INTERNATIONAL ISO/IEC
STANDARD 11756

First edition
1992-12-15
~.._/”/
g

/‘I/d

Information technology — Programming languages -
MUMPS

Technologies de I'information ~Langages de programmation — MUMPS

N
|

Reference number
ISO/IEC 11756:1992 (E)

I“m'”“ ”“Im””
“"ﬂlnn ; nnlllmu
“m”‘%' "””H[”
| I”|Iﬂum..,..,..m mil”m

w
w


https://standardsiso.com/api/?name=35f2c01a3cdfd7213808a43d93bd90a0

ISO/IEC 11756:1992 (E)

Table ch Contents
Part 1: MUMPS Language Specification
1 Static Byntax Metalanguage .. ... ... 2
2 Static Byntax and Semantics . ........ . ... AN 3
20 Basic Alphabet ... .. . e e N 3
2.2 Expression Atomexpratom ............ ... ..... P N 3
221NaMeNaMe . . .. .ot i e AN 4
222Variables . ... ... 4
2221 Local Variable Namedvn .......... .8 . . ... . oo 4
2222 Global Variable Name gvn . ...... ... ... ... o 5
2223 Varigble Handling .. ...... ... 0 . 6
2224 Variable Contexts .. ........ . & ... 9
223 Numeric Literal numlit . . ... ... .00 . . 9
2231 NumericDataValues . . ... 0.« .o 10
2232 Meaningofnumlit . ... @ ... 10
2.2.4 Numeric Interpretationof Data .= .. ... .. . .. . . 11
2.2.4.1 Integer Interpretation ). . . ... 12
2.2.42 Truth-Value Interpretation . . ... ......... ... i 12
225 8tring Literal strlit . . . NS . 12
2.2.6 Intrinsic Special VariableeName svn . ... ....... ... ... . oo 13
2.2.7 Intrinsic Functions function . ......... ... ... . .. . 15
227 BASC N . e 15
2272 8CHAR . . ... 16
2273 8DATA e 16
2274 8EXTRACT ... . e 17
2275 8FIND ... 17
22276 SFNUMBER .. .. .. .. e 18
2.2.7.7 BGET . .. e 19
2278 8JUSTIFY . ... 19
2279 BLENGTH . .o 20
2 270 BNEXT . e 20
22711 80RDER . ... ... 21
22T PtECE . 24
22718 3QUERY . ... e 22
22714 8RANDOM . .. e 24

© ISO/EC 1992

All rights reserved. No part of this publicat'ion may be reproduced or utilized in any form or by
any means, electronic or mechanical, including photocopying and microfilm, without
permission in writing from the publisher.

ISO/IEC Copyright Office ® Case postale 66 ® CH-1211 Genéve 20 e Switzerland .
Printed in Switzerland


https://standardsiso.com/api/?name=35f2c01a3cdfd7213808a43d93bd90a0

ISO/IEC 11756:1992 (E)

22715 $SELECT ... ... ... ... ... e 24

2 2716 STEXT .o e 24
22748 8VIEW .. P 25

2. 2. 749 8 25

2.28 Unary Operator unaryop .. .......covvv e nnnnn. e . .25
2.2.9 Extrinsic Special Variable . ......... ... .. . . . .. e 25
2210 Extrinsic Function . . .. .. . e i 26
2.3 EXPressions @XPr ... A 26
2.3.1 Arithmetic Binary Operators .. ... .. P e e 27
2.3.2 Relational Operators . .. ... ... v e e 27
2321 NumericRelations .. .......... ... ... . . i ivbe.. 28
23.228tringRelations . . ... .. RS . ... 28

233 Patternmatch . ... ... e N s 28
234 Llogical Operators .. ...l e Lo 29
2.3.5 Concatenation Operator .. .......... ... . ... .. ... A D .. ... ... 30
24Routines . ... e N e e 3
241 Routine Structure .. ........ .. . ... e T IR A
242 Routine Execution . ........ ... ... . . ... AN N A
25 Generalcommand Rules .. ... ... .. .. . . .. N e ... 32
251 PostConditionals . .......... ... ... .. . ~Nd.o. .. e e e ... 33
2528pacesinCommands ............... .. N« . . 0 it} 34
25 8 COMMENES . i e R e e i e e ... 34
254 formatin READ and WRITE . ..., . <. it ... 34
2.5.5 Side Effectson $Xand $Y ...... 8 . ... . . e e ... 34
256 TIMeout . ... .. . e i e «.. 35
257 Line References . ... ..o it i e e e ... 35
2.5.8 Command Argument Indirection ™ .. ....... .. .. .. .. ... 36
2.5.9 Parameter Passing .. ... ... .. e ... 87
2.6 Command Definitions .. ...... .00 . it e e eo. 37
2.6.1 BREAK . oy s e e e ... 39
28,2 CLOSE ... o e e e ... 39
2.8.3D0 ... N e e e ... 39
264 ELSE ... N e e U IR f
2.8 5 FOR . et i i e e e AU &
266 GOTO .. e L. 4
28,7 HALT . i ... 43
2B B HANG . . . e e ... 43
2. B9 I . e e ... 43
20 UOB . . e e e ... .44
2B T KILL L e e e e e ... 44
28,12 LOCK .. e e e ... 45
2B I3 NEW e e ... 46
2.6.14 OPEN L .. e e e ... 48
2.6.15 QUIT L ot e ... 49
2816 READ ... e ... 49
2.8.17 SET .. e e e ... 51
2818 USE .. e e e ... B2
ZS IO VIEW . . .. ... ... T 53
2.8, 20 WRITE ... it e e e e e e e e e 54
2.6.21 XECUTE .. it e e et e e e 54
2.8.22 Z . e e e e e e e s 55


https://standardsiso.com/api/?name=35f2c01a3cdfd7213808a43d93bd90a0

ISO/IEC 11756:1992 (E)

Part 2: MUMPS Portability requirements

Introduction . .......... ... ......... P T 61
1 Expression Elements . . ... ... . L 62
11 Names ... ... ... . ... . .. . . . P PITIP 62
1.2 Local Variables . ....... ... ... . . . ... . ST e 62
1.3 Global Variables .. ... ..... ... ... ... . . ... . EEEE TR 62
1.4 DataTypes .. ... e e 63
1.5 NumberRange . ............. ... ..... ... oo .'v0i... e 63
1.6 Integers .. ... ... . PR 64
1.7 Character Stings . . . . .. ..o e 64
18 Special Variables .. ......... .. .. .. . . . e e 64
2 EXPressions . . ... oo AN 64
2.1 Nesting of Expressions . . .. .. ... .. e N 84
2.2 Results T T I ELE R 64
3 Routitesand Command Lines . . ............... ... ....... I ) 64
31 Command Lines . ........ ... ... . .. ... .. . ... BN 64
3.2 Number of Command Lines .. .................. e NT e 65
3.3 NumberofCommands . ................... ... .......y. e EERE 65
34 Labels . . ... .. .S e e e e 65
3.5 Numberoflabels ....................... AN - [ 65
3.6 Numberof Routines . ........ .. .. ... ... ... ... ..o 5. ... R 65
4 Indireqtion .. ... D e e e 65
5 Storade Space ReStHCHONS . .. ... .. ..\ttt e 65
6 Nesting . ... ..o e e 66
7 Other [Portability Requirements . ... .. ... o0 66
Appendix A: ASCII Character Set (ANSI X3.4-1986). . . . .. .. ... ... ... . RS 67
AppendiX B: Metalanguage Elements. ()" . . .. .. . e 71
Index . .| oo N 81
iv



https://standardsiso.com/api/?name=35f2c01a3cdfd7213808a43d93bd90a0

ISO/IEC 11756:1992 (E)

Foreword

ISO (the International Organization for Standardization) and JEC (the International

Electrotechnical Commission} form the specialized “system for

standardization. National bodies that are members of 1SO or IEC pa
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Information technology - Programming language
MUMPS

Part 1: MUMPS Language Specification

Introduction

Part 1 consists of two sections that’describe the MUMPS language.  Section 1 des
metalanguage used in the remainder of Part 1 for the static syntax.. Section 2 describes
syntax and overall semantics of the language. The distinction between "static" and “dyna
is as follows. The static syntax describes the sequence of ‘characters in a routine as it
a tape in routine interchange or on a listing. The dynamic syntax describes the se
characters that would be ‘encountered by an interpreter during execution of the routine. (]
requirement that MUMPS actually be interpreted). The dynamic syntax takes into accoun
of control and valges produced by indirection.

S -

cribes the
the static
ic" syntax
pears on
juence of
here is no
t transfers
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1 Static Syntax Metalanguage

The primitives of the metalanguage are the ASCII characters. The metalanguage operators are defined as
follows:

Operator Meaning
: definition
option
grouping
optional indefinite repetition
list
value
space

—p—
—_——

I%Klr‘ :

The following visible representations of ASCII characters required.in the defined syntactic objects, are used;
8P (space), CR (carriage-return), LF (line-feed), and FF (form-feed).

letters, [e.g., name, expr, etc. Concatenation of syntactic objects is expressed by hotizontal juxtapositio
choice |is expressed by vertical juxtaposition. The ::= symbol denotes a syntactic)definition. An option
elemenl is enclosed in square brackets [ ], and three dots ... denote that the previous element is optionall
repeatdd any number of times. The definition of name, for example, is written:

In genetral, defined syntactic objects will have designators which are underlined names spelled with lower casi
i

l“‘ -1
name ::= ‘ $ { ' digit ‘ e
alpha L_algha_J

The vettical bars are used to group elements or to make a choice of elements more readable.

