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The following figure shows what the control stack might look like after several Subroutine calls.

The above figure shows the frames all linked together through the control stack (the "execution
path”), so that it is easy to return to the caller of a given Subroutine (ERRET or RETRY).

Subroutine exit is accomplished simply by the call mediator, which loads the right half of TB from

the previous frame pointer, restores the "binding pointer”, P, and TP, and transfers control back to
the instruction following the saved calling address.
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Variable Bindings

All local ATOM values are kept on the control stack of the PROCESS to which they are local. As
described before, the atom contains a word that points to the value on the control stack. The
pointer is actually to a six-word "binding block” on the control stack. Binding blocks have the
following format:

] value |
R |
I pair |
| dec] | unique-id ]
] previous-binding |

where:

BIND means this is a binding for a SPECIAL ATOM (the only kind used by compiled programs),
and UBIND means this is a binding for an UNSPECIAL ATOM -- for SPECIAL checking by the
interpreter;

prev points to the closest previous binding block for any ATOM (the "access path” -- UNWIND
ob jects are also linked in this chain);

decl points to a DECL associated with this value, for SET(LOC) to check;
unique-id is used for validation of this block; and
previous-binding points to the closest previous binding for this ATOM (used in unbinding).

Bindings are generated by an internal subroutine called SPECBIND (namne comes from SPECIAL). The
caller to SPECBIND PUSHes consecutive six-word blocks onto the control stack via TP before calling
SPECBIND. The first word of each block contains the TYPE code for ATOM in its left half and all ones
in its right half. SPECBIND uses this bit pattern to identify the binding blocks. SPECBIND’s caller
also fills in the next three words and leaves the last two words empty. SPECBIND fills in the rest and
leaves the "binding pointer” pointing at the topmost binding on the control stack. SPECBIND also
stores a pointer to the current binding in the value cell of the atom.
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Unbinding is accomplished during Subroutine return. When the previous frame is being restored,
the call ediator checks to see if the saved "binding pointer” and the current one are different; if
they are, SPECSTORE is called. SPECSTORE runs through the binding blocks, restoring old value
pointers in atoms until the "binding pointer” is equal to the one saved in the frame.

Obviously variable binding is more complicated than this, because ATOMs can have both local and
global values and even different local values in different PROCESSes. The solution to all of these
additional problems lies in the bindid field of the atom. Each PROCESS vector also contains a
current bindid. Whenever an ATOM's local value is desired, the RUNNING PROCESS’s bindid is
checked against that of the atom: if they are the same, the atom points to the current value; if not,
the current PROCESS’s control stack must be searched to find a binding block for this ATOM. This
binding scheme might be called "shallow binding". The searching is facilitated by having all
binding blocks linked together. Accessing global variables is accomplished in a similar way, using a
VECTOR that is referred to as the "global stack”. The global stack has only an ATOM and a value slot
for each variable, since global values never get rebound.

EVAL with respect to a different envirominent causes some additional problems. Whenever this kind
of EVAL is done, a brand new bindid is generated, forcing all current local value cells of atoins to
appear invalid. Local values must now be obtained by searching the control stack, which is
inefficient compared to just pulling them out of the atoms. (The greatest inefficiency occurs when
an ATOM's LVAL is never accessed twice in a row in the same environment.) A special block is built
on the control stack and linked into the binding-block chain. This block is called a "skip block” or
"environment splice”, and it diverts the access path to the new environment, causing searches to
become relative to this new environment.
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Appendix 2. Predefined Subroutines

The following is a very brief description of all the primitives currently available in MDL. These
descriptions are in no way to be considered a definition of the effects or values produced by the
primitives. They just try to be as complete and as accurate as is possible in a single-statement
description. However, because of the complexity of most primitives, many important defaults and
restrictions have been omitted.

A description is given in this format:

NAME
rsubr-decl
English description

The NAME is just the ATOM that is used to refer to the primitive. The rsubr-dec! is what would go
inside an "RSUBR DECL" (chapter 14) for the primitive. One special convention is used: an element
of a DECL Pattern enclosed in hyphens (for example -STRING-) means that that element only is
optional. This convention is handy for F/SUBRs that take flexible argument Patterns. Even
though all primitives return a value, some English descriptions only mention the side effects
produced by a primitive, because these primitives are most often used for this effect rather than the
value.

x
"VALUE" <OR FIX FLOAT>

“TUPLE®™ <TUPLE [REST <OR FIX FLOAT>]>
Arithmetic: multiplication

+

"VALUE" <OR FIX FLOAT>

“TUPLE"™ <TUPLE [REST <OR FIX FLOAT>D]>
Arithmetic: addition

SVALUE® <OR FIX FLOAT>
“TUPLE"™ <TUPLE [REST <OR FIX FLOAT>]>
Arithmetic: subtraction

/

“VALUE" <OR FIX FLOAT>

“TUPLE* <TUPLE [REST <OR FIX FLOAT>D
Arithmetic: division
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“VALUE" <OR FALSE 'T>

<OR FIX FLOAT>

Predicate: equality to number zero

17

"VALUE" <OR FALSE 'T>

<OR FIX FLOAT>

Predicate: equality to number one

1STEP
“VALUE" PROCESS
PROCESS

Cause a process to enter single-step mode

“VALUE* <OR 'T FALSE>

ANY ANY
Predicate: "exact” equality

=7

"VALUE" <OR 'T FALSE>

ANY ANY

Predicate: “structural” equality

ABS

*VALUE"®™ <OR FIX FLOAT>
<OR FIX FLOAT>
Arithmetic: absolute value

ACCESS

"VALUE" CHANNEL

CHANNEL FIX

Randomly access disk file etc.

ACTIVATE-CHARS
“VALUE" STRING
"OPTIONAL" STRING

Set or inspect interrupt characters for console typing (TENEX only)

AGAIN

"VALUE" ANY

"OPTIONAL" ACTIVATION
Restart a given activation block
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ALLTYPES
"VALUE" <VECTOR [REST ATOM]>
Return a vector of all type names

AND

"VALUE" <OR FALSE ANY>

®"ARGS" LIST

Logical: "and” of truthvalues, evaluated one at a time by the Subroutine

AND?

"VALUE" <OR FALSE ANY>

“TUPLE" TUPLE

Logical: "and" of truthvalues, evaluated at call time

ANDB

“VALUE" WORD

“TUPLE™ <TUPLE [REST <PRIMTYPE WORD>]>
Bitwise "and" of words

APPLICABLE?

“"VALUE" <OR 'T FALSE>

ANY

Predicate: is object applicable

APPLY

"VALUE" ANY

APPLICABLE “TUPLE" TUPLE

Apply first arguinent to the rest of them

APPLYTYPE

“"VALUE" <OR ATOM APPLICABLE FALSE>
ATOM "OPTIONAL" <OR ATOM APPLICABLE>
Specify or return how a data type is applied

ARGS

"VALUE" TUPLE

<OR FRAME ACTIVATION ENVIRONMENT PROCESS>
Return arguments of a given previous Subroutine call

ASCII

"VALUE"” <OR CHARACTER FIX>

<OR FIX CHARACTER>

Return character with given ASCII code or vice versa
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“"VALUE" <OR 'T FALSE>

ATOM "OPTIONAL" <OR ENVIRONMENT ACTIVATION FRAME PROCESS>
Predicate: is an atomn locally assigned

ASSOCIATIONS
"VALUE" <OR ASOC FALSE>
Return the first entry in the association chain

AT

“WALUE" LOCATIVE

STRUCTURED "OPTIONAL" FIX

Return a locative to the Nth element of a structure

ATAN

“VALUE" FLOAT

<OR FIX FLOAT>
Arithmetic: arc tangent

ATOM

“VALUE" ATOM

STRING

Create an atom with a given name

AVALUE

BVALUE" ANY

ASOC

Return the "value” field of an association

BACK
“VALUE" <OR VECTOR UVECTOR STRING TEMPLATE>

<OR <PRIMTYPE VECTOR> <PRIMTYPE UVECTOR> <{PRIMTYPE STRING> <PRIMTYPE TEMPLATE>>

“OPTIONAL® FIX

223

Replace some elements removed from a non-list structure by RESTing and change to primitive data

type

BIND

"VALUE" ANY

"ARGS" <LIST -ATOM- LIST -DECL- ANY>

Execute sequential expressions without providing default activation

BITS

"VALUE" BITS

FIX “"OPTIONAL" FIX

Create bit mask for PUTBITS and GETBITS
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BLOAT

“VALUE" FIX

“OPTIONAL" FIX FIX FIX FIX FIX FIX FIX FIX FIX FIX FIX FIX FIX FIX FIX
Allocate extra storage temporarily

BLOAT-STAT

“VALUE® <UVECTOR [27 FIXD]>
“OPTIONAL™ <UVECTOR [27 ANY])>

Give garbage-collector and storage statistics

BLOCK

“VWALUE" <OR OBLIST <LIST [REST <OR OBLIST ‘DEFAULT>I>>
<OR OBLIST <LIST [REST <OR OBLIST ‘DEFAULT>]>>

Create a current path of oblists for READing

BOUND?

