
































































































































































































































~ by placing a '<percent>' character 
immediately before every character. c. 
in the character sequence represented by 
x such that: 
f is a break character, a separator character, 
or an ESCAPE character. or f is a read macro whose 
escape flag component is ESCQUOTE. 

Write , .. , 
Write seq. 
Write ''''. 
Return ~; 

elseif LISTP[~]: 
(Same specification as in the LISTP[~] clause 
in PRIN1 except that "PRIN2" should be used instead 
of "PRIN1" (and "rdtbl" should be added as a third 
argument in those PRIN2 calls). 

else, write some (unspecified) sequence of characters. 

PRIN3[x;file;] (Same specification as (or PRINI except that 
all statements involving the meta-variable pos 
and all statements involving the meta-variable lnlen 
are left out.) 

PRIN4[x;file;rdtbl] 
(Same specification as for PRIN2 except that 
all statements involving the meta-variable pos 
and all statements involving the meta-variable 1nlen 
are left out.) 

SPACES[n;file] If !!=NIL. let n be 1; 
elseif not FIXP[n]. let n be FIX[n]. 

If !!<O. let n be O. 

Let str be a String of length n. containing n 
space (i. e.. ' ') characters. 
PRIN1[str;file]. 
Return NIL. 

Note: SPACES is used so frequently it is best implemented so as to avoid actually 
constructing a new String .s1L. 

TERPRI[file] Let str be a String consisting of a single 
carriage return character. 
PRIN1[str; file]. 
Return NIL. 

PRINT[x;file;rdtb1] 
PRIN2[~;file;rdtbl]. 

TERPRI[file]. 

LINELENGTH[n] Let oldn be the representation as an 
Integer of the contents of the line length field. 
If n is NIL. return oldn. 
If not F IXP[n]. 1 e't n be FIX[!!]. 
Set the line length field to the integer represented by!!. 
Return oldn. 

PRINTLEVEL[carval;cdrval] 
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RADIX[n] 

27. INPUT 

let oldval be CONS[oldcarval;oldcdrval]. where oldcarval 
is the representation as an Integer of the contents of 
the car print level field. and oldcdrval is the 
representation as an Integer of the contents of the cdr 
print level field. 

If lISTP[carval]: 
Let cdrval be CDR[carval]. 
let carval be CAR[carval]. 

If carval is not NIL: 
Set the car print level field to the integer represented 
by FIX[ carva 1]. 

If cdrval is not NIL: 
Set the cdr print level field to the integer represented 
by FIX[cdrval]. 

Return oldval. 

Let oldn be the representation as an 
Integer of the contents of the radix field. 
If n is NIL. return oldn. 
If not FIXP[n]. let n be FIX[n]. 
If the implementation does not allow 
the radix field to contain n (i.e .• the implementation 
does not allow base~n representation as defined above). 

cause error 27 with culprit n. 
Set the radix .field to the integer represented by n. 
Return oldo. 

The input routines are responsible for transferring characters from files into the VM. 
These routines parse the incoming sequences into objects, acpording to information 
contained in Read and Terminal Tables available at the time of the transfer. 

The most basic definable input operation is reading the "next" character from a 
specified file. We rely on the analogous primitive operation, that of "fetching" the 
next character from a dynamic stream from some device, or of "fetching" the 
character at some address of a stored file. Reading and fetching are distinguished 
because the former must give the latter a file pointer from which to fetch, and must 
interpret the resulting character in light of the Read Table in use. 

The process of reading from the terminal is even more complicated due to the 
involvement of a Terminal Table. We introduce the idea of the "line buffer" to 
define the operation of reading from the terminal. Then we will return to the 
problem of reading from files in general. 

Definition: The "line buffer" is a buffer of unspecified length. used to hold 
characters obtained from the· system input buffer while they are still subject to 
user controlled editing operations. 

Recall that we assume that characters from the terminal are continuously being 

l05 



deposited into the system input buffer. Whenever an input request is made by the 
VM, characters are fetched from the system input buffer and deposited in the line 
buffer as described below. Two buffers are required for two reasons: The system 
buffer must continue to accept characters even while the editing operations or 
other computational processes occupy the line buffer (thus, the system buffer is at 
a very low level), and the method -by which the line buffer is filled from the system 
input buffer is very sensitive to computational context within the VM (thus, the line 
buffer is at a very high level). 

Convention: Because the system input buffer is usually below the level we need 
for our specifications, we will henceforth refer to the line buffer simply as "the 
buffer". 

Definition: To "fill the buffer until p", where Q is some statement describing a 
situation means: 

"In the following, use the system input buffer implicity 
for all fetches, the terminal for all writes, and whatever 
Read Table has been distinguished as the one in use. 

Until the buffer is "full" (defined below), do the following: 
If the ~uffer is replete, 

the buffer is said to be "full" and the filling process 
is complete, and the "Until" should be immediately exited. 

Fetch tbe next character, cbar. 

If char is lower case and tbe lower-to-upper case conversion 
mode field is 0, let char be -the corresponding upper case character. 
If the global echo mode is T, write char. 
Let class be the terminal syntax class of char. 

