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This document describes the STRING programming language, which has been implemented
on the MAC Artificial Group's POP-6 computer. In the STRING system, all objectas --
eonstants, variables, functions and programs -- are stored and processed in the form
of strings of characters. The STRING language is unusually concise, yet at the same
time unusuwally rich in commsnds, including a strong arithmetic facility.

Basiecally, the STRING prograsm is used in a conversational menner: the user types in
a character string terminated by the character ALT MODE (alias ESC) snd the program
evaluates the string and types out its value. However, since the evaluation can
involve any amount of iteration, recursion, input and output, evaluating s string
may equally be regarded as running a program, with the returned value of no conse-
quence .

Motation and Definitions:
w 18 the character "space".
=p means "evaluates to'.
a2 bsde means " a and b each evaluate to ¢ .
null describes the string of no characters.
8 word i a character string delimited by a space.

x" means "the character X , 0 times in a row".
ITEMS , OPERATORS AND OPERANDS; THE CURRENT VALUE

A string being evaluated is processed from left to right, and as part of that
processing is parsed into substrings of two types: items and gperstors. Items
have substantive meaning; that is, an item has 8 value “of its own". Operators
take one or twe operands snd produce & value which depends om the values of the
operands. An operator which takes one operand is termed unary; ome which takes
twe is binaty. A unary operator immediately follows its pperand; a binary oper-
ator immediately follows its first operand and immediately precedes ite second
operand , which 1s an item. (A few operators in fact ignore their left operand.}
1f a binary operator is immediately followed by another cperater, the second
operend of the binary operator is the null string between the two operators.

(& null string evaluates to null.)



-7 .

There is always maintsined a current value: at the beginning of a string this

ie null; after an item (which is not the second operand of a binary operator)

it is the wvalue of that item; after & unary operator the value of that operataor:
and after the second operand of a bimary operator, the value of the bimary oper-
ator. The current wvalue at the end of a string is what is returnmed as the value
of the string. The current value when s binary operator is encountered is what
ig taken as the first operand, and likewise ms the operand of & unary operator:
the value of the f{tem to its right is taken ss the second operand of & binary
operator. (A very few binary operators use the item to their right immediately
ag their second operand, rather than its value. This will be made clear in the
degeription of each such operator.)

QUOTIMG

The simplest type of evaluation is gquoting, where the value a string is wished
to have iz given explicicly. The STRING system provides two guote notations:

"stg .=+ &tg , where stg 1s any string not containing a o (Space);
[[stg]] 3 stg (“superquote"), where stg may be any character string; except that
any ]] in stg must be matched by a prior [[ .

"stgo and [[stg]] are items.
HUMBERS

There are two types of numbers: preclse and imprecise. A non-nuell character
string is & precise number 1f it centalns no characters except at least one digit
(# to 9), and optionally a decimal point (alias peried). A non-null character
string iz an imprecise number if it containg ne characters except decimal point,
digits, and atsign (/@ )}, with at least one digit or decimal point, and at least
one atsign. (If there are neo digits, the decimal point must not be the first
character.) Atsign in 8 number serves a5 & non-significant digic. A number

is totally imprecise if the firat digit other than leading zeroes is atsign.

In & totally imprecise number, the number of atsigns to the left of the decimal
point, or the number of leading zeroes to the right of the decimsl point, indi-
cates the order of magnitude of the number.

A number iz an item; it evaluwates to i{tself (is implicitly quoted). (Hote: in

a few cages a string of digits terminated by a decimal point or 2 comma iz not
taken a8 a quoted character string, but rather as & numerlc modifier for & command
ar for evaluation contral. Thess cases will be described below.)

SPACE, CARRIAGE RETURM, ETC.

The character o {(space) iz an item which evalwates to null. (Mote: in some contexts
the space character has a special meaning and is not evaluated. For instance, it

is the terminator of a " quote.) Horizontal tab, line feed, wertical tab, and form
feed are unary operators which ignore their operand and return the null value.
Carrisge return 1s a unary operator which returns the current value as its value,
i.2. has no effect.
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PARENTHESES

It is frequently desired to have an expression more complicated than an item as
the second operand of a binary operator. For this purpose are provided ( ) paren-
theses, which may surround any string; except that a )} in that string must be

matched by a prior [ also therein. The parentheses delimit an item as seen from
the string inm which they appear.

When { i encountered, the current value is set aside, and the string within the
parentheses is evaluated with an initial current walue of null. The )} acts as
the end of the string, and the value returned then is the value of the item which
1a delimited by { 3 . In other words, ( causes a pushdown of one level and )
causes a value to be veturned to the upper lewvel.

CONCATEMATTON

i

binary operator concatenate. (Example: 1'Z2312 .}
v binary operator reéverse concatenate. (Example: 1,'2321 .3

ARTTHMETIC

+ binary operator add. It is defined on precise numbers in the natural way,
with the result similarly a precise number. If both operands are numbers
and either is imprecise, the result will be an imprecise number; the
leftmost atsign in the result will align with the leftmeost atsign in
either operand; and for the purpose of determining the carry into the
significant portion of the result for each ateign in each operand will
be taken a random digit (@ to 9) during the addition.