Speciallcare is taken to avoid any danger of confusing thessquare brackets in the metalanguage with the ASCI)
graphics } and [ Normally, the square brackets will stand for the metalanguage symbols.

The ungry metalanguage operator L denotes>a-list of one or more occurrences of the syntactic objec
immediately to its right, with one comma between each pair of occurrences. Thus,

L name is equivalent to name |\, name ] ... .

The binfary metalanguage operatar V places the constraint on the syntactic object to its left that it must have
a value|which satisfies the syntax of the syntactic object to its right. For example, one might define the synta
of a hypothetical EXAMPLE‘command with its argument list by

examplecommand ::= EXAMPLE SP L examplearqument

where

expr
examplearqument ::=

| @ expratom V L exampleargument |

This example states: after evaluation of indirection, the command argument list consists of any number of
exprs separated by commas. In the static syntax (i.e., prior to evaluation of indirection), occurrences of @
expratom may stand in place of nonoverlapping sublists of command arguments. Usually, the text
accompanying a syntax description incorporating indirection will describe the syntax after all occurrences of
indirection have been evaluated.
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2 Static Syntax and Semantics
2.1 Basic Alphabet

The routine, which is the object whose static syntax is being described in Section 2, is a string made up of the
following 98 ASClt symbols.

The 95 printable characters, including the space character represented as SP, and also,
the carriage-return character represented as CR,
the line-feed character represented as LF,

the form-feed character represented as FF.
See 2.4 for the definition of routine.

The syntactic types graphic, alpha, digit, and nonquote are defined here informally in otder to save| space.

graphic ::= any of the class of 95 ASCII printable characters, indluding

SP.
nonquote ::= any of the characters in graphic except the quote charfacter.
honquote graphic
alpha ::= any of the class of 52 upper and ‘\lower case letters: A-2Z,

a-z.

digit ::= any of the class of 10 digitst 0-9.

2.2 Expression Atom expratom

The expression, expr, is the syntactic element which denotes the execution of a value-producing cajculation;
it is defined in 2.3. The expression atom, expratéom, is the basic value-denoting object of which exgressions
are built; it is defined here.

lvn |
expratom ::= gvn
expritem

See 2.2.2.1 for the definition-of*lvn. See 2.2.2.2 for the definition of gvn.

svn

function

exfunc

exvar

expritém ::= numlit

strlit

( expr )

unaryop expratom

Seé 2.2.6 for the definition of svn. See 2.2.7 for the definition of function. See 2.2.10 for the definition of
exfunc. See 2.2.9 for the definition of exvar. See 2.2.3 for the definition of numlit. See 2.2.5 forthe fefinition

ot striit. See 2.3 for the detinition of expr.

| (Note: apostrophe)

unaryop 1e= ‘ + I
- (Note: hyphen)
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2.241

Name name
— -
name 1i= | % ‘ l digit I .
alpha a'Lpha__I

See 2.1 for the definition of alpha and digit.

2.2.2

Variables

The
conn
in the

A MUMPS routine, or set of routines, runs in the context of an operating system process. During-its executi

the rq
varia

ceas
they

secomndary peripheral devices such as disks. At the termination of the process, the process-specific variab
:

MUMPS standard uses the terms focal variables and global variables somewhat differently from their

btation in certain other computer languages. This section provides a definition of these terms-as’ug
MUMPS environment.

utine will create and modify variables that are restricted to its process. It can also.access (or creg
bles that can be shared with other processes. These shared variables will normally be stored

to exist. The variables created for long term (shared) use remain on auxiliary storage devices wh
may be accessed by subsequent processes. ~

MU

ed

bn,
te)
on
les
bre

PS uses the term local variable to denote variables that are createdfor use during a single proc

activation. These variables are not available to other processes. However, they are generally available to| all

routines executed within the process’ lifetime. MUMPS does includ@ certain constructs, the NEW command
and garameter passing, which limit the availability of certain variables to specific routines or parts of routines.
See P.2.2.3 for a further discussion of variables and variable eénvironments.

A glgbal variable is one that is created by a MUMPS process, but is permanent and shared. As soon a
has been created, it is accessible to other MUMPS processes on the system. Global variables do

disappear when a process terminates. Like local variables, global variables are available to all routines

exec

2.2.2]

See §

See ]

ted within a process.

1 Local Variable Name lvn

lvn 1= l rlvn l

.2 for the definition 6f gxpratom. See section 1 for the definition of V.

rlvn ti= I name [ ( L E ) |
€ lnamind @ ( expr )

2.1 for the’ definition of name. See 2.3 for the definition of expr. See section 1 for the definition o

lnamind ::= rexpratom V. lvn

it
not

I=

See secfion T for the definition of V.

| rlvn | {
rexpratom ::= rqvn !
expritem
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See 2.2.2.2 for the definition of rgvn. See 2.2 for the definition of expritem.

A local variable name is either unsubscripted or subscripted; if it is subscripted, any number of subscripts
separated by commas is permitted. An unsubscripted occurrence of lvn may carry a different value from any
subscripted occurrence of jvn.

When Inamind is present it is always a component of an rivn. If the value of the rlvn is a subscripted form of
Ivn, then some of its subscripts may have originated in the Inamind. In this case, the subscripts contributed
by the Inamind appear as the first subscripts in the value of the resulting rivn; separated by a comma from the

(non-empty) list of subscripts appearing in the rest of the rivn.

2.2.2.2 Global Variable Name gvn
l rgvn ‘

avn Pi=
| @ expratom V gvn |

See 2.2 for the definition of expratom. See section 1 for the definition of V.
| |

rqvn ti= ‘ ’
)

ex

(

namin

EHL"

¢
na Xpr

)
L ex

® > >
Q.AH
B~
~|®
N

See 2.3 for the definition of expr. See 2.2.1 for the definition ofvname. See section 1 for the defin|tion of L.

gnamind ::= | rexpratom V gvn |,

See section 1 for the definition of V.

The prefix * uniquely denotes a global variablgyname. A global variable name is either unsubsgripted or
subscripted; if it is subscripted, any number ofsubscripts separated by commas is permitted. An abpreviated
form of subscripted gvn is permitted, calleéd-the naked reference, in which the prefix is present but {he name
and an initial (possibly empty) sequenceof subscripts is absent but implied by the value of the naked|indicator.
An unsubscripted occurrence of gvn may carry a different value from any subscripted occurrence gf gvn.

When gnamind is present it is_always a component of an rgvn. [f the value of the rgvn is a subscripted form
of gvn, then some of its Subscripts may have originated in the gnamind. In this case, the subscripts
contributed by the gnamind appear as the first subscripts in the value of the resulting rgvn, separgted by a
comma from the (non-empty) list.of subscripts appearing in the rest of the rgvn.

Every exscuted occurrence of gvn affects the naked indicator as follows If for any posmve mteger n, the gvn
has the nonnaked form : ;

NV, vy ey V)

then the m-tuple N, v, , v, , ..., v, , is placed into the naked indicator when the g_vn reference is made. A
subsequent naked reference of the form :

"8y 854 ey §;) (/ positive) . .-
results in a "global reference of the form

NV, , oy oo s Vit 5 804 S50 o, S))
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after which the m+i-1-tuple N, v, , v, , ..., 5., is dplaced into the naked indicator. Prior to the first executed
occurrence of a nonnaked form of gvn, the value of the naked indicator is undefined. It is erroneous for the
first executed occurrence of gvn to be a naked reference. ‘A nonnaked reference without subscripts leaves
the naked indicator undefined.

The effect on the naked indicator described above occurs regardless of the context in which gvn is found; in
particular, an assignment of a value to a global variable with the command SET gvn = expr does not affect
the value of the naked indicator untit after the right-side expr has been evaluated. The effect on the naked
indicator of any gvn within the right-side expr will precede the effect on the naked indicator of the left-side gvn.

avn-or vn

For cq

See 2{2.2.1 for the definition of lvn.

2.2.2.3 Variable Handling

MUMHAS has no explicit declaration or definition statements. Local and global variables, both non-subscriptdd
and sybscripted, are automatically created as data is stored into them, and theirdata contents can be referrdd
to on;P information has been stored. Since the language has only one data‘type - string - there is no nedd

a

for type declarations or explicit data type conversions. Array structures/can be multidimensional with da
simultaneously stored at all levels including the variable name level, {Subscripts can be positive, negative,
and/or|noninteger numbers as well as nonnumeric strings (other than(empty strings).

in general, the operation of the local variable symbol table can be'viewed as follows. Prior to the initial settidg
of infofmation into a variable, the data value of that variable™is said to be undefined. Data is stored into(a
variable with commands such as SET, READ, or FOR. Subsequent references to that variable return the daja
value ﬂhat was most recently stored. When a variable_iskilled, as with the KILL command, that variable and
all of its array descendants (if any) are deleted, and-their data values become undefined.

No explicit syntax is needed for a routine or subroutine to have access to the local variables of its caller.
Excep{ when the NEW command or parameter passing is being used, a subroutine or called routine (th
caliee)| has the same set of variable values as its caller and, upon completion of the called routine ¢r
subroytine, the caller resumes execution with the same set of variable values as the callee had at ifs
complgtion.

@

The NEW command provides scoping of local variables. It causes the current values of a specified set ¢f
variables to be saved. The-variables are then set to undefined data values. Upon returning to the caller ¢f
the cufrent routine or stibroutine, the saved values, including any undefined states, are restored to thos
variables. Parameter passing, including the DO command, extrinsic functions, and extrinsic variables, allow
paramgters to be passed into a subroutine or routine without the callee being concerned with the variab
names| used byd4he' caller for the data being passed or returned.

