (c.g., MAT A = C) 

some symbols may have two entries. If this is the CflSC, the "don't know" entry 

wi 11 always be farther do\vn in the table (i ,c., h:.lVC a higher core address) 

than its dimensioned counterpart. 

B. Value 

VALUE is responsible for detecting deficiencies in the symbol table, 

allocating storage f()ir the values of symbols (i .c., building the value table), 

and initializing the values of all variables. Only the lust of these functions 

is performed if a program is already compiled whc:n cJ nUIJ command is received. 

The process of building the value table os dc~cribcd in the lisfing. 

Several error·s may be encountered whi Ie bui lding the value table. The 

occurrence of a null symbol (bit pattern of 0) in the syp.bol table means 

that an array symbol is used in the program, but nc~cr in such a way that its 

dimensionality can be determined. If the second word of a function entry is 

zero, no ( DEF statcment) for that function appcar5 in the program. Arrays 

of more than 2500 elements are not allowed. For all errors the program is 

decompiled before the call to the error routine. 

Co Oecompilation 

Programs are decompiled when any error occurs during compilation~ 

building of the file table, building of the value ttlblc, or \'Jhcn the program 

is to be modified or saved in the user library. Since in the first of these 

only a portion of the program is compi lcd, the pointer SPTn is used to dctcrr.1ine 

how much to be decomp i 1 ed (A fu 11 y comp i 1 cd rro~ rill·)() hvuys has SPTR poi nt i ng 

to the first word following the program). The proc('~~ is explained in the 

1 is t i n9. 

• 



D. The routine PRNST 

PRNST is used by both CMPLE and DCMPL to sc~n the program and skip over those 

portions not affected by compiling. One outstanding pecuJarity should be 

noticed. PRNST assumes responsibility for recognizing a ( FILES statement> 

in a program. If a second <FILES statement> is found during compilation the 

following occurs: 1.) PRNST calls OCMPL 2.) DCMPL calls PRNST 3.) the first 

(FILES statement) is found and treated as if compilation were taking 'place 

4.) the second (FILES statement> is found and OCMPL is called again. but the 

first call set CFLAG[I] = 0 so this call returns immediately and PRNST exits 

to the error routine. 

III EXECUT I ON 

A. Main loop 

Upon completion of the value assignment in phase 2, control transfers to XEC. 

FCORE saves a pointer to the first word following the value table (used in 

repeated RUNS of a program). Afte; printing the program name XEC proceeds to 

initialize the file table. A 64-word buffer is allocated for each file and 

pointers to the word following it are placed in words 5 and 6 of the file table. 

The disc address of the record in the buffer {word 3} is set to -1 to indicate 

that no record is present. Word 7 is set to 0, indicating that no end-of­

record/end-of-fi Ie exit has been specified. If the file is read~only a message 

to this effect is printed, following the program name. 

Following the preparation of files the initial execution status is set. The 

initial execution stacks are claimed from free ~ser space and pointers are set 

to the first constant of the first (DATA statement) pif such exists. The 

internal print position counter (CtiReT) is set to zero by outputting a carriage 

return. Phase 2 has already set the BASI·C program pointer (PRGCT)' to the first 

statement to be executed. 

Execution of a statement simulates the execution of an instruction on a 'BASIC 

machineD 0 The sequence number of the statement referenced by PRGCT is saved for 

possible use by the error routine. PRGCT is advanced to reference 

.. 



the following statement. The type of the current statement is u5ed to 

branch to the appropriate routine via it jump table. Individual statement 

routines return to the top of the loop. 

B. Statement execution 

(LET statement) execution consists simply of evaluating the formula. which 

is known to contain at least one assignment operator and to have type 

compatibility (numeric vs. string) by its acceptance by phase 1. 

(IF statement) execution forks on the symbol fol10~ving the IF. The 

construction 'IF EUD' causes the following: the file reference is evaluated 

and tested for existence as one of the program's requested files; if a legitimate 

reference, the statement reference following the TttEU is placed in the 

end-of-fileword of the file's table entry. If'~not 'IF EUO', the decision 

formula is evaluated and if true the statement r~ference replaces the value of, 

the interpreter's program counter, PRGCT, via the GOTO mechanism. 

(GOTO statement) execution consists of choosing a statement reference 

to replace the program counter. For simple GOTO's this is done trivially; 

for multi-branch GOTO's this is done by evaluating the index formula and 

choosing the statement refer~nce in the corresponding list position. If'the 

index value lies outside the list of statement references, the program counter 

remains unchanged. 

(GOSUB statement> execution follows the pattern for the GOTO except that 

after choosing the new value for the program coun~er, the old value is saved 

on the return stack (stack overflovi generating an error condition). 

<FOR statement) execution opens an active program loop. The for-stack is 

searched for an entry with the s~me for-variable; if found, the entry is 

eliminated (i.e., the previous {FOR statement) \,Jith this for v~riablc is closed). 

A new entry is set on top of the for-stack (extending the for-stack by six words 

if no entry was eliminated) and a pointer to the for-variablc's value entry is 



, Tromm 

put into word 1. Since the first formula in the FOR contains an assignment 

operator, the formula evaluator, FORt1X, initial izes the for-variable \'/hen 

It determines the initial value. A reference to the statement f0110.,,;ng the 

(FOR statement)is put into word 6 of the for-stack entry (the start-of-loop 

address). Words 2 and) save the result of evaluating the limit value formula. 

If a step size formula appears explicitly it is evalual~d. otherwise 1.0 is 

takenas the step size. In either case the value of the step size is left in 

words 4 and 5 of the for-stack entry. The program COUI ter is set to the 

statement following the associated(UEXT statement) and c.(mtrol transfers to the 

< NEXT s ta tement) execut i on code to compa re the in i t i a 1 and 1 i mit va 1 ues (see 

flow chart)a 

<NEXT statement) execution decides whether to iterate a loop or close it. 

The for-s tack is sea rched for an ent ry wi th th,e same for-va r i ab 1 e. I f none 

is found the statement is i,gnored and control passes to the fol10\'/ing statement. 