If either operand is not a number (with optional leading + or = sign).
but is an arithmetic expression (a string whose only operators are
arithmetic ones), the result will be the correct arithmetic expression.
In such & result all items except numbers appearing in the two operands
will appear in the same order (left-te-right) as they appeared in the
operands, left operand first. Humeric terms may be rearranged, and
possibly combined according te the rules for twe numeric operands.

If one operand is null, value is the cther operand.

v+ blnary operator reverse add. Like + but puts non-tumeric termsa from second
operand bafore those from first.

- binary operator subtract. Negates second operand, then does + . (Null
negated iz null.)
.= binary operator reverse subtract. Exchanges operands, then subtracts.

* binary operator multiply. The symbolic terms of the operands are handled
az by + .

When multiplying two numeric operands (or numeric parts of expression
operands) there is first calculated the "significance of the result".
This is a number which 13 the minimum of: the number of significant
digits (excluding leading zeroes) in the first operand; said number
in the second operand; and the current significance. (The current
gignificance iz set by commands described below.) If an operand is

a precise number, its number of aignificant digits is assumed to be
infinite. In imprecise operands, the stsign is numerically of wvalue
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The numeric product will be imprecise Lf either numerie operand is,
or if the number of digits in the resuwlt is ss grest ss the current
significaence; and the number of digitas te the left of the first stsign
ip the result will be equal to the precalculated “significance of the
result". Otherwise the numeric product will be precise.

binary operator reverse multiply.

binary operator positive multiply. Identical in effect to * .

binary operator positive reverse multiply. Idertical to % .

binary operater negative multiply. Negates second argument, then multiplies.

binary operater negative reverse multiply. Exchanges operands, negates new
second cperand, then multiplies.

binary operator divide. If both operande are numbera, divide precalculates
the significance of the result in the same manner as multiply. Then
if the significance of the result is infinite, / performs division by
the schoolboy algorithm and has the walue of the quotient. If the
gignificance of the result is the finite number n , exactly n quotient
digite (not counting leading zeroes) are generated; the quotient is
marked imprecige by a final atsign (after a decimal point if needed);
this quotient is returned as the value.

The remainder iz created, and saved; see below. The gquotient ies negative
1f exactly one of the operands is; the remainder takes the sign of the
dividend. The results are always such that (quotient * divisor) +
remainder = dividend ;| though with a possible loss of precision Lif the
significance of the result is not infinite. The decimal point in the
remainder aligns wich that of the dividend: the number of digits provided
to the right of the decimal point in the quotient (if not zero) will

be thaet number in the dividend minus that number in the divisor.

If not both operands are numbers, [ does indicated division: it concats
enates lts first operand, the character / , and its second operand (in
parentheses Lf necessary). Indicacted division sets the remainder to
null.

In the apecial case where the first operand is null, [/ generateas the
reciprocal of its second operand. If the significance of the resule
is te be infinite, the operand is divided into L.¢% (1. followed by o
zeroes) where n is the total number of digits im the given operand
(excluding leading zeroes); if the significance is to be finite number
m ., then m digits of quotient are developed and the result is marked
imprecise. Reciprocation generates a numeric remainder.

In the case where the second cperand is null, value is the first operand,
and the remainder 18 not affected.

binary operator reverse divide. Exchanges operands and divides.

binary operator positive divide: identical in effect to / .

binary operator positive reverse divide: identical to .,/ .

binary operator negative divide. WNegates second operand and divides.

binary operator negative reverse divide. Exchanges operands, negates new
gecond pperand , divides.
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=, #/ binary operator divide for integer quotient. The quotient will be a precise
number if its number of significant digits does not exceed the calculated
significance of the result. A correct remainder is generated.

»®/ binary operator reverse divide for integer guotient.
#/+ binary operator reverse poaitive divide for integer quotient.

A /- binary operator reverse negative divide for integer quotlent-

EXAMFIES: (assuming current significance is infinite)

S43%2 =15

SH{IR2YZ 11

WAHR-2 L ="C45 e P O =A=F+3,
4.6/282.3 (remainder is .@)
4.6 f2.0 w2 (remainder is .6}
4.6 2. g@=e2 {remainder is .6@)

4,692 . 00%2.32 (remainder i3 .@&H
4'2/7=%6 (remainder 1s @)

')t 2HG (2 (does not affect remainder)
Al } k] (remainder aull)

SYMBOLS

A string of letters and digits ( atsign being taken as a digit) which contains

at least ene letter (or a atring consisting of nothing but atsigns) is a symbol.

A symbol may be of any length. It is an item. A symbol may be either defined

or undefined; initially all symbols are undefined (except ® , for which see balaow).