If statement .I! is true or class = WAKEUPCHAR or char is a read 
macro (in the distinguished Read Table) with wakeup mode WAKEUP: 

If char is lower case and the lower-to-upper case conversion 
mode is T, let char be the corresponding upper case character. 
Deposit char in the buffer. 
The buffer is now said to be "full", the filling process 
is complete, and the "Until" should be immediately exited; 

elseH class = CHARDELETE 
If the buffer is empty: 

Write the EMPTYCHDH deletion control message; 
else: 

Let oldchar be the character code fetched from T immediately 
before char was fetched (note that this is 
not necessarily the last character in the buffer). 
If oldchar was the CHARDELETE character code, 

write the NTHCHDEL deletion control message; 
else, write the lSTCHDEL deletion control message. 
If the deleted character echo mode is T: 

Let char' be the character in the line buffer field 
indicated by the deposit pointer. 
Write char'. 
If char' was preceded when fetcned by an ESCAPE character, escchar, 

write escchar. 
Decrement the line buffer deposit pointer field by 1 
and store the result in the line buffer deposit pointer field. 
If the next character to be fetched is not the 
CHARDELETE character, write the POSTCHDEL deletion control messa~e; 
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elseif class = LINEDELETE: 
Write the LINEDELETE deletion control message. 
Clear the buffer; 

elseif ~ = RETYPE: 
Write the carriage return character. 
Write the character sequence currently corresponding to the buffer; 

elseif class = CTRLV: 
Fetch the next character, char. 
If char is the ~equivalent of some control character, 

let char be the control character; 
elseif char is lower case and the lower-to-upper case 
conversion mode is T, 

let char be the corresponding upper case character. 
Deposit char in the buffer; 

else (class must be NONE): 
If char is lower case and the lower-to-upper case conversion 
mode is T, let char be the corresponding upper case character. 
Deposit char in the buffer. 

Continue the "Until"." 

Convention: If no statement p is supplied for a filling operation, p is assumed to 
be always false. If we say "filling until T", we mean p is considered always true, 
which is equivalent to saying deposit exactly one character in the buffer and then 
consider it "full". 

Of course, in general, the statement p just allows higher level routines to specify 
conditions under which the buffer should be considered to be fU,1I (e.g., when a 
matching right parenthesis is fetched). 

Note that whether the buffer is "full" depends upon the process which controlled 
filling it. The buffer is "replete" when every field in it contains a character. This 
condition is independent of the controlling process. 

Once the buffer is full, we think of it as a queue of characters, precisely like the 
system input buffer. 

We can now specify what it means to "read" a character from a specified file. 

Definition: To "read a (or the next) character, char, from (File Name) file (filling 
until plIO, where char denotes a meta-variable means: 

"If file is T: 
If the line buffer is empty: 

If the control mode is T, fill the buffer until Q; 
else, fill the buffer. 

Fetch the next character, c, from the buffer. 
If there is a dribble file, write character 
c to the dribble file. 

elseif file is an addressable file: 
Let i be file pointer of file file. 
If 1 is equal to or greater than the end of file pointer of file: 

CLOSEF[file]. 
Cause error 16 with cu~prit file. 

Fetch the character, c, in field 1 of file. 
Set the file pointer of file to 1+1. 

else, fetch the next character, c, from file. 
Let char be f." 
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Note that if the file is T, the character is actually fetched from the line buffer. 
Note also that the parenthetical clause specifying the statement p has no effect if 
the file is other than T, or if the control mode in the primary Terminal Table is NIL. 

We have now formally specified the effect of every field in a Terminal Table. We 
have also defined the two basic input/output operations, upon which the VM LISP 
functions can be based. 

Definition: The following rather uncomfortable phrase: "Let seq be the sequence of 
characters obtained by reading from file (filling until p) until q", where seq denotes 
a meta-variable, means "Let seg be the sequence of successive characters 
obtained by reading characters from file repeatedly until condition g is satisfied 
(with all fill operations to be done being governed by statement Il)." 

The following definition specifies when a read macro character's syntactic context 
permits invocation of the body of the read macro. 

Definition: If char is the first character of a character sequence we say that 
"char is a read macro in its context" if the following three statements are true: 
char has a read macro 5-tuple, -<type, context, wakeup mode, escape flag, body>, 
in its syntax class field, the read macros enabled field of the Read Table in use 
contains T, and either (1) context is ALWAYS or FIRST, or (2) context is ALONE, 
and the following character of the sequence is a break or separator character. 

Note (by inspection of the definition of "fill the buffer until p") that if a read macro 
character has wakeup mode WAKEUP the line buffer is considered full (and may be 
processed by the read routines defined below) as soon as the character has been 
depOSited into the buffer. Usually, this would mean the macro would be expanded 
as soon as the READ routine sees it in the line buffer. But if its context is ALONE 
it is not possible to determine whether the read macro is in its context until the 
next fill operation has been completed (making the following character available). 
Thus, its expansion would be delayed. 