“"VALUE" <OR 'T FALSE>

ATOM “OPTIONAL" <OR ENVIRONMENT ACTIVATION FRAME PROCESS>
Predicate: is an atom locally bound

BREAK-SEQ

“VALUE" PROCESS

ANY PROCESS

Modify execution sequence of another process

BUFOUT

"VALUE" CHANNEL

"OPTIONAL" CHANNEL

Write out all internal MDL buffers for an 1/0 channel

BYTES

"VALUE" BYTES

FIX “TUPLE" <TUPLE [REST <PRIMTYPE WORD>1>
Create a byte-string of explicit arguments

BYTE-SIZE

“"VALUE" FIX

BYTES

Return size of bytes in a byte-string

CHANLIST

“WALUE" <LIST [REST CHANNELJ>
Return a list of currently open I/O channels
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"VALUE" CHANNEL

"OPTIONAL" STRING “TUPLE" TUPLE
Create an 1/O channel

CHTYPE
“WALUE" ANY
ANY ATOM

Make a new object with a given data type from an old one

CHUTYPE
“WALUE® <PRIMTYPE UVECTOR>
<PRIMTYPE UVECTOR> ATOM

Change the data type of the elements of a uniform vector

CLOSE

"VALUE" CHANNEL
CHANNEL

Close an I/O channel

CLOSURE

“VALUE® CLOSURE

FUNCTION “TUPLE" <TUPLE [REST ATOMI>

Bind the free variables of a FUNCTION to current values

COND

"VALUE* ANY

“ARGS" <LIST LIST [REST LISTD>
Conditional evaluation of expressions

CONS

“VALUE" LIST

ANY LIST

Add an element to the front of a list

Cos

“VALUE"® FLOAT
<OR FIX FLOAT>
Arithmetic: cosine

CRLF

"WALUE" 'T

"OPTIONAL" CHANNEL

Print a carriage-return and line-feed on an I/O channel
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DECL-CHECK

“VALUE" <OR FALSE ANY>

“OPTIONAL" <OR FALSE ANY>

Enable or disable type-declaration checking

DECL?

“VALUE" <OR 'T FALSE>

ANY <OR ATOM <FORM ‘QUOTE FORM>>

Predicate: does given ob ject match given type declaration

DEFINE

“VALUE" ATOM

ATOM “ARGS™ <LIST -ATOM- LIST -DECL- ANY>
Set the global value of an atom to a FUNCTION

DEFMAC

“"VALUE" ATOM

ATOM “ARGS™ <LIST -ATOM- LIST -DECL- ANY>
Set the global value of an atom to a MACRO

DEMSIG

"VALUE" <OR 'T FALSE>
STRING

Signal an ITS daemon

DISABLE

“VALUE" IHEADER
IHEADER

Disable an interrupt

DISMISS

“VALUE" ANY

ANY “OPTIONAL" ACTIVATION FIX
Dismiss an interrupt occurrence

DISPLAY

"VALUE" CHANNEL

CHANNEL "OPTIONAL" PICTURE
Display pictures on the E&S (ITS only)

ECHOPAIR

*VALUE®" CHANNEL

CHANNEL CHANNEL

Coordinate I/O channels for echoing characters on rubout
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“VALUE" <OR 'T FALSE>

STRUCTURED

Predicate: does a structure have zero elements

ENABLE

"VALUE" IHEADER
IHEADER

Enable an interrupt

ENDBLOCK
"VALUE" <OR OBLIST <LIST [REST <OR OBLIST 'DEFAULT>]>>
Restore path of oblists extant before last call to BLOCK

ENTRY-LOC

“VALUE" FIX

RSUBR-ENTRY

Return the offset of an RSUBR-ENTRY

EQVB

“VALUE" WORD

“TUPLE" <TUPLE [REST <PRIMTYPE WORD>D]>
Bitwise “equivalence” of words

ERASE

“VALUE" CHANNEL

CHANNEL “OPTIONAL" PICTURE

Erase a picture from the E&S (ITS only)

ERRET
"VALUE®" ANY
“OPTIONAL" ANY FRAME

Continue evaluation from the last ERROR or LISTEN or from a given frame

ERROR

“VALUE" ANY

“TUPLE" TUPLE

Stop and inform user of an error

ERRORS

"VALUE" OBLIST
Return the oblist where error messages are located
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EVAL

"VALUE" ANY

ANY "OPTIONAL" <OR ACTIVATION FRAME ENVIRONMENT PROCESS>
Evaluate an expression in a given environment

EVALTYPE

“VALUE" <OR ATOM APPLICABLE FALSE>
ATOM "OPTIONAL" <OR ATOM APPLICABLE>
Specify or return how a data type is evaluated

EVENT

“VALUE®" IHEADER

<OR STRING ATOM IHEADER> FIX "OPTIONAL" <OR CHANNEL LOCATIVE>
Set up an interrupt

EXP

“VALUE" FLOAT
<OR FIX FLOAT>

Arithmetic: exponentiation to the base "e"

EXPAND

“VALUE® ANY

ANY

Evaluate argument (only once if a MACRO is involved) in top-level environment

FILE-LENGTH

"VALUE" FIX

CHANNEL

Return the system-provided file length of an input channel

FILECOPY

"VALUE" FIX

“OPTIONAL" CHANNEL CHANNEL

Copy characters from one channel to another until an EOF on the input channel

FIX

"WALUE" FIX

<OR FLOAT FIX>

Arithmetic: return integer value of a number

FLATSIZE

"VALUE" <OR FALSE FIX>

ANY FIX "OPTIONAL" FIX

Return number of characters needed to PRIN1 an object
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IIVALUEII "n DONEII

"OPTIONAL" -STRING- -STRING- -STRING- -STRING- <OR OBLIST <LIST [REST <OR OBLIST
'DEFAULT>1>>

Read and evaluate all objects in a file

FLOAT

"VALUE" FLOAT

<OR FIX FLOAT>

Arithmetic: return floating value of a number

FORM

“VALUE" FORM

*TUPLE"™ TUPLE

Create a form of explicit arguments

FRAME

“VALUE" FRAME

“OPTIONAL" <OR PROCESS FRAME ACTIVATION ENVIRONMENT>
Return a previous Subroutine call

FREE

"VALUE" <PRIMTYPE STORAGE>

<PRIMTYPE STORAGE>

De-allocate non-garbage-collected storage (archaic) (ITS only)

FREE-RUN

"VALUE" <OR PROCESS FALSE>

PROCESS

Cause a process to leave single-step mode

FREEZE

“VALUE" <OR VECTOR UVECTOR STRING>

<OR <PRIMTYPE VECTOR> <PRIMTYPE UVECTOR> <PRIMTYPE STRING> <PRIMTYPE TUPLE>>
Make copy of argument in non-moving garbage-collected space

FUNCT

"VALUE" ATOM

<OR PROCESS FRAME ACTIVATION ENVIRONMENT>

Return Subroutine name of a given previous Subroutine call

FUNCTION

BVALUEY FUNCTION

"ARGS" <LIST ~-ATOM- LIST -DECL- ANY>
Create a FUNCTION
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G=?

"VALUE® <OR 'T FALSE>

<OR FIX FLOAT> <OR FIX FLOAT>

Predicate: is first argument greater than or equal to second

G?

"VALUE" <OR 'T FALSE>

<OR FIX FLOAT> <OR FIX FLOAT>

Predicate: is first argument greater than second

GASSIGNED?

“VALUE®" <OR 'T FALSE>

ATOM

Predicate: is an atom globally assigned

GBOUND?

“VALUE"™ <OR 'T FALSE>

ATOM

Predicate: is an atom globally bound

GC

“VALUE" FIX

“OPTIONAL" FIX <OR FALSE ANY>

Cause a garbage collection and change a garbage-collection parameter

GC-DUMP

“VALUE" <OR ANY <UVECTOR <PRIMTYPE WORD>>>
ANY <OR CHANNEL FALSE>

Dump an ob ject so that it can be reproduced exactly

GC-MON

“VALUE" <OR FALSE ANY>

"OPTIONAL" <OR FALSE ANY>

Turn garbage-collection monitoring off or on

GC-READ

“VALUE" ANY

CHANNEL "OPTIONAL" ANY

Input an ob ject that was previously GC-DUMPed

GDECL

“VALUE" ANY :

"ARGS" <LIST [REST <LIST [REST ATOM]> <OR ATOM FORM>]>
Declare the type/structure of the global value of an atom
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“VALUE" ANY

ANY ANY “"OPTIONAL" ANY

Return a given property associated with an item

GET-DECL

“VALUE" <OR ATOM FORM FALSE>

LOCD

Get the type declaration for an atom’s value

GETBITS

“VALUE®" WORD

<OR <PRIMTYPE WORD> <PRIMTYPE STORAGE>> BITS
Return a bit field of a word

GETL

“VALUE" <OR LOCATIVE ANY>

ANY ANY “OPTIONAL®™ ANY

Return a locative to an association or to an element

GETPL

“WALUE" <OR LOCAS ANY>

ANY ANY ®OPTIONAL" ANY
Return a locative to an association

GETPROP

“VALUE"® ANY

ANY ANY “OPTIONAL" ANY

a more general version of GET

GLOC

“VALUE* LOCD

ATOM “"OPTIONAL" <OR FALSE ANY>

Return a locative to the global-value cell of an atom

GO

“VALUE* ANY

<OR ATOM TAG>

Go to a tag and continue evaluation from there

GROW

"WALUE" <OR <PRIMTYPE VECTOR> <PRIMTYPE UVECTOR>>
<OR <PRIMTYPE VECTOR> <PRIMTYPE UVECTOR>> FIX FIX
Extend the bounds of a vector or uniform vector