An undefined symbol is implicitly quoted: it evaluates te itself. A defined symbol
has & symbol value, which is a character string that becomes associated with the
symbol as it is defined. The value of a defined symbol is the result of evaluating
its symbol value. As the processor evaluates a typed-in string, if it encounters

a defined symbol it sets aside ite current pesition in that string, the current
accumulated value, and ather informetion regarding its processing of that string,
and commences evaluting the symbol value in the same manner as it would evaluate

a typed-in string. Then if while processing the symbol value it finds it has te
evaluate a defined symbol, it again sets aside its work and commences evaluation

of that symbol's symbel value. The evaluation of each such string (typed-in string
or symbel value) is sald to occur on a given level. The typed-in string is on

the top level, or level number 1; the symbol value of a symbol encountered on level
I i evaluated on level 2, ete. (The system as currencly arranged has facilities
for approximately 188¢ levels.)

It is possible to define a symbol in such a way that that definition is effective
only until the level on which it was defined returns a value to the next highter
level. A symbol so defined is called a level symbol, and the number of the lavel
on which it was defined is associated with it as its definition level. A level
symbol may be used on lower (grester-numbered) levels. A symbol not so defined

is called a univerasl saymbol, which is indicated internally by giving it definition
level #. More than cne definition of s symbol may exist at a time, though each
will have a different definition level. Only one definition is active at & time;
that ie the one with the largest-numbered definition level (but not grester than

- the current level number).




DEFINING

: (semicolon) binary operater level define. The operand to the right must ba a
symbel; it is net evaluated. The accumulated value te the left (the
"ecurrent walue") is preserved as the value of the semicelon operator,
as well as being ita left operand. This operater causes the symbol to
its right to become defined as a level svmbol, with a svmbel value iden-
tical to the left operand and a definition lewvel equal te the current
level of evaluation. Tf there was already a definition of the symbel
with the same definition level, that definition is completely removed.
Any other existing definitions are allowed to remain, but they will
not ke active until this definition is removed. This definition is re-
moved as evaluation returns from this lewvel to a higher level (smaller
numbered}.

y fcomma’} binary operator define. The operand to the right muat be a aymbol;
it is not evaluated. The current wvalue as this command 1s encountered
is preserved as the value of the comma cperator, as well as being taken
as its left operand. Comma causes the symbel te its right te become
defined as a universal symbol with a symbol value identical to the left
operand. Any and all existing definiticons of this aymbel {(except these
with definition level numbers greater than the number of the current
level) are first remored.

The aymbol & is alwayas defined and always evaluates to o (space).

Mote; When a definition is removed whose aymbol value is still being processed
on the current level or a higher one (amaller-numbered}, although the defi-
nition is removed the symbol value part of it is preserved until evaluation

of it is finished.

EXAMPLES ; X43,Y S X+3 asguming X is undefined
T R+3 {now)
3,E=5 wesaailluscrates formal
Y=5 definlcion of ¥
B.X*A
Y9
K+3,2% 9 X now is defined
5,K=5 vesssillustrates numetlc definition of Z
2y
[ [0+ ] ] L FHL % DUV function with parameters I and ¥V
[[3;UFH1] ). FH2 =3, U_FH1 calls FN1 with specific walue for U, without

affecting upper levela' definition(s) of U

EVALUATION COMTROL

Ofcen 1t is desired to limit the depth im levels to which a symbol is evaluated.
Such a usage tends to correspond to the use of a aymbel a5 a string variable,
rather than a formal expresalon.

.sym where sym is any symbol, is an item which evaluates to the symbel walue
of sym if sym is defined, and null otherwise. This symbol value is

quoted, i.e. not evaluated.
..8ym commences evaluating sym in the usual manner, bet imagines that every
aymbol to be evaluated in the symbol walue of sym iz preceded by exactly

one pericd.
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~r-8ym like ..sym , but imagines two periods in front of each symbel except those
which appear explicitly with one preceding period.

The above description extends to any number of periods. The maximum evaluation
depth permitted is a parameter of each level; for the top level it is set larger
than the number of available levels; when a symbol is not preceded by any perfods
the depth limit on the new level 18 set 1 less than on the current level: if
there are n periods before the symbol, the limit on the new level is the leaser
of: mn , and 1 less than the current limit. When the limit on & level weuld be

1, that level is not entered, but instead of svaluating a symbol's symbol wvalue
on the new level that eymbol value iz simply quoted.

fl. 8¥m where sym ie & sywbol (except one composed only of atsigns), and n is
a string of digits interpreted as a decimal integer, is identical
to writing n periods before sym. Briefly, n.aymf-nsm .

REMAINDER

% (backslash) item remainder, definmed by divide operation. Backslash possesses
many properties of a level symbol: when it becomes defined, a previous
definition will be removed omly If it occurred on the same level: when
evaluation retutns to a higher level tham the onme on which the current
definition was created, that definition is remowved and anvy hisher-leval
definition becomes again active. Backslash is not a aymbol.

THE CURRENT SIGHIFICANCE

The current significance is a parameter of each level. When a level is entered,

its current significance ies set to the value at that moment of the current signif-
leance on the level above.

;T unary operator set current significance. If the value of the operand is a
number, its integer part is taken and the current significance on this
level is set to fit. If it is not a number, current significance is
made infimite. Maintains current wvalue.

#1  unary operator set level § significance. This processes its operand like
;7 and sets the guantity to which the current significance is setr when
level 1 is entered. Thie does not affect the current significance.
The current value is maintained.

