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The INTERLISP Virtual Machine is the environment in which the INTERLISP System is
implemented. It includes such abstract objects as ~Literal Atom s~. List CelIs~,‘Integers . etc.. the basic LISP functions for manipulating them, the underlying program
control and variable binding mechanisms. the input/output fa cilities , and interrupt
processing faci lit ies. In order t o impiement the INTERLISP System (as described in The
INTERLISP Reference Manual by W. Teite lman . et. al.) on some physical machine, it is
only necessary to implement the INTERLISP Virtual Machine. since Virtua l Machine
compatible source code for the re st of the INTERLISP System can be obtained from
publicly available files. This document specifies the behavior of the INTERLISP Virtual
Machine from the implementor s point of view. That is. it is an attempt to make explicit
those things which must be implemented to allow the INTERLISP System to run on som e
machine.
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1. INTRODUCTION

INTERLISF’ is an interactive LISP system. It consists of a large and sophisticated collection of
user support faci lt t tes (such as DWIM and the Programmer s Assistant [TEl]) built on top of a
fairl y conventional LISP language.

W e call this underlying conventional language “Virtual Machine ” (or siriply VM) LISP. The user
support facilities are writte n entirel y in VM LISP, and are in the public domain. Thus. if VM
LISP is implemented on some machine , the rest of INTERLISP can be obtained from publicly
available files 1 .

Although the INTERLISP System is extensively docum ented at the user level in the INTERLISP
Reference Manual [2]. it is not possible to implement the system from that documentation.
The purpose of this document is to specify VM LISP as full y as possible from the
implementor ’s point of view. Consequentl y. this document emphasises clarity and concisen ess
over intuitive appeal. It is expected that a prospective irnplementor wil l have access to the
INTERLISP Reference Manual for explanations of the justification or implications of certain
specifications. Furthermore , since its purpose is mainly a ~ractica l one (i.e., t o tell an
implenientor what must be done). the document is not altogether formal.

Because INTERLISP evolv ed under the rather sophisticated BBN TENEX 2 time sharing system ,
it assumes the presence of capabilities (su ch as user-defined interrupt characters) which may
not be found in the implementor ’s environment. If an iniplemeritor is forced by such
circumstances to forego the implementation of certain INTERLISP features , the user-support
fa cilities may not perform as described in the Reference Manual. The implementor assumes

5 responsibility for the documentation of su’.~h deficiencie s.

A great deal of care has been taken in the preparation of this document to determine the
assumptions made in the high-level facilities about features in the underlying VM. Because of
the s ize and complexity of the system we cannot guarantee that we have identif ied them all ,
and therefore do not assure the prospective implementor that the rest of INTERLISP will run
perfectly upon loading it into the just implemented VM. However , th is document goes a long
way toward that admirable (and probabl y impossible) goal.

2. PRIMITIVE CONCEPTS
Si

Below we introduce several concepts and terms used throughout this document. We do not
attempt formal def initions of these concepts because we feel they are suff iciet it ly clear.

For nf~ ,J .J tJ ) r i  w r it o Dr. W Te tc l i r r . n. C ri ,put i r  Scie r ico L,:i;or tt r~ X er ox  P,iL. A l to  , r i  Center .
3333 Cuj  ti Hill ~i~~ci. P~ io f i t  Ca. a4,;04

2 The INTERt. ISP implem entation on the DEC POP- lU. cai ied INTEnLISI’- to ,  v s  dcv ] i  ;~~~f tinder the
fl5 I1. v J i i i l ( t i t  )~ r c , j . rr ~~ i O’ r5  at Xerox Palo A l i t  R o , i , r c h  Cerit r r i  ti It [3 , i a i i .  ~ . 3  Newt, ii
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obj ect Anything which can be given to an INTERLISP
progra m as data or returned by an INTERLISP
program as a result of a computation.
Equivalentl y, an obj ect is anything that can be
the value of an INTERLISP variable. Examples:
NIL. 143 , (F X Y).

INTERLISP programs can dynamically create “new ” object s using “cre ation functions ” supplied
by the Virtual Machine. These functions return objects that did not exist in the user ’s Virtual
Machine immediately before the creation function was invoked. That is, they return objects
that no other VM function could have returned prior to the invocation of the creation function.
Most implementations accompli sh the implied illusion of infinite space by secretly reclaiming
the space occupied by an object once no VM LISP function can detect the absence of the
object.

The details are presented in Section 28.

We w ii i  have occasion to talk about conce pts which are not obj ects in the Virtual Machine but
which have relevance to an implementation of the Virtua l Machine. Such meta -obj ects include
devices and buff ers as well as mathemat ical entities such as sets, character sequences. and
n-tup leS.

niet a-object Any thing or concept. other than an INTERLISP
object , which can be discussed in English.

for m Any object used as the argument to the function
EVAL (cf. Section 16). Examples: NIL, 143, (F X
Y) if they are given to EVAL.

Note that the determination of whether something is a form is made ori the grounds of how it
is u~’ed rather than how it is const rucled or how it is written down. However , typically , forms
are just L~’st Stru ctures or Atoms.

Value of a form The object returned by EVAL when given the
form. Examples: The value of NIL is NIL. The
value of (ADD 1 142) is 143. The value of
(CONS (QUOTE F) (QUOTE (X Y)) ) is (F X Y).

Not e that not all forms have values: some cause errors or otherwise alter the flow of control
so that EVAL does not return to the point of invocation (e.g. , the gob statement).

The next concept is probably the single niost important concept used in this document.

field A “place ” , usually associated with an object or
riiet~ -o Ljcc.t . that can be used to ‘ hold” another
object or meta-obj ect. Exa m ple: A List Cell is
an ot ij ec t  w ith two fields. named the CAR and
CDR fields , each of which can hold an object.

Ther e are two operations on fields: “accessing ” and “replacing ”. If x is an object with a field
which contains y, t h en it must be possible to compute y given X. Tills IS ca lled “accessing ”
the f ie t o. Furthermore , it must be possible to modif y that field of x so that it is made to
contain anot h er object instead of y. This operation will be called either “replacing ” (the
contents of) the field or “setting ” the field.

2
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In general . only the implementor has full access and replacement rights on a field. In some
instances the user is given limited rights to fields.

Note that fields are not objects: A variable may have as its value the contents of a given
field , however a variable cannot have as it s value the field itself. We will always be specific
about whether the content s of a field is an object or meta-object. and what. if any. re strictions
are placed on the cont ents. Unless otherwise stated. any field said to contain an object can
contain any obj ect whatsoever.

The final primitive concepts are concerned with communication between the VM and the
“outside world” . The most abstract and important of these concepts is that of the “character ”.

character A graphic mark in the alphabet available to the
machine ’s input/ouput faciliti es. Examples
usually include such characters as ‘A’ , ‘a’, and
‘ ( ‘ , as well as “non-printing ” characters such as
space , tab and form -feed.

A character is a meta-object because it exists outside the machine. We assume the
implementor has designated a set of characters to be used in input/output transactions with
the VM. This set will be called the “standard VM character set” . For each character in this
set there is a unique INTERLISP object either in the set of Literal Atoms or the set of Integers
which is identified w ith that characte r. These particular objects are called Characters (note
capitalization ).

A certain subset of the characters are known as “control characters ” . These charact ers are
usuall y “non-printing ” (in the sense that outputting such a character causes no mark to be
made) and usually perform control or fo r m atting functions on certain physical devices. Since
these characters are non-printing, we associate with each control characte r a printing
character. called the “ tequivalent” (pronounced “uparrow equivalent” ). Sometimes the control
character will be printed by printing the character ‘ t ’ followed by the tequiva lent of the
control character.

It is assumed there is a character (and hence. a Character) called the “carriage return ”
character , which causes output devices to post tion their print mechanisms so that subsequent
characters will be printed starting at the left-hand margin and immediately below the last line.
In some systems , more than one character must actuall y be sent to certain devices to achieve
this ef fect  (e.g.. one character to return the pit nt mechanism to the Ii~f I margin and another to
advance the line). Reading and w riti ng more than one character per carriage return character
is permitted. In fact , the precis e characte rs transferred may be device dependent. However ,
the implemerttor is expected to maintain the illusion of the single carriage return character by
translating to and from the appopr iate sequences when fetching and depositing characters (ci.
Section 21).

We assu m e that there is a one to one mapping from the standai d VM characters onto a subset
of the integers. The INTERLISP Small Integers (cf.  Section 9) in the range of the above
mapping ar i~ called “ch aract e r codea ” . The number of bits required to represent the largest
character code is called “standard VM bytesize ”.

If the ASCII mapping is used. the integers are those fro m 0 to 127. The control characters
are those with character codes front 0 to 31 and the character codes of their I equivalents are
obtained by adding 64. Thus. the character “control -A” has ch a racter code 1. its ~equivaTent
is the character ‘A’ ~Tnd has code 65. “control -A” is sometimes printed as ‘ tA ” . If a m apping
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other than ASCII is used, the implementor is exp ected to define these character sets in
accordance with their properties above.

character sequence a meta-object consisting of a succession of
characters.

The ith character in a character sequence cannot be changed without producing a different
character sequence. (In Section 12 we will introduce a meta-obj ect. called a string, which
allows its charact ers to be replaced without the production of a new meta-obiect.)

fil e a meta-object which is used as a character
source or sink for input/output operations.

Physicall y. file s may be represented as sequences of character codes stored on a disc or
other external storage devi ce, or sequences of character codes coming from or going to any
available input or output devic e.

Technical ly. files are meta-obje cts and not objects. because INTERLISP programs cannot
directly manipulate them. Howev er , INTERLISP assumes that each file is uniquel y identified by
a “file name” which is represe r ,ta ble as an INTERLISP Literal Atom. The Virtual Machine
provides for input/output on named fi les. using Literal Atoms to indicate the source or
destination fil e.

3. CONVENTIONS FOR VM FUNCTION SPECIFICATIONS

This Section and the next explain the conventions used in this document when specifying the
VM LISP functions. These conventions should not be confused with the INTERLISP facil it ies
which allow the user to define new INTERLISP functions.

The precise nature of a V M LISP function is fully specified in Section 16. However some
background information is necessary to understand the form and meaning of the function
specifi cations.

In this document we use the word “function ” in an extended mathematical sense to refer to
the abstract association or mapping between some n-tuple of “arguments ” and a value or
effect. A function is named by an INTERLISP object called a Literal Atom (cf. Section 8)
which contains a function object (cf. Section 16) in its function definition field. The function
obje ct is essentially a program , which tells EVAL how to compute the value and/or effect of
the function named by the Literal Atom.

In this document. when we spe cif y some function we will first wri te down the function name (a
Literal Atom). Following that will be a list of the function ’s parair,c’te~ names. Each name will
be in lower case and separated from the others by ‘

;
‘. The entire list will be enclosed in ‘[ ‘

and ‘j ’ . If the function takes an indefinite number of arguments we will use an ellipsis (“ .. . “ )  in
ti me param eter list. (Such a function is called a “nospread” Iunchion: otherwise , the function
is a “spread” function. See Section 16 for the details.)

Tire parameters are merely placeholders. The particulat names used in this document are not
important.
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Following the parameter list we will writ e down English text which specifies , in terms of the
parameter names given, the actions performed by the function when it is applied to some
argument obje cts. As is made clear in the next Section , the paramet er names are understood
to represent the objects supplied as arguments. The text defining the behavior of the
function , call ed the “body ” of the specifi cation , will be indented to distinguish it fr om
surrounding explanatory material. There are numerous examples of such specifications in the
following pages.

Sometimes (cf. AND in Section 5) we will write “(NOEVAL)” after the parameter list in a
function spec ification. We say that the corresponding function object is “noeval-typ e”.
Otherwise , it is said to be “eval-typ e” . Informally, whether a function obj ect is eval-type or
noev al-type determines whether EVAL will bind the parameter names to the values of the
forms in the argument positions , or the forms themselves. (See the specifi cation of EVAL in
Section 18.)

From the implenientor ’s viewpoint it is important to understand that each function speci fication
in this document does two things:

(1) It specifies the nature of a function obj ect.

(2) It specifies that the function object shall initially be found in the function
definition f ield of a certain Literal Atom (the function name).

4. CONVENTIONS AND DEFINITIONS USED IN THIS DOCUMENT

We will use certain conventions and definitions when specifying functions. Usually they will
be introduced before they are used the fir st time. Bel ow we present those most commonly
used.

Convention: Low er-case character sequences will be used as meta-vari ables to denote both
INTERLISP objects and meta-o bjects. We will have occas ion to refer both to the meta-
variable itself and to the value (objec t or meta-object) it denotes. For example. we may wish
to say “Let the meta-variable x denote the sum of the values cu rrently denoted by the meta-
variables x and y. ” To dist inguish a meta-variable from its value we will use an underline.
When a meta-variab le is underlined the construction is understood to denote the value of ttie
meta-variable. When not underlined the construction denotes the meta-variable itself. Thus,
the abov e exam ple can be abbreviated to “Let x be x+y.” Note that if x denotes y (the meta-
variable its elf , not its denotation), then while “let x be 1” affects the denotation of x , “let x be
1” affects the denotation of y.

Note: The reader should not confuse met e-variables w ith the notion of variables provided by
INTERLISP. f. le ta-va riables are str ict l y a riohationa l device for communicating with the reader.
Variables (as implemented in INTERLISP) are INTERLISP objects, namely Literal Atoms, which
are used as forms. This document carefull y distinguishes the two concepts.

Convention: If x 1, x 2, ... x k der rote object s arid f denotes a VM function name, then whenever
the specification of some computation uses the const ruct 11 ~~~~~~~~ it is understood to
inrply that at that point in the com putation the computation spec rfied as defining tire ri—ary
function I should be executed with the successive n parameter names of f denoting the
corresponding fir st n elements of the sequence x 1, x 2 x k.NIL.NIL.NIL arid the construct is
to denote the obj ect (if any) “returned” (see tire next convention) by that computation.

5
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Convention: Successive sentences in the function specification body spec ify successive
computatio nal processe s that are to be carr ied out sequentiall y when the function s applied to
some arguments. We use clauses beginning with the words “if” , “elseif” , and “else ”
(separated by “:“) to specif y the conditiona l structure of the function. When the scope of a
“then-claus e” is ambiguous the entire clause is further indented. The ph rase “return x ” mean s
that if a computation reaches that point of the specif ication then all subsequent statements in
the specific ation are to be ignored (as specif y ing the Computation along a d ifferent path
through the function) and ~ is to be considered the value of the function application.

Conv ention: When we refer to objects in a boolean context (in constructions using the
English words “if” , “or ”, “and” , and “not”) the object NIL is identifie~

j w ith falsity and all other
objects are identified with truth.

Convention: Whenever the body for some function specification does not specify an action
for some possible argument combinations , the implementor is free perform any action desirdd.
is assumed this freedom will be used to m erel y avoid certain type checks (e.g.. assume the
argument to CAR is a List Cell and accept the consequences on other types of objects).
Should the implementor ’s default action for any VM function be meaningful to th e user (e.g.,
CAR of an atom alway s returning NIL) the imp lernentor is expected to document the fact that
such behavior is not standard. Furthermore. the implementor is expecte d to document those
default actions which may result in harm to the user ’s Virtual Machine (e.g. . a replacement
function which, when improperly used. wi ll destroy meaningful data or confuse the garbage
collector).

Convention: When we refer to an obje ct in the set of INTERLISP Integers we w ill capitalize
the word “integer ”. We will leave it in lower case when referring to the mathematical entity.

Convention: We will write down integers and real numbers in standard mathematical notation
in base-lO. When referred to as objects they shall denote the corresponding INTERLISP
Integer or Floating Point Number (cf . Section 10). In this document , all Floating Point Numbers
will be written with at least one digit to tire right of the decimal point to distinguish them f rom
integers followed by period s. (That is , the real 10.0 wil l be written (in this document ) wit h
the redundant 0, to distinguish it from the integer 10.)

Convention : We will occasionally use meta-variables which denote INTERLISP Integers and
Floating Point Num bers in constructions involving standard mathematical notation. In this
context the meta-variables are understood to be abbreviations for the mathematical entities
represented by their values. (That is. if x denotes an INTERLISP Integer - - an ob:ect which
merely behaves somewhat like a certain mathematical entity -- then in the construction x +1 , x
is treated as though it denotes the mathematical entity the Integer represents. ) This convention
allows the use of standard mathematical notation involving objects even though the notat ion is
formally defined on meta-objects.

Convention: When we refer to a character sequence enclosed in quotation marks as though it
were an obje ct . it denotes an INTERLISP String ( cf . Section 12) with the character sequence
as its pname.

Convention: We will often use the name of a field to refer to the cont~ rits of the field , if such
use is unambiguous. For example , we will refer to the CAR of a List Cell , when we mean the
contents of the CAR field of the List Cell.

Convention: Wh enever we say some computation should be done for each x in a specified
sequence (e.g.. “fof i from 1 to n do or “fo r each x~ do . . . “ ) we mean that the

6
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computation s should be performed in the same order as the x ’s oc cur in the sequence. That
is. the computation for the first x should precede that for the second, etc.

We now present the comm only used definitions. The purpose of a definition is to introduce a
suggest ive phrase that has a precise formal meaning. Usually t~e defined phrase involves one
or more meta-variables. Whenever an inst ance of a defined phrase is used the meaning is
that obtaine u by reading tire definition with the mela-variables of the definition denoting the
obj ects or nieta-objects indicated by the instance of the phrase used.

We will occasionally use an English variant of a defined phrase and expect the reader to
recognize that we are still speaking formall y. For example, later we def ine the phrase “th e
representati on of x as an Integer ” . We may use the phrase “return t h e  representation as an
Integer of ~~

“ or “represent x as an Integer and return it” or even “represent and return as an
Integer s.” It is hoped that all three of these will obviousl y be understood by the reader to
mean: “Let temp be the representation of x as an Integer. Return temp. ” The reason we use
such variants is that they occasiona ly allow us to reduce the number of mela-variables the
reader must contend with (as above) and th ey allow a more natural style of specification.

Definit ion: “ f [x
l : . . . x k] ” , where f denotes a non-VM function , means “APPLY’ [f ;x l:...x k]” . Since

APPLY’ is a VM function , this definition is meaningful . The reason we cannot appeal to the
convention on V M function application (above) to make sense out of f [x l ;. ..x k ] is that since
is not a VM function it does not’ have a ~pecific atio n in this document and the above
convention on the meaning of VM funct ion application was based on the body of the
specification of the function . It also happens that while VM calls to other VM functions (as
almost all calls in this document are ) can be implemented by any technique desired , calls to
user functions must use a well-defined stack structure defined in Sections 16-20. This
definition makes this clear because APPLY in fact manipulates the stack. Finall y, for sanity, it
should be pointed out (fiat th e ef fect  and value of ([x l:...x kj  is in fact the same (excep t for
the effect on the user ’s sta ck) as “APPLY’[f ;x l;...x k]” whether f is a VM function or not.

Definit ion: “cause error n with culprit x ” means “ERRO RX[L IST [n:x]] . Perform a ny unspecified
(but presumably meaningful ) com putation ”. ERRORX is not in the VM but is defined as pant of
the user-support faci l i t ies of INTERLISP. It is the main entry into the error handling routines.
Nominally ERRORX never returns to the computation which called it (i.e.. to the compuation
which “caused the error ”) but (using the stack manipulating functions discussed in Sections
17 and 18) returns to some higher proce ss. However , the user can redefine ERRORX and
therefore it may be altered so as to return control to the point of invocation. Iiiiplementati ons
should therefore allow for this (by, for example , following the call to ERRORX by the
equivalent of RETTO [T] (cf. Section 18)).

Defini t ion: “pname of x ” nieans “the chara cter sequence that would be printed to a file other
than the terminal by PRIN1[x]. when the radix field contains 10 (cf. Section 26). If PRIN1[xj
would caus e error n with culprit z , then cause error ri with culprit i. ’

Defi n , t i on: “PRIN2-pname of x with respect to y ” means “the character sequence that would
be printed to a fi l e other than the terminal by PRIN2[x:NIL:y ] when the radix field contains 10.
If PRIN2[x:NIL:yJ would cause error n with culprit z, the n cause error n w ith culprit z. ”

Def i ni t ion:  “the Literal Atom x ” means “the Literal Atom whose pnamne is ~~ .“

Convention: When we refer to a sequence of all capital characters as though it we re an
obje ct. we mean the Literal Atom with that pname. Examples: NIL, T , LISIP. When such a
sequence is underlined , it denotes the binding or value (in the EVALV sense -- see Section

4
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18) of the Literal Atom. Thus, RANDSTATE mean s the Literal Atom with pname “RAND STATE” ,
while RANDSTATE means EVALV [RANDSTATE] - -  the current value of that Literal Atom.

Definit ion: “the Character (note capitalization) correspond ing to (the character) x ”, means “the
Literal Atom or Integer who se pname consists o n ly  of the single character i.”

Convention: When we refer to a character as a Character we mean the Literal Atom or Integer
with the character as its pname. For example, we will refer to th e ith Character in a character
sequence,

Definit ion: A “Number ” is either an Integer or a Floating Point Number.

Definit ion: An “Atom ” is either a Literal Atom or a Number.

5. LOGICAL OPERATORS

EQ [x:y] If x and ~ are the sam e object , return T;
e l s e , return NIL.

The following function tests the equality of Numbers, and Stack Pointers ( cf. Sections 9, 10,
and 17).

EQP [x :y] If x ~~, return I;
el seif STACKP [x ] and STACKP [~ }:

If x and ,y co ntain the same fram e extens ion , return T;
else , return NIL;

elseif NU14BERP [x] and NUt’lBERP [~ J :
If FIXP [x ] and FIXP [y]:

If x and y rep resent the same inte ger , return T;
else, return NIL;

else (x or ~ is a Floating Point Number):
If not FIOA IP [x]. let x be FLOA I [x ].
If not FLOAF P[y ] . let y be FLOAI [y].
If’ x and ,y represent the saiiie real , return 1:
else, return NIL.

else. return NIL.

Note: In a sense, EQP tests the equality of meta-objects conta ined in boxes (cf. Section 9).
The implementor is free to extend EQP to test such equality on other classes of obj ’cts
wh ich use such representation (e.g.. Strings). However , the next function , EQUAL, is
responsible for the more general abstract equality of two objects.

EQuAL [x ;y ] If x = y or EQP[x : y ]  or S T REQUAl . [x : ~ ]. return T:
else ii t IS1P{ x J and l ISTP {~ j:

return ArJ [)[EQuAL [CAR [x];C~~[~ ]]:EQUAL [CDR [x]:CDN[j]]];
else r et ii r i l N IL.

A rJD [x 1 :x 2 ; . . . X ~ 1 (NOEVA I )
Le t  va l  be I.
For’ each x~ (until som e “ evaluates to NIL”) do:

l et val be EVA t [~~1].
If 

~
j  = NIL ,

(we sa~ x~ “ ev ,iluat ed to N I L ” )  r e t u rn  N I L .
Return v a l.

8
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OR [c 1 :x2 ;. ‘“~k
] (I’~O L VAL)

For each 
~ 

(until sane “evaluates to non- NI L” ) do:
Let. val be EVAL [x 1).
If va l / N I L .

~~~~ ~~ ~ m “ e va luat € ~u to no n- N I L ”) return val .
R eturn N IL.

NOT [x] I f x~ F4I L , return T;
els e , return N IL.

• NULL [xJ Return N0F [x]

6. DATA TYPES

• Every object in the VM is a member of a unique class. All of the objects in a given class
have certain common properties which define the class.

Associated with each class is a unique Literal Atom , called the “data type ” of the class .
.

5 Given any object it is possible to obta in the oata type of the obj ect’ s class.

The VM provides 11 primitive classes , plus facil it ies permittin g the definit ion of new classes.
Below we list the data types of the primitive VM classes. We viill discuss the defining
properties of each of these classes in (lie following Sections. Section 15 deals with the
introduction of new classes.

Def in i t ion:  A “data type ” is a Literal Atom associated with a cla ss of objects. No two c lasses
may have the same data type. The initially existing classes and their data types are given
below:

ciiiss

List Cells LISTP
Literal Atoms LITATOM
Small Integ ers SMALLP
La rge Integers  F IXP
Flc~:ting Point Numbers FLOATP
Strings STRINGP

4 Arrays ARRAYP
Hash Arrays HARRAYP
Stack Pointers STAC KP
Read Tables READTABLEP
Temmn ina l Tables TERMTABLEP

The implementor may acid additional primitive classes provided they are assigned unique data
types.

I Y l ~~~~~ 1L[ .~] R e t u r n  the d a t a  t y p e  of  t ine o b j e c t  x .  

— .. “_

;

_. • 

~

. .

~~~

. 
~~ 4 ’ ~~ —.‘.‘ . - . . . ..,

~‘. ~~ 
S 

—5--- — —5.-- . 
—‘——-.,—~~~—~~~~~~~ —---.-——‘-——- •-•—. _ :~ _=_. - ._-_. .--.-—-- .. 5—.—- -.5 .5.5.- - -.. —5 5 “—.--.-—-——— 5—-, —



7. LIST CELLS

Def init ion: A “List Cell” (or “List Structur e”) is an object with Iwo fields called the CAR field
arid the CDR field , each containing arbitrary obj e cts. The List Cells constitute a aistinct class
of objects with class name LISTP.

The VM requires the existence of a field , called the “CONS count” field. which contains an
integ er. The initial contents of the CONS count field is 0 The functions which reference the
CONS count field are CONS and CONSCOUNT.

L I S I P{x ]  If x is a L i s t  C e l l .  r eturn ~ :
e l se , ret urn NIL.

C ON S [~ :y] Inc re m’ nen t the contents of t he  CONS count fiel d  by one
and sto re the r e s u l t  in the C O N S  count field.
Create and return a new L ist Cell
w ith x in the CAR f i e l d  ami d y in the CDR field.

CARLc 1 If I 1SIP {x],
return the con tents of the CAR field of x:

e lse i f L ITATOR [x ] :
I t ’  x is N IL, retu rn NIL:
else , return any value de s im ’ed (but cause no error).

CDR{~~J I f  LI S I P{X J .
return the co ntents of the CDR f ield of x;

elseif Llf ’ATO M [x ] :
If x is NIL . retu n ’n NIL :
else , ret urn any value d e sired (but cause no error ).

R PLACA [ce ll ;va l ]
If c e l l = N I L

If v a l = N I L , r e t u r n  NI l
e l s e , cause error 7 w it i ’ c u l p r i t  v a l ;

el se if LISJP [cell ] :
Set time CAR fiel d  of c e l l  to va l .
Return c e l l :

e l s e . cause error 4 with culpr ’ i t c e l l .

RPLACD [ce 11 :  va l]
If c e ll =N IL :

Ii v a l~~NIL , re tu rn  NI L ;
e l s e , cause error 7 wit h c u l p r i t  va l;

e l s e i f L l S t P { c e l l ] :
Set t i me COR t n e l m i  ol m e l l  to va l .
R4m t u r n  ccl 1

else , cause er ror 4 w i  It c u l p r i t  c e l l .

l 1 S l [x 1 :x 2 ;.. . x k}
Ret urn CONS [ 

~ I 
;CONSf x 2 ‘ CONS [

~~k 
; NIL } . . . J J

COU~ C UlJ IJ I [ n 1 II in is N IL , rep r’es em m t amid return as ~n In tnqer

t ( c i .  SecL ion R ) tile im 1 t e U m ~r co m m t a i i i e l  in lie I i N C  cuu mn t
f i e l d :
e 1 Se ,

If not F IX P [n ] , le t  n he F I X [ n
Replace time contents of the ( u r i C  count  f i e l d  w i t h

10
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t ine integer represe nted by n and return n.

• Def ini t ion : The “CDR chain from (some arbitrary object denoted by) x ” is the ordered
sequence of objects defin ed as fo llows: If x is not a List Cell , the CDR chain fr om ~ is the

• empty sequence. If x is a List Cell , the CDR chain from ~ is the sequence obtained by adding
x to the front of the CDR chain from the CDR of x.

Note that CDR chains will be infinite if some List Cell occurs tw ice in the chain. If a
computation is specif i ed in terms of operations on the end of a CDR chain (e.g.. involving the
last List Cell in the CDR chain), the computation is considered to be unspecified for infinite
chains.

Definition: A “proper list (of a sequence of n objects)” is the Literal Ato m NIL if n. i s zero ,
and otherwise is a List Cell w ith the first object in the CAR fi eld and a proper list of the
remaining n-i ob lects in the CDR field. The “length” of such a proper list is n. The “ith
e Ic ’m non t” of a proper list of n objects. 1~ <j~<n, is the contents of the CAR field it is 1. and
othe rwise is the i-i st element of the proper list in the CDR field. A “new ” proper list is one
for which new List Cells are in the CDR chain.

Note that these are definitions of terms we will use in this document. They do not define
INTERLISP funct ions but merely allow us to refe r to “proper lists ” with pre cision. Also note
that a proper list. x . always has a finite CDR chain. Furthermore . the CDR of the last List Cell

• in the CDR chain is ai’.’iays the Literal Atom N1L.

Convention ; When we display a List Structure in this document we will use the notation
produced by the fun ct ion PRIN2. Thus (1 . 2) represents some List Cell with 1 in the CAR
and 2 in the CDR. and (1 2 3) represents a proper list of th e three Integers shown.

8. LITERAL ATOMS

Definition: A “Literal Atom is an object with the fo llowing properties:

(1) There is a field containing a (meta-object) character sequence called the
“name ” of the Literal Atom , such that no two distinct Literal Atoms have the
same name and no Literal Atom has a name defined by <integer > or <floating
point number> (cf. Sections 9 and 10). (It is permitted to limit the number of
characters in the name of a Literal Atom. The limit is unspecified 3.)

• (2) There is a fie ld. called the “top-level value ” fie ld. which may contain any
object.

(3) There is a field , called the “property fist” uielo. which may contain any
object.

INTUit iSI’- 10 Iini mt s it to 10
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(4) There is a field , called the  “functio ni defin ition ” field , which (nay contain
any object.

The Lit eral Atoms cons itute a distinct class of objects with class name LITATOM.

Informal l y, the name of a Literal Atom is the character sequence used to identif y the object on
• input and output. The top-level value field contains the object to be interpreted as the top-

level value of the Literal Atom when it is used as a variable in a form. The property list field
usuall y conta ins a proper list and is used to associate additional information with the Literal
Atom. W hen th e Liter; I Atom is used as a function name (by being applied to some
arguments), the contents of the function definition field is used as a program w h i c h  shou ld  be
run to comp ute the results .

The user has no access or replacement rights on the name field of a Literal Atom. However .
the user can obtain the nth Character in the name of any Litera l Atom (Cf. NTHCHAR below).

Initiall y, the Literal Atom NIL shall exist and have NIL in its top-lev el value , property l is t , and
function definition fields. In aduition . the Literal Atom T shall exist and have I in its top-level
value field. Of course, the names of all VM functions are also initia ll y exist ing Literal Atoms
with function objects (which behave according to the vM specif ications ) in their function
definition fields.

LITATOI’I [x] If x is a Literal Ator mi , return T;
else, return NIL.

ATO1 ’ I[x J If LI IA FOI’ I [x]  or F IX P [x ]  or FLOATP [x ], retu i ’ n I;
e l s e  retu i ’n  NIL.

MKATOI’l [xJ Let cha m’seq be time pnann e of  x .
If c h a u ’ seg  confo ri~is to the syntax of an Integer:

represent and return as an Integer the integer
denoted by 

~~JiL~~.q 
(cf . Section 9);

else i f ch ars~ g con form s to til e syntax
of a F b a ting Point Number:

represent and return as a Fluating Point Number
tile real denoted by ~~~~~~ (cf . Section 10);

e l s e i f  c h a r s e q is t h e  name of  a L i t e r a l  A t o m . l i t a t o r n .
a l r e a d y  c r e a t e d :

re t u r n  I i t a t o m :
elseif there are inur e characters in ç~~~~~q than
the im ~np le i ’ ne n ta t i o n  a l l o w s  in a L i t e r a l  A to m na m e:

cause  e r ro r  11 w i t h  cul pr i t  NIL;
e l s e :

Cr eate a new Lit e r a l  Atom . 1 itato mi , whose na m e

~~~~~~~~~~
Set t he top -l evel value field of’ li t a to m n
tmi t i n e I i t e r a  1 A to ri NOB INN.
Set tIm e pm’operty l ist f i e l d  and the function d e f i n i t i o n

i:  lii of Ii  l.a I nun to NIL
R~’t u rni I I tato mil .

PACK [~~] If x is a pr’ o lmer l i s t  of objects. (x 1 x2 , ..  x k):

t 

return FIKA IUU [i :i)NC A I [x 3 : ‘
~~ ~k] I

PACKC [x ] If x is a proper l i s t  nt ob jec t s. H x 2 . . .  X k).
retu m ’n M KA li ril [CNN rIT [(:iIA IiAC IEI1 [X 1 I;

CIIA I (AC I Lll [ x 2 ] :

12
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CHARACTER [x k] ] ) ;

GET IO PVAL [1 itato lin ]
If LI IA lUt . 1[ l it ato i i ]  , return the co i: tem ts of the
t u p —  l eve l v a i u e  I ie l r i  ci l i t  l t r ., I l ;

e l s e , c a u s e  e r r o r  14 .~ i t l m  cu l p r i t  l i t a t o m n .

SE f TOP V A L { l i t a  t on v a l ]
I f 1 itatoi n is NIL and v a l  is not NIL ,

cause e rro r l~ w i t h  c u l p r i t 
~~~_!.

;

e l s e i f  L I T A I 1 ’Jt’I [ l i t .a t o m n ] :
S e t  the top-level value field of li tato rn to va l .
Return v a l ;

e l se . c a u s e  e r ro r  14 w i th cul pr i t  l itatomn.

Note  t h a t  SET I OPVAL m a i n t a i n s  the t o p - l e v e l  v a l u e  of NIL at NIL.

GET P ROP L IS l[ l it a  toil]
• I f 1 i ta to mi  is  NIL ,  m’e tu rn il L :

e l s e i f  LI IA IO I’ I [ l i t .a t .uril, r e t u r n  t he con ten ts
o f t oe  p r o p e r t y  l i s t  f i e l d  of l i ta t o r i :
e l s e , cause error 14 w i t h cul p r i t  l i t a t o m n .

• SETPI (OPI IS I {li tat o i ’n:p rop l ist ]
If l itato rn is N IL:

I f  ~~J2j. i S t  i s  NIL , return NIL;
else , c a u s e  e r r o r  7 with culprit ~~~p liS t.

e l se i f LIl’A IO I’l [litatorn ] :
Set t ime p r o p e r t y  l is t  f ield of l i t a t o r n  to prop l ist.
R e t u r n  g~~ ,gjJs~~:

e l s e , cause e m ror 14 with cul p r i t  litato m .

Note that SEIPROPLIST m a i n t a i n s  the p r o p e r t y  l i s t  of  NIL at NIL .

GEI D[l itatoi r ] If LI IA IO I t [ l i t a t o r i ] .  r e t u r n  the c o n t e n t s  of
the function definit i o n fie ld of l itat om n :
else , return NIL.

PUID [l ita to mii :clefn ]
If L IT A IOM[ l i t a t onn ] :

Rep lace the contents of the function
defin ition field of l i t a t o r n i  with de fn .
Ret urn de m n;

* e l s e , cause error 14 wit h cul p r i t  l i t a t .o mn .

The follow ing three  functions take Read Tables as arguments. These are objects tha t  affect
t I i c~ way objects are pninted. Read Tables are descnib ed in Section 22.

NCFi A RS [~. . F lg :r d t b l ]
If f ljj . r e p r u ’~ent  an m d r e t u r n  as an In teger  the
nt mmr ntr er o f  c t m a r r i i : t e r s  ii) time P I 1 I N 2 — p m m ru ie of x
w i t h  r e s p e c t  1.0 ~SIt._~J;

t e l s e . r r i r e s , m i t and r e t u r n  as an I n te ç j e r
t ime num ber 01’ cha racters in tin e
pnai mn e of x ,

N1lICilAIl~~x :n : f l q:n ’ i ithl]

13

_____ • 

~~~~~~~~~~~~~~~~~~~~~~~~ 
• — ‘

~~~‘
. 

~~
. 

~~ ~~~~ . ..~ 
•
~~ 

.. .m.4E~~~~. ’  S4~~ .“ • ‘ ~~ 
‘.

#~~ •~~ _~5._ ~~~..-_.-..- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



.5 .  
~~~~~~~~~~~~~~~~~~~~ 5., • . — •~~~~-.- 5.-— • .~~~~~— ~~~~— . -5.--

If not FI XP {n J , let in be F J X { m n J .
I f  n<O , let n be NcHARS [x : ij .j ; rdt b l]+n l+1 .

If n<O or n~ O or n>NCHARS [x ; f l ,g;rdtbl], r e t u r n  NIL;
e b s e i f  f~,g:

• I etur im the nth C h a r a c t e r
in tim e I~’il lr ~2-pna ne of ~ with respect to rdtb l;

• e l s e :
r e t u r n  the n t h  C h a r a c t e r  in the pname of x .

U I JPACK [x : f l g ; r d t b l ]
If’ flg:

• Create and return a new proper l i s t
conta i ning the successive Characters
i n  time PR IN2-pnam ie of x w i t h r e s p e c t  to rd t b l ;

e l s e :
Crea te  and return a new proper list of the successive
C h a r a c t e r s  in the pn amn e of  ~~~.

CHC UN [x; flg ;rdtb lj
(Sa me spec ification as for UN PACK except
use “ c h a m - a c t e r  codes ” f o r  “Characters ” .)

OU N P A C K { x ; s c r a t c t n l s t : f l g : r d t b b ]
If not t . I S T P [ s c r a t c h l s t ] ,  cause error 17 with
cul p r i t  CU S [”UUNPACK: SC I 1AI CH II ST not a 1 i st ” ;scr atchlst ] ;
e ls e i i scratcinist is a proper list:

If f l g. let charseq be the PR ILI 2-pnai mi e of’ x
• w ith respect to r dt b l ;

else, l ’-.t cha rseq be the pnam e of x.
l e t  n be t h e  l e n g t h  of  ç j _ r,~~.g.
If the len gth of s c ratct n l s t is greater

• than or equal to (1:
Let suhist be the ter m inal s ubl ist of scratchlst
con ta i nn ing  n e l e m e n t s .
Us ing R P LACA depos i t  tIm e s u c c e s s i v e  C h a r a c t e r s  in
c h a r s e q i n t o  the C A R  f i e l d s  o f  s u c c e ss i v e  L i s t  C e l l s
in tile CDR c h a i n  of  s u b l s t .  s t a r t i n g  w i t h  the f i r s t .
Re tu rn  s u b i s t :

e l s e :
Retu i ’n U N P A C K [ x : ,fj j j : rmltb l ] .
( N o t e :  The CARs  of  s u c c e s s i v e  L i s t  C e l l s  in
s c n - a t c h l s t  nay be replaced with Characters from

• cni a,~~,~g befom ’e taking this exit.)
e l se  cause error 17 w itin cu lp r i t
C O NS [ ” D U N P A C K :  u n u s u a l  CUR in SCRATCHLIST ” : s c r a t c h l s t ] .
(Note: ril e CAll s of successive I 1 st Cells in
sc r a t c h l s t. nay he r e p l a c e d  w i t h  Characters f romn
chars- ~q before ta kin g  ti ll s e xit. )

Note: Tile notes in DLINPACK allowing the CARs of scratch l ist • to be replaced before exiting
per m it the proper list check to he made as the function is running.

DC i i i : OtJ [ x ; s c r a t c h l s t :  f l g ;  i’tthl ]
(S ,-mmn e spe c i f i c a t  ion as f o r ’ I) IJN PA C K e nc e p t  use
Clii 1)11 i c r ’  UNP ACK and “DC HCON” t’ or “ l) UNPAC K” a n d

~ • us e  “ c h a r a c t e r  codes ” fu r ’ “C ha m ’ a c t e r s ” .

C HCOIJI {xJ If’ i.he pna me of x is t i le e m p ty  s e q u e n c e , r e t u r n  NIL :
e l s e ,  re t u rn  c h a r a c t e r  code of the  f i r s t  c h a r a c t e r
in time ~mna mne of x .
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CHARAC IER [n ] If not FIXP [n ], let n be F IX [ nJ .
I f  n i s  a character cor4e .

r e tu rn  the Charac ter  w i t h c h a r a c t e r  code n.

MAPATOM s [ f n]  For ever y Literal Ato m . x , currently
represented in the V i r t u a l  Mach ine  do:

‘4

Return NIL.

9. INTEGERS

Definition: The “Integers ” (note capitalization) are objects that as far as possible obey the
laws of arithmeti c for inteaers (th e matf lenllatical entities). The Integers do not necessarily
constitute a distinct class of objects. Some Integers must be so-cal led “Small” Integers (see
below) with class name SMALLP. Unless all Integers are Small Integers. there must exist
another class, with class name FIXP, containing the remaining integers.

When charact ers are being read in (cf. Section 27) certain sequences denote Integers, namely
those defined by <integer > below:

<oct digit> : : r  Oj 1121314151617
<digit> ::~ <oct digit> 18l9
<oct seq> :: r <oct d igit>QI<oct digit ><oct seq>
<oct integer> ::~ <oct seq> I÷<oct Seq> l-<oct seq>
<dec seq> ::: <d ig mt > I<digit><dec seq>
<dec integer> : :~ <dec seq>I+<dec seq> I-<dec seq>
<integer > ::~ <oct integer> l<dec integer>

A character sequence defined by <oct integer> denotes an Integer object which ‘epresents
the positive or negative integer whose hase-8 expansion is the sequence of octal digits given.
A character sequence defined by <dec integer > denotes an Integer object which represents
the positive or negative integer whose base- 10 expansion is the sequence of decmnna l digits
given. In both cases , if no sign (÷ or -) is present, + is assunied.

The set of Integers is distinct from the subset of Floating Point Numbers (cf. Section 10)
which have fractional part equal to zero.

The machine tmpon which the VM is implemented will have some internal representation of
integers. This bit pattern is a meta-obj ect. called an “umnhoxed value ”. It is usually not
possible for the implernentor to distiguish an arbitrary unboxed value from an add ress . and in
pa rt ucul a r . t he  address of some o bject .  Therefore. Integers must imcu ~ II y be re pre cuor led in
some way other than by their unboxed values. There are two standard wa ys of representing
In)te ’ l ’ :m S in tine VM.

The first method exp loits ie knowledge t hat c i i  t oil addresses. (e.g.. those known to
reference ti ne machine instruction codes b r  the VM itsel f )  cannot possibly point to ob lects .
Any bit patt e rn which is such an address amid is u’~ou as an object ca ni t En o n be tre ated as
lhouqh it represented some Integer.

15
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This repres entation has two desirable properties , noted in the definition below. Of cour se,
onl y a re lativ e ly few Integers can be so represented. so it is desirable to represent the
commonly used Integers in this fashion. Since the Integers occur ing most frequentl y in user
programs are clustered around 0. w e call Integers represented in this fashion ~‘SmaIl Integers ”.

It is not usually the case that the bit pattern representing a Small Integer is also the unboxed
• value of the integer. Thus, the unhoxed value of a Small Integer is obtained by applying some

• transformation to the bit pattern representing the Integer. Th is is calI co’ ”  unboxing ” the
Integer. The inverse transfo rmation is applied to unboxed values to obtain a Small Integer.

j
~ 

For exampl e, i f  addresses less 200 1 are to be cons icered Small Integers. and if it is desired
to represent the integers -1000 to 1000 as Small Integers . then the unbox ed value of a Small
Integer would be obtain ed by subtracting 1000 from the address of tine Small Integer.

Defini t ion:  A “Small” Integer is an Integer represented in such a way that two Small Integers
represent the same integer if and only if the bit patterns representing the tw o Small Integer s
are identical. That is. no two distinct Small Integer objects represent the same rneta- object.
Consequently. Small Integers require little storage and boxing and unhoxing them are efficient
operations.

The VM requires that the character codes be Small Integers.

The second method of representing Integers is more general but consumes more space.
Namel y. the Integer is represented by the address of one or more sto rage locations known to
contain the unboxed value of the Integer . The location is called a “box ” and an Integer
represented in such a viay i s called a “boxed” or “Large ” Integer. Unboxing and boxing for
boxed Integers is done by accessing arid replacing the conte nts of the box.

Defini t ion: A “Large ” Integer is an Integer other than a Small Integer. The usual representation
of a Large Integer is as a pointer to a storage location known to contain the unboxed value of
the Integer. Two distinct Large Integers may represent the same integer .

In order to allow the user to discover f iow many boxes have been constructed , the VM
requires the existence of a f ield, called the “Large Integer box count ” f ield , which contains an
integer . The initial contents of this field is 0. This field is updated during the process of
constructing an Integer (see the definition below) , and by the functio n BOXCOUNT.

The above discussion of boxes applies equally well to the implementat i on of Floating Point
Numbers (see the next Sectio n). In that case of course , an umiboxed value is to be

• interpreted as tine machine ’s representation of a Floating Point Number.

The Virtual Machine must allow for tile possibility of arithmetic overflow or underf low. We
assume the existence of a fie ld , called the “arit hnnetic overf low flag ” f ield. which contains
either T. NIL. or (the Integer) 0. The initial contents of this f ie ld is 0. The contents can be
changed w ith the function OVERFLOW (below) and debe imi nes the behavior of tine VM in both
Integer arid Floating Po inmt o’icm f low and Linij e rf low. TIìe d€ Iii i t V l i m  beluw , w hich sl Oci f iu’ s the
process of constructing the Integer representation of an integer. (o~rn’ l l y specifies the use of
this h eld for Integer arithmetic (arid a sm niilar definit ion in Section 10 does so for Floating
Point arithmetic).

Defini t ion: The “representation of (tine integer ) x as an Intege’ “. is tine value of the mneta —
var able result (if any) after ti ne hollowing computation:

“If x is too large to he represent ed as an Intege r:

II t ime am’ i b,hir ’me t ic over tl o w f l ag f ie  lii c ontains I
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cause  e r ro r  5 with cul pr i t 1;
els e if the a r i t h m e t i c  overflow fla g field contains NIL ,

let r e s u l t  ti~ the representation of the largest possible Integer;
else. let result be some unspecified Integer;

e ls ei f x is too sn a ll (large n eg ative) to be rep resented as an In te ger:
If the ar i tir ’iet i c over flow fl ag fiel d  contains I

cause error S with c ulprit —1;
e lse i f the arithmetic overflow fiel d contains 14ff .

let result be tine representation Gf the smallest (large
negative) possible Integer :

else , let result be sony unspecif ied Integer;
4 elseif x can be represented as a Sm all Integer ,

let result be the Small Imi te ge r representing ~ ;
else:

Incr em ent the contents of tile Large Integer box count f ie l d by I
and store the result in the lar g e Int ege r box count field.

~et result he a newl y created boxed lnt ~ mjer represer ’ti mi g A . ” J
Note that if an overflow or underfow occurs while the a rithn met ic overf low flag field is 0. the L
Integer result of the above process is unspec ified. The most natural behavior is that which
would result f the overf low had n i~ t been detected: Tine In m tc ’r: er result represents whatever
bit -pattern the hardware produced during the ar ithmetic operation.

Defini t ion: The “floor of x ” . where x is a runnbe~, is the largest integer less than or equal to
~~ . The “ceiling of x ” is the smallest integer greater than or equal to x.

Thus, the floor oF 2.7 is 2 and the ceiling is 3. The floor of -2. 7 is ‘3  and the ceiling is -2.

De finit ion: The “integer part of x ”, where x is a number. is the floor of x , if x is non-negative.
and is the ceil ing of x . i t  x is negative.

OVER FLOW {flg ] Let o l ml fl g be the conte nts of the arith m et i c overflow
f l a g  F i e l d .
I f  mo i ffg I and not ~~~ 1411

l e t  I Ig be tin e Imn t~r r j e r  0 .
Set t ime a m ’ u~~, t~ r ’r ~~ t i C  i v e r f l a g  f l a g  f i e l d  to f ,!,,g .
R etum ’ m n o I d I ,jjj .

FIXP [x ] I x i s  an inte g er, return A :
else, return NI I •

SI4ALLP [xl If x is a S m a l l  Integer . return x :
els e , return N I L

IEQP[ i : jJ If F I X i [ l  j and F IXP[ j]
i t i and j m ’eli i’es mmn t tine same integer , return T ;
e lse . e t u m ’n m il l :

Note: IEQP is only specif ied for Integer arguments. This is so that the check can be made
reasonably efhcient ly. i’ti,:l is , the two arg tinnents can be unboxed and com nip;nred without
regard for tIne consequences i f they are in fact not Integers (provided the uiiboxi img does not
destroy the st ,ite of tine VM).

S E T N [ i m v a r : v a l f r r r ’ r ; n } (NOEl/A L )
If 1 1  l A l O M [ m m v a r ~~:

S 
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Le t  n be EVAL [g~~~:].
Let val be EVA I [valforia].
If not NUMBE RP [ va t ]. cause error 10 with culprit va l;
else i f in is neither a boxed Integer
nor a boxed Floating Po int Number ,

return S Ei [mmv a r;~~ .i]:
else, store time u mn b oxe d value of val
in the box assoc i a t emt with n , and return n ;

else , cause error 14 with culprit nv ar .

Note that if the box itself affects the determination of what number its contents represents.
then SETN[p~~~:valform ] will not necessarily make nvar represent the same number as vaflgrm.
For example , if is a boxed Integer and z is a Floating Point Number , then SETN[~~] merel y
deposits the unboxed value of z into the box associated with i. When is used, the contents
of that box will be interpreted as an integer. That integer will usually not be tine number
repr esented by ~~.

s oxcou Nr [ type;n ]
I f  n~ N I L :

If .~~2.!= 1JI L , repre sem n t and return as an Integer the
integer in the Large Integer box count field;
e l s e , r e p r e s e n t  and r e t u r n  a s an In teger  the
integer in the F l oatiim g Point Fl um iber box count field.

else , let n be FIX [n].

If ~~~~~h IL , replace tine contents of the Large Integer
box count field with tile integer represented by n ;
else , replace the contents of the Floating Point Number
box count field with tine integer represented by n .

Return n.

FIX [n ] If FIXP [n ], return in ;
else i f F(OAIP [ri]:

Represent and return as ar m Integer
tin e integer part of 0 :

else , F IX [ERI1ORX [LIST [10 :n ]]]

IG REA IERP [i :j ] If not FIXP [ ]. let i be FIX [i].
II’ riot FIXP [j], let j be FIX[j].
If I > j. return 1:
else , return NIL.

ILESSP [i;j] If not FIX P [i ], let i be FIX [i ] .
It’ not FIXP [,j]. let j be FIX [j .
If’ 1 < ,~~

, return 1;
else , return NIL.

IPLUS [n 1 ;n 2 ;. . .fl~ J
For eac in n

~
, if no t F I X P [ n ,I, l e t  n~ he F I x [ n ~ J .

If k is  ,ero ,  re t u r n  tine Sm m n a l  1 fin t ege r  0 :
e l s e . rej m i’e sen m t a nmh m ’ e t u r n  as an Iii tege r
tine i n t e g e r  fl

1~~
i~2

’~~. . .
ID I F F E R [ N C E [ i : j ]

If not F I X I m [ i ] ,  l e t  i he F I X [ i ] .
I f  not FIXP [j]. let j tie lX [ J ] .
Hej~res ent and return as an Integer
tine integer i-j.
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lFI I~~us [n ] If mi o t  F IX P [ n ] .  le t n hi- F lX [ r n ] .
Represent and return as an Integer the
imi t e gei’ — g .

IT I MES [ n l:n 2 ; . . . nk]
Fo r  each  in 1 .  i f iiot. F IX P [ n 1] .  l e t  ii , be i’ IX [n 1].
If k is zero. reYrjn t m . ’  Smn afl Ir m t -g e r 1:
else . repn’e semn t ~~~ re tu r n as an In te ger
the integer g1 g2 ’~~k

IQUO TI E ri T [i :j] If not FIIP[.!]. let I he FIX [1].
If not FIXP [j]. let j be FIX [j].
If j=0 . cause error 5 w i th culpri t ,~~

.

Repre sei m t anti r etu rn as an Int e ge r the integer
part of i/j .

IRE I4AIN DER [i :j ] If not F[~ P1i ]. let I tie FIX [i ] .
If not FI Y .P[J]. let j be ~L~[j J .
II’ j~ 0. cause error 5 ~‘n th c u l p r i t  ,j.
Return ID I FFER LN CE [i :ll I1IES [iQuOf lEtJi [i;j ] :j]].

Definit ion: The “N-bit binary expansion of (Integer) n” is the ordina ry binary representation of
the integer (represented by) r~. in either 1 or 2’ s compleme nt notation (implernentor ’s choice)
arid e nmm pIo~ mng N bits , wi lh the high-order bits (and sign) to the left.

In the following, N must be at least large enough to allow an N-bit binary expansion of every
Integer.

LOGANO [n 1 ;n 2; . . . n~~]
For each n~ . if not FIX P [n~ ]. let in 1 be FIX [n

~ ].If k is zero , return an Integer whose
N-hit binary expansion contains all l ’ s;
else , return an Integer whose N-bit binary
e x pansion has a I i n  b i t  p o s i t i o n  j (l=< j= <N),
if and onl y if tile N-bit binary expansion of each

has a I in bit position j.

LOGOR [n 1 :n 2 ; .. in k]
For each in 1 . if not FIXP [ri i]. let rm~ be FIX{ nn i].
If k is zero , return an Integer whose
N-bit binary expansion contains all D’ s;
else , return an Integer whose N-hit binary expansion
has a 1 in bit position ,j (l~ <j=< N ), if and onl y
if the N-bit binary expansion of some mm 1 h as a
I in bit position ,.j.

I OGXOR [n 1 ;n 2;. .
For each rn~ if not FIX P [n~ ], let in 1 h e FIX [fl~ ].
If k is zero . retur m n am Integer whose N-bit
b i n a m y  expansion contai m n s a l l 0’ s:
else . return an Integer winose N-bit binary
ex im a mi s ion has a I in ii i t  p o s i t  iou j ( I = < j ~~rJ )
if a nd o n l y i f  ann odd niu rm nber o f  the have  l’ s in
h i t  p o s i t i o n  j.

LI SIl [n ;factor ] If not FIXP[n ]. let ii b~ F I X f n ] .
I f not FIX P[fa ctor ] . let factor be fIX [f,n cto r ] .
Return an Inleger whose
N-hi t  binary expansion is o b tai mne m i from that of n

19

• ‘~~*‘~~. ‘w- ~~~~~~~~~~~~~~~ —. .-. .,. . .‘~~ .~~~~‘ • • ... - . , ,  ‘.~ 
. •

~
.

—5.- —



by s h i l t i r n g it f a c t o i ’  h i t  p o s i t i o n s  to t h e  l e f t
( a i d  f i l l  ing with 0’ s) if f a c t o i ’ > O.  and shifting
ii factor b i t  positions to the ri ght (anti f i l l i n g
with D’ s) if f a c t o r < 0 .

Note: “LLSII ” stands fur “lo gical left shift” .

LRSH [n;fact or ] Return LLSH [n ;IF’IINuS [factor ]).

LSH [n;factor ] If not FEXP [n]. let n he F IX [ r n ] .
If not FIXP{ factor ] . let factor be FIX [factor ].
If the floor of um t 2 ’ f  a c t o r  can be represented
as arm l n nt eger  , r e p r e s e n t am i d re tu rn  as an
Integer the flonr of n~ 2 :factor;
else , return an unspecifi ed Integer.

Note: In INTERLISP-10 LSH is implemented as arm arithmetic shift instruction. If the high-order
bits are lost oii the shift. the result is just the Integer representing the remaining bits.

RSH [ n ’, f ac to r ]  Return LSFI[n; It . I [ F I U S[ f a c t o r ] ] .

GCD [i :j] If not FIXP [i ]. let i be FIX [i ] .
If n o t  FIXP [j ] ,  let j he F IX [ j ] .
Represent and return as an Integer the
greatest comm on divisor of i and j.

10. FLOATING POINT NUMBERS

De firni t i on: “Float ing Point Numbers ” are obIects that as far as possib le obey the laws of real
ar ithmetic. The Floating Point Numbers constitute a distinct class of ob lects with class nanne
FLOATP.

During input (cf. Section 27). Floating Point Numbers are denoted by character sequences
defined by <floating point number> given below in terms of the Integer syntax:

<dec real> : := <dec inte ge r > .<dec seq )I<dec integer>. .<dec seq>
<floating p o i n t  number> : : =  <dec re al >V d ec integ em ’>E ’.dec in te ger >~

<dec real>E <dec integer)

A character sequence defined by <dec real> denotes a Floating Point Number object which
re l) r?sents the real number wlt ~ c : ’  decimal expansion is the sequence of character s given .
fol lowed by an infinite sequence of 0’s. In t i me absence of a sig um (+ or -). + is nssunnned . A
sequence defined by <dcc i n t ’ L n  >E<dec mn leq ~ r> denotes a Fio;ulnnq Point Nm,mmnbe r object
which represents the real obtained by nmul ti plynng the f irst denoted i nteger by 10 raised to tine
e Dwer denoted by the second (e.g. l25E~ denotes a Flc ~a t m m i ~j Point Number mprese nnt ing tine
real 125000 0.) A sequence defined by <(hoc real >E<dec integer> is m nnien p reted analogousl y
(e.g. . 125.4E3 denotes a Floating Point Nni nm ihe n represe unting ti me real 1 2~ .100.0).

Although a given Floating Point Nunniber repr eseints exactly one real , it is inot time case tlnat any
real can be represented. It is recognized that Floating Point Nuninbers inimerenlly have a finite
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magnitude and precision. Neither tine max~mum magnitude nor the mmnmimum precision is
specified since these quantities are largely determined by the host machine ’s architectu re.

Defini t ion: We say “(the Floating Point Number) x represents (the real) y to maximum
pre cision ” when the real deviation between y and time real denoted by x is as small as
possible given the host machine ’s internal repr esent a t monm of Floating Point Numbers.

The VM requires the existenc e of •m field , called the “Floating Point Number box count ” field ,
which conta ins an integer. The initial contents of th e fmeld is 0. the field is updated by the
process which constructs Floating Point Numbers and by the function BOXCOUNT.

Defin i t ion:  The “representation of (the real) x as a Floating Point Number ” is the value of the
meta-variab le result (if any) after tim e following computat ion:

“If x is too la rge to  be rep resen te d  as a
F loa t i ng  P o i n t  Num im her:

If the a r i t h m ’ ie t i c  u v e r f i o w  f l a g  f i e l d  c o n t a i n s  1’ .
cause error 5 w it h cul pr it 1. 0;

e l s e i f  t im e a r i t h m ’ m e t i c  o v e r f i o n :  f l a g  f i e ld  c o n t a i n s  NIl ,
le t result be the representation of time largest pcs s ih l e
F l o a ti ng Po in t t h u n h e r ;

else, le t result he som e  u n s p e c i f i c i  F l o a t i n g  Point ijuin b er.
else if x is too close to 0 to be represented
as a Floati n g Po i nt Nur m nb er . let resu l t be til e representation as a
F l oat imm g Point Nuambe r of the real 0.0:
els e if x is too sm n 3ll (large negative ) to be
represented as a Fl oat iung Point Number:

If the arith m etic ove i ’flow flag field contains 1 .
cause error 5 w it h cul pr it -1.0 :

else if the a i ’it hn etic ov erflow flag fie l d  contains N IL ,
let result be the representation of the sm a l lest
(large negat ive ) poss ible Floating Point Number:

else , let result he Some unspec i f i e d  F l o a t ing Point FJu m nber .
else if x is to he represer item i as a boxed
Floa t i n g  Point Nu rrih er ( m i p l e m n e n t o r ’ s cho ice ):

Incr em ’me nt the con t eimts of time F l o a t i n g  Point Nu i:mb er box count
f i e l d  by I amid store til e result in the F l o a t i n g  P o i n t  Num ber box
count f ield .
Le t result be a newl y creat e d boxed Float i n g  Po int Num ber
represe n mtin g A to mflaxiflmm i :i p r ecision:

else, let result be t ime u ;mbo xed F l o a t i n g  Po int Num im l ier representin g x to
flax im umn precision , ”

FLOA1’P [x] If ~ i s a F l o a t i n g Point Nur ih~ m- . return x :
else , return NIL,

FLOA F [n ] i f FFOA IP [ mn ] . retur um Ii:

else if FfXP [im } :
ll epr e s em m t ammi l retu rm n as a F l o a t i m m g Po i nt
IJ umnt i en ’ time real oh tam n eil by
appe n m l ny a rio . mm m l m u min t fol Ium ’,r m l by
,nn Iui f i f l  to Se m l u emn m .i? of 0’ 5 to t h e  r i g in t
Of the il~ c m l  o ~na mns i om m ui mm .

else. FL () 1~ l [tI lIh(II1 X [L l sl [1Q : m m j ] ] .

FGREA IE RP [x :y] If not F IOATP [x ] . let x be F IO A I {x J .
If uot FiOA IP [y], l u t y In- F I (lAl [y].
I f  ~ ) y. n’ en .urn I : el se . return NIl . I

i
.
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FI . L S~ P[.’ :y] If n ut F L O A I P [ A j .  le t  x be FI.OA I [x ] ..
i f  n o t  F IO A I P [ ,y ] . l e t  y be F IOA I [y ] .
I f x < ~ , return T; else return NIL.

F PLUS [ n 1 : n 2 :. . .n k]
F o r  eac in n

~~
, i f n o t  FLOA 1 P[ r n 1 J ,

l e t  n 1 be F~ OA J [fl~~].
I f  k is ze ro , r ep resen t  and re tu rn  as a F l o a t i n g  P o i n t
Number the real 0.0;
else. represe mi t and return as a Floating Point
Num m nbe r the rea l  ~~~~~~~ ~~~

FD I FF £REN CE [x : y]
If not F~O A l P [ x ] .  let x be F [ O A T [ x J ,
I f  not F L O A I P [ y ] ,  let  y be F LOA f [ ~ ].
Represent and return as a Floating Point
Number the rea l  x - y .

j FIIINUS [n ] If not FLOATP [mm ]. let n be FI •OA l [nn ] .
Represe nt and return as a Floating Point
N um ber the real -n.

FIIM LS [n 1 : n 2 :. ‘ ‘flj
For each n

~~
, if mmot FLoA FP [n

~ ],l e t  n be FLOAT [n i].
If is zero, represent and return as a
Float in g Point Nu m ber the real 1.0:
els e , represent and re turn as a Fl o a t i n g  Point
!J~~rt er the real , , .

FQu 0T IENI [ i :j] If not FLOATP [i] . let i be FLOAI [i].
• If not FLOATP [J]. let j be FLOAE [j] .

If ~=0,0 , cause error 5 with c u l p r i t  ,j.
Represent and retur m n as a Floating Point

4 hl u rm be r tile real i/j

FREi .lh\I1ff~~R [x :yJ If not FLOA IP [x ] . let x be FIOA I [x ] .
If n ut FIOAEP [y]. l e t  y be Ft . OA1 [y].
If y = 0. 0 . cause error 5 w ith c u l p r i t  y.
Rep rm m sem r t and retur m n as a Fl o a t i n g  Point FJu m mber
the real repr e se n t i mng the diff ei’ence between x and
th e unboxed valu e of (x/y)* y

Note: FREMAINDER is non-zero only due to the finite precision of time host maclnirme ’s Iloating
po!nt a n ithr nmetic.

11 . ADDITIONAL ARITHMETIC FUNCTIONS

The fol lowing VM funct ions could be defined ri ter nnns of those in the last two Sectio rms.
However , it is us~ h miI to cor nsider t l ne n n i  p r i m i t i v e .

N UMBE R P[x ]  If f l X l ~[A ] or F l OAIP[x ]. return I:
else return NIL .

M INUSP [x I If FIO A IP [x ] . m ’etum ’ nn 1 i’h I~f l J ’~l’ [xJ :
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e lse  r e t u m ’mm Iti l riuSl [~~J .

G R E M E R P[x : y ]  If F L O A I l ~[~~] om’ F L O A I P [ y ] ,  r e t u r n  F G R E A I E R P [ A y ] ;
e l s e r e t u r n  IGRE A I E F l P [x :~ ].

L E S S P [ x : y ]  ( S a i : e  s p e c i f i c a t i u n  as in 1 , R E A J E R P  e~~;ep t  u se
E L E S S P  i n st ~~ad of F G I 1 E A I E R P  and ILESS P instead of
I G R E A I E R P . )

PLUS [x 1 :x 2 :. S

If F L O A T P [ ~~i] . 
f o r a n y  I < j ~~<l( :

F P E U S [ A 1 :x 2 :.
else IPIUS[x l :x 2 ; .. .x kl .

DIE  F ER EN CE [ x : y]
(Sane as G R E A 1 E R P  e x c e p t  use F D I F I - E R E N C E  for
FG R L A T E R P  and I D I F F E R E t J C E  for  I G R E A T E R P .

FIINU S [ x ]  If F L O A l P [ ~~]. r e t u r n  FM IN US [ x ] ;
e lse  r e t u r n  ib I INU S [x ] .

T I I IE S[x 1 : e 2 ;  . .  . X ~~]• (Same s p e c i f i c a t l o i m  as fo r  PLUS e x c e p t  use
FT INES fo r  I- PLUS and IT LI ’ l tS for  IPl U S . )

Q U O T I E N F [ x : y ]  ( S a m e s p e c i f i c a t i o n  as fo r  G R L A T E R P  e x c e p t
use FQUO I IEU T for F G R E A T E R P  and IQUO FIENT

• for IGREA I ERP .

HEI . IA IN D ER[x :y ]  (Sa m e specification as f o r  GREATERP except
use FR E 1.IA IUDLR for  F G R E A I E R P  and IREFI A IN DER for
I C R E A F E R P .

EXPE {x:y ] Ii not ru . r t ~~R P [ x ] .  c a u s e  error 10 with cu l prit x:
e l s e i f  not N Jh :m I RP [ y ].  ca use e r r o r  10 w i t h  c u l p r i t  y.

If F IX P [ x J  and F I X P [ ~~] and y > 0 :
a m id  r e t u r n  as aim I m m t e g e r  ~ t~~:

e l s e i f  x 0  a mm d no t  En)P[~~:h - IX [y] ] :
Cause  e i m ’ o r  17 w i t h  c u l p r i t
C ON S {” I l l eg al ex po nenti a t io n: ” h l S l [ : E X P E : .x :yI ] :

e l s e , n’ ep r e sent and r e t u r n  as a F l o a t i m m g Point
Nim nm ber t ine r e a l  x y .

SQ RT [ x ]  If not  NUi . iUEhlP [x ] .  c a u s e  e r ro r  10 w i t h  c u l p r i t  a :
n l s e i f  x < O ,  ca u s e  er ro r  I?  w i t h  c u l p r i t
( .( i~is [ ” SQ RI ut n e g a t i v e  v a l o r  ]

Re n r e s e n t  amm d m e t m m n ’ n m s a i m a t i n g P o i n t  t~m j r i ber
t i me squam’e  rou t  of  A ( m n u t ~ t h a t  c ma y he
a F b a t  i n g Pu n t  Nmn i r n ti e r or an Im i te g er )

Loi; [xJ Ii not IJI FIIH hlP [v ] . m :au. o error 10 wit h culpn ’ it x:
• e l s e  if  x < 0  . c o o s —  n r ro i  1 /  w i t h  no 1 pr i t

CONS f”lOG ol m n e g i t m v e  v a l i i e ” :x ] .

Re~n re s em n t amid ro l mm’ n as a F lo ot  immg P o i n t  Num imb er
t ime m a  tura I 1 imy ar i liii ni x ( no te  t ha t  x nay be
a F l n a t . imm g P o i n t  N m j - h . ’ r  or amn I n t e g e r ) .
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ANIIL O G [x ] If riot ‘ J?-IPERP [x l . cause eri’or 10 with cul prit x .

Represent am n d return as a Flo a t i n g  Point N imi j e r t h e
real whose natural lo garithm is (note th at x may be
a Floating Point t. rdj, r r or an Inte ge r).

SIN [x :ra d iansf l g]
If not IJUMBLRP [xj , cause error 10 wi t h  cul p r i t  ~~~.

Re p r e se nt and return as a Flu - t i n 0  P( nt
t~j - r r t. ,m r the sine of ‘. ( m e a s u r e d  in r~ ail s
if r a d i a n f l q ,  otherwis e in degrees )
(Note t h at n ay be a F b oa t imng Point Nu rmbe r
or an I n m t e y e r . )

COS[x : ra c l ia r is f  by ]
(Same specificatiomm as for SIN ea :ept use
‘ cosine ” immstead of ‘ si n e ” .)

TA t. [x :radiansf l g ]
• (Same spec ification for as SIN except use
• - “ t a m i g e r n t ”  i n s t e a d  o f “ s i n e ” . )

ARCSI N [x :rad ia ml sfl g ]
If not  b-J U1. IBLRP[ x J .  c a u s e  e r r o r  10 with culprit x :

• e l seil x < -1 or x > 1 , cause error 17 with
c u l p r i t  cONS [”ARCS IN : arg not in range ” :x].

Repres e n i t and retu i ’n as a F l o a t i n g  P oi rm t Num ah er
the a m i g l e  ( r ic asur r i mi in r a m h i a n s  i f  r a d i a n f l g
and o t h e r w i s e  t r e a s u r e d  in d e g r e e s ) b e t w e e n  -00 and
÷90 degrees whose sine is x ( n o t e  tha t  x may be a
Floati n g Point N ur itme r or aim Integer).

A R C C O S [ x : r a d i a n f l g ]
(Same specification as for  A R C S T N  e a c e p t  use
“ cos ne ’ for “ s i n e ’ , A 8C ( •fty’ for’ “ARCS IN”
“0” for “ -90” and ‘180’ for “

A R CTA N [x ;ra d ia n flg]
If not NLf f IB ER P[x ] ,  c a u s e  em ror 10 wit h  c u l p r i t  x.

Re p m ’ e s e mi t aim mi m ’ eturmm as a F l m a t m n m j  Po in t  N:mmrh:er

~r u j  Ic (r io is u r e d  iii i’ad main ~ ii ~i li a n i l
a r id  r i  ‘ m r w i ’ ~rr i m e a s u r o m i  in ie g r~~~5) b e t w c e m n  0 am r r l
180 l o r j r e e s  man -i tam n mj e mm t is  ( n o t e  ( m a t  nay he a
F na nm j u i in t ~ m mli or n i~ mm m i In t erj or

Ti m’ f oI I owi r r 1 f r i m m .t vl mn . RAN D, is me to nmenn e r mit ~ p • mi j ) — r r rdn nnm r mu nm m be r s . It is ,is~ u mnm :CI  tlnat
in nrte r l~ so :pm r ne, F1AT.l [J n o . 1  save ~n mmi r . , t F m t n mini -m r mi ,j i o n fr i i i  one m., hl to the next.
lIe 11.1 mm - ; mi rm mmn- . this ~I t t  r i b  m n i i , m t i o i i  ( c u d  a H/~~di ;L.li: ) is m : n ’ m t n i r i - t  m m iii in m n ~~l n r n m i m t )r
dr— fined oblent (called a “RA N ) Stat~ ” — n n r m i t . ’  c~q ita h izatio iii nj  is sl~~ ed in tIm e value f ield of
l i me I ih ’ i , I  A ton im HA( U)S A fE Tlnm. V IvI also .‘e ,oun m les t im mi t  a R/~NL.) St,iin caim be destructively
modilied so as to rr’ ~m n ‘~. emn i any q ivc nn RAND t i P ’ . (Thus. a RANL) St ile m m m l i i i  be a boxed

:
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Integer cap:it ;Ie ~ represent ing many intege ns. In INTERLISP-10 it is a List Cell containing two
boxed Integers.) This allows RAND to save its new (next) state in tile object representing its
current sta te. thereby avoidm mng the creation of a new object. Finall y, it is assunmw d that such a
s tatO entirel y determines the nex t  inumber generated by RAND (for a giver) pair of arguments).
(Tha t is. if a copy of the current RAND State is saved and t lmen RAND is used to generate
some sequence of “ rand om ’ numbers. the same sequence can be c mm nm erated in the future by
restori nng the saved State (w ith RANDSET) and executing the same sequence of calls to
RAND.)

RAN D[ l owe r :  uppe r ]
Le t  s t a t e o bj  be RA r J D S IA I E .i i If s t~~~~y~ j  is imot a RAND S t a t e :

let stateo im j be RA FJDSE T [I] .

If FIXP [lowe r ] and FIXP [upj~~~]:
Using tile RAND state in stat eohj as
t ine current sta .e . generate a p su edo -ran do r i inte g er .
i . low e r = < i ~~<yg,p~ r . and a new s t a t e , ~~~.

Dest m’ u c t r v e l y m o d i f y s t a t e o j ~j  so that it represe nts s.
Represent am i d return as aim lm mte y er the integer i .

e lse :
I.et lower be FLOA IP [b ower ] .
Le t upper be FLOAI P [u~~ er).

• 
•
‘ Using the RAN [) state in stateohj as the current

state , genera te a psue i o -r a im doml r oa l ,