It is convenient if programs can discover whether they are executing "under" a call 
to a read macro. Therefore. whenever a read macro is evaluated, the frame 
extension associated with that activation is marked (in the temporaries field). 
There are two kinds of marks: one denoting an "armed" call to a read macro, and 
one denoting an "unarmed" call to a read macro. The difference is that certain 
situations cause errors when they occur under armed calls, and do not cause 
errors under unarmed calls. The user can change the mark associated with a read 
macro activation by using the function SETREADMACROFLG (defined below). Both 
the functions READ and INREADMACROP inspect these marks. 

Convention: We assume the notion of balanced parentheses is well-defined. We 
extend it to the characters in the syntax classes LEFTPAREN and RIGHTPAREN by 
merely considering (for the purposes of matching or balanCing characters) every 
character in the first to be a left parenthesis and every character in the second to 
be a right parenthesis. 

We will define the functions of the ESCAPE, LEFTBRACKET, and RIGHTBRACKET 
syntax classes below. Essentially, ESCAPE allows the next character to be treated 
as though it had syntax class OTHER. The LEFTBRACKET and RIGHTBRACKET 
classes contain "super-parentheses". 
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Definition: By "observe the ESCAPE guidelines" we mean: 

"In the following, if an ESCAPE character is ever 
fetched into the line buffer, the character should be ignored, the next 
character, char, should be fetched and used in its place, and 
that occurrence of char should be treated as though it had syntax 
class OTHER." 

Definition: By "observe the LEFTBRACKET and RIGHTBRACKET guidelines" we 
mean: 

"In the following, if a LEFTBRACKET character, char, 
is fetched into the line buffer: 

We say that it is an "unmatched LEFTBRACKET" (until a matching 
RIGHTBRACKET character is fetched). 
Treat this occurrence of char as though it were a LEFTPAREN. 

In the following. if a RIGHTBRACKET character, char, is fetched: 
If a still unmatched LEFTBRACKET has been fetched: 

(Below we consider char to denote the occurrence of the RIGHTBRACKET.) 
Let char' be the last unmatched occurrence of a LEFTBRACKET. 
(We say that char' is now matched.) 
Let n be the number of unmatched LEFTPAREN characters fetched 
between char' and char. 
Treat char as though it were a RIGHTPAREN character, followed by 
n additional RIGHTPAREN characters; 

else: 
Let n be the number of still unmatched LEFTPAREN characters fetched. 
If n is 0, treat char as though it were a RIGHTPAREN character; 
else, treat char as though it were a RIGHTPAREN character 
followed by n-1 RIGHTPAREN characters." 

The function below, READ, is recursive. As for PRIN1 we assume the notion of the 
top-level call is understood to be an invocation of READ not contained within the 
specification of READ. Note that the state of the file being read at the time of the 
top-level call to the function determines certain behavior exhibited by all of the 
recursive calls. 

READ[file;rdtbl;flg] 
Check File Name file for input and use file implicitly below; 
Check Read Table rdtbl and use rdtbl implicitly below. 

In the following, any read macro character with 
context ALWAYS is to be treated as though it 
were a break character. 

In the following, every fill operation is to 
keep track of the balanced LEFTPAREN, LEFTBRACKET, 
RIGHTPAREN, and RIGHTBRACKET characters from 
the top-level call of READ, and all filling operations 
are to be done as though the control field of the 
primary Terminal Table were T and until a matching or 
unmatched RIGHTPAREN or RIGHTBRACKET is fetched into the 
line buffer .. At the time that character is fetched. 
if file is T and flg is non-NIL, the carriage return 
character is to be written to T. 

Observe the ESCAPE, LEFTBRACKET, and RIGHTBRACKET guidelines. 
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let char be the next character to be read. 
If char is a separator character, read characters until 
the next character, char, is not a separator character. 

If char is a STRINGOELIM: 
Read character char and ignore it. 
Let seq be the sequence of characters obtained by reading 
until the next character to be read is a STRINGDELIM 
(and treat LEFTPAREN, LEFTBRACKET, RIGHTPAREN, 
and RIGHTBRACKET characters as though they had 
syntax class OTHER -- i.e., do not consider them for 
the purposes of balancing). 
Read the final STRINGOELIM and ignore it. 
Create and return a new String with pname seg. 

e1seif ill.!: is an (unmatched) RIGHTPAREN: 
Return NIL; 

elseif char is a LEFTPAREN: 
Read the LEFTPAREN and ignore it. 
Assemble a new List Structure in the following way: 

(We say a List Structure is being assembled.) 
Let anscell be CONS[NIL;NIL]. 
(ansce1l will be used as what the INTERLISP 
Reference Manual calls a TCONC-list: its CAR 
will generally contain a proper list 
and its CDR will contain the last list cell in the 
CDR-chain of that proper list.) 