[0

o »

The formal association of MUMPS local variables with their values can best be described by a conceptug
model| This model is NOT meant to imply an implementation technique for a MUMPS processor.

The value of a MUMPS variable may be described by a relationship between two structures: the NAME-
TABLE and the VALUE-TABLE. (In reality, at least two such table sets are required, one pair per executing
process for process-specific local variables and one pair for system-wide global variables.) Since the value
association process is the same for both types of variables, and since issues of scoping due to parameter
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passing or nested environments apply only to local variables, the discussion that follows will address only local
variable value association. It should be noted, however, that while the overall structures of the table sets are
the same, there are two major differences in the way the sets are used. First, the global variable tables are
shared. This means that any operations on the global tables, e.g., SET or KILL, by one process, affect the

tables for all processes. Second, since scoping issues of parameter passing and the NEW command
applicable to global variables, there is always a one-to-one relationship between entries in the global
TABLE (variable names) and entries in the global VALUE-TABLE (values).

The NAME-TABLE consists of a set of entries, each of which contains a name and a pointer. This

are not
NAME-

pointer

represents a correspondence between that name and exactly one DATA- CELL from the VALUE-TABLE. The

varying

degrees. The degree of a tuple is the number (possibly 0) of elements or subscripts in the tuple ligt. Each

tuple present in the DATA-CELL has an associated data value.

The NAME-TABLE entries contain every non-subscripted variable or array name (name) khown, or acpessible,
by the MUMPS process in the current environment. The VALUE-TABLE DATA-CELLs confain the set|of tuples

that represent all variables currently having data-values for the process. Every name (entry) in thj
TABLE refers (points) to exactly one DATA-CELL, and every entry contains a unigue name. Severd

NAME-
NAME-

TABLE entries (names) can refer to the same DATA-CELL, however, andhus there is a many-to-one

relationship between (al) NAME-TABLE entries and DATA-CELLs. A pame is said to be boup

d to its

corresponding DATA-CELL through the pointer in the NAME-TABLE_ énify. Thus the pointer is|used to
represent the correspondence and the phrase change the pointer is the equivalent to saying change the
correspondence so that a name now corresponds to a possible different DATA-CELL (value). NAME-TABLE

entries are also placed in the PROCESS-STACK (see 2.2.2.4).

The value of an unsubscripted lvn corresponds to the tuple ot degree 0 found in the DATA-CELL thatjis bound
to the NAME-TABLE entry containing the name of the [va” The value of a subscripted Ivn (array hode) of
degree n also corresponds to a tuple in the DATA-CELL that is bound to the NAME-TABLE entry CtEntaining

the name of the lvn. The specific tuple in that DATA-CELL is the tuple of degree n such that each
of the Ilvn has the same value as the corresponding element of the tuple. If the designated tuple doe
in the DATA-CELL then the corresponding lvn\is'said to be undefined.

ubscript

n't exist
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In the following figure, the variables and array nodes have the designated data values.

VAR1 = "Hello"
VAR2 = 12.34
VAR3 = "abc"

VAR3("Smith","John",1234)=123
VAR3("Widget","red") - '56

Also, the variable DEF existed at one time but no longer has any data or array valus, and the variable. XYZ
has been bound through parameter passing to the same data and array information as the variable VAR2.

NAME-TABLE VALUE-TABLE DATA-CELLS
VAR]~wmm—a———— > ()="Hello"
7.1 S > ()=12.34
PS¢ { S —— > ‘
VAR3mmmmwmm e > ()="abc"
("Smith","John",1234)=123
("Widget","red")=-56
o) o S —— >

The initial state of a MUMPS process prior to execution of-ahy MUMPS code consists of an empty NAME-
TABUE and VALUE-TABLE. When information is to be stored (set, given, or assigned) into a variable (Ivn):

a. If the name of the lvn does not already appear in an entry in the NAME-TABLE, an entry is added
to the NAME-TABLE which contains the name and a pointer to a new (empty) DATA-CELL. The
corresponding DATA-CELL is added.to the VALUE-TABLE without any initial tuples.

b. Otherwise, the pointer in the' NAME-TABLE entry which contained the name of the ivn| is
extracted. The operations in_step c. and d. refer to tuples in that DATA-CELL referred to by this
pointer.

c. If the lvn is unsubscripted, then the tuple of degree 0 in the DATA-CELL has its data value
replaced by the new-data value. If that tuple did not already exist, it is created with the new data
value.

d. If the lun-is subscripted, then the tuple of subscripts in the DATA-CELL (i.e., the tuple created|by
dropping, the name of the lvn; the degree of the tuple equals the number of subscripts) has its data
value-replaced by the new data value. If that tuple did not already exist, it is created with the npw
data-value.

When—irformation 0B - d—i—the—NARM BLE. itlits
. corresponding DATA-CELL tuple does not exist, then the data value is said to be undefined. Otherwise, the
data value exists and is retrieved. A data value of the empty string (a string of zero length) is not the same
as an undefined data value.
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When a variable is deleted (killed):

a. If the name of the lvn is not found in the NAME-TABLE, no further action is taken.

b. If the lvn is unsubscripted, all of the tuples in the corresponding DATA-CELL are deleted.

c. If the lvn is subscripted, let N be the degree of the subscript tuple formed by removing the name
from the lvn. All tuples that satisfy thé following two conditions are deleted from the corresponding

DATA-CELL:

4 b of "P-P- |
LIS LIREA~ A} ] R

2. The first N arguments of the tuple must equal the corresponding subscripts o

the Ivn.

In this formal language model, even if all of the tuples in a DATA-CELL are deleted, neittier the DATA-CELL
nor the corresponding names in the NAME-TABLE are ever deleted. Their continued existence is frequently

required as a result of parameter passing and the NEW command.

2.2.2.4 Variable Contexts

The organization of multiple variable contexts requires the use of a PROCESS-STACK. This is a sin

ple push-

down stack, or last-in-first-out (LIFO) list, used to save and restere items which control the executipn flow or
variable environment. Five types of items, or frames, will be_placed on the PROCESS-STACK, DP frames,

extunc frames, exvar frames, NEW frames, and parameter frames:

a. DO frames contain the execution level and’the execution location of the doargument. In

the case

of the argumentless DO, the execution leyei, the execution location of the DO command and a saved
value of $T are saved. The execution_location of a MUMPS process is a descriptor of the location
of the command and possible argumient currently being executed. This descriptor in¢ludes, at
minimum, the routinename and the, character position following the current command or afgument.

b. Exfunc and exvar framgs contain saved values of $T, the execution level, and the [execution

location.
c. NEW frames cantain a NEW argument (newargument) and a set of NAME TABLE en

d. Parameter frames contain a formallist and a set of NAME-TABLE entries.

2.2.3 Numeric- Literal numlit
The integer literal syntax, intlit, which is a nonempty string of digits, is defined here.

intlit ::= digit ...

ries.

See 2.1 for the definition of digit.
The numeric literal numilit is defined as follows.

numlit ::= mant [ exp ]
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mant 1= intlit [. intlit)
. intlit
— ™1 .

exp 3:= E ’ i intlit
L

The value of the string denoted by an occurrence of numilit is defined in the following two subsections.

2.2.3.1 Numeric Data Values

All varjables, local, global, and special, have values which are either defined or undefined. If defined, i:]e
values|may always be thought of and operated upon as strings. The set of numeric values is a subset of the
set of all data values.

o

Only numbers which may be represented with a finite number of decimal digits are representable as numer
values| A data value has the form of a number if it satisfies the following restrictions:

a. It may contain only digits and the characters "-" and ".".

b. At least one digit must be present.

c. "." occurs at most once.

d. The number zero is represented by the one-charactef\string "0".

e. The representation of each positive number contains no "-".

f.  The representation of each negative -nimber contains the character "-" followed by thE
representation of the positive number which isthe absolute value of the negative number. (Thus, th
following restrictions describe positive numbers only.)

g. The representation of each posifive integer contains only digits and no leading zero.

h. The representation of each positive number less than 1 consists of a "." followed by a nonempi
digit string with no trailing zero. (This is called a fraction.)

~<

)]

i. The representation of each positive noninteger greater than 1 consists of the representation of
positive integer (called the integer part of the number) followed by a fraction (called the fraction payt
of the number).

~—

Note tHat the mapping between representable numbers and representations is one-to-one. An important resy
of this is that string‘equality of numeric values is a necessary and sufficient condition of numeric equality.

2.2.3.2 Meaning of numlit

Note that numlit denotes only nonnegative values. The process of converting the spelling of an occurrence
of numilit into its numeric data value consists of the following steps.

10
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a. If the mant has no ".", place one at its right end.
b. If the exp is absent, skip step c.

c. If the exp has a plus or has no sign, move the "." a number of decimal digit positions to the right
in the mant equal to the value of the intlit of exp, appending zeros to the right of the mant as
necessary. If the exp has a minus sign, move the "." a number of decimal digit positions to the left
in the mant equal to the value of the intlit of exp, appending zeros to the left of the mant as necessary.

d. Delete the exp and any leading or trailying zeros of the mant.

e. If the rightmost character is ".", remove it.

. If the result is empty, make it "0".