Appendix 2 '

231



232

GUNASSIGN

“VALUE" ATOM

ATOM

Cause an atom to be globally unassigned

GVAL

“VALUE" ANY

ATOM

Return the global value of an atom

HANDLER

"VALUE" HANDLER

IHEADER <OR HANDLER APPLICABLE> "OPTIONAL" PROCESS
Create an interrupt handler

HANG

“VALUE" ANY

“OPTIONAL" ANY

Do nothing, interruptibly, forever

IBYTES

“VALUE* BYTES

FIX FIX “OPTIONAL" ANY

Create a byte-string of implicit arguments

IFORM

“VALUE" FORM

FIX “OPTIONAL" ANY

Create a form of implicit arguments

ILIST

"VALUE" LIST

FIX "OPTIONAL" ANY

Create a list of implicit arguments

IMAGE

“VALUE" FIX

FIX "OPTIONAL" CHANNEL

Send an image-mode character to a channel

IN

"VALUE" ANY

LOCATIVE

Return the ob ject pointed to by a locative
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INDICATOR

"VALUE" ANY

ASOC

Return the "indicator” field of an association

INSERT

“"VALUE®* ATOM

<OR ATOM STRING> OBLIST
Add an atom to an oblist

INT-LEVEL

"VALUE" FIX

“"OPTIONAL" FIX

Return and/or set current interrupt level

INTERRUPT

"VALUE®" <OR 'T FALSE> ‘
<OR IHEADER STRING ATOM> *TUPLE" TUPLE
Cause an interrupt to occur

INTERRUPTS
“"WALUE" OBLIST
Return the oblist on which interrupt names are kept

IPC-HANDLER

“VALUE" 'T

<OR STRING UVECTOR STORAGE> FIX STRING STRING "OPTIONAL" STRING STRING
Default handler for "IPC* (ITS only) -

IPC-OFF
SVALUE" 'T
Stop all listening on the IPC device (ITS only)

IPC-ON

“VALUE®" 'T

“OPTIONAL" STRING STRING
Listen on the IPC device (ITS only)

ISTORAGE

“VALUE* STORAGE

FIX “OPTIONAL" ANY

Create a non-garbage-collected storage of implicit arguments (archaic)
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ISTRING

"VALUE* STRING

FIX "OPTIONAL" ANY

Create a string of implicit arguments

ITEM

"VALUE" ANY

ASOC

Return the "item” field of an association

ITUPLE

"VALUE" TUPLE

FIX "OPTIONAL" ANY

Create a tuple (vector on the control stack) of implicit arguments

IUVECTOR

"VALUE" UVECTOR

FIX "OPTIONAL" ANY

Create a uniform vector of implicit arguments

IVECTOR

"VALUE" VECTOR

FIX “OPTIONAL" ANY

Create a vector of implicit arguments

JNAME
"VALUE* STRING
Return job name of MDL

L=?

“VALUE" <OR 'T FALSE>

<OR FIX FLOAT> <OR FIX FLOAT>

Predicate: is first argument less than or equal to second

L?

"VALUE" <OR 'T FALSE>

<OR FIX FLOAT> <OR FIX FLOAT>
Predicate: is first argument less than second

LEGAL?

"VALUE"™ <OR 'T FALSE>

ANY

Predicate: is argumnent (frame etc.) legal
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"VALUE" FIX

STRUCTURED

Return the number of elements in a structure

LENGTH?

“"VALUE" <OR FIX FALSE>

STRUCTURED FIX

Predicate: is length of structure less than or equal to an integer

LINK

“VALUE* ANY

ANY STRING "OPTIONAL" OBLIST

Create a symbolic link to any object for READing

LIST

“VALUE* LIST

“TUPLE" TUPLE

Create a list of explicit arguments

LISTEN

“VALUE" ANY

"TUPLE™ TUPLE

Stop and inform user that you are waiting

LLOC

"VALUE®* LOCD

ATOM "OPTIONAL" <OR ENVIRONMENT ACTIVATION FRAME PROCESS>
Return a locative to the local-value cell of an atom

LOAD

"VALUE" '"DONE"

CHANNEL "OPTIONAL" <OR OBLIST <LIST [REST <OR OBLIST 'DEFAULT>]>>
Read and evaluate all objects from an I/O channel

LOCATIVE?

“VALUE" <OR FALSE 'T>
ANY

Predicate: is object a locative

LOG

“"VALUE® FLOAT

<OR FIX FLOAT>

Arithmetic: natural logarithm
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LOGOUT
“"VALUE" FALSE
Log out of ITS (useful for disowned and daemon jobs)

LOOKUP

YVALUE" <OR ATOM FALSE>

STRING OBLIST

Return an atom found on a given oblist

LPARSE

"VALUE" LIST

“OPTIONAL" STRING FIX <OR OBLIST <LIST [REST <OR OBLIST ‘'DEFAULT>]>> VECTOR CHARACTER
Return a list of the objects parsed from a string (sections 7.6.6.3, 15.7.2, 17.1.3)

LVAL

“WVALUE®" ANY

ATOM “OPTIONAL" <OR ENVIRONMENT ACTIVATION FRAME PROCESS>
Return the local value of an atom

MAIN
“VALUE® PROCESS
Return process 1 (the main process)

MANIFEST

“VALUE" 'T

*TUPLE™ <TUPLE [REST ATOMI>

Declare the global values of atoms to be constant

MANIFEST?

“VALUE" <OR 'T FALSE>

ATOM

Predicate: is the global value of an atom constant

MAPF

"VALUE" ANY

<OR FALSE APPLICABLE> APPLICABLE “TUPLE" <TUPLE [REST STRUCTURED]>
Map function onto elements of structures

MAPLEAVE

"VALUE" ANY

"OPTIONAL™ ANY

Leave the most recent MAPF/R with a value
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"WALUE" ANY

<OR FALSE APPLICABLE> APPLICABLE "TUPLE* <TUPLE [REST STRUCTURED]>

Map function onto “"rests" of structures

MAPRET
*TUPLE" TUPLE
Return a variable number of objects to the current MAPF/R

MAPSTOP
“TUPLE®" TUPLE
MAPRET, then stop looping of MAPF/R and cause application

MAX

"VALUE* <OR FIX FLOAT>

“TUPLE" <TUPLE [REST <OR FIX FLOAT>]>
Arithmetic: maximum argument

ME
“VALUE" PROCESS
Return the current process

MEMBER

“VALUE" <OR FALSE STRUCTURED>

ANY STRUCTURED

Predicate: is object =? to some element of a structure

MEMQ

“VALUE" <OR FALSE STRUCTURED>

ANY STRUCTURED

Predicate: is object ==?7 to some element of a structure

MIN

"VALUE" <OR FIX FLOAT>

“TUPLE" <TUPLE [REST <OR FIX FLOAT>]>
Arithmetic: minimum argument

MOBLIST

“VALUE" OBLIST
ATOM "OPTIONAL" FIX
Create or get an oblist
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MOD

YWALUE" FIX

FIX FIX

Arithmetic: numerical modulus or remainder

MONAD?

"VALUE* <OR 'T FALSE>

ANY

Predicate: is object unstructured or empty structure

N==

"VALUE" <OR 'T FALSE>

ANY ANY

Predicate: NOT “exact” equality

N=?

“VALUE" <OR 'T FALSE>

ANY ANY

Predicate: NOT “structural” equality

NETACC

“VALUE" <OR FALSE CHANNEL>
CHANNEL

Accept a network connection

NETS

SVALUE®™ CHANNEL

CHANNEL

Force system network buffer to be sent

NETSTATE

"VALUE" <UVECTOR FIX FIX FIX>

CHANNEL

Return a uniform vector of state info for a network channel

NEWTYPE

“VALUE" ATOM

ATOM ATOM "OPTIONAL" <OR ATOM <FORM 'QUOTE FORM>>
Define a new data type

NEXT

"VALUE" <OR FALSE ASOC>

ASOC

Return the next entry in the association chain
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NEXTCHR

"VALUE" <OR CHARACTER FIX>

"OPTIONAL" CHANNEL ANY

Return the next input character from an I/O channel

NOT

®"VALUE® <OR 'T FALSE>
<OR FALSE ANY>

Logical: "not” of a truthvalue

NTH

"VALUE®™ ANY

STRUCTURED *"OPTIONAL* FIX
Return the Nth element of a structure

OBLIST?

WVALUE®* <OR OBLIST FALSE>

ATOM

Predicate: return atom’s oblist or false if none

OFF
“VALUE* <OR FALSE HANDLER IHEADER>

{OR HANDLER IHEADER STRING ATOM> “OPTIONAL" <OR CHANNEL LOCATIVE>

Remove an interrupt handler or destroy an interrupt

ON
“VALUE" HANDLER

<OR STRING ATOM> APPLICABLE FIX "OPTIONAL" <OR FIX PROCESS> <OR CHANNEL LOCATIVE>

Turn on an interrupt and create an interrupt handler

OPEN

“VALUE® <OR CHANNEL <FALSE STRING STRING FIX>>
"OPTIONAL" STRING “TUPLE" TUPLE

Create and open an I/O channel

OPEN-NR
“VALUE" <OR CHANNEL <FALSE STRING STRING FIX>>
"OPTIONAL" STRING "TUPLE" TUPLE

Create and open an I/O channel without changing file’s reference date

OR
"VALUE® <OR FALSE ANY>
"ARGS* LIST

Logical: inclusive "or” of truthvalues, evaluated one at a time by the Subroutine
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OR?