If the entry is found, any entries above it (more recent entries) are eliminated; 

i.e., they are assumed to belong to·nested loops which were not closed by 

exceeding their limit value but exited otherwise. The value of the for-variable 

is then incremented by the steP size and the new value tested by subtracting 

the limit value and using the sign of the step size to deterl~ine whether a 

non-negative or non-positive result indicates 'success'. If the result- is 

Qsuccessi ~ the program counter is loaded from word 6 of the for-stack entry 

(the reference to the statement fo 11 owi ng the < FOR STATEI1C:n> ) • I f the resu 1 t 

is not isuccessoll the for-stack entry is eliminated. At this point the program 

counter already points to the statement fol10v,Jing th~ <r;EXT statement) so exit 

is simply to the main execution loop. 

(RETURN statement) execution merely loads the progra~ counter from the 

top entry of the return stack. An error condition is £cnf!ratcd if the return 

stack is emptyo 

(INPUT statement> execution assigns values to the input list. for both 

INPUT and t1AT INPUT. IUITF = 0 and HCNT is mcanin?lcs~ \:~I(.'n c>:ccuting iln 

(INPUT statement) ; For ~1AT H~PUTp INITF = -1 and r~C'JT holds the number 

(in 2 8 s complement) of elements of the current array as yet unassigned values'. 

-
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IFCUT holds the ordin(')1 number of the current it('ril in tl,,' current record 

(Note that I FCNT ; s not cumulnt ive over the ent i rc, (!y.('cu1 ion of a statement 

requesting input unless the request is met cnlin'ly hy olle line from the 

teletype.). 

The general approach in execution is to delen:linc the address and type 

of a variable in the input list and then attt'il1pl to !Hllisfy it from the 

input record. When an error occurs in the aLovn procc~sf it is explained 

along with any necessary corrective action ()nd the V11111C assignment is attempted 

again. so that errors in the input record \'Jill not terminate program execution. 

For simple input if the next variable in the li~l is of numeric type its value 

table address is placed into SBPTR; for array input the hilse address of the 

array is put into SBPTR. After filling a simple varii,ble the next variable 

from the list is taken and a new.address generattJ; after fi l1ing an array 

element SBPTR has been ~dvanced to the n~xt clem("t by the numeric i'nput 

routine so no new address need be calculated. \lhcn I~CNT rolls over to zero 

(an array has been filled) control exits to the t1~T INPUT code, which may 

return with another array's base ad~ress in SGFTr~ and f'~Ct:T reset appropriately. 

~f the input record is empty but the variable list i~ not yet exhausted a 

request for additional input is made (signified by I??I rather than the 

g nit i a 1 '1'). S ERR i s nee de d a s a flag to i n die i1 t e i fun cI e r / over flo ... , oce u r red 

while converting the latest numeric input, since the error message will have 

destroyed any additional information in the inrut record. \/hen looking for a 

number p the input record is scanned for the fir~t sign (+ or -)~ digit, or 

decimal point p which begins' the number. Any other chari.~ctcr~) will be ignored 

except the 81~ which will generate a recoverable error. 

String input requires fairly complicated vnalysis of the data transfer. 

If the string variable does not specify the tran~,fl!r len~~th (does not have a 

doublesubscript)p then the next strrng in the input record is transfeired in 

its entirety and the logical length of the varitlhle ~)f·t .:1ppropriately. If the 

next string does not fitp a message is printed ilnd a rw',: "trins value requested. 

If the string variable specifies the transfer lcrqtlt lhc·n C;<i1Ct ly that much 

of the next string in the input record \"Jill bf' I"'ln(;f(~rred, either truncated or 

,extended by blunks as necessary to achieve the ~p('ciricd lpn~;lh. The 'next strin 

, 



A.,.,.<.' .... • 
in the input record begins with the next non-blank character or, if it is a 

"0 the follo\-Jing chilracter, blanks included. The string ends with the 

fi rst " (which is not part of the stri n9) encountered or \-Ji th the carriage 

return (also not part of the string) if no II appears. 

Every data item in the input record must be folloHed by a comma or 

carriage return and a comma must be follo\'Ied by another dilta item. Fai lure 

to observe the above will generate recoverable errors. INTMP holds the 

type of data being sought, INTI1P = ~ for a number or IraMP # 0 ror a string, 

and is used by the error recovery code to prepare for the retry. 

(READ statement) execution assigns values to variables in the list. 

FDATA is primed to obtain values from either a file or the (DATA statement) s, 

depending on the presence or lack of a fi Ie r~ference fol10~Jin9 the READ. 

A mismatch in type between the variable and the next data item, or a string 

too long to fit into lts designated destination p will generate an error 

and terminate execution. 

(PRINT statement> execution consists of identifying items in the print 

list and sending the appropriate media equivalent to the teletype or disc 

file. An initial file reference identifies the statement as a fi Ie write 

and turns off the end-of-line ~ode; its absence identifies a teletype write 

and turns on the end-of-line mode. A comma or semicolon ·turns off the 

end-of-line mode and generates enough blanks to advance to the next field 

of 15 characters~ if a teletype write. A literal string is written as a string 

of characters 9 less quotes~ and turns on the eri~~of-line mode if a teletype 

wruteo An END writes an end-of-file mark on the f'ile; it cannot occur in a 

teletype write. Formulas in the print string are evaluated and the results 

examined. Formulas which are string variablei evaluate to their contents, 

which is then treated as a literal string. If not a string variable but 

within a file write statement, the floating point value of the formula is 

written on the file in its two-word binary representation. If a teletype write. 

floating point values are converted to an ASCI I character stri~g <of the decimal 

equivalent. TAB can only occur in a teletype write; the evaluation of the TAB 
~ 

itself produces the desired action, so the value returned is thro\'ln m'Jay, a10ng 

with a following comma if.,ne exists. For a teletype write all formula5 
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turn on the end-of-linc.modc. If the end-of-line mode is on after processing 

the last print item, a carriage return-line feed i~ printed (This can only 

occur in a teletype write.). 

Before writing a quantity BASIC insures thut sufficient space is 

available to accommodate it. CHRCT keeps track of the current print position 

on the teletype line (0-71). If the character string s~nt to the teletype 

would require non-blank characters to be printed pust por,ition 71, a 

carriage return-l ine feed is output fi rst and CHRCT ~('t to 0. If an item 

sent to a file requires more words than remain in the Cl.'rr('nt record. BASIC 

automatically advances to the next record if in serial r.K)dc or exits to the 

end-of-record code if in record mode. 

(RESTORE statement) execution resets the pointcr~ to the DATA block. 

Beginning at the statement specified, or at the first statement in the program 

if none is specified p the pointers are set to the first (DATA statement) 

found, or to the out-of-data conditi~n if none is found. 