2.2.4 Numeric Interpretation of Data
Certain operations, such as arithmetic, deal with the numeric interpretations ‘of their operands. The
interpretation is a mapping from the set of all data values into the set of alh)numeric values, describg
following algorithm. Note that the numeric interpretation maps numeric values into themselves.
(Note: The head of a string is defined to be a substring which €ontains an identical sequence of ch
in the string to the feft of a given point and none of the characters in the string to the right of that
head may be empty or it may be the entire string.)
Consider the argument to be the string S.
First, apply the following sign reduction rules toS'as many times as possible, in any order.

a. If Sis of the form + T, then remove the +. (Shorthand: + T— T)

b. -+ T—--T

c. --T->T

Second, apply one of the following, as appropriate.

numeric
d by the

aracters
boint. A

a. If the leftmost character of S is not "-", form the longest head of S which satisfies the syntax

description-of numlit. Then apply the algorithm of 2.2.3.2 to the result.

b. _[(Sis of the form - T, apply step a. above to T and append a "-" to the left of the result. If the
result is "-0", change it to "0".
The numeric expression numexpr is defined to have the same syntax as expr. Its presence in p syntax

description serves to indicate that the numeric interpretation of its value is to be taken when it is e>1ecuted.

numexpr ::= expr

See 2.3 for the definition of expr.

1
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2.2.4.1 Integer Interpretation

Certain functions dea! with the integer interpretations of their arguments. The integer interpretation is a
m.apping from the set of all data values onto the set of all integer values, described by the following algorithm.

Flrst take the numeric interpretation of the argument. Then remove the fraction, if present If the result is

empty

or"." change it to "0".

The integer expression intexpr is defined to have the same syntax as expr. Its presence in a Syntax definition
serves to indicate that the integer interpretation of its value is to be taken when it is executed.

See 2

2.2.4.9

The tr
and 1
make

The tfuth-value expression tvexpr is defined to have the same syntax as\expr.

definit

See 2

225

See 2

In wor,

quotes occur inside the string literal, they occur in adjacent pairs. Each such adjacent quote. pair denotes
quote in the value denoted by strlit, whereas any other printable character between the bounding quotgs
denates itself. An empty string is denoted by exactly two quotes.

single

intexpr ::= expr
3 for the definition of expr.

® Truth-Value Interpretation

ith-value interpretation is a mapping from the set of all data values onto the two intéger values O (fals
(true), described by the following algorithm. Take the numeric interpretation.. 'If the result is not "
it "1". .

on serves to indicate that the truth-value interpretation of its valueis to be taken when it is execute

tvexgr t: = expr
3 for the definition of expr.

String Literal strlit

— —

strlit ::= "
Lnonguote J

1 for the definition of nonguote:

Its presence in a synt@x

s, a string literal is bouinded by quotes and contains.any string of printable characters, except that when

W
~—

.

a

12
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2.2.6 Intrinsic Special Variable Name svn

992 (E)

Intrinsic special variables are denoted by the prefix $ followed by one of a designated list of names. Intrinsic
special variable names differing only in the use of corresponding upper and lower case letters are equivalent.
The standard contains the following intrinsic special variable names:

H[OROLOG]
1[0]
J[OB]
S[TORAGE ]

T[EST)
A

Ty

Z[unspecified)

Unused instrinsic special variable names beginning with an initial letter other than Z are reserved f
enhancement of the standard.

br future

The formal definition of the syntax of svn is a choice from among all of the individual svn syntax definitions

of 2.2.6.

[ syntax of $HOROLOG intrinsic speciallvariable l
syntax of $I0 intrinsic special variable ’

l syntax of $Y intrinsic special variable {

Any implementation of the language must be able to recognize both the abbreviation and the full spelling of
each intrinsic special variable name.

Syntax Definition

SH[OROLOG] $H gives date and time with one access. Its value is D, S where D is an integer
value counting days since an origin specified below, and S is an integer value
modulo 86,400 counting seconds. The value of $H for the first second of December
31, 1840 is'defined to be 0,0. Sincreases by 1 each second and S clears fo 0 with
a carry into”D on the tick of midnight.

$1[0] $l identifies the current I/O device (see 2.6.2 and 2.6.18).

$J[OB] Each executing MUMPS process has its own job number, a positive integer which
is the value of $J. The job number of each process is unigue to that process within
a domain of concurrent processes defined by the implementor. $J is ponstant
throughout the active life of a process.

$S[TORAGE] Each implementation must return for the value of $S an integer which is thg number
of characters of free space available for use. The method of arriving at the|value of
$S is not part of the standard.

ST[EST] $T contains the fruth value computed from the execution of an IF command
containing an argument, or an OPEN, LOCK, JOB, or READ command with a
timeout (see 2.2.9, 2.2.10, and 2.6.3).

$X $X has a nonnegative integer value which approximates the value of a carriage or

horizontal cursor position on the current line as if the current I/O device

were an

13
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ASCII terminal. It is initialized to zero by input or output of control. functions
corresponding to CR or FF; input or output of each graphic adds 1 to $X (see 255

and 2.:6.18).

$Y

$Z[unspecified]

$Y has a nonnegative integer value which approximates the line number on the
current I/O device as if it were an ASCII terminal. It is initialized to zero by input or
output of control functions corresponding to FF; input or output of control functions
corresponding to LF adds 1 to $Y (see 2.5.5 and 2.6.18).

Z is the |n|t|a| Ietter reserved for deflnlng non- standard mtnnsm special variables.

future enhancement of the standard without altering the executlon of existing routings
which observe the rules of the standard.
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2.2.7 Intrinsic Functions function

Intrinsic functions are denoted by the prefix $ followed by one of a designated list of hames, followed by a
parenthesized argument fist. Intrinsic function names differing only in the use of corresponding upper and
lower case letters are equivalent. The standard contains the following function names:

A[SCII]
C[HAR]
D[ATA)
E[XTRACT)
F[IND]
FN[UMBER]
G[ET)]
J[USTIFY]
L{ENGTH]
N[EXT]
O[RDER]
P[IECE]
Q[{UERY]
R{ANDOM]
S[ELECT]
T{EXT]

TR{ ANSLATE ]
V[IEW]
Z{unspecified]

Unused function names beginning with an initial letter other than Z-are reserved for future enhancemept of the
|standard.

The formal definition of the syntax of function is a cheite from among all of the individual function syntax
definitions of 2.2.7

syntax of $ASCII function
syntax of $CHAR function

function ::= .

syntax of $VIEW function

Any implementation of the language must be able to recognize both the abbreviation and the full spelling of
each function name.

2.2.7.1 $SASCII
BASCI)( expr )

See 2.3 for the definition of expr.

This form produces an integer value as follows:
a. -1if the value of expr is the empty string.

b. Otherwise, an integer n associated with the leftmost character of the value of expr, such that
SA@BC() = n.

15
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$A[SCII] ( expr , intexpr )
See 2.3 for the definition of expr. See 2.2.4.1 for the definition of intexpr.

This form is similar to $A(expr) except that it works with the intexprth character of expr instead of the first.
Formally, $A(expr,intexpr) is defined to be $A(SE(expr,intexpn)).

2.2.7.2 $CHAR

$C[HAR] ( L intexpr)

See P.2.4.1 for the definition of intexpr. See section 1 for the definition of L.

This|form returns a string whose length is the number of argument expressions which have nonnega ive
valugs. Each j ntexg r in the closed interval [0,127] maps into the ASCII character whose code is the valug of

intexpr; this mapping is order-preserving. Each negative-valued intexpr maps into no eharacter in the vajue
of $C. :

2.2.7.3 $DATA
$SDATA] (givn )
"See R.2:2.2 for the definition of givn.

This form retums a nonnegative integer which is a characterization of the glvn. The value of the intege'rmis md,
where: : S ‘

d=1 ifthe givn has a defined value} (€., the NAME-TABLE entry for the name of the glvn exists,
and the subscript tuple of the gli_ has a correspondmg entry in the associated DATA-CELL;
otherwise, d=0.

p =10 ifthe variable has«descendants; i.e., there exnsts at least one tuple in the glv s DATA CE LL
"~ which satisfies thejfollowing- condmons ; . S o

a. The degree of the tuple is greater than the degree of the glvn, and

b. the first N arguments of the tuple are equal to the corresponding subscnpts of the
glvn where N is the number of subscripts in the givn. : 1

It no NAME-TABLE entry for the glvn exists, or no such tuple exists in the associatéd DATA-
CELL, then p=0.

16
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| 2.2.7.4 SEXTRACT
$E[XTRACT] ( expr)

See 2.3 for the definition of expr.

This form returns the first (leftmost) character of the value of expr. If the value of expr is the empty string, the

empty string is returned.

$E[XTRACT] ( expr , intexpr )

See 2.3 for the definition of expr. See 2.2.4.1 for the definition of intexpr.

character of s; $L(s) corresponds to the rightmost character.)

$EIXTRACT] ( expr , intexpr, , intexpr, )

See 2.3 for the definition of expr. See 2.2.4.1 for the definition of intexpr.

following cases are defined:
am>n. Then the valuevofb $E is the empty string.
b.m=n. $E(s,m,n) = $E(s,m).
c.m<n’> $L(s). . , .
$E(s,m,n) = $E(s,m) concatenated with $E(s,m+1,n).
That is, using the concatenation operator _ of 2.3.5, $E(s,m,n) =
$E(s,m)_$E(s,ms1)_..._$E(s,m+(n-m)).

d. m < nand $L(s) <n
$E(s,m,n). = $E(s,m3L(s)).

2.2.7.5 $FIND -
$F[IND] ( expr, «(eXPr, )
~See 2.3 for_the definition of expr.