Initially the level @ significance is infinite.
ARGUMENT

* (up arrow) item argument. When encountered, causes evaluation to visit the
immediately higher (smaller-numbered) level. That level iz the one
in which was found the aymbol in whose symbol walue the up arrow was
encountered. The precessing pointer on the higher level had been left
just to the right of thet symbol. The up arrow command commences pros=
cesging as if back on the upper lewvel, as follows:
(1) the accumulaced value ia setf to nuall.
(23 if the character to the right of the processing pointer ig a
gpace, the pointer is advanced ower it.

{3} evaluation resumes in a8 normal manner on the higher level,
but the character ., {space) is treated not as an item with



value null, but as a signal to go back to the lower level,
carrying the accumulated value on the upper level as the
value of the ¥ . (If the end of the string on the upper
level is encountered, that acts ag such a signal teo.) The
upper level pointer is now in the positiom just ro the righr
of the space signal (or at the end of the strimg). Hence
succesgive uses aof 1 an 4 level evaluate successive arguments
on the level above, passing the pointer over each in turm.
Performance of T iz not & return to the upper level and therefore no
level svmbol defimicions are removed. Those created on the lower level
are invisible on the upper level, however.

4 item guoted argument. Makes use of the pointer om the level above.

(1) if the character to the right of that pointer is & space, the
polnter 1s advanced over it.

(2} thenm the pointer is advanced wncll a space {(or the end of the
string) is encountered; the strimg of characters o passed
over (oot including the spsce at the end) is returned as the
value of the ¥ with no further evaluation. The pointer om
the upper level is left to the vight of the terminating space.

Hote: The pushdown caused by { is identical, as far ss the lower level can see,
to that done fo evaluate a symbal; a new level iz used In each case. The
Ypop up" caused by ) I8 identical te that when & value ia returned at the
end of a string. 50 a level symbol definition oceurring within ( ) paren-
theses 1s cancelled at the ) ; also note that an unmatched ) can be used
to mean "return the current value to the upper level”.

EXAMPLES :

5,5

[[X42]]. TS X+2

[[¥*3]].2=p¥*3

"Ll

JEHYED

v BB N2 E] the * was performed, the + was not
s TS

"$41,P1% b +1

w2 T2 ¥

Pl_5 P15, 26

T2, P14 /2 26

TduPlub /24

e U

T2 Plufie /29,5 last space evaluated!

ATTACH MODE

Besides having reverae mode, the five combilnative operators (concatenate, add,

subtract,

multiply, and divide) have attach mode and reverse attach mode. The

attach process is described below for concatenation, with the details applicable
te the other attach mode commands listed.

$'|

binary cperatoer attach concatenate. Operand to the right muat either be

a aymbol, or be one or more periods followed by a aymbol (the form
n.evm 18 not permitted in this context). First the §' evaluates its
operands comventionally, and does a concatenation like ' , returning

the result of that concatenation as the wvalue af the %' . Addicionally,
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however, the §' defines a certain symbol with a symbol value identieal
to the concatenated result. If the right operand of the $' had no
petriods, or had just one, the symbol to be defined ie the symbel in
that right operand. But if the right operand had more than one period,
said operand is st this time evaluated again with one fewer pericd.
The resulting value is a character string which should begin with a
gymbol: and that symbol is the one defined as the result of the concat-
enation. If the symbol to be defined had an active level svymbol defin-
ition at the time 5' was to (re)define 1it, the new definicion g a
level svmbol definition: otherwise it Is & universal symbol defimition.

- binary operator attach reverse concatenate. Does reverse concatenate, defines
original right operand as result.

%4 binary operator attach add. Like $' but of course does addicion, mot con-
catenation.

4+ binary operator attach reverse add.

5=  binary operator attach subtract.

1=  binary operater attach reverse subtract.

5%  binary eperator attach multiply.

%+ binary operator attach positive multiply.

%- binary operator attach negative multisly.

¥  bilnary operator attach reverse multiply.

i¥*+ binary operator attach reverse positive multiply.

1%~ binary operator attach reverse negative multiply.

5/ binary operator attach divide.

§/+# binary operator attach positive divide.

§/- binary operator attach negative divide.

:f binary operator attach reverse divide.

tf+ binary eperator attach reverse positive divide.

:/- binary operator attach reverse negative divide.

Mote: attach and reverse attach modes also exist for the H/ operator (divide for
integer guotient), including the positive and negative versions of it.

COMDITIONALS

Certain operators, about to be described, are termed conditionals: according

to whether or not its operands meet partlcular comditions, such am operator will
or will not skip the next word in the string being evaluated. If the skip con-
dicion is not met, processing resumes Iimmediately to the right of the right oper-
and. If the gkip condition is met, the following steps are takem: (1) The char-
goter to the right of the right operand is examined: if it iz a space, the pro-
cessing pointer is moved over it. (2) The pointer is advanced to the right until
it passes over a space (or reaches the end of the string). However, a given
space will not be seen if it is (a) inside [[ ]] superquotes; or (b) the termin-
ator of a " quete; er (¢) scmewhere within { ) parentheses. The { to be effec-
tive in hiding a space must be encountered during the skip, i.e. it may not be
outeide the string of characters akipped aover.