"VALUE" <OR FALSE ANY>

“TUPLE" TUPLE

Logical: inclusive "or” of truthvalues, evaluated at call time

ORB

"VALUE" WORD

“"TUPLE" <TUPLE [REST <PRIMTYPE WORD>I>
Bitwise inclusive "or" of words

OVERFLOW

"VALUE" <OR 'T '#FALSE ()>
“OPTIONAL" <OR ANY FALSE>

Arithmetic: enable or disable overflow error

PARSE

“VALUE" ANY

“OPTIONAL" STRING FIX <OR OBLIST <LIST [REST <OR OBLIST 'DEFAULT>]>> VECTOR CHARACTER
Parse a string into an object (sections 7.6.6.2, 15.7.2, 17.1.3)

PCODE

“VALUE" PCODE

STRING FIX

Create pointer to pure RSUBR code

PNAME

“VALUE" STRING

ATOM

Return the print name of an atom as a distinct copy

PRIMTYPE

“VALUE" ATOM

ANY

Return the primitive data type of an ob ject

PRIMTYPE-C
“VALUE" PRIMTYPE-C
ATOM

Get a "storage allocation code” for a TYPE

PRIN1

“VALUE" ANY

ANY "OPTIONAL® CHANNEL

Print an object on an I/O channel without format
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PRINC

"VALUE" ANY

ANY "OPTIONAL" CHANNEL

Print an ob ject on an I/O channel without format or indicators

PRINT

“VALUE" ANY

ANY "OPTIONAL" CHANNEL

Print an object on an I/O channel

PRINTB

"VALUE" <OR UVECTOR STORAGE>

<<OR UVECTOR STORAGE> [REST <PRIMTYPE WORD>]> CHANNEL
Write binary information on an I/O channel

PRINTSTRING

“VALUE" FIX

STRING "OPTIONAL" CHANNEL FIX

Write contents of string on an I/O channel

PRINTTYPE

“VALUE" <OR ATOM APPLICABLE FALSE>
ATOM “OPTIONAL" <OR ATOM APPLICABLE>
Specify or return how a data type is printed

PROCESS

“VALUE" PROCESS

APPLICABLE

Create a new process with startup function

PROG

"VALUE* ANY

“ARGS" <LIST -ATOM- LIST -DECL- ANY>
Execute sequential expressions

PURIFY

"VALUE" ANY

"TUPLE" TUPLE

Purify objects everywhere

PUT

"VALUE" ANY

ANY ANY "OPTIONAL"* ANY
Associate a property with an item
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PUT-DECL

“VALUE" LOCD

LOCD <OR ATOM <FORM 'QUOTE FORM>>
Put the type declaration for an atom’s value

PUTBITS

"VALUEY <PRIMTYPE WORD>

<PRIMTYPE WORD> BITS “"OPTIONAL" <PRIMTYPE WORD>
Set 2 masked field in a word

PUTPROP

“VALUE" ANY

ANY ANY "OPTIONAL"™ ANY

a more general version of PUT

PUTREST

“VALUE" <PRIMTYPE LIST>
<PRIMTYPE LIST> <PRIMTYPE LIST>
Replace the rest of a list

QUIT
"VALUE" '#FALSE ()
Exit from MDL gracefully

QUITTER

"VALUE" CHARACTER

CHARACTER CHANNEL

interrupt handler for “G and *S quit features

QUOTE
"VALUE" ANY
"ARGS" LIST

Return first argument unevaluated

RANDOM

"VALUE" FIX

"OPTIONAL" FIX FIX

Arithmetic: generate a uniform pseudo-random integer

READ

“VALUE" ANY

“OPTIONAL" CHANNEL ANY <OR OBLIST XLIST [REST <OR OBLIST 'DEFAULT>]>> VECTOR
Read one object from an I/O channel (sections I11.LLIL, 118, 15.7.1, 17.1.8)
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“VALUE" FIX

<<OR UVECTOR STORAGE> [REST <PRIMTYPE WORD>]> CHANNEL "OPTIONAL" ANY

Read binary information from an I/O channel

READCHR

"WALUE" <OR CHARACTER FIX>
“OPTIONAL" CHANNEL ANY

Read one character from an I/O channel

READSTRING

"VALUE" FIX

STRING "OPTIONAL" CHANNEL <OR FIX STRING> ANY
Read into a string from an I/O channel

REALTIMER

“VALUE®" <OR FIX FLOAT>

<OR FIX FLOAT>

Set interval for real-time interrupts

REMOVE

"VALUE* <OR ATOM FALSE>

<OR ATOM STRING> "OPTIONAL" OBLIST
Remove an atom from an oblist

RENAME

“VALUE" <OR 'T <FALSE STRING FIX>>
“TUPLE" <TUPLE <OR STRING CHANNEL>>
Rename or delete a disk file

REP
“VALUE" ANY
default for Read-Eval-Print loop

REPEAT

“VALUE" ANY

"ARGS" <LIST -ATOM- LIST -DECL- ANY>
Execute sequential expressions repeatedly

RESET

"VALUE" <OR CHANNEL <FALSE STRING STRING FIX>>
CHANNEL

Reopen an I/O channel at its beginning
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REST

“VALUE" STRUCTURED

STRUCTURED "OPTIONAL" FIX

Remove the first N elements from a structure and change to primitive data type

RESTORE

WVALUE® '"RESTORED"

"OPTIONAL" STRING STRING STRING STRING
Restore MDL's state from a file

RESUME

“"VALUE" ANY

ANY “OPTIONAL® PROCESS

Transfer execution to another process

RESUMER

“"VALUE" <OR PROCESS FALSE>

"OPTIONAL" PROCESS

Return the process that most recently resumed this one

RETRY
“OPTIONAL" FRAME
Retry a previous Subroutine call from the error level

RETURN

"VALUE"* ANY

"OPTIONAL®" ANY ACTIVATION

Leave an activation block with a value

RGLOC

“VALUE* LOCR

ATOM "OPTIONAL" <OR FALSE ANY>

Return a Jocative to the global-value cell of an atom for pure-program use

ROOT
"VALUE" OBLIST
Return the oblist containing primitives

RSUBR

"VALUE" RSUBR

<VECTOR <OR CODE PCODE> ATOM DECL [REST ANYD]>
Create a relocatable subroutine
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RSUBR=-ENTRY

“VALUE" RSUBR-ENTRY

<VECTOR <OR ATOM RSUBR> ATOM DECL> FIX
Add entry point to RSUBR

RSUBR-LINK

“VALUE" <OR FALSE ANY>

“"OPTIONAL" <OR FALSE ANY>

Enable or disable the automatic linking feature

RUNINT

“VALUE" ANY

APPLICABLE “TUPLE® TUPLE

Apply interrupt handler (for internal use only)

RUNTIMER

“VALUE" <OR FIX FLOAT>

<OR FIX FLOAT>

Set interval for run-time interrupt

SAVE

“VALUE®* ‘“SAVED*

“OPTIONAL" ~-STRING- -STRING- -STRING- =STRING- <OR FALSE ANY>
Write the entire state of MDL to a file

SEND

"VALUE" <OR 'T FALSE>

STRING STRING <OR STRING STORAGE <UVECTOR [REST <PRIMTYPE WORD>]>> "OPTIONAL" FIX
STRING STRING

Send an IPC message (ITS only)

SEND-WAIT

“WALUE" 'T

STRING STRING <OR STRING STORAGE <UVECTOR [REST <PRIMTYPE WORD>1>> "OPTIONAL" FIX
STRING STRING

Send an IPC message and wait for it to be received (ITS only)

SET

“VALUE" ANY

ATOM ANY "OPTIONAL" <OR ENVIRONMENT ACTIVATION FRAME PROCESS>
Change the local value of an atom
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SETG

“VALUE" ANY

ATOM ANY

Change the global value of an atom

SETLOC

“VALUE" ANY

LOCATIVE ANY

Change the contents pointed to by a locative

SIN

“WALUE" FLOAT
<OR FIX FLOAT>
Arithmetic: sine

SLEEP

“"VALUE" ANY

<OR FIX FLOAT> "OPTIONAL" ANY

Do nothing, interruptibly, the number of seconds indicated

SNAME

“WALUE" STRING

“OPTIONAL" STRING

Set or return the default directory name for new I/O channels

SORT

“VALUE® <OR <PRIMTYPE VECTOR> <PRIMTYPE UVECTOR> <PRIMTYPE TUPLE>>

<OR FALSE APPLICABLE> <OR <PRIMTYPE VECTOR> <(PRIMTYPE UVECTOR> <PRIMTYPE TUPLE>>
"OPTIONAL" FIX FIX “TUPLE" <TUPLE [REST <OR <PRIMTYPE VECTOR> <PRIMTYPE UVECTOR>
<PRIMTYPE TUPLE>> FIX]>

Sort elements of a structure

SPECIAL-CHECK

“VWALUE* <OR 'T FALSE>

"OPTIONAL" <OR ANY FALSE>

Turn interpreter special-checking on or off

SPECIAL-MODE

"VALUE" <OR 'SPECIAL 'UNSPECIAL>
“"OPTIONAL" <OR 'SPECIAL 'UNSPECIAL>
Set default speciality
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SPNAME

“VALUE" STRING

ATOM

Return the print name of an atom by sharing it

SQRT

“VALUE" FLOAT

<OR FIX FLOAT>
Arithmetic: square root

SQUOTA

"VALUE" <OR FIX FALSE>

<PRIMTYPE WORD>

Get the address of an internal interpreter symbol (for internal use only)

STACKFORM

“VALUE" ANY

"ARGS" <LIST APPLICABLE ANY ANY>
Apply a function to stacked arguments

STATE

"VALUE" ATOM

PROCESS

Return a process’s current state

STORE

"VALUE" STORAGE

<<OR <PRIMTYPE UVECTOR> <PRIMTYPE STORAGE>> [REST <PRIMTYPE WORD>J]>
Copy into new non-garbage-collected storage (archaic) (ITS only)

STRCOMP

"VALUE" FIX

<OR ATOM STRING> <OR ATOM STRING>

Compare two character strings or two print names

STRING

"VALUE" STRING

“TUPLE" <TUPLE [REST <OR STRING CHARACTER>]J>
Create a string of explicit arguments

STRUCTURED?