(END statement) and <STOP statement) execut ion tend ncJtes the program 

runG Since each requested file has a 64-word buffer in core» the last record' 

written on a file does not exist on the disc in its updated form. Thus END 

and STOP must' force the buffer of each read/write fi Ie onto its proper 

disc sector~ Following thisp the word DONE is sent to the telrtype and 

cont ro 1 ex its· to the schedu 1 er. 

<MAT statement) execution involves many dispar~te t~~ks: The forms 

of the (MAT statement) may be classified as array I/O~ array assignment» 

array initoalization p and the array functions TIUJ and Ir~Vo For conciseness 

un coding 9 all forms other than array I/O use some c.ommon rH()~1r()m segments. 

Array i/O prepares each array in the 1 ist in the Si)l':(! ra~)hion. SOPTR is 

set to the dynamic dimensions of the array (ba~;e uddre~s -7.) and the operator 

fol1ohting the array. identifier is picked up for examination. At this point 

• 



MAT PRINT follows a separate path than MAT READ and HAT IfJPUT. The follo.·ling 

operator is noted as spacing the elements (comma or end-of-statement) or packing 

them (semicolon). VCJfK examines the array and generates an error if any of 

its elements have value 'undefined'. The dynamic ro\oJ and column lengths are 

saved in 2's complement. If the MAT PRINT references a fi Je, the array 

elements are written one by one in rOV/S, each element in j·ts t\10-word binary 

form. If the MAT PRINT references the teletype, rov.JS arc double spaced and 

the elements within a row arc spaced or packed as noted above, each clement in 

Its ASCII decimal form. Both MAT READ and MAT INPUT redimension the array if 

the following operator is a left bracket (i.e., begins a matrix sub~cript). 

MCNT is set to the number of elements in the array, in 2's complement. 

MAT READ calls FDATA for element values while MAT IUPUT transfers to the 

(INPUT STATEMENT) execution to obtain element ·values. 1110 acts as a flag for 

MAT INPUT, (jifferentiating the first call for 'input from sllbs0quent calls 

and saving the input character following the last element value used from the 

input record. After completing I/O "on an array.,. a common sec.t ion .of code 

prepares the next array in the list or, if no more remain, terminates the 

statement execution. -HAT INPUT returns to the input code to clean up there, 

MAT PRINT and MAT READ return directly to the main execution loop. 

Array assignment consists of preparing the destination and source arrays 

and executing a' loop which assigns the destination arr~y cleMents one by one. 

The general procedure is to assign a jump to the element computation code to 

MOP» an exit address to MEXIT to use after completing the destination arraYf 

and a count of the elements to MeNT, in 2 i s comP:.1emcnt. Thc, code to compute an 

element returns to MlOP1, MLOP2, or I1LOP3 depending on the nud)cr of arrays 

~nvolved which require updating of the element address. [~cl) 0pcration checks 

the dimensions of the arrays involved to insure th~t the operation is well­

defined; and all elements of the source matrices are checkl!O Lo make sure none 

have value ·undefined'. Matrix multiplication docs not u~~ tile clement 

computation loop, instead it uses row and column COUl1tcr~, to tell \!hcn it is. 

done and computes destination array elements by 'inner pro(h:(t':. of the" rO\<JS 

and columns of its source matrices. 



Array initialization also uses the clement computation loop. The 

Initialization program first redimensions the destination array (if a 

matrix subscript is givcn) and then chooses the appropriate constant for the 

element values. ION acts like ZER except lhc1t it insists that the destination 

array be 'square' and sets a special counter to choose 1.~ for the value of 

main diagonal clements. 

TRH and INV are handled apart from the other matrix functions. For 

both of these, the elements of the source matrix arc checked against the 

'undefined value'e The source and destination matrices are then checked for 

transpositional compatibility. If TRN, then proceed to transfer the columns 

of the source matrix to the rows of the destination matrix. 

INV uses the Gauss-Jordan algorithm with row pivoting. This procedure 

converts a copy of the cource matrix into the identity matrix and converts 

an identity matrix into the inverse by a~plying the same set of operations 

to both. Since the source matrix is gestroyed in the process, it is first 

copied into free user ~pace and the copy treated thereafter as the source. A 

side effect of the copying produces the element of largest absolute value, which 

is used to compute a lower bound on the allowable magnitude of pivot elements. 

INV then calls ION to set the destination matrix to an identity matrix, having 

the side effect of checking that the matrix is square. 

Diagonalization of the source matrix and production of the inverse 

now proceeds on a rO\'1-by-row basis. The next unreduced column of the source 

, is searched for the pivot element (the largest in magnitude). ,"If necessary. 

rows are swapped to put the pivot element on the main diagonal (the correspond­

ing rows of the destination matrix must also be swapped). If the pivot 

element is smaller in magnitude than the previously computed lower bound, the 

matrix is too nearly singular to invert and execution is terminated. Other­

wise, the pivot rows of both matrice~ are diviucd through by the pivot clement. 

Now all other elements in the pivot column are eliminated by subtracting the 

appropriate mul~ip1e of the pivot ro\'1 from c(lch or the other rows. "Advantage 



is taken of those pivot column clements which are already zero and of the 

fact that clements of the pivot row to the left of the pivot column have 

been set to zero by previous steps. After diagonalization of the source 

matrix and consequent creation of the inverse, the user space occupied by 

the source copy is released. 

The other statement types are declarative in nature. Execution of them 

consists solely of skipping over to the statement following • 

. ' 

• 



NOTES ON THE ERROR ROUTINES 

Errors are handled by routine SERR, reached by a jump through the base page table 

beginning at SERRS. A JSB SERRS + i ,I signifies detection of error i. The 

alternative bases RERRS and WERRS are conveniences to denote subsections of the 

table ' used for iun-time errors and warning-only errors. The actions taken by SERR 

are explairied in the listing; but notice that the 'BAD INPUT' error is singled 

out, its processing is completed by the input execution routine upon return from 

SERR. 

Syntax errors detected while in tape mode are handled by accepting error psuedo­

statements in place of the erroneous statements. Since these psuedo-statements will 

be replaced by any subsequently received ~tatements with the same line number, 

prOVIsion is made in FNDPS, which returns the location of a statement when given 

its sequence number, to decrement the error counter (ERRCT) whenever the statement 

found is an error psuedo-statement (an error psuedo-statement will only be found by 

FNDPS when another statement with the same sequence number is ready to replace it). 