= binary conditional cperater skip 1if egual. Skips ({f che values of its two
cperands are ildentical character strings,

= binary conditional operator skip if mot egqual. Skips only if the values
of it two cperands are not identicsl character strings.
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In the following numeric comparison conditionals, if an ocperand is an imprecise
number each atsign im it is replaced by a random digit (@ to 9).

#%» binary conditional operator skip if numeric greater. Skips if both operands
are numbers (with optional leading + or - signe) and the first is greater
than the second.

#¢ binary conditional operator skip if numeric less. Skips if both operands
are numbers (with optional leading + or - signs) and the firsr is less
than the second.

:?» binary conditional operator skip if not greater. Skips if both operands
are (optionally signed) numbers and the first is not greater than the
second.

:{  binary conditional operator skip if not less. Bkips L[ both operands are
{optionally sipned) numbers and the first iz not less than the second.

#=  ©binary conditional operator skip if numeric equal. Skips if both operands
are (optionally signed) numbers of equal numeric value.

#:= binary conditional operator gkip if numeric not equal. Skips if both operands
are (opticnally signed) numbers whose numeric values are not equal.

#= binary conditional operator skip if not numeric egqual. Tdentical to Hi= .

Each of the conditionals in this section returns the value of its right operand;
with the numeric conditionals any atsigns in either operand will have been replaced
by the random digits actually compared.

TAGS , GOTOS AND DISPATCHES

[sym where sym i3 any symbol (or string of digits) is a tag. A tag is used to
fdentify a point in a string being processed to which the processing
polnper may be sent by a gote. When processing passes through a tag,
the current value iz not affected.

j#ym where sym is similarly any symbol or string of digits is a goto. If it is
performed, the string in which it appears is scanned from the beginning
{i.e. left end)} for an appearance of [svm . If that tag is found,
processing resumes to the right of the tag. (If it iz not found, an
error results.) When a goto is performed, the current wvalue is set
to nwll.

[ where Cthe character following the [ is a carriage return or lime feed is
a "mew line" command which passes the pointer over characters to the
right of the [ s0 long as each is a carriage return or lime feed, without
affecting the current value. :

[ where the character following the [ i not [ , carriage return, line feed,
a letter, a digit, or atsign, is a null tag.

1 where the character following the ]| is mot ] , & letter, a diglit, or ataign,
is the unary operator dispatch. The current value is taken: if it
begineg with a symbol {or string of digies), the dispatch operator attempts
a goto on that symbol. (If it iz not found, processing resumes to the
right of the ] .3 If the current value doesz not begin with a symbol or
string of digits (for imstamce, if it iz mull) the dispatch operator
performs a null goto. This i8 & goto to a null tag: to the null tag
nearest to the left of the dispateh if there is one; the null tag nearest
to the vight of the dispatch otherwise; if there i3 no null tag at all,
processing reswmes to the right of the diapacch. The dispatch operator
slways sets the currvent wvalue te nuell.
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™ MHote: The character [ ia used both for a tag (followed by a letter or digit),
for "open superquote” (followed by another [ ), for "new line" (followed
by any number of carriage returns and line feeds), and for the null tag
{otherwise}. All evaluation, skipping, and searching for tags is done from
left te right {even when searching for the null tag nearest to the left),
so that the case of mulciple ['s in a row is always parsed the same way,
viz.: pairs are open superguotes, and then a single onme is a tag or new-
line command.

ADDITIONAL DEFINITION COMMARDS

¥ 5 binary operator define via. The right operand is evaluated; its value is
pxpected to begin with a symbol and that symbol is defined as a uni=-
versal svmbol with a symbol value identical to the left operand, which
is also returned as the wvalue of the operator.
HH binary operator lewvel define wvia. Evaluates right operand like ,; and delines
it a8 a level symbol like ;
! binary cenditicnal operator undefine. Right opetrand must be a symbal; it
is not evaluated. TIf it is defined, the active definition iz removed.
Then if ne definition remains (or the symbol was wundefined fo start
with) the : operator skips. The current value is not used, except
that it is returned as the value of the operator.
binary conditicnal cperator undefine via. EBvaluates right operand like ,,
and does undefine-and-or=skip like :

=
=

-, ADDITIONAL CONDITIOMALS

Heym where sym is any symbol, skips if sgym is defined and not otherwise. The
currant value iz not changed.

Heym like ffaym but skips only if sym is not defined.

## bilnary conditional operator skip if defined wia. Evaluates right eperand
to get & symbol as does ,, then skips if that svmboel iz defined. Value
is left operand.

(¢ binary conditional operator skip if not defined wia. Like ## , except skips
only if symbol to which right operand evaluates is not defined.

d#%_ unary conditional operator skip if number. If the current value is a number
(with optional leading + or - Eignj this operator skips. The current
value i Ln anv caze returned as the value of the operator. The space
is absorbed as part of the operator and is not evaluated nor involwved
in the skipping. (However, it would be seen by a skip by some prior
cammand . )

. unary conditional operator gkip if not number. Liked_. but with inverted
gkip senze.