This fofm“searches for the leftmost occurrence of the value of expr, in the value of expr,. 1f none
$F retutns zero. If one is found, the value returned is the integer representing the number of the

—partieutar—i-the-valve-of-oxpris-empty—$Freturms—-

Let s be the value of expr, and let m be the integer value of intexpr. $E(s,m) returns the mth chargcter of s.
If mis less than 1 or greater than $L(s), the value of $E is the empty string. (1 correspends to the leftmost

Let n be the integer value of intexpr,. $E(s,m,n) retumns the string ‘between positions m and n gf s. The

is found,
character

position immediately to the right of the rightmost character of the found occurrence of expr, in gxpr,. In

$F[IND] ( expr, , expr, , intexpr )

:See 2.3 for the definition of expr.  See 2.2.4.1 for the definition of intexg‘ r.

17
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Let a be the value of expr,, let b be the value of expr,, and let m be the value of intexpr. $F(a,b,m) searches
for the leftmost occurrence of b in a, beginning the search at the max(m,1) position of a. Let p be the value
of the result of $F($E(a,m,$L(a)),b). If no instance of b is found (i.e., p=0), $F returns the value 0; otherwise,
$F(a,b,m) = p + max(m,1) - 1.

2.2.7.6 SFNUMBER

$FN[UMBER] ( numexpr , fncodexpr )

See 22.4 for the definition of numexpr.

fncodexpr ::= expr V fncode

See 2J3 for the definition of expr. See section 1 for the definition of V.

fncode = fncodatom ...
B
T .
fncodatom ::= |, (note, comma)
+

returng a value which is an edited form of numexpr. Each fncodatom i$ applied to numexpr in formatting the
results by the following rules (order of processing is not significant): '

| (note, hyphen)

fncodatom Action

P Represent negative numexpr values in parentheses. Let A be the absolute value of
numexpr. Use of fncode "P! will result in the following:

1. If numexpr <.0,)the result will be "("_A_")".

2. If numexpr.i< 0, the result will be " "__A__"

T Represent numexpt with a trailing rather than a leading "+" or "-" sign. Note: if sig
suppression is in force (either by default on positive values, or by design using the

“." fncodatom}, use of fncode "T" will result in a trailing space character.

3

Insert\comma delimiters every third position to the left of the decimal (present ¢r
assumed) within numexpr. Note: no comma shall be inserted which would result {n
a-leading comma character. ‘

+ Force a plus sign ("+") on positive values of numexpr. Position of the "+" (leading
or trailing) is dependent on whether or not fncodatom of "T" is specified.

- Suppress the negative sign "-" on negative values of numexpr.

If fnco ane
original value of numexpt.

More than one occurrence of a particular fncodatom within a single fncode is identical to a single occurrence
of that fncodatom. Erroneous conditions are produced when a fncodatom "P" is present with any of the sign
suppression or sign placement fncodatoms ("T+-").

18
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$FN[UMBER] ( numexpr , fncodexpr , intexpr )

See 2.2.4 for the definition of numexpr. See 2.2.4.1 for the definition of intexpr.

This form is identical to the two-argument form of $FN, except that numexpr. is rounded to intexpr fraction
digits, including possible trailing zeros, before processing any fncodatoms. If intexpr is zero, the evaluated
numexpr contains no decimal point. Note: if (-1 <.numexpr < 1), the result of $FN has a leading zero ("0") to
the left of the decimal point.

d

q

q

§

9
Y

§

2.2.7.7 $GET

Pee 2.2.2.2 for the definition of givn.

This form returns the value of the specified glvn depending on its state, defined by $D(glvn). The fg

GIET] (ghvn)

ases are defined: ~

a. $D(glvn)#10 = 1
The value returned is the value of the variable specified by glvn.

b. Otherwise, the value returned is the empty string.

.2.7.8 $JUSTIFY
JIUSTIFY] ( expr , intexpr )
bee 2.3 for the definition of expr. See 2.2.4. 4 for the definition of intexpr.

[his form returns the value of éxgr right:justified in a field of intexpr spaces. Let m be $L(expr) and 7
alue of intexpr. The following cases-are defined:

a. m'<n. Then the value returned is expr.

b. Otherwise/the value returned is S(n-m) concatenated with expr,, where S(x) is a stti
spaces.

JUSTIFY] ( numexpr , intexpr, , intexpr, )

bee 2.2.4Jor'the definition of numexpr. See 2.2.4.1 for the definition of intexpr.

'hisform returns an edited form of the number numexpr. Let r be the value of numexpr after rour
ptexpr, fraction digits, including possible trailing zeros. (If intexpr, is the value 0, r contains no decima

lowing

be the

ng of x

ding to
point.)

<

to the

+ 1/ ’
left of the decimal point. Negative values of intexpr, are reserved for future extensions of the $JUSTIFY
function.

19
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2.2.7.9 SLENGTH
$LIENGTH] ( expr )
See 2.3 for the definition of expr.

This form returns an integer which is the number of characters in the value of expr. If the value of expr is the
empty string, $L(expr) returns the value 0.

SLIENGTH] ( expr, , expr, )

Seg 2.3 for the definition of expr.

This form returns the number plus one of nonoverlapping occurrences of expr, in expr,. If the value of gxpr,
is the empty string, then $L returns the value 0.

2.2,7.10 $NEXT' v ‘
$NIEXT] (glvn)

Se¢ 2.2.2.2 for the definition of glvn.
This form is included for backward compatibility. The use of the $ORDER function is strongly encouraged in
place of $NEXT, as the two functions perform the same operation\except for the different starting and ending
corydition of $NEXT.
$N|returns a value which is a subscript according to a subscnpt ordering sequence. This ordering sequence
is gpecified below with the aid of a function, CO, which is.used for definitional purposes only, to estabhs1 the
collating sequence. :

CQ(s.t) is defined, for strings s and t, as follows:

When t follows s in the ordering -sequence, CO(s,!) returns t.
Otherwise, CO(s,1} returns s.

Let|m and n be strings satisfying the definition of numeric data values (see 2.2.3.1), and v and v be nonempty
strings which do not satisfy this definition. The following cases define the ordering sequence:

a. Co(",s) = s.
b. CO(m,n) = niin > m; otherwise, CO{m,n) = m.
c. CO(m,u) =10

d. CO(um =/vif v] u; otherwise, CO(u,v) = u

In words, all§ttings follow the empty string, numerics collate in numeric order, numerics precede nonnureric
strings, and-nonnumeric strings are ordered by the conventional ASCI| collating sequence. |

it's,
at is,

subscripted forms of lvn and gvn are permitted. Let lvn or gvn be of the form Name(s,, s;, .., §,)-

is -
for aII sin A

'$NEXT may not be included in the next version of ISO/IEC 11756.

- 20
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a. CO(s,, s) =sand
b. $D(Name(s,, s,, ..., §,., 8)) is not zero.

Then $N(Name(s,, s,, ..., 8,)) returns that value tin A such that CO(t,s) = s for all s not equal to t; that is, all
other subscripts which follow s, also follow t.

If no such t exists, -1 is returned.

Note that $N will return ambiguous results for lvn and gvn arrays whlch have negatuve numeric subscript
values.

2.2,7.11 SORDER

$O[RDER] ( glvn )

See 2.2.2.2 for the definition of givn.
This form returns a value which is a subscript according to a subscript 6rdering sequence. This| ordering
sequence is specified below with the aid of a func’uon CO which is used for defmltlonal purpose> -only; to
establish the collating sequence. . :

CO(s,t) is defined, for strings s and t, as follows:

When t follows s in the ordering sequence, CO(s,{)returns t.
Otherwise, CO(s,t) returns s.

Let m and n be strings satisfying the definition of numeric data values (see 2.2.3.1), and v.and v be fonempty
strings whlch 'do not satlsfy this definition. The foIIowmg cases defme the ordermg sequence

a. CO(".s ) = 8.

b. CO(mn) = nif n > m; otherwise, CO(m,n) = m.
¢c. CO(mu) =wu

d. CO(u,v) = vif v] u; othérwise, CO(u,v) = L.

In words, all strings follow the empty string, numerics collate in numeric order, numerics precede nopnumeric
strings, and nonnumeric Strings are ordered by the conventlonal ASCII collating sequence

Only subscripted formsof lvn and gvn are permltted Let Ivn or g__ n be of the form Name(s,, sz, ., §,) where
-8, may be the empty stnng Let Abe the'set of subscnpts that follow s,. That is, for all sin-A:

a. . €0¢(s,,s) = sand
b\ ($D(Name(s,, s,, ..., S,.1, 8)) is not zero.

Then$O(Name(s,, s,, ..., 5,)) returns that value tin A such that CO(t,s) = sfor all s not equal to t that is, all
other subscripts which follow s, also follow t. - p . ~

If no such t exists, $O returns the empty string.

2.2.7.12 $PIECE

$P[IECE] ( expr, , expr, )

21
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See 2.3 for the definition of expr.

This form is defined here with the aid of a function, NF, which is used for definitional purposes only, called flnd
the position number following the mth occurrence.

NF(s,d,m) is defined, for strings s, d, and integer m, as follows:
When dis the empty string, the result is zero.

When m '> 0, the result is zero.

When d is not a substring of s, i.e., when $F(s,d) = 0, then the result is $L(5) + $L(d) + 1
Otherwise, NF(s,d,1) = $F(s,d).
For m > 1, NF(s,d,m) = NF($E(s,$F(s,d),$L(s)),d,m-1) + $F(s,d) - 1.

That is, NF extends $F to give the position number of the character to the right of the mth occurrence
of the string din s.

Let s be the value of expr,, and let d be the value of expr,. $P(s,d) returns the substring of s bounded on the
right bpt not including the first (leftmost) occurrence of d.

$P(s.d) = $E(s,0,NF(s,d,1) - $L(d) - 1).

SPECE] ( expr, . expr, , intexpr )
See 2.8 for the definition of expr. See 2.2.4.1 for the definition of intexpr.