"VALUE" <OR FALSE 'T>

ANY

Predicate: is argument structured
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SUBSTITUTE

"VALUE" ANY

ANY ANY

Substitute one ob ject for another everywhere

SUBSTRUC

“VALUE* <OR LIST VECTOR UVECTOR STRING BYTES>

<OR <PRIMTYPE LIST> <PRIMTYPE VECTOR> <PRIMTYPE TUPLE> <PRIMTYPE UVECTOR> <PRIMTYPE
STRING> <PRIMTYPE BYTES>> "OPTIONAL" FIX FIX <OR LIST VECTOR UVECTOR STRING BYTES>

Copy part of a structure into another

SUICIDE

“VALUE" ANY

ANY “OPTIONAL" PROCESS

Cause the current process to die and resume another

TAG

“"VALUE" TAG

ATOM

Create a tag in an activation block

TERPRI

"VALUE*® '#FALSE ()

"OPTIONAL" CHANNEL

Print a carriage-return and line-feed on an I/O channel

TIME

“VALUE" FLOAT

“TUPLE" TUPLE

Return the elapsed execution time in seconds

TOP

“VALUE® <OR VECTOR UVECTOR STRING TEMPLATE>

<OR <PRIMTYPE VECTOR> <PRIMTYPE UVECTOR> <PRIMTYPE STRING> <PRIMTYPE TEMPLATE>>
Replace all elements removed from a non-list structure by RESTing and change to primitive data

type

TTYECHO

“VALUE" CHANNEL

CHANNEL <OR FALSE ANY>

Turn echoing of characters typed on a console on or off
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TUPLE

"WALUE" TUPLE

“TUPLE" TUPLE

Create a tuple (vector on the control stack) of explicit arguments

TYI

“WALUE" CHARACTER

“OPTIONAL" CHANNEL

Input a character from a console immediately

TYPE

"VALUE" ATOM

ANY

Return the data type of an object

TYPE-C

“VALUE" TYPE-C

ATOM "OPTIONAL" ATOM

Get a data-type code for pure-program use

TYPE-W

"VALUE" TYPE-W

ATOM "OPTIONAL" ATOM <PRIMTYPE WORD>
Get a data-type word for pure-program use

TYPE?

"VALUE" <OR FALSE ATOM>

ANY “TUPLE" <TUPLE ATOM [REST ATOMI>
Predicate: is object one of specified data types

TYPEPRIM

"VALUE" ATOM

ATOM

Return a data type’s primitive type

UNAME
"VALUE" STRING
Return user name of MDL

UNASSIGN

“VALUE" ATOM

ATOM “OPTIONAL" <OR ENVIRONMENT ACTIVATION FRAME PROCESS>
Cause an atom to be locally unassigned
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UNMANIFEST

“VALUE" 'T

“TUPLE" <TUPLE [REST ATOMI>

Declare the global values of atoms not to be constants

UNPARSE

"VALUE® STRING

ANY “OPTIONAL® FIX

Create a string representation of an ob ject

UNWIND

“"VALUE" ANY

"ARGS" <LIST ANY ANY>

Specify cleaning-up during non-local return

UTYPE

“VALUE" ATOM

<PRIMTYPE UVECTOR>

Return the data type of all elements of a uniform vector

UVECTOR

“VALUE" UVECTOR

"TUPLE" TUPLE

Create a uniform vector of explicit arguments

VALID-TYPE?

“VALUE® <OR TYPE-C FALSE>

ATOM

Predicate: is an atom the name of a type

VALRET

“"VALUE" FALSE

STRING

Pass a string to superior job using .VALUE UUO

VALUE

“VALUE" ANY

ATOM "OPTIONAL" <OR ENVIRONMENT ACTIVATION FRAME PROCESS>
Return the local or else the global value of an atom

VECTOR

"VALUE" VECTOR

"TUPLE" TUPLE

Create a vector of explicit arguments
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"VALUE" WORD

“TUPLE" <TUPLE [REST <PRIMTYPE WORD>D]>
Bitwise exclusive "or" of words
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Appendix 8. Predefined Types
On these two pages is a table showing each of MDL's predefined TYPEs, its primitive type if

different, and various flags: S for STRUCTURED, E for EVALTYPE not QUOTE, and A for APPLICABLE.

X means that an object of that TYPE cannot be CHTYPEd to and hence cannot be READ in (if
attempted, CAN'T-CHTYPE-INTO ERROR is usual).

B means that an ob ject of that TYPE cannot be READ in (if attempted, STORAGE-TYPES-DIFFER ERROR
is usual), that instead it is built by the interpreter or CHTYPEd to by a program, and that its PRINTed
representation makes it look as though its TYPEPRIM were different.

% means that an ob ject of that TYPE is PRINTed using % notation and can be READ in only that way.

TYPE TYPEPRIM S E A comments

ACTIVATION FRAME X

ASOC B sic:only one S

ATOM

BITS WORD

BYTES S

CHANNEL VECTOR S X

CHARACTER  WORD

CLOSURE LIST S A

CODE UVECTOR S

DECL LIST S

DISMISS ATOM can be returned by interrupt handler
ENVIRONMENT FRAME B

FALSE LIST S

FIX WORD A

FLOAT WORD

FORM LIST SE

FRAME B

FSUBR WORD A X

FUNCTION LIST S A

HANDLER VECTOR S X

IHEADER VECTOR S X ‘“interrupt header"

ILLEGAL WORD X Garbage collector may put this on non-LEGAL? ob ject.
INTERNAL WORD X should not be seen by programs
LINK ATOM X for console shorthand

LIST S E

LOCA B locative to TUPLE
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LoCB

LOCD

LOCL

LOCR

LOCS

LOCT

LOCU

LOCV

LOSE
MACRO
OBLIST
PCODE
PICTURE
PRIMTYPE-C
PROCESS
QUICK-ENTRY
QUICK-RSUBR
READA
RSUBR
RSUBR-ENTRY
SEGMENT
SPLICE
STORAGE
STRING
SUBR

TAG
TEMPLATE
TIME

TUPLE
TYPE-C
TYPE-W
UNBOUND
UVECTOR
VECTOR
WORD

WORD
LIST
UVECTOR
WORD
STORAGE
WORD

VECTOR
VECTOR
FRAME
VECTOR
VECTOR
LIST
LIST

WORD
VECTOR
WORD
WORD

WORD
WORD

[7]

[Z 3 7]

mhonmumomoumnm

nwm

(7 7]

o ¥R

%
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locative to ASOC

locative to BYTES

locative to G/LVAL

locative to LIST

locative to GVAL in pure program
locative to STRING

locative to TEMPLATE

locative to UVECTOR

locative to VECTOR

a place holder

“pure code”
“primtype code"

an RSUBR-ENTRY that has been QCALLed and RSUBR-LINKed

%/B an RSUBR that has been QCALLed and RSUBR-LINKed

X

%/8

%

W X X

%

x

in eof slot during recursive READ via READ-TABLE
if code vector is pure/impure, respectively

for returning many things via READ-TABLE
If possible, use FREEZE SUBR instead.

for non-local GOs

The interpreter itself can’t build one. See ref 1.

used internally to identify FRAMEs

vector on the control stack

“type code”

“type word"

value of unassigned but bound ATOM, as seen by locatives
“uniform vector”
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Appendix 4. Error Messages

This is a list of all ATOMs initially in the ERRORS OBLIST, in the left-hand column, and appropriate
examples or elucidations, where necessary, in the right-hand column.

ACCESS-FAILURE

ALREADY-DEFINED-ERRET-NON-FALSE-TO-REDEFINE

APPLY-OR-STACKFORM-OF -FSUBR

ARG-WRONG-TYPE
ARGUMENT-OUT-OF ~-RANGE

ATOM-ALREADY-THERE

ATOM-NOT-TYPE-NAME-OR-SPECIAL-SYMBOL
ATOM-ON-DIFFERENT-OBLIST
ATTEMPT-TO-BREAK-OWN-SEQUENCE
ATTEMPT-TO-CHANGE-MANIFEST-VARIABLE
ATTEMPT-TO-CLOSE-TTY-CHANNEL
ATTEMPT-TO-DEFER-UNDEFERABLE-INTERRUPT

ATTEMPT-TO-GROW-VECTOR=-TOO-MUCH
ATTEMPT-TO-MUNG-ATOMS -PNAME
ATTEMPT-TO-MUNG-PURE=~STRUCTURE
ATTEMPT-TO-SUICIDE-TO-SELF
BAD-ARGUMENT-LIST
BAD-ASCII-CHARACTER

BAD-BYTES-DECL
BAD-CHANNEL
BAD-CLAUSE

BAD-DECLARATION-LIST
BAD-DEFAULT-OBLIST-SPECIFICATION
BAD-E&S-TABLE

BAD~ENTRY-BLOCK
BAD-ENVIRONMENT

BAD-FIXUPS
BAD-FUNARG

Appendix 4

ACCESS, RESTORE (TENEX only)

First argument to APPLY, STACKFORM,
MAPF/R doesn’t EVAL all its arguments.