~~~. .! .i C =< ~=< yr..a~E. and a new state , s.
Destructivel y modif y s t a~~ g~_i so that it represents ~~~.

Represent and return as a Floating Po int Number
the real x.

RAN [)SEI [statel If s t a t e = T :
let newstate be a m e w  RAND s t a t e  c r e a t e d  f r o m  a n y
(pse udo - ) ra ndoim source av a i l a b l e  (e.g.. a ru mm -tim ’ ie

• clock ).
• Let n ’ew stateobj be a n e w  R A N D  S t a t e  (miote upp u r case)

4 r e p re s e r r t i m m g m r e w s t a t e  ( l . C . . ire . , . t~~t . ~~i J is a no- mm object
• ‘. as w e l l  as b e i m r g a r e p r e s e n t a t i o m n  of  a c r e w  state ).

SE IQ{ RA t IS TA FE: in emv s t m m I
• else if Sta t -i is aim o hj c c t  t inat  r e p r e s e n t s  a

val iii RP~N1) s t a t e :
Le t  n e w s i te tie t ime RAND s t a t e  r e p r e s e n t e d
by ~~~~e.
l e t  n e w s t a t e o b j be a new RAND S ta te  (note upper case)
representin g new stat e (i .e.. nrmw s i.mm t en b~ is  a mm mi i object
r ep resem i  t i nc j the old state i ’epm’ ese m m t ed b y e ta I C )
Si IQ[PR .ii ; I A I  F. : i m w ~~t a t  i i ]

~ ls i f s t i ~ nm / N I l

Cause error 17 with culprit
FWN t [ “o rg  not  p i’ev i mis s a l  uc of dr~t J D SI ~ I” : s I a i m - ]

Re tu rn  mm 1 m w  RAND State ( m i J t .e upp er case)
i’ cpr eso n t i ny i. tie s l.a t i  m p r i r se im ted  by PAN I) S I A l E

• ( i . P ‘ 1 m m  a now objoci. wim i cm
rep re e rn ts  t he c u i ’ r - i m  I. RA Nt ) s t a t e )
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12. STRINGS

• Strings are obj ects which represent c l i ,t rac t e r sequences. Howev er, tile String h m: mn c lm ng
functions expose a c? l t , i r i  annount of the inte rnma l rep n es, :-i it iun of Strings. It is pos~iible to
f o r m  t . ’.O distinct Strings w hich share time sanne nternal structure. This carm be detected by
replacing the characters in either String ammo observing side-e lfe cts on t i e  other. Therefore ,
Strings have a richer and inane com plicated structure than mere charact er sequences.

We niust first introduce the concept of a “string ” (note lower case ). Intuitively , a str ing is like
a character sequence in that it spe c if ies s-j nm me succession m of ct im r ,.mct e rs.  However , unlike a
character sequence, the ith characte r in a string can be changed w ithout producing a new
string. This can be fo rma li zed as fo llov is:

D ef in i t i on :  A “string (cf  length n)’ is a meta-ob ject flaying n f i u t ~ s. each identified with an
integer . 1 ~<i~~< n (prov ided n>O). and each co um ta m n m nm a a Chiar icter. At any instant a st ring
“rep re m’ :nts ” the ch iracter sequence wit h the some succession of Characters.

Definit ion: A “String” is, aim object with the fo l lowing properties:

(1 )  There is a field , called the “source ” field, which ma’j contain either a character
sequence or a string

(2) The re is a field, called the “position ” f ie ld, which conta ins a positive integer .
w i th  the restr ict ion that the integer cannot be greater than the number of
characters in the source.

(3) There is a field , called the  “ctma rcount” . which co ritai ims a non-negative Integer ,
v~ th the restriction that tIme position plus clnancount of a String cannot exceed
the number of clmaracters in the sou rce o! the String.

Strings constitute a distinct class of objects with class name STRINGP.

At army in s ta n t , a niven String. x . with position . i . and charcount. n. represents the character
sequence con s mst ing cit time n characters in the source of x . start ing at the tb. Th is is the
pilame of the String.

The reason the source field nmay conta in either a character sequence or a st rmn ig is that it is
conmv e r i ient  to produce Stri rmgs cire otly from time con te n ts of the mmmc fields of i t e m mt  Atoms
without converting those Ctmn ra’~tur seqtie rnces into character strings (cf . MKST RINO). Of
Course. sin it is impossi ble to clnange the characters in a c h a rac t e r sequence. the source of
such a Str u ng nmust he replaced by a st u ng the first time a c hi :m n:m c tei  is to he changed (cf.
RPLS URI NG) .

Defi n ition: Aim “e m nm pty String ” is one w ith charcount 0. TIne source arid pa m Iron t i m  -Ids of an
empty Strinn q are irreleva n t.

Definition: “Create a new String re presc ’ m mti mg (c imaracter sequence) x ” mea rms “Create a new

SIn rip. s ’ i i thn c . : m in  cc set to a new strin g repr :sem i l mm iq K , posit ion or t to 1 , arid charcou mit s a t  to
th i n lencjtlm of x .” Wli ’nim m ver tlm e sour ce, position , or charcount of a new Stn nc; is riot as
speciti ’ -d above, W O will be exp licit.

NCI lA DS (cf. Section 8) rettirns the number of characters in the pimame of a Stm mm Nil ICHAR

(cf. Section ~) returns t t n mc  t In Clmarac her in tIme pmm m iie of a String.
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SFRINGP [~ ] I f’ * is a String. return x :  e l s e  r e t u r n  lilt . .

SJREQUA L [ x : y ]  If S1RINGP [x] and S1RINGP [y]:
I f  the c h a r a c t e r  s e q u e n c e  r e p r e s e n t e d  by x is
the saimm e as that repm’esen te d b y ~y. return x :
else , retum’n N IL.

M K SF R I IJ G[x ’, f l i j : r d t b l ]
I f  f l g :

Create and return a new String representing the
P RI iN 2 - p m ma me of x w i t h  r e s p e c t  to rd t L .

• e l seif STRINGP [ x]. re tu r n  x ;
el se if LI1AIOt’1 [~~]. create aii d return a new
String with source se r. to the na in ie of ~~.
position set to l. a t  Jma rcoun t set to the nunber
of characte rs in the ma ine of x :
e l s e :

Create ami d return a ne- i Strin g representing the
pnaiie of x .

CDIJcAI [x 1 :x 2:. . . x ~~]
• I f  n is iero , create and return a new em p t y  String:

e l s e :
• Create and return a n e w  S t r i n g  r e p r e s e n t i n g  the

character seque nce obtai m ned by concatenating the
pna r ’ ies of 

~~ 
th rough 

~n (in that order ) .

RPL STRIN G [str: n ;newchars ]
If not SIRINGP [str ]. l e t  s t r  he  t .IKS FRINi [str ]
If mm is NIL , let n be 1:
else if not FIXP [n ]. l e t  n i)e F IX[ n i ] .

If n<O . let n be NCHARS [st r’]+n+l.
If n<O or n=O o.m’ rm> UCIIPmR S [str j.

ca use em n’or 27 witim c u l p r i t  n ewc lmars.

I f  n e w c h a r s  i s  a L i t e r - a l  A r . o c - m or a S t r i n g
and i— t a . dA R S [ n e w c h a r s j —  I > Nj IA R S  r Li ’]

c a u s e  e r r o r  27  w i tim c u l i m ’ i t  m e w : h a m S
e l s e :

If the source of str is r c h a r a c t e r  se quence
(rather (lion a string). m’ep lace (he source of
sir w i th a string represe n ti n g tine source of str.
Let st rsoum’ce be the source of sir .
Let I he tin e p o s i t i o n  of s tr .
L et 1 Ire the charcount of sir .
Rep lac e tii~ m:ontents of t im e s u c c e s s i v e  C h a r a c t e r  f i e l d s
of s t r s o u r . e . start ir:g w ith the i ’n l s t .  w i t h  the
success m ye i l i a r a c t e r s  f r o ; m  t Ir e picn ic of m r e w r l i - m r s  (from
l e f t — m i s t  i.t m mo u gl m r i g h t - m i s t ) ,  amid if t h i s  proce ss re i l u i i ’ es
the re rm I ac emlmeni t or -i I m e l d  b eyond time i +I~ 1s t one.
C i i S C  error 27 witim c u l p r i t  n ew c ima rs.
i eturi m sir ,

SU BS 111 1 IJN[ s t r  : 0 : 1 1 ]
I f  r iot  S l i t l t J i , P [ s t r l  amid not  L I I A IO1- l [ s t r ] .

m l  .~ tr Lii ii ’ Ii I N i4 s t r ]
If n is Ni l , let n b c  1:
e l ~ e i i  h o t  F lX l ’ [ n ] .  lo t . n lie F I X [ n ] .
I f en is f i l l .  l et mm lie N
il so  i i  no I. (IX Ii [mfl ] , ~rt mm Ii , F lx i i i ]  -
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If mm< Q , le t  ii Ce Ni r / ~ [ s t r  j — n - ~1 -

If m’i<O , l o t iii Ce NCHA imS [str ]~ n*i .
i f  im<O or n=O or n>mnm , return NIL .

I f  s IRlNu P Is t r J :
Le t  I me t ime c o n t e n t s  of t i e  p u s  it ion f i e l d  of s t i ’
Create and return a new Str u ng w i t h  sOu m ’ce
set to tIne source of s t r , p o s i t i o n  to i +n- i .
and ch arcount to m m n - n - s ’ j ;

e l s e :
Create and return a new Str u n g  with source
set to the name of str , posit iou to o , and cha r count
to  r n - n F l .

If not StR1 Y~SP [str ], l e t  ~tr be l . IK S T R I NG [ s t r j .
If’ str is an e:’ipty string ,

• return Ni l . :
else:

L e t  y me t he  first Cimaracter 1 mm the p ool e of’ sir .
Let I be the contents of the position fie h m i of str .
Set Lime posi t io m n field of sir to i+I.
Return  ~~~.

GlC {str ] If rmot SIR INGP [str ], let str be MKS IRING[ stm’ ).
• If str is aim em’ ijm ty strimmg.

return NIL;
e l s e :

• Let y be tim e last Character i n  the pn ammn e of sir.
• Let n be the c imarcount of s t r .

Set the cinarcount field of str to mm— i.
Return y .

The next  function searches one string for the first occurrence ~f another. Hui v~e,er . wild ceid
characters are a llowed. iiius, vie will define tIme notion of two character sequences being

• equal ‘.‘.‘i t lm respect to sonic wild card ch aracter:

Definit i on : “(character sequences) seq 1 and seq2 (each of tengt tm mm) are equal with respect
to th e wild card skip ”. wtmere skip is an arbitrary object. meorms “For each i from 1 to im , either
t lme lb Character in seq 1 is skip . or is tIme ith Character in seq2.”

Sb RPOS [pat : s tr: start: 1. ip: anchor; t a i l l
If ~t.art N IL. , let start be 1;
else i f N L J iiSihii [s tar t l ami d sta i ’t<O:

L et s t .m r t be Ni IIAII S [st r }FSt am ’t—l ,

if mint F I X P [ s t a r t ] .  lo t s t a r t  he F IX [suir t ] .
Let I r at l en i the l em i g t h of t ine p m - i n c of Hi: ’m e t  st i ’h en t ie t ine l em ig th  of thin puiar ie 01 sI r .

• I f h o  tor i .  . I ~ ~, nin a x be i. ir I.
else . h a t m.~ be s t n L e o - b a t i e i m * 1 .

If t h e r m -  is a im int o j r , I . s l a r t ~~(cn~ m i m m~~.
suc h t ime i t ime I m m u n e  ( 1  f i t  anmt I lie ja L l oin I ni mi g
s iuim s tr mr j mb t i e  mm m m m c  o t  ‘. r- i m m  I. n imi J ht  are
e q u a l  with 1 51 .oi l i i  the c i  Id c m i i sk~ p:

t Let i Li e t Im e s i n a i  l e s t  v , i l ue  i lom c mtmid N y so hi an I .
If t i l l . n’ e p r e s e m i t ai mm l re tum ’ m i  as in I n te g e r  i~~j c a l  l n - r i l
els e , repr e sent and r e tu rmi as a m l m n t e g e r  i;

els e , r e turn NIL .
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The following two funct ions are used to search s t n i rmgs for the f i r st  occurrence of any one oh
a s,:.t of characters. In artie r to mn :nke this effic u e n nt. the VM a l lows the  user t a  call a function
(MAKEBITTABLE) which preprocess es a proper list of characters codes and produces an
object which represents the corresponding set of characters in an eff ic ient way. We call this
r€ ’ n r cse i i t m ti omm of a set of cI~ar actc m s a “bittable ” . The implementer is free to represent
bmtt ~d te-s iii ar my way d~~sin ed°. The VlSI alluvis for time j J - e s c m b . h t y  that the object represent ing a
bmtta hle can be r i m O d i f m ~~d (by replacing tIme contents of f ields within it ) so that the set it
represents is changed.

MA KE BI [IAB L E [l st:co mn pl ii mentfl g ;o l dbitt a b l e ]
If’ 1st is c ot a proper li st.

Let cha rset be on unspecified set of characters;
• e l s e :

Let charsen . be the set of precisel y those characters. c ,
such t h a t  either (I) the characte r code of c is i n
( t h e  p m’o j .~r l i s t ) 1st . or ( 2 )  C is the  Hrst  c h a r a c t e r
in the pnai]c o f so m e n m o n - F I X P  e le i m nent  of 1 s t .

If cn i ’ ijm l i i nemi t f  1g . l e t  c h m a r s e t  he til e co mm mp l  innient
of ctm ar se t wi tin respect to t I n e s e t  of  a l l  c l’mam’ acters

• 
.
‘ 

I f  o l m i b i t t a t i l e  is an o b j e c t  r e p r e s e n t i n g  a h i t t a b l e
am i d can he ‘ m o d i f i e d  to r e p r e s e n t  ch m a r s e t :

iim: c i i f y ~bj_ ttit ~ .e so th a t i t  represents ctiar set.
Retm i rn  01db t t .ab Ic

else, create and return a new b ittab l e represen ting
c in a r s e t

SIRPOSI [b itt a b l e:st r; sta r t:co mmi pl i im mn nt fl g ]
If s t a r t = t J IL, le t  s t a r t  he 1:
e l se  if NUF’1BEH P[~ t ’ m r t ]  and s t a r t < O :

Le t  s t a r t  be Nall A biS [str ]+ s_tart—I.

If m i nt F I X P [ s t a r l , ] ,  l e t  s t a r t  be FIX [start ] .
If t i i t t a t n l e  is  riot a bitta b l e ,

l e t  b i t t a b l e Lme t . IA K E B I I IA B L E [ b i t t a b l e ] .

Le t  c hna r ~~et be t ine s e t  re 1, i ’ e s e i m t e d  by b i t t a b l e .
i f  igi Ltt ipj±I Ig , l e t  char s e t  be t ime cri ’iji l Brent
of i n i j i s e t  ‘w it h respect to the set of a l l  characters.

If t h e r e  is  an i m i t e g e r . i . s t a r t ~ <i~~~f iC hlA R S [ s t r J .
such m 1 r ~~ t t on  : t t m  c h a r a c t e r  in the pnara e of  s t r
is in charset:

Lot  i c t ime si mi a l l e s t  v a l u e  d em i o t e mi  by such  an i
Re ; i r e  se a t ami d r e t u r n  as am 1 m m teg e n’  t ime in te ij er  i

e l s e , re tum ’ n t I l t

13. ARRAYS

in iNn [IiL iSP- ro tO ry  are m u m  m ys

20
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Definition: “Arrays ” are objects that contain a f ix ed rn uin ibc ~n of fie lds , each identif ied by a
po smtnve Immteger “subscript” . An Array conta ining rm f iel ds is said to have size n. There are two
kmnd s of Arrays which differ according to the class of obj ects which may tie contained in their
fields. The fields in a “Pointe r” Array may contain any object s wl i .nt s ;oever.  The fields in art
“ lrmte ger ” Array nmay onl y contain Integers. Array s constitute a distinct class of objects with
class name ARRAYP.

It is assumed that the implementation will take advantage of the restr ict ion on the content s of
Integer Arrays to avoid unnecc’ssary boxing and unboxing of Integers. The implementor is free

-‘ to provide arrays of other types and to generalize the function s ARRAY , A R R A Y T Y P , ELT , and
SETA to handle them.

A I1I1AYP [x )  If ~ i s  a n Array , re tu rn  ~
e l s e  return NIL.

A Ri~A Y [n :typ ; in h t v a l ]
if not F IX P [ n ] .  l e t  in be F IX [ n ] .
If n<O . cause error 27 w i th culprit n.

• If ~,y,p F I X P :
If i m m m t v a l  is fI lL, let initval be 0:
els e if not F I X P [ i n m t v a l ] ,  let m n i t v a l  he F I X [i n i i t v a l ] .
Create am i d re tum’ m n a n m - mm I n t ege r  A r i ’ay of s i z e  n ,

• e ach f i e l d  of w h i c h  i n i t i a l l y c o n t a i n s  ( u n b o x e d )  i n i t v a l ;
e l s e i f th~ 

ti lL or ~jp POINI ER:
C r e a t e  and r e t u r n  a m i — m m  Pointer Array of s i z e  mm ,
each f i e l d  of which i n i t i a l l y  contains initval

* A ItR AYS ILE [ar ray ]
If A R R A Y P [ a m ’ r a ,y],

i c t u m i m  aim Inte g e r representing th~ t h e  S i / n ’  of am’ i’a
e l se ,  cause  error  28 w i t h  c u l p r i t  ml r.,c,o,y .

A it~~~m I Y P [ : i r r a y]  If A P R A Y P [ . i r n ’a.,y ] :
If ar r - mm ~ is an l i n t - g e l ’ A r r a y .  io ’ tu rmm F I X P ;
e l s a i l  a r r a y  is a Point e r Array. retur m r POI N TER:

el se , c ause m - r r o r  28 w i L t  cul pr it arr.iy .

EL f [array :mn ] If not A O i i A i P [ a r r a y j .  c o o t e r r o r  ?m I w i tin cul pr it arra y .
• If mint F i~~a [ n ] .  l e t  mm be i - l X [ n] .

If I= <n  ar c i n=(AI1 I IAY S IL I . [ a r ra ,yl: 
—

I f  a r r a y is  aim I n t e g e r  A r r a y ,
rep n - es m - m i i t  ami d r m - tun ’ n i  as amm I mit e ger tim e int ege r
i’ ’ i h i i e S ’il t ’ i  N y t i m e (:o m m i e m t s  of  th in ’ mmi i i  1 m m - l i t  of arra~~:

e l s e u i  a r m y  is ,o P u i m n i ’ r  A m ’r:iy .
r e t u rn  ri l e con i  ‘ - n t s  o f  tim e nt i m f i e l m l  o f  i r r m m y

~E IA [ ; m r r a y : n : v a l ]
I f  n mn i  A I1} A Y P [  c~ my ] . c ; m l J s e  ~- ‘ c r o r  28 wn t i m  m o m 1p m ’  it  arra y .

t I f  not F I XP [im ] , I — t in h m-t i i  ~[ f l  1.
• It  mm c l or n > A l h F - m n m S I I t [ . m r ’ r m~~].

cause err or 11 w i t h  i:ul j i r i t  i ( n t J ~: [ ’ ’O t i t 01 Lnuumids  SI T A ’ ’ ;n ].

i f  a r c - my is ann I n i t i n i j e r  A r r a y .
h~~t v a t  t ie F I X [ v a l ] .
If ’ l m l a c e  n t i ’ -~ Coi l i n ’ i t s  m l  t in e nt tm f i e l d  irf a r r a y  w i t h
lii’ m e  so I t  - i i  unbo n i n n  m m v - i I ( as mm mi lin t m’ r j  ‘ n  ) aim if ‘ 1.11 r i m  y in 1
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e l s e i f  a r m’ a is  a P o i n t e r  A r r a y ,
Rep lace  t ime c om i teu m t s  of the nib f i e l d  of
a r r ay  w i t h  v a l a nd  r e t u r n  v a l .

14. HASH ARRAYS

Hash Arrays are objects th a t provide an eff i ciermt way of assoc iati n g arbitrary objects. To
define a Hash Array we must first introduce the notion of a “hash-link” .

Dt’f : i r t m cnmn :  A “hash-link” is a meta-object having two f ields. The contents of the f irst f ield is
callec the “hash-item ” of the Im~sh- lm nk. The conte nmts of the second f ield is ca t ted the “hash-
value ” of the hash-link. The hash-link represents the association of the hash-item with the
hash-value.

Def in i t ion :  A “Hash Array ” of “size ” n is an object having n f ie lds . each of which may contain
a hash-link. Hash Arrays  constitute a distinct class of objects wi t h  class name HARRAYP .

Roughly speaking, it is pos sible to fetch and replace the hash-value associated with sonme
hash-item in a g ive rm Hash Array.  In addition, subject to certain con straints, it is possible to
add a new hash mink to a Has hm Array.  and to remove arm old one.

The process of finding the hash-link (if ar my) in a given Hash Array for some hash-iterm o is
called “hash linking” fronm the hash - ite c mm. It is assunned that hash coding is used to make this
e f f i c ien t .  The Imaslm codir ’iq algorithm used is not specif ied. It is assunmed that tIne hash codr rmg
algo r i thnm imphennented wil l  come reasonably close to using all o possible fields before
declar i ng time Hash Array “full” .

Initially, the value field of the Literal Atom SYSF-IASHARRAY shall contain a List Cell whose
CAR is a Hash Array and whose CDR is time F loa t immq Point Number 1.5 Th is Hash Array is
used as the user ’s default Hash Array (i.e., supplied when t h e  Haslm Array parameter of t Ime
f unn c tm j ns  below are NIL), ammd the number ndicates the factor by w bucr n it is expanded when
f u I l ~. The initial size of the Hast m Array is not specif ie s ’ - This Hash Array nay not be used to
implement any VM facility; it is available o n l y for the user.

The fol lowing definit ion is one of several in this docurmme nt t t m o t involve meta-variabbes w ii ict m
are understood to take as values the nainmes of other nmeta-variab les and c t ma m -mge the denmotation
of the those (other) rneta-variab les.

Defini t ion:  To “get  Hash Array harray ”. where t ime  nieta -vaii mn b le Imarray denotes a nmeta-
va riable which curre i mt hy denotes an arbitrary object , nmeans:

‘i en. nh j Lie the otm j e c t  d e n o t e d  by ( t h e  ‘m e t a - v a r  i , o h l e )  in ,mrrm y
( m o t e  u i i n inm r l i n i n g ) .
If oim j i s  NIl , l e t  han’ r ly (note um icierl i nin g ) Li e ~~c : r A , t iA i i i i A i ,

T i c ’ , -~~i ) , n m n , r nm m s i i i  dono mm line VI I  t ri ll mn ERRORX -,,in In ‘ mm i ‘n i~ i ,

1 6 ho i fLIERI iSP-n O i T is 51?
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If 1 .151 P[g,~J) a i m d IIA I1I1 AYP [CAI1[2,bj ] ]:
l e t  ~~~~~ ( n o t e  u n d e r l i n i n g )  be CAR[g,b,,i];

e l s e i f  not  HA IlRAYP [g,]~j]:
cause  e r ro r  17 w i t h  c u l p r i t  CO NS[ ”Arg  n o t  h a s h  a r r a y ” :gj~,j]. ”

The reader shoutd understand that if the meta-var iable x denotes some non-Hash Arra y object
whe n the phrase ‘ Get Hash Array x ” is used in a specificat ion . then either an error is caused
or else the denotation of x is changed (in particular to some Hash Array).

HARUAYP [x ] If x is a Has im Array, return x;
e l s e , r e t u r n  NIL.

H A R R A Y [ s i z e ]  If not F IX P [ s i z e ] .  le t  s u e  be F IX [ s i z e j .
C r e a t e  amid r e t u r n  a n e w  Hash A r r a y
of s i z e  s i z e  c o m m t a m n i n g  no h a s h - l i n k s .

HA R RA Y S I Z E [ l m a r r a y ]
Get Hash A r r ay ha r ray .
R e p r e s e n t  and re tu rn  as an In teger  the s i z e  of 

~~~~~~~

PU[HASH [ite mmn :va l ;harray ]
Let or ig lmarn’ay be har ray .
Get Hash A r r a y  har ray .

If va l is 111 1. ,
I f  ~Lerm is tine h m a s h - i t e n  of any has h - l i n k  in ham - ray .
re move t h a t  h a s h — l  i nk  f r o m  ~~~~~~~
R e t u r n  NIL ;

el s e i f  I t e r ’n is the h a s h - i t e m  of any has h - l i n k  in h narra y .
Set the h a s h — v a l u e  of t imat h as h- l  ink to v a l .
R e t u r n  va l

else if har”ay i s  f u l l ,
c ause e r ro r  26 w i t h  c u l p r i t  o r i g b i a m ’ ray;

el se:
Add a new h a s h - i  ink to ha~g~~y,  w i t h  i t e imm as t h e
h ash- i te mni and v a l  as tin e h a s h - v a l u e .
Return va l

G E I H A S H [ i te mm n :  h a r r a y ~Get Hash Ar ray  ha r r ay .
II i te m s tIme h a s h - m t e m m n  of any h a s h - l  link in ha r m- a~y ,

retur m n the hash-value of that h a s h - l i n k ;
else , return NIL.

C II1HASH[har m’ay l  l e t  o r i g h a r r a y  be ha r ray .
n e t . Hash  A r ray h array.
Re m imove a l l  h a s i n - I h m m k s  from harra y .
Re t u r n  or m j h l r r .O y -

l ’ IAP } bASb h[ fn : harray ]
n , e t  l u s h A r r a y  i m a r r a y .
F or e vem ’y  m a s h  — l i n k , x , i nn i i i’  n n y .  com : mpuh .e i n ]  v i  I . i t  c-~ i

w h i o m e  i t ‘ r i  i 5  t h e  ha sin — n t n n n i  in t amid v : m I is  t i n e  m a I-. In — vii tu e
Re tum i m NI l -

REIIAS II[ nl m L f m a r m a y  ; mn ew h i .mr ray )
nt l t as i m Am ’ ray  o l m l fm a r n ay

CI .HHA SH [nm ’w ! a n ay]
Fo r evc m ’ y  bas in - I ink .  . in n lm i ha r ray . pm m rf orm i i
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A PPLY~ [PLJI HA SH:ite mri :val;new ha r ray ] . w h e r e  i t e nmn is  t h e
hash- itei mn of x amid v i i i  is tim e h a s h - v a l u e .
( T h e  reason  A P P L Y *  is used above  is onl y to insure
that  a frame e x t e n s i o n  (C f . S e c t i o n s  17 and 18) is bui l t  for
the call to PUTHASH. Thus, if newa rray is f i l l e d  and
ERROR ~ is called by PIJ IHAS H .  ERR O lT ~ C l i i  f i i m d the ca l l  to
PUTHASH . geim ei ’ate a suitabl y exp ai m d ed Hash Ar ray ,
i n i t i a l i z e  i t , add t Im e new hash l ink  f ro m ite m ni to va~ w h i c h
previousl y could not be added , and thei r use tim e stack
function RE [FROM to ex it frcr’n PUIHASH and continue the
REHASH. )
Return newh array .

15. USER DEFINED DATATYPES

The VM allows the user to define new classes of objects. Associated with each such class is
a new data type.

In general an object in such a class con tains a f ixed number of f ields (detern o ined accordi nng
to the definition of the class) each of vilmich nmay be restr icted to contain only certain other
kinds of objects or meta-objects. Facilities are provided for declaring the number and type of
the fields for a given class , creating objec ts of a given class , accessing and replacing the
contents of the fields of such an object , and im mterro gn t mng such objects.

In order to define a new class of objects. the user must supply a new data type name and
specifications for each of time f ields in the objects of the new class.

Definition: A “field specification ” is either one of the Literal Atom s POINTER , FIXP , or
FLOATP. or els e is a proper list of the form (SIGNEDBIT j ) or (FlIT j), where is arm Integer
less than the word length of the host machine.

Def i n i t ion:  A fi eld “satisfies a (field spec ification) spec ”, if tIme fo llo wi m m g relationship holds
between spec and the possible conntents of the field:

spec Contents of held

POINTER Any object
FIXP A rmy representable integer (rmote lower case)
FLOATP Army represent able real (note lower case)
(SIGNEDE3IT j) A nm~ repue~emm t ahbo im m te çj na r (m ote lower case)

~,iim;sc’ absolute value is less Ih,:mn 2 uj
(BIT j)  Any repr esermt 1 ni ~~ non—n egat ive imo teqer (n o te l ow e r

case) w bose value is less t lnan 2 r~,

Dr~[flr tr C im: We say tlnat an object “ t imrtdS satisf yinm q spec , spec2 , ... s I) m~c 11
” i f  e ;i m :hm of the n

fiel ds of the o tr jn :i;t satisfies a c Jma t i n ct spec~. In tIns case. we say that tine t i c - I d  s :n t n- .f~ ing
spe~

-
1 is the jib f ield (h owever . nn ot lm in ig is inr r p hm ’ .ol about tIne actual order of t fm e fields in time

repr i ne n t a tm onn c r1 t Ine object).

Field s pe n:m lmcati oni s are miio ~d to cormimunicate to tIme functiom o DECLARLDATATY PE (below) time
nnjnnber of amid mestr ic t ionm s on tine f i e lds in a new class. DECLAR EDATATYPE is f ree to
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arrange the sto ra~~ a llocation for the fields in any way desired by the irnplennentor.
DECLA REDATATYPE then returns a oroper list of object s , called “field descriptors ” , w h i c h
encode the information regarding the position and t ype af eac h ( ida .  The user can pass such
a field descriptor to the functions FETCHFIELD and REPLACEFIELD (below ) to access and
replace the cont ernts of a given field in an object of the new class. A f ield descriptor can be
any ODjeCt the i n1 i ; j~eniie nt or wis hmes to use to Carry this in nfornnatiun fronm DECLAREDATATYPE
to FETCHFIELD and REPLACEFJELD.

Defini t io n : A “field descriptor ” for tfme jth field in some object is any object the imphementor
wishes to use which communicates (from the function DECLAREDATATYPE to the fun mctions
FETCHFIELD and REPLACEFIELD) suff icient information to allow the contents of tine j th field to
be accessed and replaced. (Typically , a field descriptor for the j th field must specify the
fiel a ’ s type. size , and relative location within the actual representation.)

Converni,on: If ciescr is a field descri ptor for some fiel d of some object timer ) we may refer to
the fie ld as the “uescr field” of time object.

DECL. AREDAIAT ’ (PE [ type: sped st]
If not t. ITA 1Ol-l Ry,p,~],

cause error 17 w ith cul prit COTJS [” lll ega l data type ” :~~jn e];
el seif t,y~:e is the data type of an e x i s t i n g  class.

r e t u r n  G E I D E S C R I P T O R S [ t ,y,pe];
e i s e u f  ~j2~ c l~~~= tJ1 L. cause error 17 wi th culprit
LLJN S [” Ill egal field specification lis t” :FJI L].

Assu ne ~~~~~ is a non - ei - ij: t y proper list of lemmgth n and let
spec 1. 1~ < i= (n , be the elem ;n ents of ~,pec1st .
It’ airy 

~~~~~ 
l~ <i ”< 0 . is not a recognized

fie l d specification . ca se error 17 xi th culprit
Co t: S [”t ll egal f i e ld sp ec fic a tio n ” :~,p~,ç1].

Create a new class of objects with data type 
~~~suc lm t h mat a m y object of this class shall have mm fields

satisf y ing 
~~~~~ ~~~~~ ‘ ‘‘

Create and returnm a new proper list.  contai mn ing n
oLijects. such tin t tIne ith el erme mi t of the proper list
is a field descriptor for tim e ith field him objects of data
type LY2.~

.

F ETCH F IELU [descr ;obj]
If n-les cr is a fie ld descriptor for some data
type. type, and the type of obj is ~yQ~ :

Let spec tie tIme field specification of the descr
field of oh !.
let viii be t.im e c ont -m mt s of the desc r field of ~~~
If s~~ c is POltJIII ~ . return vu
e lse if sj~ec is FIX P or of the form (SIGNE DB II j )
or (311 j).

re 1n re s~m nn t ami d return as in Integer tin e integer viii
o l s e n i  r:m n rc is I tO A I P .

rm m i m r es c nt and return irs a flrnu ti n m g Po i mm m n nr Tj i ;mm h n e r the
m e a l  viii .

RE PI API F I LI h)[iie~ i. i’ :nhi j viii]
If ntm ’s m : r i s a  field descriptor for som nn e data ty lm e ,
yjnn , uni t tine t ype of m m ~~J is typ~
L e t spec I n  thi n f m e Id spec if i m - a ti mm n for
tin e mt es cr f i e l d  of ui~j ,
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If 
~~~~ 

is POl’.[ER :
Let x be vi i;

els ei f ~~~~ is i-I X P:
Let vat be FIX [ v al ] .
Let x be the fl t,’ er i c l nres ent em i L j v u 1

~ l~~~~i f  ~jo— is fI n ~ i I~
).

L e t  v a n  I e F l O A l [ v m I l .
L e t  m L ie ~t i ’~ ‘ c m l m , ’ p i . ’~~eni t ed  3 , v i r h .

else ii 
~P.’ 

is O h  t i - c  m urn h, I(~.F - -di i j
l e t  v i i  be I I ’  m l ] .
If the abso I ,~ .e m l  iC  I I is  I.- ss t t  1m m 2 ‘j

l e t A t ie  U mn t~o;ei ~ J I .~- .e t’~d j ~i I;
e l s e . I.m u n C ,- i Ie~~~n il so ti n a~ ‘t s at ,soiute v u i u e
m S Im-Ss t i~~~r ?‘J ~~~~ ‘-lu , - m i - I  i t-m t be It m e
in t eg e r - ir esen ‘_~~ t iu. - - s u  i t

~ l S ~ i f  :uP’~ 
is of t I c - n in ( n i l  ,j )

Let v~’. I t ie  F IX [ I ) -

it v~m I is 1 iOfl —n .-~ ii t n v m ’  i i  t e - j e m ’  l”~ S t ‘~~n 2
l et  x be v i i i :

el se. i r u n n r a t e  v i i  S O t h a t  i t  is less t han ? ‘j
~ e’i cc low ). di i i let ‘, be I ~- n m  t e~j e r  represented
by t u ne result.

Rep lace tim e cont ents of tim e des cr f i e l d  of 
~flj 

with X .

Retuifl via l .

Note: We do not define the process of “ t ru mn cat i mno ’ an Integer. other than require tInat it be an
operation on Integers that produces an Integer of smaller absolute value. Truncation could be
defined to merely produce time low-order digits of the number.

NCHEA TE [ type :ol dohj]
If ,~jpe is not the na m e of a previousl y declared
user da ta type , cause error 17 with c u l p r i t
C (cJn~[” II I en~al d a t a  type ” :jjp~~]

let  newobj be a new object of data type
ty01m . the f i e l d s  of w h i c h  have ui m s l ne c i f i ed
i n i t i a l  co mi t em i ts.

If IYP LN4t ’ IE [ o l ~,~~j ]  is ty[ie. replace the co m ntents of
success ive fie ht s in i iu- ~:ni n j ,vi t i n tine objects or
m m mm ta-o in j e ct s in the correspondin g h i e lds of ol4qj~j.

Ile tur mi newob !.

b El l  I LL  i ) SPECS [d esc r ]
I f  n t c s c n  i s  mm o t tbe fi e l m l  nicsci i l r t om ’ of a tim ’e vious l y

m t r n r l n r e i  user dat a i yp e. l Ine , cause erm’or 17 with cul p r i t
i~(ca [’’ Iii n; i l t m e l d  desc i ’ i pt n- m ’ ’’ :descr }. —

u rn a f m m m i m l spec if m cat mon w in i rIm is E (.)UAI. i.o tIne one
s u p p l cii for  the n i s cr firm Id of im b j ec t s of type ape.

GE i l ) ESCl l lP l l ’) RS[ty~i~ ]
If not F I h A l  ?-f [ i y p e  ] . let type Lie IY F’b NAM L [~~,p~~]
Ii type is h u m  n u mm i u m of a user i i  lii t y l m e

cr c - i te a mid r etur n a lnm ’ n T e r  1 i st of i.he fie l d  descriptors
for tIle f m~~I ds of ot jm’ c ts oh type ~yin e . orde red I ‘on I to m m :

e l s e , r n t u m ’ m n N il
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16. FUNCTIONS AND FUNCTION OBJECTS

In the introducto ry Sectiorms of this documerm t we introduced sever a l  conventions th at .‘,ere
ce nntr al to u nmdu:tr St am n ’J :nr’j tfl us a - - c  u n  m~m il  These conmvent uonS co nc e r n  ~o the f o n i . ,- i fu r n~ t i on
spe cm tm c o tn :.m ms. the m i ~ t i~ r : ~f fllet —  v i m  i nt Jh CS. the rules governing Ihe uce and cle - :-tctmo n of
meta—va riab les , and tIn e m n ’ n , i n iiimnj of the mu -l o t ion ‘‘f[ x l :...xk]” . These ac—f inituons are all :mt the
meta-level in the se mise that they toP the reader what the specifications mean.

But the issues involved are central to any programming lan-Juaqe. Each of the fou r nneta-
c on c e pt s  above tn .we realization in the VM i tsel f :  the rep rese nt at on of INTERLISP progranms
(funct ion oblects). tb-a m ’ :-p re se ntat i o nm ci INTERLISP varm ab les as objects . the processes for
accessing and binding INTERLISP va ru~ Lies , and the process f~ r running a funct ion object on
given arqiirnents and obtaini ng the result.

W~ now beg in the discussion of these issues. This Section describes the rep r esen ta ti omi of
INTERLISP programs: Section 17 s peci f i es the structures used f3 bindimi g INJTERLISP variables
to their values and for  keeping t rack of subroutine (in fact.  cor c ut ine) calls; Sectionm 18
spec i f e s  the processes for binding and accessi ng INTERLISP variables and evaluat ing
INTERLISP function objects ;  Sections 19 and 20 present additional restrictions. ref i rnen nm ents
and extensions relat ing to the inmp lenne ntat ion of the above faci l i t ies.

In tu i t ive ly ,  a functio mi object is a program which can be “run n ” on so m e o rqum c - m nts to com pute
some result. A func t mo mn is just a Literal Atonm vihich has a funnot io n o bject  in its function
defin ition field. When a function is applied to a proper list of anp urn c’nls it is actuall y the
associated function obje ct which is evaluated. Therefore. this Section deals primarily with
function objects.

The fu nction objects do not form a disjoint class of objects. For exannp le. some proper lists
are function objects. We will discuss the representat io nms of fun ction c-b jc - c t s  hater in this
Section.

Every functiom i object must speci fy how the resu lt of an application is to be computed in
t erms of the argumem its supplied. This speci f i c at ion is done by Ibne “ baaj ” :1 time f u m uc t i o m i
object. Of course. w i t h  each application the arqunmennts - - u p h ied wi l l  generally be d i t t o  m~ m nt.
Thus, the computation is specif ied in terms of Literal ~

- m “par ui nn uo ten imames ” o l n i c ln are
treated (durin g the  i rnte rpretat io n of the function object by L~VAL)  as van id les re p rc ’ t - um mt i ng time
actual arguments to be used.

Recall tlm at whmen we fornially specify a VM function we gil/ c- a list of meta-variables used as
parameter names for the VM function spec i f uc a im o n.  The Li teral  A tom lJ~ m imulC t Cr  names in a
function oh joct are just t lne realiz ation of these me ia—var ich l ’n. b - im ,’, ’’ -j c um - nothnm iq is nip lied
about time particular paranmmeter nanmes tIne imphennentor sh ould c h oose w i m enn cod mr ng I t o -

functions.

Whenm the function object  is app lied to some proper list of ur n um i ft mn i f o rn m ns , tine actua i value to
be used in ~u I~~.c () f earn h 11 1a m i l - t i -  r rnn u imc ’ iS (I - I ’ m m m n i n n e d .  This ra ises tine fol lowing q m i v - n l i o m i :
Are thu parann ieter nannies to sta im d f o r  the values of time un m m mi n i t f m  nms or t ii c - f o r m s
ll ic- n nu se lves? 1mm hN-rERLISP this is de te rmnuinm ’ i J by a pr o po n ty  of tIm ° f unmct i onn ru n t -C t b :uniq
ev ah ’ i t l ’ d .  Time VM , llows for two t ypes oh fu unc t i o nm n i l m j -i ts: Those of ‘‘ ev l” type mm i. to
have th in , nm ujut m me m its c-v~ibu ~nk.-d b e fo r e  t in e funct ion no act iv ,utnij . ‘I inose of ‘ iuo ev ih ’ t ype ama to
be n c t i v n te ~i on the arpunment forms t lne nimselves.

36

• “7i,.~ ~~~~ 
.~p. a.~~ —”~-- — - ‘ ‘ - ‘ ‘ 

- — . .•
~ 

... . - . - .  - ._..s._ . - ~~4’ - — 
.

~~~~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,, ~~~ .. m. ~~~~~~~~~~~~~~~~~~~~~~~ .,— --
,.-

—---- ,-- ~~~~~~~~~~~~~~~~~~~~~~~~~ 



Recall that some of the VM funct :on spec u h ic o t m or u s  ind uce the phrase “(NOEVAL)” after the
parameter l ist  (cf .  AND in Section 5) . For m nn a h ly this nn me u . - n s t bu. l the function object
corresponding to the specif icat ion is Lo hav e noeval type. All other Vtvl fum ictions are to be of
eval type.

In add itio n to the evah/n oev ua l distinctio n , INTERLISP prov ides another property of function
obj

~
’cts:  A given function object m a y  either takO a f ixed or va r iab le ru uiber of cm u: m i i C m  i ts .  A

funn -c tu on abject which furl-es a f i x e d  number of argu nments is called a “spread” t~ ce function
obje ct , because at app lmcat ion -m time the argun me mnts are spread across (ass .‘Ctiil ~ d one-to-one

-. with) the paran mieter names of the functuon i object (with extra aro un rmem its iqnc -red and extra
par . r n muEu t er  names being associ a ted with NIL). If a functiom i object t ;ikr~ a v a n able n umber of
arguments. ( m en at application time the entire k-tup he of arguments supplied is assoc iated with
one p . m  anmeter name. Such funct ion objects are said to be of “nos prc ’ ; rd ” typ e.

Those VM func t ion  specif icat ions which involve the use of an eli psus b’ .. ”) im i the parameter
li st of time sp e cm t i . a t i om m ( c f .  AND in Section 5) are to be imp lem n iermt e u as nu-ospr edi funct ion
objects. All other VM furnct iom ms are to be spread funct io n objects.

The parameter n ames of a function object must he d m st i r mct L i teral Atoms o ther  than NIL and T.
and they must be ava ilable to tIn e imp le rne nnt o r at application time so th at thc -y ni m o y he used to
set up an associationm bc - tv/c -en t h e  names and the va lues to be used during a particular
conm nputat ion. For spre;.c type function objects, tI ne iim m p le mem m t cr must be able to obtaunm an n-
tuple of para m eter nannes. Tbnis is called the fu m m o t ic -n i  object ’ s “parameter n-tuple ”. For
nospread t -~’pe fum iction obj ect s . the implementor nmm ust be able to obl in a single para m eter
name. Simply called the function object ’s “puianneter ”.

The next tv/ o Sections prese mn t the details of the parameter/value association mechanisms and
processes.

Time body of a fun ctio n obiect specif ies a computat ion in Ic- m is of the va lues of the
parameter s. The body may be w r i t ten  eu th~ r mn sonn me banonicin e v. inncb n is d i rect ly t - S C C L I I O P ! e  by
tim e processor whi ch is running tmhe Y in trio .’ fl mn e or ih m a y  Lu- 0- il Il -m i as arm INTERLISP form
‘,‘.‘hich must be interpreted by the Virtual Mo-chine. A function obj e ct  is called “aurect ly
executab le ” if its body is o f  ti n :- f i rst  type.

M a st  of tIme fummct i -ans specif ied in this doCi ini ’ :- n n t  va Il be i nmpleni . mi t ~-d as t l i rect ly execut a ble
function obj ec ts w hich h nve Ii~ o -m n fnan nni—c cd ed by the mnu ~iI .:-mnman tcr . When executed. thus code
should perform the coneputatio nis spec ihued in t In e co n re sjm - ani di nm g Vt .1 fu m nctno nn spc cu f mca t uo m ) .

TI me o m n hy kin nds of fun ction objects tim e user Im imm m sel f can cre.de a re t bnose Ihat are inn to ’ m pr,eted.
Howe v er , most INTERLISP systems provide a com npiler s’. Imu c l m will convert aim m l t e r h 5 r eted
f u in m :ti mj n :1 ’j ’ - ‘~ I nt n a dire nul ly ex ecut ab le  one. The VM (l ies not require the r~x mn.t em m ce of a
c otm ~p uhma r . H’a.’.- m Cv er , it d umes recognize that a compiler nnay eX IS t ’

F u mu Ply. s onic f um i . : t i o n i  o tu j ’ nCtS  spec i f y  ci v m , . t i l°  hmnnu tmm n - ~ envircu n ’u inm c nt  m m -  v . Iu ichn tI ~
. Lu dy us ta

L m ’ o’v tIui Il~ ri. Such functi o n’ objects are called FUNARGS. FUNARGs have all tIme Propert ies
of - t I m - n lunctio ni ol j ’ ct s mum 1 idilion to S~m O : m l ymimq a SLick P-~- u nL ~ r (ci. ~3u0 ti - m i  .17) v ’~I~ C lm
SI-” ‘citi es addit ional vari able bmm ndin gs to be used du rinu g ~v n I u i t i n .u mi of tim e body of t h e  F:UNAflG

T i n - V M puts cr~- m l . u n n 1  c - m m m . I m . , u m m t s  on ho ‘ - u . n m n t iI~’m it one i v i c i s  See Sei - Inu mn 20.
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Def in i t ion:  A “function object” is an object w ith the fo huow ing properties:

(1 )  There is a flag specifying w hether fnmo bj is of eval or noeval type.

( 2 )  Either a pan onuie ter  n n—tupbe or a parameto r is avai lable to the innplementor .
ciep en dnr mg on wi nethc - r the function is a spread or n - i as pr eouc fu nm ct iomm object.

(3) There is a body. obtainab le by the inmph er mmentor . which ac -fines some
c ’ amn putatmomm either with d i rect l y executable code or with a forn m to be
interpreted.

(4) For FUNARG function objects . there is a Stack Pointer which specif ies
additional v a r ia bl e bindings.

Tine fun mction objects co not const i tute a. distinct class of objects. They m a y  he represe rnted
in a var iety of -// 0 , 5 (as di CcLtsse J below) arid m a y  explo it the presence of other data types 8.

De f in i t ion: A “SUBR” is a di re ct ly  execut ab le functi on object \ ‘ / int tern by the im phenme n ito m . An
‘ EXPR” us eithm a r arm i i m t u m p n 0 t 0 d  lum icLion object or a FUNARG. A “CEXPR” is a direct ly
executable function object gen erated by tine conm ipuler.

We now consider now function objects are represented.

SUBRs may he represented as any m ibjectS the implernment o r desires , provided:

( 1 )  The unm m ple n me ntc , r can recognize such objects as lma rmd -coded function objects.

(2) The object can be dete m nm iimed to be of eval or noeval type (as appropriate).

(3) The param nele r n—l up b e or pa ranmete m (as appropr i ate) can ’t he obtained fron t tIme
objech (by the inmp l enmne mn tor).

(.1 ) The body of tIme function object ca mn be obtained and direct ly executed.

A-:t ditiona l constrai n ts on t hmc - in i mp hemn ’ ami t a f io n of SUBRs are l isted m m  Section 19.

EXPR fum iction . :u Ljc ’ct a o t b mer l fn - n FUNARGs are i ~~;n es o n i t e d by pro-pe r lusts v.’lic~ o turst
e l a u n i a n t u , are c- i t l i~ m t he Lite rol Ato m nis I_ AtA [3 DA or NLAt t[JDA . Any Lust Cell \Si i CS i: CAR is
[/ . i,f [2  )A is considered to be a m cii— FUNARG EXPR f u n ct io n uah l u .-C t of eva b f y i  1:’ . A m y  List Cell
w lno o c  CAL) is NI ,‘ml . t ’., )/ ’. is couns id e rena to i a ’  a rnon m— FUNARG EXPR fu m m c tmomm 011 10: t of noeval
type. If f m i T l n j  is a ni m n — I UN,~HG EXPR func t i o nm object ins u:t OvA . t hi u’n fm i c bj may he assunmed to
be a pm - -per l i st of h~ m i ~ t ln at least 2. l ime s’:’onm nd u .’ I ’ :nn in -m m t  i f  t m i o F u j  ns ’ t u -r mmi iu - s ~‘.- h ne t I me r  fm i nahj is
a i l ’  ‘a- n t or nrn i . p r enn’ i bmnichmnm n abtect. l b  t h e  second eI~ ni’- nt of f nu - h u j  is NIL a r  a List Cell .
fm u- :lp is a sprc ’ m:l l i i m n c t i :m m cIL Ia’ - I and its s c - c O m m i t  r lna n nn ’ ’ u f  nar y be asiani m ime d to l a  a pm i n n  list
of L i t u - ma!  mO - -i n n l . i . i n  - ‘ - I -n m i nces:  tIne u i ~~ m i m t n  n m- tu ; , - le  of f iO l m I  iS j u0 t  bOa n - t n : ; . -L: co :ic i atu! u :l
of tin e sUd Cos SiV ua ~Ie : 0  ruts of l I i~ second el e n mn enm t al f mnob i . If time s a u :n mud A i mn i o ti l - . 1 b i n - -hp is
nm ot t I L .  or cm List Gi l l . ihuc i n  Imnob l is a nn- mpi ’ - ,id t u n m n u : t i n i n u  n i bj .- i :t  ann ul i ts ~ 0CuMd ~ul e n nim: m it in lay be

8 i ,‘ r  ‘v ,nn i l n l ’ n . mum NrERi .Isn ’ - mo r- . - . - - m u  nj - e U I mo l d n i , m ’ -  Il y ‘. v~~. mj I iI I , :
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assunmed to be a Literal Atom to be u’ :‘j as tIme parann ueter ob fmnubj ~ . TIne body of an EXPR
functi on object is j ust t ime proper list ob -i cumi n mamn t s a l len t h e  sec- mid. Thus proper lust is Li eui t~ d
as a proper list of forms to be evaluated as specif ied in time mu e x t  Section.

CEXPR function ohj~ dts  may he r O p r e s s n t ~~d as army obj ects the inmmp lemento r d~ s m r e~ . provioed
that time restr ictuomms noted in Section 20 are niet.

Finall y, FUNARG fu nction objects are represented by proper lists. Any List Cell whose CAR us
the Literal Atormm FUNARO us corns idered to be a FUNARG fu nm ct ic n obj ect and iu i iy be assumed
to be a proper list of lengtfm 3. The ev c ~I/i~- ae vaI  t y p e .  sp read /m iasp r e ona  type . pl r .inu0t0 r n-
tup he/pcr ra meter armd the body of the FUNARO ex pressi on are ( r e cL nms ive l y )  t lmose at t ime
second elen ment of the proper list. The th~ro element of time proper lust us assumed to be a
Stack Pointer. The aetauls of the use of t his Stack Pointer are present as in tIme next  Section.

We can sumnmarize tIme above auscussion iii three definitions.

Defi n i t ion: “x is a f urmc iio n object’ if either (1) x is a SUBR or CEXPR (wbnich V/c - assume the
— irnphemmmermtor can deter m i n e )  or (2) if LISTP[x ] ann a either CAR [x J L A M D D / ~ or CAR[x ]

NLAMDDA (in which case x us a nonm-FUNARG EXPR) or (3) if LISTP[x] amid CA R[x ]  =

FUNARG (in which case x is a FUNARO EXPR).