EXAMPLES : [[4;N#@.1), N*FACT1.N-1]],FACT1
[[T N L P [He I F) HSWF_1:-N_] ] ].FACTZ

These are two alternative definitions of the factorial functiomn. The first
is recursive, and uses W+l levels te evaluate the factorial of H . The

=, gecond fg frerative, and performs the null goto N times in the same case.
When a cholce exists between these two approaches -- iteration and recursion --
THE ITERATIVE METHOD IS HIGHLY RECOMMENDED. This is because (a) the number
of available levels is not unlimited, snd (%) a significant amount of overhead
time is taken pushing down a level and popping up.
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SEARCHING

A very important operation that can be performed on character strings is that

of searching in one string for an occurrence of some other string. In the STRING
eyetem, all searches are performed on (i.e. in) the search string; a separate
gearch string is maintained on each level. Various commands set up or modify

the search string (as well as search im it); initially upon entering a level

itse search string is set to null. On a given level there is no access in any

way to the search strings of ather levels. Associated with each search string
are two pointers called L aud;Q, . Each pointer may be between any two characs-
ters of the sesrch string, or at either end, subject to the restriction that,ﬁ
will not be to the right of J, . (They may coincide.)

#« (left arrow) binary conditional operator search.

{1) The right operand is eveluated. If its walue is null: no further action
is taken; the walue of the left operand is returned as the value of the
# ;. no skip occurs.

(2) The search string on this level is set to the value of the right operand.

(3) L and J are set together at the left end of the search string.

{4) The wvalue of the left operend is sought inm the search strimg; if it
occurs therein more than once, the leftmost occurrence is the one found.
If the null string is sought, it is found immediately at the beginning
of the search string.

(3} In the search string, ,ﬂ, is placed just to the left of the string found,
and J& just to its right. If no matching string was found, i. and J&
are placed together at the right end.

{6} The walue of the left arrow operator is the search string., i.e. the righe
operand .

(7% 1If a match was found, the & skips; if not, no skip occurs.

;% binary conditional operator. Like # except skips if match not found, or
right oparand null.

»% hinary conditional operator search right-to=-left. Like = , except: L and
Ra are astarted at the right end of the search string; the rightmost
ooccurrence of the sought string is found.

;% binary conditional operater. Like & except has skip sense of & .

unary conditional operator continue search. Search string is searched right-
ward from current position of & for occurrence of operand. and J2a
are poeitioned around said occurrence, or at the right end if none was
found; skips if found, elee not. The null string, if sought, is found
immediately. Walue is the search string.

unary conditional operator, like ! but inverts skip sense.

unary conditional operator continue search right-to-left. Search string
is searched leftward from £ for occurrence of operand. Other details

ag far . .
P unary conditional operator, like ,! but skips if not found.

rm o=

PARTS OF THE SEARCH STRING

< leem lefr of n{v Evaluates to that portlon of the search string left of L,
» item right of B . Evaluates to that portion of the search string right of

.= item center. Evaluates to that portlonm of the search strimg right of I;
and left of &.

€>  dtem left of B .

¢ dtem HEht of & .
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item character right f’f&r Has walue of that character, and atepaR £
right over the character. (If A is at the right end of the search
string, has null value.)

item character vight of £ . Has value of that character, does not mwe
pointer.

{n perioda, rhen >} item characters right of B . Has value of n characters
to right of J& (or as many as there are, if less than n), and steps J&
ower them.

(where n is a string of digits interpreted as & decimal integer) like .U>
hag the value of the n characters to right of B, and steps B over
them.

} n characters right ufi, « no pointer motion.

item character left of ,fn Has walue of that character, stepa L to left
over it.

ltem charactars left l:rfé . Has wvalue of those charactera In reverse order

(right to left): ltepu,ﬂ over them.

]. n characters to left Df;IE. in reverse order. Ko pointer movemesnt.

unary operator variable characters right of ,E_ If the current wvalue is
an unsigned (decimal) number, that number's integer part is taken as
n and this operator has the walue of n.» and steps J& n characters
to the right. If the operand is not an unsigned number, this cperator
has the value of » , but alsc places ®, at the right end of the search

string.

unary operator variable characters right m_f.f: . If the current value is
an unsigned number, that number's integer part is taken as n and this
opetrator has the value of n.»¢. Otherwise this ocperator has the value
of =& . No pointer is moved,

unary operator variable characters left of £ . If the current value is
an unsigned number, that number's integer part is taken as n and this
opérator has the wvalue of the n characters left of ,{ in forward {(left-
to=tight) order. 2.1 is moved to the left that many cheracters in the
search string. If the operand is not an unsipned number, this cperator
has the value of & , and is placed at the left end of the search
atring.

unary operator variable characters left of 4 . If the current walue is an
unsigned number, that number's integer part is taken &8s n end this
operator has the walue of n.€» . Otherwise it has the value of €3 .
Ho pointer is mowed.

item word right of B . (1) If the character to the right of & is a space,
Jo is stepped ower it. (2) The characters right of &2 up to but not
including the first space {or the end of the search string) are returned
as the walue of the ,» snd & is stepped over them.