Until the next character, char, to be read 
(by any recursive call to READ below) 
is the RIGHTPAREN matching the LEFTPAREN 
just read, do the following: 

If char is a SPLICE type read macro 
in its context: 

Read char. 
Let macva1 be the result of evaluating 
body[file;rdtb1], where body is the 
value of the body attribute of read macro char, 
in a frame extension marked as armed 
(see Note below). 
If macval is a List Cell: 

Let lastce11 be the last List Cell in the CDR 
chain of macval. 
Let lastcdr be CDR[lastce1l]. 
If lastcdr is non-NIL: 

(Then macval is a not a proper list.) 
Make mac val a proper list by replacing 
the CDR of lastcell with a new proper list 
of length 2 with the Literal Atom. as 
its first element and lastcdr as its second; 

elseif macval is non-NIL: 
(Then macval is not a proper list.) 
Make macval a proper list by letting 
macva1 be a new proper list of length 2 with 
the Literal Atom. as its first element 
and macval as its second. 

(Now macval denotes a proper 1 ist.) 
If macval is non-NIL: 

Let lastcel1 be the last List Cell in the 
CDR chain of macval. 
If CDR[anscell] is NIL: 

RPLACA[anscell;lastce11]. 
RPLACD[anscell;1astcel1]; 
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else: 
RPLACD[CDR[anscell];lastcell]. 
RPLACD[anscell;lastcell]; 

elseif char is an INFIX type read macro in its 
context: 

Read char. 
Let macval be the result of evaluating 
body[file;rdtbl;anscell]. where body 
is the value of the body attribute of read 
macro char. in a frame extension marked as armed 
(see Note below). 
Assume macval is a List Cell whose CAR 
contains a proper list and whose CDR contains the 
last List Cell in the CDR chain of that proper list. 
Let anscell be macval. 

else: 
(We will not make a special case 
above for reading MACRO type read macros 
while assembling List Structures. 
These are handled outside the context of 
assembling List Structures (below) and are 
handled inside List Structures without further 
special consideration by the READ call in 
this "else" clause.) 
Let macval be CONS[READ[file;rdtbl];NIL] 
(note recursion). 
If CDR[anscell] is NIL: 

RPLACA[anscell;macval] 
RPLACD[anscell;macva1]; 

else: 
RPLACD[CDR[anscell];macva1]. 
RPLACD[anscell;macval]. 

Read the matching RIGHTPAREN and ignore it. 
Let ans be CAR[anscell]. 
(ans should be a proper list.) 
If ans has more than 2 elements: 

Let lastce11s be the second from the last List Cell 
in the CDR chain of ans. 
If CAR[lastcells] is the Literal Atom. and was 
either (1) produced by a recursive call to READ 
(in the else-clause of the Until above) 
which read the character'.' not preceded 
by an ESCAPE or (2) was one of the two occurrences 
of . introduced in order to make macva1 a proper list 
(in the SPLICE read macro clause above). 
perform RPLACD[lastcells;CAR[CDR[lastce11s]]]. 

(We have now completed assembling the List Structure.) 
Return ans; 

elseif char is a read macro in its context: 
Read char. 
If the type of char is MACRO: 

Let macval be the result of evaluating 
body[file;rdtblJ, where body is the 
value of the body attribute of read macro char, 
in a frame extension marked as armed (see Note below). 
Return macval; 

elseif the. type of char is SPLICE: 
(Note that occurrences of SPLICE read macros within 
List Structures is handled above.) 
Compute and ignore the result of evaluating 
body[fi1e;~dtbl]. where body is the 
value of the body attribute of read macro char. 
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in a frame extension marked as armed (see. Note below). 
Return REAO[file;rdtbl]; 

el se (the type of char is INFIX): 
(Note that occurrences of INFIX read macros within 
List Structures is handled above.) 
Let macval be the result of evaluating 
body[file;rdtbl;NIL], where body is the 
value of the body attribute of read macro char, 
in a frame extension marked as armed (see Note below). 
If not LISTP[macval] or if CDR[macval] = NIL: 

Return READ[file;rdtbl); 
elseif CAR[macval) = CDR[macval], 

return CAR[CAR[macval]]; 
else, return CAR[macval]. 

else: 
Let charlst be the proper list of Characters corresponding 
to the sequence of characters obtained by reading at 
least character and until the next character to be read 
is a break or separator character. 
Return PACK[charlst]. 

Note: If the body of an armed read macro attempts to read a RIGHTPAREN or 
RIGHTBRACKET (with a call to READ in or under the read macro body) while that 
call is not assembling a List Structure (at some level), the character should not be 
removed from the file (or line buffer) and error 37 with culprit NIL should be 
caused. If the call is assembling a List Structure and the character to be read is a 
RIGHTBRACKET, it should be read (i.e., used as the result of the read procedure) 
but not removed from the file (or line buffer) unless it was matched by a 
LEFTBRACKET read by the internal call. This allows the RIGHTBRACKET to close 
LEFTPAREN characters read both by calls to READ inside and outside the body. 