Def in i t ion:  ‘ x is of eval type ” if x is a function object amid one of the f allov. -i r ng three
5t .. t~~iii’~r i tS  is true: (1)  x is a SUBR or CEXPR of eval type ( v - i n ch .‘. i assu rnme the
iniplenientor can determine) or ( 2 )  if x is a non-FUNARO EXPR a mid C,” f - : [x J LAMBDA or (3)
if x is a FUNARG EXPR and CAR[CDR [~ ]] is of eval type “x is of nm oevah ty pe ’ if x is a
fum ictiori object arid not of eval type.

Defi n i t ion: “x is a spread function object” if x is a funmct iomi object and one of the fo I I - : - .’ imn ng
th i n ac sta tenments is true: (1 )  x is a SUBR or CEXPR s i - r a n d  funct ion l’ Ljec .t (w hmch we assunme
time impleimmentor can determine) or (2) if x is a non-FUNARG EXPR and CAR[C Dii[ x J ]  is ei t l mer
NIL or a List Cell or (3) if x is a FUNARG EXPR una n d CAR [CDR [xj 1 is a np c u d  fu m nc l i a m m
of4c’CI . “x is a nospreaci function obj ect” if x is a fum ictio n i obj ’ac t and riot a spi e d  function
object.

AR OI u P E [ f u m o b j  ] If LI  T A IC1 ’ n [ f r mo t ij l , l e t  1 nohj  t ie ( h ~ lD [ f i i i ub  1] -

I t  f’ n o~~ is  mat a functioni object:
R e t u r n  NI l  I

e l s u m i f  fm nob j is of e v a l / s p r e a d  t ype :
Retum ’ n 0

e l s e i f  Lo~LJ is of noeva l/sp reac i  type:
Returmm 1:

-m l s e i l ’  t n n c t u j i s  of un v uu l/n o spread t ype :
Re turn 2:

els e if t u n - H  n j  i s of m a c v a  I /in en pre a d type
It eturmi 3 .

F t J l Y I ~[ I u i n L n j ]  E l  I 1 1 A i ( - t . 1 ~ f .m - - h a l] .  let i n n - S I  lie G E I D [ t u n i b n i J .

I f  f i m n .n t j  us  not a fum mc t ion mit  j u-c I,

H v. -- i n ,t  t i n ’ L m : m n m  ii / , :om nn is I. t i n ’  n m m - ~ i m m ’  n t i n  mmmu m ~ m l i - - ’ u O e  S - L , m i ’ m ’  I nn O r r u m  .~ 
m ,. the fumi c t u u nm i

i i ’  - I um, - i  n
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n ’et urni N IL;
a u m i s e i f  fn’ohj is a SUBR:

L I  t ; n m t . j  is of e va h /s p i ’ e ad  t y t n e , re turn SIIBR;
e l s e i f  t r o ~ t j  is of noev al / sp r eu nd type , return FSUBR ;
cis c - il l i - l u 3  i s  ~ h e v . i l / n o s m u m e i n 1 typ’n , return SUBR * :
~~~~~ ( f u  1 : 3  is ot mn u,-m i u l / m m u s ~ii’ u’.uu , t ‘~~Imtr ) . return FSUBR * ;

m i S c  if tm n ‘ t - j us  -i non—F In IJAic EX PI ’

I~ t i . j  is  of  e v d l / s p m ’ n u ni  t~~~ u-’ . return EXPR;
~ 1~~m i i I ..- t f l  is of fl u e -.in I / spread tyl. e . retur n FEX PR;
e l s e i t  h ahn 3  is ot - v i l / n o s p r e a d  ty 5 e , re t urn EXPR ~~
e l s e  ( I  tu ini is  o f  n .j . -1. iul /r uos pr e a mi t y pe ) .  re tur n F EXPR * ;

e1~~ i f  I i .ui j  is ~ FU~ A I- ~ E~ S R :
Re t u r n  rU’ . A - ’ G ;

u~ ls ~ ( t r i .. rnj is a
I f  ¶ j us u i  mo~a h J s p r e a d  t ype . retum n c E x P R :

no — -. a l / s p r e a - t  t y p e ,  r e t u r n  C F E X ° R ;
e l s e i l  I a :101 i s  u t  - a l / n o s n i r e a i  t y p e .  r~~tu r r  CEXPR * ;
.‘l ’ ue ( I l Unaj u s  of n o e v a i / n o s ; - i ’~ ad t y p e ) ,  retur ’n CFEXPR ’ :

SUbI1P [ f n n o h u j ]  II I .E IA t N[i - t at ], I e t  f n o i i j  he G E I D [f no b j ] .

I I  f i n - n j i s  a SUBR . retur n T~
e l s e , re t u r n  lilt . .

EU’ ’~P [ m n u i . j j  I f  i I A I l I t f c u c l m 1 j ,  let fn mt .j Se u I D {~~~~)~~j

If i u i n i . j is a L i st C e l l th 3t does not repre sem m t
a SUBR or a C E X P R .

r e t u r n  I:
e l s e , r e t u r n  N I L .

Na te :  EXPRP actuall y rec ) u J muzes mn o-r cu than mmmere h y the EXPRs. since it wil l r e turn  T on lists
that do not nav e LAMLII n/ , or NLAMBDA in their CARs (as long as such a -at does not
repre s onut  a SUE3 R or CEXPR ,) Since FN4TYP ac t u a l l y rc-c .:n: m: i z ia - , only hin.c - n .uc EXPR Inj ec t ion
objects des c r i bed in the t a ~ t above , it is possible fo r FNTYP [ fnn j  I-a be NIL w i nule EXPRP[fn ] is
T.

CCODEP[ I no hj ]  If LI TA 1O Fi [ f ~~(j ] , l e t  fm nobj be GEEI)[f~,~ji ’].

If f r O u S j i s  .i CEX PI ’  . r e t u r n  I
e l s e , r e t u r n  N IL.

AR GI I S F [ f n i hj ]  I f  L IJ A I 0 t l [ ~~~~~’] ,
let imio b j be O R [ C E I D { f m i o i i j ] : Fu L T P [ f m i o b j : E X I ’ R ] j .

II ln iot i j is  not  a I u m n n : t i o m i  object:
Caus e ecror 17 wit h c u l p r i t .
r : t i J S f ” A r q s  not a v a i l a t n i e : ” : f n u . i j ] :

c n l s e i i  f m m u h j is a IUN~ t O fn j mm i tnomm abje ct:
I t ’ - t u n m ’ u u  fu l ’ h l  IS ILCAI1 { C i u I l [ t  o u t i j } J ] ;

~ l n u n u i  i n - u t j  is  a umm m p r e u n t  I , u u - a t i o n i  o t n j e m .t :
‘ 

R e l u u m - n t i n e l i i m ’ a n ie t ,e m ’ ‘ i f  i u i u u t i j
u - mi sc i t  f n i ’ n t n j is  a s~u m’ .— ; u t fjj m m cn . ion m l )  jei:t:

II i ma l i j i s  a ( rm nmi - I UIJAI1I .) EX PI1 :
Ilet . m i r m n  i .AU [ l f l I t [  b i i u iu ~ JJ

C i l u ’  ( h r u m m t j is a SUIII1 a m’ C E X P I 1 ) :
Cm ’ - ’a t e  uu nm t r e t u m ’ m m  a um ew p ro l m e r  l i s t  of  t in e
S u u c n : m ’ S S  lye I na rau ’uu m te r  n , uu ’ue: , nun f.hm ’
mi — I up In nf f n m m t h p  -
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C A h i u a [ l u n u b j ] Il I I l A h n i - I L I n n o tU]. let f u u u u j  im~ ( uE1 L ) [ t um c ~j ] .

i f  t i u n n t j j  u s  not a t u m i c t i o n  o b j e c t ,
r~~~t u r n  N i l ;

~ i - - m f  i m i c t u j  is a SUBR cu r C I Y P R:
I t  ¶ l - - n u j  i s  ot n c s j i r u m um i t y p e .  n ’ e t u r u i  1;
e l s e .  rc ’ u r ~mn t he  l i u t e ; e n  r~~p r - e n e m u t n u i g rjuul m m m d c i ’
ot  pa r u m ’ -- n t - r s in t i m t p am 1 u mi ~ t e r  n- tup le of  friobj

e l  a n  i t  i a 1  is a f u ’JA III ,  f u n c t i o n  ob j e c t :
un cc ‘.A u u i ~~~~LA L C 0R [ f .~ c_ c1 ] ]]

a n  ( I  - n .j us  a fin n FU r~A ltC EX PR )
f f  In ‘ 1  i s  a t  im~~S j m r e s t t yp e.  r e t u r n  1:
- I s e ,  r ’~~urn ‘ l i e  lun m~- ,-. r c~~p r s m . n r t i m m 9 m i n e  i e i .j n.h of
the ( a s s u n : n e i )  proper l i s t  Lm ~lt [ 5 L u i t [ i n a h i j ] .

1 7. STACK POINTERS

T I m~ I Nt l EISLI SP VM pn o v i ama a a control and access environme nt stnucture modeled on the one
chu ’soi lu - a c  by Bohr,., anna V-legbre it in [1]. T h~ structure is described here, as in [1]. as a
cotha .o t i - ; - m m —at hmmn ~ ad “frames ”. ,A lthough frames are mra t a-ob jt- cts.  tine VM provides a new class
of a b 1- ~c Is. St am -.:k Pa iu mters. a s  a nn ’aar uns of rela’ u u m a c n m mg t h em.

It cli m.;bd be emphasized ttnat t m :e INTERLISP atm ucture is not a r m  exact  im pbenmentat io m m of the
Bobro- ,’;— ViA-: t t i rc t model . bLit a rnmi mne r u ’ :n rm , n t i omi  of it. The rn- - o f  i m p o r t a nt d i f ference is that the
alv mi l ,ib le fr c~nm me descriptors - Irma sommie .’. hat m aria res in icted amid beha’ie o i t hercn t ly  than in [1]

We pr une nt the fo l l ow i n g ( v e r y  brief) ove rv iew  of time INTERLISP stack structure to set the
staqe f a r  the s pec i f i c at ions  belo a~ amm an to umi t m - o iJuce the terminolog y Ins lana used.

Furnct iomm objects am id PROG forms share arm importanmt p m u : ç - e r I y :  T iney as re the only objects
vai n i n S  eva lucLt ionl requires the ut l lua c a t iunm i  ic- f st: o rahe to Imold the values of nanied local
variables. ~b~ - a~ntau s t ruc tur e ’  rc resem: Ie r l  by this a l located s t - a r u ;e is na I led an “access
en mvirornnment ” because i t is thr o uol n tInts structure t l mat t h e  valu es of v ua nm ; mbl es are accessed ,
We call functionm objects and PROD b o n u s  “ u m ntforr u m access immodules ” since t lmei r evaluat ion is
respormsib le f a r  constructim mq the access eni vironm umeimt.

m
~j 0 li:.,cS t f ne wa rd “ni c t i v ; i tm ncnm ” to ic ier to a specific nnnst , im ice af time process of evaluating suc h
a nnn :adule. f ri un-c hv tnon ~ f com a niodi.nbe rma ht n l res md a-n m i n i m -mn in) ,unndiit - :-ul to the hin du ps of
ii :niti utU locals. l lmn r r - f o r c - .  as .soc u fud w ith eacim cacln v a f iomi of a u r mi fc:r ni i  acn:ess mn - h u l a is a
ni l -t o m a - la j :u I c ulled ii ‘ In annie c . f r ’ m t :u i o rm ’’ ‘.‘ ilci c t m nm sorti e sense “contains ’’ all oh line access arid
con trol uruform , ituom i mnecessary for that activation .

Thus inn for ni l : , t n o n includes ~u pour nt e r t O a mn n ta—o hject  winich lends v :nr abl e mmanmm e s to values.
a iuet i— o t i j ’ ’ m .t  us c , u!h r - i l  a ‘L icts mc ( m am m a’ ’’ ,inid lii’ f ta - Iu t inn ti m -n f n ,nnnn ~ C.’t~~m i : , i u Tm i wh ic h

- I c~~m n f . u i m i ’ 3  i t is call’ ’a time ‘ ‘ lnl i rm i c ’’ or ‘‘bas ic m mm i- l i rmk ’ ’  of time fram e e ’ - f n -nm -  i nn. Am mo t h mer f i a i i J  in
If ie b n - t n n e  r ’ ..dn m u - , i n a ni Pie ‘‘ cml unk ’ ’  or ‘‘acce ss link’’ , cont ;ii nms ;imi .~t t it’m l m ,n i ninn extem ’isuoni w h ich
rc-co i m - nv .l y of J ac m hies  the bindings of all m monm — Io ca h v ; nm i , i l , Inus . A t h ird fme ld mm t in ’ Imam ne
e x t r a m m a m n c r i . the ‘‘c l i n k’’ or ‘‘ contno l li n k’’ . poi n ts to tIme frantic na x t r ’ t m s n an mu associated wit h time
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• activation to which control is to return when the current actuva l ion is ler mnm in a ted , Also
included in a fran tic extension is a f ield which specifi es the process asso ciated wit h t Ine franme
(i .e.. the comp utation which is being run in the frame) arid which cormtauns sto rage allocated for
unnam ed in termed iate results and internal control 1 U

It is conveni ent to separate the local binding infor mmiation (cormtair neo in a basic frame) from the
more global access arnd control m m n f a j r r m u a t m s m n  (contained in a franie extens ion). One reason is
t h at basic frames ar e of f ixed size ae pemmding upon time nunmber of locals to the module , while
time stora rn e allocated to I ranme extens iomis depends upon how many temporaries are needed

- ‘ dunmiig Ii~e cannput tno n. Another reason us that it is useful to allow t~,o processes to
com nmmunicate by sharing variables in a common basic frame.

Every activation of a um m i lorm access module is associated with a basic fra m e and frame
exlOn SnOfl . Because a franm e extension sp eci f ies the basic frame w m t h which it is used. it is
suff icient to speak merely of t h e  frame extension associated viith arm y activation.

Com mvent non: When speaking informall y w e w ill sometimes use tine wo rd “frame ” to mean
“Iranmie extension ”.

We can now formally specify the properties of the meta-objects we have introduced above.

Def i n i t ion:  A “binding” us a meta-object containing t w o  fields. The first field is called the
“arg mmame ” f ield and conmtai m s an obj ect, usually a Li ter a l  Aton used as a nam mned local var iable ,
The second is called the “argvah” f m~ id and contains an objec t , usually inter preted as the value
of the corresponding variable.

Def u rni t icn:  A “basic franme of size n (n>=0)” is a meta -obj ect w ith t h e  fol lowing properties:

(1) There are n bindings, each identified by an iimteg e r between 1 and n (provnded
n>0).

(2) T lmere is a field , called the “franie name ” field , which nmay contain an arbitrary
object.

Defi n i t i on:  A “copy of a basic fran ’ie ” means ‘ a new basic frantic of tim e same size as that of
hlranne, and contai n ing time sanme sequermc e of argnanmes anmd argva ls and tIme sannme franme
nanme. ”

D e f in i f i or m:  “(Literal Atom ) var is bound to vab m m  (basic frame) bf rame ” ii there is a ninding in
him anne v.r ut h i argname var arnd the last suc h bim idi nig (i.e.. tIm e onme Ident ified w i th  t h e  largest
integer) has argval vol . val is said to be the “va lue ” of v~~ in bfr nnm ma, (it is possible for var
to be the argnanme of tvio or rrnore bin idi rm g s in bfranmme , The last such bin din g is the on mly one
c i mu nsn d ’ c ’~ed. T it us us because the ~ec m c:h for bir uo m miun s is uSuall y u m i u p l a n m i O i i t m S d to stan at the
hack of time basic ft anne amud move up the stack towa rd tine tro u t of tine b a uc fran t ic .)

in m Inis l i- -hi u’. - urn  l i i i - - lm~ c .. m u n n n i n n t u rn i  n , . i n i f . m  Sir min ’j nl nn ’ -  ‘ I n  - in  i t -  u. Ju - ,’,- i m ’ i m  in, , i - in  a i n - t  - - n u t - r i

I ma y ur _— a un I l m r -  c n n u n t n n n n , u t n n u )  i ml) m n -  I l - ~ n i u : i i ,n ’ u s  u - I - - c -  i c r  m u .- m n , : l m u l ’ -  c- e u- n_ _ i n : :  in) i~ u c - aimnm n c - ‘ t i - n c r
ii L I - u  u l i y i u ~ Cu:- u n m n m n i m . n l i uu i )u uu i i  0 H i - I  i i u - ’ r u - - c u r ,  S il u: n u n- u ‘ - c I i -  u - t a  u n n r n r n n r m : nina ’

) n r r C m ~n,i, r - ,’ - u~~n a j ’ -  I w uih t h u  , u u . : n v , n t i u m ui I t  I- i t  a v . i - V / ’ .~~t - r  a n~ u - m  m u :  ~~~~ u . , ) u i n ,  1 m m  m a r - m n  o f b in _i ~n _,nu tnumnn .n i i oum
- i i i  r- .iul I,’ ) -  r im S.d , ii rim t i n -  - i’.-n m - ~. i i i - -: , 

- a r m ~ I y i i  nn - - 1’~, n_. i n i _ u t  n: _ r. n i r m ’ - i y 1- u - m m i - n m n u _ ’d i_ my i iu n _ ’
n u u ’ j  i - n m - ’  - r i t - , r
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Def in i t i on:  A “frame extension ” is a meta-ob ject with the following properties:

(1) m ere is a field , called the “blink” field , containing a basic frame.

(2) There is a field, called Pie “ahink ” field , containing a frame extension or ML.

(3) There is a field , called tine “clink” m clii , containing a f ranme exten sion or NIL,

(4) There is a field , called the “fempora nues ” field , containing an unspecified meta-
obj ect which specifies all other information specific to t h e  activation
assoc iated w ith the frame extension.

A NIL a h i n k  indicates that the top-level values of all non-locals are to be used. A NIL clink
indicates t imat there is no higher process and control cannot return from the frame.

Definition: There is a dist i n guished frame extemn s ionm , called the “top-level frame extension ”
which is associated with tim e top-level process. The process is specif ied as fol lows:
“R~ pe, t l y exe- :ute (‘ .‘iithout ter rnnn uu t non) EVALQT[] , ” The alink and clink of the top-level fra m e
ext e m msi on are NIL. All other fields are unspecified.

There can be framne extensions other than the top -level one w ith NIL alink and/or clink , In
particular , one cannot nmecess a ri ly reach the top-level frame O xt em n sn ~ n by simpl y ascending
thr ough the ahinks or chinks of success ive f rame s from sortie st a n t unmg fran tic , However , we
assunme t ine impiementor can ali.’.r c’nys obtain the (o nig ir m a l ) top-level frame extension.

Definition: The frame (or process or module) from which (or for ra.’ tm ic l m) tI me cpu is currenmt ly
executinm g inmstructions is called the “active ” franme (or process or module) ,

The VM requires the existence of a field , called the “active frame extension ” field , which
always  co mnt ca ins the active fran tic. This field is available only to time nrnp le m enmtor. Except
during interrupt processing. the physical n achmine upon which t ime Virtual Machine is realized us

- u a lw ays execut m n mcj the instructions for t Ine process associated w ith the fran n e m m t h is field.
Init ially, t i me active franm e exte nnsio m i field comm ta ir ms the top—lev e l  franie exte n sion. Tine fumm c ti o n
ca l l in g anmd retu nm m nmec hianisn m s (specif ied in the next Section) are respu:.:lsible for m i n u a n m n t a u n m i n g
the contemmts of the act ive frame extenmsion field.

D € f in i fmo n :  The synm hoh “ actf nanm ie ” is an abbreviation for time phrase “time cont na nnts of the
active fra nme extension field” . T hmus. “Let x be ac lframe ” is an abbrev ia t io m m for “Let x be t ime
conte n ts of the active frame extension field. ” Simihar y, “Set actfranmm e ’ to x ” is an abbreviation
for “Set tIne conten ds j f the active frame extension field to x ” (The s lng lnt pumm operatimig here
is quite i_ useful.)

If tine active process nmust immvoke a “lower ” module then control p: Ssn’s to tIme l rmwer niodule
(i.e.. a m e , ’, franmm e e.~lension us built to hold the activatio nm m rmfo m nnmat n on associated with th ie lower
nmnodu ic ’ amid t h i ; u t  I m u n n m m a  is s tored m u t ime ac t i v e  fr ,nm n tna  e x t c ’ m n s u ’ o m n  f i e ld )  nd Ih i~’ previousl y act ive
proce ss (or Inannme) is said to be “sut ,pa rmd ed’’  av ia itm rm rj t Ine result of tIme im ivoke d com m mp uula t ionm.
\ V i n r mn a su s pe mmded process (or fran ne) is ‘‘ rea c t iv au l n a m l ’  (w i th  c anin e ’  upc’ i;uli i .-d n e’ .ult) tb -mm tIme
ce nunputa t ion in fina l nnmodu le contirnues where it le f t  off . uus i mn j  thin k rmas ull  as tIme value of the
lower module. TIne point fro nm w hmich processun ig is to comi t innu e is called line “cc -mu t i m i u at uO n
point” .

We assume t i mat all control  in ifornmation for the process is numainitainec i in tI me f r : t n n un u  extemis ion.
Thus , we no not usually make exp licit stat e nments in our specif i cations reqardim ig saving
COmnt un muatuorm p m urn t s  bia’b ore ch nanm gm mm g tIme active frame.
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Occassiona lly we ‘,‘inll refer to a “copy ” of tne nneta -obj ect in tile temporaries field of a frame
exte n sion.

Definition: A “Copy. tempcop, of tIme c s n n t ’ a nnt s .  t a n n i n ,  of the ten upc- r ,nn es field of a f r .ome

ex t ~° - i s monm . fr ua m mn a ” is a nn ’ a t a~— ’ : jn 1 u Ccmn ta u m iu m i u J  the samnie nrmforma ti ci n as temp but w h ich -,‘,‘ i i I  no t
be direct l y af lected by cont irnu inq time comput at i o n in fr ua m mu r o . That us . if ~f ten  o h f a m m : m n n u j  tenipcop
we jlmn a~’.- the C m ) n u n L - U t , n t u a - n u  i t t  hi, : m t ic ~ to continue i -.c’inirh v miI  n~~hjs e the u nf - - :-rn n,- nl u o n in teunj ) to be
cii ,sniqeu as the com putation proceeds) we could get the sanme behavior (subject to certain
c-b v n ’~us but ln uino to state CnD i idi t ~na n m s on the exte nt to w b m ich time cc n lpu la t lo u i  s i de-e f fec ts  the
rest of the Vt ,1 ) by replacing the (now modit m ed) tem poraries field of h,nm n& by tempcpp and
r e su: n:mn n g the computation in trame again.

When a specification constructs a new frammme extension with- out spec;f ying the contents of the
tempor a r ies f ield, time sanne spe c if icat io n will (almost immediatel y) niake the newly constructed
frame the active frame. Vie nmcnan to imply that tIme temp- o n cu ries field of the frame should be
so i nni tual ized so that the process associated with the fm ,a n i me is t h at specif ied after the (mani c
hec -:-mea s the active frame.

The following conmcept is anna iogous to CDR chains from List Cells. It will allow us to talk
about time se que mi ’ana of franme extetmsuons in a c imain starting with a give rn frantic extens ion.

Def in i t ion:  The “ahink chain from frame ”, wh ere frame is a frame extemmsion or NIL , is that
ordered sequence of frame extemmsi ons defined recurs ivel y as fo h io ,’is: The “alink chain fron m
NIL” is tim e empty sequence. The “a hm nk ch. -n u m fno nm franm ie extemision frantic ” us that sequence
obt a inmed by audimr~ Inane’ , to the front of the chain of alinks from t h e  ahinn k of fr a ntic. We
assert the analogoL is un n af imiut i oni of tine “clink ch ain from frame ” . The “length” of sucfm a chai nm
is ju st time number of frantic exten nsionns in it. Nate that if time chain of ahinks (or c l i imks ) from
f r ,o m uie ’  has norm -zer o length. then time f i rst e le miment of the chmaimi is always tr_anjm~ .

Time manipulation functions specified below insure that no iu mfin ite a l in n k/c h ink chains can be
created (i .e.. mn o circular pointer structures t h rough the a h im i k/c lmn mk f i e lds can be connstru c ted).

Def in i t ion:  “var is hound on the  access c i nu~in from frantic ” nmeans  “sonic frame exte m ision on
th u~ access chain fr o nm Ir ommn ~ has a basic franme binndinmg va r . ” The “value of var on time access
clnain f ro nm frame ” means “the f i rst  value of var found by inspecting time succes s ive basic
fr an cs on time access clnain fro n mm f r : u m nne ,  Slam ting at fra m nme. ”

De fu in i l io n. ’ “ (frame c ’x t e ns mo n)  x is m nm imedi a t oh y below (Iron ic extension) y ” if y is the alink or
clink of x . Time r mnI.n t i o rn “below ” (applied to ironic extensiomis) is just tIme transit ive closure of
“u m nmrmn e d n ate l y belov,” . We extend this notion to time processes or act ivat io n s associated with
frannm e extensions as well.

We allow the user t o reference a frame ext na -m iai o m n with a nmew class of objects:

Dn_’fu nu ti on: A ‘‘Stack Pomm nt ’ : ’ m is ann - li j e c . I i n u i v u lu u l  omm fie ld w h ic h con ntu n unn a a franmme e~~t c .-m m su u O-nn on
a s h m ec iul m ark , called tine ‘‘ r r .- l c ’ ,i i’tl m u rk ’ ’  (o u .e below).

Fm . ni rm ’ us are usuall y i nn p l i -m n nnt u~-d by a llm rs :hum n :m s t - a r , v t e  cnn a s t a rk  of f imn i t ’ ’  l n ’ m n u ~t h1 lIne at ,nck

e oCCupu ”d by tIn ’ i c ~~m m ’ - : - m ’ m m f . lmo n n n~b ,t l i - m i m e  e x l i S m m s i m n n i  m , u n n n n a t l i n t  m n:n l , u n m n n ed as lomn n j as it
is p-o ,n~m hiIma run com i t ro l  to me an - i n it. I rm [r u m t i cul in . it c , n mmmm o t  be m m - n  l imed if t i cS  user inns a Stack
F~u umm i i ’ u n  v ih iuc in m n f u ’ r e ’ m i m , u n ~ tin e ’ l m , _ m m n~ un x t ’ - m m s n o n l .  l l n n ’ n m ’ l u r e ,  we’ al low t I n ’ ’  m e n  lii u ’~ p linohl y sever
tIne hin m k b ’Iw n ’r ’mn a Stack Po inmt r a mi d tI ne f n , n m n m a -  exte mmsi on it c r : unn la m ns .  T i mus us don e by
i.t i ’h) ma i l ing a special n mm e ta—o bje ct , called tIne “released nmark” , in tIne Sta n k Poinmt e r. The 
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lumi ctiun RLILSTK dic es t imis , Of cou mse, wh et h er the st ’u r- uje ass~ Ci~ ted wit h the fr a m ui e
extension cnu mm then be reclainmed still depends upon v- ihethmer it is possible for control to reach
thus h r ~m u nC e x t e u non.

Def,nnt ion: The “releaseu m ar k ”  is a special meta-object which is dist ir nc i fr o mmm any frame
extension and which can be deposited in the field of a Stack Pointer. Its presence iii such a
field indicates t lm , n l  the Stack Pointer no longer references a fra me extension .

Section 18 will formall y describe the functions which are responsible for act ivating modules
and interpreting the conmtent s of frames as enmviro nm nrnents , We now proceed with the
specif ication of time functions which manipulate Stack Pointers as data-object s.

Because it is inconve n ient (arid causes the allocation of additional storage ) to obtain a Stack
Poin mtc ’ r to referen ce a particular frame exte n sion . y e  allow a v a r iet y of obje c .ts to describe
certain frame extensions. In general . T and NIL d escribe the top-level and current frame
exten sions (respectivel y). Other Literal Atoms describe the lo- ,’.- csl fnanne ext e nnsion w ith that
Literal Atom as its (ronni e name, and lrmte gers oes c ruhe the franme extension a given distance
a o wn  time ahunk or clink chain (depenmdi nng on time algebraic sign). We formalize this below in
aniother defimmit ion which takes as a parameter a meta-varna hie name a r d  assigns that meta-
variable a new value.

Definit ion: The ph rase “get frame extension x ”. v,h:’re x denot es a meta-var iab le wh icim
denotes ann object means:

“ Let obj be the ob jec t  denoted by ~~~.

L e t  a c t s t k p t r  be a Stack P o i n t e r  c o m m t a i n h u i g  * actfra unn e * .
(Below we w i l l  c a l l  d /rt f u n c t i n u n s to i n t e r r o g a t e  the
stac k and , s i n c e  r.n~ ca m n mi ot c a l l  such a f u n c t i o n  on * a c t f n . a n i e *
d i r e c t l y ( s i n c e  frau’ie e x t e n s i o n s  are m ac ta-ob jects) we must a ssumn e tine
e ist e nce of the redund aun t stack po i u m t e r  a c t s t k p

,, ~j.)

If s r A c K p [ o ~j]
El RELSTKP [oim j}. caus e error 30 w i tl n c ulprit gj~j:e l s e .  1.-m t  ol . j I n n  c l u e frau :ne e x t c -’ n s i o n  conta im med in o bju

e l se if nbj 1 , le t  be t Im e i~~l n — l e C e i  t’ rmn ’ne exte um sion:
- c l : , e j h ’  r u i - j  ‘u [ L . i- r n Lie a c tir , ni n u ” ;
e l s e  i f  I! l A I m n n . n r g,~j ]  n

Ii Sl I .FO S [mmi j - I : r m r t s t,~p~ j ]  . let ~ be the fran ni e e u teun s ion
contained in S E k P O S [ n b j ; - l :a r.t s t ,~p.Lr];
e l s e , cau se e r r o r  ji) w it l n cul prit g,~j ;

- m l ’ ,.-’ if oh j is a t j mn ’ n nl n er :
I f  S l i i i l h l [ r r t m j : i u i i s t k p t r ] .  l e t  x be the Fran nue e x t e m n s i o n
c o n t a i n m e n t  1m m
e l s e , c a u s e  e n  m r  l~ wi t h  cul p r i t  Of ~j ;

“Is,. a/ m i S c c’rror 1-i w u t h  c u l p r i t  m m i i ! . ”

N ‘I’ ’ th ,l u f L’1e ’d~iy 
‘‘C t f m , t m m m e  e/ t ’ :’ nnsnOn fru n nm i” ’’ v:l t ’ ’ n n — f r . t n m m ’ :  is ~ u~- m n n ’ ‘ l~~ m - ’  I ‘ - : i - Ii as a Sla m k

P r u n i h n ’ r . NIL, I, a t L i m n r t n - ’ m n  nanme or an lr mter ne r . tIm -n i thi ’~-n o u n f t ’ - r I ma u nm e d r - m n - m i , - - a ( n m i n . t , n - o t . l r m t i
t m n n m n ’ ’  e - ’l ’ ’ ’ n ’ - ion I’ n e1’— t - . l m n u _’ n m c r v.’as n a u unnr ~ad ) .  T h i  l rannm r c v u a nn ’ ,i u mn n . t i c ’ ’ . ’ m u h u ’ ’ ’ t  I - y  - ‘ t m ] ’ ’  c t - s

t m m t l i c - m  lb mi I t m n i t  St uck Poinhu —’rs are i l ’ - f i m m s r d re l , ut iv ia t m ’  the h r , : n n m n ’  c ’ e t ’ .- m u n - i  m m v i i u mc l m us rum mn n mnmmj
Ii ‘ - ‘ I : .  I. f un m n - tn  - in -,‘.- I nm - hi ms ’n; the ‘ ‘ a m - h  In ai im ’ ’  n’ t r i m  - i - i n ’’ ‘ m -  - I, ni o n i in  n’ . l i i ’  - tm - mm ma, c ‘ ‘~ ~- m m m i
v, l n i r . l m ns u mi :t fn,ni mmn ’ ). fin s us at v a m i , n m n : : n ’  w i th lb’ E - . - m h m m m i y a ~~W c - - ; l m m p u t  nm i nd ’ - l v ,Imnc ln rm ipute s
lb. -: , ’’ fm , m n ui c n ’  ~h ’ i m - - i ~~~ re l a t i ve  to tIme l r ni nnn e w h ic h called tins sh .e.k fum ic h i - a m n , Thins m c  -a n is t h at
l i i’ ’  i n u m n m i r ’  m t ’ - , n : n n h i h ( u m ’ ;  hu ’iu ~ hr’Iiavi : som ’ - -~’ilnah d i f t c ’ m -r h l y  u narm urn h i i c ’ I l r r t n i mv. ’ W m ; h r n m ’ i t  numrod e l .
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In ~ m J r  h m ~ av r r j  Cnt .’~n h nm m - g Stack Poim nt e n a i n m o s t  st, : ’:k fu nmct u i :.ns cmn n i be ii~,-u JO to mo use an
existing Stack Pointer when one is given. We introduce the following de fu n i t i~~n to i iiake h its
co nvem muent.

~ ef u nm t ionn :  To “return a Stack Pointer containing frame (using st kptr)” . where ffan~ is a frame
extens u:j n ~m miO slkptr is aim an b i t rary  aL~~ct ,  means:

“ I f  S I A 1 k P [ s t ~ pt . n ’ ] :
S e t  tin e c o n t - m n i t s  of’ st kp,~~ t o fr a m n ne .
P e t u r n  St ~~p t m :

e l s e , c r e a te  amid r e t u r n  a new S t a c k  P o i m m t e r  c o n t a i n m m n m3 f r am ni e .”

Note that after replacing the conte nmts of ~t !Kptr. with frgnie, the storage associated with the
previous contents of stkptr  nmay be subject to reclannation .

S IAC ~(P[x ] if x is  a S t u c k  Po i n t e n ~, r e t u r n  x :
e l s e ,  re tu rn  t i lL.

SIKPO S [namn ne :im : h u’ ai ’n e: stkptr ]
Get f r a m -n e extension frame .
I1LLS I ia[stkg ~~J .
I f  n m s  N I L , let n be —1;
e l s e i f  n o t  FIXP[n ] . let n be F IX [n ] .
if n = 0 , le t  n be I .
If n < 0 .  I n t  chain be the clink chain fmoc ’i f mammie :
e l s e i l n>0 . le t  chn a i m n  be the a l  ink c h a i u m  f r o n i  f r a m e .
If there  are  at  l e a s t  ui~ e l e n i e n t s of c h a i n
contain ing basic fram ies with frame name rnam’n e :

l e t  newf ra n i e bu the !oI th such e l eune nm t .
I f  m n e w f r a u ’ie is  ~ac t f r a m m i e * .

cause  e r r o r  H w i t h  cu l p r i t  t i lL .
Retu u’n a Stack Pointer c o n m t a u n i u n g  mi ewf rane (using st kpt r ’ ):

else, return t i lL.

S IK I IIFI [n: fran ’me ;st kptr ]
Get f’ra mmn e e xte u msio u m fram e .
lid LS1 K [s m~ ji tr]
I f  n is hI L . let n be -1;
e l s e i f  not l-I XP [ u m ] . l~~t n be F 1 X [ n J .
I f  n=0 ,  let n be I .
If n < 0 .  l e t  c i n a i n  Lie tine c l i n k  chai n m I roun f r / m c i :

el se if n>0 . 1 - m t  chai / be tine a l ink c i na i m i fr c ,n n u frau ne.
If n~ 0:

If f r o r ic  is  a r t f r a m n n e * ,
c a u s e  e r r o r  19 w i t h c u l p r i t  t i l L :

e l s e  . r e to rum a Stack Pu i n n  te r con ta imi j im g fra n ’ u n (i s  i un iJ ‘. tfr I~ 
t r

e l s m m f  t I m e  leum n j th of c ima i ni does n o t  exu: -m md mn~
r e t u m ’ m u  ti ll

else. r e t ui m’n a Si -i rk Point e r c o n n a i m ’n m n n q  tine I c I ~~lst
ccl m m m c i i i of  c h ~~ i i  (us i um ij s tk .pt r

lie n i  (t I l l  [ i i  mu i’ ie ~ I i u i  : c l i i i  : I I nj :s  t kp tm ’
I. I r aiim .- ? ix i c r  m s  i o n f r’ m ine.

III iS  I K[  ~a I’ , t , i ’  ] -

I f  iii m nk i s  N i l  , l e t  .i I i  : m i .  lie tim e a 1 i n k of I ‘ ‘ i n c
o I ‘ , ‘-‘ - m l’. t i - m m m i i -  c m x  i_ mm us m m m i i  a I i n n  k -

I f  c1±o~ is N i t , l i i  c l i n k  he the c l i m m k of fu’ ,’ui’ue:
e l s e , ge t  fra m mi e e x t e u i s i o n  c l i n k .

I e t  l i t  r m m i ’m m m be  I I r e i~a’~ ic frau:me of fn ’ mnmmme -
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If fl9:
Let bf’ram ne be a copy of time b a s i c  frame bfr amn m e .

Create a new fra m e e c tens i on , newfrau ne . such that:
l in e ti h im n k f ield of nm ’-wi~~,,u’c c o n t a i n s  bIn -a nne .
line a l ip k fie l n i of i n -j r  - - .‘ c o n t a i n s a l i n k .
t in e c l i nk  f u e l  ml of m u ~ ~-,t :n m ’  con ta i nns  c l i n I c
l i n e t e - ’n l mo m ’ ar es i ~ I in ot ‘ . n ~- t  -am - u-  c o n t a i n s  a c o p y  of the

i’ne ia - o b j e c t  in t h e  t e : n t n o r a r n e s  f u ~r 1 d of frame .

Ret srn a Stac i Pointer con taun i mug niew frarme (usm i ng st,..~,p,!3).

SIKIIANG S [framn e ] Get fran c c c - t e n s  ion f r a m e -

R e p r e s e n t am id return as aim Integer tim e size
of t h e  li n s  i c  fm’ m n n e  of  i n - u m i a m .

S I K A P  .r~ a iE [ n : f r  uiic ]
le t fr au - ’ ex tension fri m -ie .
L e t  h b r a - ~e be  t i m e  bas ic  fm - ,i: ’nc’ of fram e.
II I f l A t  t I l l ]

If t O re  i s  a h m u n d i u m g mn bf’ rmur ’ne w i t h  ar gn a n ne ml .
r c ’ t c r n l

I se . : ‘ m i c e  e r ror  1’) -x j i lt  cu lp r  i t . In;
e l s e :

I I  no ’ ~ F I c P [ n ] .  le t  n m c i  F I X [ m i ] .
If nm > 0 a c - I  m i - u - mr a i m  jm I c a s t  mm b i n d i n g s  in lu fra m ie ,

re t u r n  t i e  a r g n i , m : ’ m e  o h  t i m e  n ttn  h m i u n d i m : g  in bfrunnn e ;
e l s e , L i / u s e  e r ro r  II - w i t h  c u l p r i t  n.

SIKAR G [n:f ra~n um ] Get fra m e ext en sio n fr.’u m rme .
Let h im -me be tine b a s i c  fa u ue ’ m of  f ra m e.
I f  L I I  A T t I( I
II t h e r e  is a b m n d i i m g  in tu f m - ’m , u ’ - ’  w i t h  argname mi ,

r e t u r n  t im e ar m 1 - ia l  ~ f t h e  l is t  such b i u n d i n g :
e l - ,c ’ , m : , u u , - , c c  error I i  a u t h  c u l l n r i t  g;

e l s e :
If m ini II ‘ P [n J .  I~~t n h e  F IX [ im ~ .
It mm ) 0 a n nu l  n t r e r -  a r m  m t  l x ’ i s t  n b i n d i n g s  iii b fram ’ne .

rc ’tu rn the ar gv al f t ine nth b i n d i n g  i n  bf ram n e:
eI~~c . i i ,  S c-’ eu ’ror I - i  , t in cu l p r i t  nm

S E i S I~~fc u -  . ‘.( t t t m [ n : f m ’ a ’ i c m : n m u ’ie ]
( , c -  t f r~ n- m ’ ~ c c  t , m n m s  ion f ra nc -

L c m t bl ru - n m  he t ine has m c fn’ a nmi mi 01 f r ru i -ie -

If L L I A F  t~ i n ]
if t i c - r n is  a tm n m m m h i n g  in h fr mm m ie w i t h  arg m n unu ’ m cm Ii:

S’ ’t u n ’  a r n J u - n - i . ~ I m e l d  m i  t i n e  l a s t  s uc in h m m i d i n g  to name .
l n c ’ tu r u i  n / n m -n e :

e l s e , u lii ~c e r ro r  I i  w tIn c u l p r i t  m m ;
e l s e  -

ii runt h i  m P [n ] . let mm he h- L X [ n j.
It n~n . umc i  t i n ~~ m - x ’  a r e  . u m _ l e a ’  t im t u i m m d i n n j ’. 0’ t ’ f r - m n ’m c :

‘ix’ I. t h u  ~t i i j i  ri ~ u r n I m e  hi of  t i c  mm h im  b I ni l i mug iii Ii m r -u’ t o  n am e
Re tu i ’ mi n .m- i c

c I s c ,  m i n i ’ , ’ e ru ’ o r  l i  w j tt n cu l pu’ i t in -

Sl. iS i l< / lhiG [un lr , im’ue I]
G e t  f u ’ ; n m m e  - c  te r m s i l ium I r rmr iu ’  -

I c i  h i  m’ m i n i m  lie the Li nu s ft I r anni e 01 f r ,mn’ue -

l b  I f i / l  I M( m m ]
Ii th u .: c us m h u m i m i i ny in h u fm m m m c  w i t in a rq u i um i m i c -  ml:
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Set t I m e  a m ~ j v a i  f m e ld of tin e l a s t  such  h i i n d i n g  to e d .
Re tu rn  v a l ;

e l s e , cause error 19 w i t h  c u l p r i t  m i ;
e l s e:

If not  F I X P [ n ] .  l e t  in be F I X f n m ) .
If un >0 ai m t t i en ’e  a rc  at l e a s t  n b i n d  u u n gs  in b f r u n m n ~~:

Se t  t ine ar g v a l  f i e l d  of tine nih h u m i d i n g  in b fm am’ ne to v a l .
Return va l;

else, cause error 19 w i t h  c u l p r i t  n.

ST KFIAM E [tr ammme ] Get fram m e ex tension franne.
Return the conte unts oh tim e fra un n e name field
of time basic frantic of framn ie .

REL S1 KP [stkptr] If SlACKP [stkj~1] and ~~~pj~ co n t a i n s  tin e r e l e a s e d  niark ,
return stkptr:

else , return NIL.

R E L S i K [s t k p t r ]  If S E ACKP [s t k p tr ] ,
Set  the c o n t e n t s of 

~P~C to t ine r e l e a s e d  mark .
Return stk ptr.

u ;LEAR S TK [f lg ] If fi g:
C reate and return a ne- n proper l i s t  of
a ll e x i s t i n g  Stac k Poin ters that do not
c o n t a i n t h e  r e l e a s e d  m u r k :

e l s e :
For e v e r y  e x i s t ing S t a c k  P o i n t e r , x . tha t  does
not contain a released m ark ,

s e t  t ime c o n t e u n t s  o f  x to the r e l e a s e d  ma r k .
R e t u r n  NI L .

Def in i t ion:  A “copy of the ahink chain of startframe to endfranme ”, where shar f fra nme and
er no f mm ~m ma ms are frant i c extensions and endbranme is in the ahink cha in of s t c i r t fm  a min e . nmeanis:

“ I f  i t L  - t f i ’ a n e~ e nmi f ra cm n e :
A i c -m i I r i o  c c - t e n s  m m : nn w i t h :

P1 j:i~ s e t  to a copy of the ba s i c  f r a m e  of ~~~~~~~~~~
A l i r u k se t  to tine a l i u n k of  s t a r t f r a i m n e .
C l  i - u k  s e t  to t h e  c l i n k  01 s ta r t fr annu e.
le i r mo orar  les  s e t  to a C O N Y  of  t Ime te i - m t io ra: ’  ies  of s t a r t f r aun me.

el s e :
A new fra m e cc -tun i s ion with:

Bl i n k  set to a copy oh t ine  b a s i c  fra m e of sta r tfr ammm e .
Al junk set to a copy of tIm e al mink cin am n of time c link
of  s i  i i  IS— i n ”  t o  i’ n i m t i r , m m’nci .
C 1 i m m f r  s e t . m m ,  t h e  c I u - i d  m i t  s I i i  i_ fm’ (m i-me -

I c~iu m ~ m n ra r  m uc s m i n t  tn a r u . I m y  of t ime Im-u m m n m or - i r I es of stmu m ’tfra iun e

COP Y S 1K s n . am If  r inse : o n u f  r a nne]
m ,pt  i r an n e  e x t u i m s i o n  s t a r t f r a u i n e .
i e  t, I ram numi c i x  IS- un s ion e mn m l f ra r m m e
I ‘ m l  I n  m u - n o  I s  uno I. inn t im e a I m Ok d u d  nfl I n n — u  -

~ t n u n ’ 11 ‘amin e :
C , u iuu ,c ,  e r r o r  1’) w i t h  c u l p r i t  N I L .

l e t  mmc m n ’ , f m ’ u i m n  hue a c o i ’~ oh t i ne a l  n un k d m a  in f rom
s l a m ’  I t  r im - u ’ ’  to c m l  F r  mi rm e
I. Fin/ i t c -i an n in u - cm tu ‘in a n one S ta l1 m u un tim m’ con t a in n i ny inc - i’l l m i m m -

F t m / l I l t - i  A n J i v a m ’  ; f’ r im ’m r ’ ]
( m m  I f i’a unne cx tum mn s j nun f m nil-i ’ m
I f  l i me  h mm s IS. f ran n’ of f m’ mim i c - i c o C c i mi s a h i  u n i  rig
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w i t h  arg u n anme v a n :

l e t  i he  t ine i r m t o ij e m ’ a s s o c i a t e d  w i t h  the
l a s t  such  b n u i d i n m y  in tIne b a s i c  f r aune of fra m e ,
R e p r e s e n m t a m nd re turn  as ann I n t e g e r  the n n t e ~j c r  1 ;

e l s c m . r e tum ’ n m ti l l .

S I K ~~A ’ i [ v a r :  fi ’ m mi i c : o l n i p tn l
G~~t frau -ic extension fra umme .
R id S EK[gj~ p~i’ J .
Ii t h e r e  i s  a I r a n u i c  mn~~t .uc nS ion omm the a i i m  ch a in
fro m frai’ne w h i c h  has a iu i n i d im m g w i t h  ar g nai mne var:

l e t  x i i i  t ime I m r s t  s u c h  f ran ’ n c e x t e u l s i o u m .
R e t u r n  a s tack  p o i n t e r  c o n t a i n i n g  m ( u s i n g cr l n l i~ t ;’ ) :

e l s e , r e t u r n  ti ll -

SI 1W 1 biGOt [n : f r  one]
Let a ctstkptr ne a Stack Po i n t e r  c o n t a i n i n g  *ac tfi .ame *
Retu nu n S T K i G t -tE [S i KtJ i hh [fl: iru mr u e :a ct st kptr ] ] .

Note: This funct ion is so frequentl y used that it is best implemented so as to avoid the
urnnecess ~ry corn structuon of a new Stack Pointer by STKNTH ,

18. EVALUAT ION

This Section specifies the INTERLISP interpreter and how the process of interpretation
inmteracts viitli the access and co rmtr ol stack described mi the previous Section.

TIme VM a hlo .~,ms tIme user to d iscover  cemh: ~m m n in formation about t im e internma l state of several VM
functions. T imo~ t’ functions one EVAL. APPLY. COND. PROD. PROGN anm d PROG1. T lmis state
info rnm~lt iOrm is niau mmtauned iii sm ’vci m ol  f ie l ’Js associated with particular act ivatuorms of the
fu nctions. We call th ese fic io s the “blip field s ”.

Definition: A “blip field” is a fie ld used to -st ore nrn fe r u m m , t i o n  regardinmg tIme interna l state of the
Vt ,1 f~i mmc t i - j ns  EVAL. APPLY. COND. PROD , PROGN aria PROG1. l Ii0 sr~ fun mc ti oi ms are called the
“b l ip— using f m in c t i o im s ” , There are fom .ir tyj.:cn ~ of blip fields. Eaol n t~ hO c f  blip f ie ld  is miarned
by a L i te ra l  At a n n and nmay contain arm y object. T Ine name of eui-:hi type of blip f ield arid its
usual contents is given below:

blip field name usual co ntep~s.

FN any fu n ctio n or furn c tm on object
~A RGVAL army object
°FORM anm y fornm

TAIL any proper list of forrmms (or clauses - -  see COND)

T l mc ’ r e mm civ l n c .i oh n i l - m s t  one ‘EN ’, FOPM , and ‘TAIL ’ blip fi~- ld fom . m n m y  a c t i v a t i o n  of a bl ip—
li: . m m i ( t J f unction. ihere are ge rm ‘ ra lly a v ,im i, ble number ml • A R G V A I_  fields.

I-l it .‘V m ’ r y  mcliv , lim- mm of a bl ip— using f unmct ion will nece os , nm n l ’ ~ hay”  a blip hm e !d ass o cn n t r ’ uI v,’ mt hi
i t .  F In n ’ s p e c i t m m . I t ; r  r i m s  of t I n e  bl ip—usi ng f u in c tu o mu s exp l ic i t ly  ueal cv ih hi hI m ’ allocation arid
I n n  i i i  ~j I, t i m / m n  oh hI p m f ields. Thu .’ funnc t io nm s F3LIPSCAN . RI IPVAL.. om it SET RLIPVAL (m i ef m m me d in
S ma m .t io rn 1~l l allow 11mm ’ user ho access and m m ’ pla ce the C m m m i l e - n i t t s  n i l  11m w ’  fnn ’ lm is ,
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B,i~iC , nlI y . these fields just represem it t hic rse tenmpor a r mes m m ec e 5s. s m -y to actually mmp lern ennt tIme
blip -us mnig fu m m : , t i o u is .  For example , when EVAL is comput urig the va lues of lEna ’ argunmn f -n m ts to be
supplied t u j  some fu nmc ti o n. it uses t i m e •FN field to h old the funct ion which w ill (ultim atel y) be
evaluated , tine A RGVAL f ields to Imo ld the argument values already compute d. the FORM
f n~~d l’s hold the ar gumim ermt f i nn  nm currently ri’-~umi g considered , arid the ‘TAIL ’  hu e- lu ho hold the
p r -inpO r l m s t  of i nim n m m - m i I  t im ins not yet cormsude red. As we wil l  discuss ri the mi . ~ “1 Section . ii is
p - o~~iLIe to nnn plememi t  tIme bl ip—using funct ions in such a way t lnat these t i~ lU’i o ne l i ter a l l y local
variables boun d in a basic frame.

To make it convenient to refer to t Ime contents of these fields we make the fo lIS ;iing
convention .

Def in i t ion:  The symbol “fn ”, used in the context of some act ivation of a bl ip-using function ,
is an abbrevi ati on for “the contents of t Ime FN f ield associated -,‘~it1i this activation -i”, We
make time ~t mm o logous conventions for forn m amid t~ u l . (We v iu l l miot riced such a c onvention
for the A RGVAL fields.)

We n-n w begin the fornm al account of how a fornm is evaluated. Thus account essential ly
depe n ds on tw o buncami menta t issues: the way local variables are boun d and the v.’ :m y functions
are called and returmi results. These commcepts ore for ma lized below.

We first specify how the variables in a module are bound to their values Icr a part icular
activat ion of tb- ne nmodu le. This is done by constructing a basic franne from lime module ’ s name.
the associated function obje ct. and a proper li n t of forms supp i~ n p  the argu rmients. This
procedure is also respon sib le for associating anid nma inta irm iiig the blip fields for activations of
EVAL and APPLY.

Defirm i t on: To construct a “new basic frame, x , from fnnarne. fnohj , and arg h m s t ” . where x
denotes a nieta-varuab le , fm anam~ is a Literal Atom , Imiob is a fun mct ion object , and argli st is a
proper list of k fornms , tIme fo l lowing procedure is fol lowed:

“Create and assoc iate a new ‘ F in -’ f i e ld , a new ‘ f O R M~ f i e l d

• and a n e w  * I A I L *  f i el d with t h i s  activation of tin e b l i p - u s i n g  f u m n c t i on
using t l mis d e f i n i t i o n .
Set fn~ to fn aa in e .

I f  t m i u m l m j i s a  n os lm m’ ead function object of noveval type:
L e t  k be 1 ,
C r e - m t e  ami d a s s o c i a t e  a m e w  ‘AR i ~VAL ’ fu c - n l d  w i t h  t h mis
a c t i v a t i o n .
R e p l a c e  the c o n t e m n t s  of t h i s  ‘A I tG VAL f i e l d  w i t h g~~y ) i st .

• e l s e  ( w e  must c o u n s i n i e n ’ tine success ive m m l e n ie n t s of a r q l i s t ) :
Set  ‘t a i l’  to aruj l i s t .

F-or i f r o m m n I t im do the I ol  l o w i n g :
Set  ‘fo r um ’ t o ( m ’b( [ ’ l ai  1 ] .
If f m i n u i r j  i s  of m a c v o l  t y p o . le t  v~~l h e  ‘ f o r n m n ~~:
e l s e , l e t  v in i  immi FvA i . [ n f o r m n ~ ].
Cn’ c~~~t r -’ m n it :m ssou:  i,it,e a u -n-n ‘/liri~V A l  • F i e l d  i ’ u i t hn t h i s
a r t  n v ’ i t iou i . ari d r opl m i r e t im e c o u n t e m i t s  m l  t h i s  f i e l d  hy v a l .
Set ‘ t a i l ’  to CI)lI [ .t - n n 1 * ] .

(We  h a v e  miow t i r r m ’ m l  a l l  of m i l e  a rgu mm m o.uit va lues in k new ‘A IEG VAL ’  f i e lds  ami d a re
I i m’ epnn n c ’ m l to bun i Id a su i i - u n l~~ h a s  mc I amine .
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Im i the i o i l o w i u g .  c o n s i m b w u ’ t i n e  k A 01 ,J A I  I e l d s  ii tIne rc - Jer Se on he m of tl n c i i r
c r e a t i o n . 1 m m , ,  l e t  t ine 1st ‘ARGVAL ’ fi e l d  be the one inmost ce ce m it l y created and
a s s o c i a t e d  w i t h  t h i s  activ a tio n , and t i m e kt h  ‘AR- V / l i  * f i e l d  l,e the o n e  f i r s t
c rea ted  and a s s o c i a t e d  w i t h  t h i s  a c t i v a t i o n .

(W i -  mu s t  name i u i sp e c t  tine c o n t e n t s  of t he  ‘F in’  f m i - ld in c a s e  it has hei -n r i u n h i f i e d

- ,. (w I tin SE F BL I P V A L )  dun’ ing an i n te r r u p t  or a l o w e r  c a l l  to EV A L  -

L e t  fnna uni e be * f ~ *
If f u nna mn e is a f u n c t i o n  or function object:

(We onl y ac t a- u lly b u i l d  a basic frame , bf raunne , if f q i ~~~’ie i s
s t i l l  u fu r ic t m u m  or function object - If the co n ten t s  of  the
‘F rJ f i e l d  was replaced by sonic c t tm er k i u m d  o f  o b j e c t .
no b a s i c  fu ’am :ie is constructed and special action is taken
h I the jm ’n m ced u r e w i m i o b i  eun ip layed t h i s  r l m i ’ f i n i t i o n.

If .I in -’ o~ 
is a f u n m c t i o n :

L e t  h’ no b j  l:e GE FD [f o i ma”mim ]
e l s e i f  f u m m n i m i .  i s  a f u n c t i o n  o b j e c t :

L c i t  fn u ,hu j lie t’umn n a mne .

- ‘, I f  I’n- n .-t n j is a nos~~i’ eim m b f unc t i on  o b j e c t :
c i t  paran m n lie t i m e  d . m r a u n e t e r  of ’ fu n of ~j.

I f  funih j is  of  mn oe v a i  t ype :
Cre a t e  a mew t - a s i c  f i’ -i u m . m . h f raune , of s iie 1
Let  t he  I r nu uuie min nie of  bf r anm e be I nnn ~mr - ie -

L e t  t i ne  h u n - I  imig  in hi En uiO hn~~-j -mm a rn j i ;nr -m a ~~~~~ a m n mi a r g v a l  t b m e
Ca r m i t - i i i t 5  of the 1st  ‘AF IGVAL ’  f i r m h n j  associated n- n ithm this
a c t u ,- a t i o n  (o r  I l l  i f  k is 0 ) .

c i s i -  ( I n u h n j u s  o f  o v a l  t y p e ) :
n C r e a ’ . ” a n i - n  i~ius ic  fu’~ u’i~~. b f r a n ’n~~, of  s u e  5 ÷ 1 .

Let t in ’- I m a n i c  r a m n e  o f  b f u ’ a n i e  b e  F i n - i - ma
F o r  i f r o m  1 to ~ do the f o l l o w i n g :

R e p l a c e  tIn e ar rj n arme f i e l d  of tIm e jUn b i n d i n g  in

~~~~~~~ by S r i - m e  uns p c m c i f  led o b j e c t  or m m m e t a — o b j e c t
o t l u e n  t h a n  a L i t e r a l  A to m .
Rep h u m : e  ti m e a r j v a l  F h e l d  of  tin e it h  b i u m d  lung i n
l i t  ~~n ’i m ~ by the c o n t e m m t s of  the t - i ~~ls t  ‘A R l ,~ A l  f i e l d .

le t  the  I. i - I s t  h m i d  i um g in i ’ -i m u / n y C  arg na mu e p _ in and a r g v a l tine
r e p r e s e n t — s t inun o f  S as ann I n t e g e r .

else (fnohj is a spread func tio u n  o bject):
Le t  n lie the nui’ il.mer cc l  par ,un - io ten ’ mn nn u ’ m e s i i  t ime p i ra u m neter  n - ‘ t up l  e
of  1no ~j a nd l e t  p a r / w i1 ( 1 = < i r < n )  be the ith  cou n pomment  of  t h i s  n- t u p le ,
C r e a t e  in new bas IS:  fr, i n :i c , h fra u un mm . of s i c  n .
Let th e f ra m une n/mi m ic  of  frau - i nn be I m o m m a  -

For i f nu ’ m ’i I to mm do time 1 0 1  low  u n ] :
Rep l ace tIm e a r l n a n ’m n ’ f i e l d  of tim e jth h i n n d m u : mj i n
In l u  ,~n i c -  by p “i ii_i-i m -

I f  ~R m n i ’ l r u r : um l i m e  , : nm n l e m n i.s of t lo~ ar u n - j a l  f i e l i b  of
tfn e u t h  f i i umnh u nm q mum i i f m ’ -i - ’ ie buy t i ne  c o r i t e u n t s  of the

2 i -
~ 1s t  / l t l i ,V1, C f id ci S S O C  j i t  ‘~‘ci w i t ~h / t im is a c t  i v a i  ion -

e l s e :
R e p h m n m : e  t im ’ cn um m .e m n t s  o f  tIn e a n o j v a l  f i c ’ l d  of  t ine it h

* hi minI i nip inn l u f r - mmt r ’ tmy N I L
‘ m l . x be h i i i’ a n-me -

N o t e  that , m f l e m  a rin ’~ of the phrase “conshrt j ch a new  basic f ranme. basic. In om nn Inn. fnn  baj , and
ntr (Jm n ’m t . nn lW blip h i n - ~t bs  r,.iiIl t ic  associated wit h the f r m m m m e exte nsuomm ml tIne tunmctm onn n: u t i u : emmm e d .
a mi d .  umnless tIme ‘IN’ field chm a’ not i - u n i l , m m m m  ,l I m i m n ~~l iomi or t ia r i c tuon n m - i h p - c . t ,  t I m ’ .’ m n m ’ t , i — s ’ ~n m i , m l a l e
basic will i b m ’ m i r  I n ’  a mow h ’ - ; ima m . fr , mn nm ’ - u :mm nm m , l m u cted as c i r ’ o m : m i l m ’ d  above ,
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The ex istence arid use m,l Ihe b l ip  field- s (and tine e -x i~ ta ’ric. e of t I n e tu o h m  mm BL PVAL) .. I
a D\’OM to d na c o v e r  tIne coi t . - ,<t urn -.‘ i iuncl n se nt .n m m n e r r o r s  occ tn r , nm Fj a ’ t i c u h i r . r~’i:~.i can f u nd out

time function ,‘ib~ i - h is v, ni l nng P” be cal led ( FN ), t I m e v~ lu~ t, of tIne arqu nm em mt for inis already
eva l m u - :ta’ d I the .ARG ./Al _ l ic l t l~ ~

. the argunme nt for u m curn -entl y b’-~ n - p  ~valt jO Io.ti ( FORM ). a r ms
time “-p . m Inst of remum , t mi inq am . ; i n n i u m — n n h  I .- n n m i s  ( TA IL’) .  Tim e fun o t no n  SETBI P’J’~l_ 01~ .‘,5 Dm,’I!M

to alte r t ime- se f ields m~ the en m ,ni is diagnosed. so t h at tIne m mnt a ’ m prc , lr-r com u t m m i u a ’ 5  w i th  the
c:v Ii.i.dion as if rio cnn n ii m U occurred.

C~ i ut i rm u ing with tine discuss ion of bound variables , we now m ake tw o useful t :et mnit ions
rega rd mmig re la ’ r e u  u ,E’5 Ia c.mm nobles ,

Definition A Literal At om is said to be a “loca l v~.r ma b le ” of a function a ble -Ct r,r PROC form if
t ime L u t e - i l Atom is re ic is - ic ea :mn a v0m ~til~ (see the spec if o~n lion ms of EVAL) in toe body of
tIm e fnni:l~on nib ’: Z t  Or I’~ ’_ ’_ fo rm, ni- id is al .’~- , n~ S to OUiiCi n 0 Ln.. ~~iC  t m , n ia ’” nI or lm~ .. t i n  one
inn .‘. n oh Ilimo bun . 1 / 0 0  n_ u t_ It - Ct  or PROC I_a ‘i us ‘ v,:mu,:la’d, hum pam ticu lar . t i u C  local  v,:m u , m U { C S  -of a

m m l~ - “ '1 m n clonti m a its f m ,:r :m’nm ’Im ’r nanmes and the locals of FROG, LI UNDA , ani on NLAMBDA
c;:pm’ ’ssmO nS appear m nmg (structural ly)  ‘.‘,- mt h m n the body

Da- fm i tn t m ,) ii . A Literal Atom is said to be a “n-s ri-local” or “free ” v , nni , m lmie of functio n object or
F1mOo~ f o rnnn if it us rei ’:n cm ncen _ m as a variable in t in_ i l  bornn m but is not a local variable of the
tumin _ non object or FROG.