Over/underflows detected during number conversions in syntax mode cause warning 

messages to be issued only after accepting the statement, if it is otherwise correct. 

Since no printing ,can be done while in tape mode, the routine CHOUF suppress'es setting 

of the flag and these potential errors are not reported when in tape mode . 

• 



SYNTAX (Phase 1) 

~ ~~:m Bas~':~ 
USE -',- · -_ ... __ .. ---

Subroutine Entry 

Points and User Variables· : . 

PBUFF -If------.. ~--.---..... J 
Previously - entered. I( 

Program Statements . 

I 
PBPTR=SBUFA->r------.--...... -.---~.\ 

Current Statement I 
-- ......... -~ ............... -- .... J 

Buffer (105 \~ords) ~ 

SYNTQ-:)I-----.-----.... , .. - V • .. '" t r 
Syntax Stack t 

SSTAK--+i- - - - - - - - _. _...1. , ,. I Available User Space I 
lWAUS~1 BA'~~~:~~y' =:--~I! , 

\, 

37777 f ! 

.. 

lSASIC Core naps 

User Swap Area 
(5ltlt'~ Words) 

PoiotC'rc, 

USE Fixcrlp first word of 
user swap Drea. 

PBUFF Fixpd, first word of 
progr(1m SP()CC. 

SBUFA 

PBPTR 

SBPTR 

Varinble, first word of 
statement being syotaxed. 

Vari~blc, first word of 
program space oot used by 
prC'viollsly accepted 
progrC1m statements. 

Variablci first word 
not u~cd by statement 
being syntaxed. 

SYNTQ V(Jriilhl(~, first word 
of synt.'lx stack. 

·SSTAK ~()riable» last word of 
syntClx sUlck. 

·lHAUS F i x~d, firs t \oJord not 
in uscr swap area. 



COMP I LA T 1014 (PhCl~c II ) 

Come i 1 at ion Value Storage Al1oc"tio~ 

" 
USE~ 

PBUFF--.\ 

-----...--.....-.. ... -

Sys tern Base Page. 

Subroutine Entry 
Points & User 

. ..1 Variables 

BASIC 
p,rogram i 
~ _________ ........ _ ..... J 

itSYMTB 

, Symbol t 

~ r:tem::~:- pa~~'" 
US ( _ .. ')---------.-._. 

I 
!Subroutine Entry 
! Points & U~er : 
, Variables i _--..._-..• --.. ____ • f 

PBUFF-' ) 
! 
I 

! BASIC 
;" Program 

I 
! 

\ , 
. I 

,_ • ___ ._-.-.......... ... ~ __ .-.... •• _.." ................. "i ... ( 

SYt\TB'''-); t 
j 

; Symbol 
; TabJe 

~ 

... - ·--~_"""""""""""''''''''''''''''I .. -·~ 

1
:_ !a~~_ - - - ---.~ 

·;tSPTR = 
t . I PBPTR 

SPTRo' -) :~F Il T S 

} Avai1ab1e ~. 
t I Use~_~ace .. _ 

LWAUS~. 

lSASIC and 
system 

37777 __ . __ 

SYMTa - Variable p f~rst word of symbol table. 

l\JAUS-' .} 

37"/77 

SPTR - Variable, first word not used by symbol table 

FILTB - Variable, first word of file table. 

VAllB - Variable, first word of symbol value table 

: File Table ~ ... ...... ----~---................. ~ ... 

Value Table 
. , 

~ Ava; lable 
; User Space ............. .,..,. .................... ,.",. ..... _---

BASIC 'and 
System 

... -.~" ... _ .. -., 

(FllTB = VALTa if no <-FILES statement> is in program) 

PBPTR - Variable, first word available of user sp~cc. 

SVHTB and SPTR are not changed after compilation. 

FILTB and'VAlTB are not changed after allocating vRlue stor~~c . 

• 

(-VALTB 



EXECIITIOU (PHASE III) 

o [·S~:~·~.~~~~a-~~_ ... 
USE~, 

j 

I Subrout i ne Entry 
Points & User 

P BUF F _~ r-.:': ~_i_ a~~ es_-___ . __ '" I 
BASIC 

1 Program 
~-... - . " ....................................... _ .............. -'. ' 

SYf1TB--}: 

j Symbol Table r------.-.... --.-.-..-~-... 
FILTB-)j , 

I File Table a....-.... ,....... . .............. - ..... ,-.~ .. ~.~. 
\ 

VALTB4; , 
i Value Table r'" F-~'1 e ~~'~f'f;;'~' __ '_N~_' .;~~~~~ 
,.". __ ... . .......... - ............ ······· .... -;f-RTNST 

9 wordsl __ .~_et_~.~~ .. :_~.~.c_~ ___ . (FORQ 

For-Stack' ~FORST r-··--··-.... -··---··-· .... -~.,. ...... 

l\/AUS4 

_. _.2:~~ora~.Y.2.t.!.~_ t-THPST 
.··OPTRQ 

Operator/Operand ~O~DST 
Stack ~PBPTR 
.~--.~ .. -... _ ..... --... - .... ·._·--.-1 

Available i 
User Sp~~ ...... e __ -l 

I BASIC and 
System 

37777 L-~-.... ~.-- "-'-~" ....... _ .... ---! 

FCORE - Variablc J first word not uscdby 
Phase II 

RTRHQ - Variable, bottom of return stnck 
(first word preceding return stack) 

RTNST - Variablc, top of return stack 

FORQ - Variable, bottom of for-stack 
(sixth word preceding for-stack) 

FORST - Variable, top of for-stack 
(points. to latest 6-vJord cntry) 

TMPST Variable, top of tcmporary stack 
(points to latest 2-word entry) 

OPTRQ - Variable) bottom of operator stack 

OPOST - Variable, top of operand stack. 

PBPTR Variable, top of operator stack. 

FCORE, RTRNQ, and FORQ are not changed after initiating execution. 
s . 

Entries on the operator and operand stack are one word each and interleave 
I 

(I .c., alternate \'Jords belong to one stack). All stacks beyond the return stack 

grow and shrin~ as needed so long as user space is available. 

f 



qASIC Internal Representation 
i 

BASIC statements are represented internally by the sequence number followed 

by the length in words (including the sequence number and length words) followed 

by the statement body. The statement body is composed almost entirely of operator­

operand pairs which occupy from one to three words each. Null operunds and 

operators are used when necessar.y to maintain the operator-operand correspondence. 