item words right of 2 . Like ,» but gets n words. Step EEJ continues up
to the nth space.

item words right of Rf {1} If the character to the right of Liois a space,
that character is ignored. (2} Characters right of ,i.. up to but not
ineluding the nth space are returned as the value of the operator.
Heither pointer 1ia moved.
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n

r'L g}item words left of i. « (1% If the character to the left of ;:r is a space,

' 4 is stepped over it. (2) The characters to the lefe of L leftwards
up to but not incleding the nth space are returned a2z the value of

this command and ,".. is stepped over them. The wvalue appears with the
words (separated by spaces) in reverse order, each word spelled forwards.

mn
];f?'}}item words left of J& . Like % except (a) process starts to left of K&
! (b)Y neither g: ner J¥ is repeositicned.

SEARCH STRIRG MODIFICATION

1= unary operator replace center. 0ld center of search string (between ;ﬂ
and ,E) ig deleted and operand 1s inserted there. Value is eatire
(modified) search string.

H unary operator replace left. 0Old left part of search string (left :sE,f:}

ie deleted and operand takes ite place. Value is new search string.
unary operator replace right. Right of J2, is replaced by cperand; value
is search string.

L

1.8vm  define a5 search string. The symbol sym becomes defined as a universal
gymbol with & symbgl value identical to the current search string.
The positions of and are 8lso seved as part of the definicion.
{(That would not be the case if the symbol were defined in terms of
some thing whose "value is the search string", since & and J& are not
inherent in that value.} This operator does not affect the current
value, orf modify the search string.

;3BYm level define as search string. Like :, but defines as level symbol.

« IBYE item restore search string. The search strimg is set to the symbol value

of the symbol sym. If the active definition of sym was performed by
i, or :; then 215 and are set to their positions saved inm the defi-

nition. ﬂtheruiaeat andR‘ are sat to the left end of the seareh
string. Thie command has the value of the new search string.

Note: The commands @, and :; provide the only means of saving search polntera
in a definition, and .: provides the enly way such saved pointers may be
accessed. Anvy use of a symbol defined by :, or :; except by the .: command
gete the symbol value as if the pointers were not there.

EXAMPLES : An elementary use of the search string is to edit function definitions.
Suppose LFACTZ2= MU 1;F_[He>f_F)_HS#F_1:-N_]_
gnd ¥ should be 4;N instead. To edit this,
P L FACTZ NOY, "H:H o=, FACTZS PN 1:F_ [LEOE PRSP, 1=K ]
The .NHO)_ in case the search faile may if one 18 confident be condensed to .. .

Aeg another example, to change all instances of the string FOD to BAR in the
definition of BLETCH: € BLETCH,, . [X"FDO.: !"BAR . ;=]X .,BLETCH

IKNPUT AND OUTPUT

T unary operstor primt. When performed, causes the current value to be printed
out. Returns that as its value.

#"il'. like % but imserts carriape return and line feed in typeout when nusber of
charscters on current output line reaches line length.

87 ungry operator set lime length, for A% operator. If current value is & number
not less than 1, lime lemgth 1= set to integer part of that number.
Returns current wvalue.
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L item read word. When performed, takes typed-in characters through the firse

-\I

™

- (space) and has the vslue of that string excluding the space.

& item read character. Takes any one typed-in character snd returns it as
value.

#4 1ike & bur ignores any carrisge returns and line feeds in the string read in.

ERRORS

A few cases of inscrutability in a string being processed, due most likely to

a typing error, for which no partieular default action is obvious, cause an error
condition: processing is terminated, an error printout occcurs, and then the program
awaits a fresh typed-in string to evaluate. The error printout has three parts:
{a) a code describing the fault detected; (b) the number of the evaluation level
where the etror occurred; (c) a "backtrace" giving: first, for the top level,

the symbol whose evaluation was in progress, with the character preceding it:
next, the symbel being evaluated on the second level, etc, through the level
where the error occurred, giving for that level the character string which caused
the error (or in a few cases, the characters just after those causing the error).
In this backtrace, a character whose ASCII code is less than 4@_ is printed as
followed by the character with 1@#@, added te its ASCII code; e%:ept that the
character whose code is @ is not p#inted at all.

Error Codes:

Ut wunclosed quote. A " was encountered which had ne terminating . (space).

UCE  uwnclosed supergquote. A [[ had no matching ]] .

UCP unclosed parenthesis. A ( had no matching ) .

SCE storage capacity exceeded. The typed-in string, svmbol definitions,
all levels"' current values and search strings, and the partial
result of the operator being performed, all taken together exceed
avallable memory.

S0 non-symbol definition. An attempt was made to define something which
iz not & symbaol,

ASD at sign definition. An attempt was made to redefine the permanent
aymbol ¥,

DIE decimal pelint in aymbol. The meaningless format sym. was encountered.

FIZ parenthesis in saymbol. The meaningless format sym{ was encountered.

IOF illegal operator. A character with mo meaning was encountered (not
quoted).

Iy illegal double cperator. A meaningless concatenatlon of Ewe characters
was encountered. (Many such combinations, howewver, are not detec-
ted and their first characters are ignored.)