We next formal ize tb ”~ nm u; t ions of fum ’ict ionm call an-id return.

D e f i n i tm c ’rn :  Tim e ‘‘ r esult ,f n ’ s  - . t i ni _j (or ca lhin :: ) fnname on a r ct l i S t ’ ’ . - i,Incm in f m lun , ’llo is a funct ion
nO r fum m ction object and a~~ - -I is n_’ t i ua ’ m a ]Jr ipe r lust of form s or a basic franme. is the object
demmoted by the ( ne - ta—v a:  m , : I ,niC result after the to l l owinmg co mput atu omm:

“ If 1 1 1 A m  I-t [ i n n  i - n i :
Le t  fn ub i j he G E T D [ i  u ’ i,~- mnm ~ ];

e l s e  ( I  ma i s  a i . nu: n non o b j e c t ) :
L e t  fnno h j I.e In ‘m i n e.

I f  I i n . -bij i s  ‘n FIJ inA] . f u n n c t i o n  o b j e c t :
n I  n n n~ h e  a u i c m , ’ h u ic f r - s i n e  , m m .h f n ’i - m ’ini ui ai’ ie t i lL and 0 tj m : n d i f l g s .

l e t  s t i  m m  I ’ — C A I t [ C I J E 1 [ C U R [ h o o b j ] ] ]
i f  lint S l A m  n P [ s t l .i , ’ m ’ ] om ’ R E I S E K P [ m t k i . t r ] .

cau Si ’ e r r o r  i- i  ~n l i i i  Cu 1 p m ’  i t  c i  k j n  L r

I ot a I in.  1 e tii~ f rO’nn cv t ens  non c,o m i ta  1 umm ’ d in ~ 
i k p t .

e l s e :
If ar gl i st is a basic fu’anne :

Let lm b rau n e be arq l i s t :
else (- m m m d i 

~n1 is a pi ’nper I is t of forums ) :
( I i i  t h i s  ‘ m i n e  we m i s t  m : u u i s t i ’ u c t _ Lii , mu ppr’ m rm n ’ u a t i -  b a s i n : f n ’ am ’ne .
C o m m  s ’. n nc t a un--n- ,  has  it. In ’ 0 c C  . 1, f’ n aui .~ , I ‘ inn u lii i ’ . ’ , i i  I I - a n 1 ni~~ 1 1 t -

( W ~ i- i n s t mi ni t i -~~. mn t ine c o i n  p i n t S  m i  t i n e  ‘ ‘ ‘ . I d m 1  ‘us t Ino ,m m l i i  i t
s t ha t i n  iii. i m ‘iii 0 u h u m :  t iii mm OI .h’ ’ _ I I u I m S , p I m i — b .

l e t  f umm u , i -’ imm lie t im e C nun l. e u m t s o f  t im e ‘II. ’ I i n — h I  c r e n u t e a  and o s s c n m : i a t m ’ d n y i t h
ii u s a m: L i  v / m t u n u m  h u m  u np t i m e  a n u i u s t rum.  t m o n  1)1 h f  r u le

I I I i i  ‘ n ’ -  i s mint mu f m  iii I n u n  ,u mm m l I S ii I mm 1 unm n: I. ii) Ii ohm l e t
l e t ,  : um ~~’~i u l s  lie an mm cm ’ , p i -ope r  l i s t  01 t Ine u : umm n i - m m t s  o f  t i m e ‘A l  ,i,u A I  *

imu l nib am . su u r  m a  t_~’ l  ,s 1 tim th i s nc t i v a t  ion , in m m c i  o rde r  of thin mm ’
c u ’ uu ,it nu n .
!l-~ n u u u ’ mn F A I l I  lA1’ l’ l n ’ [ f u m n i i ’ u e : i i ’ i j v a l s ] :

I snu i f  I I IA !  ( It )  m i m i - m m  n ’
l e t  h i m  ml i i In ’ ’ I l l i[  l i i i  - u m m ] :

e l s ’  ( F u m un m u - i m is a f u nm mi : t  io n o b j e c t ) :
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L t ~t t n n o b j  l a  I m i u n o : ’ie4 -
in 1 1  n k he In ii’ mini m -

l e t  a l  i mn k be a c t f r a u m n e ’.

l e t  I ra mm m e tu~ a mew I : ’ o u u e  c v t c n s i o n  such t h a t :
h u e  lii ink  I m m l i l  Cut l m ’au ’me c o n u m m i n s  f i l i m u k .
Ilm e a I m  m’k I ~ 1 d i f  i m ’in ’ia rc ,nn t - i i ns  )i~~k -

l i m e  c l i m i L  f i e l u h of  fra m e c o n t a i n s  ‘a c t l r a ime ’;

Set * a c t f m . a m .m c * to I r i m - me.
I f  fa~ jjj is a i J : , A l l m O  f unc t i on  o b j e c t :

Le t  r esu l t  be L :me re sult of n- s a l u a t i m m mj CAR [CDR [fnoin j ]] 0mm ar~fl,st .
e l s e i f f n,ç1flj is d u r e c t l y ei ma c n n t a b l e :

L ’m L r esult be tt: ci r e s u l t  of m ’ ’ e c u t i n g  tim e i nstruc tn onm s
i n  th~ body of i u_a nj :

c i l s e  ( i ’ n . : ,j i s  m a t  d u r e c t l ~ e~ ecut ahie ) :
For s u c c e s s  iv im ‘ n l e m - m e n t s .  f o n ’ri , in t ine ( a s s m i m e n I  p r ope r  l i s t )  bod y - - i  f m ’o h lj

l e t  r e s u l t  he L V A L [ f o r u r m l .

Set  * m c t f r n u ..ue * to tin e c I  i nc of ‘ac t f ’ r i u n e ’

The p i m o cedim ip dehnntion is o mml y used by EVAL and APPLY and C no ‘d - ~’~~~ y. n / n _ C  -d hose
functions (or tnem r -i/mn m nn mt s) are t h i n  only w o o the user can evaft n :m ie fo ’ ii or app- 1 y fu m m - : i  ; i O n ms
T hmus, user calls to VM fun ol ions al’ .v,mys fuave f ranmes assoc ia ted  v i mt h m them.

The action of tIme interpreter . E’JAL, on forms other t h in Literal At- _ a ims.  Ni n mnhio rs .  and List Cells
is deter m ined by a table , called time “EVAL table ”:

D o f mn i i t m m /wn: The “EVAL table - ” us a meta-ob ject whic bm has  as many fields as tht m~ ame ox us t ing
dab ty pes .  Each- i f ield is iu ’~m m I u h i o d  by o n e  the Literal A t o m  h-mI / i  l’JI:e non CS. amm o nri /i y Con t am n
any oL-j ~- ot  N-ole t h at tIme size of hi-ne EVAL t , bml ~ increases m,..i t t i m each ne’.’i user defined data
type,

‘-.‘I b m u . n  EVAL encounters a formmm w bmose data type is other 11m m on:’ - - I t I m  -sc: ’ mentioned above.
tine - d u b  t ype ’ s ~i : l m y  in  l im o EVAL table d&tc : - nn m: : nn e - w 11 m m ’  , 1 t _ t uo - mms -of EVAL,  If t he  n : ’ m m t m y  is T .
EVAL - ‘ j i l l  return Inn f o rm as ils v a l u e .  If t In e entry is ~i f u m i c t u  .01 Cb len_, l. EVA L w i l l  l I m p l y  the
f in r iohmo n m b ~’och to Iti ~ f o rm arid m O IL/ rn t he  resul t  as t u e  b ornim ’ s val ue. Tine function DEFEVAL
(sp e -o n l ued belniw ) ( / H i ) i ,’iS the user tO m od if y the entr i es in - n t h us table.

Thi n, initial c om mfigura t io n c-I the EVAL tab le is t h a t  the E’ r i f r i s for LITAT mOM . FIXP , FLOATP , and
LISTP an’s  unspn cm hied ( h i m ’ ? y  n ine  nev ’ r i n mspem . t’:d since the b~m hna v io r  of E VA L on such fo rms  is
b u i l t — m m )  and t he e m i t r y  f m:- m e v e r - -, othe r e x i m t i m i : j  d n I:m ty p i t  i~ 1, ~‘It m ’ me - v o n a now data type is
cre , le-d by t h e  user - the associated fie ld ru l In t ’  EVAL h. Lle is initiali zed to 1.

EVA I  { i ann ] II I I I Al iC - i[ I O r u u m ] :

* 
11 fo rm’ n ,Il on’ I r uin = 1 , ret um ’n fmm r i’i :
e l s e :

( W e  sa y  t I m - u n  I m mr0 “b ias  been r e f e r e n c e d  a s a
v . u m ’ i , m i i l e ’’ in n  .m um fom ’ un w ’n m i sni .~v — m l n m m i  i m n u u  m i g h t
a m ’ r i v e  a t  l I n u s n i m i m i t .
Ii m c m ii is hiiuiunul our t i m - an r e ’ s  c h a i m m  f r i - m i  ‘a c t f r n n - ie ’ .

— Ha tin ru n t I m a in in ml i ii g oh I i  ‘ u i

e l n ”,pi I  i i !  hi ) i ’ = A i  [ [ i ’ m ]  t/i lhi lfj n :
I l e t u n i n  I AIJI I IV A I

e l s e ,  u n ’ l m O mi I b l I i P V A i  L i o n )
m’ l s e i i  F I X P [ i - m n m u m } o u~ E I ( i f c t ( ’ [ f m i r ’ m i ] :

l ie t i u rn  I m m  i-n ,
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— i s e m t  I I S I I [ f o m - ru ] :
( t O t e :  h’ o rn m is as su n u . -.h to he a p rope r  l i s t . )
H : A k [ h - n - mn ] is  a f u m i c t i o m i  on’ f u n c t i o n  o bj e c t :

in n- t u r n  t u e  m ’e s u l  t o h c v i  l u a t  un m j  i A i ’ [ l  . ‘ n j  0mm COR [fo rrn ]
c I S C .  u ’ e tu r um i A L i L l E s A [ { f n n ij

e l~~c i’ m u s  n _ t i m e r  t h i~~ui it n _ n / e n  u l A t m j : ’i , i~mn - uI,er . or L i s t  C c l i ) :
L e t  t v / C  I n -  I i’ i - E  I /A l i t  [b _ c u _ I  -

I et  f m-ob m j be t in t  C o u n t e m u  ~ o f  t h e  ‘ 
~~~ 

l i e  Id in t i - c  EVAL t a b l e .
If fmn oh j = T , r e t u r n  Fo r  nm;
c I S C ,  r e t u r n  A I’PI Y [ I i m n m i n j : C i i I~O[  I cm: !J I [j j .

Note: We assume t b /n t  EVAL us imp leu i— e nte-i  as a din c -Th y ex e - ouh , m Lu Ie  fum ct ion (or else
“evaluate fn: -bj on argh ist ” w _ a n ld  never be a tern im unat ing process on EXPR fu: i n_ t ion objects) ,

E V A L v [ v a r ; f r a m - u e j
(We  a s s s n n ’ m e  va r  t o  3 1 h t m l Atonm .
Get  I r i co  c v  t e n !  S nom i f r - s i -ic -

If t I m - n e  is a h r _ - i ’ C y t n u S i o mm u n  the a l i u - ’  c h a i n  of
fra i ’m ., -,‘ui t lm a hm :’sic fr~m nm , co u n t a i n i n g  a b i n d i n g
w i thi a r g mma i- ne v / n :

1~ ’ 1~.rn tIme Co uit ,~m it s 01 t I ~~ a r g v a i  f i e l d  nuf t Im e last
s uc h  b i n b n n g  mum t t e  I u r s t  su c h t i a s i c  f u ’~ m e :

e l s e  r etur mi ( O E F l m ) i - V A [ L / n : ] .

SF. l [ v a r : v a l j  If the r~ i s a  fm ’ari e ,~~m n n S n on ~~~. mum tIn e access
c h a i n  f’ ro n m ~m : t f r ~~nie - wIn i ch  b i n id s  yam’ :

L’~i bf i ’ : - i e  inn, th e i m. ’ S l C  I r a nm u e of the f i r s t  such
f r a m e  ‘ ‘ tension.
S — t  t ine a r g v a l  f i e l d  o f t h e l a s t  b i u m d i n g  of  !..?n_C
in bfn ’ .i n’e to val
Re tu i’ Ji s - / I

t n l s e . S E l l m _ a . A I [ v n u ’ : v a l ] .

SLI Q [va r :valj ( I / O E V A L )
R e t u r n  S L l [ v a r : E V A I  [ v a l] ] .

t V A l  A [ f o r i u m : a l  i s t]
(W — ass tm u’ i e a l i s t  is a proper l i s t  of L i s t  C e l l s . )
Le t  n he t ime l e m m y t  In ml  a l i s t .
C o n s t r u c t  a m e w i l s i C  Ii m a e . b f r m i ” m a .  m l  s i z e  n
s u c h  t h a t  t I i ~ frannue mu / n m:m n _ ’ is I/Il a n /mi tine ith b i n d i n g
h a s  arg inni m - ici u mmmiii a r n j v -m l v - w n e r e  u ami d v are tIme

• C A I u and DiR ( r e - , I u - - n : t iv e l y )  m l  t ime it l m e l m ’ : i e nn t of

~~~~ 
(I  =< -~ = <  o ) .

Coum s t ru r  1 ii mew I ran ’ m e en teun s m u  . I u ’ nni : n m . such t h a t :
hu e in I i ml.  I m m  I ml oh I m c i ,  comm t i n  i n s  I - i i ’ ai ’ie

1 1 m m ’ — m l  mu ’ I i~ 1(1 of  I - n ’ - - ! - ’  rn _ mu i ,1 i n s  * 1 (tI niuii~
l ime c I i u k I i i -  I d oh ti-im ’~m a comm l.a uns • u n  t i m / m - i ’ n

Set * act Fr n -u n to i n  lm n i f -

l e t  s - a l  t in IV A I  [ f u n - n ]

S e t  ~ at I i n  / mf le * 0 i in,, ; i i  of • - mm i f  n m u -ne * -

I e t mn m mm v a l .

I I)F, F EVA I  [ t y h n e :  f no hj ]
I f  ~y p n -  is  i i i  th n o ur a ni a ml an m u ’  ist n u i m j l it / i  t ype :

I ;m u SC e rrom’ .m I w i t  ii cu l~m m’ i t  1 y J ui
e l s e if i y~m e u s  o um e .0 f t in n - I i ti’ i i i  A t  n m -ms I I 1 All / Il ,
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IIX P , F I O A I P , or I IS IP :
Cause error 33 .~uth cul pr i t t ,yj~e:

else u I i _~n_ n hi j  us N IL :
Retu rn  the C O f l t n , m n t s  of t he ,~,y,pe f i e ld of th~ EV AL t a b l e ;

else:
L et ohd ~ a l  he t ime c u n t y n t _  cmii t i c  t~- m - -’ f i e l d  n _ i
t i n e  F o A l  t s h m l e .
O ’-’ t t’ :~, c o i m m e m i t s ot  t im e  i,Ei, ii~~ lu1 of  t i m e  E V A I  t a b le
ti) tmu u~hJ
R~~tu u’n o u d v a l

T I  -.0l[ f o r u n :  c o y ]  ( L m ) E V A L )
If m u u v t .IL , return f’ orn mn :
c l~~~h f  S T A .Kli [n ~m m v ], r e t u r n  L I S T [ F U N A R G : f n . m n u ; e n v ] ;
e l se if L I S F P [ e m n v j :

(We a s s n . i u n ,  e n/ v to be a pn open’ l i S t  of n L i t e r a l  A t o m s
- 

. 
C o m m s t m - uc t  a m :cn ’ /  h a m u c  frum ie , bfra rme , u ’ ii t b m franc m na mn m e
FU ’: A I G  amid c o n t a m n m n ’~ mm b i n d i n g s .  such t h a t  the
i t h u  b i m m d i m m g .  ( 1- i = < n )  has  a m ’ gnninn- u and ar g va l EVA IV [u ] .

w h u e r e  U is  the it h e- I e nmu ent  of ein v-

C o n s t r u c t  a nice b r i i n : nm j  e x t ’ a n s i o f l . f rame , Such that:
l i m e  b l i O n  f d m 1  o f  In ane c o u m t a n n S  tnf ri ,
TIne a l  in.. f i e l d  of I :  o n_ n co un ta  i n s  *ac t l u a:.m ’n * -

T i m e c l i n k  f i e l d  of I m n n u .~ r. o n t a n u n s NI l

Const ruct a new Stack Pointer , stkptr , c o ntaining i m’ nn u:u s .

R eturn L ISE [FUNA I1G : Io n ic : s t k p t .i’]
e l s e .  cause error 27 wutfu cu l p u’it a n y .

* Ern ’J L O A I [ f o u ’ m : a i m - u L ; c l m u i k : a f l g : c f l g]
Let  o r i ’j .n l in n  In n  m i h i n k ,
/ at Om ’i gcl i n K be c l i n k ,
Get  fra mm m y n e x t e u m s i n a n ah imn k .
Ge t frau m ue è v  t ens iou ci link.

• l e t  f r nn -’i ’ n t ie a ni -s fu ’am’m e e v t e m i S i O u n  suc im t h a t :
l in t, h I i n k  t i n - I d  of f i n - u co n t a i n n s a b a s i c  fr a n - i c
con ta i n  ing m o h i u n d i n g s  ann ul f r a n ie  nam ’ne N H..
lIne a i m - I , I i m — u d  o f  Inn- m u m  i : o u i t a i m n s i li um

Th u m c l i n k  f i e l d  of  F m / - u ”  c on l.~~i ns  - m n i h

.1 If S J A C K P [ m u r ’ i i 1n i i nn k  and a f l q , R EL S FK[o n i 1 a l  i nk
I f  SIACKP [ou ’ u’ q cH nuk ] and d i g ,  HE L S T K [ n i I u  ! in - I.

S a v e  tIn e c o o t  i n m j a f , ion p o  iu m t for  t im e m m c l  i v n  fraunne iii

a m : t l r a i m i _ so t b n a t .  i I  : i c t i m  mi imS * is e v e m  reactivated
w i tIn r e s u l t  , t h i s  a c t  m - j a t  ion w i l l  return x -

Se t  * , l n : t f n  n i m m  to Fr~m - s~~.
l e t  v a l  lie LVAI  [b u m ] .
I f  t i n ’ ,  C I m u m  k iii * n un . t i m  ro m e * u s I / I l

cal n :,e e r r o r  J w Him cul p r i t  v.m l -

‘m l  ‘ u i : t i n , u n a u  to iii, ’ :1 i m n k  m i  * actfu .aum ie * ,
R e a c t m v i i . m’ th ’ n  p r o c e s s  iii t ime  c i  m m m l, of  ‘ar t f u a m m a ~
wu tlm res mml t v~i l .

Itt T I  i~I lIl [ fcaume : v m  1: f i g ]
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let . or i g l r c i - i c be Ln~~ is.
Get  f r an , n , m m t c u i s j O f l  f rauie .

If S F A C K P [ o m ’ i g f r amne ]  and 
~~

g. R E L S I K [ u r ~,g~~~ m mme ].

If  tin e ci  m ui k of f r~ uie i s  NIL .
c a u s e  e r r o r  3 w i t h  cul p r i t  v a l .

S e t  ‘a c t  f r ui i - ue ~ to the c I lin k of f r m i ,mm m e .
R e a c t i v a t e  t im e p r o c e s s  ho the c h i n i~ of f r?mi m e
w i t im r e s u l t  v a l .

R E I T O[ l r , um ’ ne : ia l ;  f i g  j
Let orig f r amnm e be f’ra m mn e .
Get  fr a m e  e A t e n s i o n  f r a n c .

I f  S EA C K P [ g j ,fl ~f ra me ]  and ]J,,g. RELS IK [oi-i g f rame ].

S e t  e c t f r a n : m e  to I’ r nmriiv .
R e a c t I v a t e  t I m e  pu’ u-n _ es s a s s o c i a t e d  w i t h Lr uViC

w i t h r e s u l t  v m i l .

• A P P L Y [f n :a r g l i st ]
( A s s m n m ’n’, mi ni I n s t  is a p rope r  l i s t . )

• I I  In is m e t  a f u n c t i o n  or f u n c t i o n  o b j e c t .
re s r u r ’n I-AU I IA i PLY [ f n ; - - s n ’ l l i s t ] .

Re t u r n  tim e r e s u l t  of ev a l u a t i n g  ,[,g on .‘u r q h i s t  ( t r e a t i n g
f r i  as  t h iou gh it w o e  of noe vnn l t y p e ) .

A PP LY [fn:arg 1 :arg2 ; . . a rg,  I
i c t u r m m  A °i ’ _ i ’[fn ; L l ST [a ~ g 1 ;ar~~2; . - a m ’ i~~~j ] ,

e~- - APPLY * is us’sd So f r ’ ’ ~~: : e m m f l  y it is bc’ -~t nmn p le mi ion-- led so as lii ovoid c r e o I m m i - ~; a proper
Inst TI  the /:m J ’ s ‘.‘. h m m o m i  p m ) S ’ T l l m I r /  For n m D e v n u i / m n - i s l n m i m r m  funaf o m i s  ut is riot pos su ble to avoid
c m nm . hh m ng  t he  h i s h

E I IVAPP I  m [ I n : a r g l  m s t : i l  m i t  cl n - u I  : n u f l j : c f i q ]
I e t or i g il mum ’ liC - u  I i 1  -

1 s t  or i gc 1 m m m l  he  i I m i n i - .
Get m mii . ,  e m  te u n s ion al  ink -

G e t  h i m - m m  n- teun s i on c l i  in k
l e t  in -m iii t a  new f m - i - - ne  m x t e u i s ion s un : Im t h a t :

l i m e N I  P0 h i e l n l  n _ I I n n  i’~ n, o i r t a u m n s in t u a s i c  f r a u - u - s c o m i t a i n i u n g
nb i -  m m :  u l i min i s a n t  ii’ m m m c  mm m i m i  N IL
lin e m i h l u u l l I d  of  h i m - u ’ c o n m a i i m s a l i n k ,
l i i’,  I i ii I i ’ Iii oh _~_~ ma ( nil / 1 1 0 5  c l i n k

If S T A  Ki ] o m n 1 , n l i n l ]  a m u l / / t I li Ih E. I S i l , I n m r 0 l n l m u i k ] ,
If S l A u c [  - i i m I i m n k j  ai im! c I ’ l g .  R L I t t I H i i m q u I m m m k ] .

t I n , ’  co m i t, uu u uati on poim i t fom ’ tIm e active tm ~ m r ’ m e in a c t f r a m n e ~
so t h a t ,  upo n m e /itt vat loin w i t h  r e s u l t  ~~ . t h i s  a c t i v a t i/ni m
of FII VAP PI Y w i l l  ret u rn x.

S e t  ‘ad t ‘ r um - u ’  * to t n -ma -

l e t  v a i  he A PI 1LY [ f u u : 
~

I 1st ] .
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II’ toe c i  i i~ of a ct fr a u n m mo is NIL ,
caus e  e r ro r  3 with cu l p r i t  v a l .

Set act frmnnnm e~ to the c i i n , ~ of •act fm’ain yn~
R e a c t i v a t e  t he  p r o c e s s  a s s o c i a t e d  w i t h  tim e c l i n k
of ~actfr -m n ’ie - w i t b m result v a l .

A ! - i [ ‘i a m’ : n] (hOE VA in )
l e t  mm h e  E V A I [ n ] .
If j u l  is  no t  bound on Die a c c e s s  chain frou mi
a c t i n a u i e * . caus e error ?] w i t h  c u l p r i t  var .

Let  k i n _ c the v a l u e  of va r on tin e access cha i n
frou’i a :tf m ime 4 . a n : h  let bfra mmn e be the basic
f ra im~ c o n t a u m l i n g  tIn e b i n d u m n y of var to k.
Lit size be t ine s i z e  of b fu ’aumme .
I f  k .‘* s i z e - I .  n un _ m i d e n - o r  21 -.-i ith  c u l p r i t  v a r ;
e m s e i f  ri < I or n > In , cause error 27 wi t h  cul p r i t ri.
Retu rn  tim e a n ’ m jv inl n.h the gt h b i n d i n g  in b- m’ m ’a rn a

SE IARG[v a r ;n :sr m l ] (l1Cih V AI )
I,et v a l be E V A L [ v a I j .
l e t  mm h a  EV AI  [ m m ] .
If v - u i ’  is no t  bound on tim e access  cha in  fro m * a c t f r a n m m e * ,
ca,.se .-rror 27 wut b m  c u l p r i t  v nu r.
Let k mc  the valu e 01 va r on time access chain
f rui- i  *ac  t f r anc ’ . amid let l~ I u’au :nyn be the bas 1 ;  fu ’a un e
contaiun i mmg line hi r mnh i um g of  v a r  to k .
L e t  s i z e  h e  the s~ /e of h i f i n u m i n a .
If /= s u n _ n - - I .  cause error 2 /  w i t h  cul p r i t  y am ’ :
else if mm < I ou’ n > I . cause error 27 w i t h  cu l p r i t  fl .

Se t tin e ar g va l of the nth b i n u h i n g  in i n f m r n n ’ u s to v i i l .
Retur um val

CO IID [cla u se 1 : c i a u s e 2 ’ i a u s e . ]  (N U EVAL )
(Lach c I u i : n s

~~ 
is m s mmmn ”ned to lie u p roper l i s t  if f-- ni-i s

and is cal led a “ cl - mus e ” .)
Associate mew 11 111 ~ and IAIL I id -Is w i t h m:t l r , u u ’uc ’ -
l e t  * t a i i *  be time c o n t ’ ’  ts o f  t im , f i r s t  a r m j i a i
f i el d of ‘ac t i ra uni e~ -

(1 b u i s  u.n i l l  tie t l ue p m m  ‘ m u  I i :,  t of 
~~~~~ 

‘ s n ii

ti n_ n COD) I 0mm - s b - n t u g  e v a l u a t e d ) .
U n i t  i i  ‘ t in i I * us N Il m h r -  t m m y n f o  Hun-n i mug:

I e t * f in r m ’ n~ h - nm CAR l  m A m I {  * t . - s i i ‘ ] ] -

l e t  v i i he  i.VAL [ furu ’n 4 ] .
If vim ) i s n o t  NIl

l e t  t a u l 1ie CI)1l [CA lb [~~t a i l ] j .
Uui il l  ia i i  — i s  I I I  I I n  t t i e  I o i l  mm n v i um g

I et ‘ l u m u m m i  inc CAR [ • t a i l  ‘]
i. y in I h e  Ill /A l [ t r i m - i  * -

I ~ i ‘ t i m  I • be (,l)It[ ‘l .a u 1 ]
f e  tu rin vii -

l e t , ‘ t m  i i  tm’s CD II [ m .~ ii’ j -
(If contn ’oi ne nm m . i :m n s O i l s  p o i n t ,  the CAll of
m m/ n u i i  d n _ t i n 1 ,‘Ai ii to N il
I l e t u r u n N I L

PROG [ I i - n l v  u n ’ 5 : b o r i m n 1 : f m m r n 2 ’. . ,  Iormn
~~j 

( t I m u L V A l  )
(1 )  t e n  I i  -~ I v / m u ’ s  m a  , i c n i n m n .- u i  to In c a prop er I I
I mit pm’ n ,u l h u r i i l y m e  t h u n  a n ’ujva I m l  i.hi~ I mrs t Inn m m m l i um iJ in
tim e Ii a ’  in :  I i ii’ , i ss r um:  i i i  ‘ m l  i i  ii rI m: t i - i n n ’  ( I_ i’ us w u Ii
I i mm r~ çm m — o~m e r l i s t  ol mm r n j i m m u n . n m m t s  In n u l m e  i~O1i , ho ‘mm)

lie im iuj i - l i  I
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M m i i ,  t i ne  t e n i p o n ’ d m  m c m i  f huilil of ‘actfr ,mi n ie so t fn a t it can
be re cognized as a Iram u i e in which an activation of
F ROG is  runn ing  ( sm - n e i nn _ I c  b e l o w ) .

let k be time l engt i u of l c i c a i v a r s .
F o r  i frou m i I to I, ito the lo l  l r n _ w u n g :

let a he time jUn e t e - i e n t  of l i _ a  lv ~n i’s ,
If  ~ is a I te i’a l A toum i :

L e t  v a r 1 he  c ,
-‘ Le t  v a i i be N IL ;

e l s e  ( m m  i s  assu m ed  to be a p rope r  l i s t  w i t h
a L ht r ’al A t uufl in i t s  CAR ):

Le var 1 be CAI1 [fl.
Le t  ca l 1 be LVA I ICAR[ C l ) l f [x ] ] ] .

Construct -~s i / - n w  b a s i c  f r a n -me , tm fr a u’ me , w i l l  fr - /m i’-, n: nn uio * PI ,/~~L A N
and containing k bin/lun gs such t h a t  tim e i t m u  b i n d i n g ,  I~ ( n * <k .
b imnds l.~

_
~E u to

C o m m s t r ’ u c t  a nmim ’i f m n m m - m e  e x t e m n s ion , f r a nc ,  s u c h  t h a t :
T in e b l i n k  I u e l d  of fran, c o i l - i  ins  m i n i o n s .
T h e  a l Ink f i e l i l  of F ra u . , contaium s .mi :tf rammie ,
t he c l i n k  f i e l d  01 fnrn j ’~-~ c o n t a i u m s ‘a c t f m - ,v m -n ’n

Se t  ~a c t f r a u m m e  to fram ’me .

As s ociat -m m ew *FOP I1 * am i d ‘ T A I L  f i e l d s  with actfra n ne ’.
Let *t a i i *  he CDR[progbo~~ }.

Until t ail is NIL do tb~ fo ll owi m m g :
Le t  * fou . - ,i * be CA R[ t a i l - ] .
If f i u~~~’ is not  a L i t e r a l  A to m . LVA L [ ‘ f o rm mi j

$ l et t au1’ tne CDR [ ta il ~~].

Set ‘- actfr auie ’ to tim e ci h un k of actfra u mm e 4

Return  NIL.

N-: t o :  The fa l lowinq tw o functions. GO and RETURN, are used to n n m -  T i n I ’ . lIme flaw n _ I  c - : - n m t r n l  u n
PROG. They do tI ns b’, inspecting the stack armd rea ct iv .ul i ncm l i m o appu opt n_ t he I r /t m mm es (possibly
modif y ing the blip h i e l — j s used by PROG). Tbmus, it is i m u m i - -:- n t , u n m t  that miiem, e In’ .- n_- functi ons be
able to recogn ize PROG fr n _~mn m ~’o . It is not suff icient h- a assum ime t h i n _ I  the In : u m m r i n _ ’  r u n _ mime n _ f such
I n iii u’:’ s wi l l  abv ,ays be PROG. Th us is because some of the hi i bm — b ’:.-jet f tu nm c ti o nms in Ibi s
INTERLISP user st /pport  f aci l i t ies (e.g.. tbme ADVISE feature) m n i~n_ v inn_ posi t  IIu ’ n_ function ob)ec l
associated u,’, u t h i  FROG in time function defin it ion f i eld of anot lme r Literal Atom amid act ivate it by
apply ing that Literal Atoni instead of FROG.

GO[ I al/el ] ( N O EVA L
• i f  the rm ,  is a m u m - m m  ext e n s i o rm imm t t m e  i n oun t ro l  c i n a i n  f r o m

* a d t f r n u m m n m - n’ tiu nu t is i ’u mm rkeij as a P1101, Im m u ne ( c i .  PROG a b o v e )
a mm m l ,iii ~n l n 5 n u n  e I m~m i,, mu I I - I t Im .m ( .m ‘~s in n S  m l )  run m n  1 1 s t
in tin e I u n’ s t .mr i j va l I m e l d  nuf i t s  b a s i c  f m ’a m m no :

I m ’ t Im n’ nm tl i m  u r i c hue t in e f i r s t  su i. im f r / me i ’ x t e u m s  ion .
l e t  p ro qluoi h y be  t i m e c o n t ,y u m m t s  i i  t i ~~ first a rqv al
I i Irt in tine in as i c In’ ru n., o f ’  m m m j t

e l s e .  m: aus c  e m ’ u - o r  8 w i t h  i r n n l p r i t  I - n h i e l

( I i  p n m m u ~ I r nui ’ u m ’ a a is ts Du nn l Ime c a l  1 t i m  F i- / A l  run m m i mg i n  t in e
I rl n mm m m n un/m i _ i , ,- ii i n ’ anmi e in t ime ‘~I nac  i f  i c a t n  0 m m oh P11111 , at m uve
u s  s i us I i l . m i i l ih w In  i Ic w i i t  ir m g I or t i m e r e s u l t s  iii t ine u - umm ’i h iut ;n I m on
t im /m t l n m v o l v e i l  t h i s  m l i i i m c i n l i O m m  of  GO.)
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I a t  i i . ’n in rp rog fr a nmm e Im~ tIn e I r mmn ’i ,, i mnu m’ ie d nat el y um id e r
prog,f r ns nu c ( i . e . .  tine f r / nm - i c  ca l  led I ra n ’s  in t im e s p e c  i —
f n c a t i o n  of PROG above ) .

l e t  p r o y t a i l  be th e ter u m u i n a i  s u b l i s t  of p r o q b o d y
s t a r t i n g . w i th  the f i r s t  o r c u r r e n c e  of l a I n _ e l  i : i 

______

Set t h e contents of the ‘IA I L b l i p  f i e l d  u n  i o w e r p r a g f r m n n - ie
to 

~~~~~~~~

R e a c t  iv - l t’i tine p rocess  in I / u ~~~’ ’ j i i  - m j i r /irie w i t h  r e s u l t  NIL
( i . e . ,  c o n t i u m u c  tin e “ U n t i l ’  loS - l i  ‘ i n _ l im ing  in l o w n s r p r o q f r a u n e
j u s t  as though t ime c a l l  to E l /AL had re tu rn e m i  Ni l . ) .

RE I i J i f N  [ va 1] If tin e r um is a f r n/ r ue n _ a  t e ns  i on . I n/ t ie . in  tim e c o n t r o l  c h a i n
fro mmi * a c t t r a m m e * th at i s  m~m m i r k  ad as a p m .mr- ~, I n / m i ,  ( cf . P lfNm G above )

l e t  f r an m e be the  f i r s t  s u c h  fm’am:ie .
If t he c l i n k  of fra m e i s N I L ,

cause error 3 n - iOu cul p r i t  f mnnnms .
Set ‘,m ctfr amm u e to tine ci in n , of In -n _ i ’ .
R e a c t i v . m t m ,  tin e cc - m i) uut a t i o n  a s s o c m a t e ’ l  w i t h

ac t f ram:ue ’ w i t h r e s u l t  va l .-, else, cause erro r 3 wi t h  cu l pu’ i t t il L.

P RO i i J [ f cnn ’u 1 : fo rm2 :. . - f o r m a l (IJO EV A L )
Let  v a l hue N I L .
A s s o c i a t e  new * f m 1sFI * a u : d  • lA It  ‘ f i e l d s  w i t h  mm ct f ranu e
Let  * t a i i *  be the co u i t e m nts  o f  the  f i r s t  a r y v a l
f i e l u l  iii t Ime b a s i c  frau m i e i f  acu .frau ne * ( t h i s  w i l l
he the proper’ l i s t  of h _ r u n s s u p p l ied  as a r g o - s a i n t s  to the
pin i )( , ’~ fo r m - i  be h ung e v a  le a  ted )
Unt i l  ‘t i  i i  • i s  N IL do t ime f o l  low lung :

Le t f c i r u i  he C A R [* t a i l * ] .
Let  zn _ i l h u n -  EVA in~~~fo nmY ].
l et t a i l ’  be CD,R [*L aII* J .

R a i n u r n  Y~ i-

P i lmm n_ 1[ f o r u l 1 : f o r m ? - t n  n : m : m ]  I ‘.I m F V A L
A s s o c i a t e  new ‘tmni i - i ’ -u nit 1A 1F I ie l d s  w i t h  in , t I r a n m e ’ .
h m ’ i + m a i i ’  be inc c o n t e n t s  of  Flu e f i r s t  a r r ’. v a l  f u e l d
t in tim e l i o n _ i c  Iu ’a mnnni s c t f n , n _ m ’ ( t h i n s  a, i i  I hi~ tine p rope r  1 1st
of I eros  supp I lent as argu mn en ts  to tin e PRO G I f o r m  be ing
e a t  lu a t m u d )  ,
Ii ‘ t i u n D  is N I l  , re tu rn  NIL.
I_ n, t ‘ f u n  m u m ’ lu m u CA I1 [ * t a i l  • j .
l e t  v i i  h a EVA? [‘fon .uum ’].
I ~~i. ‘ t i m i l  • he CDll[ t a i i~~].I * t i n  I 1’ I’; NI l  u i - n  F lu — f o l l o w  i mug:

l e t  I m i i i ’ hn nm CA I1 [ * tin m 1 •
l V A i  [ ‘ f - n - n m ’].
I a t  ‘ t a i  I’ lie C l ) R [ ’ t m i m i * ] .

It~’ iii r mu -I .n I -

iOn ~ 1i 1Ai E [ f i n m n m ’ n 1 : f u ’ a n ’ nn ’ 2 : I lags ]
I t  I u’ n m  mm ’  a v I cmi S 10 mm Er / nm ’ uma -

I f  I i  u ’ . ’~ i s  NI l  - l e t  f m a umne 2 hue I
Get , I u’ / mm ’ u m m  m u x  te un s i n u n  f r a m e 2 .

If nut F I X P [ f I 0 11 5 1 , let f l a g s  be I- I X [ f i a g s ]  -

I m ’  t mm lie s n u n_a n i  m ’ in n ’ m m ’  ,‘m t ’ ’ r t im nun 3 aim th let
hi n _ ,  b I ‘ ‘ . ht

~m hm ’ ti ne i / I  n u n  y d i g r l s  aim t lm a t
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I f  h4~ 1 . l e t  c h a i n  be t ha t  subsequence of
the al jun k c h a i n  fu ’oum i t r i m n m m e r  to (and includ i n g)
f n n _ u ’ia , (o r , if’ I n - i  ~~~ u s  no t  j u n I n  iOum ‘ a a I i  m m~ c h a i n .
tim e to lu .m n

~~ $ I fu ’a m me ea t eu m s n_ n j i m l n - ~n ; . ‘ S a link d m a  im i )
e l s e , l e t  c l u e  mm In ,, tim /m t S i n t . s a l m u C m i L e  : 1  t.i~~ C ) j u n k
chai nm fr u u a t r i m - - m m 1 to (and  i u m c li. n d u m n g )  f ranc? (or . if

i s  not in 11i.btn _ ‘ S c l i n k  c h a i n , t ine top -m ost
f r n _ m - n e  ex t n , n s io u i  in fnouie 1

’ s c l i n k chain ) .

For eac h f r a m e ,  f r a m e , i n c.In a ium . do t h e  followin g:
Let in be the fr/i - ne n m an ’m , n of  t ime b a s i c  I name of f r : t i : i
W r i t e  ( t o  the  t e r m i n a l  au.cI  iii a nm y f u r n n mat  d e s i r e d )
ti n_ c ft Hoe in g infor m ation (pm’ov ided tIme con d i F ions
on the b 1 ’ s and f n are satisfied ) :

( 1 )  in ( p r o v i : t e d  b 3 - O ) .
( 2 )  bo th  c om ’ i p ouue mmts  o f  a c t n  in m o d  log in the

basic E r ;r i ui u of f ra me ( p r o v i d e d  e i t i n e r
( a )  b 0 =l ami d no t  SIJ B RP [ f n ]

or
( i n )  b 2 =l am id S U B R P [ f n ] ) .

(3) m a l e s  a- m I v a l u e s  of a l l  te : ’ m l io ra m ’ ies used
N y EVA L ( p i ’ o v h d e i l  h- ~~~1 and p 2 =0 ) .

(4) iuau i na s a .mut values of a l l  tmamm mpora r ies
(w h e t h e r  used by EVA L on’ m not ) wl’uose values can be
um eaum i n g l y d isp laye d (provided b 2=I).

Re tturn l.

19. RESTRICTIONS ON THE IMPLEMENTATION OF VM FUNCTIONS

There ,‘ire several i n mm p - : -m I. unit poiu ’its vi hmcb n should be made rub ,  lung to the actual impleu nentatmon
of the V M functions specified in thus document.

The f i rst  concerns the CONS courm t. and the Large lmm f e c mn- r , anid F lo a t mm n ; Point Num ber box
cou nt fields. Many spe clt ic ;nt ionm s use CONS (or LIST) or l b m : ~ nmurne ruc furnct iorm s Iron Sn_ ct ions
9, 10. anmd 1 1 , Inn cormstru c t  ob lects for i m m t r n  i i ; i b tnse. For ex - unmi p le .  mauny funmct ions use FIX to
convert t h eir am ntu n i m m t m m l s  to Integers. evemi though in m ammy cases the user un_ u n_ nO t actually obtain
the l mut n n _~~Or con structed (c f ,  P1_ U S  in Sect i o n )  9). In I b m - n _ ’ ’  cases h u e  m i ’ i ç _ iI~~ni a : um l - n _ r would
im nhi mi ; tbb 5’ be t i n _ m i m f l l n - ’.l to av- n_ n tt ach iu. ;I l n_ co nm ’~I m u u  - m n ;j 11 m m ’ in,-.u.~1 . 1/ lOO t ,  H lV,’ O V ’ ”n_ . l m n - : ;nu’,m n_ o- f the
cou u h er h / clcts abio n.io .  t h i n. w u n_ t i l t i  h n n _  fl t n t  n m _ n a b  v u l , r b i O i l  - - f  11:0 5~j n ’ C m f ; l_ ,ih i :-mm s (sinmce c-vein
t h u ouglm flue use r could not obta inm t l im n _  resu lts time 1- i l - tm uuu ,hiOn s he could deI’~m :h n’.- I , m n _ h t m m - r
SO l n in ’ I l l i u l - l  iIJmmS C o u m u h r u l ; t n ’ m ; )  Smuic e h i m: .‘.‘ h m n - b t t n _  u r n ’  m m u l i : m n t i u - t /  m um - i -k’ I ’  - m c ) V i . h O  Ilie / m n _n :n  w u t im
a way ta monito r h im; use an _ I lhnns ’’ mu ‘ -n/ i n’ ’ , 111cm mnjp l p mn u i  - n m l m , u  us P t i  ~~~~ e m t n n _ n l t / m  , ; t l u .- _ h h im adn - i i i
t l n t _ ’ mfl~ i~ i m f f m u . i ’ ’ i m t  n u ump l’n _ ni u - -  m i l ; u t i -  - m i m ,  (avoiding the co mmshmu m t m m - 3  .‘ z i i ’ ’ m i  I l l m o n _ ’ m h n l m ? . d~t sp mt e  the
tec lmn iun I vi m l , u h n m m m  ‘n _ I  t Ime n, I i n ’ - I f i n n ,m luon S.

U n _c m calls to V M Iti im ~ ti ~ ins are always assoc m ;ut eth n ’z m hl m f i n _ m m ’ ’  n’ ,- f y n i ’ ~ i m n ; (smi ni ~- l y bpc~ u i n_ i _’ such
calls u r n ’ ;ul w ;n 5 - m, ‘- v .ul n m, / l eu u’nm mn g EVAL l i t  nil1 l Y -m m ) mn i ’ ’,jf h i m - u  v , uu u a mut s ). H a n _ u - v O n ,
f m c - n t u m m - u m h l v  lime u nt in _ n ; mfuca ti ons I n _ n VM I u u m c t i o n s m n’ Iem ’ :ti m ; u ’ lb ’ m VM 1 ; n m m m  In u n i t ;  Give n the
comi m j n . u l i u u n s on t h in  nme ;tn imng ml II x 1 ’ vj f m i ’ m n ’  I us ~n ‘111 n n m m m . l m c n m i  ( i i  Section 4) , no
co r i n_ luai ni t s are ~a l i  n .j orm t ime n m n p l n n n m m ’ ’ m i t m u n i ] . n u c l n m l m l  hu t’,’ Il m nn _ sc’ ini t ’ .- m m m . u l calls to ,u m e l u ’
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i n _ nu n _ l ed , For example. the imp lementor may choose to impleme n t these calls wut i ’i time stack
nmec lma um us nm n_i,- :uu I ,ub l m n _ to the user or to implement them on a private stack used only by internal

calls, or to code them “inline ”.

I t ns und erstood that this flexibility “nIh re~ n_ rd to internal control is detectab le by the user.
F u n _ i  :‘~~, u u ’ t l m l e .  calls I;- STKNTF I from wut i min  interpreted c n n_ c e wil l be se n n smtmve to whether or not
the reel / can on of EVAL is visible.

Of course , this private commtro l info rmation is considered p a rt of th e “continuat ion point” of the
user process vi im iCh unm- iok od the VM function evaluation , since - should this process be -

sun _ n_,~3 m m n _ Oa,  th ie prmv . lc control iriforunatnon “ou c be i m e c es s nu ry  in o rder to resume t i me process
later , Hence. if a priv n_ t c stack for in ternal control of V IA functions is em ployed, it is
c-n _ n sn t r n _ r noci to be nnn_ ere ly a part of the temporaries bue ld of t im e frame extension of the
; sn _ oc m n_ Ied user process.

Because a frame p’~ teni sion is rec no mde u as commta m m m ing all of lime access amid c n n _ u i t r - o l information
ass - n_ em o ted ‘.‘.‘m t h any fumn- :t i on ac tuv a t uomm ( m m m i i  - b n _ u  nu n _ m n _ t n _ ti n _ m n _ s differ orm ly in v.’ I m c- tb n _ n _ n _r thms inform ation
is expl ic i t ly visible Ii: the user or hiddemi in the tenm n_ porarues field) , we int roduce the fo l low ing
unifying definit ion:

Oe~ini t ion :  A ftnnctmon activation is “controlled from ” a frame en_ itension if tbme franie extension
commt ai ns the access and contro l information associated with t in_ at functio n activation ,

It is possible for one frame extensio n to be control l i ng more t i mami on-se actuvat ion of a VM
funct m onm . Thus happeu ms n_’i ii .n_ n .ev er t lmere are several levels of internal calls to VM functions
puslmed ann the private stack ‘,‘ im th m n t h e  frame ’s te m poraries field.

We now present the restrictions upon the use of the user ’s stack by VM functions:

( 1 )  N- ’i VM function ,‘u i n _ t i v a t i - n _ n i  w in_ o hm binds the p , m , i nni e f e r nanmies ol the \JI,1 fum ictuon
in a user-visible basuc fra m e may nn_ odub y time bindings fou mi ct in that basic fran -se

duri ung the execution of the ft j nmctu o n i body.

( 2) A hoSu m : frame htnilt I-n_n bind tIme variables (i,e .. 1 1 , / n  , ; m i ’ - ? t e r  n on _ n _ cs  or FROG
va n u~nblc ’s ) of a VM fu nction nimoy n_ n d introduce buin_ dings (of Litera l Atoms)
vi hmcbm are visible mm the access n _ I n n / i , .  I r cm un  a n y  act ivat ion of a user funct ioni .

Because user calls to Vivi f u n c t i ons are a lways represented o m n time n _ t n _ un _ k . the en car Imo nd lumig
fac ilities can imu n 1pc’cl t Ine sh,;u: k to d u o ’ :-vnn _ r ( n _ mud pO5S lb l m d i, . ’ m u m n  so n_ min i l ix )  the cause of tIne
erron - Omne h o ur l y c -n _ n n m in _ on error handling acet i u m no us as bn _ - I I o m ’ i n_ A f t o r  control has ben_ n passed
from sonn_ cn_ Vt ,1 f u rm ot ion  to the error ~i ; u m , k-na ., ( ERRORX). lime p n - n _ k om ;o dic ,n-nv -n _ rS (by im msp ectu ni g
the sIn_ n. k ) t in ,  t the VM f unction wo n c tu v n’rl hbn ~’ u.n onq anq m.um n mn ’t rnt s. I t  d nn _ n :m cles i,.,I.,1l tIme “ r ig ht”
argum inents t in_ re  and mo d i f i es  t im e i-,~~~- n .sn n r imn be iumg n i l - i c  noted s-n timid on n _ t n t  s ’ ’ n l u lemn _ I
m . n ) n n _ ’. m ; mntc ; .n n_, ‘.‘.‘ ith t h e  1 ,<press ,on the erro m shotild not r e oc n n_ mir . It is de si r . nh i le to m ;omn _ lmr mu e the
Com put. t n - . ’ m m ,;t t lui s po i umt. b u t  n _ in n / I t  n_ I car iu not hut’ r n_ tu r i n _- U t m n  h u m ’  VL-1 fu m n- n _ h nm n _ mi  s n _ h i m _ h i  C m / / n _ i  - m l  t Ine
I ‘ Ic n _n i n _ m n _ c n u u n s e  no assi_ Inn m pt io n s nu n c made about bmu -v , lim it funct uo n will I n n  ‘ In_w e , i t t n ~’i mn_ r i  error.
[Inns. Ihu c im- - i  li n t/ l i m n _ h m l . u m m n s  tI l e o m q u m n m n ’ m n l  v ,mlc n~~m, I - i  I i m tn _  ‘. t .~ t u m m n . Imu i m n  by lu ’ [u b m m m n n _ i  thi n_ u hionnm

l im O b . c  franme ‘m l tIme tn _ m n _ cti ’n _ n ( i t  caminnot n u l l - n _ md  to On _ sI / m in _ Om t h m ~ ;un q u u m m u n - m i l  f-n -- i n n _ s  can be
n c.’n_ ’ m ; ml u n _ u l ’ : n /  w n l l m - n _ u h  u n m m n t u - n m t l nci s ide -n _ t I n _ u n_ I s )  amid tbm enm applies t i me V i .1 l m m m i n _ I~nnu i I - n _  lh i tm con n ect
l ist of values t o m n _ l , I , lm n m f i n n ’  result. f l_ m m error handler tbm e n t ises Hr 1 P01.1 to jump out of time
c n n - n _ c  amid U nn ’ c t / I l  to t ime ‘JM fu n ct io n on flue st o ck ,  so as to c - . m m h m m n u e tIne co i nput nu tmo rm v.- u l h m o i u I
furth er mm i b m  mm u~i l  i n  l i i
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Restriction (1) allows ERRORX ano the other user-support f n _ m m n _ i h u t ues  (such as OWI M) to use
S’[KARG to recover t ine initial v n_ Iu~ s nil t i me pa ramim ulerS to Ihe function . t~em eb y permitting the
possible diagnosis amid recovery fronm the error ,

This rcn : 1tr uc ti o n has f i n _ c  f . n _ i l n n _ t ’,’~tmg n nn _ rn _ -I icn _ tn o n f o r the s mn _ n _ c i f i n _ o t i ons  in thus documemit: If a VM
function is implemented ,‘.‘ith some Literal A ic-un par am in_ eter . u:n_y X. as t he realiz ation of of some
m n_ to—v a r iab le ,  say ~~ . in t i e  specification. th e m- s X w il l  b-c L’ ccm n i _; in t in e bas ic frame , : : n _ s-n _ c m n _ n lC d
w i th the act iva t ion of the fum n c t mo n .  If the sp eci f ic at ion co ntains a se ntence such as: “Let x be
x + 1” , t Ime obvious inn _ p lem mi e nm t ot uon is to r o b m i m si X to the ‘j; il u~ of (ADD 1 X ) in the basic f ranu me ,
Thus us imi violation of res t ni ct iorn (1 ) .  5i f l tn _mr i t  m,’,’n_ n nul d :lu- ’Slroy the init ial bundum i ’ : of X , Instead ,
tb mn _ mm n n plen m ien mt o r  must a llot ad d m h io m na l s t ocnmje (e i tb n_ e r in a los ’,-~ r ln _ n_ smo franm ie or the tennpora mue s
f ie ld)  for t i- se current va lue of X ( a n _ n d  all other mnoc mf i @ d p’ :r n_ mni n_ e to rs ) .  tn,ln. use phrases luke “l et
x be x+ 1” . v/here x appears as a p o r n _ mn _ n _ c l -n _mr in the specnf :c .m t m on . t o r n_ n_ in _ ce t h e  num ’nmher of
meta- ’ ia nuo bl-n_ nannes tIm e reader nmust v m ~-J e through.

Restr ict ion - s (2) prevenmts v n _ mun _ tn _l~ clashes bols’j , n_ n_ u i Vt -A ammd user fu n ct ions. Bos uc rll y . i f a VM
function call binds its v O r/ab les in - s t i -se usual ‘.‘ In_ ’j n_ mid t I n _ em u es - bu n_ lo s us er t - n_ tm ms , the bindirn_ gs
of the VM furnc tuon ’s va r ia bles must not conf l ic t  t h e  bund imn n _ js  n _ n _ - I  up for time t iser. There are
two obvious ways to avon_ i thus p r r n_ ulcm n l: ( 1 )  The co u mte m nt s of the argunume fu n _ i - n _ is of tIme basic
fra nmes set up for \/ IsI fun ctions cam i be Lt.u t . _-etS i_ th i n _ n  tI n_ mn Lmh,c n_ nh Aton is ( h b me reb y c a n  ec ludmuig
t i m e possibi l i ty of rebinding any user vannab le ) n _ n _ mi d t ine code in tin _ c booty of the functnonm object
can reference time argvol holds oh m nn _ n ct m y (b y posil ion rallier than argna une). or (2) time a lm mn k
f ields of user frames cam - s be set so that no access chain fronm a user f n n _ cm m ’ie includes t h e  basic
fr an-se set up for a VM function.

Finally, note that a basic fra nmu e is “vi sible ” to tIme user onl y if the user is given the opportunity
to ins pect the stack. Inn gerneral this may occur during time in _ vn _ llnm/ t iOfl oh a V IA funct ion
provid ed either ( 1 )  the V IA f uncti o rm i t sn _ l f  inspects tine stack. (2) the lunctuon c - n _ m i l o i mm s  so n-s me
“~ at~ function -s calls ” (cf. Section -s 25)  permi t t i n g inte rrupts to occur. (3) the funct ion ca lls EVAL
or APPLY on a user sL /pp h ied forn mm , or (4)  t b n _ n _ l unctu o nn causes aim e rror.  Th eme are m n _ on _ my
f unct ions for which tI n_ c f i rst  t lmree possi hi l i t ues do m n _ n h anise (e.g.. LISTP. CONS. etc.) .
Then el c-r cn_ , t b m ese rest n uc t iOn s do not prev e mnt f , : i nl y n n _ bhu i n _ uen t  i mn n _ f n _ l O m mnemi t n _ u t mc.u n _ s -,-f calls to VM
fu n ctions, provided ;m, pp r ln _ I n_ r ia te action is In_ n k n , nn_ t o t ipdate t i- se user ~t - - ~k in th e n _ u n _ m i t  of an
error.

We now consider the innp lermn _ en it at ion of time blip- hm ~~ld s. I t  n_l i  ‘m u uld be clI..ur 1 - I  tim e nnnfou  nmation
contained in tine blip fields is necessary f - n  a n n_ y unu m p l e nm n _ o mmt .  lion of the n _ Imp—us ing  fun ctions.
That is, tIme f ields are r eal l y ju st temn _ n_ pon ar m es m.d II m n n _ f umm ol mons con c nn_ n nmed . Sbn _ ou ld the blip—
usi rmg furnc hions use the variable birmd m n mg mec f na imisnm nci~n~ - l ied t o t im-:  user . I b nn _ - nn  blip f i n n_ ld s are
merel y time argval fi elds in basic In n _ m m i ’ n _ ’n_ . If b l i p—un imm g t uumctm o ns use a private ~mc (2055 and
co n trol nnechan nisnm , t h m ’ n the re pm ‘‘—cm nta t ion  of bI n_ p Pm - Id s us enn _ t m re l y  up to tine ump leum mc ’nitor.
( Of course , even m m  t in _ is case, as ~n o n t  of IIm nn_ p r ivate co nntr ol in i f - ’- m n m ’in_ it~oim b n _ r the b lnp— us inmg
function . we consid er ti n _ n _ i h lip fields to be mum tIme t n _ ’ m m m ~n - . m  it nm .’s f ield of time fr a nn e ex t .  .nmsum2 fl

contro l l ing tIne b l i p - u summ - j  function act ivat ion .)

To p i n_ in _ i l  lfne usnn_ ’m In iuispn ct amid update ibm-’ c m n _ m n l e m i t s  of time blip fie lds reo;’i m dless of the
inn m~i l m ‘ mume n i t , m tuoun . vie provide thi n - I c m m  i n _ h / m iS E3LIPSC/’N. RI_ IPVAL . m m mii SET B1,IPVAL ( S i n _ i  ‘in _ ifi e d

below) TIn ’ - ’ spm: c u f m c ; i t m - ’n- i is of t hmc ’ sc m b m n mmctmO n ms  rd ,~ n _ p i n  lii’: fo l lowing d ef u n i tu o n- s s ,

D e f i ru mt hmmn:  A fran _ m e n ’ x te u msim i r m is sa id I n _ u “c o n m t c m m n m  l imp f i n_ I ds ” (or “hu/v e blip fields ”) if such
fields are ass Ocm ,lti:ct w i th  Iluc , m n n _ l m - m ; n h m u n _ m m  of mm b I ip —u n ” — n m m m c Ium nmc hi om m c o m mi mol ln ’ni In omm i 111 , 1 h u n _ c

exh’ n_ un’- ,i- n _ n . Th is d e f imnitio n n thi n s ignno nm _m s tIm e issue if .nh mn n _ ’h hmc’r t ime l imp f ields are in tIme 1m m_ i C
fr am mm e or teniporaries field.
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S m mi ct’ a fra m e exten sion nu n _ m y c on n t r ol u n io n _ c  t h in _ m u m nun e ‘-.‘t.l tuui - n_ tuon m m n _ _ I. -i, ln_un (in some
impl e mmn _ e ntat m o r ms) ,  a frame extension might c oin _ t n_ i nn n-sore than on-s e collection -s of blip fields.

W~ nimust be able to talk conveniently about time uth L~ip f ield ct  a given type from a given
fra m e, We therefo re introduce the fol lowing definitions.

Pt’f,- i m i f i ,’i mu ’ The “b lmpty pe bli p field sequen ce of frame ”. w h ere I n n _ m nn _ n _ is a frame exl r ’ n m n _ ion , us
t i le ‘ -m mi p ty  sequence if L’ bi jmlype is not one of the Lu l e n n I A In _ m u ns  F N ,  A RGVAL . ‘b C r t A , or

rAI L, or if f~ a i m n _ e  cormta m nm s no bhiptype blip f ields . O nb-n _ n ’.n_- ise , it is t lme s n_ g u n_ on c e of blip fields
u n _ bh .u mn _ ed by orderin g the htm l) fm et d s  of ty p e  b h mpt y pe mm tm . , m ~i mn _ nm t im e n o n _ c n n _ c  or U n _ -n c I th in _ un
mn_ nea t -n_mm , T I u , t t  is. if f r n n i im e has n, fl > 0. i j l u p l j f n_ ’~ blip f u n_ b u s, then the 1st ei ’ n _ nmm -_,’ iu l  n_ f the
L u h i f - t )~~- C blip f i e ld sequence of h o m e us tIme neviest b J i j n t ’y f j m n _  b lup field in t r n _ m u n _ n_ ( i , € m , .  t in _ n _ m t ‘,‘.- i u n u n _ b n _
w n _ nn_ nm ost recently created). and the nIh element is the n_ ldest  bLptypc ’  blip fi eld in frame.

Defn rmmt io ui : Tb-se “b lmptyp e blip field sequence in chain ”. win _ c rc c h in _ n _ i nn is a cha unm of fran-se
extensio n s, is tim e sequence of blip f u ~ tds ob t n _m m in _ cn _  by cn n _ nc mn h emn _ ot in g (i n n the c - r n_ er  the f rames
occur in c,in_ amn ) t i m e  b l np t n_, -pe blip field s e q- n _ en _ i -n _es of the success ive fn . n _ nmn n _ s  urn ch mm.

We now spec if y tim e blip processmmmg fu mm ctio n ms.

BI.IPS i r k. [b l iptype:fra nn _ me ]
Get  f r m i n i e  eA n , ’ m n / s i o n  I rene ,
If the re  is  a f r uim n_ . i ~A tnn u m 5 j O n  ~fl i~ n _ e  r. l i m i ~ c h m a j m m  of  i’r’am’ n e
w h i c i m  c o n t a i n s a L I  p ’~~~m .  b l i p  He l l ,

Crea te an - I  returmu a S t , i c n  P o m u m t e r  c o n t a i n i n g
t he f i r s t  such I’ ra m mie -n~~t ,- - - s i o n ;

-n e l s e ,  return t I l l  -

BLIP V A L  [b u p  type I’ r ann e n ]
Get  f’ rami e e x h , e n s i o m m  I’ m / n ine ,
If n t I l L , le t  n be 1.

I f  n =

i m a  n _ e mi t and  r e t u r n  a mm ’ l in t, m ’cc”  t im e mmuriber
of  lii i p i~~j um In I i f )  I i n n I - b ’ , m o n  tin i m c m l  iii I r n _ -m e

e l s e :
If not FUL [n] .  I~’t mm i - c  1 - i t L m m ) .
l e t  hI i p s e q  he On_ p t m l i t  m l  up I m i n i -b s e q u e n c e
inn t 1m m-n c l  i mu ~ c h a i n  u 0 I m’ i u~ -

If u I  n p ’  “ m i con ta i n s  mi t 1 e ms  t in c i  nu n_m u t s
r c t t i r n  tin e c o n t e nts oh tin e n mm ,im b l i p f m e l u h  h im b 1 i p,,~~~ :

• e l s e , r e t u r n  N il -

SE Tf3 L I PVA I [ b l i p  t ype :  b n ’n nn - ’ nna : a; va 1]
i t  fm nu m ’ n , m m-~nte ns ion f r ame .
I f  n t i l l , l e t  in lie 1:
e l s e i f  m mot  F ! X I t [ m m ] .  l e t  ii lie h’I X [nn ] .

l e t  iii i n i s m -n u l  he  t in e t m h i p J ype h I  i ll f i e l d  s e q ij o n c e  in
lin e c I j mu ~ i ini~ in I n i -u f r - n m - u -n -

I f  lii in n_ P g  c n u m t a m u m s  at , I nn_i t a e l m- ’ m ’ unmmm l ,s :
Se t  t he  c o m i t e u n t s  o f  tin ’ n_ t b  hi  p I “i i i in hO m~m - e q to v- i l .