The operator resides in bits 14-9 of a word; the operand ,uses bit 15, bits 8-0, 
and sometimes whole additional words immediately following. 

'Variable' Operands 

r-;;--r,.....----.. -r-··~~ ..... ··-".-.--;;___l 
~--~~-~--'- -.~ Null Operand 

String Variable 

Array Variable 

Simple Variable 

Function Variable 

Bits 8-0 are generally divided. 

into two fields as follows: 

a name field (bits 8-4) and 

a type field (bits 3-0). The 

name field holds a value 

between 1 and 328 corresponding 

to A-Z (for functions, 

corresponding to FNA through 

FNZ). A type of 0 identifies 

a string variable (e.g. 3,0 
represents C$). Types 1 and 2 

identify array variables of dimensionality one and two respectively (e.g. 4,2 

represents 0[*,*]) while type 3 identifies an array variable whose dimensionality 

cannot be determined by its immediate context. Type 4 identifies a simple variable 

with no digit (e.g. 1,4.represents A) while types 5 r 168 identi~y simple variables 

whose names include the digit 0 - 910 respectively (e.g. 6,7 represents F2). Type 

17tJ 'deNtt,t@s a programmer-defined function (e.g. 328.; 178 represents FUZ). 



'Constant' Operands 

Parameter 

Pre-defined Function 

A parame ter h/h i ch can 

only appear inside u 

.(OEF statement» differs 

from a simple variable 

11 T o;;;~~~;-T-:---3-'-1 ................................................................................... 
Binary Integer 

.. ... 

Formal Dimension / 

Branch Address List 

only in that bit 15 is 

set. The name of a pre­

defined function may range, 

in the standard system • • 
~ . 
I 

High Mantissa 

• 
1/ 

• 
from 1 to 168 or 248 to 

Numerical Constant 

I-------------~ --------------f 

308 (TAB to TVP or ZER to 

TRr~). A flagged .. (bit 15 

set) operand of. 3. identifies 

either a formal dimension 

ina <0 I H s tat eme n t > (val u e 

in following word) or a 

branch address 1 i st· (one or Low Hant Exponent 

I,,"---,-~ 11----....(11) 1_:· ~~:~!~=: ~.:~] String Constant 

more statement sequence 

numbers in the following 

words). A flagged operan.d , , , 
Q 

c~aracter 

• p 

II 

Character --~-l 
·of 0 indicates that the 

fo 11m'lj ng two words ho 1 d a 

floating-point constant 

(all numerical constants 

within a program are so represented). The operator \'Jith internal code 1 is ", \'Jhich, 

signals the start of a string constant. The operand portion of th~ word ha~ a value 

from 0 to 7210, indi~ating the number of characters in the constant. The string 

follows, two characters per word, and the closing II is not explicitly represented 

internally. 

• • 



The table below gives lh~ internal representation of the BASIC operators. Those 

operat6rs Wllich manipulate the formula cvalu~tion stack during execution have 

associated priorities. A 11 numbers are in octal notat ion. 

BASIC 0Ecrators 

CODE PRIORITY ASCII 'CODE r PR lOR I TV ASC II COOE ASCII . -:---1 ,--! , ~ " (end-of- t 26 5 < 54 FOR 
formula) 

t 
It 5 H t 27 '55 NEXT 

I· I 
2 I 30 5 =(equal)S6 GOSUS 

3 . I 31 (unuscd)~7 RETURN . , 
4 H (file); 

j 
32 (unused 60 END 

5 (unused) : 33 . (unuscd)Gl STOP 
I 

(unused)'G2 6 (unused) . 34 DATA , 
7 (unused) f 35 (unuscd)63 INPUT 

i 

10 1 ) 
t 

36 4 G1t j AND READ 

11 1 ] ( 37 3 OR 65 PR Ir~T 
I 

12 13 (J ) [ ,40 6 HIN 66 RESTORE 

13 13(1)' ( 41 6 MAX 67 MAT 

14 11 +(unary) : 42 5 () 70 FILES 

15 11 - (unary) : 43 5 )= 71 I I MPL I ED' LET 
16 2 ,(subscript)' 44 5 <= 72 (unused) 

17 2 III (ass i gnment l, 45 11 NOT 73 (Unused) . 
I 

20 7 + ~ 46 LET 7/• OF 
I 

21 7 "I 47 DIM 75 THEN 

22 10 ,'c 50 OEF 76 TO 

23 10 ./ 51 REH 77 STEP 

24 12 , 52 GOTO 

25 5 > i 53 IF 

I 
'I 
i 
I 
I 
I 
I , 
! 

C • 

" 



Some examples of BASIC statements in their internal form t,re given below. Note 

that actual function parameter formulas, (DEF statements> formulas, and subscript 

formulas appearing in <IiAT statements) require end-of-formula operators to signal 

their end whereas most formulas end either with the first operator wtlich does not 

manipulate the formula cvaluatiorl stack or with the end of the statement.· Note 

also that constants are considered signed only within a (DATA statement). ASCII 

numbers are decimal, internal numbers are octal in the presentation belo\-I. 

10' LET WI 1:1 Y 1:1 (B = C) t 31'A[1,J+K] 

12 

21 

o : 1t61 
o . 17 \ 

I 
I 

" 17: 
II : 13 1 

e 30' 

" ! 1" i , 
1 ,24 : 

"300091 

000"04 

27' 6 

31 ~ 4 

I " I 

2 4 
I 

3~ It 

. " 
9J 

e 1221 i:1 2 

" 12

J

11 4 
o 116 12! 4 

i i o ! 20 " 13 : q 

ll; ll! ill 
"il1~ ;" 

sequence number 

length 

LET Wl 

r:: y 

( B 

= C 
) 

't 
3.0 

oJ: A 

[ 1 

J 

+ K ~ 

(end-of-formula) 

1 

• 

20 DIM A[s1, C[6,121 

24 

lit 

II 471 III 1 '" 

1 12 l 3 
5 

31 : , 
! 3 



30 DEF FNC (X) = X + 1\0 

36 

7 

., ! 50 I 31 17 ' 
1 ! 13 30! It 

" ; 10' . " I 

1 , 17 30, It 
; i 

.' f 20 ~ 1 ; 5 , I 
! 

" " ~ 

50 GOTO A OF 10, 20, 30 

62 

7 

,,! 521 1 j" 
'I ! 74 { 3 

12 

2~ 

36 

70 MAT READ IK;A[I] 

H~6 

11 

., 1671 I" 
~ .64; ! 0 

, , 
o 4~13 ,. 