Let m pe the integer value of intexpr. $P(s,d,m) returns the substring of s bounded by but not including the
m-1th and the mth occurrence of d.

$P(s,dlm) = $E(s,NF(s,d,m-1),NF(s,d,m) - $L(d) - 1).

$PIECE] ( expr, , expr, , intexpr, , intexpr, )

See 2.8 for the definition of expr.~See 2.2.4.1 for the definition of intexpr.

—

Let n Ie the integer value of intexpr,. $P(s,d,m,n) returns the substring of s bounded on the left but ng
including the m-1th occurrence of d in s, and bounded on the right but not including the nth occurrence of @
ins.
$P(s.dm,n) = $E(s,NF(s,d,m-1),NF(s,d,n) - $L(d) -1).

Note that-$R(s,d,m,m) = $P(s,d,m), and that $P(s,d,1) = $P(s,d).

2.2.7.13 SQUERY

$QIUERY] ( glvn )
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See 2.2.2.2 for the definition of glvn.

- D

Let givn, = "A(i}, ky, ..., [,) and glvn, = "A(jy, for - fy)

Then a collating relation exists between glvn, and glvn,. Glvn, is said to follow glvn, when for any pair (i, ji)
when:

a. p<gqandj, = jforall kin the range (0 < k’> p).
or
b. p=0andg>0.

U
¢.. k>0and k'> min{p, ) and
there exists some /, '= j,-and
no n exists with 0 < n < kand i, '= j, and
the function CO(i,, j,), as defined in 2.2.7 (definition of $ORDER), is equal to j.
In less formal terms, when the first index that is different, collates in glvn, after the Corresponding one
in glvn,.

For the purpose of this discussion a function CQ(glvn,, glvn,) is defined that would yield glvn, when, agcording
{o the above definition, glvn, would be said to follow glvn,.

namevalue ::= expr

Bee 2.3 for the definition of expr.
A namevalue has the syntax of a glvn with the following restrictions:
a. The glvn is not a naked reference.

b. Each subscript whose value has the form of a number as defined in 2.2.3.1 appears as g numlit,
spelled as its numeric interpretation.

¢. [Each subscript whose value does not have the form of a number as defined in 2.2.3.1 dppears
as a sublit, defined as follows: '

sublit ::= " | e |
| subnonquote |...

where subnonquote is defined as follows:

subnonquote~::= any character valid in a subscript, excluding the qyote
symbol,

Then the valuélof'the function $QUERY can be defined as follows:

thevalue of SQUERY/(glvn,) is a namevalue that conforms to glvn, if and only if:

CQ (glvn,, glvn,) = glvn,

and no glvn, exists so that

CQ (glvn,, glvn,) = givn,

and
CQ (givn,, givn,) = givn,
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2.2

the value of $QUERY (glvn,) will be the empty string when no glvn, exists so that

cQ (gvn,, gvn,) = givn,

7.14 SRANDOM

$RIANDOM] ( intexpr )

Seer2:24-t+forthedefinitionof-intexpr:
JLRLA=ZaY =0

- 1]
2.2.
$SI

L.

Thig form returns the value of the leftmost expr whose correspondinig tvexpr is.true. The process of evalug

con
is tr
$S.

is the only expr which must have a defined value.

2.2.

$TI

Sed 2.2.4.1 for the definition of intexpr. See 2.5.7 for the definition of entryref.

Thig form retums a string’whose value is the contents of the line specified by the argument. - Spécifically

enti

equ

If no such line as that specified by the argument exists, an empty string is retumed

Thig form returns a random or pseudo-random integer uniformly distributed in the closed interval [O int

Sed 2.2.4.2 for the definition of tvexpr. See 2.3 for the definition of expr. Seés section 1-for the. definitid

If the argument of $T is an nt[yref the line denoted by the nt[y ref is spéciﬁed If nt[yréf ébe's nof cor

if the value of intexpr is less than 1, an error will occur
7.15 $SELECT

ELECT] (L | tvexpr : expr | )

Sists of evaluating the tvexprs, one at a time in left-to-right order, until the first one is found whose v
. The expr corresponding to this tvexpr (and no other) is evaluated and this value is made the valy
An error will occur if all tvexprs are false. Since only obe expr is evaluated at any invocation of $S,

7.16 STEXT

+ intexpr
IEXT] ( )
entryref |

fe line, with eol deleted, is returned.

! to Oy the routlnename of the routme is specufled An error will oc occur if the value of‘ intexpr is Iess

n of

tion
blue
e of
that

—

he

tain
ihed.
Dr is
han

is amblguous the results are not defined.
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2.2.7.17 $STRANSLATE
$TRIANSLATE] ( expr, , expr, )
See 2.3 for the definition of expr.

Let s be the value of expr,, $TR(expr,,expr,) returns an edited form of s in which all characters in s whrch are
found in expr, are removed.

$TRIANSLATE] ( expr, , expr, , €xpr, )

See 2.3 for the definition of expr.

Let s be the value of expr,, $TR(expr,,expr,.expr,) returns an edited form of sin which all chatacters in s which
are found in expr, are replaced by the positionally corresponding character in expry “If a character in s
appears more than once in expr, the first (leftmost) occurrence is used to positionally locate the trgnslation.
Translation is performed once for each character in s. Characters which are in’s'that are not in expi, remain
“[unchanged. Characters in expr, which have no corresponding character in g expr, are deleted from |s {this is
the case when expr, is shorter than expr,). ‘

Note: If the value of expr, is the empty string, no translation is_performed and s is returned unchanged.

2.2.7.18 SVIEW
$VIIEW] ( unspecified )

This form makes available to the implementor a €all for examining machine-dependent information. [ is to be
understood that routines containing occurrences of $V may not be portable.

-~

S

2.2.7.19 $Z
$Z[unspecified] ( unspecified?)

This form is the initial letter reserved for defining nonstandard intrinsic. functions, This requirement pefmits the
unused function names to be reserved for future use. : :

2.2.8 Unary 'Operator unaryop

Thete(are three unary operators: ' (not), + (pluS) and - (minus).

Not inverts the truth value of the- exgratom |mmed|ate|y o its rrght The value of "expraiom 51 if the
truth-value interpretation of e expratom is O; otherwise its value is 0. Note that ” performs the truth value
interpretation.

Plus is merely an explicit means of taking a numeric interpretation. The value of +expratom is the numeric
interpretation of the value of expratom.
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Minus negates the numeric interpretation of expratom. The value of -expratom is the numeric interpretation
of -N, where N is the value of expratom.

Note that the order of application of unary operators is right-to-left.

2.2.9 Extrinsic Special Variable

exvar ::= $$ labelref

See 2.5.7 for the definition of labelref.

Extrirfsic special variables are denoted by the prefix $$ followed by a labelref. Extrinsic specialvariables
invoke a MUMPS subroutine to return a value. When an extrinsic special variable is executedy(the currgnt
value|of $T, the current execution level, and the current execution location are saved in an exvar{frame on the
PROCESS-STACK.

ExecItion continues at the first command of the formalline specified by the labelref{ /Execution of an exvar
to a lgvelline is erroneous.

Upon|return from the subroutine the value of $T and the execution level is restored, and the value of the
argument of the QUIT command that terminated the subroutine is returned as the value of the exvar.

An extrinsic special variable whose labelref is x is identical to the extrinsic function:
$$x()
Note that label x must have a (possibly empty) formaillist.

”»

2.2.10 Extrinsic Function"r

exfunc ::= $$ labelref actuallist

See 4.5.7 for the definition of labslref. See 2.5.9 for the definition of actuallist.

Extringic functions are denoted by)the prefix $$ followed by a labelref followed by an actuallist of parametets.
Extringic functions invoke a MUMPS subroutine to return a value. When an extrinsic function is executed, the
current value of $T, the current execution level, and the current execution location are saved in an exfuhc
frame| on the PROCESS-STACK. The actuallist parameters are then processed as described in 2.5.9.

Execytion continugs-at the first command of the formalline specified by the labelref. This formalline myst
contajn a formallist in which the number of names is greater than or equal to the number of names in the
actuallist. Execution of an exfunc to a levelline is erroneous.

Upon|return from the subroutine the value of $T and the execution level are restored, and the value of the
argument of the QUIT command that terminated the subrouline is returned as the value of the extunc.
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2.3 Expressions expr

Expressions are made up of expression atoms separated by binary string, arithmetic, or truth-valued operators.

expr ::= expratom [ exprtail ]

See 2.2 for the definition of expratom.

} binaryop expratom
exprtail [’] truthop
pattern }

See 2.2 for the definition of expratom. See 2.3.3 for the definition of pattern.

- ’ (Note: underscore)
+
- (Note: hyphen)
binaryop = *
/
\
# |
truthop = relation
logicalop
. [
relation = <
}
>
logicalop ::= &
]

Tihe order of evaluation is as follows:
a. Evaluate the left-hand expratgm.

b. If an exprtail is present immediately to the right, evaluate its expratom or pattern and apply its
operator.

c. Repeat step b(as necessary, moving to the right.

T the language of. operator precedence, this sequence implies .that all binary string, arithmetic, and
uth-valued operators are at the same precedence level and are applied in left-to-right order.

=3

-3

ny attempt to evaluate an expratom containing an Ivn, gvn, or svn with an undefined value is errongous.

2.3.1<Arithmetic Binary Operators

The binary operators + -~/ \ # are called the arthmetic binary operators. They operate orthenumeric
interpretations of their operands, and they produce numeric (in one case, integer) results.

+ produces the algebraic sum.

- produces the algebraic difference.
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* produces the algebraic product.