• l le tm j n ’ nm v - n
im i s m , r e t u r m i  N i t .
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20. THE C0MP~LER

TIme Vu ntt .a l Ii -n _ m ine does not require t h me ex istence of a compiler. However , should one he
present ,  t im e VM puts certain c o mn s tra m nmt s on it. T funn _ n_ n_  are busted be low.

I
’ Ti -sc c - n _ - m nmp i le r  is a tLi . h i om i  which maps In -n _ n i l  EXPRs to CEXPRs — — t h at is. time output of t h e

compiler for a given n _ n ln ’ n _ p r n _ ’lnn _ n_ i t um nct ion obj ect is a di rect ly  n_ n_ - n _ -c l / tab le  funmctmon object .  In

~n _ umn n_ .sn _ m nms e this direct l y executable funct ion object  behaves the same way under eva hnj ation
as the origin - sal EXPR. - -

If e - n p r - fm mn _ n _ b i  is an EXPR function obj ect ,  and cexpr -fnobj is the output of It -se compiler for
e ç m  - f ’ n _ mn_ b j ,  then time b u n _ n _ v i n y  conditions must be s n _, t m s f  mcd:

(1) The unmp l ementor can recognize cexpr-fno hj as a fun n_ c t i o nm object produced by
the compiler.

(2) The paraun _ n_ eter n-tuple. eva h/noe vol type. and spread/nos pread type of cexpr-
fun _ p b], must be the san-se as t h ose of expr:f imobj,.

(3) The body of cex pr- fn o bj nn_ay be obtained (by lIne immi phen m ienmtor ) arid directly
executed.

(4) The execution of the boci y of cc~ pr- f nobj  on any collection of argunments sin_all
cause the s n _ nu n _ c series of fummct ion calls (w i t h  t h e  sam _ n_ c v is ible e f lc ’ c ts  on the
us e r ’s stack)  as c al l i m m q ~x i ’ r - fnohj  on those arguu ’ients . w u hh tin _c f-: - l Ion _ ’ inri~
exception: T h e  nn_ plennen to m n u n_m y des igun_ ate (amid doc urn_ iem it) a n_ el  n _ - I so-cal led
“open fummc t i ons , ” the code for n_’,- t m i c im m m n _ ay appear “inline” in c e x p r - f t i -  - bj where
calls on t h ese functions n_ pp c n_ : n ri e x p i r - I u n _ n _ b~ The code con - s n_ pu n_ u for t h ese
n_ pin_ nm fu mn ct i m n _ u m s umm a y he n u de mn _ n _ ore e f h ic i e in l  t h u  n _ mn t In _ at e~~m ’ n n _ .b- d  during
unherprete ci calls by el im i n_ ina t ing error chec r nq (pr- c - -iided tIn , 1 incorrect
a n _ n i _ n  m n _ n u ts  n_ m i m i _ I  ru n_ n ic e r  the ~L t e of the n_ El r n en _ n in _ inngh ess ) .  n _ u i  by e h umum i n _ l ung

the a ll o cu t u u anm and ma mntena mn_ ce of blip f iel ds , E> - n _ n _ l i t  f n _ r  th i n_ se case ,. ti ie
code con-sp it _-u Lii c- pn_ n _ i  fun ctuo n ms nih _ h cause t h e  same u n _ n _ i  — v i m n u h n _ I n _  side —

eI”n _ m :ts ( if a m y )  and ret u.m rn m the same results as umn _ t erpreted calls to these
functi ons.

(5) Time bunctuons CALLS000DE and CHANGE000DE nm must be inmp lemm nentab le.

The previo us S n _ ’ n _ l m — n _ n m  mni mk,n _ ’s it clear t h at the basic frame and frame extension built for a call
to a C- - m m !  i pm lnn _ d  func h mon m ’- bj n _ n_ n_ I is nd i- —I nmi gui sl na b le ( to  the user) lrc- m tb - sat which i,vcu / Id be m u - n ed

f mn_n u t in — ’ san/ ic ’ ca ll t u m  t ic ’  in t e rp re ted  versio rm of t h t  O bjec t  F u r t h n _ m n _ n n n n a r n _ ,  g iven tine def im m itmon of
‘‘ call” . ml is c le a n tim - h a co m piled f u m nctn o nm co n-s call an mmm h m n m  pnI’tc’ n_’ c - n_ ic (~ rmd vi ce versa ) .

Tim e muum p f e mmmm m n m n _ m  unlay wi s t n to provide a mn _ uu i c l n _ n _ of o l m t i o n n s  l u - n  ~o -  - n _ m u / n _ u n _ n - i  mi ome n _ ’ h h i n _ i ’:’iil C m n _ d € n _ ,

Th us u s per m mmitt e d so Ion nq as son-s-se n_ n m ranigc’ m m mem it of the Options produces code s’.- l n m c i n  mn_ n un _ Is tIne

r es t r ic t ions above.

Be l - n_w we i n t r i -dumi cm in - Imimi t i ons  n_y In - hi m nmduc n _ mte two tn _ n _ mm b y obvu oui ’ , o ptuomus. TIm e \,-‘t- .t does in n_ f
r n ’ u f n ime t l m ’ ’ n _ c  u n _ b .n t m m mms mn _ f a con -spu ler . h m j n _ ’ I O V m ’ i  tine l’- ’ n n nn s defined Pu bi n _ v, n_ i n c used in lime f i n _ m u m  h i m -mi
CALt SCC()DE.

Def init i on: “(Literal Atom ) var is a global v nn mn _ m b lnn _ u n _ f  (CEXPR) fu nobI ” if var us n_i variable of the
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EXPEl turn_ ia n Ch in_ u n_ I f rom which fnobj - n_in_ s 
~,a oduCed ann -c n_ n=l ’n_ n _ t~n_ n _ J vn_ .r m ,bl e : L-h2 m n _ m n _ n _ C s  to va n, ri

fmm o-b~ h i - -n_ n ’ be n _ -m i Compiled so n_ is to access tIme top—lev e l  v , n _ um .:e ho_ in _ I of v n _ n m  uimrect l y (rather than
alter a search of the access chain).

In light of linu s definition, w e vi n Il ref i n e the n us , I u n _ nm of ‘‘ no n— boc , l’’ n_ c. n in _ j b hes to be those that m ine
mn_ o h local v n _ i r u - .bl es but ~t i l i  ‘ involve a s in_ urc In_ tinrough blue a ccess ch ain.

Def in i t ion :  A ‘‘ I imn _ k e d furmctmo u n call” in cornp ml ’.’ mh coni c us an u n _ n  i bj IC i  un _ Cn _ nt ’ iti O fl of the INTERLISP
furuct i o mi calling mecn n_ anisnn _ ‘,‘ ih ie m n_ by t ime fun n c t non object r ’-Ie r enced urn lum en coce us t h i n_ m t which
n_n_- u m n t b n _ e function ’ s It/mm _ lion - s d et mn m lu on field at t h e  time of tb - se co nmpm latio rm.

Pn esu u i n_ a b by,  l inked calls are faster  since tin _ ey ,n_ vc-nd the reference t h rough the Literal Atom
fumu ct ion non e and t he c l / c /n _ K to ver if y t In _ u t the object is a fun ction object.

n_ l il t u S C I l ( D E [ f n o l m j : f i g ]
I f  L I T A I I  tt [ f ui m i i] . l e t  f m m nnhj be f ’n _ T D [,[j~,g,,~_ ’ ] .

I f  fn n _ o~j  is a CEXPR:
-‘ L e t  l o c ’ - I v a r s  he a m u - -,-, p r o p e r  l i s t  n _ i f  a l l  of ’  t ime

L iteral A iom uis use d as local v a r i a b l e s  iii f nobj .
l e t  n o n l o c a  I v a r s  be a n~ w pr u , ; /u r is ,  of  a l l  of
tin e L i t e u ’ -il A t o m s used  as no u m - l o c ’ u I v m i ” i a b i e n _ n  in f mi ,g,hj .
L e t  ‘ u l o b a l v a r s  ho a now p r o pe r  l i s t  of a l l  of thi e
L i teral Ato -m i s used as y l ob mi l var i,n _ h- I mi s in
If flq:

R e t u r n  l. IS IHI I  N I L :  I ’ - ‘ n _ u i v n n - ’ n _ : u m y m m l o c  m l  ‘~~n _l

e l s e :
L e t  I i n~ n _ t n _ n i l I s  Inc  a n~u u u  pm oper l i s t  of’ a l l  of
the fu mi ctio u m s cal lcd .‘. mt i u I i imLu , d c i l i s  in tin e
c o d e  i n  )±-dci-
Le t  o th u n_ n ’ cn _ u  u s  I’ ” n o-, p ro p e r  l i s t  of nil 1 of
the Fumn _ c tiou i s n _ mI  h e - I  ,‘. i n _ i m m u t  I i  ed function c a l l s
i n  t h u  n _ o n u u n  in { r  ‘ t m J  -

4 R e t u r m m  L IS I [ l  m n i i. .~- h i , i l l s ;

l o c a l - j a r s :
nOum l : m m : m l v n _ r s ;

~~~~~~ v a r s ) .

The f m ’n _ l l owim mg fum i ct i o nn _ , CHANGECCODE . dest ruct ive ly  r e i n _ I n n _ m n_ s n_ Ill r e f - ,’ m c n n _ n _ e s  a one object in
s- n_ mi1’ CEXPR by r ef u : - rmn _ ’ mn nn _ n _ ’n_ to n m n _ i lh m n n _ ’ r  n _ n _ f m jn ’ n _ t. Vie o’n_ sumnne t m i- r e f o r m - m n _ es c om m be cmi , nnm y
ni n t h / n  mc: n u n _ m n_i v~ m m, j hn _ Ies ,  - n _ m n _ - n m : t n _ m m u t s ,  f u , n _ f l u - b i Oii calls. etc. N - In_ ’ t l u o t  Ci bt NGECCODE ,.‘rtu nih y
modifies t Ine fu u nction o bjecb rallier than copy ing  it.

I rm ord er t I n  al low hiu m l b n e i  I c - n _ el  f rum mctions to “ummdo ” the ef ln ’~ Is n i l tine u n i u n _ d i ! i C , u l i n’m n i we introduce
thi n ’ m nohio n i n _ f a ‘‘ i n . h - n u ’ m n m n _ e  mo n_ /p ’ .

D e f u m n u l i o n m :  A ‘‘ m r ’ f ’ - m ’ ’ m n c e  nun _ i b m tn _ n _ n  (CEXP El) t i n _ u / h u b ’’ is n _ l mm y i”m b u l m .’ ( n _ t t ine u m u ~i ln ’ - n n _ n _ e m n I - . m  n_’ . m S i t C S  to use
to u n u c h n c ~~te t c’ ln ’mn _ f i n _ d ru~l nn _ r m..mn _ m n _ .n _ n _ to u n _ h u j n,,’ Is by the i n _ u m n _ i u p i b c h t  c - - n _ h e  i n _ n f r - n _ t m i  t i n _ u -  function
C FI A rJ u. , in _ C . CODE c om ns tnu i ,ls n _ m id uses m n _ i n n _ n i n n _ tn_ S Iin_h~ S.

It is assu nmied thin _ ni i f a me l ’ m c u m n _ m n _ ’ map, e lm - s o p ,  giv es the lor , i tm o m mn _n u - f  ( s , uv b  all ne - - u ’ s  to
n _ - m i i ’ n m m b m l n n _ n _ l ,  m, mu fi nn _ h u h . t h en ,~b I ’ - u  Chi ,

~n NJ (j i  000DE is mis ’ 1t to m m .’ l m , , a
~~

. Ii ncn )e m i - i ’  . ‘ mun n _ mn_ . s to u,
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b-/ references to some othe r oblect , y, refc ’nap can bc’ v ;i l iCly umi l n _ np me t e d  as a i n _ b n n _ n _ i c n n _  map to
selected occurrences n_ f y in t m n - - bj .  Tinit is. a reference m n m n b n _  does not specif y tn _ n _ m n _ OL-~ect
referenced , but the references t h emselves.

C RA S i Yc CCO DE[ nio .i rci  : ru~t ‘~-‘n u -  ; I umo b j ]
ii L I l A ;  ! t (  f m n _ u i J ] ,  l~~t fn o bj b - (t l l) [ f i ’mo b lJ .

If ’ f un_j~flj is a CEXPR:
lb  f~ .~i’f- N2 is riot a r e f e r e n c e  uum a p .

l e t  m ’ e fuiap be a new r e f e r e n c e  map fo r  f a n _ n_ nj g ivin g
the l o c a t i o n s of a l l  r e i e m ’ ~~n m ce s to n _ n _ m m o bj e c t  ~~~~~~
i n  fm n mn~j:

‘ i lse i f  n_ sL~ l~ 
is not ~ r e f e r e n c e  m a p  f u r  f p,n_~j .

caus e error 17 w i th C u l p r i t
coss [”Inco mn sisten t u um i e r eni c e map ” : ’(n_ ’n _ s [ r efmia p: fn ob j] J .

i l - d i f y f tn _ n_ bt_ 1 so that  a l l  re fe m ’ e m n _ c e s  i mn u l mca te c i  in
refggg beco unn e m ’efere n ce s to newref,

Return m ’effl~,p.

21. FILES AND FILE NAMES

As noted in Section 2. f i l ~ 5 are mn _ n _ I  objects. hut are assunn _ ed to be ummuquel y id ent i f ied by file
names n_’ .’ l n_ ich are represented as Literal Atommis.

Definiti on; ‘‘th e fi le x - ‘  run_ en_ iris ‘ ‘ t i - s e f i le named x ” .

Files are used as sources and sinks to n imiput amid OutpL/ t I n _ u m i - n _ u~ m m5 .  Th n _ e s n n _ tunc lionn _ s are
s pecif ied inn Sections 26 and 27 a mid Un _ n _ n _ n _ I  ‘ n _ :mn tu re l y  - n _ n _ it l n _ I ra un _ sft ’ n_ r ing Sn _ gun _ mm _ CS a n _ I  chanacters to
or from fi les. However , t here nune son -sn _ c f ac i l i t i es in time VEt v ihic hn involve fm l es but do not
cause the tram isfe nral  of n _ b i n _ n u n _ a n n _ n _ t n _ m y  These In _ umm ’ n _ tm ons j / re spec i f ied ri this Sc Juan amid e n m n b o d y
all the file hanmal ing capabil ity of the V M other tham i nm mer e character m o u sIer,

In n-samm y inn _ p fem nent a tio n m s fi le conventions arid file handlumig faci l i t ies are deter unmined by the host
operating system. :n _ nnd are beyond ti me control of tine VM LISP nn_ un_ le umiemitor , T hi n n_ ’ d iscussiomm
ann_ri specifications in t l m is Sectioui att ommm pt to summi miman uze- tbn _ e as ommi n_ n_ pt i on s  INIERLISP makes
n_ n_ bout lhnn _ ’ hi- c ~t filin g s~ : n _ t emni, For C Oi n_ Veiuu&ncn _ n_. we -n_.-u lf tag wi th - s  the pin_ ro se ‘‘File As sum uiptmu nm ’’
any p am:ng n n _ u l j i m  desc nibiuug r u .. p m n _ r l in _ ’y i_ -I IN t l  I d IS P  files.

Tvio dn- ’-l in m ct kinds of nimeta -obj ects are treated as files: unput/o utpub devices su cf m as te rm i nals
arid l m n i m n _ p m m n t ers . anmd secondary s t u n _ m n _ i d e  n_ len _ ic e s  sun _ in as discs and dmu mlis .

Luke s lnu mmc ;s ,  f i l es specif y a sequi n-r i ce of C ii ar a t n_ ’ rs , V/ m n_ i n _ n _ sc-n _ cm _ nbc n _ rn _ ib m n_ n _ m n _ h i  C b n n _ u m , n _ u, n _ lnn _ - m ur n a file
n_ n_ ui im u t un _ -g er ‘‘ n _ ur j n _ hm n ’ ’- ,’ ’ ’  ‘.‘ n _ iam n n_ im spe t ies tIn e um u rmm her un _ b c i m - n _ m , m c l ’ - r s  I nn t h e  ‘ - f l  i - I  ti m e , n - : u h m  n ’ s — — m n_- mi
c i man n _ : - . l .’ m T h us. I b m ’ -  f u n _ n _ n t  c hn-n u l~,len inn a filmn _ In n _ us n _ m l d i n _ ’sS 0. Thm ’ n _ n c i u , ima:n _ l tn _ r S nm - s a file n i m o y be
n u n _ S m 1 - /  t n - n _ I n_ , m- ’ u~m / m . u n t m n _ u i Iy i

_
_ i ( inn S m / m m :  Can _; u- ’-~) m n _ m n n I ~u iu m hy.

C nmuu v n ’ n n i ; u r r  TIme I V im I level  ilnphi t OpCi , n l i Orm n_ nm n _ u s’ - i ~m iu n i ima lhy ocmn_esse:I file vi ull be called
‘ ‘ b ’ ’ h n _ h m u u i q ’’ amid r eturns tic: mcxl Character in - s tin _ m n  t i le, n_ ib m ‘ m m  di y m n _ u s ym u u u b tine analogous operation
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fo r ranmdommm access files we will specif y bhe position from - si ‘.‘,‘ nmc h the Character is to be
f e t c b m e n _ n _ .  The iowes t  in _ v o l  output oper~n _ hun _ n _ u n _ n on a se qu m rn _ mImLm I f m I ~ wi l l  be calted “deposi t i ng ” and
tr n_ rns le rs a character to the file. When d iscussing tI ne c or respondun td random access operat i on
we -.‘ n _ m hi s pe cmby t m - s e ta rget Position. f t n _ ’ n_ e  of t t nes e  -n _ - p /n _ rn _ n _ t i c -u / f .  is n_n_ ’j n _ a ih .d,IC in th e V t -A We
n _ c  n_m n_ n V /u  t h e  n _ n _ n _ i  n_ i s ‘‘ r e n _ ’ u u m u q ’’ and ‘‘ - rn _n itung ” for thue b m ugt ’ n er u . n _ - I ‘11.1 f i le t r a n n_ s fer  operat ions.
Re,ldnnuj and w n _ i t u n i ç j  are sp-n_ ’mn _ mIi ~’mj in terms of these h un_- n_i level -n_~~Ci n _ t / OnS (cf.  Sections �6 and
27).

F’ml e Assumpt ion 1: It is assumed the user is directing the in_ m; u in _ pn _ t ; n _ t n _ mnO h pm u n _ - mn _ ens y es of bhe VM
I n n _ n _ n _ u am - s interactive term ren a b . The assuru mtmons made about t ime termm na l are speci f ied in
Section 23.

‘Fule As s umpt ion  2: it is assumea t I n _ n _ l I  i-si c-st f i les ‘,‘,‘ ib l  requir e some u nm t - - i n_ i , i t - o n  before they can
be rn_ -n d n _ n _ n n_n_- i n_ l Io n  T h in ’,. ‘,‘ n _ mut  be c a n _ l e a  - n_ penning ” th e bnl ~ an n _ n _ I time user nun _ un_ t n _s ~n _ l / c n t iy  - n_ pen a
fu le ( c x ~~epI the t e m n _ : - i nm al) hnn_~— u rn _~ us m m , n _ it. It is assur e-cd tha n_ h t h e  u n n _ I n _~ m m ,.un_n_i use of a fi le is
a~~n_ t , m n n_ d n_’ .’ b m L ’ u u  it is mn_ l i en  o_ -u, and Ibis use 1/  m n _ ty be ~ m ni c n n_ C d ,  The I n _ s n _ n _ S  are u n _ n - n _ L u end by
supp l y i m n _ q  “access n odes ” v i m m e m i the fi le is n_ p e n n_ ed .  Tb ius~ are defined bel n_ - r i

Im - s - sp hu . mn _ n _ n _ ’ u i ln _ n _ t :o r m n _ mn _ n _ n .y l imit the nunn_ ber of f i les opu mn_ S nnI n _ u lm ; l r / ’ n _ -O uS Iy ‘
. Fnmm ally. when a f i le is

o pe m n mc d time user mm u~iy ~ p~~ a n _ i f~ ’ th€ ’ ‘ ‘byte size ’’ of tim e f i le ,  This is tIme mium i u n_ er  r I huts n_’ . m : n cb u nmust
be f e t c i m m n _  ,n_ or de pos ib .-’l I s  r ep mn_-~ n n _ iul  -o n /c Cbm a rn _ n_ c t e r 0m m t In_ c f ul ~~ in ge mmer al the ‘11.1 s n _ n _ t n _ p o r t s
o n n_ ly or_ c hvbo - 1m. ~n’ t im e s in _ n _ mn _ n _ and ‘i tvl byt esuze.  W hn_ en a V IA function us called upm n_ nu to fetch
fr o m-s-s or deposit to a h i l ~ r u t h a n on — sIcn _ n m n _ : , n r d  i)’ n_ Ies i zC ,  bin ’ s m nn p I~ mmn _ e~ , t O m  is free to trumn _ c ,:le or
pad the c h i n _ m a n _ n _ I c r  u n_ c ues as n m ece n_~sn_ .r ’g . Tin_ c m nnp l c -mi n _ n _ ’ n l m n _ r  is also free to extend t I n _ C  VM
I n _ m o i h i t i es f-n _ c r m en _ n _ c u in g  i ro n - s sun _ n _ hi  f i l es , or to provide .m dd mt/on n_ I f e tc im m nmg one cep ’n_ s i t ung fac i l i t ies.

Def in i t i on:  A n  “access mode ” is one of tIme Literal Atonms INPUT. OUTPUT , BOTH . or APPEND.
The nel n_, n _ h m omns h nup betwee n the access mode used vih me n a f i le is open ed amid subse q ue mnt use of
the ti l e is spec if ied lmn _ lo ’ ’ i :

A ccn _ s~ 1-ilun_de Use

lNPlJ t Time file n-say be read fnoni onl y. V/ I n n_ n (f -s e file is opened its tie
• pannier f ield m ust be set (Ci 0 (see below).

OUTPUT TI-se f i le may he wr i t ten to onl y. When bIn _ c f i le is opened its bile
po i nter  f ield must be set to 0.

BOTH The fi le may be read from ammd wr i t ten  to. V/b men opened time f i le
pointer f ield must be set to 0.

APPEND The fi le n-say be wri t ten to omm ly.  W h en the fi le is opemmed its fi le
p0mm - s t e m fi eld runt/st bce set to tine c u n _ n _ u I . n _ ’ m n _ t s  of iii’’ end of fi le p - / n _ m i t e r
f ield ( s - n _ C below).

The ‘/t11 associu hu - s 11 mm n n _ nin _ fi elds w i th  every op e mm fi le , Th0 nannies of t ins- s e f ields ,a, m e:

( I )  p i n _ r u i n - a u  iu ’ Im.i ,
(2)  f i l e pm _ i n ter field,
(3) n_ mid n _ n _ f  f i le pi n_ uniter f ield.

hNTEniLISP- 10 r m n _y n _ n i m,m n it to 16.
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Each h eld con -stains an imn t e ’j er (note lower case). The contents of these fields O ne spe cu lned
below.

Tim e n m n _ t u i t m v n _  purpose of I n n _ /u posit ion f ie ld is to n m n _ n _ n _ m u u t .’ n _ n r u  an m r n _ di c n _ .I i u n _ n _ of In _n n _ —,’,- rn _ a l :  ,.bm , n _ ’ - le t s
t n _ i : ’ ’  L - ~emi ( l’/ ~ c m t e j  In _ _ n (Qr fe in _ hCd f r omm i )  hi -s e f h e  since ti -se In _ - c t  c n _ rn _ m n _,-de rn _ -turn C h i n/i n _ n _ tn— ’ n_’ n _ n _ n _ n _ n _

w n ib t emi ( t n _ I n _ h u n _ n _ I ) .  Tb - s e p r n _ — m n _ n s n _  n _ n _ n _ m n _ n _ p t / n _ t i  - n _ n of thus f i n _ i d  us lef t  1cm the u m n - p l m n _ n _ m i n _ u n _ i u l n _ am T h ud east
s’n p m u i -ct un c~ibee p u Ocedun _ u n _ i iS - n _ u t m h l u i m ’ n _ n _ n _ h  hi_ n _ b u n _ m iT

(1) n_/n -n _ n _ n _ ever a file s opened. its position f u n _ Id is set to 0.

( 2 )  V / b i e m ’n_ un_ v e m arm y norm—carriage return c h u r n _ n _ n _ I c r  is f e t n _ b in _ n _ i fronm a ti le the c - n _ m n _ t e n t s
:-f the po n_ u h ion f ield oh that fi le is incremented by 1 and st -n _ ne c back mel-c the
posut mon field.

(3)  V / m n _ m ’ m n _ ’ n _’ n _m ’ i  a cn_ ni m n_ in _ J m n_ -  return character is fetched from a f i le the position field
- n _ f t hat f i le is sun_ I to 0.

(4) V’mn ’ - mm ~ ver any rn _ o un - cn _ i n nin _ i e retu rn character is iep c- smted in a f i le. Ib m ’ con t e mn _ t 5
oh the position field of that file us u m n _ c n e n m ’u e u m t s n _ i by 1 ann_n stored b~n_ k unto tIme
posit ion field.

(5) V-/ lieu -n_ yen t Ime carriage return character is deposited in n _ an _ my  f i le. l b mc p- si tuon
fi eld of that f i le is n _ - se t  to 0.

The umplennentor n-say choose to m mm ’ip l c - m n m n _ n m n _ t (and  documm ne nt) cml ,’ub - ’n _ un _ u t n - n _ n _ -n_n_ s on h u m s  procedure.
Fn_ r example. t l n _ mn _ procedure n i ughut be s ens it ive to tb -s e pr ui - smn _ uny Termnn _ m mn _ al Table (‘- ‘ci:’ /n _ ’n mn _ t mn _ - n m ~~t

vihemi aeal ing -ru th t hnn _ t a n _ u n _ m u : mn _ a l  summce 50m m_ c n _ in _ n _ n _ n n_ n _ n _ h e rs (sucim as <tab > c r < to n  m n _ -  In’ :0>)  might
require more than -s onn _ e ch aracter pos u luomi to print.

The i n tu i tn n _ - e I J nn n l n _ o se -n _u i ti -se f i le po i m n t n _ -r luc id is to speci fy t i m n _  l n u - : n I  n _ i n _ in _ : n n _ s S  In u n _ m n  - .‘.- m ; . - .h (rn_ r to
whi ch) a cim n _ rn _ n _m cir’ r is to be fetched I m n _ n _ n _ - p oS i l n ?d I. Thn _ e nu n _ t i n _ I  con - s In _ nut s  of a fi le ’s I n _ l i  ler f ield is
uete nu’n innn_ ni n _ l c n _ /_ -n ’ j umn _ q to I n _ n _ - r i  bhc - f i le is op n- um ’ n_ d and is n_ -1pun _ ’ c n li~ d mm t ime I n _ n _ n _ i  . t uo r m OPENI ILE.
The definit ions of reading and v iritimi g c m m o r , n _ m:tens mn _ t _ -en c i b y tin e , n_ cl u -  1 n _ i c e  n _ mid manm r uIatuon of the
biin _ pointer f ield.

The emmd of f i le poinfe r f ield O h / n _ n _ n _ j s  c o m - sL n n _ n s  the nunmbic r ‘ :1 d in _ u .n _ n _ I n n s  inn _ time f i l e ,  V / b - s emi  a f i l m ’

ns opened , b u ns nuu m n_ ber is c m -mm _ pu ts- n_i and ot :n_ns-u.i inn _ tIme n_ mid of fn le m s - c n_ r Un _ n fu n_ Id f-n _ n t i m e f i le.
(The end of f ut ~ poinmter fu n - Id is umm s pen _ ul ied t i n _ u tbm n .n_ n_ term mmi mia l .) Ti ne nm ex t f i le as sunm n_ ptnon

- . specm tm es how time end of f i le pointer is n- sn _~unmt a in ed.

File Assu u m iptuo n 3: If a c b n _ n _’cn_ n _ un _ in _ n is deposit ed in a fi le at ann n _ n _ n _I n _ l u  P n _ 55 ,  mm , whic h m c less th n_ n_n tine
emmd n - f  f i l e pointer . r i , t In ’ ’  old character at n _ n _ ’~dres S mm is over- ru m i t t - ui - ‘ n _ ih h  t b - s . -  m n _ c — n _ i ~ b n ’ n _ - n _c te r .
If n is eq uu . n i  to or n_ r n _ I c r  t i n - i nn  ~

- ‘ n _ f  t i m e f i b-  is ‘xp a m md .rI by l I e  a d d - t i - n _ m m  n _ m t  n — ’ -’ u n _ I + t  umn _ n_n_ b n _ m n _ ’ c nfued

chara ct e rs  hi) the r n _ n _ l i t  of tb - s e current l u-n _ I c h n _ n _ rn _ u c hm.- r . the e m - sn _ I of In _ he l m r ~-mn _ t er is sm - n _ h  to n+1 , amid
t im e u,n _ b i . n _ n _ , a u n _ t ’ n _ is lm n _ ’ - m : mn _ - p - n _ - m t - -n _ u ci t n_ address mm .

Fi l e A y n n _ n _ n n _ n i l m t n _ u  in -f V/m um opt .’ m m t i omms 0 mm n _ u f i le n / m i n_ mn_ n _ i i u l h n _ t ’ - - , it is as sumn n_ ed s - .n_ nume I n n _ u n _ n m  . la n m g
n _ n _ I n n _ i n _ s  u n mn _ n _ y  1,~’ pn _ m t m - u  in n _ n _ i .  Tin _ is is called ‘‘ n _ I n _ s u n _ u i’’ lh m n _ f i im n_ n_md usual!y t i les n _ n _ n : -  exp hi c mt I y

closed by tIme m iser .

Fil e A n _ s u i u m m ~m fm ri 5: If ,j mmom m — e ~ m s l ’ : m n h  f i le n_’,- mt l i  mmmi acc n_ p l n_ u b! i_’ m m , n m n n e  5 m n _ I n - i n _ c d  In _ - n r a u u l h u l u t  tIne

. - i b ’ - n _ I us tine samime as tim— n _ u gh an exush m nu g f i le , bnavumn g the sn _ m n _ me mn _ m um :— a nn_ n _I  c n n _ uui n _ m mnnnmg nin_ )
n_ i n_ urn _ inn _ I n s  - mo d beemm ope rmed.
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Convention: A file is said to permit “random access ” if it is p ss utn _ le bor the user Is- set the
file ’s file pointer.

File Assumpt ion 6: The user can c n ’ n _ : u t e ,  r n_ ad, and write s t - n _ m m’ n_ d t i le s  ~ e m n _ m i n _ t - ng random access.

It is recognized that some fil e S y /tnn _ mn _ S n_ i l ow cent /m in i  oL In_ rev n _ tm- n _ un _s and n _ n _: f ,uult C o rm re nu t u r, mu s
when specif ying file names urm ~‘O m n Om / S ( : - 1 - r l t n _  ‘ ts .  Ihius -.’.-’C u n _ sb m r rU u i r - I n_  t i e  knf loS n_ b file nann _ m n_ s

th ose tt i ,.l -n_ - n _ n _ t , a n _ n _ m n _ : tuhn  ev in _ utu o ns  or rel y upon dun _ f a ults o n _ up p h ued  u~ thus- un derl ying file syste m .
-‘ , u mmu In _ u n_ se  lh. I represent the full y specif ied file name.

C~- : n _ ve n _ ut mn _ n _ n _ u . A “full f i le name ” is a character sequence n in _ t  depending orm n_ h n _ In _ n _ L’.’ in _ lln _ -n _ in _S or
defaults to sp cc mf y a unuque file.

F-cr conve nience we allow ch n_ i ra c le m sequences which do not represent full f i le names to be
“ r e n_ n _ - n _ n ized” as ab c ne ’j n n_ n_ tnons for full ma in_ es. sh-oula the ho-n _ I filing system or u m p le me mn _ m ’ r
cli.:- : n_ c Ic  su ; n_ml ,m n _ n _ hi a scime nnu e. We allow suc h an a f u b m e v n c m t u o m m  to a c t u a l l y denote o n e  of
seve m a l  bu les and um n _ tr cm ’Jun_ e the not ion of a “recognition mode ” to ci st m migu ish precis e l y one of
the pcm s n _ mb l ‘n_- m n_ n_ t c bmes.

Def i n i t ion:  A “ne c -cm ~ mn _ it i on n ode ” is one mn _ f time Literal Atoms OLD, NEW , m n _ r OLDEST. Time
ni /un _ nc r~-

’
, u- ’,cs certn _ um n rest n uctmom is on t h e  hle denoted by a recogmn _ ized nam e. These res t ruc tmom ’ms

ore n_~u i _ emn below.

De 5 nmn t n _ - n _ : m ’  “ (chau acber sequence) nam e is recogn i zed  in ( i e c o - g n _ n _ t n - n _ -n mode) in_ -ode ” if t b i a n _  f m l u i i g
sy5 t euu n ’ s nma iruung c n_ n_ nventioru s allow u - sn _ n _ t in _ en to denote a unique f i fe ,  f ile. with full file rmanme.
fu l I n _ n _ : ’ nm e. satisI yi m n _~ t ine property required by r~pde. The mode prope rties are:

ftiQ~~ PLQPeLt~~

OLD f i le is ti -se most recentl y created existin g fi le which non e
could denote.

NEW f i le  does not yet exist .  but time user could create a new fi le
with full naumm e fuliname.

OLDEST fI1~, is tin _ c oldest exist ing fi le w i-such nm n_ ,um i.on_ could denote.

File Assumpt ion 7: INTERLISP assum imes that both full file nann_es and those t imot can be
recognized are the names of Literal Atonms (i.e.. neither denotes an INTERLISP Number).

It is actually the case that ti - se high level faci l i t ies in INTERLISP nnake some ass um in_ pt ions about
the form n _ n _ mid  ( n _ I n n _ u r n _ i n _ n _ t n _ n  u n _ t ics  of f i le nan_es the nmse lves. For exam p le . in INTERLI SP— 10, wi n_ mn _ li

re ’i es on the fule naming convent innis of TENEX . l umi c tn ~-n~ which cren _ ute new f i les “know ” th in _ b
• file mi _ ru nes have extensions and ver sion nunn_ bers appended In time end cf  tin _ c “nn_ a mn nnmmme ” and

sepn _ u n _ u t n _ n _ t I n_m y t ine c im n _ n _ i n_ m n_ V ’ r s  ‘
.
‘ n_ n_ nd ‘

;‘ mn _ - pen _ livel y. T b m n _ VI .t does nnot r - :qn_ . u u m e  th n ’ n _ -~ e miannninn g
conve n tions. but it is pro bn_ ubl e that timat p- t nt of t bn _ e b m g t n _  level code w t nuc i n  gn _. u m i n _ ’ m n _ mhr’ ~ f i ie in n _ mimes
vu ill have In l,c mn ,. m m m u b n _ l n ,m n u u i ’ m m t n_ d to suit tIne local commv e mmbi o mms.  T h is wa s dc ’t-m mu ’ n _ ’d mm - , m n n _ p i n _ n _ t i m _ il

ti - s n_no tryum ig to st n_ mmi d n_ u rdi z e fi le nan-se cou ’nve rmtions.

Defu nmlim ~mm , A ‘‘F uic Nn_ n_ un ie ” ( mn ~n_ l e cn _ i p i tn _ n i i in _ u t i o n )  is a Lmt n _ - i , n _ i  Atm - sum - s w bm ose rn_ an -se us a f i le na nm me.
Wn_ n_ ‘,‘.‘ n ll use t I m n _  adject ive s ‘ n e c ouj nmu z ~nbIe ” arid ‘ ‘ f u l l ”  in t ime obvious way.

T ine File Name I is i’eserved for time nun _ te rn _ n _ n _ l i ve  ternn _ ina l ti me user us presummmed to be usinmg.
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T lne t i le T is n _ n _ I ’.’’ ,y s  openm iou both in - p - - u t and output. Time inu n _ p leummn _ n m t~cr is free to s u p p ly an
n _ : m h n _ t m a r y  numb er of reserved reco gmm iza b le  File Nannies for online site -dep endem mt n_n_ n_ n _ - n _ c ob such
as hm n ue prun i ters. etc.

The VM aIs~ p - n u n _ -v ies a fac i l i ty  fo r  p roducing  “typescript ” files. t h i n _ r b  is. f i les contain -sung all of
then i n n _ p m_ n_ b n_ u n _ l~m m : t  tm , u i n _ :- , u - n_ h i On s w i t h  time t enm mm un n _ aL The user nun / m y des i g n _ m n _ n _ b e  o mue f u ie to be used
for t b mis purpose (see DRIBBLE be low).  Sec t ion _ s 26 am-sd 27 spec ub y .‘.‘ I n _ . m h  us wr i t ten  to th u s f i le.

INTERLISP nnaintauuis bimree du s l mn mg u u s h med full file ri - n_ -in - sn _ s (and thus, three distinguished ti les).
T i in _ cn _ hhe mn _ n _ u n _ c m ;  are tIne d r ’ t n_ u i l t  f i le nm - n _ n _ n _ nun _ s  bar mii m _, u t ami d oulput Ii m n .  thu ’:’-1 n _ n _ m e  used when any
i_ ’i. ’i f i le h u n_ ma u l ing f ui rn _ c l m n _ -m i u s give n NIL nm _ sIn _ c d of a File N~n _ mune )  n_ n _ u u ’J t b - s e nann_e of tb;e current , -

typescript file (i f  n _ n _ n _ n y). The conrespondunmg f iles are n_ n_ d Ied t Lm c- “primary input file ”, t i n e
“pr m un m u m y output f i le ”. an-sd t he “dribbl e file ” . In i t ia l ly,  the first two are T and there is n- so dribble
fi l e.

FU LI I IA1 . I E [ i i t a tom nm; reco g ]
II’ n on _  I 1 T A I I ) t I [ l m  n_ - n _ m n _ s - u ] .  c an _ use  e r ro r  1-i w i t h  c u l p m  i t  I i  t n _ n _ t o m :
e l s e i f  ~~~~ is n _ I L .  l e t  re u . a ,a ij  be O L D :
e l s e i f  r~~pg is  mn _ ut a m ’ e c o m l m m i t i o n  mode.

caus u- ’  e r ro r  21 wi t l m c u l p m ’it r ec g ,~~.

If l~~n _ ’ m ’.j”n_ is recog n m u z enl in m e n u n _ g n i t i o n  mni od e re in _m ug as an
a b m h r e ’ i u a t m o n  I - j r  some f i l e  u- u I _ h t - j h l  n a m e fu l h u m a i ’ue ,

u’ m -u turn fu l lm iai n e ;
else . r en _.nrn tn _ ft.

0R E’ .F I LE [t il e :acc e ss :reco g :b yt e si ze~
I et i u h I  m l a n :mc I n_i FUL LN~n hIL [ f i le  recoq ]
I f  I n _ m t I n _ n _ n_u m , i n _ 5  N I L , re t u r n  NIL
I f  i n _ n _ n _ n _ ~ n _ ’ n_ i s  n -n _ i t n_ un aci c m mss node ,

cause er ror  27 au th c u l p r i t  a c c e s s .
If by t ss l i e  15 NIl .

l e t  1’ t ~~S I / n _~ be t he s t . - s m n _ u h a u ’d ‘il-I b y t e S i z e :
e l s e , h-n t im y t e S l / n _ n  b e F 1 l ( h n _ y t e s i / .
L I  t In_ u.n i u n_ p l e u m e n t a t ’ n o u n  de l  u n _ n e d  1 un _ mi t  o mm t ime
mium nnb er of  o~u em i f i l e s  has n _ C e O  u ’ eachec i .

i n _ n_ use en ’ ror 15 w i t h  C u l l a i ’ l t  N IL.

O p e n  Ii h e  f m _ u  I h m i a m m u e n _  a m i t im ain _ c~nss ci: crm s s a u n ul l - y  n _u i  s i z e
b y t ’ n s i i s .  ari d s h c muu h ul it  hue t n _~un u1 in-upossi bl e to
d o so ( e . g . .  mh i m ~ to a p rote c tioum viol - i t i oum )
cause error 9 wn tin CU 1 Fir i t  fri I im m an m u e
Retur n imi l In amn _ me.

(ii I ’ n _ n _ m [  f i i i ) : a c c e s s :  r ecog ]
Ii’ f i l e  i s  m mø i, n_ i L n te n ’n_n I A to mmu .

m n _ n _ m u m - c er ror  27 W i t h u  cu l h u r i t  f ’ i I~
n_u I se i f  i’ i l - u  i s  N IL :

Ii n _ l u L’ - l n _  us  n _ n _ I l
Create amm d r e turn a p roper  1 i s m  m n _ i  m b m e  f u l l  I i  hun tJ n _ u m ’um- ~
o f  a 1 I op e n  I i b e  s ( mi c m I n n - l i r m ~ I a muu b m i m e  di ’ I hr I -  h i ’  I m he
i f  a n n _ ) :

‘nl i_ e if ~ m - m m  S is  n _ i nn a c u n _ n ’ s s  un _ 1O m IC
i - n _ n e  ~u nui l  m’ m-m t u rum a lii - l i i’ I i s ’ . - - I  m i n e i u i l  I i n  lii N . s

u - i  n _ i l l  I i l - m s  u)~n” i i  f r n n ’  Ib m ’ - i ’m--m i ’’ m i  n _ m m -  e s s  s n n m ’ un _ m i m e - I
n y  n_ u n ’ m ’ u ’ n _ ’~ I mu x c i  oil m u g  I m m md t i m  n _ u ri r i hu h I c  f u r - ’ , i I a my

mm I sr - u I t  u I -  m s in muoum — Ni l  I i t e m - a l  A t  r u - - i l
II ~m u m ’ , ’ -  , ‘, n s N I t  . l e t  n_ i  c n n _ s  inc INP UT -

h i ’ rmn r.uijj is f i l l.:
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I f  n _ n _ u i n_n_ ’,5  i s  O U l I ’ J I . l e n. n ’ n _ n _ c oaJ be ‘n _ i d .
e l s e ,  l e t  re c o g  he OLD .

L e t  t u l  l iei i ’me be F ULL I JA I - I L [ f i l e : r w C O .q] .
If t a i l  i n _ n _ n _ m e  is open for the muode of ’ a c c e s s  s p e c i f i e d
by n_ mn : r r S S , n ’ eturmn _ f u 1 l n ~~i~e ;
e l s e , nn _ e n _ u r nn  t I l l .

I N lNiT [ fn lej If f i l e  i s  Nil  - r e tu n um the f’uI I F i I n _ n in_ s -i n_n of t ime
cu r ren t  p r i - : m n _ m r y  input f i l e .
l e t  f u l  1 m m - i n n _ c  be O P L N I [ f i l n _ i ; I N P U T ] .
I f  ~~ .. in _ is is t n _ IL , nause error  13 w i th  c u l p r i t  f i l e ,
L e t  0 ) 9 1  u he  be tim e f u l l  F i he tn _ n _r n _ i n ’  of tin e c u r r e n t
pr ii ’uary i m uput f i l e .
Set t Im e p r i m a r y  input file to fu l l m i amme .
R etu ru m o l d f i l e ,

l - \ r I L E [ f i le ]  Re t u r n  l n _ m P U T [ O P E 1 I F I I.E [ f I l e : l t l l U T ; O t D ] ] .

I N F I L E P [ f i l e ]  Re turmm F U I I 1 J A I ’ I E [ f i l e ; Q [ D ] .

OU~P U L [ f i l e ]  If f i l e  is  N i l  - retu i ’um the full F i l e  t’lann_ ie of
t he c u r m ’ e nn _ t p r i u ’ iary  ou tpu t  l i l e .
L e t  f u h  Iim n ’ie be Q P E i . l ’ [ f i i e : O U I P U T ] .
I f  f . , I l u m rm ’sm is F i l L , c a u s e  e r r o r  13 w i t h  c u l p r i t  f i l e .
l.~~t o l d i u l e  be the f u l l  F i l e  In _ an -ne of th ue  c u r r e n t
pr imi a ry output b i l e .
Suit the p ri m ary output f i l e  to f u l i na m i me ,
Return o l d f i l e .

OU T F [LE[f i le] Return OU T PU I [O PE rn _ FIL E [f ile;O U FP U [:NL W ] ].

OU IFILEP [fi le] Return I-UL I.N A I- IE [fil e: N EW ] .

E OF [ I E [ fl1r - u n ] O P In_ N F I L E n_ [HIe :B O TH ;OL D ] .

DRI BBtE [Iile ] If f i 1e~~I , l~~t f i l e  he N IL.
i t  t i m e r s  is a n i r i b b le  f i l e :

l e t  u ld i  i le  b~ thi n _ n l u ll F i l e  Na u n _ n e of t In_ c di i b b l e  f i l e .
I f  o l n l f i l e  i s  t ime  p r i m m u a r y  ou tpu t  f i l e ,

s e t  th e pri i :n am ’ y o u t p u t  f i l e  to I.
C l o s e  u - I n t l  u l rs n_

e l se . l~~t o l m i f i l e  be N I L .

I f  f i l e  /~ N I L :
If O P E I I P [ F i l r i : U U T P U I ] .  l e t  m u e w f i l e  be O P t r J P I f i I e ; O U I P U f ] :
else, I m u n _  umew f i he hue n _ u l l n _ n _ I  l I F E !  i l m  n _ O U T P U T ;  t n _ L W ] .
Set time di’ i luIi h~ f il e  ho i n _ n _ m n _ f i l e .

Re t ui r m m o l 0 fll ~~.

DR hEI DI F F 1 1  F [1 I f  t iu~~r r - u i s  a dr  i t n h l e  f i l e ,
m c  t u im mn t ine h u l l  F i he t l , u m m - n m i  t im e cur i’e n t ibm ’ i b b  h e  f i l e ;

else , return t i ll , .

C F  i n _ b  F [ f i le ]  If h i  ‘-n is I-I l l

If t i n— n pr n ‘mn _ n ry i m m liii I F i b e N m n _ m n  is  mo I I
I t  i n _ n I l  nu n _ ni - i ’ m n m-’ t Im e p r i m - n a r y  i n l u m u t  f u l l  F i l e  tn_ i n -nm ..

e l se I tIme I nn’  n u n _ m n _ u n ’ / 0m m t~ ) Ut  i h e  N , m u  mm ’ i s  m u  t I

‘‘i in _ u 1 1 m m  n _ i n n _ n  he I, bin pr u n - un _ I ry ou n _ I n _ u t  iu I 1 F i i  e IL , im ’ue
c i  ‘~mn m’ mn I . t nu’ i m NI I
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I n _ n t f’ u I m ai n _ ne be O P E N P [ i i l ’ n ]
If fu ilnam ne is NIL , cause error 13 wnt i m c u l prit b i l e ,

I f  t n _ a H n _ n _ c ’ s .  i s  the pr um flci n _ ’ y input F i l e  tn _ an ne
S- i t m n _ c  n _ u ’ im ’m .: ry i C p u t  t i l e  to I .

If f u H n - n r n - - is the n _ r  u un_ iafl ,’ ou tput  F i l e  ‘n _ n _ m n _ in n ,
s~~t n_ ti e p I ’ m i - n s r y  ou tpu t  I m b e  to  1 .

If  n _ I n n _- re  is  a d r i b b l e  b u n  amid i t  n s  f u l  lun ,n _ rn _ i~~’
R e t u r n  rn _ I L;

-‘ 
e l s e :

C lose  f i l e  f u l l n m a n _ ’ m e .
He n_ u r n  f u i l n a m n e .

Note: lim e d r i b b l e  f i l e  ca um n o t on closed with CLO SEF .

• CLOSEALL[ ]  Let  1st be a ne w p rope r  l i s t  of t m - c f u l l  i nn _ bi n _ un _S of a l l  o pen
f i l e s  ( e x c ept  I and the dr m n _ mb 1 e f u Ic , if  any )
For each  f i l e n ame in 1St  (10:

CLOSE F[ i  H n _ n _ m i ru ” i u u j :

Ret urn 1s t.

RA ’. n _ m P CC ESSP [ I i l e ]
I f  I m l n _ m  i s  Nil. , l e t  f i l e  be tin e pr um ’ ia r ~ i n _ p u t  t i l e ;
e l  s c m  f Ui’E a i m [ f m  I c ] .  l e t  I I I ,- - h e  m ) P E In _ m’.[i In
e l s e , can _ n _ s e error 13 w it b i  c u l n i r i t  f i l e .
hi f i l e  per n i ts r - u u n _ h - m m n _ m  a c c e s s , r n _ , t u r m m  f i l e ;
else, return F- I LL.

l!L IF II.EPTR [ f i l e ]
I f  f i l e  i s  t n _ I l , . l e t  f i l e  Inc n _ I n _ c pr i nan _ y  imnput  f m I c
e l s e i f  OP b.NP [ f i l n m ] .  l e t  f i l n _ n _  I n_ c OP E I n _ n _ - [ f i l e ] :
e l s e . c ause e r ro r  13 w i t h  c u l p r i t  f i l e ,
I imr) l r ’~S em1 t a u _I r e t u r n  as n_i nn huu b . u m je r  tin e c o u i t , -n _ n _ m t s
of time f i l e  poi nm m.er field of I i l n _ ,

m n _ L I E n _ u )  H I  ll [f l I e ]  If I’ i Ic i s  NIL . I — n t f i l e  I n _ -n t i n e  pr Hi m r y  input Ii le
e l n  m I Q Pf Ni m [ n _ i  h e ] .  l e t  H I~ h n  O P E ’ n _ i ’ [  t
e l s e  c a u s e  e r ro r  13 s m i t h  c u l p n ’ i t  F i l e .
R ’n l mrnn sen t n_n_ mi d re turn as an Integer t i m e contents
of the end of f i l e  p o i n ter f i e l d  of t i l e ,

-ii If II I P I R [f i I e ; v a l ]

If RAN OA n m E S S P [ f i l m n ] . let b i l e  be RA ND A C C E SS I ’ [ f  Li e]
e l s e , mn_ - n _ use  e r r o r  ll w i t i m  c u l p r i t  f n l ~~,
I f  not F I X P [ v . i I J .  l e t  v a l  lie F IX [ v n _ I
I f  s n _ i l < ‘-I . m n _ n _ i n _ I S C  er ron’ 27 w i t t n  c u l p r i t  v i ! :
e l s n n m i  v -n _ !~~ - 1 -

S t  the  i n  I - n  pu i m m ter I c l u b of fil e  to tine
Comm t e im  n_ n_ i f  t ime c n n _ u i  of  f i l ’ -n pru in i c r  i m r - n i n_ I o f
h b u m t u r n  s a l

e l s e :
5 0 , t l m ’ m I u I n _ n  1 u o , c m t m r  f i r - n _ I n _ i  of F i l e  to time imitegen’

or u . n  n _ c n n  ted h y v - u
l b - n mn _ m ’ nm v i l  -

t i’ l iS I I I  uu ’n_ i i In : V a I ]
I f ’ I n I a ’  is tn _ h I . l e t  t i le  hu m -’ ii m m n i nn ’  in - m a r - y rim n _ h u t  f i l e ;

e l n _ . -~ m f  O i’ I . l;P [t ’ i i m - m J .  l e t  f i l m  he l u i ’ E F J P [ f i l e l :
e I n _ n . in _ m n _ n _ s n  i’ m mm ’ 13 c i  t i m cn _ i I pr i t . I i l u
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~n _ t  ol d -v a I cc t i n _ n  integer r rn _ 1 m i ’ es e n tim i g tt u e
c o n t e n t s  O f time p ositmor n field of tIm e file f i l e .
Ii s n _ I  i s  N I L .  r e t u r n  o l d v a l .
I f  not  F I ~~P[~~ ,.[]. l e t  v a l  be F I X [ v a F } .
Suit t Im - p o s i t i o n  b m e l d  of f i l e  to t u e  i n u t e j e u ’
re p res ~~u m t e d  by va t .
Return m m l I v , m l .

D E L F I I E [ f i l e }  Let  t m m l l f l n _ ir n_ i n_~ be F U L L N A M L [ H l e ; O I D E S T ] .
• I f  f a l l  ‘! 1Li~ 

i s  n o t  I n _ I L ;
I f  I c - I l l _ n e  u s  im p - el i . cause error 17 w i th culprit
C O N S { ” C l o s e  f i l e  b e f o r e  m imn _ l e t i i n _ n_j ” ; f u l l na r n e ].
Delete fi le fu ll u ma m n _ i e ,
Re t u r i n  b u n _ i 1 r n _ - n_ c :

el s e . c ,m iu se error 23 w i t u u  c u l p r i t  f i l e .

F tn_ A t-IF F IF E [ f  He;  mm ecu’ amie
Let f ile be I t n _ f’ILEP [! l I e ] .
l b  l i i ’ - ,  is N IL . “ n _ n _ turi n tn _ IL.
If ~,~i le  is O n _a u . C A u S e  error 17 w i t h  c u l p r i t
C ( - I S [ ” C l  ose f i l e  i n _ — f o r e  m u _ m u m  in- i ” ; t ’ i l n  1.
L e t  f lc .’e m mn nn_ r - ’  Inn OU 1’ F II ‘ P[n _ m e w mma um n e ]
I F  n_n_~~m ’ ur L~~Li’~ 

i s  an n _ m v st m n g  f i l e  - u- e t c -rn N IL .
Re i n _ a n _n _ m n _ n n _ b n _ e f i l e  f i l e  to ha-i c n u n _ n u m b -  m n _ n d _ n _ n_i .

R e t u r n  i n n _ - w i n _ n _ i n C .

22. READ TABLES

Read Tables are chJ Iccts tha t  specily the s~’ ntn _ ucti c prn _ n_ pe rt nE ’ s of c hm aracbers Is-n the input (n _ . n id
som ’ne output)  routines. S mm nce the j un _ put  routines n _ n _ iC c-:ncnc n m n _ c d viut h f ), -n_ mmn g incoming

n _ n _ u r n _ n _ -~ b r - u scn_ ;m n _ ’n _ m lcn _ n _s in to objects . It ne H’~ n _ m _ b Table in use at lIme f inn _ c Uc’Iermnunes winuch
scu q ln _u n _ mm c r -,’ s n _ n _ rC recognized n _ n _ m s  Lit n _ ra l At om nm s , List Structures. etc.

VV - ’  wi l l  p m m n _ . n _ a . : mt bin _ e s peci f icat ions of l I m O mnpu t/output functuonis in Sections 26 and 27 , Thus
Section is c s -nice ned with time nm ma mmi pu ba t io n of the Pen_ nd Tables themsel’i s~s.

Each cha racter nmust be P - m n _ g  to precisel y one “S’y’n _ tax class ” , By oe ln n n t i o n  of a syntax class ,
all chvn ract i ,n_ r s in a givemm s ynm bn _ m x class exbmi bi t nd n it  cal syntactic properties. Th ere are numme
t n_ asi c s - jn i l n _ x  classes, & n_ i~~h n associated ‘.‘,‘ ith a p r m m n n i t m v e  s y n m t s n _ c t i c  pm op-s- i ty .  arid then an
unliuui it ed n _ u , , c - u ’ n _ t m - n_ - m i t  - n _ f  n _ u s -n - or - h un- s d c -1u d n _~ clas es (joi ntly referred to as “read nm acr os ” but
nndividu nll y c r n _ - mis l i tu t im i g u n _ m i u l m ic syntax cl n_sses ).

r~ r e x - u mmi l m le .  h I m ” - ch n_ - mu t u ’ m s  ‘,‘v b nnch m u u n _ I u - , .5n _ t in _ tI n _ f - t)eo n m u nm ’ i g of ( n _ u  u s i u , u u . .u n _ h u ” m s ’ n _ n h m m c ’ u m n : o
r u I n _ m m mn ’ ; c) u mtn _ mm g ) n _ I List Structure 1 - c m mm a lc , u s mm ,: symmt ax class. TIm e general pm -~‘ l - ’  ‘ Iy uniting all read
mnua cro cb 1ar ,n_ u~I- .’m s is h bm , n _ t a o’ er — sp in _ c i I i ~’d co r unput at mo m n is pen fo rmi’J to (bm ”t n - ’n _ m uin u m e Pie s ym mb u n _ n _ Imrn _ n _
e f f ec t  u .n _ f t.’ , n _ n,,h i hn _ o r , ic be r .

I t  sbm o ul d  b~’ rioted tin t a ‘ ‘ m n _ y m m t n _ t x  class ” is an n _ n _ I - s I n  - m~
’ lio n i pm Orii Icd by t he  V M. 1 hi n _ ’- m e is no

obpuc: t m n ’ I n ’ m i ’ rn c m n _ m o  ~ m n _ m ,,- l l u ’ i  h i r m m u  n _ m t  n_ t i , u u , , u I n _ - n , , . n _ m u  called n_ i Symib ux Class. A Read Table
pru ’m u .u u t b f ’ n _  t Ime  assoc i ,u l i u ’u mn h - u ’ t w - .’ n ’ m n _  a ch; t m ~ - m m c l  Is syrmt nx class , and t h e  m m n b n_ - t u t /o utp u t
routines emm iorce I b m ,’ n _ i l imn _ tm n _ n _ n _ n _ t o n u n  by usung Reaa n_ ales to drive the parsing.
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To allow the user to specif y the asso ciatio n between Characters and syntax classes tim -- ’ niust
introduce nanmes for t h e  basic symutax c lasses omn _ d the at t r i butes of rood macros.

D e f in i t ion :  A “basic s y m u t n _ n _ v cl~~s” is one of t Ime L i t e r a i  At - n _ - m s LEFTPAREN RlGHTPf~REN.
LEFT PRACKET . RIGHTBRACKET , STRINGDELIM , ESCAPE . BREAKCHAR . SEPRCHAR , and
OTHER.

The propert ies of these classes are defined in Sections 26 and 27. Briefly , the f irst four
cI n_ n _~ s-~s mimar k c tun _ mrn _ im.n _ I- , r seque nces repr esentin g List Structures. STRINGDEI . IM mm m . ’n _ m ks Strings.
BREAKCHAR amid SEPRCHAR niank Literal Atc , mi ’ uS and Nunn_ bers. ESCAPE provm ges a mmmech n_ n mmu s m
for inputt i n g these sy n mt n _ n _ : t i c cn l hy  special cbm a ract e rs. anc OTHER is the class of all other
characters except t h ose that are read macros.

It is convenient to refer to somm e of these chases jointly.

D e f in i t i on :  The “break syntax classes ” are LEFTPAREN. LEFIBRACKET , R I GHT FAREN .
R I G H T B R A C K E T , STRINODELIM . amid BREAKCHAR.

The S y nnt n _ a C t iC properties of read macros are aetermined by t h e  vaues of f ive attributes.

Def m nut io n:  The five reoa macro at tr ibutes are “type ” . “context” . “wake-up n ode ” “escape f l ag ”,
and “body ”. Each attrnh iute may take on one of tIme disc rete “legal” v;dues show n below:

atthhute legaf value

type MACRO, SPLICE, INFIX
co n text ALWAYS, FIRST. ALONE
viakeup mode W A K E U P . NOV- IAKEUP
escape Flag ESCOUOTE . NOESCQUOTE
body a Literal Ato nm or f tm nction object

Briefly , the mean ings of these at t r ibutes are as fo l low s ; Time body specif ies a co m mmput a tion to
bc perfornmed whe n the character is read in a c e r t n _ m m m m  sym mta c t ic  c~ nt ext  s pec i f i ed  by the
context at t r ibute.  The typo attr ibute determu ones what is don e n_’.’ u b lm the v n _ l n _ n _~ of t he
computation. The v~n_ n_ kc’ up nnode attr ibute is i run_ port ant o mm l y n_ ’ ,’ t i en tIme macro is re- - a d  fr onm the
termurmal n _ n _ mid , if it us i,’/ / n _ l ~~ [ UP . mnearm s t h i n_ m t tIm e reading r o ut mnl ’ n_ s s t n_ c ulom begun m n- - dd L un _ ç J and
p a n _ n _ s ung the cha in_ icIer: ; in the line buffer as soon as the read rmmacr o c b m a r n_ n _ m : te m lmas been
deposited in that buffer (see Sections 23 and 27 ). The escape flag at t r ibute abt e cts hon_ i the
character is to be primmted.

It is convenient to define a reach macro spec ification i tself  as a 5- tu i n_ le m o c ha-ob jec t .  co nmtaining
INIERLISP obj ects.  We use t h e  notion of a meta -objec t  because time us-:- m speci f ies the
indiv idtiah conmponemmts hut dun es noh suppl y a r o n _ u - i umm acro sl ’r e c m f i c ; n _ t i m n _ ’ m m  as an n oh~n-ct

D e fi n i t io n:  A “ru .oid m um acr m t ; pe c mf i c ~~tion ” is a 5-ti l l -n_ Ic ni~’ I - a - oL m l m :-ct  c o n m t a m m n n m n  INTERLISP
obiects : < type .  Con nt r .n _ x t .  wakeup m ode , esca pe fla g, body> n_’~’ Inere t h e comimp -s n mm n _ ni ts  are legal
V n _ I n _ on _ S of time cu) rr b n_ sp- . uu n _ n _ im mm g m e l d m icro at t r ibutes.

Def i ni t i on: A “symmt ax class specif ication ” is either one oh the basic sy r mt ax classes or a 5-
tupl e ne- id nmmacro specu In n:n_ nt ion .

It is som inetimes d en _ n_ i rabie b i n  pm c ’v in _ -n i t all read macros imm a Read Tn_ m l.- l n _ -’ fr - mn _ i invu ’king

c cmmmi ~m u u f . m t iorm , even him-n _ u i igb m t f mr ’ mr attr ibutes would oh h c - mwm se a l l en _ v  i t ,  W Im ’ ui mum suc im n _ i stat e . we

say that t he re id macros n_ ire “d isabled ” . Th us us co mu l ro ll r - d by a t I m 1  I m n ’ I d urn t In _ n ’  Rn’ , id Table.
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D~ f uum ,t ion : A “Read Table ” us arm object w ith the fol lowing properties:

(1) For each character , c. there is a f ield wl mich contains a syntax class
spec if ic a t ion. called the “syntax class of c ’.

(2) There is a binary fm eld , ca lIco the “react mmmacros Omm , lLt Ott ” f ield. w h ich nay
com u t , ml T or NIL. 

-

Read Tables constitute a distinct class of objects w ith class name READTABLEP.

D ef i n i t io n :  “ (chara cter ) char is a LEFTP~ REN oh (Read Table) rdtbi” . if the con ’itemn _ ts of the
char syntax class field of rdtbh contain _ is LEFTPAREN. A un _ ,’iI~~,~ous det nit i o mi s n_ i r e asserted for
tCe other syntax classes. A “break ctn _ a ra cter  of rdtbl” us any ch in _ u n  ac te r  hin _ -v ung one -~f t f me
Lu e n _ k  s~ rn_ lax classes in mt s syntax class field of p c:b bl  A “sepan~Ue- m “ c hn _ ; m n n _ n _ c t e m is C- l ie lo v i ng
SEPRCHAR in its s ymutax class field of rdtbl.

Because the user is a hl c - .’,’ed to specif y th e syntax class to v;bn_ ich cacti c h m s n _ m uc ter  betonqs, ‘i. e
must d e f u m m e  b lu e -  p rocess by -.‘~- lsch th e imml p lenlu a n _ ’ mn _ tor t r , ummU ,de s us er—si j pp l n_ ec i  object s cc’scri biri g
read nmacros in to (m m meta-ob j ect) read macro specifications.

Def mr ui tm o n_ nn _ To “obtain the 5—tup he correspondi ng to ( pro pe r  l is t )  st (wmtb ’ m length n) ’  m n’ieaun _s :

“ I f  n < 2 .  Cause  e r ro r  27 w i t i n  c u l p r i t  1st.
If C A I ’ [ l s t ]  is  a l e g a l  t y p m . t ype .

l e t  tin_ c t ype  of  the 5 - t u p l e  be ,~y.pe ;
e l s e  Cau se m - n mr ’ or 2 7  ‘ am  tin c u l p r i t  1s t .
I f  t h e  l a s t  e l e i ’ ment  of 1s t  is a l ega l  bod y .  body ,

l e t  tt i~ i c - - m y  of t i u~ 5 - t o p  he be h~~ y .
else cau s~n error 27 w it S u : u l p r i t l st .

Con s ider the r e - 1n _ mi n im ’n g mn -2 n_ ,n l e nn e nt s in _ n ln _ t , as a s.~t .  r e i n _ ain mi er ,
liii t us inn g I. ‘- n _ C m )UlJ IL in p In _ n c - c  c - f  a I 1 ocCurrence s of F, SC
am u d IY’ n_ S u , b,m u u i l E  inn p l a c e  of all occuri’em u’? s of NOESC.

If there us lore t f mam n one in _ n _ g a l  con m .ext (or wa ’ ‘ n _ up nude or e s cape f l a g )
a t t r i h u u t e  v a lue in m ’e u - i n _ i i u i n _ hn _ m r .

cause er ror  27 W i t h  cu lp n’it 1 s t ,
If any ele m n _ n _ n _ u m t of ~~~

n_
~inmj,d r is not a legal conte li t or wakeup niode or

escap e flag v - n I n_ i e .
cause er ror  27 w ith c u l p r i t  1 st.

I f  t h e m’e is no con t-x t value in rn _ u nmma i nder ,
a d d  Al n_vI\ YS to  reum ma b nm b -n r ( i - e , - l e t  r n _ m n _ n m inde r be the new sc-n t
obta mm m c ii b y ,‘i ui m l lun g hue e 1 _ a m ’ieu m b Al W Am ’S t~~ , n c m , n i i n m h n _ m r

I I  t i m e re  is  m mo w ,n_~~- - u p  mi m ic v a l m j . ’  in m ’ em ’ u - ’ n m n - g e r .
ad ub n _ ; b un _ ’ i AK E UI’ to r ot m_ m.i m u _ u ’

If t h e r e  is m m ml n_ n - s r ape 1 1 m g  v n _ r hue  in m orn -i inuje r
aul l LS i .u,nui i l  L to  u n _ - ’ u a n i m u h ’ - i ’  -

h r - u t  time m .oim l, e n t , vi a l -‘imp mm nom ln _ - aum n l C S ( . n _ n i ie I lag coumupo ime m nts
im m I u. 5 -tu jmie in~ tim e co mnt s ’ t. wa l s nip m ’ u m ’ n h n _ n _ , ;u mnib n _ m n _ n _ c a i n e  F lag
v n _ i l  u_ us u r n m’ n _ c n n _ i  i n n  uP— u’

S un i mi la mly. we rnmm ’ a t d e f m m n ’ ti ne I a n “5055 used b y t h e  irnpl’ - n n i n _ - m i t r mm to co imstruct an T h i n _ f t  (for t Ime
user) n_ ’ ih m ici m cm. : mh ; m i nm s  all - m l time n nmfc n rmm i , u tmn _ nm in n n_n read m u m , i n : m  m m  s p m s ’ c u t n m : , m t m m m n n _,

Def unu tuu ’- nn n _ To ‘‘ - n _ n ‘n_ ic ’  a proper list con m im : n _ pn n _ m mnt h in g  tn - i (a read rumacro sp’ ,,- n n _ u l i c a t i o nm ) <type.
u m i l ’ ,’x I. wakeup, r- ‘sC n_ i f ue .  body>’’ nnn e n_ n_ nms ‘‘LISl’l t yp e n _ m ; m’ u mmt e x t ;w ,u kc ’ u pn _ m ‘:,n _ u n _ n _ . ’ m pe;bodyj” .
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Thus. the pm - -pe r l ist the use r supp hlea to a Re id T n _ n _ c - h e to ni~~f mnie -  n_ I m € - n _ n _ d i n _ n o  is r u S t  the sO nn i C
(EQ) proper st the user ot t , : i u n _ s ‘~‘i h i c ’ n m  quern j ing the F .tf- ad F : : n _ u : ’ c - ’  lii fact.  It i~ ii ; proper lists
may not even be the s , un _ i n_ e leu igth Or conta in ttie sonic e l e n m m emmts. H in_ e ve r , t n _ - ,Ulu trans l;;ic- into
blue same ~-tuple.

The V M mi n _ on _ nt am ns Ih i ree d is tunguus l n_ n,’d Rei n Ta bles Time In ’  ~ t is -cn _ uIIeu time “Original’’ Read
Ta ble. Thus ke n_ uc t  T n_mL .- !r: inmay un _ ut L~ u,,Lt ,iu m m n_.d b y  t m c-~ usn~n ,a n _ n _ ( l  us used t i c - pro c - - n _ d c a c-’ iay to
rec ov er  the initial sel t m m n _ gs in the ob lmer f,’jn_ -i cus t mrm g u is l n_ ed R~ .’n_ d Tables. The sec- ,nd is cabled
the ‘ 

~ y~~t m - m n n ” Read Table , amid is t u e  one used  n _ c - i n _ c m the sy- n _ Ic- n _ i i tsel f  is inte racting with t lme
user ’ s t ’ - m r n _ ; i n m a l  (e.g.. re n_ in _ : umig for t Ine t c -p—I e vn _ U  i n n_ put t~n_ EVA LOT) ,  T t i ~ t h i n _ c t  us ca l led the

p- m m m mlo r ’i ” Read Table’ , n_ n _ m d is the n_ In c - t n _ i c - m i t  Read Tab le to r user programs. The’ latt er t-i, n_ n_ Read
Tables inu t n _ a I I y conta in copies of t h e  original Read Table ( i c . .  they are d sh i m mct  R e - n_ md Table
( n_ in _,n _ ; .,u a ts c o m n n n _ m n _ m n _ ’ n n _ q  the same set t i ngs ).  We will be precise re - ,;nrdung Ihe use n _ - h b lue - se three
ha -n _ c ’ - . c - . m e n u pm ect is i -e n us i tn _ ’ qc - uum ed , For the nioment it is s ub h mcu e u l s m n ’ pf y to state the
ex stence of ttmese three Read Tables.

Provided the cfm a racters are available inn the r ’ip l e n n ; e n t o r m m o n _ n _ , the followi n g associations should
be f u n _ - a m i d  inn the o rici nal Read Table:

C mn _ o m , ic t e r  Initial Syntax CIRSS _ $ p ?R if in _ n_ , u t i o n

( t , n_ b > SEPRCHAR
c- c a m m i a n _ : e  return > SEPRCHAR
< Ii mn un _c -fcte d > SEPRCHAR
<fornm mf eed > SEPRCHAR
<end-of- l ine > SEPRCHAR
Kb lam m k > SEPRCHAR

STRINODELIM
(percent > ESCAPE
( L E F T P A R E N

Pt C H TPA P. E N
[ LEE’! BRACKET
] RIGHTBRACKET

All (n _ b l uer n ;b u - u r amn _ t ers shoijlti I m u- ,’e s~ n _ n _ f , m x  class 0 IHER , ‘Ihe- r e - a n _ i  macrn _ m s o n n _ n _ u h n _ - I e - d  f ield of the
orig i nm al Re id Table is set to T.

R E A : m  FA S t  E ‘[ ~ If is a hia’ .’m n _ t  I ibm I c .  r ’ n _ ‘ u r n
e l s e , r n _ n _ t u r n  I L ,

G E F RI  A n _ n _ I A B I  E [ r d t b l ]
I t  rut  n _ l u  1 i s  ‘ n _ l i  . r,~ tutu - mm t Im a-’ I n_ n ’ i m n_ nary i - n i l  T a b  I e

n_ n I u - —  i f rut h In I i s I , - - n  m m  n t i m , - ’  u- -I n _ I  ‘ - - - m ’ n_i i in _ - ’ aul  [a b l e
I lit Al ) I AS h P{ i c - n m ) ] ,  u -m t m i r n  ‘ m i t hi I ;

e l s e .  i a u s n _ v  e r r O r  .35 e nt hi m , u i 1 i n i i ,. - - i t S I .

SE I P.EA lJ lA Bl E [r It a 1: f l  i ii
I e t  u - t u t u  I bu t-’ (

~L I PLAI t  1 A n _ t I  [ ‘u b i S  I ] -

I f  i t 5 ’
I n_ n t ii I n _ h r  i t t  1 I tue t n _ n  ~ S y n_ ‘ - n _ i ’ 5 -n _ n _ mn _ n i I ’m bu Is
‘ n_ n t ,  i n n _ n ~ y ’ , t ’ — n u  - s ll~n_ a i I  I m m I n_ -’ to  r -b Ib
l t n _ n t u n m ’ m u  ‘- I n i u ’ m b l h m l ,

n_ n I ’ , C

I el o lii u n j t huh fu r - n thi n _ u pm’ mi i i  m y  l ie u ul I n _ u b 1 n_ n
‘- - n _ — I t im ’ ’  rm r in - n — n r y It’-’ m l  l a t i n ’  n,o n u t  n h u
Rn_ i l u n’n o I l  m i t  i n _ I ,

m’P
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iF n_,1 I n _ u i  A l ,I ln _n _ b 1.E [ r d t t n l , s o um ’ cn _ — ]
If’  muot  REA l )  I A BI E P[  u - nj Un !]

let  rd t b l  I_ n_ i c-L lllEA [,1IA BLE [rd t tml ] .
I f  nom R t I n_ i I A B L E P [ s o - u r m n _ e ] :

I f  SIJ m LC ,n_ ( n _ R I G ,
I t - :  s o u r c e  i t ,  tI m e ~c-’ m J i u a ]  Rn _ n _ - j ib I a b l e :

e l S e . l e t sour c~n_ u— c l’- F T R E A D IA E I i E [sou rc -e ] .

I f  tIm e read  c -mi c ros n _ - u n _ a bl , -’ u b b i e ld n b source i s  T .
s c m , t i n_ e r e m u S  macros  e n _ n a b) I c - n I  f i e l d  o f  n_ hU m ] to I

e l s e , c - n _ ’ t tIn e re ad  i m l n n _ r o s  e n h u a b l e d  f i s h - I  uf nu,ithl to  SR .

lot ’ each  c h a r a c t e r , c ,  r e p l a c e  the c s y n t a x  c l a s s  f i e l d  in
rd t b l  w i t h  t b m ’n c o n t n _ ’ : u t s  c f  tIne c sym m m. rmx class I i n _ n _ l d in source ,

Return rdt li l

CO a’ ‘~ “ a n _ m  E A S t  u’ d fbi ]
L e t  n n _ n _ w r m f t b l  he a um ,- -w P C i _ u i  F a b l e .
R e n _ u m ’ n  R E S L [ R EA D [ A B L E [ n h w r m i t i:~~~tj~j ,].

T I n_ c f o l l c t n _ ’. mn n _J t ’ ~’j -n _ a f unctions operate on h Ilt Read Tables and Te r um munal Tab les. Terminal
Tables o n e -  d e - sc n bed in Section - i 24. One mc - f  their f i u n _ i - ; t i ~~m n ~ is to specif y “ te rnnum ial syntax
class es ” bor ch c - macters. For uj et o ls and umj ti nit i ons oh  terms us e - n_ I. see Scu u:t on 24.

SE I S’i S IA X {cha r ; tb 1]
L e t  o r i gch a r he cha u .
I f  c - t n _ m u ’ us a Cm n _ aracter or character code
( t r e a t  C i m a r , m c t e r s  0 t h r o u g h  9 as c h a r a c t e r  c o t e s )

let cin ar be t une co r m’espond i n m j cbma racter.

If not Iu ] n _ A L)[A BI.t P [tbl ] aim d m o b . T E I m t - I F A B L E P [ t b l ] :
If c- tn _ i c- is a teru ’m i na l synt ax class:

It t h i l = 0111G .
let u,bl ha the or li i i in n I Te r m  i n n _ a l  F a b l e ;

else, let thU he (ifTT E Im MI AB L E [t h i ] :
else u f t b l  0111G .

l~~t tb l  lie tim e o n i g i u m a l  Read l ab l e ;
else , let tbI be GETR LJ-n _ i ) F AB LE [t hl ] :

I f  is a

4 I f  P L A n _ I  lAtH E P [ t b l ]  :
L e t  c l a s s  be the count-mints of’ t Ime cha r  s y n t a x  c l a s s
f i e l d  in t b l .
I f  c l a s s  i s a 5 - t u p l e .

c u ’ e a t e  ‘i n ch r e t u r n  a roper  l i s t  c o m ’ r n _ n s p o m n ul u n g  to c,1a~~ :els e retuu’m i the basic n_ n_ m’ mi ta x class class:
e l se ( n _ t m )  in n_u I n n rulu i na I F a b l e )

I le t iurn tIns com n n_ n _ - u n l s  o f  b l i p  t e rn _ n i uu n_u l syn t In.

c I n _ u s s  t i n _ h u h  ol d u n _ m r m u  i,I u l
n _ nlsn _ -’ i f rn _ ham ’ is n_i F i u c - i c  - , y n m i a m x c I - i s s :

I f  I E I I ’ i i A h h h L P [ n b I I .  c n _ i l u n _ , n _ m  n _ n _ r u ’ o n  38 w i t h  c u l p m ’ i t  
~~~~~~~