EAS  evaluated argument searches. BSome form of search command cccurred in
a word on this level which is being evaluated by * on a lower lewvel.

ATL argument on top level. A T was processed on level 1.

UDT wundefined tag. A gote (not a dispatch) referred te a tag not defined
in that string.

U0 wnused opcode. Internal errcor in the STRIKG program.

POV  pushdown overflow. Usually means maximum level depth exceeded.

Hote: The following Error Codes relate to the particular input-putput control
features of the PDP-& STRING program.

W G ocharacter avaluated.

LIY (Time-sharing version only) line printer in use, assignment not dona.
HNFE no frea blocka. DECtape ueed for output is full.

NFF no free files. Mot poseible to initialize DECtape Eor output.



Error Codes (continued}):

FNF file not found. Input file not found on specified device.

UNA unit unable. Specified DECtape drive mot turned on, not selected,
muleiply selected, or has no tape.

BOD bad directory, on specified DECtape.

TMD too many directories in core. One muest be killed to make room for &
NEw One.

UNF (Time-sharing version only) unflappable. B8pecified DECtape unit's file
directory may not be killed at this time.

INFUT-OUTFUT COMTROL

The following input-output control features are those implemented in the PDP-6
STRING program; where possible they were chosen to resemble those in other MAC
POP-6 system programs. Their usage and effects are the same in both time-sharing
and non=time=sharing versions of the program.

$fL binary operator designate input file. The left operand is examined and the
last digit therein is tesken as a DECtape unit number. {(In the time=
sharing version, additionally the unit number @ refers to device DDJ
and 9 refers to DDL.} If there is no digit in the operand, the most
recent unit number given is assumed. The value of the right operand
is then interpreted as a file name [Ewo subnsmes separated by a space)
according to the algorithm uwsed by MACDMP. BSubsequently, when DECtape
input is turned on, input characters will come from the designated
file. This operator returns the left operand as its walue.

5% unary operator initialize output file. Gets unit number from left operand
a5 does 3k . Returns operand as valua. Turns on DECtape output and
directs it to specified device.

binary operator close ocutput file. Ignores left operand except to return
it 85 value. Tsekes right operand as file name; DECtape output since
lase ;% or §% is filed with that name.

%  binary operator delete file. Gets unit number and file neme like $f , and

deletes that file from specified device. Value is left operand.

,% unary operator kill file directory. Gets unit number, deletes that unit's

file directory from memory. (In time-sharing version, this command
must be given prior to demounting tape.)

5

Input characters are tsken for the typed-im string to be evaluated, snd for per-
formance of B , #& , and .§ . They are not echoed until they are taken for one
of these purposes by the program. The program provides a large buffer, located
between the keyboard and the program, for characters typed in. If a character
is typed in when this buffer is full, that character is lost.

Certain characters when typed in on the keyboard are filtered out and are not
put into the buffer for the program.
(= ignored
"Begin turn on line primter output
"End" turn off line printer output
"tapa" turn on DECtape oubput
"mot tape" turn off DECtape output
"y-on" turn on DECtape input; this character ig treated specially.

is performed and not passed on ro the program.
"y-ofl" turn off DECtape Input.
turn on Teletype/user's console output
turn off Teletypefuser's console output

FEF  GERREE

It iz put into the type-in buffer, but when taken out of the buffer
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"Out" transfers to DDT..
!II:IH“

"ﬂFf“} contral routing of echo cutput to devices other than wser's console
contral character gquote. Causes the next tvped-in character to go into
the buffer without taking special action. Exceptions:
£till ignored
U} this is entered in a special way such that it gets passed
on to the program without special acticn

=REE

carriage return carriage return and line feed are echoed;
nothing is put into the buffer

ALT MODE/ESC this is entered in such a way that it will
not terminate the typed-in string

RUROUT just cancels the F .

& "bell™ guit. (This makes use of the "console output disable f£flag" which
1a rurned off whenever the program ie ready to accept an input string.)
Characters in the type-in and type-out buffers are all erased. Then

{a) if the value of a typed-in string, or an error printout,
iz currently being cutput on some device other than, or
in addition to, the user's console: eche a backslash on
the conscle, and disable console cutput (turn the flag
an). When the putput is finighed, echo ancther backslash
to the console and turn the flag back off.

{(b) if the consele ocutput disable flag is on: erase all charac-
ters in other devices' ocutput buffers, echo a backslash on
the console, and cutput two backslashes on all devices
selected for error ocutput; then turn flag off and await
8 new typed-in string.

(¢} otherwise, ocutput two backslashes to the console and all
devices selected for error output; then sawait a new typed=
in string.

Input characters are taken initially from the user's keyboard. When a |§ is read
from the type-in buffer, and the $} operator has previcusly been perfo to select
an input DECtape file, then characters are taken from that file until the end-of-
file is reached or a |8 is typed in; then input reverts te the uwader's keyboard.

Output characters are generated to echo typed-in charascters, as the value of the
typed-in string, in the performance of B and #% , and for error printouts. Output
characters from all sources are routed to devices according te Fig. 1.
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