/ produces the algebraic quotient. Note that the sign of the quotient is negative. if and only if
one argument is positive and one argument is negative. Division by zero is erroneous.

\ produces the integer interpretation of the result of the algebraic qubtient. |

# produces the value of the left argument modulo the right argument. It is defined only for

nonzero values of its right argument, as follows.

A _di 1 A Lk § Y. W1 =10
la il =N al \U ”UUI\HIU,’

where floor (x) = the largest integer "> x.

2.3.2 Relational Operators

The operators = < > | [ produce the truth value 1 if the relation between their argurients which tHéy express
is frue, and 0 otherwise. The dual operators 'relation are defined by: ‘

A 'relation B has the same value as '(A relation B).

2.3.2.1 Numeric Relations

The inequalities > and < operate on the numeric interpretations of their operands; they denote the conventional
algebraic greater than and less than.

2.3.2.2 String Relations

The relations = ] [ do not imply any numeric |nterpretat|on of either of their operands

The relation = tests string ldentlty If the operands are not known to be numeric and numerlc equahty is[to be
tegted, the programmer may apply an appropriate unary operator to the nonnumeric operands. !ff both
arguments are known to be in.numeric form (as would be the case, for- example, if they resulted frofn the

numeric. Note, however; that the division operator / may produce inexact results, with the usual ’pro fems

The relation [is"called contains. A [ Bis true if and only if B is a substring of A; that is, A [ B has fhé Same
value as "$F(A,B). Note that the empty string is a subsiring of every string.

ating

a. Bis empty and Ais not.

b. Neither Anor B is empty, and the leftmost character of A follows (i.e., has a numencally greater
ASCIi code than) the leftmost character of B. :
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¢. -There exists a positive integer n such that A and B have identical heads of length n, (i.e.,
$E(A,1,n) = $E(B,1,n)) and the remainder of A follows the remamderofB(le $E(A n+1,$L(A)) follows
$E(B.n+1,3L(B))).

2.3.3 Pattern match

The pattern match operator ? tests the form of the string which is its left-hand operand. S 7? P is true if and
only if Sis a member of the class of strings specified by the pattern P.

A pattern is a concatenated list of pattern atoms.

| patatom ... |

pattern ::=
¢ expratom V pattern

$ee 2.2 for the definition of expratom. See section 1 for the definition of V.

Assume that pattern has n patatoms. S ? pattern is true if and only if there €Xists a partition of § into n
gubstrings

$=S,8,..8,

guch that there is a one-to-one order-preserving correspondencé between the S, and the pattern atoms, and
gach S, satisfies its respective pattern atom. Note that some.of.the S, may be empty.

Each pattern atom consists of a repeat count repcount, fellowed by either a pattern code patcode of j string
llteral strlit. A substring S, of S satisfies a pattern atom if it, in turn, can be decomposed into a number of
doncatenated substrings, each of which satisfies the, associated patcode or strlit. ,

‘ ‘ ‘ patcode }
patatom - ::= repcount
| .strlit - |

$ee 2.2.5 for the definition of strlit.
| dntlit l
repcount ::=
[ intlit, ] . [ intlit, ]

$ee 2.2.3 for the definition of intlit.

marywzO

patcode ::= l
I
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Patcodes differing only in the use of corresponding upper and lower case letters are equivalent. Each patccde
is satisfied by any single character in the union of the classes of characters represented, each class denoted
by its own patcode letter, as follows.

C 33 ASCII control characters, including DEL

N 10 ASCII numeric characters

P 33 ASCIl punctuation characters, including SP

—A—52-ASCHalphabeticcharacters

L 26 ASCIl lower-case alphabetic characters

U 26 ASCII upper-case alphabetic characters

E Everything (the entire set of ASCII characters)

All other unused patcode letters for class names are reserved.

Each|striit is satisfied by, and only by, the value of strlit.

If reptount has the form of an indefinite multiplier ".", patatom is satisfied by a concatenation of any number
of S, [including none), each of which meets the specification of patatom:

If repgount has the form of a single intlit, patatom is satisfied by a concatenation exactly intlit S, each of which

meet$ the specification of patatom. In particular, if the value of jntlit is zero, the corresponding S; is emply.

uppel bound. It is erroneous if the upper bound is less-than the lower bound. If the lower bound is omitt
sO thf the range has the form .intlit, , the lower bound-is taken to be zero. If the upper bound is omitted,

If repgount has the form of a range, intlit,.intlit,, the first intlit gives the lower bound, and the second intiit Iwe
d,
S0

that the range has the form intlit,. , the upper bound is taken to be indefinite; that is, the range is at least inflit,
occurences. Then patatom is satisfied by the concatenation of a number of S, each of which meets the
specification of patatom, where the number.fmust be within the expressed or implied bounds of the specified
rangg, inclusive.

The qual operator ’? is defined by:

A?B = (A?B)

2.3.4| Logical Operators

The operators’land & are called logical operators. (They are given the names or and and, respectively.) THey
operate on'the truth-value interpretations of their arguments, and they produce truth-value results.

L A1 B = (0ifboth Aand Bhave the value 0 )

( 1 otherwise )

A& B= (1ifboth Aand B have the value 1)
( 0 otherwise )
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The dual operators '& and 'l are defined by:

A'&B="(A&B)
AN'B= '(AlB)

2.3.5 Concatenation Operator

The underscore symbol _ is the concatenation operator. It does not imply any numeric interpretation. The
vatug of A_B s the string obtainet by concatenating the values of Aant 8, Wit Aonthe teft——_ |

.4 Routines

The routine is the unit of routine interchange. In routine interchange, each routine begins with its routinehead,
which contains the identifying routinename, and the routinehead is followed by the foutinebody, which gontains
he code to be executed. The routinehead is not part of the executed code.

routine ::= routinehead routinebody

See 2.4.1 for the definition of routinebody.

routinehead ::= routinename eol

routinename ::= name

See 2.2.1 for the definition of name.

P.4.1 Routine Structure

lhe routinebody is a sequence of lings-terminated by an gor. Each line starts with one Is which may be
breceded by an optional label and formallist. The Is is foliowed by zero or more i (level-indicator) w:l:ich are
ollowed by zero or more commands and a terminating eol. One or more spaces may separate the comment
rom the last command of a ling:* The LEVEL of aline is the number plus one of |i.

line ... eor

routinebody- :

line 1= formalline |

|
| levelline |

formalline :: label formallist ls linebody

levelline = [ label } 1s [ li J ... linebody
[—commands [ cs comment ]_]
tinebody f I—eot
I comment
L - i

See 2.5.3 for the definition of comment.

formallist ::= ( { L name ] )
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See 2.2.1 for the definition of name. See section 1 for the definition of L.

label 1= ‘ name l
intlit

See 2.2.1 for the definition of name. See 2.2.3 for the definition of intlit.

commands ::= command [ cs command ]

See 2.5 for the definition of command.

Each

occutrences of label may have the same spellmg in one routinebody. A formallist may only be present on a

line W

24.2

MUMPS routines are executed in a sequence of blocks. Each block is dynamically defined and is invoked |by

the in
of a g
exfun

is =8P
u - s
cs = 8P
eol = CR LF
‘eor = CR gg.

occurrence of a label to the left of s in a line is called a defining occurrence ofabel. No two-defining

hose LEVEL is is one, i.e., does not contain an li.

Routine Execution

stance of an argumentiess DO command, a doargumenit, an exfunc, or an-exvar. Each block consigts
et of lines that all have the same LEVEL; the block begins with the line reference implied by the DO,
c, or exvar and ends with an implicit or explicitt QUIT command. If no label is specified in the

doard

ument, exfunc, or exvar, the first line of the routinebody is used. The execution level is defined as the

LEVH
level
than

incre
Withi
exec

flow ¢
varia

desclptlon of the actions of QUIT). The initial LEVEL for a process is one. The argumentless DO cormnma

startuulrg with the line specified by the invoked labe! or first fine of the routine if no Iabel is-given. ' Within a Ir e

L of the fine currently bemg executed Lmes which have a LEVEL greater than the current execution

ses the execution level by one: (See also the DO command and GOTO comman )

an exvar, an exfunc, or a DO command doarqument that- contarns an actualhst
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2.5 General command Rules

Every command starts with a command word which dictates the syntax and interpretation of that command
instance.. Command words differing only in the use of ‘corresponding upper and lower case letters are

equivalent. The standard contains the following command words.

B[REAK]
C[LOSE]

D{O]

E[LSE]

F[OR] .
G[OTO]

H[ALT]

H[ANG]

I[F]

J[OB]
K[ILL]

L{OCK]

N[EW])

O[PEN]

Q{UIT]

R[EAD]

S(ET]

U[SE]

V[IEW]
W[RITE]

- X[ECUTE] )
Z[unspecified]

Unused initial letters of command words are reserved for future enhancement of the standard.

The formal definition of the syntax of command is a ghoice from among all of fhe individﬁal commang
efinitions of 2.6. ‘

syntax of BRERK command |
syntax of CBLOSE command y
|
|

|
o
command ::= !
| syntax of XECUTE command
Any implementation of the language must be able to recognize both the initial letter abbreviation and
pyntaxes uniquely distipguish them.
For all commandsallewing multiple’ arguments, the form
command word arg,, arg, ...
(s equivalent in execution to

command word arg, command word arg, ...

syntax

the full

spelling of each command word. When two command words have a common initial letter, their angument
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2.5.1 Post Conditionals

All commands except ELSE, FOR, and.IF may be made conditional as a whole by following the command
word immediately by the post-conditional postcond.

postcond ::= [ : tvexpr ]

See 2.2.4.2 for the definition of tvexpr.