( : r e n _ n t n _ .  ,inii l r c - t n i i ’ n  a rop r l i s t  - f  a l l  u - I  t i m e
m i n ; i r n _ u m ; t n _ ’r cii d sn _ n _ wt nu ’n _ s n y u -  I n _ m n  c l a s s  i in _ n Ut s inn t i n t 

-
-

o mit - i in un _ tu im’
n_ i l  c - n _ n  i f  i n _ h a m’ lith E AK :

I t ’ It  I n _ i l  (hIll E I [  t I m  Ii, cause error 38 mel hh c m l  pr it thu 1 -

I . r , m n _ m t n _ - ’  mimI m ‘ t u m ’ ui a m e w  Iir unue m ’ l i s t  oi a l l  o f  t Ime
c h a i n  n_ u n m r - n m  n - - n i t - u :  w i no e n_, n _ ’  t n _ i~ r: In _ i s s m n _ u 1 m b s mm
I I I un _ un _ nu t n _ u mum 0m m n_ ’ nil tt m n h am’ n_ n i l  S n _ u t i m  c 1 a m sn _ n ’,

7 7
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n _ n l s e u f c in ar  u s a  te rn i m n m n _ i I sy im tn _ u e class:
If REA [)1A I3L EP [t bl ] . cause error 39 wi t h  cul p r i t  tb l.
C r e a t e  and retun ’n a p r o ~u e m ’  l ist of a l l  of t i u m u  ch a rac te r
comic s m ’ f lucmse teru nm in al syunta x class f i e l d s  in tbl
con t a in char;

c I s c - , cause e n  ror 27 ~it bn c u l p i  it or iui ch a r ,

S L I c - u ’,lA X {cri a r :cl ass ;t b l ]
l e t  or m u 3 c h n _ m r be ch ar .
I f char is a I b mu n _ ’ ac ter or chmarac ter 0 m m - I C  f t r e a t
C h a r a c t - n _ n _ - c- 0 throu gh as ch a i ’ ac te r  cc - n _ In _ i s )

le t  char tn_ -n the c o r r e s p o : u m t ium g c h a r a c t e r :
e l s e , cau se error 27 w u t b n  c u l p r i t  c h a r .

I f  nm -i t, i n _ i c - S I  AB i  E P [  n _ b  1 ]  and not  T E PI I I A B I  EP[~~J]
If i L f l ? ’ 1 I A B L L P [ n _ i n _ u~~~] or c - L a s s  is a I e r i n i n_ c - -u 1 Sy n t i x  C l a s s .
le t  tb l  he GE TT E I t n _ I A B I  L [tbl ]:
e l se , let t b l  be ( n_ I , l H L A D I A u s I E [ t b l~~:

If READ IA IILE P [cla ssI or u . n _ I t EA BLEP [cl a ss ]
or m l n _ m u. n_ t i l l  or n _ n _ i n _ n c - s  I or c - i c - u - s  OR IG :

b e t  c l a s s  he GE T t . m n _ n _ I i n _ h [ i’ m n _ m r c n _ - - h - : mn_ l~~s~~].n _ - t n _ c r c  cru ar mn _ o -l e i s  n, m e  cb- -, m ra m ,U,m’ co n_ Is corresp oul :b in 9 to char:
e l s e i f  c - - I - u n _ u  i s a  C h a r a c t e r  or c t m a r e c t e r  code :

Let c l n _ n~ s be GE TSm ’ n _ I I AX [c l a ss; tbl ] :

~ l~~n _ c - l f  c l a s s  SEP 11 :
t e t  c I n _ i s s be SEP RC HA II ,

- - Le t  o l d c l a s s  be C .ETS’n’ t IT AX [c bn _ ar; t hl ] .

If c l a s s  is  a h- ’,s iu i  s y m i t ; m x  c l a s s :
I t  T Li - t I F A B I . L P [ t b l ] .  c a us e  e r ro r  38 n _ - i  tIn cu l prit th l .
Set the c - fi r syntax class field in tin _ i to class.
Rn _- t u r n  o l d c l a s s ;

a els e if c la ss B R E A K :
If ’ T E i ~1 1 I A 8 L E P [~~~uJ]. cause error 38 wi t i n _ c u l p r i t  Um i .
If n _ i l - l i l a c - a  is not a b- - innS s y t i t am class o r a read
unmacro s p e c i f i c a t i o n , S-m t t f ~ cl u~~r s ynta n class h eld
in tIn _ I to BR EA KCHA R .
Re turn old c lmi s s .

e l s n _ t i f  I I S I P [ c l a s s ] :
If TE u ( I I I AB I . E P [ L b l J .  cause  e r ro r  38 wit i n c u l p r i t  t til .
O b t a i n  tIn e 5 - t n _ n _ p l c  c o r r r - - ’ s p o n d i m u u to c l a s s ,  mind
set tIne dun _ u n sy o t - a .’ class f i e l d  in thU to t l mi s 5 - tuple.
R etur m m o l dc la ss.

• n_ -t l s~~if c l ,’uss is a t s i ’ m m u i m n_i l c - - n _ m n _ t n _ i  c l a s s  nam nm e :
If PLA DIAI ILEP[Uf l ] .  n n _ auu:- , -n e r r o r  39 m ’ u i t h i  c u l p r i t  th i.
If d i m s  Is cm - s’t tt mc m j u a n  t c r m m i i n n _ a l  s yum t , n _ n  c la: ; s
f i n ’  I i i  i i i  !in_) to  n _ if n _ IL
e l s e i f  dii au’ i s  mint  a special t n _ n u - n - n i n a l
c h m . n _ i r a c t s r  , nn _ , u u s ’ n_ ‘ m i - r u m r 2 7  n_i m l  S cmi Ipr I ’ or i q ch n a r
n _ ilc - n _ n n_

If t t m ~~re is mu mm y mn _ i n _ a r m er , c .  w It-i c-n ’
ten  n _ m m  i _ i  I c - y r - u t  a ,m m n _ l a s s  t i in lit m u m  h i I c o mm In ins  c l a s s
s-m t tIne c t n _ - a i m  n u n _ I  s t I’ class I i ‘ -  hu b j i m I t ]  to rn _ Inn _ IL -

“ n _ u t  m m - -n c h i n ’  t.r - mu ’ u ’ u m u m a l  symnt ax c l a s s  b m m l i i

t mum h i  to c l a s s .
- n _ u t c - m u m  o l m l u ,n_ l a s s :

I s n _n . ( .u iuuSn _ i  en rum ’ 2 7  w i t h  cu 1 pr i t c l - is’, -

( n _ b. IB l im n ’dt hn Ii Pr-u t u r n _ i  I n _ lu  I n _ ti lA t  [ B R E A K :  m’ m l tb  I, ]
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G E I S L P R L r U t b 1 ]  ‘r l e tu r u u  u E I S I S I n _ n_n _ X [ m n _ L P I ( ..IIA R ; r d t h l ]

S E 1 B R K { l s t n _ I  l g :n d t bl ]
If l s t = F n_

If n_ ’ u b t t n _ UT , le t 1st t n . ’  SE Iin _ - ’ iL [ORIG]:
mn _ I s — , In _u t lm, t hj e h [n_ IBI’ K L I ] ,

(We ass um ’me 1 st , is a p n ’-Jp e r l u s t  of e ither
Ch ar acters or character codes. )

If I I g~ l :IL :
f o r  e v e r y  e l e u ’an _ , a t .  c mu ,ir . of G E I B R K [ n d t b l ]  d o :

SE lSY~: IAX [ cha r :0 t i E R: r f  t i m  I]
For ev e ry e l n _ u ’n _ e ” t .  c h a r , of 1st. do :

SE IS’i’ln _ IA i [ c h a r :  BR EAKC I IAR ]
e ls n _ e if fl g= 0 :

For e v e r y  elemm u nm un _ t , c h a r  . i n 1 st do:
SE lb’ n _ t J l A X [ c h a r  n _ O T H E R ;  nd tb l ]

e l s e if i ’ )g =i :
a Fo r ever y e l e - i e n t .  c t mar , in 1s t do:

SE rS ’ 1’n _ i l Ax [chta r: BH EAI n_ n _ t ( t A t n _  : rc i t b l j.

Return NIL. .

SE F S E P R [ l s t :  I 19 : r n _ I b.b l]
(Sane specification as for t n _ LI B R K except
use SL TSEP R for  GETBRK and SEP1 0 i t A ( i  b’or B R EAKCHAR

RE A lit ] ‘n _ C . m (OS [ I 1g: r d  tb l ]
If not R E A D F A I 3 L E P [ r d t b n l ] .

h e ] , r d tb l  be G E I I 1 L A L m I A B I . L [ u ’ n i t b l ] .
a In _ n t ul ul f i g m c -  t he c oumt n _ m umts  of  the

u’ enmi m n_macros en _ nc - bl ent f i ’ m h d of rd t b l .
If f l q .  s e t  the r u n _ m c i  unmacros e m n _ a b l e d  f i e l d  of  r d t h i to 1 ;
e l s e , s e t , tim e reuu d u n_ macros en n_ ab ’led  f i e l d  ob r dt b l  to O IL.
Re t u r n  o l d f l g.

23. TERMINALS

This Section describes t I n_ c  assunmpt ions the VM makes about the ternm imn al irmpu l/ou lput
cn _ içn _ u . mhc - u l i t i es  of the uj imder lying operating systeun or nimac liumne.

:‘ As Fi le Assumption 1 makes clear. tim e VM ass ll n n_ m r us the m i— e r  is 5 ‘ ‘ - ‘ l io n t h u . ”  a” ‘- n _ n _ a n -  u t ,m b -)ni s of
t l t e  ‘ n_ ’M brorn arm iun lr ’ m ’ n _ n _ c t i ve ter m inal. Tine VM a llows t i n _ m R  m m n _ u I m I r - ’ u n _ n _ - m i l c m  l - ,~ class In _ ’n _ u u i n i m i a l s as
eu h ln _ c ’ u (l tn _ , i n _ l, u n _,- or mm i ,a u i — : i a m - n _ l i:u’J ,  Tine omuly  d i s t i u i c t m ”n _ -mn _ m n _ a - - I -- bn _ n _ ,’ -~~~ 

- FIT ] 1St) us IS I - n _  l i m e mn _ ,,”'n _ t ’ S
t — m m n n i u n _ - u l  is a m.h n c - ç u l,i y t i ’ ,-rm nn nin _~l sonic of blue h igh _ — b evel  In _ n _ n _ i i l i t m n ’ s  n _ n _ sc -- u n _ n n _ e -  t im .1 i r S - - i n _ n _ i ,  n _ l o i n _ n  c m i  be
dIt,,I’n _ l , u

~~
m - ’i to t I me i,on_ m’-r b n _ c - b n u r  I b m _ u n w it bm a m ’m o m n — d m s l , - I u ’ m ’ In n _ m n _ i n n _ n _ i , ,umnt h h i ’ ’ m iu : nn_ ’ ( n u n  t l’ n _ ’ i r d n _ - fault nu n _ c- t I n _ n )

su uc-ply mnore ‘uf o rmatmon .

T Ine mm x l  n _ m mn _ m,uim’ mup t i n _ m n  n_ n_ bout time termm min al conce n mms i o t m l - m  n i i ~ ut c l n , nr n _ i  i n _ u s ’

Ter n m innn ! ~Assuni ptiori 1: V~I mm ,’ ui v -r c t ’ r t a m mn n : h i n _ u n _ , i c t ’ rs (t le tm , - m m m n _ u n u n _.’d under - n _ a  - l lw a re c o i n _ I n n - I )  are
tj l m ’.- ’l n _ m b l t n _ r ,’ I’c - mrn imn:iI . nun m n n u i C n _  n _ u - - n _ u I - u m u u l ’ - l n _ l i c ci b) i ’ O m , n ’ t I O n _ ’ , is u m i m n _ n _ m m .n n _ ln - l n .’i y mnvo k€n d . m n _ ’ n _ : , i nd l n_”ss ‘of
any on goin g C o im a h mo t mhi o b mal p 10cm- - s ’s , II a m ’ , I n , i u , m u , b m ’ m  C ,u o m n _ ,tS st ic lu arm numvm y c: , u tu om n . ml is c itI n:’d an
‘‘i m nt e mrupt c h , tm : n - ,n _ t e r ’’ , Sn_ n_ ’c t i ujmi ~h dr - oats wi t h tie mjM intenrulih facil i t ies.
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\‘,‘n_ n _ n- U u m n _ t r - ,n_ -duc& thn n_ C’ ,n -’n _ c ’ l n _ h  c b  a ‘ buuI l - m - a mmo C - s t u n _ n e  t I n e  u n _ n _ O r - n _ -nat I ons of “b elcI;un u g ” and
-‘ “ -j mn_m p mn_,n s m t m mmg ’’ on b n _ , l t m : u s ,  l u u l - i I n _ v ’ .-I y . hi th em is U S C  a qu inn _ n_ n_ s of charact e rs ,

Deuini t i on n_ A “butle r ” of leumgth n>O is a iu umn t: u—obj e ct n_’- ‘I b m tIm e- tn _ s lowing properties:

( 1 )  There n _ n _ ic  n m , l~ ,u, ic - n _ km fn e - Id s .  en_ oh i d - s n _ n _ h u ed by an integer , 1 r < 1~~~fl .

(2) There is a fu r - n _ o ld, called t hn_ r ‘‘ n _ i n _ ,n _ T u a ” u n_ , i l  po i u n t n ;m ” fu ’ n _ l d , c-’,- b n _ i o l n  contains a non—
negative u m i t c - n _~ er rn_ at - I exce c -c i u n_ d  0.

When a huller is created. its o€ ” pos i t  pointe r f i eld is set to 0.

Definit ion’ If the cI c - -p a sa t  p an n _ b r -n _ - f a I, .n _ ttn _:r is 0 , t he  b m u , m f f . : m us said to be “empty ” , To “clear ”
a Ic - n _ n _ i f h’r 5 i - u  “-I u t s s’-s;,- a , s i t  1 ) -n _ - number i- c - 0. If tIme dep: -s it p oi n _ ’m]e r is equ~~I I :  the l~ nma ’jth of the

lli~- L n _ l u e r  is 55 th to br-s “ m c --l n_ R ’Rlms ’’ . m a n _ S  m n _ 5 n_,n_( ,-n _ 5r-: the .v n _ C  ‘‘lull ” for future use (cf.
Se - th en  27).

- ‘. Dmo ’ fu ru i tu uj tn _’ If ,s t n _ a . t t n _ ,-m - btuf f , i’s m n _ co mm— emp ty. (mcmi to “Ielch” the next  character m a u i  it means:

“ t e n  C In_ s ‘nm -n c t - -n _ r a c t e r  in the I u r st i m u  of b u f f ,
I n _ m r n hue ‘ I n ., - n _ e I n n _ n s m t  p 0 1 - i t e m ’  ot b u , ,a l f .
for c- -.’’ry unt r - - ’n _ n _ - n_ ’ m , 2—K i~~<n , s’u t t In_ n_t cont c -nt s of
thn .’ ts t f i n _ c - h u b  of m u t t  to til e contents n _ c - I’ the itt I e l -i of m a n _ f t
( i - in - 

, c-h i t t  a l l  of  t i n _ n _ n  n: h n_u r u n n n _ t e r s  in t u f t  to tin _ c l e f t  by 1)
“n _m t tin ., d c - p c - c - i t  p o m u m i r ‘if huff to n- - I .
t n _ n _ t u r n  c .

D ef i nu t i - ,’- nu I f a boiler , b u f f , is o r-c l replete . then to ‘deposit” a character. c. n t ime buf fe r
unmearis:

“ L e n. n he t ,] r . c o n te -a t s of the deposit p ointer field of buff.
S e t th in dt h u cm s it p ountem ’ f i e l d  of un b l’ to m n - I  -

Set t i m e fl~~iS n_. c im aran : m.e n ’ f i e l d  o f i n _ u n I t  to c. - ‘

Ut co n_ u n_ se, c - n _ fl u-n mi en _ s o riot be immnp leuumemn _ ted this von _ i as i - o n _ n _ g  n_ os tIme fun c t io m i , m i  l n _ - e tn _ cvi or of
dn_sp- - s s u t m m m g  uric -h l n _ .-t cto n _ n _ -,,( is pn _ ose - n’ ved .

At any f l s t n _ a n _ n _ t  a I,- a i f t n _ ”~ c.m mi be considered to con ’r’ssp-~-nd to t lme cl a n _ n _ t h O m  m -- tq u n _ - n _ n _ c e c-’.- hn _ i cl m
s’iould be cm b t ,mmi med by 1- t m lung succ-e-, si- .-n o chu ,’m ac t o-rs In c— mu t I me l n _ - m , u n _ n _ - u  n _ -  u n t i l  it n.’.’,’n_ S c - - a i ’ p t y

Tern n ina! A ss uio r .m t i on 2- Tbm en e is a buffer of turn - n_ p e c n f ied  I-n _ m i n _ I’ n_ c a l l - - c - i  thuS “S’ , ‘ n _ t c ’ m n _ n _ inn_ put
butler ’’ . oi m t In  t h e  pr op n _ - m t y  (hat .‘ ihle n n n e vm o r ar m y d u n _ r a c I e r . chi n_ m r . us I Pr -Ru ’ ut thin ten roinal , the
f - m i !  , ‘ .‘ ; a n _ - g  pm on_- en _ Di r e is I m bI m ~n_ v r -~dn _

“ I f  n _ han _ n ’ u s t Im - u C uI u i \ m rh - i rn _ mn _,t .r of t in e p u ’ i i m a n r y
In _ u m’mi m nm , i l In _ u n n_ nc- (mn _ f . Sn _ n — i i m , n m  ?-l )

l e t  i. fma n ’ in n _ n f I n s  mi~n ’ I  c b u a r , n _ n _ t n ’ r  t i - n _ - n _ i l  at tIme te rn _ ’ u iu n a l
i f  n _ t i e  n_~ y S t n _ r n m i  i mi p ut b m n u f f u m ’ i s  r e i m l e t e :

S n ’m nab the c i i  c n _ b n n _ u r a u i ; t e r  to tin e tn _ n m a - m i mn al (i .e., ~ in A n _ f i t ,
or . ii in u u i u  Va i lain I n _ -  . son - u n _ n c I a r am , ‘c - i - win i cii w h e n  scum t to t n _ mn _ i
t n _ - u’ m ’n i m n n _ i l m u l l  ai n _ nm - L tIm e us a- n ’ thin _ i t n _ U n e i n m  i s  h e i n g  i u j n u m r n _ ’ d) .
I 5 muimu ’ n_ m n. h _ m r

n _ n _ i s~~ , u I - l o S  ml , c - h um ’ mu h u m  syst n_u nnu i a n ~~n u t  h a t  t e n ’ :
n _ n _ l u - n _ n i t  m n _ l i a r  i s  a v a l  i i i i mi t iu u ’ ru l - t  ciun _ m n ’j l C i.eu’ ( i n _ f ,  S~r n _ m r - n_ u i 2 5 )  m mm ii t t i n _ ’

m u m  n _ ’ u ’ u ’ m u p t , mm lu’ ~~s of chin _ n , c l a s s .  m~ s ou nu ’n i, bn _ i m n _ nn_J m u t her t l m , m nn rn _ h ilt
‘n _ m t  n_- n_ I h ue I n _ n _ r u n _ i c -  lu s ‘ n _ rb  mum tIn u s c I n _ n _ mu c-ne n _ n _ m e  dcl ’  inn- - i i nn Sn _ n _ i ;  t ion 25

I — n  u m i t  n _ tm ’ m i n I m  t m a m - i - u - - b  f u n_-m ,l d c o in  I mu i m s I . m n ’ ur n ’ n il u-n Ic I y
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p er fo ru’ n tIm e c n _ u ’n~oitat ion sp in u ’ i t  m e d  f o r  t ime c l a s s  iu i terrupt
e l s e , set c - m e  sav- tmi unt n _ ’ - ’r ui u t u:l’ n _ u r a c t n _ u u - I in _ m I d  to c i’n am’.
Ignore cima r ( u . - . do not depos it it in til e sys teumi input buffer).

C lSen _
I f  t he  my n _ . m.n _. n n_ u ‘ n _ p u ’ I nuft ” r us r eplete

sen _ n _ i t un e b — I l  m, ni,, ’ -ui t r-’r u ’ t i tin e teru n im -na l (and ignore c h a r ) :
else , d eposit un_ n _ n a ” t i c -  s y S t ’ n _ ’ m ii m p u t buffer , ”

Terminal Assu m ption 3m ~~r a n _,-tn _ ever a fetch is rea uested from the system input buffer while that
buffer is cn n_ p ly.  at ! of Pie user ’s computational o rocesses are halted ummt m l  tIme user bin g uun s
typ ing at the terminal.

Reco~ u n_ izin g that the VU is often impfenn _ ente d m u  a time shared e nvi ro nm um~ mu t , the f n _ : tt -oi -oi mng
assumption is made.

Tm or , n_ n _ - n .’u J Assumption 4. T here is a buf f em ol unspecif ied tn _~i ’in _ ln_ i . c o l i c — S the ‘‘ system onj l~n _n _ s t
buff er ”. .‘i n _ t lt the propert c- thin _ n _ I m’i i ’ n _ nncn _ ’o er any ch , n_ rn _ i c t er  is ‘ a’tr ~ c- -c -- n t en _ t in tIn _ c tent s in n _ n _ u ” it is
actual l y d-:- I:- mo s iled inn _ to tbnm s buffer. It is n _ i c - -n _ un _ n _ n _ m od a cor n_ curu e n n _ t process is actuall y fc’ tc hm ing
chin _ n_ macten s fro uuu th us bu ffer and trans ferring thenm to the actual terminal.

In the next  Section moe ot it l ine ti ne umsting ui s fmnn g c ln _ n _ c r omo bem ustucs of terrnirm n_ ul um m put/ output  and
pm ~sc- ms t the cola structure -.‘n_ D cli specifi es Fm ’ s -,’,- the ummput /output n a utumn _ es sh ould LnA i ,mVO w i th
respect to the terminal.

DISPtA YILRI-i P [] If the terru i m ia l is a display t e ru m m i na l . return T;
e lse, return til t

DOBE[ ]  i - Ic - it u m m t i l  tim e s,st n _ uum ’m ou tput buffer
is ne a ’mpty and then ret iurn F- I LL.

i l - n _ - I s ’  “DOBE” stands for “dismiss urmt il output buffer em pty ” .

24 , TERMINA L TABLES

Ter r i um is i  ‘I Ic - I c - s are ob j r -~nots which sn _ u r n _ p l y time irupm ut/ outpu t routines youth un _ n _ f - n _ n _n nun - n _ l ion specifically
p in-h . - n n _ um n _ cj to t l u n m  tile T. Because bl ue terminal is an lu te - m ot ive source/sink it has
ch ar , n _ - ,t ,- r - c - I uc s un _ oh found in any other fule ,

The b~~l hm ~n_ ’.- uum ~j special cb n , a r , ’uclenis tic s are recognized f um ter mirmal input/ot itput:

I ) Some n, i , n _ n _ n _ n _  ‘ s m s should cause ir iterruph ’ ; as so n mr m iS t hey n _ in c  typed (to allow
th n _ n_’ t - ’ n _ n~an i. luOni n _ i l  i n f i n i t i -  c o n n _ p u t : u t i - u n n _ s ,  for exanmnp le) .

( 2) Sonrm n_ n_’ n _ n _ m ib: m s rn_ b of time ch u r n _ i c - i - - m s  umn n _ u v  be rest-n n.- ’n_ ’ tl for en _ t iling t~ l n _ e— nm n dt i runm g
i muput toy tIme miser.

(3) f.1 .n ny C m n _ i n _ t ! n _ J l  c h m : mu n _ u n _,t c - ’r’; in n D ir - ’ aIi hmd i n _ : ’ t do u n _ - ,- t  usuall y ‘ ‘ n _ I -  — m m i i  u m n r - ’ n _ : n m u m u  fu l
lum n- i t i o ns  win _ un (l . i n _ r m c - n b n . m h  in t I n - t t ’ n _ m t n u i n _ - m l  ammd I b m _ m i ’  c- In r u uld Ihm em t ’t -um ’- ii’:’ sçs rn _ cm ,ul
provisio ns for - n _ u u l p a l Inung  t h em.

(4) I t is u ’ , m u , u i l y n e mo m u m ;’.,’ try I - - i ’  cimo (i rS,. pr um mt to time t ” - u m m n _ u n u a i )  m n _ h , n_ c un’n _ t m . rS r i- id f u - ,- n _ n n
t he ter m n i i m i I  -
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( 5 ) It  is sa n_ - n un _ Cl ini C s necessary to perform bowe r to upper case conversion on
char n_ tc t e r s  m r - Sn _ c m t immo nm u t h e  te mnn_ ina l .

These c lsa r ac t e r u rn _ t iC s Sugn_ nes t a vo n ely of f a c nh i t nes  that are off c ’ n_ - ‘ t  by the V U n ’ u ç u l / - n _ u l p u i

‘
- 

, r-o c - n _ t n u h -~ c- -:oh~~m n _ c - i ’ ,- ,l~ 
- ‘ - m t q  m m -t i n  t t n _ n _ n  t c n _ m m m m n a t .  All in_ - i h r - m e r e  lOcu i i I m eS e~ , 

~
n _ t i bm  to e su~~n_eo t us d by (1 )

n_ u r n _ s control led by Tern n_ m r ma l Tables.

- 
.. mu t l mis S -ct ion \“ino will deal with Te mnmin al Tables as ~~at n _ t Q b lC - c t S ,  Sections 26 - n _ mid 27 will

n n _ n n t I n _ n _ n _- t l t n_ 51S t ’ c - t hy how t h ey i n _ u t u s u a c t  wi t m m tIn e nun_ put/out p ut r u n _ t i n _ n _ e s  S -n _o n_ I n c- fl 25 u n _ n _ i s ,‘ , mt h i  the
faci l i t ies suggested by (1 ).

As usual . we vo n _ lb pres ent a brief discussion of the features c c - n i  ! i n _ n _~ b~ 
T n _s m m u , n _ n _ n _ ob Tables.

sun n_ pt y to ms - ,~n_; t :v. s te th e co n t n _ o m n _ l s  of the various f n- ~!d5 n _ n _ v I m n _:’y ~-,‘ I, -  C - :  o i l  Dm5 ‘ ‘ , - - . h u C n m ’ n_ l -“n_ f
c b n , n _ :’ n_ c te r s ,  as sucjgested by (2).

To pe n n- n ut i u n _ t e r ’uc h uve edit ium g of typed inn _ put.  c l_ s m IC t e n s are I~~t ioi’n’S5 om me it ,~ ( m u  - in fro nT) tIm e
S n _n_ - i _-n _ I n _ -mum input buffer and aepu , ‘ ‘S n In _~U in an mm hE r on _ n _ I ~‘ f 1  1 ‘ n _ A t t n _ n _ I  ( c n _ n _ l l o  .; the “ bnn _ ’ ,n _~ r - , ‘ c - n ‘ ‘

) where
they are s ubj eCt to e d i t a m n n _~ u n t i l a “ u.’~~k.,n _ n _ np ’ ’ cbm aract no r is n e - n _ uc - I  f inS ,‘ ,‘ , , n_ -a I) eDen _ m acI cr
cor n _ mn _ h i t n _ u les  on -ne of several ‘‘ terminal synmt a x classes ’’ - 1 t mn _ n _ r C-  n _ n in t our ea ut mui g ic - i ’ m n _ t n  n _ . u n _ 5  vo l n u n_ h
c o mm b e  p c ’r f-n _ c - mn _ t ue’uJ on m c - l m n _ a n _ , n n _ t u S r S  in the bn _ n _ ” s m  - am’ S ~ , n _ a ; l n _  O p t n , 1  ,.- i n _  m n _ m n _ m y  1.- u I m i ; n_ ’ : ’ n _ re-d L-~ no
nmor e than one cI -in _ m ract er. Each cn _ per a t ion n_ has a m ’ ,smi ’uuS ann _ C u’: i n b ~~5 a inst inct ( cri m inal syntax
class of tIme sanme name. V,n C then add a s u x t I l  t e r mniinn _ i l  synt a x class -

‘

.‘, l m a - :h m con m f - in _ urn _ s n _ n _ l i  lime rest
of the characte rs.

De f in i t io n: A “termina l s y m n _ h n _ x class ” is one of the Literal Atoms V-IAKEUPCHAR . CHARDELETE.
LINEDELETE , R E T Y P E , CTRLV. or NONE.

We -n _ n _ - i l l  br ie f ty  (and infornma lly ) explain ll n ’ en _ editing o pera in_ - : - m us , J’ l u mo ur  formal cn~f mmu t i ons are in
Section 27 , TIm e t i rst  five classes can co nut j un n at nmost one c! n _ n _ n _ m n _ n _ - n _t n_± n each , TI me ‘7AKEUPCHAR
ch a ” n_ onct er L i e n _ n _ ks the i m mcom u n _ imu : j  streanu m i t t  se - n _ n u n u S i u f s  t o f-c ecu _ - mt n un c - t i i -~.--

. sm n :c n t ly. The
CHARDELETE ch in_ rac ier ca us - n_ ’ s lhe defe l ionu of the I - ‘ n _ I  no m i - n_ ” n _ : u lung c l a n_ r a t t e r  ron_ sd. Tine
LINEDELETE c m m : m n _ u c t e r  causes the em - n_ tune line b Lu l f e m to he c - l e n _ a n _ e u .  TIm e RETYPE charac ter
caiJ~ - n_ s lim e line b u f f ~ ” ‘a he printed I- - s I t 0  termina l for nmn s pc - ’ c t i o n .  i t t ,- CTRLV ct_ c-racIer
pr _ n _ - n _ n _ i ’m_i’ s a mec bn_ am m isnm nor n_ sm - n _ toning c i  In -~i characters  into tIme sm: -qi u”nu Cn_ i ’ I e n _ i - m n  t I n _ en _ se  with

editing or mi t -s m - r n _ a pt  f u r m c t u o r n _ s ) .  Fi r n n_’n _ l l y. NONE is (lie class un _ f all re m - n _ i u ’ i n t ~J icf’ a , n r ; u n _ n _ t e ’ r s ,  (NONE
a iS t i c - c - i  i n n _ c - I c ’ S of OTHER so that GETSY NTAX arid SE[S’m’N l A X  c n _ n _ i n _ Cuc -tir m gums h a Rn _ n _ ad Table

syntax class fro m mm a Terrmn _ un af ‘ fable syn utax class. )

R- s c n_ sc jmmiz ing  t inat some cup c -- m ’at inug systems have f lexib le lem nmm in ua t editing amnd , n _ - :- r m b r i,nl fc - eul utme s a
bas moti on a preferred subset of ch i n _ n a n _ I o n _ n _ s. it is permn _ u issa ble to h i r n _ mnt the \“nt ..KLUPCI- IAR ,
CHARDELET E. LINEDELETE. RETYPE. and CTRLV cha racters to l i t - n _ u n_n_ c-- preferred by  tine h ost
5 x

c-
’ c- t m mm

Q - ’ f u n n _ n l n _  n_ -m u , A n_tp e C iLmi t n _ - m n_ a n n _ i l  m t t n _ mr n _’a - ’ lOr ” is a e n _ I t . n _ n , n _ c t _ i ’r n _ e n  n o i t h t d  by t ln _r -e-  um nn_ p e n n_a ’- ’ a I n _ n _ b i o n  to be
in line Iii ruin _ inn S s y ! i in _ ux c I n _ n _ c - n _ n _ e - ;  \ ‘ In_ ’n_ KEL IPCHAR . C l b - u  .DEL.ETE. L l ” t n _ ’ I ’) c - L LiE. Ci ’ I YPE. ,a mmu 5

CTRLV. ihmn _~ n_, n_ -b of spm n _ c i~~I i n _ m n  no n _ m n _ nI cinaraclm’rs must couui ~u mn m at least 5 d n n _ — I n n m c t  nc - t i , mn ,c - ucten s n_ mi nd

must 5€, doco mm n-  t n _ Ic - m d by Ilium o u i p i n e’n iu c-um t -, m

fb i ’ -  - ,- i u t m n _ t i t  -~ - I -  - n _ n _ - n i  dur i rn_ g lIme ch aracter mmm d line i do l -n _ finn _ n i,n~ ’ n _ n _ l u- c - mn _ s in t i n_ t -  lim o ’ t u t U -u cm  be
fin_ i n’’”.nf m m  ni by t i ne user . There n_ n rc  live “ iu u n _ ; b s s , nm i n _ c - m s ’’ (ct _ n _ n _ m eter n_,n _ n _ ,’ i n i r - n _ ’ n _ i C Cs ) as so ci , n_ In ’ u.i youth

I I  i ’ ’ n _ - e -  I-ri o u , p nn _ n - u t i ns un s .

D r ’ f u m m n tu on n_ A “deletion cont rol message nrumue ” is c - nm - s of the L it - n .  1 A t n _ ,ii n _ in_,  I c-’l~ I)i I Fl Ti” ,
1 151 Ci iL;E ,L , N IF iCl - IDEL, POS ICI’IDEL, am - md (1i1P~ YCI-IDEL.
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E hnn ’ n I i y .  tIm e f ive respective nn _ nr - oc - c - n _ 1,’;’nS are printed wh om tim _ i ,- Li~-n_ FDELETE c ln _~ur nctm -nr iS In _u n_ C,

v,u I n _ n _,n _ nn _ tine f i rs t  of a Ser ies of CHAR DELE TE m t b _ in _ m , lCt i ,u n _’S IS  It- n _ a n _i, V~ in’ n_ i t I a S fllii n_ :uns-s n :utuve

CHARDELETE cha racter us read. v - l i t - m n  t l i~ burs t  non-CHARDELETE r mom i-ed uh u n ug ctuaracter us read
n_ Jlcr a CHARDELETE. and -.‘.‘ fn _ c ’ n’u a CFIARDELETE cha racter us read v oh n_ s f l  there are no
charac t m ° n 5 in t I n - s  buffer .

It is also possible I-a c - pec ’ idy wi nn ’: b h m o n _  mar m n _ s b  l t n _~ characters ce le toci  by CHARD ELETE are
ec ln_ oed - a l t _ i-m m del eted.

‘ Finally, there is a nmecbn _a us usn m -.‘,-I ’ u nch allows the user to defeat lime inme buffering.

Tl n_ i s  concludes the survey of faci l i t ies sLugiies ’.c’d by c In _ n _ m ’ n _ n _~~t c ’ m  a o tu c (2 )  -a t t - n _ n _ rnn _ n _ i m - ma l n _ n _ pc - I / _ i - i n t l _ u t
Secl uo r m 27 presents l l u ~ deta ils , Next ,  -.‘.‘o conside r tIm e p m n _ : ls i~ nm of non —pru o t u ng c o n _ n _ t n _ c t  a n _ n _ c l
f , n _ ’ n _ in _ ,,n _ t l m a g  characte rs.

It cc - es rn- c t make a great deal of sense to deposit nn_ost control and f o n m n n a l l u n _ u ç j  c I n_ a na c ters to
tin _ -n _- tc- n_ mn _ s in _ n _ a l ,  T lmm _ i  is either t n _ _ i C c - n _ U S E ’  time fun ctuonis b r ;n _ c t i o mn _ aI I y  pe rf om nn_ ed t,~- ’ n _ m i cin _ c l - a n _ c - t i e r s
are not nn_ rS_anin’j t n _ u l tm - n an us er—c n _ t r - i led mr utc- ract i ’i n_n_ ern_vironment (e.g., c ’ nn _ n _ J— - ; f —tr n _ n _ rmsmiss ionu) . or
bo- n_ ause t i n- s miecessary hamoware lit- n iiu n _ u ilt m n _ - J c n _ n _ p. bo i l i t y  is not i.- sc - cn n _ i nfl t m_ s te nrum ina l (e.g.,
t o r m un _- f ec-c ) .  II us them n _ n _ - I -n _ re  un _ - n __ i - t n _ n _ i  to prov it ue a rau nce ‘n _ f  “contm oI c l mn _ , ’ c- Ic r ec - In _ o u n _ n _ mn _ n_n_ es ” f or

a ‘ each contro l ch n_’n_ r a c l ’n _ m ( i ndep nn_-n- -Je ntt y ) .  Ti n~n_ n_ se ’ n_ in_ odes c - i c e - c i t y  du f fe re r n_ t  -,‘oay s -c - I de al uumg with
- ‘ Inn _ s problem of ec bn _ c mn n_ ll cur v i rit mu i g contro l cn _ h n_ u n _ _ i t e m  n_s to tem nn_m na l s.

Def nn il io nn_ A “control character echo nn_ od e ” is omme of the Literal Atonn _ s IGNORE , REAL ,
SIMULATE. or UPARROW.

If a conmtro l c h n _ n _ rn _ e-’.b m e ’ r In_ as echo umuode IGNORE, then it is simolv i m , s t  deposited in i h n _ -~ b erm - un _ inn _ al.
II the nun_ode is REAL. the control characte r us c-’ue p nsc -at e d and th at’ temnmin al i n _ a n _ ,u’ ,’i n ne is expc-c ted

to deal w ith it. If the nun _ n _ side is SIMULATE b l n _ eum ( c - c - D en p an_ .-~~s a L t e )  n_n sequence of ebm aracters c - n _ i l l
be depos i ted  c- ’ ihut c b n s l i nmu late the e f lec t  c-f the n oI i ,c - r n _ ,’cl ’ n_- m e.g. . a sm un _ n _ u ba t e d tab - n _ j i l l  dep osit  a
sequen ce of s~

n_ n_ o c e_ i ) .  Finally, if the u n _ n _ _ i idi- u~ IJp/m !iHOnfI time c h in _ s i  actO r is pri n te d n _ m s tln_ e
cin _~ ma :I n _ ,am fo llovoed by tim e comn _ t ro I c l n _ a nn _’n_ c t e m ’ ‘ 5 teqtm mva le iut. I”he n_ In_ o ta ul s en_ re presented in
Section 26.

Ch :n _ m - c I - e m u s t i c s  (4) and (5) “i 15,, minat tn iptut/o tu tptut iniply that tn _ n _ s user should exerc ise  control
over wb n ,- Ii t -s r any ch;,n _ m , en _ c lers are c-- mn_ hoed. n _ n _ n _ n d  - j o In _ c - t i n _ c r  th ey n _, m e c c - o v e n  ted to upper ca-se. T ime
faci l i t ies for t ln _ c- n _ e features are specif ied irn _ Section 27.

We are now in a posit ion to state tIme cI n_ aracterust ics of a Termun _ ina l Table.

D ef i n m t i o r n_ :  A “Ternm una l Table ” is an able-ct voith tIme f i n_ l i - sw ing properties:

(1 )  For each n _ e lm - n , n _ m e t - m there is a fi r. ld -c - ” nnt u n u m m m t c n  a I - - r n _ u n _ i n n _ a l  s y ni n_ i .’n_ class , with time
e n _ t r i m _ l i o n s tb ’ n _ u t  at most mt - i n_ iS ch a m acter m u _ ny I n _ n _ vms  CHARDELETE (or

LINEDELETE or RETYPE -t m CTRI,V ) in 1’ - n_ I i n _,’ iJ n _ n _ nun _ I  ‘ n _ n I  special b’ n_ mmn m na l
c i mar n _ u -n _ t n _ s rs  mu - n y  h _ bye CHARDELETE. LINEDELETE, RETYPE. C1’RLV . or
WAi ’ILUEmCI I / m i t  in t h i n _ a n n_ n_ -,’ n m lmn _, < class fic -’ ldS .

( 2 )  En ’n _ r each i.lt : l n _ t ’ In u ’m n i c o mutr o l  uune SS - n r-’ rn _ ann _ n _ s . t b n n ~m e us a In _ m id c - m m t u n l n n n u n _ )  a (nm _ i-ta-

t 
object)  c lnam acter sei luermce (pn n_ ss ib hy Imi umuted to a m- m t mnspe Ct t i n”t l nunmuber of
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characters tm2 ).

(3) There is a binary field, called the “Com utro l” field, containing either T or NIL
(oete r rn i nn_ ing w h et h er line buf leminn _ g is performed).

(4) For each cm t’ui trm , l cha racter there is a field containing a control c hnn _ anac.Ie r echo
moce.

( 5 )  There is a binary field , called blue “deleted character echo nuode ” fie ld, which
contains n _ -n _ th em ECHO or NOECHO.

(6) There is a binary field , called the “glcbn _ n _ i  echo mode ” t ic- Id. whi ch contains
eiIti- ~r T or NIL.

(7) There is a ternary field , called the “ lower-to-upper case con -j emsion mode ”
fi eld, containing either T . 0. or NIL.

Terminal Tables const i tute n_s distinct class of obj ects w i th  class name TERMTABLEP.

D e f n i u i t . - c n n _ :  “( chi c - r n_ ic Ier) x is the I tsr al CHARDELETE character of (T em mn _ n_ in usi Table) y ” if tIm e x
t er ummina i s y n _ m tn _ u x  class f ield of y com mtaiu is CHARDELETE. Au n_ n_ ul ogous def uuu i t ions are asserted for
the - n _ tl u -’-r te r iouu i ,n_l syntax classes.

T imere n_ n_ re two distinguished Ternmina l Tables , called tin _ c “omigir ia l” Ternu minal Table and the
“pm a unn _ n _ m 5 - . Temn min n_s I Table- . Tim e or igi rtol T e rrum m un _ al ‘ [ n_ - n _ t s i~ us amm al ogous to the omi Cl ir n_ a l R’s:n_ d Table.
The pm inumary T en _ i n n _ in _ n c - I  Table is im u itia l ly set to a cop,’ at tIme “ n_ n ~n_ un _ i .t Ten in_ im nal Table and us used
‘,‘iD.i,uu any input/output operation uses the f i le 1’ (whi ch is tIme only tum un _ e any Tn_s m i n _ s i t u - c - i ‘F abl e i s
ever used).

lnit ial t y ,  the or ig in _ n c - I  Te m um mm na l Table shall contain the fo ! Ia sv .’ing se ttnngs. assuming these
c l n _ n _ n _ r nc t cn _ r s  are av a i ln_ s L-ie as special term imu al characters:

character t e rn _ un _ i nn _ il s y m n t - i x  c s s

IA CHARDELETE
(em - md-of - f ine > WAKEUPCHAR
tO LINEDELETE

RETYPE
CTRLV

If an y of these - - h maracter is rmot c - vn _ i n f a luln - . the u m n ’:p l n ’ u n _ n _ — n m n _ t u e -r should d c n _ n _ n ç j u n _ n _ u t e  arid docunment
suitable rn _ n _ p i n _ u n _ oc ’ n tu -  ‘ r uIn _ s . All ot h er cn _ I n _ n _ n _ rn _ n _ c  be - ms s lmou ld have In_ c-m n _ m n _ n _ uI  synt ax class NONE.

d ,- l ’ c t uon ie_ ’.- m n t m u n i  n _ l i . e- - -s ag n_ s nann me tnn _ ’.’ sc - .tge

LII ILDELE FE ~ 4’ <c n_ u rri a ge—r ctu m nm >
1STCHDEL
1-1 1 1 1 1 5 1  IDEL ~

‘ the c ’mmmpty - n _ n _  ‘ ( h u n _ n _ S u n _ C C >

-

~~~~~~~~~~~~~~~~~ 

—

~~~~~~~~~~
12 m u t i  ‘i u n _ i  I -

. 
l u m u m n i s  in -se c tn , imn _ m cn _ eu sequences ii , 5 n .h - u r , n _ m n _ i m ’ n~
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a POSTCHDEL \
EMPTYCHDEL # # <carr iage -return>

The Control f ield si m on _ n _ Id be set to NIL. The deleted character ec bmo mode field should be set
Ic -  ECHO, T u e  global ech o mode field should ho set to T. The l n _ 5 ’r~’ .s r-t o-upper case
cou m c -’ er~ mon n-node f ield sinould be set to NIL.

The control character ec l i - s un_ modes should be set as fol lows:

n_ : b~n_ n _ r _ ip f e r  cc-mn tr oi cha racter echo mode

tA IGNORE
IGNORE

iR IGNORE
iV UPARROW

The co mutro l character echo mode of <end-o f - l ine > ShoLuld be set so as to cause to t in_ c
slam -ma c-nd te mmm m m na l i n Lis t ’  to pri m n _ t s utn _ n _ ; ctqn _ n _ s n i t  cha racters on the line be lts ri t n _ a _ i ’  i n _ n _ s t .  s ta rt ing at
the lef t—harm S mn _ n _ a r 5 bn m.  If t i n e c - n_ s t~uen n_ cc of ch n_ n m ac le r s  used as b i t _ i -  car m ua d e r e I n _ n _ r u n  characters can
be - t i n_ t a nned s ingly. t luey ummust In _ n_ nv - s ec h o run_ Ode REAL. The in mn_ pl erner ito r mun_cy set the rem na m nn rmg
Con trol c l _ i s n _ .- - e le m ’ c n n_In_ c -  mn _ n _ s u e  f ields at In_ is on_ n_ mm d iscret ion (p r e s un o n_ u bl y be ing se - nc - i tmv e  to tile
cha racters available n_ n_ nd tIme In _ an aw n_ j un n_S propert ies of t h e  te mn muna ls uses by ;- ronn _ pschi v e users).

ILilt4t A BLEP [~ J I f x is  -u F e r n _ n i n n a l  T a b l e ,  re tu rn  x ;
e l s e ,  r e t u r n  N I L .

GE T 1E,[it ’ i rA B LE [ te r i ’ u t L l  }
I f  tn _ n r’ a a n _ t l  is  ti l L, return the p rhmn a m ’y lerrm ina l Fable:
else i f IE’ CIII A B L [P [t n _ m r r nt b ul ] , ret urn t en ’m n _ tb l ;
e l s e , cause er ror 39 w ith c u l p r i t  t c - m a n _ n _ t b l .

SE IIE RM T ABLE te r un_n tb 1]
i i  nn ot_ IEu u i , h I A B L m n _ [~~n _ t n _ C i m t E  1]

l e t L’-r n ’n tb l be G E t I L I a i . I i A B I E [ t n _ u r n : n t I u l ] .
Le t  o l d t e i ’n i t b l  i n_c t ime un_ u r r e u n t p r i n n _ na r y  Ie ruu i mi a i t a b l e .

• Se t  t l u n _ m In n _ n _ n a r y  l e r u m n i n a l  l a i n _ h e  to t ermnmtbl .

l te t .u rmn

R ES L I IL Ii i-fl A b l.E[ te r u’n I, Ii I: S our ce~
I f  not IEI11’II A BIE P [t emm mr tb ] ] ,

le t  terunmtb i  he GE 11 Lii t ’t tA ll I [[t eri n_ it hl ]
If n o t , T E t l t . t l A E 3 I E P [ s o i~u’ce ]:
Ii source  = O P n _ f G, l e t  sou rce  hi, the o r i g h i u n i
l n _ -’ ’i ’ m im ’un _ n l  T u m b l e :

n _ m i s c ,  l e t  s o i u rc e  b~ D El  lEl l t . t rAB l [ [ s o u r c e ] .

t n _ m r n_ / v e r y  u n _ ni ,ui’ ,’iC t C i ’ . n_ ’ tn ,i r’ . sn _ u t t Iu~ c l _ a r  t e n _ n m i n n _ t i
synn i. n _ x c l ass i l u ni d in ie- ’ u ’ n t l n _ l  io 1,1m m contents
ci t h a t  nub i.h a m’  him m ,u , n _ m m ’ n~e .