Below are three examples. If the top-level call to READ is presented with the 
character sequence '(A B $ C), where '$' is a read macro, then a call to READ 
within the body of '$' may read the 'C'. However, if a second call to READ in or 
under the body of '$' attempts to read the ')' an error is generated. If the top­
level call to HEAD is presented with '(A B $ (C»), the body of '$' is permitted to 
read the '(C)' with an inner READ, but an error would occur if an attempt to read 
the second ')' was made, since no List Structure was being assembled in the inner 
READ. Finally, if '(A B $ (C]' is presented, the call to READ in '$' can read the T 
since it is assembling a List Structure, but the T should not be removed from the 
line buffer so that the top-level call to READ will still see it. 

SETREADMACROFLG[flg] 
If there is a frame extension in the clink chain 
of *actframe* which is marked as either an armed or 
unarmed call to a read macro: 

Let frame be the first such frame. 
If frame is marked as armed, let oldflg be T; 
else, let oldflg be NIL. 
If flg, mark frame as armed; 
else, mark frame as unarmed. 
Return oldflg; 

else, return NIL. 

INREADMACROP[] If there is a frame extension in the clink 
chain of *actframe* which is marked as an armed 
call to a read macro: 

Represent and return as an Integer 
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the number of list Structures 
being assembled by the various recursive 
calls to READ under the top-level call to 
READ under which the read macro is being evaluated. 

else, return NIL. 

SKREAD[fi1e;rereadstr] 
Check File Name file for input. 
Let ptr be the file pointer of file. 
If rereadstr~NIL, let rereadstr be the empty String. 
Let n be the number of characters in. the pname of rereadstr. , 

Let newptr be the value that would be found in the file 
pOinter field of file if the following hypothetical 
situation were the case and READ[fi1e;ORIG] had just 
been performed: 
The ~ characters in file preceding the one addressed by 
21r were those of the pname of rereadstr and the file 
pointer of file were positioned at the first character in 
this hypothetical occurrence of rereadstr. 

If newptr > ptr, set the file pointer of file to newptr. 

If the hypothetical READ would have immediately encountered 
a ')' character, 

return the Character ')'; 
elseif this hypothetical READ would have encountered 
any unmatched right pare theses (or brackets), 

return the Character ']'; 
else, return NIL. 

READC[fi1e] Check File Name file for input. 
Read and return the next Character from file 
(filling until T). 

PEEKC[file;flg] Check File Name file for input. 
If flg, then in the following read operation 
proceed as though the control field of the 
Terminal Table in use contained T. 
Let char be the next Character to be 
read from file (filling until T) but do 
not remove the character from the file (or line buffer). 
Return char. 

RSTRING[file;rdtbl] 
Check File Name file for input. 
Check Read Table rdtbl and use rdtbl implicitly below. 
Observe the ESCAPE guideline. 
Let seq be the sequence of characters obtained by reading 
from file (filling until a break or separator 
character is fetched) until the next character to be 
read is a break or separator character. 
(Note that ~ may be the empty sequence.) 
Create and return a new String with ~ 
as its pname. 

RATOM[file;rdtbl] 
Check File Name file for input and use file implicitly below. 
Check Read Table rdtbl and use rdlbl implicitly below. 
Observe the ESCAPE guideline. 
In the following. all filling operations are to be 
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LASTC[file) 

RATEST[flg) 

done until either the first break character is 
fetched. or until the first separator character 
following a non-separator character is fetched. 

If the next character to be read is a separator 
character. read characters until the next character 
to be read is a non-separator character. 

Let charlst be the proper list of Characters 
corresponding to the sequence of characters obtained 
by reading one character and then continuing 
reading until the next character to be read 
is a break or separator character. 
Return PACK[charlst). 

Check File Name file for input. 
If no character has been read from file, 

return ome (unspecified) Character; 
else, return the last Character read from file. 

Let seq be the sequence of characters parsed 
by the last call to RATOM or READ (whichever 
was most recently executed). 
If seq was not parsed into an Atom (i.e., READ 
was the last called and it did not return 
an Atom): 

Except for the r~quirement that no error 
be caused, RATEST is unspecified in this 
situation; 

elseH flg = T: 
If seq was preceded by a separator character, 

return T: 
else return NIL; 

elseif flB = NIL: 
If ~ consisted of a single break character, 

return T; 
else return NIL; 

elseH flB = 1: 
If ~ contained an ESCAPE, 

return T; 
else return NIL. 

The following three functions allow the user to manipulate the contents of the line 
buffer and the system input buffer. We assume the existence of two additional 
. buffers, used by CLEARBUF to hold characters removed from the two standard 
buffers. 

Definition: The "LlNBUF-buffer" is a buffer of the same length as the line buffer. 
The "SYSBUF-buffer" is a buffer of the same length as the system input buffer. 
These four buffers and the two interrupt buffers are all distinct. 

BUFP[] If the line buffer is empty, return NIL: 
else, represent and return as an Integer 
the number of characters currently in the 
line buffer (the cqntents of its deposit pointer). 

READP[file;flg] Check File Name file for input. 
If file=T: 

If BUFP[]: 
If flB. return T: 
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elseif PEEKC[T;T] is the EOL Charater in 
the primary Terminal Table, return NIL; 
else, return T; 

else, return NIL; 
elseif the file pointer of file is less than 
the end of file painter for file: 

If flg. return T; 
elseif PEEKC[file] is the EOL Character in the 
primary Terminal Table, return NIL; 
else. return T; 

else, return NIL. 