<ASCII 999>8 Second argument to NTH
or REST too big or small.

CINSERT *T" <ROOT>>$ <LINK ‘T *T*"
<ROOT>>$

DECL problem

INSERT, LINK, REMOVE

<BREAK-SEQ T <ME>>$

{CLOSE ,INCHAN>$

"Undeferable” interrupt (e.g. “ERROR™)
while INT-LEVEL is too high te handle it
GROW argument greater than <* 16 1024>
{PUT <SPNAME T> 1 !\T>§

attempt to write into pure page

{SUICIDE <ME>>$

<{GDECL ("HI") STRING>$

A character with wrong byte size or
ASCII code more than 177 octal has been
read (how?).

Argument to COND is non-LIST or empty
LIST.

DECL in bad form

bad use of DEFAULT in LIST of OBLISTs
bad character definitions for PICTUREs
(ITS only)

RSUBR-ENTRY does not point to good
RSUBR.

CLOSURE in bad form



BAD-GC-READ-FILE
BAD-INPUT-BUFFER
BAD-LINK
BAD-MACRO~-TABLE

BAD-OBLIST-OR-LIST=-THEREOF

BAD-PARSE-STRING
BAD-PNAME

BAD-PRIMTYPEC
BAD-TEMPLATE-DATA
BAD-TYPE-CODE
BAD-TYPE-NAME
BAD-TYPE-SPECIFICATION
BAD-USE-OF-BYTE~STRING
BAD-USE-OF-MACRO
BAD-USE-OF-SQUIGGLY-BRACKETS
BAD-VECTOR
BYTE-SIZE-BAD
CAN'T-PARSE
CANT-CHTYPE-INTO
CANT-FIND-TEMPLATE

CANT-OPEN-OUTPUT-FILE
CANT-RETRY-ENTRY-GONE

CANT-SUBSTITUTE-WITH-STRING-OR-TUPLE-AND~-OTHER

CHANNEL-CLOSED

CONTROL-G?
COUNT-GREATER-THAN-STRING-SIZE
DANGERQUS-INTERRUPT=-NOT-HANDLED
DATA-CAN'T-GO-IN-STORAGE
DATA-CANT-BE-STORED
DATA-CANT-GO-IN-UNIFORM-VECTOR
DECL-ELEMENT-NOT-FORM-OR-ATOM
DECL-VIOLATION
DEVICE-OR-SNAME-DIFFERS
DISPLAY-FULL
ELEMENT-~TYPE-NOT-ATOM-FORM-OR-VECTOR
EMPTY-FORM-IN-DECL
EMPTY-OR/PRIMTYPE~FORM
EMPTY-STRING

END-OF-FILE
ERRET-TYPE-NAME~DESIRED
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(for a CHANNEL)

<GUNASSIGN <CHTYPE /ink ATOM>>
.READ-TABLE or .PARSE-TABLE is not a
vector.

Alleged oblist path is not of TYPE OBLIST
or LIST.

non-STRING argument to PARSE

attempt to output ATOM with missing or
zero-length PNAME

ATOM purports to be a TYPE but isn't.
DECL problem
#3%

{1$

Bad argument to RSUBR-ENTRY

“NET" CHANNEL

{PARSE "">% <{PARSE ")">%

<CHTYPE 1 SUBR>$

attempt to GC-READ a structure containing
a TEMPLATE whose TYPE does not exist
SAVE

attempt to RETRY a call to an RSUBR-
ENTRY whose RSUBR cannot be found
(SUBSTITUTE "T" T>$%

{READ <CLOSE channel>>$

g

<PRINTSTRING "" ,QUTCHAN 1>$%

(See section 21.10.13.) (ITS only)

FREEZE ISTORAGE

STORE (ITS only)

I["STRING" ]S !'[<FRAME>]$

RENAME
DISPLAY (ITS only)
DECL problem

<OR> or <PRIMTYPE> in DECL
<READSTRING "*>$
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ERROR-IN-COMPILED-CODE
FILE-NOT-FOUND
FILE-SYSTEM-ERROR
FIRST-ARG-WRONG-TYPE
FIRST-ELEMENT-OF-VECTOR-NOT-CODE
FIRST-VECTOR-ELEMENT-NOT-REST-OR-A-FIX
FRAME-NO-LONGER-EXISTS
HANDLER-ALREADY-IN-USE
HAS-EMPTY-BODY

ILLEGAL

ILLEGAL-ARGUMENT-BLOCK

ILLEGAL-FRAME
ILLEGAL-LOCATIVE
ILLEGAL~SEGMENT

ILLEGAL-TENEX-FILE-NAME
INT-DEVICE-WRONG-TYPE~EVALUATION-RESULT

INTERNAL-BACK-OR-TOP-OF-A~-LIST
INTERNAL-INTERRUPT
ITS-CHANNELS-EXHAUSTED
MEANINGLESS-PARAMETER-DECLARATION
MESSAGE-TO0-BIG
MUDDLE-VERSIONS-DIFFER
NEGATIVE-ARGUMENT
NIL-LIST-OF-OBLISTS
NO-ITS-CHANNELS-FREE
NO-MORE-PAGES
NO-PROCESS-TO-RESUME
NO-STORAGE

NO-SUCH-DEVICE?
NON-6-BIT-CHARACTER-IN-FILE~NAME
NON-APPLICABLE-REP
NON-APPLICABLE-TYPE
NON-ATOMIC-ARGUMENT
NON-ATOMIC-OBLIST-NAME
NON-DSK-DEVICE
NON-EVALUATEABLE-TYPE
NON-EXISTENT-TAG

RESTORE

RSUBR in bad form.
#DECL ((X) <LIST [FOOD>)
(unused)

C#FUNCTION ((X)) 1>

attempt to PRINT a TUPLE that no longer
exists

Third and later arguments to MAPF/R
not STRUCTURED.

(TENEX only)

function for "INT®" input CHANNEL
returned non-CHARACTER.

in compiled code

(unused)

Interpreter couldn't open an ITS channel.
bad object in argument LIST of Function
IPC (ITS only)

RESTORE

(SET OBLIST '()> T$

IPC-ON (ITS only)

for pure-code mapping

{OR <RESUMER> <RESUME>>$

No free storage available for GROW.
(TENEX only)

<VALUE REP> not APPLICABLE

Ti-3%

(unused)
(unused)
(unused)

NON-STRUCTURED-ARG-TO=-INTERNAL-PUT-REST-NTH-TOP-OR-BACK in compiled code

NON-TYPE-FOR-PRIMTYPE-ARG
NOT-A-TTY-TYPE-CHANNEL
NOT-HANDLED

Appendix 4

{PRIMTYPE not-type> in DECL

First argument to OFF not ONed.



NOT-IN-ARG-LIST
NOT-IN-MAP-FUNCTION

- NOT-IN-PROG
NTH-BY-A-NEGATIVE-NUMBER
NTH-REST-PUT-0UT-OF -RANGE
NULL-STRING

NUMBER-QUT-OF -RANGE
ON-AN-OBLIST-ALREADY

OUT-OF -BOUNDS

OVERFLOW
PDL-OVERFLOW-BUFFER-EXHAUSTED

PICTURE-NOT-FOUND
PROCESS~-NOT-RESUMABLE
PROCESS-NOT-RUNABLE-OR-RESUMABLE
PURE-LOAD-FAILURE

READER-SYNTAX-ERROR-ERRET-ANYTHING=-TO-GO-ON

RSUBR-ENTRY-UNLINKED

RSUBR-IN-BAD-FORMAT
RSUBR-LACKS-FIXUPS

SECOND-ARG-WRONG-TYPE
STORAGE-TYPES-DIFFER

STRUCTURE-CONTAINS-UNDUMPABLE-TYPE
SUBSTITUTE-TYPE-FOR-TYPE

TEMPLATE-TYPE-NAME-NOT-OF -TYPE-TEMPLATE

TEMPLATE-TYPE-VICLATION
THIRD-ARG-WRONG-TYPE
TOO-FEW-ARGUMENTS-SUPPLIED

TOO-MANY-ARGS-TO-SPECIAL-UNSPECIAL-DECL

TOO-MANY-ARGUMENTS-SUPPLIED
TOP-LEVEL~FRAME
TYPE-ALREADY-EXISTS
TYPE-MISMATCH

TYPE-UNDEFINED
TYPES-DIFFER-IN-STORAGE-OBJECT
TYPES-DIFFER~IN-UNIFORM-VECTOR
UNASSIGNED-VARIABLE
UNATTACHED-PATH-NAME-SEPARATOR
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TUPLE or ITUPLE called outside argumnent
LIST.