I or eacb n b e l e t  j o in  C o n _ b  tm ’ o l  n :n_n _ -~ sags mini s , ml s e t
th mm mm uie l e t , inn _ mm coun t m l  i n _ mn _ us s um ujn_ n f m m  id mu m I n  n i l .  In I
to i b i s  c on _ n i, e u m t s  o f tin ,it u l  m m i i i s o u r c e ,

Set  n _ I n n _ n  c o n t m - ’ o l  f i e l d  m n _ I  i, - m i mi tb l to tim e contemmts of
li n_ ,u t n_ i f Sou i ’ce .
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For ~ o n _ ’ m y  c o m m _ n _ m i t c a - n _ u n_~~~~’ -  . c b i , m r , s et  tie - inn _ i n’ con t ro l
c ha i ’ a c n_, - n _ r  e c i ro  m m ,  I.’ f n n _ u l i  i n  n _ n _ n _  i-Cc- i l to
t u e cOi n _ e mits of t h a t  n _ n _ I  char  j u n  c n _ n _ d u ± h .

Set t h n _~ de In _ - n _ n _ n _ i ct am ,ic t~- r s u n _ h o  m i o n _ i~~ I n s  I d in _ b t n _ n n i t

to time u , u un _ t , ’ a u t s  - I thi n_m t oF 
~~~~~~~~

Se t  t Im e g l o t ua l  ech o rn _ c n_ de f i e l d  of t e r i u tb i  to t h e
c o m n t e n t s  o h t ha t  of s o u J r n _ n _ s .

Set  the ln _ .-us m ’ ’ t o - u p p e r  u n_ as s c o n v e u ’ s i O f l  node
f i e l d  of tn _ m n _ - m n _ h ,  to the cont u u ut s of that of source.

R e t u r n  te m u ’ mtb l

Li, 9’u ’ If I 1 n _ i I A D L E [ te ‘ u t  b I ]
le t  ums wtern ’ n t tm l be a new Tern u i m mal T a b l e .
Re tu rn  R E S E I I I ’ t ’ t l A b L E [ n _ n _ m ’ ’ u t t ± ’ a ’ n nu b l ; t e r m t b l ] .

EC tI On ’(i ’.I Ib OL [ctn n_ i r no t e ;  t ,-’ r ’ i n,t m t~
Le t  o m m gc hm a r  be c h a r .
If m n _ l a i r  is a Cn u u r ac ter or c h a r a c t e r  code (treat

C i uam ’ a c t n _ n _ un ’s 0 t l n_ mo u g~ 9 as c l m a m ’ a c t e r  c o d e s ) .
l e t  c h u m  In _ c t ime c o m ’ r e s p o n _ n I  i u n _ g c h a r a c t e r ;

‘/155 . cause e r r r  2/ wi t h  c u l p r i t  c h a r .

I f  c la ’ir is not a c o n t r o l  c I n_ - i r a c t e r :
I f  c h a r  i s  tun e e qu iva le n t of a control character ,
i n _ u t cIn _ ar t n_ c t I n _ a t  c o i n _ t r o t  c h a r a c t e r ;
e l s e .  cause e r ro r  2 7  wi th c u l p r i t  ~~~,ftnn_ l m a m ~.

If not  I E I 1 I E A 1 3 L E P [ t e m n m n t b l ] .
I n _ u t t e  n’ a ’ i n_ , I I a G E I T E I n _ t t I A L l l E[ t ~ r m n t b 1 ] .

t a t o i i l a : n _ oub e  me t I n _ i, c o n m t n n t s  o f  t Ime c har  c o n t r o l
c l n_ a r a c to r  echo m ode field of tem ’ m n _ m t b i .

I f  L~en_ J h i s  NI L:
IT e t u rum mu m i m e  mi-i -

e l s e i f  m imode is a control character ec im o m n _ mode:
Set t n m n _ -  Llm D: c o n t r o l  c h u i r a c t e r  ec in o node f i e l d
of  t e ru i th i to umo ml e.
Return o l d i m n o d e ;

lse , cause error 27 wit i m c ulprit un _ mode.

D El E I E n _  I m N I R O L , [ u m l s g n n _ m i ’ u e : m u s n _ ; : t e r m - n t h i]
If not IL u -I - i l AID LI’ [ i n _ b  n _ n i  I I I I ,

• let tern _ n _ n _ Lb I be i,E I n  i a Ml A D I l[ t m m r u n t h l ]
If m’ isr l n m u ’ m ’  is DLI F, ILL [NE.

l e t  n ’ u i n _ j m m n_ u n ’ u e Inn _ u I_ i NElul  F El E
If ni ’ m m - m mm i m n ’ is a m - lel et non con trol umm e ssag e n a m e :

II  req us N i l
u ’ p an _ t,p n _ u n _ m b  r n _ n t u u m m m  a St ruin g n’ n _ ip r n _ ’ ’~n _ n n n t i n m g t I me

i i S t h n _ n _ . 1 ” n ’ a  - t n _ ’ l n _ ’ t join u mn _ u n t, n ’o l n u m e ss a g u n u - I  t n _ nm ’ mn _ m l :
e l s e m i  S l i b l li l [ i m s q ]  n_ m r I , I I A I 1 I?’l[ sjjj:

i i  ‘.- I IA I IS{ n ’ i ’ . q J  i s  l o n t g m n _ i’ t imaum the  u n _ n u n _  inn _ m um
i t t  I n _ n t no mu c n n  mm i rim 1 i n _ n ’ S  s ag e  1 s ing t h

cause erron ’ 17 witi m cul p r i t
(IINS [’’ l I le g a l  u n_ message  l u n m u g i t u  [ IL l  F Ii. C t n _ N T R O I  ‘‘ n _ r u m 1 ] ,

m n _ m n_u n _ n _ u a n -mw sir i nug . n_ mi a b u t  n _ 9 . m-’ spi’ n _ - s  a nn t u ng
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the “ n n _ _ i ’ n _ . u’m a n _ I n _ n _ t e l  u n _ un c o n t r o l  n ’ i n _ n _ n _ s a m Jn_ n_ n _ - b  t e r i u t b l
Set i h ~ n ’us~jl 1r nn _ u d e l e t m o m u  c o n t r o l  m e s s a g e
of  t ea ’ - i n c - il to tin e c h a r a c t e r  seq ue nce  m a the
curm - e mn t pn amn e of ~~~~~~

R e t u r n  m u l ni m n n_,g
el s e , cause n _ m n r o r  1/ w i t h  c u l p r i t
( n a t i ’ . [ ’ ’ I l le i j n t  rm es sa gn_ n_ t~ ;-— DEl I IL n ’bn _ t . I I n _ u i  ‘‘

d c - - n _ i f  5iS9,L m n ’ie i s  a d e l e t e n l  c l a a m n _ m un_ i,’m m’ um Cf ln .u m m dc:
n _ e m, olmimn o- i e  be the cu r i ’en t  d e l e t e d  c i m a r a c t e r
echo  n i - n _ - a l e  o f  t~~rrn _ m t in I
S e t  t lm ~ d~ l en _~ d charac ter echo unode field of t.er u ut bl
to mns f l c - n _ u’ iu ,
Re t o r n  n n _ i u l n m i m  nI

e lse , c - n _ n _ use error 27 w ith cul prit nnu c-n _ J~~Jgs .

COb IRO L [nu ode ; tern: itbl ]
If not T E I11II A St E~~[tm-rrmtbJ J] .

l e t  tei ’m ’ mt bl Un _ n _ G F T I L I n _ l ’ I I A B L L [ t e r i : m t b l ] .
Let. o l d i m n _ n _ i l n _ u  me t i n _ s  c o n t e i m t s  o f Ummu c o m n _ t m o l  f i e l d  of t e r n _ i t h l .
I i  mo d e , set  the c o n t r o l  I m c l i i  01 t n _ u n _ - n _ n _ t n _h to  T ;
e l se , s e t  t Ime c o u n _ t r o l f i e l d  01 t,e rm’ i tb l  to NIL.
Return s I n _ h id e .

EL II - .[)L [flg : teru i tb i ]
I f  rot [En _ I i I A B L L P [ t n _ . r n n _ mt i u l ] .

l e t  ter mn _ mtb l  be G t l 1 E 1 1 t 1 [ A B L E [ t e n n i t ,b l ] .
Let o l n _ I f l i j  be the com mt emm ts of the global echo mn _ mode
f i e l d  of  t n _ ’ rn’ i t hl -

If f i g  is N i l  . s e t  tim e g l o b a l  echo a node f i e l d
of t n _ m n _ n _ I l  to NIL:

• e l s e , set tIme globa l echo mo de f i e l d  of te rmi t b l  to T .
• Re turn  o idfjg .

RA ISE [t ’ i g :t ern ’utbl ]
El’ not h u n _ i t i t i  A B I.EP[tc - n _  n u i , lil ]

l e t  L e n i n _ h i  be GET IH t IA BI E [term ’m t hl j .
l e t  o l m b f l m - j  me t he  c o n t n _ m m n _ t S  m n _ f tin e I o u ie r - t o ’ - upper  c a s e
c o i n _ v e r s i o n  un _ mode f i e l d  of  te r r m t b l .

• If fj,0 . s n_ i t t I me l o . ’ n _ m r - t O ’ u p p e r  case co m nv er s io m n
mon te f i e l d  of t’- u ’ n _ - n l t m l  to  I:
e l s e i t  11 ,9 i s  t I _ i , set the lowe r-to-upp e r case coumversion
m o d e  f i n _ m I n t  of tu r in _ I n !  to NIl.

4 e l s e ,  s e t  t Ine l o w n _ ’ r - t o - u p p e r  c a s e  c o n v e r s i o n  mode field
of  t ’ ur m - n t btI t n  0.
Re tu rum 0 1 1 1  IJj .

• 25. INT ERF~UPTS

As n _ m - i I n _” n _ t  in the previomus Sect - n _ u rn , i t  i t s  d” n _ mn _ m - l n _ Io t m provide the user -oiuII i t l m ’ o ability to
mn t emrupt m n _ . a ’ m n _ l l m n _ n _ tn _ t io rm n _ m I  m u m - l - : ’ t s n _ ’ ’S by t - op mn. ~ s pm-n _ n_ ua l  chamacters at tIn - t e rum m nnu n _ n _ i .  T hme VM
~m- ovid- o s a vemy t l ex ib l n_ s  m i mI -a rm opt fac i l i ty .  I i , n _ c - c - d  on Te n mm mnn _ iI .4 ssti rnn ptmom ns 1 armd 2 (cf. Sectionm
2.3) .

Briefly, the m is e r ca~ associate “m mut e rmupt  classes ” with am - ny of seven n_ mi ‘‘ untem r uu pt cI n _ u: act o r
COn _ I n _ us’’ . W h u n _ m u n i n _ v a r  n_ n _ n t  ‘ n _ m o b  - Is n _ n _ me ‘ ‘ , u r m u ued ’ ’  (a condition tin _ its -- n user ( n _ r m m mt ro l )  am id o rme of I I i n _ - c - n~
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~ n u t _ i n  m opt c t m a ra c io m - codes is ty t od an n_~ :- pn n_ n_ pu e t n _ O “interrupt process ” is invoked I,y time
i m r u. , ,

~55 t s c - ’ t m n  ieO in Tn_~m n _ n t nnm hl A S s u n _ n u p t m o r t  2. Som-ume of l In en_n_ C proct osS e S prov~de lua mm dles 1-c- n user
specmfm e d mn_, ’, n _ u i 1  n_n_ I c - t i -  n _ i ’S . I f an m ntemru pt character is ty r  od vilun le iu n_ berrupts are dusa mnn_ ed the
c! n u r c - n _ - c t m n _ -m us n : ; n _ m  n _ c c -  (as far as t In __ i ’  5’1’s tern input hulfer us “ concerned) and tIme m ntem mu pt process
n _ : ’ h ,’, ’ n _ ,ah ” J  .‘• a D i  t in _ at  n _ l i  , n _ , n _- ,;i~” is mn _ at i n n _ y o k e d  umitu l i n _ n _ t e r ru p tS  are n n _ n _ - n _ a m n _ n _ u h ’ n_n_ , The n,~1,1 requ - res
onl y In n _ - t b  t I n _ m o  I c - s t  inte r r Upt  character 111)00 while um n _ Io r r c - p ts  n _ n _ r e  disarmed be reniembered for
p- - - - o s m n n n _ J  wl nem u u r n _ t O m  u ij t)tS are m -,— , n _ n _  u n _ u _i- md . luim p Ie u ’ne m - mt a tmons may be t mn_ ore gemmera l . for example.
1,1- , m t n _ I n,,kuir l  m mn _ b i m rupts while they are disarmed.

R e o : n _ n u u z i n g  that i n b e n m n _ u~n_ -Is require specuaf provisions in most operating syste ms and l l u .n _ I often
the c -v n_ .u lab he c t a n _~n c - c - b e ;  codes ~re limited , the umplementor is a llo .’n_-e d to designate those
charact e r codes v ihuct m nnay trigger interrupts.

D e ( umnn _ t io rn A “valid interru pt character ” is any character permitted by the implementation to
tr mn _ i~~ur interrupts on te mm m m una l typein.

We s’~ill n_ mow describe the detai ls of the interrupt capability.

The VM requires the existe nce of the fol lowi n g two fields to s pecnfy t h e  state of the unmterrupt
a rm /a n _ s c - rn _ n m fea t ture:

I ) time “interrupts armed” f ie ld, n_ ’ im n _ t c h contains either T or NIL , and

(2) the “~~c- n_ V~~d iumterru pt character ” f ield , which contains eit h er NIL or a va hm u
interrupt c luaracter.

W iuenu the interrupts arnn_ ed f ie ld contains I we say interrupts are “armed” . Otherwise they are
“dusarme ni”.

The initial contents of the inte rrupts arnn_ed f ield is T anmd I l n _ e initial conte nmts of tt ue saved
interr tup t ch a r n_ uc t im r f ield is NIL. T In_ ese f ields are used by t Ime process defined in Terminal
Assumption 2 anmd tIme function IN’IERRUPTABLE.

There is a Ibmurd nmeta — o l: .t cct n e c e s o bry to the spec iui c ;u l i cn _ n of t Ime inte rrupt facu l uty ami d tIn _ at is
t I n e  “intern upb table ” . Time irm te rr tupt Ic-LIe is sommmew i mat like a Read or Te mn nu m na l Table , in that it
assoc i n_ u t to s an “mu uterrupt class ” with each valid m m - n m  upl character.

D e f i r m nt m o n:  A “ t ) c - S i _ i  in terrupt  c lass ” us omme of the Literal Ato m _ ms HEL.P, PRINTLEVEL . RUBOUT ,
ERROR. RESET. OUTPUTBUFFER , BREAK , ERRORX. INTERRUPT , or NONE.

Def imn ntio n mn _ The “inut er rupt table ” is a n _ n _ m c ’ I n _ u — oL -~ecl sum_ lu tIn_ at I- j r cam_ l i va lnd imn _ terr u pt chiaricter

tIn _ -o r e t s  a fu ~~Id n _ i - t n _ in n _h comn _ bn _’uin s ei lbu ; ’r (1) a b- -n _ n c irn _ terrupt c lass , ~‘,- u I I n _  the n o n _ I n  u m ’ t n _ On  I l_ at each —

of blue h im - s t  n _ n _ ’ n _ m v oun b n _ u ’-n _ umn _ inn _ I- - n m n _ n _ I t c I n _’nssn _ n _s above nn_ ay I t ~ mm - u t I n _ - u  f i n _ e ld of - n _ I rn- n_ sI one chi n_ u rn_ icIer,
• or (2) anm arbitrary t , ilr - u m c - l At ” u i un _ othe I I m n _ n _ m n _  NIL or T.

D e f m n i lu o r m:  TI m “ i rnberr upt class of (valud imn _ terrupt  character )  char ” us tIme basic immterrupt class

or m 11m m Lite ral Ah o m n ’u in the c h air f m - n _ h i of hhn n _ m m u i e rm upt table.

F n _ : m n _ b m  of the t _ on _- ,u n n_ m n i l n ’ m r u p t  c lasses causes a c ; n -u I n _ nun SM ts 1m t:c ’ Ine d Di c- u ‘ess to he in voked w lmem u
b lue  :ussoci u In _ , ’ m l m n _ I n - m m n _ i o l - ’ m - s  c - m t  fn _ ’ bm .lm ed bronm u t ime termumum - mal .  If a clt n m n _ i n _ n _ h e r’s m n ut e r ru p t  class is a

t Li t - n_ n _ I Ato iu m m m t l n _ n _ ’ n _  h u n _ nm n _ i i ,~ n _ tsm c i u n i n _,- rmup t  c lass, t Ime Lut e mn _ ’ul A bo u m us n_ n _ s n _ n_ i n_ is a hl tg c - mud s n _ - I  to T
vile- - m u  hb n - ~ character us typed.
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Before  on _ c can speci f y th e processes m u n _ v u k c u  by these inte rrupts. we n n _ a u c - t s  c l _ n _ u f y , m - e u: msel y
~‘o hu ’ n _ ’ n _ n muu terr upts can occur.

It is rn _ at p oss ub le to interrupt an arbitrary process of time V M c-h an arh : t rn _ : r  y poiun _ t  and It n_ elm

0 n_ u l n n _ n _ u e  lIe’ t un _ t t u r r up t n n_ d Di n c€ nss  alter n_ n_ n_i n _ I r I j u t n _  c- n y ~J [ A  c ; n _ n _ u~ , n _ u t , u I n _  c- n. Tin _ is u s because tIm
V a n  In _ n _ i l  M . . a n _ b m m n _ n _ e  us ~‘ t c tn _ n _ .n _ ! l y  r ealized by an :‘n_ L - n_ c - t r ; i _ i  tuon imposed L n _ L n_ -~ a pln _ ,- snca l  machim - me TIme

~ “.‘ nr t n, mn _ ul t.’ l . , c l unuue is c c - n _ u n _ m od f m -
_ n _ mi ante v,-e I I —d ef u n n _ uu d state to n _ n u - m t l ’ ier tn _ my a se m u e s of ‘‘ v u _ I a n _ - I  steps ’’

cam _ lu of wIn _ n c - l u  is rea luLed as a series of “actual shops ” carried o n _ ut  by tIme p lny suca l  um n _ ’n _ c Inn _ rn _~ , If

‘. 
t mn _~’ sequence n° b actual s t -n _ -ps  is int c ’ r mu_ u r n _, t ed n_ it arm n_i 1- t r a ry I n_ au nt the _i : - n _ n _ f m d n _ u r n _ n _ b u - n _ : m  of the
p l a - n_, - s n _ _ i n _ n _ l  iniac imune mmuay u n _ c t  cor respond  I ’ m tIm e inn_ posed a t usb r n_ n_ :I i on. so that c _ i - n  t n _ n _ n u n  VM
conu n_ p ut a t i o m is nn _ n _ -

~i 
not have c - n m -,- nucanung (e.g., a function call -.‘i I n~ n_ m the stack us improperly

c - n_ r n b ig u re d c b un_ n_ to the unmterruptio n).

~‘-Je t lme ref ore ass n_ u nm n_ e tin _ at t h ere are s - c - run e iruiplementor defined “safe ” points n _ n _ f w imich a r u m l rary

n_ 
5m~~ con iputationi s can he p e rfo m mn _ n_ ed.

~ 
Dn_ a ’ f n _ r u t i c ~r n_: A “sn _ t I e fu n ct ion call of fmm on args ” is n_n po int du mmr m~ a c mm op n _ u I  c- l ion at .‘.- h n _ u c I n _  the

n_ p I n_~,- m u cal n n _ a c l n _ imn _ e is in a “clean ” state (o n e correspon uding to a c t_ i l -  c- A tIn- n _ u Vir tual tA n _ c - I nane )
arid is about to do tIme equiva leui t of cali irmg some fu n ct ion , fmi. on some rj r a ,- pc- r  list of

‘, ar n_~n _ unun _ e n n t s ,  args.

I The obvious safe calls are precisely t l n_ ose n_ ut vilmich the Virbua l Mc -oh-r ue is about to o x e n _ i n _ h e  a
f n .,n _ n _ n _ n _ t i u n _ n _n call of a VI.1 or usi~r def ined fun ct ion fn or t lm e PrOp-:’ r l ist of ; u mgu nun _ .~n _ n _ t s c - n _n

n_ However , it is possible that there are n_’ n _ c m ,I nt io m na l safe stales. depen onu ig ar m I Ie u m n _ n _ 1 : - i m o u m ’n’_ i n n _ t n _ n _ I n o n m,

Interrupts are actually processed as soon as the correspond mno n_ mt r- rr u pt charact e r is t yped
(provided , of course. t hn _ n _ t m unberru p ts are arm -n d). Since i n t e n _ u pl- n_ involve c: . i m mc- an _ l , u t _ i ,ims emn _ c - r n __ l y
comutrolied by blue inun _ plementor . it is assunn m,n_ d the interr uot ha nc lm u ’um t cam- i Un_c- a - ne vi ln et lnc - r or riot
the physical rmmac lu im - me is i n a “clean ” state. However , sonic i n n _ Ic -n m upL provide the user wi t h
tfn _ e illusion -c-- I being n _ n _ L ie to invoke an mt n l m c - r y  use r—spec i f i ed  CO ;n_n_ pn _ n _ i c - t i -C . m n _  at u m n _ t ’ n _ n _ n _ u t s t  tunm i e.

This, as we have seenm. is mn _ n t always n _ n _ n _ e n _ n _ n _ u n _ i  IuI. Therefore , at umnI n _ o r r i n _ p t  tinie Un ’ n _ - tse im - uterrup l s
nmerely sbcre su f ( ic ie rmt infornuatio ru to COn _ n _ n _ Sc - lIme user—s pecified conn_pLltat mon to be per fornied at
tIme next safe  point.

Sc m- n_ me c-f the sp e c i f mcn _ ut i o ns  for the i n n _ t o n  r u n _ p t  processes beIo~.’i inn _ vo l _ i t -  V . 1  Iumn _ ct ion calls, such
as “CLEAPBUFF[ T]” . It may mint a lvin _~ s be p o s s i b l e ho execu te  sum_ li co i ls mum t h e  mn _ un _ a nn _ un _ er  norm —

~J l-t functi on cal ls  won _ n_ Id he executed (i . ic - ., b~ bLm n _ l a I n n _ t q  lm n _~ n _ n _ e~ aim the user c - I c - -  1 - 1. gm - ic - m n the
I em U i tm n _ ury  s tate of the ph ysical  nm a c l miun _ e at t In e t ime blue n _ n _ n t c r r u p t  c bn _ a r n _ u a,t .~r us f c - t _ i l n _ n _ n _.l l i - n _ n _ i n  the

ter m umina l. W Imn _ n _ I is meant by those spec ufn c n_ u l io ns  is t lmat l ine , n _ c tu om u s sp ec n tn _ e d  for tIme called ‘11.1
fun ct ion s l n_ o ut -c - I he per forunued (amid lIme precise nun _ ec l n n _ nnn _ u ’ c - mn _ of fI n _ nc - call us umn _ sp _ i -c n f iu ’- n_ n_ ). i f a

* mn_ : -ni— V M function is to be ca lln o- n_ I by n_ u n m it -c - m n_ n_ pt pr- c-cc-i- as . bin_ c spec - i  t i cn _ i t io nu s t ’~ 
n _ I l  n_: n_ ’ t s t s n c u t l y  say

tin _ n _ a t  tIme sU n_ m n_ k - In _ ou,ul d  be destruct iv e ly h m , n _ u ’ i-- - d n_n _ p t o arm :ICCrn _ l uin _ n _ h u le S I- mV (i.e n_ t iny pn _ r l i a l f y
constructed I n _ n u n ’ -  n _ n _ I tIe’ end - c- m I t In t  sl im _ k  is r e mmn _ -m v e d armd tIne n _ n _ c - n _ - n  is ho n n _ mmc l - c - r~~I n _ n _ m.J  t In it thus
m n _ n _ b , m m,’seflts an i mnt ’ n c - o vc ’ rc - l j l e  detour in tIme f low of co m m t ro l ) .

One n _ c - f  t hic - mn n _ t n _ c - mrupt  ( n _ I n _ n _ Sc - OS , I I n _ Ill J I _ EVEI_ . uses s p n _ n _ c ma l  au x ihn _ n _ n _  ‘ c- bu t t _ i - u s  nm whim _ lu In _ n  S . n _ V O  the
con ic -o n _ lu - i_n _ f t h i n _ c -  h u e  n _ m n _ n _ I  c -’, t n _ - mn _ u 1 .-o lI n _ -n — . w lni l c- imuln _ - r a - ’ tumm n _ l  wut l n tine user . Th us n i - n _ b i n _ n _ m n _ - s  tIme
— - ‘m i_ t ic - o ne c - n _ f I_ in_- r u  d is tu m uc l  U n _ i l l - n c -

I
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De f in i t ion :  The “int errupt Imne bubler ” us a buffer of the sanmu e l e mi i t m n _ n _ n _ s tbu ~ h un _ m e buffer 
- 

~~. Time
“in mt em mu .mpt systen m bu l l -n _ - n ” u s a buffer c- I the s c - on _ c len:~t Iu as th e 5 y . t n _ ’ u m n _  hull-or. T in_ ese tour
butters are all distinct.

The following definitio n allows us to “copy ” one butte r  from n _ n _ n _ m s - t I n _ t s r  (and empty time f i rst  nm - n
the process ).

Defintho nn_ To “copy buff i to buff2” (where b c - n_ I f 1 c- mid Ln _ uul f2  are buffers of the Sn _ n _ n _ i nC lemugth )
means :

“C le a r  li-j IlL
Uu nt i l  b c - f b i  i s  e n _ u n_ nt > , letch characters fro m b n _ n _ ff ’l
and d e p o s i t  therm in h n _ n _ f f 2 . ”

We can now specif y the processes associated ~‘i mth c - ’n _ c l n  interrupt class. Rem _ all Tern j im - na l
As s un n_ pf io n 2. Let char be tIme ~h n _ m  n _ u - - , t -c - r ui- bo t ched  f ronm t Ime termtn al . A - n_ _iu.mme char is a
valid i nt e rr n_ n_ pt  c Iu .n _ n _ n _ c - n _ te n. rn _ ut  pr t ’_ ic --’-c- ’n_’d by r t n_ e CTRL’-i _ il n _ n _ n _ n _ c  Icr - CSSunt ’nO mu l let r u .n _ p t c - .  n _ n _ n e arm _ med.
ann_ ni let cha rm_ ode be thue un _ In _ - n _ r a c i e r  con _,n _ n _ c - c- I cIn _ - n _ r .  Finall y, let c In _; s c - rn _ n_; r a ’c- be t h u -c - int errupt class
f or c lmar . Then the process invoked when char is typed is spec i f ied i~n _ c - I - n _ -.’n_ , according to
c lass na uu me n_

cr ~~s sm m -u m~ . Process

H ELP C l e a r  tIm e sy s t e n i  Ou tpu t  b u f f e r .
S e n d  t hus  h e l l  c h a r a c t e r  to tim e t e r i m m i n n _ a l .
CLEAR BUF [’F ] -
S a c - n _ n _ s u f f i c i e n t  i n f o r m u a t i o n u  so t h a t
I n _ n _ E l  UPT [imu :~~ ,g,~ :I ] is e - i a l u a t e d  at
t Ime ne n t  sa l e  f u n c t i o n  c a l l  o f  s o mu e
function fri Omn _ ar gurient l i s t  ~~~~~

P R T ’ .T LEVEL Copy t ime l i n e  bu f f e r ’  to the i n t e r r u p t
l ine b u f f e r .
Copy tIme sys t .n _ n _ i buffer to tine interrupt system
bu f fe r .
Send tIm e h e l l  c b n a r a c t e u ’  to tIme t e r m i n a l .

Le t  seq he n _ in _ u c h a r a c t e r  sequenmce  o b t a i n e d
by I e t c h ing c l n a r a c t e r s  d i m ’ e c t l y  f r a n _u - n  the
ter u mm ina l up to and m m m c l u i h i n g  t Ime first
ch a r a c t e r  w h u i c i m  is  n e i t h er a < d i g i t >  ( c f .  S e c t i u n _ u n  9 )
n o r a ‘ , ‘ ( co n n mn _ ma) .

Let  l a s t c l n a r  he tIm e l a s t  c i m a r a c t e r  f e t c h e d .
Le t  se q Ime mm nn _ -n _ -n _ s n _ v n~u uein n _ n _ mn oh tn_m i nei l hmy rei n_ m o -i i ng
t I m e l a s t  n . b n _ . m m ’ n _ in . t , e m ’  mum
If ( t I m e  mmn _ n- .’ n _ l  ~~g c o n t a  in n s a -

l, e n _. n _ : , u r v a l  n _ i c  m.’ic i m m t e 9 . m r d e n o t e d  buy
t i n e  d i g i t  s u n j a n _ e n _ m un _n_ i to tim e l e f t  of the

i n n  .~~ n1 ( w  t im t i me n _ n _ n -u r n t~ s e q c - m e m m m n _ e
d e u m n n _ t , iun q 0)
l e t  c d r v n _ u i u n _ n t I e  i m n t e g e m ’  u l e m ma te u t  tmy
tIm _ n d i g i t  sn _ - u l n _ n _ ’-- m n c e  to tin e i ’ m _ j u t ol’ t i m e 

liii,’ “Iim ~n_ bu f f -  m us m I . ,- t i n n _ n _ - i  inn Sn _ c - n c - n i i  2 7
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- t in s,~g ~w u i . h the n _ n _ a c -lit > sn _ -qu e nce
d e m o t i n g  0 )  -

n _ n _ h se
L e t  c a r v a l  be t I ,e i n t e g e r  d e n n a t e d  by
.s’- n_ q  ( w i t h  t m - n e e m p ty  s e q u ’ n m ; e
d n _ u m i c t m i m g 0 ) .
L e t  c - u - v a l  be 1111

I f  l a s t c l u a r  is ‘ *
- 

‘ 
Set ti n_ c te m mn _ po ra r y car p rint level f ield
tn _ n c e r v a l  ( c f .  S e c t i o m i  2 6 ) .
Set tIm e car pr int level f i e l d  to

a r v n _ l  -

ta~~t t I e  te u nmpOr a ry  cdr p r i n t  l e v e l  f i e l d
t o  a n _ j n j c - t  -

Se t  t he  cm -h r p r i n t  l e - j el f i e l d  to
mu n v  -

e l s n _ u i f  l a s t c b n a r  n~ 
‘ . ‘ :

Set the t en _; n _ n l nor a m’y car primm i. l ev el field
t o  r u n - i a I
I f  c u . set the ten np orary cd r
p r i n t  l e v e l  f i e m i b  to n :d r va l .

C o l .y  t ime  i n t e r r u p t  s y s t e m  l n_ uf f e r  to the
s y s t n .n _ : n _ m b u f f e r .
C ul a y the n _ n t e r c u b n _ t 1 inn _ c bul  fe r  to the
l i n e  bn _j fI er .
C ontinue tIm e interrupted comu putation
w i t h o u t  f u r t h e r  cha in _ ge  of’ s t a t e .

PUllOUT Clear t i ne S > stenm input buffer .
Seun d tim e h e l l  c h a r a c t e n _ ’ to tIn e tern _ n i mn _ al

Comm t i nue time in t e r r u p  t n _ a ’ u t  c o mm m l iu  t a t  i o n
w i t h o u t  f u r t h e r  c I n _ a n i je of S t a t e  -

ERROR C i n _ m ’n r tin e .systeaa ou t put bu ff ’ n_i m’ -

Sei m, l a c a r r  i ,um ije re tu rn  c hm a u ’ a c t n _ —r to
tin e tern n i nn _ a l
CL E A lt dUE [ I]
If Lim e in tim r ri m ~nt ed I n _ ” u c e s s  was anti t i mm g
a nun _ -i fri _ me to tine S t n _ n _ u , C In _ trim’ off
a n y  u n n : o n m p l e t e d  I n  .n _ c - u -n _ ( th e reb y Lack ing
t Ime s t a c k  u p  to  t Ime last c o mum l n l m- n .n _ m - t f u n c t i o n
c a l l  an _ nd al in n- n_ i uny a rn o rm ’nal no um --V Id f un ction
c a l l  to be nm~~cc i mt en l ) .
ElIf i Olt ! []
S c - - n : If tIm e i n m t e r r n _ J p t  e n_ i p r _ m n  n _ s s  i s  a n y V~’i
p i’oc~u s  5 ~ihm inn _ in  . i f n_ _ n _ - a - u  in _ ma Inn _ ni rn _ — n .m mu n-el y - is

i nb b n _ n _  n _ n _ u  I — ,  c - v n _~— t ir e n_ I-I m in a me - a im m mm m j I ‘-ss ~~t - n _ n . m
(sn _ inn _ in an — a p ur l - age co l I n _ u  m o m ’ n - u’ ‘mtom ’ an_ j e (n_ n m n n b n ’ n _ c tOm’

n _ n_ u i m l i i  t ) t I m e n _ - n  - — m . n _ u n_ . m m  o f  Ell l-I i n _ ln _ 1 c - i n n _ n  I d h-c - m l - — 1 m y- n _ mi
u m n t i i  t Ime I mm ’ oc -~’ s c -  h a s  tn _ n _ u m i m e t i c - i  m - m o i ’ n _ u m a l l y .

irts ii 1:1 en _n ’’ t ln e s> : t e n _ u  u n _ u f . l n a n  I. hin t 1 c m  -

‘-n _ n _ ’ mn _ i t ,i n _ , i m’r’ m ,’u mj n_n_ ‘n— n n _ inn _ n ( : 1 _ c - u - ac t n _ -n to

~ t hif l  t n _ n _ m i m i  ur n I
c i i  A I1EII JF { I] -

I i  u i u e  i mltcm ’ m - n u r l e d  ~m m ’ m n _ n _ c - S  wn _ i ’-, i n _ b i t i n g
a nu n _ -i’m i ‘ in n _ n t hum Liii- ’ s I n _ m n _ I  - c- I n _ — n_ i n’ n _ n h I
a m y  uuum n: m u un _ m lm l u ’ t n _ ’ n I  l m ’ a i u mn _ m ( t h o r - - n _ l u >  tm u i . fr mu g
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S

~ n _ h un, S t . n _ .- c- up to  n _ t i - ,  l a s t  C n _ m i i I m l e t~n _ nl  b u m u c t u o n
c a l l  amid a l l o w u u m g a noru m m a l  non - tb - I  f u n c t i o n
n _ a l  I t i m  t ie e n n _ : c u t n _ n b ) ,

n_ I’IESEI [].
S - m t ~~: If time i n t e r r u p t e d  p r o c e s s  is a u >  VM

; pu’oc n_ - ’ - s  a- . i m i c m n _ , i f  t e r - u i n a : n _ n _ ml p r _ v n _- i n _ i turm v lj .  us
I nab Ic to I c c - y e  tIn t c - ’t- t imm a uuea n ing  l e s S  s t a t e
( suc bn a~ a g am’l . mg e c o l  I _ v n _  tor or s Ic - u agt c :n _ n_ m p . u c tor
night ) the e n n _ n _ . n _ m n _ t i u m ni o f  R E S E I [ ]  s i n o u l d  be d~~1 a y e d
u m n t i l  tI n _ c proc ess imas L n _ n _ i a t - f l a t e n _ i  nor m a l l y .

O U IP U FB UFFER C lea r  t he s y s t - - - n _  o u t p u t  b u f f e r .
Send t he c a r r m a j e  r et u r n  c h a r a c t e r  c -u the t e r m i n n a l .
C o m n _ t i n u e  t bn n_v mn itn _ n _ n_ - r upr .ed co umi putation
‘c- i t i mou n . furt l n _ eu c n _ n _ an g n _ m of
state.

‘. B R EAK C le a r  time s ys te am output buffer,
CL I ARB U F [1] .
If tIm e i n t e r r u h u t e d  p r o c e s s  w a s  a i l i n g
a m n _ o w fn u nm - ’ t n _ n  tim e st ac k - c l e a r  o f f
any unc c - n - um heLen _ I fr an _ c - c ( t in _ m n - c - I - > I - an  ni)
t ime S t n _ n _ C K  up  t o  t n _ n _ n _ v  h u n _ s t  n _ : o n _ n _ u p i e u~~m l I u i n _ c t i ’ j m n _
ca l l am _ h a l l n _ n _ - n _i im g a m m o rm ’ ua l  m n _ m n _ n _ n - c - H  l’u u n_ c t i o n i
c a l l  t o  be n _ n _ x c n _ a u t e d )  -

Ca use error lS wi tI n _  c u l p r i t  N I L .
n.. n _ t e :  If the i m n _ t e u ’ r u r a t e d  p r o c e s s  us an> .1-1
p r_ n a n _ c c - s  - - t n  i ch . i f  t n _ n _ n ’ n i n a t o - i  p r n _ - u i a t u r e l y - u s
l i a b l e  to h e n _ u v e  tIn e c-H j im a m ’n _ e amn _ i n u _jl e s s state
( s u c b n _  as a g a r b a g e  c o l l e n t o r  or s t o . ’a -p-  c.~ n _ i p a c t o r
n i g h t )  dc l  n_ i c - c a u s  in uj the error un _ m t i I ti~c process
In_ a s t e r unn _ in, n _ m t c u t  n o r n a l l y .

ERROI1 X C l e a r  t Ime sys tn _ nan _ u output buffer.
(;LEARBUE [T ).

‘ 
li the i u n t e r r u m l m t m m d p r o c e s s  n_ - n _ as a d d i n g
a ne n_’m L r mn _ n n _ n nm t n _ i  n _ t n _ c  st mu :t - c l -n _ n _n _ n ’ o f f
n_u n u y  n _ i n n : . n _ c - l i I n _~ t n _ l m 1  I n - a n _ a - u  ( t i n _ em - -n im y hack ing
t i n _ n_ i  s i . aun _ tm : n _ up t im n _ n _ n e  l a s t  coi n_ up l in _ t e u l  f u n c t i o n
c u l l  i n _ m d  a l l  n _ - i  int g a m m oni ’m n _ n _ l no- i c- I- b f u n _ n _ c t  ion
c a ll to he a - n n _ e r n n _ t e u l )
Cause n_ m m n’or 43 -.-.- n t m n _  c u l p r i t  t.~ _ o r n _~ms~~~.

‘ u n _ I - u . I t  t Ine i n n _ t — n n’ r im pt e u b m n _ r o c e s s  i s  a n y  VII
p roc e ss wi n i c i m . i f  t e rn u m imnatem l  mrem ’ m a t u r e l y ,  i s

* h u n _ n _ I n _ h e  to ln m ~~v n _ -  t ine Vii t im a m ac aim i n g l e s s  s t a t e
( s n _ n _ c t  n_u s a u.’mrh . t i L m c o l l e c t .u n _ r o r sn _ n _ n r a g u u  c o m - m I n _ a n c - t n _ m r

m n _ l a i n _ -a ’ ) r i c h  -n _ c - c a n _ s  inn _ n tIme en ’ u’nur u i _ n _ I l  tin _ n _ n rn _ m’oces s
r n _ i - - n_ --r -’ n in n _ -m r ‘ n _ - I m norni a I ly -

I J I E R R I J P I  C l e a m ’  n i n e  s m ’_ , t n _
~m r i in_ t ; ’ n _ n _ t I - u I  I cr .

S e n - b  time l i - n _ I l  d u n _ m a c I ’ m ’  t im time rern u m i mn _ ab -

I i  E puiH U hF 1I~ -

S n _ i c - n t  s n u h i m n . me i i t. u m i i , - m ’ mm nm h. m n _ m i m  so tIn _ at
I I I I L I I I 1 u I P I [ m n _ n _ . n_l u 1 1 n _ , : c i . m n c m i . t . n _ * Oim ] us - n _ v a I n _ n _ n _ t n _ m i  at
tin me ‘ i, n _ n _ i  m n _ n _ i u m r c  t. n- n _ n _ mm c:n  I I mm I s n _ m im e f i n _ u n _ n t i our
I ii 0mm um u i u n _ n m n - umn I I us t n _ in n _ i s -

‘n _ a-m n _ f  C,uii e m o i n n  n _ m r r ’ i n _ F n t .

a m 1 I in h_ l ie n ’ C la s  on_ s I i n _ n _ m i _ n i l  mn _ i t m u I y 0 m i n _ u  m n _ i  SE  I (l[ ch ms ‘n_ ; mn _ um nm nn_ : 1]
w t n ’ n r e  c l - n ’ - S n_ u i _ n is line I t n _ n _ i ’ m I /1 t t n a  win ic i m
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is t n _ n _ n _ v  fl c - m - ’ m n n uI i- i  . m n _ t e n _ n c - m i nt c l a s s  c - ut c o u n c o u l e .
. C o m - m t i u i u e  t m - n c  u m m .— - - r u ; a u o n _ j  n.i,m ’ u ! n _ U t , m h n _ O f l  w i t h - o u t

fu n _ i n _ m r n_.f u a u . n _ j e 1 s t - u n _ c .

The fu n ctions for mam-u c a t n _ l . . tn _ ng the SI utcn _ of the interrupt arrncd f ieto and the in te rr upt  table c- re
~ic - mn _~ n_ t ied below.

I I I I E P R U P IA B L E [ f l g l: . . . f I - J kJ
Le t o l d f l q  tn _ c the con c~ nt .s of the interrupts
ar m ed fr -m id.

If S > 0:

I f  f lq~~,
S-ct t h e  m n t e r r u p t s  an n-n _ n _ n _-i f i eld to T.
If the 5 n _ n _ i e U  u n _ n t e i ’ n’ up t. c n n _ m~. r a c t e e  f m e l d  c o n t a i n s  a
c I n _ a r a c t e r , c l _ a r . ( r n _ uthe r  t in _ an t c - I L  ) w m t f l  i nmt er m ’ mn n _ . t.

n_ i ‘ C l _ n c - S .  class :
Set  the  sa - ~n_ -n _ d m um t - m n r u p t  c l m a ’ m r a c t , t m ’  f i e l d  to iII~ .
Pe ” fo r - m t i n _ c C ou nput r u t mo m spec i I ied fun ’ th e 

~~~~~i nt en rupt.
else , set the im nter r up u ,s arn u emi field to n _ Il L .

‘ 
lIc t .c- rn ~J~ctLi~ .

N n_ te:  The purpose a n _ b  the saved urn _ l en _ rn _ n _ p t  character fue ld is to inst n_ ’ c I fm n _ t if an i n _ n _ t n _un _ nc-p h
c h ua r n_ n_ n_ cter is typed - ‘ c - In _ n _ he  inte rrc - p-I s are d i s c - n _ r im me d  Ihen h i - c -  I n _ n _ L I  su ch un _ n _ I - c - n  rupt is proc ec - s o- n i  -D rmoe
inten _ rm .u r ~t - c- are r e —c - rn _ mn _ c-n_i . TIme m nmp l enn _ e m - mt o r un _ mc -j choose a nun_ ore gu m s - r n _ n _ i  reg inn_e , c - u- c - In as
s I n _ n _ n _ L u n g  or oueuing the intenrupts (even though m lhat m n _ n c’ c - n _ n _ s On _ n _ n _ I the last interrupt may rnc - - t be
proc uc- se c i  beca c - n_ s e an earlier one aborted t l n s -  entire com - n_ n_ put a t ion).

G E T I S I E R R U P T [ c h a r ]
L~~t u m ’ m m j n_ .tm ar b-u char ,
If ch in _ u’ is a C i n_ a u’a - . t e r  or c h a r a c t e r  co d~n_

t m _ n _ a t  C tua r n _ u c ten  0 t h urou gum mj as c l m ar ’ ac IC-  --n_ od e s ),
let char he t h e  cnm n_’re s p om md imm uj c h uara u n _ ter ,

II r hn _ n n_ ’ is an m n _ n te r rupt class.
u r n _ n _ a t e  n_ m nm nb  r e t u r n  a i n _ e n _ - u  p r i m p — n m l i s t  01 a l l  of t i n _ n —
v al m n _ i m n t e r c u p t  ch a ract i um’ u:oai nns whuicin have ch a r inn
t n _ n _ n _ - m r  Ii~~ld u n _ I  t h e  i n t e r n - n_ n _ n t . i . c - b l e :

n _ m I s n _~i f u h n _ n _ r is a v a l i d  irn t n - mm n’ ui pt c h a r a c t e r ,
‘n _ ti n _ rn tIn e coin _ tents of Ic-n_ n_a’ chat ’  f i n _ n _ I n _ I  of t i m e

t i n t n_n_ ’ r r u p t  t a b l e :
e l s e . c n _ n _ n _ n s e c r u ’o r ? 7 w m ’ t ln c u l p r i t  cn m ’ n u l m. in_ n _ u r .

S E J I r t L i i R i l P I [ n_ . I m a r : i n _ I a s s ]

I’ . l e t  or i g c h m a m  I n n  ch a r
II - in n _ m r i s  a C l m : m r a : n _ l n _- r  mum ’ n_ _ i n a n a c t e m  n n _ mmiIn _ n _
( t m - n_ n_ -a t Cl m a n’ , un_ . t mr r U thn ’o u q i n_  U n _ m s c mm c-m m’ n _ m c m , n _ u ’ r o u t e s )

I I. u _ Inn _ u n’ me n_ i n _ c -  u_u i ’  m n _ v  ; n _ n_ n_ mmd n n - . j ch a r n _ m m t n _ n_ n’

I i  rh -a r it, O u t . -i n _ a l  nb n _ n i t m -m n _ - n - n i l n _ t  m : Im ,urann _ ter .
maim s - n  - mm’ ‘ n _ mr 2/ mm it bn cu t pm’ i t  m l  m q m  h . ’j u’ -

I i c l n _ n s s  tIll un _ n ’ c l ass - I -

c — m u s e  e u ’ m - o u -  2 1  c-i m i i i  cum I~m r it c I- i s s -

I i-mi , . 1 In in _ ms s be l u a u comm u. n -mm ts u b I l i u m  u_ ti c - ui ’ f u _ v  lii m i  t i me
I n n  t n _ m i ’ m iNi l. I atm I c .
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If class is a basic interrupt class other than
ERRORX . IN tE RR UPT , o r NONE :

If any valid interrupt character , c , has
class in its field of the interrupt table ,

set th’~ c field of the interrupt table to NONE.
Set the char field of the interrupt table to class.
Return ol d c l ass;

else:
Set the char field of the interrupt table to class.
Return oldc l as s .

26. OUTPUT

The output routines ar e responsible for transferring characters from the VM to the terminal and
other files. These routines therefore translate objects into character sequences.

Because almost every function in this Section deals with a file , a Read Table, and the primary
Terminal Table , the fol lowing defin itions are useful.

Definit ion: To “che ck File Name file for output” wher e file denotes a meta-variab le which
denote s an object , means:

“ Let obj be the object  denoted by f ’ i t e ,
If g,~j is NIL. let f i l e  be the pr imary output f i l e ;
elseif 

~j~
j is T , let f i l e  be I (no-op );

else i f OPENP[p .~.j;OUTPuT] , let f i l e  be OPENP [g~j:OUTPUT];
else , cause error 13 with culprit g.~j.

We also assert the analogous definition for “check File Name file for input” (replace “output”
above by “input” , and replace OUTPUT by INPUT).

Note that after “check File Name x for output” is used, x denotes the full File Name of a file
open for output (or el se an error was caused).

Definition: To “check Read Table rdtbl” where rdthl is a meta-variab le denoting a meta-
variabl e which denotes an object. means “Let obj be the object denoted by ~dtbl. If not
READTABLEP [obj] , let rdtbl be GETREADTABLE [objj .”

Convention: All references to a Terminal Table refer to the primary Terminal Table at the t ime
of the operation specified. Example: “the terminal syntax class of char ” means “the contents
of the char terminal syntax class field in the primary Terminal Table. ”

Convention: Any operation which requires a f ile or Read Table but does not specify one will
implicitly refer to some file or Read Table which was distinguished earlier in the same
definition or specification by the phrase “use File Name (or Read Table) x implicitl y below. ”

The most basic definable output operation is that of writing a single character to a specified
file Thi s relies upon the primitive idea of “depositing ” a character in a specified file.
However writing is complicated by the possible involve me it of a Terminal Table.

Definit ion: To “write (character) char to (f i le) file ” means:
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“If file is T:
If char is a control character:

Let node be the control charact er echo mode of char.
If mo de RL4L , deposit char in the terminal;
elseif ~~~ = SIMU LATE , invoke the control character simulation
procedure for char (see Note below );
else i f mode UPARROW :

Deposit the character ‘
~~~~

‘ in the terminal .
Deposit the t equiva l ent of’ r in the termin al.

else , deposit char in the terminal.
If there is a dribble file .

write character char to the dribble file;
e l seif f i l e  is an addressable file:

Let i be the file pointer of file.
Deposit ch ar in the i th character field of fil e.
Set til e fi l e  pointer of f i l e  to 1+1;

else , d eposit char in file file. ”

rid e: We assume that for each control character there is a simulation procedure which
co mputes some sequence of characters and writes them successively to the fi le in questi on.
1~ e precise sequence computed for any control character in any situation is unspecified. It is
s~ppc~ ed that the sequence attempts to immitate. when pos sible, the formatting function
v rni~ Il y perform ed by the control character.

The following trivial extension of our terminology is useful.

Defin i t ion: To “write (character sequence) seq to file ” means to “wri t e the successive
characters in ~~~ to fii~~”

It is convenient to allow the user to globally specif y certain parameter s influencing output.
These include the maximum allowable line length. the depth to which List Structures are
printed, the length to which List Structur es are printed, and the radix used to print integers.
These parameter s are held in fields accessible to the user through certain functions.

The VM requires the existence of the following six fields:

(1) There is a field, called the “line length” fie ld , which contains an integer,

(2) There is a field, called the “car print level” field , which contains an integer.

(3) There is a field, called the “temporary car print level” field , which c ontains an
integer .

(4) There is a field , called the “cdr print level” field , which contains an integer.

(5) There is a field, called the “temporary cdr print level” field , which contains an
integer .

(6) There is a field , called the “radix ” field , which contains an integer in an
implernentor specified ranqe which must include 2 th rou~ih 10 and may include
other integers (see discussion below).

The output functions specified below (PRIN1 . PRIN2 . PRIN3. PRIN4. SPACES. TERPRI and
PRINT) use these fields to control printing. The functions LINELENGTH, PRINTLEVEL and
RADIX are available for accessing /replacing these fields.
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r
The initial contents of the line length field is to be determined by the iniplenientor . w ith due
regard to the line length of the standard terminal in use. The car print level field initially
contains 1000. The cdr print level field initiall y contains -1. The content s of the two
t emporary print level fields are unspecified , sinc e they are al~iays initialized before use. The
radix fi eld initially contains 10. The contents of the radix field determines the base in which
Int egers are printed. The following definition specifies the restrict ions on the content s of the
radix field by defining the relationship between the contents of the radix field and the
character sequence used to output an Integer.

Definit ion: By “let seq be the base-r representation of (Integer) i’ , where seq denotes a
meta-var iable , r is an integer which the imp lement or allows to be in the radix field and j is an
Integer , we mean the following:

“ If 2 = <r~<10 (the iinp lei iientor must allow this range in the radix ):
Let seq be the standa rd bas e-r notation for the inte ger i ,
employ ing tile usual digits 0 through r- 1 . being e x plicitl y
signed (with ‘ - ‘ ) on ly if negative . and having leading U’ s removed:

elseif r > 10 (for this to occur the iinple rn entor
iiiust have chosen a set of characters
to be used as digits beyond ‘9’ allowing consistent
notation in base-r ):

Let 
~~

g be t h e standard base-i’ notation for the i n t e g e r  i.
employ in g the imp le rnentors extended alphabet and
following the sign and 0 conventions above;

else (r is negative , the impleinentor allows representation
in base-~ r~~, and the host n iachine uses complements representation
of integers ):

If 1<0:
Let b be the bit pattern representing the inte ger i in the host machine.
let i’ be the positive integer with binary expansion b
(i.e., with no special interpretation of the si gn bit).
Let 

~~
g be the base - In representation of I’ ;

else , let ~~ be the base - I n representation of i: ’

We assume that the notion of balanced (or “matched”) parentheses is under stood.

The following function. PRIN1. is the basic output function in the VM. The specification of
PRIN 1 is recursive: PRIN1 is called several times from within the specification. We assume
that the notion of the “top-level ” call is understood to mean an invocation not contained within
the specification below.

P R I r l 1[ x :f i l e~ Check F i l e  Na m e f i l e  for output  and use f i l e imp l i c i t l y below .
i et pos he the  conte nts of the position field of fi l e .
Let l n l en be the contents of the 1 inc length field.
Set the temporary car pr i i i L level field to the contents
of the car print l e vel field.
Set  the t e m po ra r y  cd r print level field to the contents
of the cil r p r i n t  l e v e l  f i e l d .
If  f i l e  is 1 , s e t  p lv l i i g 1.0 1:
e l s e i f  ~i..~LLfl~~LL.c . s e t  p l v l f t g to 1;
else . s e t .  p l v l f ly to NIL .
(flute: p i v l f l g  is set to I when PRIN1 is to be
sens itive  to the p riii t level f i e l d s  — -  i .e., te rm i na te

4 the  p r i n t i n g  of I ists after a certain depth/len gth.
The v alo ,~ of t he I i t c i a l  A l um PIV I Fi t  f F 1 1  il et e rni ine s
w hether the p r i n t  levels are to influence output to
f i Le s o t h e r  than the ter mn i iial ,
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It L I T A T O M [ x J :
a let n be the number of characters in the nam e of ~~~.

If 1nlt ’ a >~ 0 aid ~,~~+n )ln i e n ,
write a carria ge return character.

W r i t e  the name of x .
Return x:

e l s e i f  F IXP [x ] :
Let r be the contents of the radix field.
Let seq be the base- n  represen ta t ion  of x .
Let n be the number of characters in i~~

.
If lnl en )=0 and j~g~s+n> ln1 en .

wr ite a carriage return character.
Wr i te ~~~~~~~

R e tu rn  x :
e l s e i f  F L OA T P [ x ] :

Let seq be a cha rac te r  sequence de f ined  by
<floating point nur :mber ) (cf. Section 10)
denoting the real represented by x.
(T he imnp l ementor is allowed to choose the

I form of 
~~

g d e s i r e d . )
Let n be the number of cha rac te r s  in 

~~~If ln len )= 0 and p~g~ +n > ln 1en .
w r i t e  a c a r r i a g e  re turn  c h a r a c t e r .

Wr ite ~~q
Return x:

elseif STRINGP [x ] :
Let seq be the character  sequence represented by x .
W r i t e  ~~~~~~~

Return x ;
else if LISTP [x]:

If p l v i f l g  and the number of unm atched ‘ ( ‘ 5
p r in ted  by the “ W r ~i t e  ‘ ( ‘  . “ s t a t e m e n t  (see  b e l o w )
thus far  under the t o p - T ev e l  c a l l  to PRIN T is equal
to or g r e a t e r  than the abso lu te  va lue  of the
c o n t e n t s  of toe te m porary  car  p r i n t  l e v e l  f i e l d :

Wr i te ‘ & ‘

Re tu rn  x :
else if p l v l f l g  and the c o n t e n t s  of the tenpora ry
car p rint level field is negative and the l a s t  character
printed by PRI NI was the ‘ ) ‘  wr itten by t Im e “Write ‘ ) ‘

state m ie nt below .
wr ite the carria ge retu rn character.

Let or igx be x.
Let cdrcnt be 0.
W r i t e  ‘ ( ‘ .
(The above “Write ” incre m e n t s  the current number
of u nm atched (‘‘ s printe d thus far , )
Unt i l “x has been p rinted ” (de fined below ), do the
f o l l o w i ng :

(
~ is reset du r i n g  th i s “Unt il ”  loop , )
If p l v l f l g  and the contents of the temporary cdr
p r i n t  l eve l  f i e l d  is equal to cdrcnt :

Wr i te
We now say that x has b een printed and the
“Unt il ”  lo o lm should be i mmm miie d i atel y ex ited.

else i f not I IS IP {x J :
W m ’ i te ‘ .

W r i t e  ‘

Decrement the contents of the temporary cdr print
level field by 1 and s t o re  t I me r e s u l t s  hack in the
temil por ary  cdr p r i n t  l e v e l  f i e l d .

_____________________
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PRJN I [x; fil e ] .
Incr ement the c o n te n ts  of the temporary cdi’ print
level  f i e l d  by I and store the resu l t s  back in the
temporary cdr pr int leve l  f i e ld .
We no w say that x has been p r in ted  and the
“Un.t i l” loop shou ld  be imm ediatel y exited,

e l s e .
Decrement  the con ten ts  of the te m porary cdr pr in t
leve l  f i e l d  by I and s to re  the resu l t  back in the
temporary cdr pr in t  level  f i e ld .
P R I N I [ C A R [x ] ; f i l e ] .
Increment the contents  of the te m porary cdr print
leve l  f i e l d  by 1 and store the results back in the
temporary cdr p r in t  level field.

Let x be CD R[x] .
If x i s  NIL , we say x has been p r i n t e d  and the
“Until” loop should be immediatel y exited.

W r i t e
If p l v l f l g  and the number o f u n m a t c h e d  ‘ ( ‘ s
printed by the “Write ‘ ( ‘  . “ s t a t e m e n t  ( s e e  a b o v e )
thus far under the top-level call to PRINT exceeds
the absolute value of the contents of the temporary
car print level field:

Write
We say that x has  been printed and the “Until”
loop should be imme d iate l y ex i t ed ;

e l s e , c o n t i n u e  the “ Unt i l”  loop.
Wr i te  ‘ ) ‘ ,
( T h i s  “ W r i t e ” decre m ents  the cu r ren t  numliber of
unmatched ‘ (  ‘ ‘ s p r i n t e d  thus f a r . )
Return or iq x:

else , write some (unspecified ) sequence of’ characters.

Note that for objects other than Literal Atoms, Numbers, Strings, and List Cells the VM does
not specif y the sequence of characters printed (beyond the requirement that some sequence
be printed).

PR I N 2 [ x  : f i l e :  rd tbl  ]
Check F i l e  Name f i l e  for output and use f i l e  i m p l i c i t l y below .
C heck  Read l a ble  rd t h l  and use rdt b l  i m p l i c i t ly b e l o w ,
Let pos be the contents of the pos i t i on  f i e l d  of  file.
Let l n l en be the contents of the l i n e  length f i e l d .
Set the tem i pora ry  car p r i n t  l e v e l  f i e l d  to the c o n t e n t s  of
t h e  car p r i n t  l eve l  f i e l d .
Set the t em porary  cdr p r i n t  level  f i e l d  to the contents of
the cdr prim i t level field .
If t i l e  is I , set p lv ! f l g to I;
els e if P L V t F I I E F I G . set pl v l f l g  to 1;
else , set p l v l f l g  to NIL,
( fJ n t.~~: p l v l f l g is se t  to I when PRI N 1 is to be
s e n s i t i v e  to the p r i n t  l e v e l  f i e l d s  - -  i.e.. terminate
the pr i n t i n g  of  l i s t s  a f t e r  a c e m ’ t a i n  d e p t h / l e n g t h .
Th e value of the I i ter al Ato i:m Pt Vt F I l E  E l C det~:rrn i nes
whether the pr i nt levels are to influence output to

L files other th an tIr e terminal. )

If t iIA IOM [x~~:
Let seq he the character sequence formed from
I.Ime na r me of x h y  p lacin g a ‘<percent> ’ character
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immediate ly  be fo re  every  character , c ,
in the name of x such t ha t :

C i S  a break cha racter , a separator  character ,
or an ESCAPE c h a r a c t e r , or c is  a read macro whose
escape f lag  com ponent is ESC QUOTE.