CLEARBUF[flg] If flg: 
If the line buffer and the system input buffer 
are both empty, return NIL; 
else: 

Copy the line buffer into the LINBUF-buffer. 
Copy the system buffer into the SYSBUF-buffer. 
Return NIL; 

else: 
Clear the line buffer. 
Clear the system input buffer. 
Return NIL. 

LINBUF[flg] If flg: 
If the LINBUF-buffer is empty, return NIL; 
else. create and return a ~ew String 
representing the character sequence corresponding 
to the LINBUF-buffer; 

else: 
Clear the LINBUF-buffer. 
Return NIL. 

SYSBUF[flg] (Same specification as LINBUF except that 
"SYSBUF-buffer" is used instead of "LINBUF-buffer".) 

BKLINBUF[str] If STRINGP[str): 
Clear the line buffer. 
For every successive character. char. in str 
(or until the line buffer is replete). deposit char in 
the line buffer. 
Return str. 

BKSYSBUF[str] (Same specification as BKLINBUF except that 
"system input buffer"is used instead of 
"line buffer".) 

FILEPOS[pat;file;start;end;skip;tail] 
Check File Name file for input. 
If start=NIL. let start be GETFILEPTR[file]. 
if end=NIL. let end be GETEOFPTR[file]. 

If not FIXP[start]. let start be FIX[start]. 
If not FIXP[end]. let end be FIX[end]. 
If either start or end is less than 0 or greater 
than GETEOFPTR[file]. cause error 17 with 
culprit CONS["Attempt to read past end of file"]. 

If there is an integer. i. start =< i < end. 
such that the pname of ~ and the patlen long 
character sequence containing the characters in file 
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starting with the jth are equal with respect to the 
wild card skip (cf. Section 12): 

Let i be the smallest value denoted by such an i. 
If tail, let newptr be the representation as an Integer 
of the integer j+patlen; 
else, let newptr be the representation as an Integer 
of the integer j. 
SETFILEPTR[file;newptr]. 
Return newptr; 

else, return NIL. 

COPYBYTES[infile;outfile;start;end] 
Check File Name infile for input. 
Check File Name outfile for output. 
If not FIXP[start], let start be FIX[!!!!!]. 
If not FIXP[end], let end be FIX(~]. 

SETFIlEPTR[ infile; start].. 
let bytecount be end-start. 
If bytecount(O, cause error 17 with culprit 
CONS["Negative number of bytes to copy";bytecount]. 

For i from 1 to bytecount do the following: 
Read the next character, chat, from file infile. 
Write character char t~ file outfile. 

Return T. 

28. STORAGE ALLOCATION 

As noted in· Section 2. INTER LISP programs can dynamically create "new" objects 
using "creation functions" supplied in the VM. An object is considered "new" if it 
is EO to no object the user could obtain before invoking the creation function. It 
is desirable to allow the creation of an arbitrarily large number of objects. But of 
course, since it takes a certain non-zero amount of storage to represent an object, 
and since there is (presumably) only a finite amount of storage available, One can 
only represent a finite number of objects at anyone time. However, most of the 
time the user cannot obtain all of the objects he has created, simply because he 
has discarded all of the references to some of them. Thus, the implementor is 
free to collect these "unreachable" objects and reuse the storage associated with 
them. This process is called "garbage collection". If at any given time the user 
happens to be able to reference no more objects than can be represented at once, 
garbage collection provides an illusion of infinite storage. 

The VM does not require the existence of a garbage collector. (However, the 
utility of an implementation without a garbage collector will suffer greatly unless 
enormous amounts of storage are available.) Whether or not a garbage collector is 
present it is still possible to exhaust. the amount of physical space available for the 
representation of objects. This document does not specify the action taken by the 
VM when it cannot fullfill a request for the creation of a new object due to lack of 
space. However, that action must make it clear to the user that this 'situation has 
arisen (rather than, say, merely begin reusing valid objects). 
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If a garbage collector is present, the VM puts very few constraints on its behavior. 

The garbage collector may be invoked automatically at any time. We make the 
convention that every garbage collection is initiated in order to reclaim space for 
the representation of a particular data type. This is called the "type" of that 
activation of the garbage collector. Garbage collection may alter the state of the 
actual machine in any way the implementor desires, so long as the following 
condition holds: 

If the garbage collection message is NIL and the garbage collection trap 
field contains -1 (see below), it must not be possible for any 
INTERLISP program, using VM functions other than GCGAG, GCTRP, 
RECLAIM, STORAGE, CLOCK and DATE to detect whether or not a 
garbage collection has occurred, with the single exception that the 
program may abort or give warning messages due to lack of storage if 
garbage collections are avoided. 

The VM requires the existence of two fields, used to provide a limited amount of 
user access to the garbage collector: 

(1) The "garbage collection message" field, which contains some 
object. 