MAPRET, MAPLEAVE, MAPSTOP not within
MAPF/R

<RETURN>$ <AGAIN>$

in compiled code

in compiled code

zero-length STRING

2E38%

CINSERT T <ROOT>>$

<1 '()>% BLOAT argument too large

</ 1 0>% <> 1E30 1E30>$

Stack overflow while trying to expand
stack: use RETRY.

ERASE (ITS only)

use of another PROCESS’s FRAME, etc.

Pure-code file disappeared.

RSUBR-ENTRY whose RSUBR cannot be
found

KEEP-FIXUPS should have been true when
RSUBR was input.

CCHTYPE 1 LIST>$ <CHUTYPE '![1]
LIST>$

<GC-DUMP <ME> <>>%

{SUBSTITUTE SUBR FSUBR>$

attempt to GC-READ a structure containing
a TEMPLATE whose TYPE is defined but is
not a TEMPLATE

{SPECIAL any ...>
CERRET> <FRAME <FRAME <FRAME>>>$%
NEWTYPE

attempt to make a value violate its DECL

ISTORAGE
I[T <18

1-$
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UNBOUND-VARIABLE
UNMATCHED
UVECTOR=-PUT-TYPE-VIOLATION

VECTOR-LESS-THAN-2-ELEMENTS
WRONG-DIRECTION-CHANNEL

WRONG~-NUMBER-OF ~ARGUMENTS

Appendix 4

ENDBLOCK with no matching BLOCK

PUT, SETLOC, SUBSTRUC in compiled
code

#DECL ((X) <LIST [REST]>)

COPEN “MYFILE">$S (Mode missing or
misspelt.)
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Appendix 5. Initial Settings

The various switches and useful variables in MDL are initially set up with the following values:

{ACTIVATE-CHARS <STRING <ASCII 7> <ASCII 19> <ASCII 15>>>
;“TENEX only™
<{DECL-CHECK T>
CUNASSIGN <GUNASSIGN DEV>>
<GC~-MON <>
<SET INCHAN <SETG INCHAN <OPEN "READ" “TTY:">>>
* CUNASSIGN KEEP-FIXUPS>
CUNASSIGN <GUNASSIGN NM1>>
CUNASSIGN <GUNASSIGN NM2>>
<SET OBLIST <SETG OBLIST (<MOBLIST INITIAL 151> <ROOT>)>>
<SET OUTCHAN <SETG OUTCHAN <OPEN "PRINT" *TTY:">>>
<OVERFLOW T>
<UNASSIGN REDEFINE>
<RSUBR-LINK T>
{SETG <UNASSIGN SNM> “working~-directory™>
{SPECIAL=-CHECK <>>
{SPECIAL-MODE UNSPECIAL>
<SET THIS~-PROCESS <{SETG THIS-PROCESS <MAIN>>>
<ON "CHAR" ,QUITTER 8 0 ,INCHAN>
<ON “IPC*™ ,IPC-HANDLER 1> ;"ITS only"
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Topic Index

Parenthesized words refer to other items in this index.

arguments

arithmetic

array
assignment
binding
bits

block
boolean
bugs

call

change

character

circular
comma
comments

comparison

conditional

"OPTIONAL" *TUPLE" "“ARGS" (parameter)

+ = % / ABS EXP LOG SIN COS ATAN MIN MAX RANDOM 0? 1? ==?7 L? G? L=1?
G=? N==7

VECTOR UVECTOR TUPLE STRING BYTES TEMPLATE

SET SETG DEFINE DEFMAC ENVIRONMENT (value parameter binding)

BOUND? GBOUND? ASSIGNED? GASSIGNED? LEGAL? (assignment value parameter)
WORD BITS PUTBITS GETBITS BYTES ANDB ORB XORB EQVB

BIND PROG REPEAT OBLIST BLOCK ENDBLOCK OBLIST MOBLIST OBLIST? !-
FALSE COND AND AND? OR OR? NOT (comparison)

{errors)

FORM APPLY APPLICABLE? EVAL SEGMENT

PUT PUTPROP PUTBITS SET SETG

CHARACTER STRING ASCII PRINC READCHR NEXTCHR FLATSIZE LISTEN PARSE
LPARSE UNPARSE

PUTREST PUT LENGTH? FLATSIZE
GVAL SETG
; FUNCTION ASSOCIATION

==? N==? =? N=? G? L=? L? G=? 07 1? MAX MIN STRCOMP FLATSIZE LENGTH?
(boolean)

COND AND OR (boolean)

Topic Index
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concatenation
console
coroutine

data type

decimal

do

dump
errors
escape
execute
exit

file system
goto
graphics

identifier

if
indexing

input

integer
interrupts

iteration

SEGMENT STRING CONS
(tty)
PROCESS

TYPE TYPE? PRIMTYPE TYPEPRIM CHTYPE UTYPE CHUTYPE NEWTYPE PRINTTYPE
APPLYTYPE EVALTYPE ALLTYPES VALID-TYPE?

(loops execute call)

SAVE (output)

FRAME ARGS FUNCT ERROR ERRORS ERRET RETRY UNWIND

\ G ~S

EVAL APPLY QUOTE FSUBR "ARGS" (call)

RETURN ACTIVATION (goto)

FILECOPY FILE-LENGTH RENAME OPEN OPEN-NR CHANNEL NM1 NM2 DEV SNAME
GO TAG UNWIND PROG REPEAT AGAIN RETURN ACTIVATION *ACT" (loops)
DISPLAY ERASE PICTURE STORAGE IMAGE

ATOM PNAME SPNAME LINK LOOKUP INSERT REMOVE OBLIST SPECIAL (parameter
value)

(conditional)
NTH GET PUT BACK TOP (loops)

READ READCHR NEXTCHR READB READSTRING READ-TABLE GC-READ OPEN ACCESS
LOAD FLOAD RESTORE FILE-LENGTH RESET

FIX (arithmetic)

EVENT HANDLER ON OFF ENABLE DISABLE INT-LEVEL DISMISS INTERRUPT

(loops)

Topic Index



leave
loading
location

loops

macro

monitor

multiprocessing

octal

output

parameter

parentheses

parse
period
pointer
predicate
primitives
procedure
quit

real
recursion
search

sharing

263

(quit)
FLOAD SAVE RESTORE LOAD
(pointer)

REPEAT PROG RETURN GO ACTIVATION AGAIN MAPF MAPR STACKFORM ILIST
IVECTOR IUVECTOR ISTRING IBYTES IFORM

% %% LINK READ-TABLE PARSE-TABLE DEFMAC EXPAND MACRO
“READ* "WRITE"
PROCESS STATE RESUME SUICIDE RESUMER ME MAIN BREAK-SEQ

x

PRINT PRIN1 PRINC PRINTB PRINTSTRING IMAGE GC-DUMP ECHOPAIR FLATSIZE
SAVE TERPRI CRLF ACCESS RESET BUFOUT NETS

FUNCTION ATOM LVAL SET SPECIAL UNSPECIAL (identifier value)
LIST
PARSE LPARSE PARSE-TABLE UNPARSE

LVAL SET READ

LOCATIVE AT IN SETLOC LIST

(boolean)

SUBR FSUBR ROOT GVAL SETG

FUNCTION DEFINE DEFMAC GVAL CLOSURE
“6 ~S QUIT VALRET LOGOUT RETURN (loops)
FLOAT (arithmetic)

(always assumed and built in)

MEMQ MEMBER =? ==? (comparison)
SEGMENT GROW SUBSTRUC
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sixbit
storage

structure

subroutine
temporary
text

trailer
true

tty

unbinding

value

UNAME JNAME SEND SEND-WAIT IPC-ON
GC BLOAT BLOAT-STAT FREEZE TUPLE "GC" (structure)

LIST VECTOR UVECTOR STRING BYTES TEMPLATE STRUCTURED? EMPTY? MONAD?
LENGTH LENGTH? (concatenation)

(procedure primitive)
“AUX* BIND PROG REPEAT
(character)

!- OBLIST

(boolean)

LISTEN AL G “@ ~D rubout ECHOPAIR TTYECHO TYI "BLOCKED" “UNBLOCKED"
ACTIVATE-CHARS (character)

(binding)

LVAL GVAL VALUE IN SET SETG ENVIRONMENT ASSIGNED? GASSIGNED? BOUND?
GBOUND? “BIND" ACTIVATION "ACT" (parameter) RETURN (quit loops)
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Token Index

An underscored page number refers to a

primary description; an unadorned page

number refers to a secondary description.

!ll
'$
',
la
1 -#FALSE ()
'.
1<
H
i
N\
1]

n

“)ll

“ACT*
“ARGS"
IIAUXII
“BIND"
"BLOCKED"
L] CALLII
"CHAR"
“CLOCK™
"DISPLAY"
"DIVERT-AGC"
“DSK*
"ERROR*
“EXTRA"
IIGCII
“ILOPR"
“INFERIOR"
"INPUT"

] INTII

" Iocll

u IPCII
“MDL"
YMPVYH
“"MUDDLE"

63
17

65

24 139
142
65 201
65 201
65

53

63 99
53

24 53 99
101

186 199

"NAME*
“NET"
“opTll
“OPTIONAL"
"PARITY"
“PRINT™
“PRINTB"
"PRINTO®
"PURE"
"QUOTE"
“READ"
"READB"
"REALT*
“RUNT"
"SAVE"
IISTYII
"SYSDOWN"
“TUPLE®

"UNBLOCKED"

“VALUE®
“WRITE"

#

$

%%

Token Index
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82 85
1s

76 84 135

76 79 84 135
187

100

100

100

187

135

100 104 182 185 206
100

186

186

107

11

185

77 85 104 136
185

135

185 206

24 44 46 99
416 24 97 112 182 183 185

24 152

[

28 151

23 24 32
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0?