; i ' 

o i 3~ 1; 1 

0'\2.1\: It 
, 

" ~ 0 

" '1 t " I 

1.0 REM ARK 

50 
5 

I I "J 5 1. '.0 t I 

0~~S22 

0~5~00 

60 DATA -1, "ABC" 

7~ 

11 

1 i621 to 
100000 . 
000000 

°1 2 
f r ~ 

":1, 13 
,,' 0~0502 

01t 1.400 



BASIC V~riablc Storage Allocntion 

PROGRAM FRAGMENT 

I---\' --,. 

I' ~~C;'~i .. -~ 
L -!--. __ . --~----

-_ .... 4tJ'" _________ • __ 

+ A 

". C 

VALUE TI\BLE rP'I\GI1Er~T 

. ,.--

0 0 .• 
.' . 

-----b 

- ~ 
~ -

"-.. 
.. 

-. S¥MBOL TABLE FRAGMENT 

( 

---.--_ .. -

i'I 
4 .......-._--_._------1 ~ 

I_' ___ <~~ 
J...-__________ ' 

fNC -J. .. ~~--~~ 100000 I 
" I-------~ 

a...-_--I ___ ~ I 
A[ 1] 000000 j 

I---------~i 

D3 ! 
A[2] . / 

oj 

dimensionality 1 0000~10 . j 
"'------'---j 

~ ---. --_. _ •....... _------_. _._._ ... __ ._ ..... 
I ,---------t 

A[ 1 . dimensionality 
'--______ llocal1y unknown 

~--.----~--------------~ -_ .. '_._-----1 
B$ 

. .1 ) 

~
l 

I __ .-_---... - .---- I 
... ._- , 

1----.. _...... - ....... --- - ..• 

8 I 5 .! 
~ .. 

A[3] __ .00~0~0 

~------------+-----------------------9.~ 1\ U , 4------- --.. ---_ . ___ . 
c ----_ ... --. 

---.-.~.-

..... "" ................. .......... 

~ 

value of 

simple variable 

declared 

dimensions 

dynamic 

dimensions 

ac t i ve 

elements 

inactive 

element 

ph y sic all e n £J't h / 
logical length 

character 

string 



The symbol table consists of two-word entries, one for each unique symbol occurring 

in the user's program. The first word of an entry is the internal representation of 

the symbol as previously described. The second word of the entry is a pointer to the 

value of the symbol. For a programmer-defined function the value is the defining 

formula in the (DEF statement). The value of a simple variable is a tHo-''Iord 

floating point number. The value pointer of an array is its base address (i.e. the 

address of its first element); when an array is dynamically redimensioned to occupy 

le~s than its physically allocated storage, it occupies a contiguous block justified 

to the low core portion of its clement space. Since array symbols may not have 

dimensionality locally defined (e.g. MAT A=B), array symbols may have a "don't knovl" 

entry in the symbol table in addition to the dimensioned entry. Both entries have 

the same Value pointer. The declared and dynamic dimensions occupy the four words 

preceding the element space ih the value table. The value of a string iS'also its 

base address. A string is a character array {packed two elements per word in contrast 

to the two words per element for numerical arrays). Its physical (declared) length 

and logical (dynamic) length occupy the w9rd immediately preceding j'ts value space. 

The value table is simply the concatenation of the values for the symbols in the 

program, excepting programmer-defined functions. 



FILE TAOLEENTRV 

read-only 
bit .J.-_~_~:~~~S or n f i I"e ----=] 

disc address of last i 
logical record in file I 

I 
---~-.-- .. - I 

disc address of record ! 
__ in fi~~l.L~E __ ...... ~. __ ...... 1 

I 

fi Ie base disc address I 
j 

t------.. ~-..... - .'~= .. ::::------.. -=.~~J 
L __ ~-_~.O-F /-E.;~~~~" ad;;;d 

FILE BUfFER 

-_.> 

--------~----------~ ............................... ~ ... -----...., 

64 words 

The file table con5ists of onc· 

seven-word entry for each file in 

the ~FllES statement>. Bit 15 

of the first word is set if the' 

file was busy when requested or is 

a public file (avai lable on a read­

only basis). A 64-word buffer is 

associated with each file entry 

and is accessed through pointers i.1 

its file entry. An intra-record 

pointer designates the next portiol 

of the record to be written or real 

A fixed pointer to the first word I 

in the buffer acts as abound on 

the intra-buffer pointer. 



BASIC Run-Time Stacks 

Return Stuck 

9 words 

For-Stack Entry 

.' .. ··--,··.,.·· .. -· ... · .. ··· ..... 1 

-.... .,.. .. J ... _-J ·1 pp,nter to.va u~ 

O~~v~-a~~l-~Vu!.e:.~ ~-~~~I two-wo rd 

If float i n9 pol nt 

-·-·-:~:-;--··1···-l numbers ,-----_ .. _._._-
I size 
4 ---.-.--.... - •• -----, 

. ~-- -- ---. I 

Lt=J 
Program Fragment 

(FOR statement) 

-•. succeed i n9 

tatc~i~~ , 

The return stack is of fixed 

length, holding from 0 to 9 

one-word entries at any time. 

An entry is the absolute address 

of the statement following the 

GOSUB which placed the entry on 

the stack. 

The for-stack is of variable 

length, containing one six-word 

entry for each for-loop which 

is currently active. Since the 

limit value and stop size are 

kept in the entry, they may not 

be changed \·Ii th in the for-loop . 

The value of the for-variable is 

'Jhe one kept .in the value table, 

so this may be altered by 

statements within the for-loop. 



LET A = B+C~':O 

~ .. ~. ---
.---~ ) 

Temporary 

Stack 

-I A 

OPTRQ ... ~ (unused) 

.~ B 

start-of-
.f.o.r:muJa-D.p e.ra.to..r:... 

V C 

= 
OPOST --=+ " D 

~ 

+ 

(unused) -

P8PTR4 ,,~ 

ava i lab Ie user 

space 

) 
-......... 

lWAUS -+ 

OPERATOR/OPERAND STACK FRAGMENTS 

i 

OPTRQ ,. _(y.il.y~s._~.Q)~_ .. _.. ! 