(2) The "garbage collection trap" field, which contains an integer. 

The use of these fields is as follows: 

If the garbage collection message field contains T, the implementor should print (to 
the terminal) some informative message on entry to and on exit from the garbage 
collector 14. If the garbage collection print flag is NIL, no message is printed on 
entry or exit. If the garbage collection message field contains a String, str, then 
PRINl [str:T] is executed on entry to the garbage collector. and no message is 
printed on exit. If the garbage collection message is some List Cell (ml ;m2)' then 
PRIN1[ml;T] is executed on entry to the garbage collector, and PRIN1[m2;T] is 
executed on exit from the garbage collector. The action taken when the garbage 
collection message field is other than NIL. T, a String or a Li.st Cell is left to the 
implementor. 

If the contents of the garbage collection trap field is some integer, n, and at any 
time the total number of new List Cells which could be represented equals n, then 
at the next safe function call (cf. Section 25) (of some function fn with argument 
list args), INTERRUPT[fn;args;3] should be executed. 

Initially, the garbage collection message field shall contain T and the garbage 
collection trap field shall contain -1. 

GCGAG[mess] Let oldmess be the contents of the 
garbage collection message field. 

14 In INTERLlSP-10. the entry message is simply "GC: " followed by the type of the garbage 
collection. The exit message says how many words of that type of storage were actually 
reclaimed. and how many words remain. 
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GCTRP[n] 

RECLAIM[type] 

Set the garbage collection message field to ~. 
Return oldmess. 

Let oldgctrpn be the contents of the 
garbage collection trap field. 
Let n be FIX[~]. 
Set the garbage collection trap field to 
the integer represented by ~. 

Represent and return the Integer representing oldgctrpn. 

Initiate a garbage collection of type ~. 
The implementor may define (and document) 
the result returned by RECLAIM15 . 

Note: If no garbage collector is present, this function would be a no-op. 

STORAGE[] Print any information deemed by the implementor 
to be useful to the user who wishes to ascertain 
the kinds and amounts of storage currently 
in use (or allocated) to the VM. 
Return NIL. 

29. MISCELLANEOUS VM FUNCTIONS 

Definition: The "VM ordering" is a partial order on the universe of VM objects, 
such that Numbers (both Integers and Floating Point Numbers) are less than Literal 
Atoms and Strings, Literal Atoms and Strings are less than List Cells, and List Cells 
are less than all other objects. Within these constraints, Numbers (both Integers 
and Floating Point Numbers) are ordered according to signed magnitude and Literal 
Atoms and Strings are ordered alphabetically according to pname (the ordering of 
the characters of the alphabet being that of the character codes). 

ALPHORDER[x;y] If ~ is less than ~ in the VM ordering,return T; 
e1 se, return NIL. 

COPYALL[x] If LISTP[~]: 

15 

return CONS[COPYALL[CAR[~]];COPYALL[CDR[~]]]; 
if LITATOM[~], return ~; 
e1seif FIXP[~], represent and return as an Integer the 
integer represented by ~; 

e1seif FLOATP[t], represent and return as a Floating 
Point Number the real represented by ~; 

elseH STRINGP[~], return CONCAT[~]; 
elseif ARRAYP[~]: 

Let size be ARRAYSIZE[~]. 
Let typ be ARRAYTYP[~]. 
If ill = FIXP: 

Create and return a new Array of size size 

In INTERLlSP-10. the result is the total number of words available for storage of data of 
type typ~. after the garbage collection. 
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and type ~. containing in its successive 
fields the same succession of unboxed Integers 
as in!; 

else (~=POINTER): 
Create and return a new Array of size size and type 
POINTER. such that the 1th field, 1=<1=<size, 
contains COPYALL[ELT[!;l]]: 

elseif HARRAYP[!]:: 
Create and return a new Hash Array. newx. of the same 
size as !. such that for every hash-link in !. 
with hash-item item and hash-value val. 
newx contains a new hash-link with 
hash-item COPYALL[item] and hash-value COPYALL[val] 
and no other hash-links; 

elseif ! is a User Data Type: 
Create and return a new object. newx. of the same type 
as !. such that for every field in ! which contains 
some object. obj. the corresponding field in newx 
contains COPYALL[obj]. and for every field in 
! which contains some meta-object. the corresponding 
field in newx contains the same meta-object; 

elseif STACKP[!]. create and return a new Stack Pointer 
containing the frame extension in !; 

elseif READTABLEP[!], return COPYREADTABLE[!]; 
elseif TERMTABLEP[!]. return COPYTERMTABLE[!]; 
else. return !; 

The following two functions assume the existence of a clock, which can be used 
to measure both elapsed real time and elapsed time spent in computing (rather 
than i/o waits). 

CLOCK[n] If EQP[n;O]: 
Represent and return as an Integer the number of 
milliseconds which have elapsed since the clock 
was initialized; 

elseif EQP[n;1]: 
Represent and return as an Integer the number of 
milliseconds which elapsed between the time the 
clock was initialized and the time the VM was entered; 

elseif EQP[n:2]: 
Represent and return as an Integer the number of 
milliseconds of compute time spent in the VM; 

elseif EQP[n;3]: 
Represent and return as an Integer the number of 
milliseconds the VM has spent in garbage collection 
(if a garbage collector is present). 