1?
1STEP

ABS

ACCESS
ACTIVATE-CHARS
ACTIVATION
AGAIN
AGC-FLAG
ALLTYPES
AND

AND?

ANDB

ANY
APPLICABLE
APPLICABLE?
APPLY
APPLYTYPE
ARGS

ASCII

ASOC
ASSIGNED?
ASSOCIATIONS
AT

ATAN

ATOM
AVALUE

BACK
BINARY
BIND
BITS

28
101 109

182

82 150 181 190 201
83 88 150 174
184

46

72 74 183

72 91

64 161

125

125

72

47 86

47

148 174

63

123 168 213
74 77 174 185
123

117

40

22 99 142 191 212
123

58 210
165
82 88
160

BLOAT
BLOAT-STAT
BLOCK
BOUND?
BREAK-SEQ
BREAKER
BUFOUT
BYTE-SIZE
BYTES

CALLER
CHANLIST
CHANNEL
CHARACTER
CHTYPE
CHUTYPE
CLOSE
CLOSURE
CODE
COMMENT
COND
CONS

cos

CRLF

DEAD
DECL
DECL~-CHECK
DECL?
DEFAULT
DEFINE
DEFMAC
DEMSIG
DEV
DISABLE
DISMISS
DISPLAY

ECHOPAIR
EMPTY?
ENABLE
ENDBLOCK
ENTRY-LOC
ENVIRONMENT
EQvVB

Token Index

184 193

194

141 144

77 174 185
172

172

101 110 115
it

53 64 64 208

163
102

64 100 102 102 103 122

63 99 154
45 47 206
62 211
102

86

163

122

73

58

40

99

169 169
124 218
133

135

140

39 147

156

198

101 259
180

174 181 181
101 (13

101 112 146
2

180

141 144
165

37

161



ERASE
ERRET
ERROR
ERRORS
EVAL
EVALTYPE
EVENT
EVLIN
EVLOUT
EXP
EXPAND

FALSE
FBIN
FILE-LENGTH
FILECOPY
FIX
FLATSIZE
FLOAD
FLOAT
FORM
FRAME
FREE
FREE-RUN
FREEZE
FSAVE
FSUBR

FUNCT

function
FUNCTION
Function

G/LVAL
G=?

G?
GASSIGNED?
GBOUND?
GC
GC-DUMP
GC-MON
GC-READ
GDECL
GET
GET-DECL

101 118
18 148 174 217
18 147 181 202

4 1147 202
47 81173

|§rl'5l'°[

—
3
™

—
3
™

S
-

69

101 109

101 110

2122 23 28

4799

18 74 109 150

22 23

27 33 57 69

19 147 148 174 190 208
229

174

163 184 191

107

28 31 39 39 55 72 72 73 87 88
94 131 147 150

148 174

27

35 39 76 80 82

82

33 148

70

70

77 185

77 132

184 192
101 106 196
195

101 106 196
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GETBITS 160

GETL T

GETPL 17
GETPROP 121

GLOC 117 164

GO 95 174 200
GROW 59 184
GUNASSIGN 32

GVAL 31 39 41 117 168 190 191 203
HANDLER 177 179 183
HANG 187
IBYTES 64

IFORM 57
IHEADER 177

ILIST 56 200
ILLEGAL 190

IMAGE 101 106

IN 116 118 119
INCHAN 102 146
INDICATOR 123
INITIAL 140 259
INSERT 143 145
INT-LEVEL 181
INTERNAL 252
INTERRUPT 177 187
INTERRUPT-HANDLER 184
INTERRUPTS 141 176
IPC-HANDLER 199
IPC-OFF 199
IPC-ON 199
ISTORAGE 233
ISTRING 56 63
ITEM 123
ITUPLE 78
IUVECTOR 56
IVECTOR 56

JINAME 197
KEEP-FIXUPS 166 259
L-INS 146
L-0UTS 146
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L=?

L?
LAST-0UT
LEGAL?
LENGTH
LENGTH?
LERR\
LINK
LIST

LISTEN
LLOC
LMAP\
LOAD
LOCA
LOCAS
LOCATIVE

LOCATIVE?

LOCB
LOCD
LoCL
LOCR
LOCS
LOCT
LOCU
LOCV
LOG
LOGOUT
LOOKUP
LOSE
LPARSE
LPROG\
LVAL

MACRO
MAIN
MANIFEST

MANIFEST?

MAPF
MAPLEAVE
MAPR
MAPRET
MAPSTOP
MAX

ME

70

70

146

78 82 95 116 118 175 190 209
5173

72

148 151

153

53 55 56 57 66 70 184 200 207
209

146 149 168 181
116 174 190

93

101 108

uz7

117

125 209

17

17

116 117 190 209
117

164

117

117

117

117

41

197

142

56 59 62

64 142 153 156
88

32 37 116 119 168 174 190 203

88 156
172 173 192
181

132

89 90

93

89 90

92

93

28

173 192

MEMBER
MEMQ
MIN
MOBLIST
MOD
MONAD?
MUDDLE

N==1?
N=?
NBIN
NETACC
NETS
NETSTATE
NEWTYPE
NEXT
NEXTCHR
NM1

NM2

NOT

NTH

OBLIST
OBLIST?
OFF

ON

OPEN
OPEN-NR
OR

OR?

ORB
OUTCHAN
OVERFLOW

PARSE
PARSE-STRING
PARSE-TABLE
PCODE
PICTURE
PNAME
PRIMTYPE
PRIMTYPE-C
PRIN1

PRINC

PRINT

Token Index

71
71
28
139 144
28
2
107 141

70

71

165

114

115

114

46 132 164 184 190
123

95 98 101 184
101 259

101 259

71

51 86

99 138 140 146 168 191
139

179

179

100 104 110 112 113
102

72 74

72 91

161

47 102 146

151

63 142 142 153 156 157
156

153

163

113

22 143 212

44

164

98 101 111

99 101 111

20 23 47 98 101 111 140
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3 9080 OD4 083 269

PRINTB 101 105 RSUBR-LINK 163 259

PRINTSTRING 101 105 rubout 17 24 97 112

PRINTTYPE 47 RUNABLE 169

PROCESS 146 168 169 190 214 RUNINT 178

PROG 82 87 200 RUNNING 169

PURE-PAGE~LOADER 184 RUNTIMER 186

PURIFY 107 191 196

PUT 52 54 67 120 SAVE 107 107 164 196

PUT-DECL 134 SEGMENT 65 70 154

PUTBITS 161 SEND 198

PUTPROP 120 SEND-WAIT 198

PUTREST 57 68 SET 32 33 37 174 184 191

' SETG 30 37 41 184 191

QUICK-ENTRY 163 253 SETLOC 116 118 119

QUICK-RSUBR 163 253 SIN 40

QUIT 198 SLEEP 188

QUITTER 182 SNAME 109

QUOTE 55 80 81 SNM 101 107 109 259

SORT 60 71

RANDOM 29 SORTX 60

READ 20 22 98 101 122 139 142 158 SPECIAL 127 156 190 218
184 SPECIAL-CHECK 134

READ-TABLE 153 SPECIAL-MODE 128 134

READA 154 SPLICE 154

READB 101 105 SPNAME 143

READCHR 95 98 101 104 111 112 184 SQRT 40

READSTRING 101 105 111 SQUOTA 247

REALTIMER 186 STACKFORM 94

REDEFINE 40 259 STATE 169

REMOVE 142 144 STORAGE 191

RENAME 101 110 STORE 247

REP 146 STRCOMP 71

REPEAT 82 87 200 STRING 53 56 63 64 99 154 208

RESET 101 102 110 111 STRUCTURED 125

REST 52 54 73 126 214 STRUCTURED? 72

RESTORE 107 108 SUBR 28 31 147

RESUMABLE 169 Subroutine 28 147

RESUME 169 171 172 SUBSTITUTE 196

RESUMER 173 SUBSTRUC 52 54

RETRY 150 217 SUICIDE 173

RETURN 83 88 174

RGLOC 164 T 69

ROOT 140 144 TAG 95 150

RSUBR 147 162 164 191 TEMPLATE 54 65 214

RSUBR-ENTRY 147 165 TERPRI 74 99 10!
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THIS-PROCESS

TIME

T0

TOP
TOPLEVEL
TTYECHO
TUPLE
TYI

TYPE
TYPE-C
TYPE-W
TYPE?
TYPEPRIM

UNAME
UNASSIGN
UNBOUND
UNMANIFEST
UNPARSE
UNSPECIAL
UNWIND
UTYPE
UVECTOR

VALID-TYPE?
VALRET
VALUE
VECTOR

WORD

XORB

(
\
]

~@
“D
~6
“L

101 112 146

78 78 190 209

101 112 184 185

20 44 72 92 190 206 213
164

164

72

45

197
33 174
213 253

64 143

127 216 218

150 218

62

53 55 56 61 64 200 208 212

46
198

33 124 174

53 55 56 61 184 200 207 211
159 207

161

24 53

25 53 99 154

N
o
b

—
[ =4

6
24 56 97 112
24 97 112
24 150 182
24 97 112

Sk

ISISIS|
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