TE,1PORARY 
STACK 

..... f ,.. I 
OPOST ~. B+C~:O • ,._-) 

·start-of- l 
form~.l.~ ope ra tor ----at> 

.,-i!!D!,sed 1 ==r 
PBPTR -. I '---J 

ava i la: Ie ~ser -j 
lWAUS -+, sPf-~~-· 

. ; ~ .!---- "'-J 

l 
OPOST~ 

OPTRQ :+ 

I . ~ 

.....--5_ 

(unused) 

(u .. nused) 

I 
1. 

TEMPonARY 
STACK 

.... PB:'TR 

All operands (checked words) are addresses (i.e.» C repre~cnt~ ~ poi~Lcr (0 

the v'atue of the simple variable C). Bits 7 - 0 of an operator ('n1.('· c.onldln the 

operators identifying code (See 'Basic Operations' Table) \·,hilc I.it:; lS~R contain 

the operator's priority. Note the alternate-word structure of the ~tacl:.s. The 

('. temporary stack ho Ids i ntermed i a te va lues du ri n9 the formu I il C'I" I"" t i 0" • 

.. 

f 



BASIC Language Processor Tables 

The two areas of core labelled SBJTB and USER contain the mechanism al1o~~ing 

different users to exercise different portions of the language processor without 

interference. The language processor makes its subroutine calls to the labels in 

the area beginning \-/ith USCR. The word f0110\.."ing a subroutine entry point is an 

indi rect jump through the appropriate address in the area fol10\..,,:09 SBJTB. Hhen 

a user is displaced by the system, his registers are saved at USER and the area of 

core from USER to PBPTR,I inclusive is dumped onto his track of the disc~ Thus t 

a complete record of the language processor's status with respect to him is 

preserved. [The only things particular to a user wh~ch remain when he is swapped 

out are his own teletype table, teletype buffer, and the bit flags CFLAG, 'TERR~ 

,and TAPEF.] Since the bit flags are modified only in the bit belonging to the active 

user, information belonging to quiescent users IS never modified. 

The tables headed by PDFTB. (which must be in base page), SYUTB, XECTB, and 

. FOJT are Jump tables. The method in the last three cases is to compute a dec~si·)n 

number, add the base address of the table, and transfer through the entry thus 

designated.' The pre-defined function table is used by the formula evaluator to 

enter the code for evaluating pre-defined functions. 

The tables headed by QUOTE and MC[30S have several uses. Their entries are 

explained in the listing and their use will be explained in those routines which 

access them. The Error Jump Table (at SERRS) is explained along with the error 

routines. 

.. 



·v., , .......... ", ... "....,..", .. , ..... 

• SYNTAX REQU I REf'1EfffS OF TSB 

LEGEND 

::= "is defined as .•• " 
"or" 

< > enclose an element of Time Shtlred BASIC 

LANGUAGE RULES 

1. Exponents have 1 or 2 d~git integers only. 

2. A <parameter> primary appears only in the defining formula of a 
<OEF statement>. 

3. A <sequence number> must lie.between 1 and 9999 inclusive. 

4. An array bound must lie bet\a,een 1 and 9999 inclusive; a string 
vari ab 1 e bound mus t 1 i e bet\'1een 1 and 72 ; nc 1 us i vc . 

5g The character string for a <REM statement> may include the 
character II. 

·6. An array may not be transposed into itself, nor may it be both 
an operand and the result of a matrix multiplication. 

Note: Parentheses, (), and square brackets, [1, arc accepted 

interchangeably by the syntax analyzerD 

Continued on the next page • . 

8-2 (869) 



.,- " 

; .-. 

<constant> 

<number> 

<de,cimal number> 

<integer> 

<digit> 

<exponent part> 

<1 iteral string> 

<character string> 

<character> 

<variable> 

<simple variable> . 

<letter> 

~subscripted variable> 

<sub', ist> 

<string variable> 

<string simple variable> 
I 

<expression> 

<conjunction> 

<rel ation> 

<minmax> 

<sum> 

<term> 

("" <s ub te rm> 

I 

• SYNTAX REQUIRENENTS OF TSB 

: : = <number> I +<number> 1- <n~mber> I <1 i tera 1 s tri n9> 

::= <decimal number>l<decimal numbcr><exponent part> 

::= <integcr>l<integer>·I<integer>.<integer>lo<integer> 

::= <digit>l<integer><digit> 

::= E<integer>IE+<intcger>IE-integer (see rule 1) 

::= "<chal:'acter string>" 

:: = '<character> I <character s tri ng><character> 

::= any ASCII character except null, line feed, return, x-off, 
alt-mode, escaee, +, II , and rubout 

" ~­.. -
..­
e .-

::= 

: : = 
o .-00-

<simple variable>l<subscripted variable> 

<letter>l<letter><digit> 

AIBICIDiEIFIGIHIIIJIKILIMIN!OIPIQIRIS(T!UIVlw(XIY!Z 

<letter>«sublist» 

<expression>l<expression>,<expression> 

, 

G .­· .-
o .-
o • -

<string simple variable>I«sublist»I<string si~ple variable 

<letter>$ 

· .­.. -
· .­I> .-

" 0 Ct_ 
80-

: : = 
• If_ · .-
· .­" 0-

.0-· .-

<conjunction> I <expression>OR<conjunction> 

<relation>l<cqnjunction>AND<relation> 

<minmax>l<minmax><relational operator><minmax> 

<sum>l<minma~>MIN<sum>l<minmax>MAX<sum> 

<term>1 <sum>+<term>! <sum>-<terrn> 

<factor> I <subterm>*<factor> I <subterm>/<factor> 

<den\r1>1 <signed factor> 
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fOR TilE PROFESS IONl\l 

S~~TAX REQUIREMENTS OF TSB, CONTINUED 

<denial> 
<signed factor> 
<factor> 
<primary> 

<relational operator> 
<parameter> 
<functional> 

<function identifier> 
<pre-defined function> 
<source string> 
<destination string> 
<file reference> 
<file formula> 
<record formula> 
<array identifier> 
<sequence number~ 
<program statement> 
<BASIC statement~ 

<L~T statement> 

<leftpart> 
<~ F s ta temen t> 

<decision expression> 

<comparison string 1> 
<comparison string 2> 

· .-· .-
: : = 
•• = · . · .-· .-
: : = 
· .-· .-
· .­... -

: : = 
: : = 
· . - ~ .. -
::= 
· .-· .-
: : = 
: : = 
· .-.. -
oa-
" .-
· .-... -
" .-· .-

<factor> I NOT <factor> 
+<factor>I-<factor> 
<primary> I <factor>t<primary> 
<vari ab 1 c> I <number> I <funct iona 1> I <parameter> (rule 2) I 
«expression» . 