Note: If some of these quanities cannot be computed the implementor is 
responsible for documenting this. 

DISMISS[n] If not FIXP[n]. let n be FIX[n]. 
Wait!! milliseconds and return NIL. 

Definition: The "VM format for a date and time" is a character sequence giVing a 
day of the month (as an integer) dy, the name of a month (or an abbreviation), rna, 
a year (or the last two decimal digits), yr, and an elapsed time since midnight, 
measured in hours, hr, minutes, mi, and seconds, SC, in the format: .cty-mo-yr 
hr:mi:sc. 
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DATE[] 

IDATE[x] 

USERNAME[) 

SYSOUT[f i1 e] 

SYSIN[file] 

LOGOUT[] 

REFERENCES 

Create and return a new String whose pname denotes 
the current date and time in the VM format. 

If the pname of ~ represents a date and time in 
the VM format: 

Represent and return as an Integer some integer 
i, such that for all objects, y. whose pnames 
represent a date and time in the VM format. 
i = IDATE[l) if and only if ~ and 1 represent the 
same date and time, and i < IDATE[l] if and only if 
the date and time represented by ~ occurs chronologically 
before that represented by 1. 

Create and return a new String whose pname is 
the name of the user. 

Let file be OPENFILE[file;OUTPUT;NEW;bytesize], where 
bytesize is an implementation defined Integer. 
Write sufficient information to file so as to 
allow the function SYSIN (below) to completely 
reconstruct the state of the Virtual Machine 
as of the completion of this statement 
(with the exception of certain externally 
controlled features such as the real-time 
clock or open files, all of which should be 
documented) . 
CLOSEF[file] . 
Return file. 

Let file be OPENFILE[file;INPUT;OLD;bytesize]. 
where bytesize is an implementation defined Integer. 
Assuming file is a file constructed by SYSOUT. 
reconstruct the state of the Virtual Machine at the 
time the SYSOUT occurred. 
CLOSEF[file] . 
Return LIST[file] (this will return from what (at the 
time of the SYSOUT) was the call to SYSOUT). 

Exit the Virtual Machine and reenter the host 
operating system. 

[1] Bobrow, D. G., and Wegbreit, B. "A Model and Stack Implementation for 
Multitple Environments", Communications of the ACM, Vol. 10. 10, October, 
1973. 

[2] Teitelman, W. !N..JERLISP Reference ~j1nual, Xerox Palo Alto Research Center, 
1974. 
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OUTPUT (access mode) ..........•................•....•.•....•. 
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OVERFLOW[f1 g] ............................................... . 

PACKC[x] ..........•.......•...................••....•..•....• 
PACK[ x] ..................•..............••........ ~ .•.••..... 
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par ame te r names ........•.............•...................•..• 
PEEKe[f; 1 e; f1g] ...............•....•.....................•... 
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position field (of a String) ................................ . 
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p rima r yin put f 11 e .......................................... . 
primary output file ......................................... . 
primary Read Table .......................................... . 
PRIN1[x;file] .....................................•........•. 
PRIN2-pname of x with respect to y .......................... . 
PRIN2[x;file;rdtbl] ......................................... . 
PRIN3[x;file;] .......•..............................•........ 
PRIN4[x;file;rdtbl] ................. , ....................... . 
PRINTLEVEL (basic interrupt class) .......................... . 
PRINTLEVEl[carval;cdrval] ................................... . 
PHINT[x;file;rdtbl] ......................................... . 
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PROGN[forml; form2; ... form n] ................................. . 
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proper list ................................................. . 
proper list corresponding to a read macro specification ..... . 
property list field ......................................... . 
PUTD[ 1 itatom; defn] ....................................•....•. 
PUTHASH[item;val;harray] .................................... . 
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react ivate ................................................... 46 
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read macros enabled field .................................... 79 
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READTABLEP[x] ................................................ 80 
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released mark................................................ 47 
RELSTKP[stkptr] .............................................. 50 
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repl ete buffer ............................................... 84 
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represents to maximum precision .............................. 22 
RESET (basic interrupt class) ................................ 96 
RESETREADTABLE[rdtbl; source] ................................. 81 
RESETTERMTABLE[termtbl ;source] .... ........................... 90 
RETFROM[frame;val :flg] ....................................... 59 
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return a Stack Pointer containing frame (using stkptr) ....... 48 
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RETYPE (terminal syntax class) ............................... 86 
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RIGHTBRACKET (basic syntax class) ....... .......... ....... .... 78 
RIGHTBRACKET character of rdtb1 .. ...... .... ... ...... ... ...... 79 
RIGHTPAREN (basic syntax class) .......... ...... .... ...... .... 78 
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RPLACA[cell; val] ............................................. 11 
RPLACD[cell ;val] ........... ,................................. 11 
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SETFILEPTR[file;val] .......•.........•...............•....... 
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