Let n be the number of charac ters  in ~~g.
If ln len >~ O and ~q~+n > ln l e n ,

write a, carriage return character.
W r i t e  ~~~~~~~~

Re tu rn  
~~~If F I X P [ x J :

PRIN I[x ; f i le ] .
If the contents of the radix f ie ld  is 8 , w r i t e  ‘Q ’
Return ~~;

e l s e i f  FLOATP[x ] .  PR IN I [x : f i l ej :
e l s e i f  S IR INGP [x ] :

Let seq be tIm e cha rac te r  sequence formed f’ro m n
the cha rac te r  sequenc e rep resen t ed  by

~ x by p lac ing  a ‘ < pe rcen t > ’  c h a r a c t e r
immed ia te l y  before every  charac ter , c ,
in the charac te r  sequence represented  by

H x such t h a t :
C iS a break c h a r a c t e r , a sepa ra to r  cha rac te r ,
or an ESCAPE c h a r a c t e r , or c is a read macro whose
escape f lag com ponent is ESCQUO T E.

Wr i t e
W r i t e  ~~~~~~
Wr i te
Return ~~;e l s e i f  L ISTP{x ] :
(Sa m e s p e c i f i c a t i o n  as in t i le LISTP [x] clause
in PRINI except that “PRIN2 ” should be used instead
of “PR IN I” (and “ r d tbl ” should be added as a third
am gument in those PRIN2 c a l l s ) .

e l s e ,  w r i t e  some ( u n s p e c i f i e d )  sequence of c h a r a c t e r s .

PRIN3 Ix ;f i l ej  (Sa me s p e c i f i c a t i o n  as for PRINI except that
a l l  s t a t e m e n t s  i nvo lv ing  the m e t a - v a r ia b le  pos
and all statements involving the m ac ta-variable l n l en
are l e f t  o u t . )

PR IN4 [x ; f i l e ;  rd tb l ]
(Sa m e s p e c i f i c a t i o n  as fo r PRI N2 excep t  that
all statem ents involvi n g the met a -vari ab le pos
and all statem ents involving ttm e m ac ta-variable m ien
are left out.)

S P A C E S f n : f i l e j  If n~ 1’J I L .  let n be I:
e l s e i f  not  F IX P [ f l I ,  le t  n he F IX [ r m l .

I f  n<0 . let n be 0.

l e t  str be a S t r i ng  of length n . conta ining n
space ( i . e . .  ‘ ‘ ) ctmarac t er s.
P Fl I N I { s I’ : f i l e  ~JReturn  NIL.

Note: SPACES is used so frequently it is best implemented so as to avoid actually
con structing a new String str.
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T E R P R I [ f m l e ]  Let s t r  be a Str i m i g c o n s i s t i n g  of a s ing le
c a r r i a g e  re tu rn  c h a r a c t e r .
P R I N I [ st r ; f i l e ).
Return  NIL .

PRIN1 N; f i le ;  rdtb I J
PR I I i2 [x : f i le : rd tb l ] .
TERPR I [fil e ].

LINEI .ENGTH [n] Let old n be the representation as an
integer of the contents of the line length field.
If n is NIL , return oldn.
I f not FIXP[m i) , let n be FIX [n].
Set the line length field to the integer represented by n ,
Return o l d n .

PR I N T LEVE L [c a rva l  : c d r v a l ]
Let o ldva l  be CO NS [ o ldca rva l : o ldca rva l ] ,  w h e r e  o l d c a r v a l
is the representation as an Integer of the con ten ts  of
the car pr int  leve l  f i e l d ,  and o ldcd rva l  is the
represen ta t ion  as an Integer of the contents  of the cdi’
p r in t  level  f i e l d .

If L ISTP [ ca rva l ]~Let cdrva l  be COR [ carva l } ,
Let carval be CAI1[carva l].

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

If cdrva l is not NIL:
Set the cdr print level field to the integer represented
by FIX [cdrva ll .

Return o ldva l .

RADIX [n ] Let o ld n be the repr rsent.at ion as an
Integer of the contents of the radix field.
If n is N IL . return oldn.
If not FIXP [n J . let n be FIX [n ].
If tile imple m entation does not allow
the radix field to contain rm (i.e.. the im plementation
does not allow base-n representation as defined above),

cause error 21 with culprit n.
Set the radix field to the integer represented by n.
Return old n.

27. INPUT

The input routine s are responsible for transferring characters from hles into the VM. Th ese
routines parse the incoming sequences into objects. accordi n g to information contained in
Read arid 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
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dynamic str eam 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
point er from which to fetch , and must int erpret the resulting character in light of the Read
Table in use.

The proc ess of reading fro’m the terminal is even mor e complicated due to the involvement of
a Terminal Table. W e 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 unspe cified length . used to hold character s 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 deposited into
the system input buff er . Whenever an input request is made by the VM , character s are
fet ched 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 acc ept
charact ers even while the editing operations or other computational processes occupy the line
buffer (thus, the system buffer is at a very l~ w level), and the method by which the line buffer
is filled from the system input buff er 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 th e line buffer simply as “the buff er ”.

Definition: To “fill the buffer until p”, wher e p is some statement describing a situation means:

“En the following. use the system input buffer im a p l icity
for all fetches, the ter mnm ina l for all wm’ite s , and whatever
Read Table has been distinguished as the one in use.

Until the buffer is “full” (defined below ), do the following:
If the buffer is replete ,

the buffer is said to be “full” and the filling process
is complete. and the “Until” should be im m ediatel y exited.

F e t c h  the  next c h a r a c t e r , char ,

If  char’  is  l ower  case  and the l o w e r — t o - u p p e r  case  c o n v e r s i o n
er ode f i e l d  i s O . let char be the corresponding upper c a s e  c h a r a c t e r ,
If the g loba l  echo mode is T.  w r i t e  cha r .
Let class be the ter m inal syntax class of cha r .

If state nmem i t p is true or class = WAKEUPCHAR or char is a read
m acro (in the distinguished Read Table ) with wakeup m ode WAKE IIP:

If char is lower case and the lower-to-upper case conversion
mode is I , let char he the corresponding upper case character .
Deposit V!r~ti in the buffer .
lIme buffer is now said to be “full” , the f i l l i n g  process
is com rmp Fe te. and tIne “ U n t i l” should be irwr i ediate ly ex ited;

els ei f class = C I- IAR D EIE TE
If the buffer is enm pty:

Write the [MPIYCFII)EI deletion com ;tr ol message;
else:

let old ch ar he the character code fetched from I i rn nm ediate l y
before char was fetched (note that this is
not necessaril y t h e last character in the buffer).
If oidm:hr ar was the CHA IWEI LIE character code.
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write the NTHCHD EL deletion control message:
e l se , write the ISTCHDEL deletion control message.
If the deleted character echo mode is I:

Let char ’ be the character in the line buffer field
indicated by the depo sit pointe r.
Write char ’ .
If char ’ was preceded when fetched by an ESCAPE character , escchar .

write escchar.
Decrement the line buffer deposit pointer field by I
and store the result in the line buffer deposit pointer field,
If the next ch aracter to be fetched is not the
CHAR DELETE character , write the POSTCHDEL deletion control message;

el seif class = LI NEDE I .ETE:
Write the L INEDELETE deletion control message.
Clear the buffer;

elseif class RETYPE:
Write the carriage return character ,
Write the character sequence curr entl y corresponding to the buffer;

e l se i f class = CTRLV:
Fetch the next character , char.
If char is the ~equiva l en t 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 correspondin g 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 1, let char be the corresponding upper case ‘character.
Deposit char in the buffer.

Continue the “Until” .”

1
Convention: If no statement p is supplied for a lifting 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
say ing deposit exactl y one character in the buffer and then consider it “full” .

Of course. in general . the statement p just allows higher level routines to spec t fy condition s
under which the buffer should be considered to be full (e.g., when a matching right
parenthesis is fetched).

Not e that whether the buffer is “full” depends upon the process which controlled filling it,
The buffer is “replete ” when every fi eld 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. precisel y like the system input H
buffer.

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

Definit ion: To “read a (or the next) cha macter . char , from (File Name) file (f i l l ing until p)” .
where char denotes a meta-variabl e means:

“If file is T:
If the l ine buffer is empty:

If the control node is 1 , f i l l  the buffer until p ;
e l s e , f i l l  tlw buffer.

fetch the next c haracter , c , fro m the buffer.
If the r’e is a dr ibb le  f i l e . wi’,i te  c h a r a c t e r
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c to the d r ibb le  f i l e .
e l s e i f  f i l e  is an a d d r e s s a b l e  f i l e :

L e t  i be file pointer of file ,fj.,Le.
If i is equal  to or greater  than the end of f i l e  po in te r  of flLe:

C L O S E F [ f i l e l .
Cause error 16 w n th culprit file.

Fetch tim e character . c . in field I of f i le.
Set t i me f i l e  po in te r  of f i l e  to 1+1.

e l s e , fe t ch  the next charac te r , c , f r o m  f i l e .
Let char be C. ”

Note that if the file is T, the character is actua ll y fetched from the line buffer. Note also that
the parenthetical clause specifying the statement p has no ef fect  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.

Definit ion: The following rather uncomfortable phrase: “Let seq be the sequence of characters
obtained by reading from file (fil l ing until p) until q”, where seq denotes a meta-variabl e,
means “Let s_eq be the sequence of successive characters obtained by reading characters
from file rep eatedly until condition g is satisfied (with all fill operations to be done being
governed by statement p).”

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

Defini t ion: If char is the first character of a character sequence we say that “char is a
read macro in i ts 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 fie ld. the read
macros enabled field of the Read Table in use contains T, and either ( 1) context  is ALWAY S
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 he expanded as soon as the READ routine sees it
in the line buffer. But if its context is ALONE it is riot possibie to determine whether the read
macro is in its context until the next fil l operation has been completed (making tIne following
character available). Thus, it s expansion would be delayed.

It is convenient if programs can discover whether they are executing “under ” a call to a read
macro. T herefore. whenever a read macro is evaluated , the frame extension associated with
that activation is rmiarked (in the temporaries f ield). There are two kinds of marks: one
denoti n g an “armed” call to a read macro. and one denoting an “unarmed” call to a read
macro. The di f f erence is that certain situations cause errors when they occur omider armed
calls, arid do riot cause errors under unarmed calls. The user can change time mark associated
with a read macro act ivat ion by using t h e  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
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the characters in the syntax classes LEFTPAREN and RIGHTPAREN by m erely cons idering (for
the purposes of matching or balan cing 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. Essentiall y. ESCAPE allows the next characler to be treated as though it had
syntax class OTHER. The LEFTBr~ACKET and RIGHTBRACKET classes contain “super-
parentheses ”.

Definit ion: By “observe the ESCAPE guidelines ” we mean:

“Iii the followin g , if an ESCAPE character is ever
f e t c h e d  in to  the l i ne  bu f fe r , the character should be ignored , the next
character , char , should be fetched ari d used in i ts  p l a c e , and
that occurrence of char should be treated as thou gh it had syntax
class OTHER. ”

Definit ion: By “observe the LEFTBRACKET and RIGHTBRACKET guidelines” we mean:

“In the fo l low in g , if a LEF I BRACKET character , char ,
is fetched into the lin e  buffer:
We say that it is a m  “unmatched LEF I BRACKET” (until a matching
RIGHrB RA C KET character is fetched ).
Treat th is occurrence of char as thou gh it were a LE FTPAREN ,

In the follow i n g ,  if a R IGHI B RACK E T character , char , is fetched:
If a s t i l l  unn ma tc h ed LEFTB I?A CK E T has been fetched :

(Below we consider char to de m m ote t u e occurrence of the RI GFII BRACKET.)
Let  char ’ be the last un m a t c h e d  occurrence of a LEFTB RA CKET.
(We say t hat char ’ is now matc h ed.
Let n be time num ber of unmatched LEI’ T PARE ~J c h a r a c t e r s  f e t c h e d
betw een char ’ and char .
Treat char as thoug h it were a REGHf PAR EN character , f o l l ow e d by
n add itional R IGHIP AI IEN characters:

else :
4 Le t  n be the  numlO er of’ still un m atc h ed I EF T PAR EN characters fetched.

II n i s 0 , treat char as t hou g h  it were a R IGH T PAR LN character:
e l s e , treat char as though it were a R IG H IPA IIEF J character
followe d by n - I R [GHfPA REN char acters. ”

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 specif icat ion 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 [f il e :rdtb l ;t ’l g]
( I ~~ k F i l e  !:T m me f i l e  for i m m f mut amid use  f i l e  im p 1 c i tly be low:
C im ~ick lead Table rdtb l amid use m ’d t hi l i m p l i c i t l y below.

In tim e fo l l o w i n g ,  any read m acro character w ith
co n text A I WAYS is to be treated as though it
were  a bm ’ e a I  c h a r a c t e r .

In the following, eve ry f i l l  operatio mi is to
kee im i.rack of tim e ba I anced LEF I PA REN , LEF IBRA C KET
RIGII I PA IhEN . ami d RIGFI I BR A C KE I characters from
t he  top - l e v e l  c a l l  of REAl ) , and al l  f i l l  i m m g operations
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are to be m ion e as thou gh the commt ro l f i e l d  of the
pri i ’iary Terminal labl e w ,-mre 1 ami d u n t i l  a m atchin g or
unm atch ed RI GII I PA ITEN or RIGH 1BR ACK LI is fetched into the
line buffer. At the ti m e that cha racter is fetched ,
i f  f i l e  is T and fjg is non- N IL , the carriage return
character is to be written to I .

Observe t he , ESCAPE.  LEE IB R AC KET , and R i GH IBRACKET guidel ines,

Let c har be the nex t characte r to be read.
If c har is a separator character . read characters until
the next character , char , is not a sen arator character.

If char is a STR INGD ELIM:
Read character char and igno re it.
Le t  seq  be the s e q u e n c e  of c h a i ’ a c t e r s  o b t a i n e d  by r e a d i n g
until the next character to be read is a STRINGOEL IM
(ami d t r 0 a t  l,E f I P A l E ~~, L E F J 5 , ) r ,CK ~~T .  R I G H I PA R E N ,
and R I G H T U R A C K L I  c h a r a c t e r s  as though they had
syn tax class OTHER - -  i .e., do not consider them for
the pu m’p oses of balancing).
Read tim e final STI ?IN GDEL IM and ignore it.
Create amid return a new String with pna m e q.

elseif ’ char is an (unmatched ) R IGHI PARE N :
Return N [L:

el se i f  c h a r  is a L E F T P A R E N :
Read tim e L E F T P A R E N  and ignore  i t .
A s s e r i b l e  a mew L i s t  S t r u c t u r e  in the f o l l o w i n g  w a y :

(We say  a L i s t  S t r u c t u re  is being assem imbled .)
Let anscell be CON S [N IL:N IL ] .
(,~!L~~e ll w il l  be used as what the IFJ IERL IS P
Reference M anual c a l l s  a TCONC -l i st: its CAR

- - w i l l  gene r a l l y conta in a proper l i s t
and its CDR w i l l  contain the last l i s t  cell iii the
CDR-c ha in of that proper list. )

until the m i ext cha m’a c l.er . c h ar , to be read
(by a ny recursive c a l l  to READ below )
is time RIG H IPA I) LN n m m t c i m  im i g the LEE IPA I1EN
j u s t  re a d , do the fo l  low ing:

If char is a SPLICE type read m acro
in i t s  c o m i t e x t :

Read c h a r .
- I Le t  , r macva l  be the r e s u l t  of e v a l u a t i n g
- 

- 
~gç~~[ f i ie :  rd t h l  ] , w im e r ’e bo~y is the

- 4 v a l u e  of t im e  b o d y a t t r i b u t e  of read macro char .
iii a f ra m e e~ tei ms io u marked as ar m r med
( s e e  No te  b e l o w ) .
! f  nm a i: v ru l is  a L i s t  C e l l :

L e t  l a s t c e l  I he tim e l a s t  l is t C e ll in the CDR
c h a  in of  m u  v i l
Le t  Ia s t c d r  be C D 1 T [ l a s t c e l l ] .
If _I - 

t~~i ir ’ is m inim —N L i :
- ~‘ ( 1Ii ~ n nim ’mr ~~mi l is a not  a proper  l i s t . )

l’hm ke r m m n va  I a I r m ’ o h e r  1 st hy i ’ep l ac i rig
tim e CDR of l~~s t c e~~I w i t h  a mew o r o r m e ”  l i s t
of le r mm j t li 2 w i i i i  the I i t e r . u l A t m  . as
it s  f i r s t  e l m m i r ’ m m t a r m il Io ~~t ih’ as its second;

e l s e  i f  r m a c v a l  i s  min i m N IL
(lii~~ii mac v a l  is not a proper lis t . )
P o k e  ‘ la rva l  a p r - ..~me r I n s t  l y l e t t i m i g
ma c v a l  be a new p rope r  l i s t  of  l e n g t h  2 w i t h
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the Literal A t o m  . as its first elem ent
ami d m a c v a T  as i t s  second .

(f l ow nmi acva l  d e n o t us  a proper  l i s t . )
I f  m acval is non -NIL:

Let i astcell be the last List Cell in the
CUlT chain of macval.
If CDI1 [an sc ell ] is NIL:

RP [A CA [an scell :l astce l l ] .
RP LACD[a ns ce ll; lastce l 1];

e l s e :
- .. R P L A C D [ C D R [ a o s c e l l ] ; l a s t c e l l j .

RPLAC D [a iis cell:las tce ll ]:
else if char is an INFIX type read macro in its
Conte x t:

Re ad cha r .
Let rm ac val he the result of evaluatin g
bod~ [ f i l e : r d t b l : a n s c e l l ] .  where  ~~4y
is t ’ e value of toe b o d y  attribute of read

m a c r o  c h ar , in a fram e extension marked as armed
( see  Note  b e l o w ) .

~ Ass u c r ~ m a cval is a List Cell whose CAR
contains a proper list and whose CUR contains the last
List Cell in tim e CUR chain of that p”oper list.
Let anscel l be rna cva l

else:
(We will not ‘make a special case
above for reading MACRO type read macros
whi l e  asse ma t m l m n g  List Structures.
These are handled outside the context of
assembl ing L i s t  Structures (below) and are
handled i side List Stm’u ctures without further
special consideration by the READ call in
this “else ” clause.)
Let in acva l be COFJS [REAU [f il e: rd t bl ] : Nil. ]
(note recurs ion ).
i r  C v R f a n s c e l ) J  is NJ L :

R PL ACA [a ;m sc e ll ; mmma cva l ]
R PLACU [an sce ll : mmi ac v a l ] ;

else:
4 I T P L A C D [ C D R [ a n s c e l l j : i ; i a c v a l ] .

R P L A L D [ S ce I I  : m nr acv a l ]
Rea d the r m a tc hi ng ITlIHI PA FTEN and i g miore it.
Le t  a mm s be CA R [ a n s c e l _i] .
(arm s sh o uld be a proper list.)
If an u s has more t han  2 elements:

i.et l a s t c e l l s  be the second fm’ omi time last List Cell
in I.Ime CUR c ir a inm of arm s.
I I ( A l- , [ mis el ls ] i ~ tir e L i ter ’a 1 A t o m  . ami d was
e m t h ’m ’ 1 )  m r o m i u m e m l  Ny a rec ursive call to READ
(in time else-clau se of tire until above)
w h m c h m u d  tire m t m a r , m c t e r  ‘ . ‘ m a t  p r e c e d e d
b y an E: A l l  or (2) was one of ’ t h e  two occum ’re mmces
of . i m m t r m o h i j c e m i  i mm o rder to r m ia k ~u r m r a c v a  1 a Im ope r  1 is t
(in the SP L ICE read ‘macro clause above),
pe r t  om ’r li DPI A C if c ob i s :  CA II[C I) l l [ l a s t  c~ 1 1  s ] ] ] .

(We hav e mow c um imp I Led as s~~ib I i rig t Im e I. is t D t r uc  L u r e .
Re t u r n  ans :

L e l s e i l  ch am ’ is a read m acro in its con text:
Read cha r .
If time type of char is MACRO:

let n ac v al tie tim e result of evaluatin g
h m o l y I f i i e : r ’  m i i .hl ] , whe re  bod y i s  tim e
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value of t im e body attribute of read macro c i r a r .
in a frame extension marked as armed (see Note below).
Return mi a c v al:

e l se i f the type of cha ,r is SPLICE:
(Note tha t occurrences of SPLIC E read macros within
L u s t - S t r u c t u r e s  ms t i a mrd le d  above. )
Compute and ignore the r e s u l t  of e v a l u a t i n g
bo ml , y{ t r l e : r l t b l ] .  w h ere ~~~~~ is t he
value oh th e body attribute of read macro char ,

- , imm a fram e extension m arked as arm ed (see Note below).
Return  I T E A D [ f i l e : r d t b l ] ;

e l s e  ( t im e type of cha r  is I N F I X ) :
(Note that occurre nces of INFIX read macros within
List Structures is handled above. )
L e t  m a c v a ]  be tir e u ’esult of evaluatin g

~~~~ [ f i l e : r d t h l  N I l ],  w h e r e  ~~~~~ i s t h e
value of the bod y a t t r i b u t e  of read rmm acro char .
in a fra i re cc tens ion nam - ked as armed (see Note below).
If not LISIP[n acva l ] or if CDR [macval ] NIL:

Retu rn  P . E A D [ f i l e ; r d t b l ] ;
e l s e i f  C A R [ n m r u c v a l ]  = CDR[ u iac v a l ] ,

r e t u rn  C A l i [C A IT [mn acva 1]]
e l s e ,  r e t u r n  C A H [ m a c v a l ] .

else:
Let cha ri st be tim e proper list  of Characters correspo n ding to
the sequence of characters obtained by u’eading at least one
character ami d until the next character to be read is a break
or separator chi am’acter.
Return PACK[c imar lst].

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 riot assembling a List
StrUcture (at some level), the ch;~racter should not be removed Irom the file (or line buffer)
and error 37 v.’iUm culpr it NIL should be caused. If the call is assemblin g a List Structure and
the character to be read is a RIGHTBRACKET, it should be re md (i.e.. used as the result of the

- ‘ read procedure) hut oct renmoved from the file (or line bulfer) unless it was m: tched  by a
I- ‘ LEFTBRACKET read by the internal call. This allovis 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 prese n ted wr t h the character
sequence ‘(A B S C)’ s’ihere ‘S’ is a read macv then a call to READ w ihh m n the body of ‘S
may road the ‘C’ . However , if a second call to READ in or under the body of ‘S attempts to
read the ‘ ) ‘ an error is generated. If the too-level call to READ is prese h m - d  wi th ‘(A B S (C))’

1 1 the body of ‘S i s permitted to read the ‘ (C)’ viith an inner READ, but an error would occur if
an attem pt to re id the second ‘ ) ‘  was made. since no L. rs t Structure /.‘~ S being o5~ en1bled in
the inner READ. Finall y. if ‘(A B S ( CI ’ is prc’sumilr d . the call to READ in ‘S C,IH read the ‘I’
since it is asseiulsNnu a List Stru ct ure. but t Ine ‘ j ’ should riot h e  r e rm m -ved from the line buffer
so that the top-level cal l to READ “.ill still see it.

SE T RE Al)FIAC IT OF G[ f l g ]
If I h e ; e is  a f r a c m e e t - .  is  i 0m m in t im e ci m m m k chain
of • act fr an, • wi m i c h  m s i n  r r k e r l  as e i t im er an arme d or
u na r me d c a l l  to a r e a l  mu m r m - o :

i t  f r m ” m e  be tir e I i r \ t  such fra imm e .
I I  I m o’’r’~ r~ rim  m . e r h is a r - c - r e d . l e t  ol d f  1 g be I :
else , l et o l di Im j  be NIL.
I f  l l g  . n ick I acne as a ‘mmmcd

1 . m r rr~ I r’ a~!m , ’ as un a rm lmmm d -

Retu rn  ~j Qf jg :
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else , return NIL.

INREA [)MAC IbOP [] If there is a frame e x t e ims ion in the clink
ch a in of •actfr arm e which is nm iarked as an arr .ied
c a l l  to a read macro :

R e p r e s e n t  and re tu rn  as an Integer
the n u nte r  of L i s t  S t r u c t u r e s
be ing ass embled b y t he various recurs ive
calls to READ under t ime top-level call to

• READ under whic h the read  macro  is  be ing e v a l u a t e d .
else , return N iL.

SKREAD{ f i l e ; re read s t r ]
Check  F i l e  Flame f i l e  for  i m r p u t .
Let ptr be time f i l e  pointer of fi l e .
If rereadstr =FJ1 L. let re rea d str he the empty String.
Let n be the num ber of characters in the pnane of rerea d str.

Let newpt r  be tim e value that wo uld be found in t I-m e f i l e  poin ter
f ield of fJj.n~ if tire f ollowin g h y p o t h e t i c a l  situat ion were
t ime case and READ [h ’ile;O ITI G ] had just been pei ’forrned:
The ii characters in f i l e  preced 1mg t Ime one ad ;l m -ess ed by

xo~re timos o of the pn a r ie of r x m r e a d s t r  and tne f i l e
po i n t e r  of f i le were positioned at the fi rst character in
this hypothetical occurrence of rer eadstr.

If newp tr > ptr , set the f ile pointer of f i l e  to m mewptr.

If the hy p ot imetical READ would have iunm nediate l y encou n tered
a ‘ ) ‘  chraracter .

ret u m’ m m the Character ‘

else if this h ypothet ical READ would im ave encountered
any unmatched r ight paretheses (or brackets),

return t ime Character ‘ ] ‘ ;
else, return NIL.

RE ADC [file ] Check F il e  Nam e file  for input.
Read an d return the next Character from f i l e
(f i l l i n g  um i ti l U.

P E E K C [f i l e : f I g ~~Chcc k F i l e  Name f i l e  for input.
If f ig , the n in the fo l l o w i n g  read operation
proceed as thou gh the control field of the

~ermn in a I l a b le in use contained T.
Let c har’ l ,~ ti me lies t Character to be
rea mi frumn t i l e  ( f i l l  in’j u n t i l  1) but do
not r e l ieve t Ir e c h a r a c t e r  from the f i l e  (or line buffer).
lie turm i ch a r

T S IPIN m [f i l e :r nl t b l ]
(.hm e ck F i le iJa r ’ m e f i l e  for  immput.
C u e d  Ro a n l a b b e  r d t h l  ami d use r ni t hl icm p l mc i t l y b elow.
O h n s e ;  ~e I I ; ; ESCAPE g u i d e l i n e .
l e t  se q be the s muq u e nm r i ;  o f  c h a r - a c t o r s  o tn t a  n e d  by n’oini m m m r j fu’o rr
f i b ’ ;  ( f i l l  i mm g u n t m l  a bre nk on’ s e r m , l r a t o l ’  c f m a d ; i c L I ’ ;  i s  f e t c h e d )
tint 1 time (rest c i nar a cter to tm ’~ read us a Ir ea k or seinam ’ator
c hm a iac ter .
( N o t .1 th at  se_q r a y  ire t im e empty seq u e nc e  -

Cr n~~te an nt re tu rn  a new St r  ing w i t im  seq
as its pnar ne .
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RAIOM [f l ie; rdtb I]
Check Fil e  Name fil e for input and use f i l e  i m p l i c i t l y below.
Check Read table rdtb l and use rdtb l i m p l i c i t l y below.
Observe the ESCAP E guideline.
In the followin g , all f i l l i n g  ope rations are to be
do n e unt i l  e i t h e r  time fir st break character is
fetched , or until t he  first separator char ac te r
f o l l o w i n g  a non -separa tor cham ’acte r is fetched.

If the next character to be read is a s e p a r a t o r
ch aracter , read character s until the next character
to be read is a non-separ ator character.

Let c imar l st be the prope r list of Characters
corresponding to t ime sequence of characters obtained
by read ing  one character and then continuing
read l u g  until the nex t character to be read
is a break or separat or character.
Return PACK [c har lst ] .

LASEC [file] Check File Name file for input.

• If no c h a r a c t e r  has been read f rom f i l e ,
m’eturn ommm e (unspecified) Characte r;

else , return the last Character read from f i le.

R A I E S T [ f l g ]  Le t  seq be the sequence of characters parsed
b y the l a s t  call to RATO Il or READ (whichever
w as roost  r e c e n t l y exe c u t e d ) .
If ~~g was  not parsed into an Atom (i.e., RE AD
was tim e last called and it did not return
amm Ato nnm ) :

Except for the requirement that no error
be caused , RATES T is unspec ified in this
situation ;

elseif fIg = 1’ :
If seq was preceded b y a separator character ,

re tu rn  T :
e l s e  re tu rn  NIL ;

e l s e i f ~jg = NIL:
If ~~~ consisted of a si n g l e  break character .

return T:
else return NIL;

elseif fIJI = 1:

If ~~q conta ined  an ESCAPE .
return I;

e l s e r e t u r n  NIL.

The following three functions allow the user to manipulate the contents of the line buffer arid
the system in put buffer. We assume the exrste ni ce of two additional buffers, used by
CLEARBUF to hold characters removed from ti -me two standard buffers.

D elmnu t mo n: The “LINBUF-buffer ” is a buffer of the same len gth as ti m e line buffer. Time
“SYSRUF-bufler ” is a buffer of the same leni gt lm as the system input buffer . T f m c ~se four
buffers and the two interrupt buffers are all distinct.

I3IJFP [] If the l i n e  b u ffer is empty. return N I L ;
e lse , r e p r e s e n t  ami d r e t u r n  as arm I n t e g e r
the nu m ber of c h aracters cur reum t l y in the
l i ne  hi r f  f o r  ( t i me contents of its de lm os it inn j i l t e r )
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REA I )P [fi le :fl g j Cine ck F i l e  Nam e file for input.
If f i l e = T :

If ~UFP [J:If fl,,g. re tu rn  T ;
else if PEEKC [T: T ] is the EOt Charater in
tim e p r i ma ry  Ie r r nu ina l  T a b l e , re tu rn  NIL;
e l s e , return 1:

else , return NIL;
e l seif the file pointer of e is  l e s s  than
the end of f i l e  pointer for file:

If’ ffg. re tu rn  1;
elseif PE [KC [file ] is the LOL Character in the
pri m ar y I em’n i ina l lab le , return NIL ;
else , retum ’n I:

else, return NIL.

cLEA RB u F[ fl g ] If fig:
If the l im ; e buffer and the system input buffer
a re  b o t h  e nn n p t y .  return NIL:
e l s e :

Copy tim e l i n e  b u f f e r  i n t o  the L I N B u F-bu f f e r .
Copy the system buffer into the SYSBu F-buf fer .
Retu r ’ n NiL;

else:
Clear the l ine buffer ,
Clear tI-r e syst en’m input buffer.
Retu rn  N I L.

L IN BUF [fl g] If fig:
If the L I t I B U F- h u f f e r  is empty , re turn  NIL;
e l s e .  c r e a t e  m m d  r e tu rn  a new String

- - I re present in g the chara ’ - o r sequence corres ponding
to the L I I J B u F - b u f f e r ;

e l s e :
C l e a r  the L I N ! J I J F - b u f f e r ,
Return NIL.

S’YSBUF [flg] (Same specification as LI NBUF ex cept that
“SYSBuF- huffen’ ” is used in stead of “ L I N B I F - b u f f e r ” . )

BK I.INBU F [stri If SIRING P [strj :
C lear  t i re l i n e  b u f f e r .
For every successive cha racter , char , in str
(or until the line buffe r is replete ), deposit char in
tIm e l i n e  b u f f e r .
Return str.

BIKSYSBUF [str] (S a m e specification as BKI INBU F except tha t
“system input bu t f e r ” is  used i n m s t e a d  o f
“ l i m e  huff er ” .)

F II E P O S [ p a t : f  i le :  s t a r t  end :  sk ip;  to il]
Clme c k F i l e  N m n mi e f i le for im nput -

If s ta i ’ t= l\ i I l  , let start b~ t E l l  II E PIR [fi) e ] .
if end =N IL , let end lie GE T FO F PI1T [f ile ] .

If not h-IXP [st ar l ] , let s t a m ’t be F IX [sta rt].
If not I I X P [ e m n d ] .  let en mi be F l X j en nh ] .
If e it h e r  st a rt or end is less t h a n  0 or greate r
than GFt E O F P l R ~ f ile ]. cause error 17 wit h
culprit COIJS[ “Att empt to read ina s t e n d of f i l e ”].
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If there u s an integer , i , s t a r t  =< < end ,
such t ha t  the pna n ne of p,~ and the pa t len  long
c h a r a c t e r  sequence containin g the charac te rs  in f i l e
s ta r t i ng  w i t h  t h e  1th are equal w i t h  respec t  to the
w i l d  c a r d  s k i p  ( c t .  S e c t i o n  1 2 ) :

Let i be the sma l l es t  va lue  de n o ted  b y sucim an i.
If 

~~~~ 
let  n e w p t r  be the r e p n ’ e s e m m t a t i o n  as arm Integer

of t I- m e immteger  i + p a t l e n ;
else, let newptr be the repre sentation as an Integer
of the integer i.
S E T F [ L E P T R [ f i l e : n e w p t r ] .
Return newptr;

e l s e ,  return NIL.

C O P Y B Y T E S [ i n f i l e : o u t f - i l e ; s t a r t ; e n d ]
Check F ile Fj a nmi e i n f i l e  f o r  input .
C heck Fi l e  Name outfile for output.
If not FIXP [start]. let star t he FIX [start ] .
If not FIXP [end ] . let end be FIX [end].

SETFIL EPlR t infi l e:start ] ,
L e t  b y t e c o u n t  be e n d - s t a r t .
if ~j~e cou n t < 0 , cause error 17 with culprit
CO IJ S [”N eg ativ e nun ni ber of byte s to copy ” ;bytecou nt ].

For i from I to ~~ cog.nit do the f o l l o w i n g :
Read the nex t  character , char , from file infi l e.
Write cha racter c har to f i l e  o u t f i l e .

Return I .

28. STORAGE ALLOCATION

As noted iii Section 2. INTERLISP programs can dynamically create “new ” objects using
“creation functions ” supplied in the VM. An object  is co imsidored “new ” if it is EQ to no
object the user could obtain belore irmvoking the creation functnon. It is desirable to allow the
creation of an anbitrarily large number of objects. But of course. since it takes a certain non-
zero amou imt of storage to represent an ob iect. arid since there is (presumably) onl y a finite
amount of storage available, one can only represenl a f in i te number of objects at any one
tim e. However , most of the time time user cannot obtain all cit tile ehj l c ts he has Created,
si nm iphy because he has discarded all of the references to some of bic n mi . Thus, the
imp lenm ient or is free to collect tinese “unreachable ” objects ammd noose the ‘,t n qe associated
with th em. TImns process is called ‘‘ o.I rh c; dm: ’ collectio n ’’ . If at ;ni y .;i v m n  t ; r r n e 11mm’ ;n’~en bma pp enms
to be able to reference rio more ob jects than can be represen ited at once. garbage collection
provides an illusion of i ni f in mit e storage.

The VM does not require the ex is t f ’ n m ;e of a garbage col lector. (However , t he ut i l i ty of an
imp lennent ation without a qurbage collector will sti l ler greatl y unless e n mornm m o us amounts of
storage ar e available.) Wbm ett ier or na t  a garb..tg e collector is pr -~o ‘ n i t  It is still possnble to
exhaust time a rmmount of physical space ava iiable for the representation of objects. This
docurnermt does not ,~~ocif y tIme act ion taken by the VM when it can u m i f fL i l h f u h l  a quest for the
creation of a nie vi object due to luck of space. F los’ iove n , th at i . imo n must niake it clear to the
user that this situatio n has arisen (rather t lma n , say. n ie neb y begin reusing valid ob j ects) ,

1 1 1
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It a garbage collector is present , tine VM puts very few constraints on its behavior.

The garbage collector may be invoked automaticall y at any tim e. We make the convention that
every garboge colIc ction is initiated in order to reclaim space for the representation of a
r-~~t m c ; Ia’ n- ta t — 1pe T i - s is called t I- me “t yp e” of that activat ion of the garbage collector .
Ga nha jo coilection may a Ir ’~n the sm Ite of the actual machine in any way the implementor
desir es, so lang as t i iO f-;il ~~’~ing conditi on holds:

If the garbage collect ion 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 vihetlmer or not a garbage collection has occurred. with the single
except ion th a t the program may abort or give warn ing 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:

L (1) The “garbage collection message ” field , which contains some obj ect.

• (2) The “garbage collection trap ” field. which contains an integer.

Ti-ic use of these fields is as follows:

If the garbage collection message field contains T, the impl ementor should print (to the
t erminal) some ir mf or rnia t ive message on entry to and on exit from the garbage collector ”. 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 PRIN1[st r;T ] is executed on entry to the
garbage collector. arid no message is printed on exit. If the garbage collection message is
some List Cell (m 1 :rn0). then PRIN1 [mi :Ti is executed on entry to the garbage collector , and
PRIN1 [rn2: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 List CeU is fe f t  to the
implementor.

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

initially, the garbage collection message f ield shall contain T and the garbage collection trap
field shall contain -1.

G C GAG [nmi ess] L e t  o l d mn m e ss be tim e c o n t e n t s  of tim e
gai-hage collection mnm e s sage t ie ld .
S et the garh a ge  c o l l e c t i o n  nm r e ssan j e f i e l d  to T r e s s .
Re tu r im o l d nm iess .

GC IR P[ n ]  h o t  o lml g ct rpn be tim e contents of tt ne

14 in INTEnLiSP-1O. the entry message us snmpiy “GC: ii U- -w ed by t ime iypc of h u e  garbage coilec inon.
Tim u oxm i nmT s’~, j e .  i~ 5 m w  nu m ;mm my w .nds of tim m i t~ b - .’ oh n , ~~ - w , ’ nc ’  :ic o ili y m~~ i- mm n ~(h . i n i  i i  w m i ! -1 words
no urn nun

1 1 2,
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yan ’bag e collec ti on trap field.
l e t  n be FIX [fl l .
Set the garbage c o l l e c t i o n  t rap f i e l d  to
the integer repm -e sente d by n.
Repi-es ent ami d n ’eturn the Integer representing o ld qctrpn.

P E C IA I P ’ l [ t ’ pe ]  I n i t i T r ’.e a ga r bage  c o l l e c t i o n  of  t yp e  ~~~I ho u n  I e m: neml to r  ‘ ray dc i  i ime ( a um d docui lent
the  result returned by REC lAI M 15 .

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

SIORACE [] Print any information deemed by the imn p lem nm entor
to be u s e f u l  to time user who wishes to ascertain
the kind s and am ounts of storage currentl y
in use (or allocated ) to the VM.
Return NIL.

29. MISCELLANEOUS VM FUNCTIONS
3

Definit ion: 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 co rmstraints , Nuniibors (both Integers and Floating Point Numbers) are
ordered according to signed magnitude and Literal Atoms and Strings are ordered
alphabetically accordi n g to pniame (the ordering of the cImaracters of the ahphabet being that of
the characte r codes).

ALPH O R I ) ER[x :y ]  If x is  l e s s  than  ~ i n the Vii ordering . return T;
e l s e , return N IL.

COPYALL [x ] If LISTP [x ] :
r e t u r n  Cfl~1S [COPYAhL [cAll [x ]] : cOPYALl[CDR [x]]];

i f  L I I A I ( t - 1 { x ] ,  r e tu rn  y , ;

e l s e i f FIXP [x ] . n’epresen t and retu rn as an Inte ger the
i n teger  re l m re s enr te i i  by X :

e l s e i t ’ F L O A F P [ x ] .  r ep resen t  and re tu rn  as a F l o a t i n g
Poirm t Number ttn e real represented b y x ;
else if S T R I I - J G P [ x ] .  re turn  CONCAT [x];
e l s e  if ARRAYP [x ]:

l e t  s i z e  he A I tR AYS I / .L [x ] .
l e t  typ he AR RAY IY P [ x ] .
If I.yp F l X P :

Cre te a n m d r e t u r n  a new A r r a y  of s i z e  s i z e
a nd t yp o  ~yp. c o n t a i n ing in i t s  s u c c e s s i v e
f i e l d s  time s ;nr ie s u c c e s s  inn of u n m b c - A e d  I nmtege m ’ s
as in X:

e l s e ( t .,yp P O I N i k h l ) :

in i N lf - RLISP— 10. ire res in ns ihcm to tTn i umun mTber of w i n d ’ , avaniabie t i n  i n .m- nc oh dana oh i n c  t yl.e. afner
ilme ;an I - — ;  - - i i ’ ~’ _ t n m  mm
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Crea te  and r e t u r n  a new A u ’ ray  of s i z e  s i z e  aum d ty pe
POINTER , s uch that the ith m f i e ld .  I = < i = < s i z e ,
con ta i ns  C O P Y A L L [ E L T [ A ; i J } ;

e l s e i f  HARRAYP [x ] : :
C r e a t e  and re tu rn  a new Hash  A r r a y ,  ne w x , of the same
s i ze a s x , such  t ima t  fo r  ev e i ’y ha s h- l  ink in x ,
with has h -it emi ite mnu and hash-value va l ,
flewx conta ins a new hash-link with
ha sh -it er :u COP YA LL [utennu j and h a s h -v a l u e  C O P Y A L L [ v a l ]
and no other hash-links:

e l s e - i f x is  a User Da ta  T ype:
Create and return a new object. newx , of the sam e type
as x , such tha t  for  every field in x which contains
so m e o b j e c t .  o hj .  the corresponding f i e l d in newx
conta ins COPYALL [gflj]. amm d for every field in
x w h i c h  contai m ms some reta-object . tim e correspond ing
f ield in newx contains the sami e ni eta-object ;

else if STACKP [x]. create and return a new Stack Pointer
conta ining the f r am e  e x t e n s i o n  in A :

elseif REA DIABLEP [x ], return COPYREADEA B tE [A ):
e l s e  if T E R M J A B L L P [ x ] .  n’eturn COP1 iER t ’ITA b LE [x J ;
e l s e , r e t u r n ~.:

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

CLOCK[n] If EQ P [n : O] :
Represent and return as an Integer the number of
m i l l i s e c o n d s  w h i c h  have e l a p s e d  s i n c e  the c l o c k
was inmi t i a l i z e d ;

e l s e i f  EQ P [nm: I ] :
Represent  and re tu rn  as an Integer the number of
ni l l i s e c o n d s  w h i c h  e l a p s e d  b e t w e e n  the t ime the
c l o c k  w as i n i t i a l i z e d  and time tim e t i me ‘JM was entered;

e l s e i f  EQ P [ n : 2 ] :
R e p r e s e n t  and re tu rn  as an In teger  the nmum iber of
n m m il l isec o n ni s of compute time spent in the V M:

e l seif EQP [rn :3]:
R e p r e s e n t  and r e t u r n  as an Integer the nu nir ber of
m i ll iseconds the VM has  spe mm t in ga rba ge collectio n
( i f  a garbage c o l l e c t o r  is p r e s e n t ) .

Note: If some of these quariuties cannot be computed the implenme ntor is responsible for
documenting this.

DISM ISS[n I If not  F IX P [ n ] .  l e t  n be F IX [ r n j .
Wait n millisecon d s ammd return NIL .

Defini t ion: TIme “VM format for a date and t ime ” is a char acter s~ quence giving a day of the
m onth (as arm integer) dy, the name of a month (or an abbn eviatuon ). nmo. a year (or the last
two decimal digits) . yr. and an elapsed t ; nm me si n ce midn ight. measured in hours. hr . minutes. mi,
and seconds. sc, in the format: thy-m o-yr  imr:n)!:sc.

DAIE [1 Create and return a new Strinm g wtmose pna ni e deumotes
the curu’emm t date anm d tir m ie inn l ime VM for m nmat.

IDAI E [x ] If 4Jme pna nnne of x repu’ese uuts a date and time in
the Vii format:

R e p r e s e n t  and r e t u rn  as aim I n t ege r  some i n teger
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i , such th at for all objects, y, wh ose pnanes
represent  a da te  and t u n e  in the VM format ,

= I DA T E ~~] if and onl y if x and ,y represe nt  the
same date and time , and i < I DAT E [y ]  if and onl y i f
tim e da te  and time represented b y x occurs c fl rono l og i ca l tmy
before ttmat represented b y ~~~.

USERNAME [] Create and return a new St rin g whose pname is
the name of the user.

SY S O UT [ f i l e ]  Let f i l e  be 0 P E N F I L E [ f i l e ; 0 U T P U 1 ; N E W ; ~~ j~e s i z e ] ,  w h e r e  ‘

~,~~ e s i z e  is  an i m n mp leu ’nentat ion defined Integer.
W r i t e  s u f f i c i e n t  i n f o r m a t i o n  to f i l e  so as to
a l l o w  the f u n c t i o n  SY SII J ( b e l o w )  to complete l y
reconstruct the state of tire Virtual M ac lm i ne
as of the co m a ple t ion  of th is  statement
(w ittm tim e exception of certain externall y
controlled features such as the real-time
clock or open files , all of whi c im should be
docu m ented).
CLOSE F [fil e ] .
Return file.

SYSIN [file ] Let file be O PE N F I LE [fi le :Irl Pu T:OLD ;h ytesize] ,
where b ytesi ze is an i nn p l e cm em mtation defined Integer.
Assuming file is a file constructed by SYSOUT ,
reconstruct the state of the Virtual Machine at the
t ime the SYSOUT occurred.
CLOSEF [f li e ] .
Retu rn  L I S I [ f i l e ]  ( t h i s  w i l l  re tu r im  f ro m w h a t  ( a t  the
time of the SYSOUT) was the call to SYS0uE).

LOGOUT [] E xit tire Vi m ’tua l Machine and reenter’ the host
operating system.
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bl ip-using functions 49
BLIPSCAN[blmptype:frame ] 63
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box 16
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BREAK (basic interrupt class) 92
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BREAKCHAR character of rdtbl 75
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BUFP[] 109

calling fnnanne on arglist 52
CALLSC000E[fnobj :f lg] 65
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cdt print level field  95
CDR[x] 10
ceiling of x 17
CEXPR 38, 64
CHANGECCODE[newref:refmap:f rmobj] 66
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Charact er 3
characte r cod e 3
Charact er corresponding to x 8
characte r sequence 4
CHARACTER {nJ 15
charcount field (of a St r i n g )  26
CHARDELETE (te rmi na l synt ax c l ass) 82
CHARDELETE characte r of t tbl 84
CHCON 1 [x] 14

- ; CHCON[x;flg;rdtbl] 14
check File Name file for output 94
check Read Table rdtbl 94
class 9
CLEARBUF[flg] 110
CLEARSTK{flg] 48
clink chain from frame 44
clink field 43
CLOCK[n] 114

— CLOSEALL [J 72
CLOSEF[file] 71
closing a file 68
CLRHASH[harraylJ 32
compiler 37, 64
CONCAT [x 1;x 2:...x~] 27
COND [clause i:clause 2;.c fause n}
CONS count field 10, 60
CONSCOUNT [n] 10
construct a new basic frame from I nname. fnobj. and a r ghi s t  ,  50

CONS[x;y] 10
contain blip fields 62
context (read macro attribute) 74
continuation point 42
control character 3
control character echo mode 83
controlled from 61
CONTROL [mode:termtb l] 87
Convention: 5
copy buff I to buff2 90
copy of a basic frame 42
copy of time alnnk chain of sta rtfra me to endframe 48
copy of the ten iporar ies field of a frame extension 44
COPYALL{x ] 113
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I 
COPYREADTA BLE[rdtbl] 77
COPYSTK I sha rtfra me ;endf rar ne j 48
COPYTERMTABLE [termt hl] 86
COS[x:rad iarmsf ig} 24
CTRLV (terminal syntax clas s) 82
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CTRLV character of ttb l . 84

data type 9
DATE{] 114
DCHCON [ncscratchlst:flg:rttbll 14
DECLAREDATATYPE[type:speclst] 34
DEFEVAL [type;fnobj]
Definit ion: 7
DELETE C ONTROL [ nmsgname: msg ;termtb l J 86
deletion control message name 82
DELFILE[fi le j
deposit (in a buffer) 80
deposit (to a file) 67
deposit pointer (of a buffer) 80
DIFFERENCE [x:y] 23
directl y executable 37
disarmed (interrupt) 88
DISMISS[n] 114
display terminal 79
DISPLAYTERMP [] 81
DOBE[ ] 81
dribble file 70
D R I B B L E F I L E [] 71
DR1BBLE[tile ] 71
DUNPACK [x :scr atch lst ;f lg:rdtb l] 14

ECHOCONTROL [char :mode:termtb l] 86
ECHOMODE [flg:tern mtbh] 87
element of a proper list 11
elipsis (in the paranmieter list of a function specif ication )     37
ELT [array;n] 30
empty buffer 80
empty String 26
EMPTYCHDEL (deletion control message nam e) 82
end ci f ile pointer field 67
ENVAPPLY{ fn:arg hmst:a l ink:c l inmk ,af lg: cf lgj 56
E NVEVAL[ for ni al i nk.c Ii nk:af I g cf I g]
EQP[x ;yJ 8
EQUAL [x:y] 8
EO[x:y 1 8
ERROR (basic interru pt class) 91
ERRORX (basic interrupt class) 92
ESCAPE (basic syrmt ax class) 74
ESCAPE cha racter of rdtbl 75

r esca ij m~ fl~ q (read macro at t r r but e )  74
ESCQUOTE (read macro ~ihh rib ute value) 74
EVAL table 53
eval type 36. 37 . 38, 39
EVA I_A l fo rm:ah ist l 54
cv ,  t h r u m  mm;  fn nma nme on arglist 52
LVALV I va n :fr an mie] 54
EVAL[jorrn] 53
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EXPR • 38

EXPRP[fnoblj 40
EXPT [x :y} 23

FDIFFERENCE [x :y] 22
fetch (from a buffer) 80
fetch (from a file) 66
FETCHF1ELD[descr;obi ] 34
FGREATERP [x;y] 21
f i e l d  2
field descript or
field satisfies field specification spec 33
field specificat ion 33
f ields satisfying spec 1, spec 2, ... spec n
fil e ‘~~, 66
File Assumption 1 67
File Assumption 2 67

• File Assumptio n 3 68
File Assumptio n 4 68
File Assumption 5 68
File Assumption 6 69
File Assumptio n 7 69
File Name 69
file pointer f ie ld 67
FILEPOSIpat:file:start:efld;SkiP:taill 110
fil l the buffer until p 101
FIRST (read macro attribute value) 74
FIXP[x] 17
FIX[nJ 18
FLESSP[x:yJ 22
Floating Poin t Number 20
Floating Point Number box count field 21 , 60
FLOATP[x] 21
FLOAT [nI 21
floor of x 17

FMINUS[nI 22
FNTYP[fr nobj ]
f o r m  2
FPLUS [n l:n2;...nk] 22
FQUOTIENT [i:j ] 22
frame 42

frame extension
frame name 42
FRAMESCAN[ va r :f rarne ]
free variable 52
FFl[EMAINDEF1I x :yI 22

FTIMES [n l :n2:...nki 22
full (buf fer )  101
ful l (Hash A r ray) 31

fu ll t n le nm anm e 69
FUILNAME[ l itatonm:r ecoqi 70

FUNARG 37 . 38
FUNARG EXPR
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function • 4 , 36
function defin ition field 12
function obj ect 36, 38, 39
function specificat ion 4
FUNCTION [form:env] 55
f[x l:...x k] ~~ ,

garbage collection message fi eld 112
garbage collection trap field 112 . . 

- -

garbage collector 111
GCD [ i ;j l 20
GCGAG [messj 112
GCTRP [n] 112
get frame extension x 45
get Hash Array harray 31
GETBRK[rdtb l ] 78
GETDESCRIPTORS [type] 35
GETD [litatoni] 13
GETEOFPTR [fi le ] 72
GETFIELDSPECS[d escr] 35

- 

, 
GETFILEPTR[fi le] 72
GETHASH[item:harrayJ 32
GET INTERRUPT [char ] 93
GETPROPLIST [litatom] 13
GETREADTABLE [rdtbl] 76
GETSEPR[rdtbl ] 79
GETSYNTAX{cha r:tb IIl 77

- 
- GETTERMTABLE [t e r m t b l ] 85

GETTOPVAL [Iitatom] 13
GLC{strj 28
global variable 64
GNC[str ] 28
GOilahell 58
GREATE RP[x;yI 23

HARRAYP{ x ] 32
HA RRAYS IZE [harray] 32
HARRA Y Esi Z e ] 32
Hash Array 31
hash l i n k i n g  31
hash-item 31

• hash-link 31
hash-value 31
HELP (basic interrupt class) 90

IDATE [xl  114
IDIFFERENCE [i:j] 18
IEQP[i:j .J 17
IGNORE (control character echo mode) 83
IGREATERP [i:j] 18
ILESSP[u;l] 18
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IMINLiS[n]  19
imnned uatel y bel ow • 44
INFILEP [file] 71
INFILE{fil e] 71
INFIX (read macro attribut e,valu e ) 74
INPUT (access mode) 67
INPUT [ f i l e ] 71
IN R E A D M A C R O P~] 108
integer 6
Integer 15

-

, integer part of x 17
INTERRUPT (basic interrupt class) 92
interrupt character 79
interrupt class of char 88
interrupt line buffer 90
interrupt system buffer 90
interrupt table 88
lNTERRUPTABLE [flg 1 ;...flg~~ 93
interrupts armed field 88
IOFILE[f ile] 71
IPLUS [n l:n 2:...nk] 18

- 
- IQUOTIENT [i:j] 19

IREMAINDER[i:j] 19
ITIMES[nl;n 2;...nk] 19

LAMBDA
Large 16
Large Integer box count field 16, 60
LASTC [f i le~ 109
LEFTBRACKET (basic syntax class) 74
LEFTBRACKET character of rdtbl 75
LEFTPAPEN (basic syntax class ) 74
LEFTPAREN character of rdtbi 75
legal value (of a read macro attr ibute) 74
length of a proper list 11
LESSP[x :y] 23
let var be expr 5, 62
LINI3UF-buffer 109
LINE3UF[f lg] 110
l ine  b u f f e r  101
line length field
LINEDELETE (del etion control message name) 82

IN ~- DELE rE ( ter m inal syntax class ) 82
V If L) FLETE ch in acter of ttb l 84

L INVLEN(3 Th[ um ] 100
l m nl ’ ’:i iun mct mon call 65
Ln~ t Cell 10
Lm ’ t Structure 10
LISTP[x I 10
LISI[x l.x ?:... x k j 10

i 1 LITATOMI 
~ i 

12
Lute ra i Atom 11

L mt ’ ~’ r ,ri Mom x 7
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LLSH[n:factor]  19
local variable 52
LOGAND[n l;n2:...nk] 19
LOGOR{n l;n2;...nkl 19
LOGOUT[) 115
LOGXOREn 1:n2:...nk ] 19
LOG[x] 23
LRSH[n;factorj 20
LSH[n:factor] 20

MACRO (read macro attribute value) 74
MAKEBITTABLE [Ist :com plimentf lg:o ldbittab le] 29
MAPATOMS [fn] 15
MAPHASH[fn:harray] 32
meta-object 2
meta-variab le 5
MINUSP[x] 22
MINIJS[x] 23
MKATOM [x] 12
MKFRAME [frame:a link;c link:f lg:stkptr] 46
MKSTRING [x;flg;rdtbl] 27

N-bit binary expansion of n 19
name field (of a Literal Atom ) 11
NARGS [tnobj ] 41
NCHARS [x ;f lg:rdtb l] 13
NCREATE [type;oldobj] 35
new 111
NEW (recognition mode) 69
new proper list 11
new String representing x 26
NLAMBDA 39
NOESCQUOTE (r ead macro attribute value) 74
NOEVAL 37
noeval type 36. 37 . 38, 39
non-FUNARG EXPR 39
non-local variable 52
NONE (basic interrupt class) 92
NONE (terminal syntax class) 82

4 nospread fur mction object 37 . 39
nospread type function object 37
NOT[x ] 9
NOWAKEUP (read macro attribute value) 74
NTHCHAR [x :n:f lq:rdtbl] 13
NTHCHDEL (deletion control message name) 82
NULL[xI 9
N u m b e r 8
NUMBERP[x] 22
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obj ect  2
observe the ESCAPE guidelines 104
observe the LEFTBRACKET and RIGHTBRA CKET guidelines .  104
obtain the 5-tuple corresponding to 1st 75
OLD (recognition nmode) 69
OLDEST (recognition mode) 69
OPENFILE[f ile :access :recog;bytesizeJ 70
opening a file 67
OPENP{fi le:access: recog] 70
original Read Table 76
OR [x 1 :x 2;...x k]
OTHER (‘basic syntax clas s) 74
OUTFILEP[file] 71
OUTFILE[fi le] 71
OUTPUT (acc ess mode) 67
OUTPUTBUFFER (basic interrupt class) 92
OUTPUT[fite ] 71
OVERFLOW[f lg ] 17

PACKC [x] 12
- - PACK [x] 12

parameter n-tuple 37 , 38
parameter names 37
PEEKC[fi le;f lgJ 108
PLUS[x l;x 2;...xk] 23

— PLVLFILEFLG 96. 98
pnamne of x 7
position field (of a fil e) 67
position field (of a String) 26
POSITION{fi le;va l ] 72
POSTCHDEL (deletion control message name)
primary input file 70
primary output file 70
primary Read Table 76
PRIN 1 [x:file] 96
PRIN2-pname of x with respect to y 7
PRIN2 [x :fmle;rd tbl] 98
PRIN3[x ;fi le:i 99
PHIN4 [x tile:rdtbl] 99
PRINT LEVEL (basic interrupt class) 90
PRINTLEVEL[ carval:cdrva l ] 100
PRINT[x :fi le:rdtb l] 100
PROG1 [fo rm i: form 2 :...fo rmn n] 
PROGN[ form 1 :f orm 2 :.. .fornn 0j 59
PROG [Iocalvars:f o rmmi i:fo rm 2;...form n]
proper list 11
proper list corresponding to a read macro specification 75

- ~‘ property list field 11
PUTD( lntatom ;defn l 13

t PU THASH~ item:va l:harray ] 32
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QUOTIENT[x:y1 . 23

radix fi eld 95
RADIX[nJ 100
RAISE[flg:termtblj 87
RAND state 24
RAND State 24

— RANDACCESSP[fiIe~ 
72

rarmdom access 69
RANDSET [Statel 25
RANDSTATE 24
RAND{lower;upper ] 25
RATEST [flg] 109
RATOM [file:rdtblj 109
reactivate
read a (or the next) character from file (filling until p) . .   102
read macro attribute 74
read macro irm its context 103
read macro specification 74
read macros enabled field 75
Read Table 75
READ C[fi le] 108
reading from file (filling until p) until q 103
REA DMACROS[f lg;rdtb l j  79
READP [file;flg] 110
READTABLE P [x] 76
READ [fiIe :rdtbl:f lg] 104
REAL (control character echo mode) 83
RECLAIM [type] 113
recognition mode 69
recogn ized in mode x 69
reference niap for (CEXPR) fnobj 65
REHASH[oldharray:neviharray ] 32
released mark 45
RELSTKP[stk ptr ] 48
RELSTK{stk ptr lj 48
REMAINDER[x;y ] 23
RENAMEFILE [fi le:newnamel
REPLACEFIELD [descr;obj;va l] 34
replacing 2
replete buffer 80
representation of x as a Floating Point Number 21
representation of x as an Integer 16
r e p m -- -,€ - mmt s to nmm a xin rmun m precision 21
RESET (basic ir mte rru pt class) 91
RESETREADTAB L[ [I dtbl:source] 77
R[SETTER MTABLE [termtb l:source } 85
RETFROMI f r imn iie:va l ;flcj j 55
F1ETTO[f rami ie :va l:flg j 56

L ret urn a Stack Pointer containing frame (usi m mg s t k p t r )  . .   46
RETURN[vall 59
RETYPE (tern i irm al syntax clas s) 82
RETYPE characte r of ttb l . . .  84
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RIGHTBRACKET (basi c syntax class)  74
RIGHTI3RACKET character of rdtbl 75
RIGHTPAREN (basic syntax class) 74
RIGHTPAREN character of rdtbl 75
RPLACA[ cell;val] 10
RPLACD [cehl;val] 10
RPLSTRING [st r;n;newchars] - 27

4 RSH[n:factor ] 20
RSTRINf3 [fiIe ;rdtblj 108
RUBOUT (basic interrupt class) 91

safe function call of fn on args 89
saved interrupt charact er field 88, 93
separator character of rdtbl 75
SEPRCHAR (basic syntax class ) 74
SEPRCHAR character of rdtbt 75
seq 1 and seq2 are equal with respect to the wild card skip  28
SETARG [var;n:va l] 57
SETA [array:n:val] 30
SETBLIPVAL [blmptype:frame;n;va l ] 63
SETBRK[lst:f lg;rdtb li 79
SETFILEPTR [fi le:val] 72
SETINTERRUPT [char;class] 93
SETN [nvar;va lform ] 17
SETPROPLIST [hmtat onn;pr opl ist ] 13
SETQ [ var ;va l] 54
SETREADMACROFLG [f lg] 107
SETREADTABLE [rdtbl ,f l g ] 76
SETSEPR{Ist:f lg:rdtb l] 79
SETSTKARGNAME [ni:frame ;name] 47
SETSTKARG [n:frarne:val] 47
SETSY NTAX [char :c lass ;tb ! ] 78
SETTERI4ITA BLE[te rmtbl ] 85
SETTOPVAL [iitatom:va l] 13
SET[vacva l ] 54
SIMULATE (control character echo mode) 83
SIN{x :rad iansf lg ] 24
SKREAD [f ile ;rereacistr] 108
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17

source field (of a String) 26
SPACES[n:fi lel 99
special ternnina l character 82
SPLICE (read macro attribute value) 74
s ; m c J function object 37 . 39
spread type function object 37
SQRT [x] 23
Stack Pointer 44
STACKP [x]  46
stand ard VM bytesize 3, 67
sta rid~m i d VM character set 3
STKAR GNAME [n:frame] 47
STKARG [n:framej ~ .  47
STKNAME [frame] 48
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STKNARGS[frame ]
STKNTHNAME {n:framel
STKNTH[n;frame:stk pt(J 46
STKPO S[name;n:frame:stkptr] 46
STKSCAN [var ;frame:Otd Ptr]
STORAGE [] 113
STREQUAL [x;y] 27
string 26

String 26

STRINGDELIM (basic syntax class) 74 - ‘

STRINGDELIM character of rdtbl 75
STRINGP[x] 27
STRPQSL [bittable:str:start:cOmplimentflg] 29

STRPOS[pat:str:start:skip;anChOr;tailJ - 28

SUBR 38, 60

SUBRP [fnobj] 40
SLJB”3TRING [str;n;m] 27

suspended
syrmtax class fie ld
s i n u t a x  class specification 74

SYSBUF-buffer 109
SYSBUF [ f tg I  110

SYSHASHARR AY 31

SYSIN[f ml e l 115
SYSOUT[ lm le ) 115
s-j ~t ’~ mn r i p - i t  buffer 80

51Cm nm i t p ~~l 1 m i t er 81

systemn i k.-~,rd hie 76 

24
h’ ’ ’ m I m .’’~ - .

- ‘ , car pri r . ’ -i~?l t r ” i l 95
mu an , - I avel ‘hi .

1~~r rr mr -  ii ~ ‘,-- m l ,  I i
1 e r f l m, r~~iI Asnmimnq - im ~ 80

I errninal A ~5 m mu - ! r um ’  3 81
{ 4 -n  n~ in mj l  As - j i m  pt ion - 81

- I . r - ‘ -  l os  81
m i m m n m , r I  5’1r~~.i~ m I,isS 82

t n - r u  ml 5~~f m t , m X  class ~f char
T . ’ r r m m m n u , i l  J u t  ir’ - 83
T F - ~’.U A F3I EP EX I  - 85

I F  ~ai~m I 1 10 1 - 100
h 

~ 2’ k I 3
in Clear a hj i i b f ~’n 80

h- m p - l ’vi ’ l t r , m m ~~ ~h r ’ m r ,5i mi1

t ’ ’ I m h”~el pmoCr ’ S S -

I- - Ii’ .‘( ‘ l  value h eld 11

t runcatin g an Integer 35

t~~l~~- ( r ~ - , m i  mi c ro attribu ’e) 74
FYP[ NAMF[x J
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unarmed (call to read macro)  103
unbox ed value 15
unboxing  ‘, 16
underline 5
uniform acc ess module , 41
UNPA CK[a~f Ig:rdtbI ] 14
UPARROW ( control character echo mode) 83
use File Name file implicitly below 94
use Read Table x implicitly below 94
USERNAME [] 115

valid interrupt character 88
Valu e of a form 2
value of var on the acce ss chain from frame 44
VM format for a date and time 114
VM ordering 113

WAKEUP (read niacro attribute value) 74
wakeup mode (read macro attribut e) 74
WAKEUPCHAR (terminal syntax class) 82
WAKEUPCHA R character of ttb l 84
write char to file 94
‘.‘i r r t e  seq to file 95
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