<1<=1=1#1<>1>=1> 
<letter>l<lettcr><digit> 
<function identifier>{<exprcss;on»I 
<pre-defined function>«cxpression>}I 
LEN «string simple variable» 
FN <letter> 
SINICOsITAN)ATNIEXPILOGjAUSISQR!INTIRNDlSGNITYP 
<string variable>l<literal string> 
<string variable> 
D<file formula>I#<file formula>,<record formula.> 
<express ion> 
<expression> 
<letter> 

. <i nteger> (see rule 3) 

<sequence number><BASIC statcment>carri~ge return 
<LET statement> I <IF statenlcnt>! <GOTD statement> I 
<GOSUB statement> I <RETURN state~ent>I<FOR statement>i 
<NEXT statement>! <STOP statcm2nt>!<END statement> I 
<DATA statement> <READ statement> <INPUT statement> I . 
<PRINT statement> I <RESTORE statcment>I <DI~1 statement>l 
<DEF statement> I <FILES s tatclnent> I <REM st·atement> I 
<MAT statement> 

::= LET <leftpart><exprcssion> I 
LET <destination string>=<source string>' 
<leftpart><expression> I 
<destination string>=<source string> 

::= <variable>=I<leftpart><variablc>= 
::= IF<decision express;on>THEri<sequcncc nurrber> I 

IF END #<fi le formul a> TI{[N<scqucnce number> 
::= <expression>1 

<comparison string l><rclational operator> 
<compa ri son s tri n9 2> 

::= <string variablc> 
::= <string variable>l<literal ~tring> 
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.' SY.NTI\X REQUIREr"1EtJTS OF TS13, CONTINUE!? 

<GOTO statement> 

<sequence list> 
<GOSUB statement> 

<RETURN statement> 
<FOR statement> , 

<for variable> 
<initial value> 
<final value> 
<step size> 
<NEXT s ta temen t> 
<STOP statement> 
<END statement> 
<DATA statement> 
<READ statement> 

<variable list> 
<read variable> 
<INPUT statement> 
<PRINT statement> 

<type statement> 
<print 1> 
<pri nt 2> 
<print 3> 
<print express1on> 
<file write statement>' 

'~rite expression> 
<RESTORE statement> 

: : = GOTO <sequence number> I 
GOTD <expression>OF<sequcnce list> 

: : = <sequence number> I <sequence 1 is t> t ~sequcnce number> 
: : = GOSUl3 <sequence numbel"> I 

GOSUB <expression>OF <sequence list> 
:: = RETURN 
::= FOR <for variable>=<initial value>TO<final value>1 

<FOR <for variable>=<initial value>TO<final value> 
STEP<s tep size> 

: : = ~ <s ; mp 1 eva ria b 1 e> 
::= <expression> 
::= <expr~ssion> 

::= <expression> 
::= NEXT<for variable> 
:: - STOP 
: : = END 

::= DATA<constant>I<DATA statemcnt>,<constant> 
!:= READ<variable list>IREAD<file reference> I 

READ<file reference>;<variable list> . 
::= <read variable>l<variablc list>,<read variable> 
::= <variable>l<destination string> 
::= INPUT<variable list> 
::= <type statement> I <file write statement> I 

PRINT<file reference> 
::= <print l>l<print 2> 
::= PRINTI<print 2>~I<print 2>;I<print 3> 

::= <print l><print expression>l<print 3> 
::= <type statement><literal string> 
::= <exprcss;on>!TAB«expression»I <source string> 
::= PRINT<file reference>;<write expression>\ 

<file 'r'Jrite statement>$<\'/rite expression>1 
. <file write statement>;~~rite expression>1 

<file write statement-·--:literal string>l 
<file write statement;.. <1 iteral string> 

<write expression> 
::= <expression>IENDI<source string> 
::= RES~OREIRESTORE<sequcnce number> 
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FORTUE PHOFESSIONAL 

SYNTAX REQUIREMENTS OF TSB, CONTINUED 

<OHV1 statement> 
<dimspec> 

. <bound> 
<DEF statement> 
<FILES statement>· 
<file name> 
<REM statement> 
<MAT statement> 

<MAT READ statement> . 

<actual array> 
<dimensions> 
<MAT INPUT statement> 

~T PRINT statement> 
<MAT PRINT 1> 

<lt1AT PRINT2> 

::= OIM<dimspec> I <DIM statement>, <dimspec> 
::= <array ;dentificr>«bou~d»1 

<array i denti fier>( <bound>, <bound» I 
<string simple variable>«bound» 

· .-· .-
· .-... -
· .-· .-· .-· .. -
... -· .-
· .-· .-

<i nteger> (sec rule 4) 

DEF <function i denti fi er>«pa rameter> )=<express ion> 
FILES<file name> I <FILES statement>,<file name> 
a string of 1 to 6 printing characters 
REM<character string> (see rule 5) 

<MAT READ statement>I<MAT INPUT statement> I 
<MAT PRINT statement> I <MAT initialization statement> I 
<MAT assignment statement> 

::= MAT READ<actua1 array> I . . 
w\T READ<file reference>; <actual .array>I 
<ML\ TREAD s ta tement>, <actua 1 array> 

::= <array identifier>l<array identifier>«dimens;ons» 
::= <expression~l<expression>,<expression>. 

::= MAT INPUT<actual array> I 
<MAT INPUT statement>,<actual array> 

'::= <MAT PRINT l>I<MAT PRINT 2> 
::= MAT PRINT<array identifier>l 

MAT PRINT<file reference>;<array identifier>l 
<MAT PRINT 2><array identifier> 

::= <MAT PRINT 1>, I <MAT PRINT 1>; 
<MAT initialization, 

statement>: := MAT<array identifier>=<;nitialization function>l 
MAT<array identifier>=<initialization function> 

«dimensions» . 
<initialization function>::= 
<w\T assignment 

statement> (rule 6) ;: = 

. <ii!'lt operator> · .-· .-

ZER I CON I ION 

MAT<array identifier>=<array identifier>1 
MAT<array identifier>=<array identifier><mat operato~> 
<array identifier>1 . ' 

MAT<array identifier>=INV«array identifier» 
MAT<array identifier>=TRN«array identifier»1 
MAT<array identifier>=«express;on»*<array identifier> 

~I-I* 
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