If the gostcond is absent or the postcond is present and the value of the t vexg is true, the command is

the alguments’ expratoms that occur prior to the postcond are evaluated prior to the evaluation of the
postcond.

2.5.2 Bpaces in Commands
Spacds are significant characters. The following rules apply to their use in lines:

a. There may be a space immediately preceding gol only if thedline ends with a'‘comment. (Singe
Is may immediately precede eol, this rule does not apply to the space which may stand for Is.)

b. If acommand instance contains at least one argument, the command word or postcond is followéd
by exactly one space; if the command is not the last ot the line, or if a comment follows, the commarid
is followed by one or more spaces.

c. W a command instance contains no argument and it is not the last command of the line, or ifla
comment follows, the command word or postcond is followed by at least two spaces; if it is the last
command of the line and no comment follows, the command word or postcond is immediately followed
by eol. :

2.5.3 Comments

W
-

if a semicolon appears in thelcommand word initial-letter position, it is the start of a comment. The remaind
of the |line to eo! must consist of graphics only, but is otherwise ignored and nonfunctional.

comment ~¢= ; [ graphic ]

See 2|1 for thedsfinition of graphic.

2.5.4 format in READ and WRITE

The format, which can appear in READ and WRITE commands, specifies output format control. The
parameters of format are processed one at a time, in left-to-right order.
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[ oo, [ 2 intexpr | '

| ? intexpr |
See 2.2.4.1 for the definition of intexpr.

The parameters, which need not be separated by commas when occurring in a single instance of format, may

take the following forms.

a pure ASCII devnce In addmon $X is set to 0 and 1is added to $Y.

on a pure ASCI! device. In addition, $X and $Y are set to 0. When the currentdévice is 3
the screen is blanked and the cursor is positioned at the upper left-hand corpéer.

? intexpr produces an effect similar to tab to column intexpr. If $X is greater than or equal tg
there is no effect. Otherwise, the effect is the same as writing (intexpr $X) spaces. (Note
leftmost column of a line is column 0.) ,

2.5.5 Side Effects on $X and $Y
device control functions, depending on the identity of the<cdrrent device. To the extent that the sug

~graphic : add 1 to $X
backspace : set $X = max($X-1,0)
line feed : add 1 to $Y
carriage return :set$X =0
form feed : set $Y = 0;.$X'= 0

2.5.6 Timeout

The OPEN, LOCK, JOB,/and READ commands employ an optional timeout specification, associated
testing of an external-condition.

timéout ::= : numexpr
See 2.2.4 for the definition of numexpr.

If the optional timeout is absent, the command will proceed if the condition, associated with the def

R LF on

# causes a top of form operation on the current device. Its effect is the equivalent ofwriting CR FF

display,

intexgr;
that the

As READ and WRITE transfer characters one at a time, certain.characters or character combinations r¢present

ervisory

function can detect these control characters or charactép sequences, they will alter $X and $Y as fdllows.

with the

nition of

theh)command, is satisfied; otherwise, it will wait until the condition is satisfied and then proceed.

$T will not be alteredif the timeout is absent.

If the optional timeout is present, the value of numexpr must be nonnegative. If it is negative, the value 0 is

used. Numexpr denotes a t-second timeout, where t is the: value of numexpr.

35


https://standardsiso.com/api/?name=35f2c01a3cdfd7213808a43d93bd90a0

ISO/IEC 11756:1992 (E)

If t = 0, the condition is tested. If it is true, $T is set to 1; otherwise, $T is set to 0. Execution
proceeds without delay. :

If tis positive, execution is suspended until the condition is true, but in any case no Ionger than t
seconds. If, at the time of resumption of execution, the condition is true, $T is set to 1; otherwuse ST

is set to 0.

2.5.7 Line References

The 0O and GOTO commands, extrinsic functions and extrinsic variables, as well as the $TEXT functign,
contain in their arguments means for referring to particular lines within any routine. This section describes'the
means for making line references. :

Any lipe in a given routine may be denoted by mention of a label which.occurs in a defining ‘oc'cUr‘y,rence bn
or prigr to the line in question. N

dlabel Ca:=

lv ~ label | l

@ expratom V dlabel

See J.4.1 for the definition of label. See 2.2 for the definition of expratom.¢ See section 1 for the definition
of V.

routinename
routineref ::=

'@ expratom V routineref

See 3.4 for the definition of routinename. See 2.2 for the @efinition of expratom. See section 1-for the
definifion of V.

The total line specification in DO and GOTO is in therferm of entryref.

entryref 1=

~

’ dlabel [ +‘intexpr ] [ " routineref | l

routineref

See 2.2.4.1 for the definition of inte'xgr.

If the |delimiter * is absent, the routine being executed is implied. [f the line reference (dlabel [+intexpr])|is

absert, the first line is implied.

When|the DO or JOB commands or exfunc or exvar include parameters to be passed to the specified routine,
the +intexpr form of entryref is not permitted and the specified line must be a formallme The line specificatipn
labelr pf is used instead:

label [ " routinename ]

labelref ::=

* routinename

See 24~

If + intexpr is absent, the line denoted by dlabel is the one containing label in a defining occurrénce.  If +
intexpr is present.and has ‘the value n’< 0, the line denoted is the nth line ne after the one containing label in a
defining occurrence. A negative value of intexpr is erroneous. When label is an instance of mtht leading
zeros are significant to its spelling.

+36



https://standardsiso.com/api/?name=35f2c01a3cdfd7213808a43d93bd90a0

ISO/IEC 11756:

in the context of DO or GOTO, either of the following conditions is erroneous.

1992 (E)

a. A value of intexpr so large as not to denote a line within the bounds of the given routine.

b. A spelling of label which does not occur in a defining occurrence in the given routine.

In any context, reference to a particular spelling of |abel WhICh occurs more than once in a defining occurrence

in the given routine will have undefined results.

DO, GOTO, and JOB commands, as well.as the $TEXT function, can refer to a line in a routine other than that

in which they occur; this requires a means of specifying a routinename.

2.5.8 Command Argument Indirection
Indirection is available for evaluation of either individual command arguments or contiguous qu
command arguments. The opportunities for indirection are shown in the syntax defmmons accomps
command descriptions.
Typically, where a command word carries an argument list, as in

COMMANDWORD SP L argument
the argument syntax will be expressed as

| individual argument syntax |

argument ::=
| @ expratom V L ‘argument l

See 2.2 for the definition of expratom. See section 1 for the definition of V.. See section 1 for the
of L. See section 1 for the definition of L.C

This formulation expresses the followzng properties of argument indirection.
a. Argument indirection°may be used recursively.

b. A single instance of argument indirection may evaluate to one complete argument or g
of complete arguments. ,

Unless the opposite'is explicitly stated, the text of each command specification-describes the argum
all indirectiomyhas been evaluated.

2.5.9 Parameter Passing

blists of
nying the

definition

a sublist

bnts after

Parameter passing is a method of passing informationin a controlled manner to and from a subrout

ne as the

result of an extunc, an exvar, or a VO command with an actuallist.

actuallist ::= ( [ L actual ] )

See section 1 for the definition of L.
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. actualname l

.
]

actual
| expr |

See 2.3 for the definition of expr.

| name |
actualname ::=
@ expratom V actualname

See 2.2.1 for the definition of name. See 2.2 for the definition of expratom. See section 1 for the definition
of V.

When plarameter passing occurs, the formalline designated by the labelref must contain a formallist inwhich
the number of names is greater than or equal to the number of actuals in the actuallist. The correspondence
between actual and formallist name is defined such that the first actual in the actuallist corresponds.fo the first
name in the formallist, the second actual corresponds to the second formallist name, etc., Similarly, the
corresppndence between the parameter list entries, as defined below, and the actual or formallist names is,
also by jposition in left-to-right order. If the syntax of actual is .actualname, then it is said(that the actual is of
call-by-fleference format; otherwise, it is said that the actual is of the call-by-value format.

When plarameter passing occurs, the following steps are executed:

a. Process the actuals in left-to-right order to obtain a list of, DATA-CELL pointers called the
parameter list. The parameter list contains one item per actual. The parameter list is created
according to the following rules:

1. [fthe actual is call-by-value, then evaluate thégxpr and create a DATA-CELL with a zero
tuple value equal to the result of the evaluation. The pointer to this DATA-CELL is the
parameter list item.

2. If the actual is call-by-reference, search the NAME-TABLE for an entry containing the
actuallist name. If an entry is found;the parameter list item is the DATA-CELL pointer in this
NAME-TABLE entry. If the agtuallist name is not found, create a NAME-TABLE entry
containing the name and a‘pointer to a new (empty) DATA-CELL. This pointer is the
parameter list item.

b. Create the parameter frame on the PROCESS-STACK containing the 'formallist.

c. For each name in the formallist, search the NAME-TABLE for an entry containing the name and
if the entry exists, copy’'the NAME-TABLE entry into the parameter frame and delete it from the
NAME-TABLE. This step performs an implicit NEW on the formallist names.

d. For eachlitem in the parameter list, create a NAME-TABLE entry containing the corresponding
formallist name and the parameter list item (DATA-CELL pointer). This step binds the formallist
names.to.their respective actuals.

As a requit of-these steps, two (or more) NAME-TABLE entries may point to the same DATA-CELL. As long
as this common-linkage isin effect, a SET or KILL of an lvn with one of the hames appears o perform a
implicit SET or KILL of an lvn with the other nams(s). Note that a KILL does not undo thlS linkage of multiple
names to the same DATA-CELL, although subsequent parameter passing or NEW commands may.

Execution is then initiated at the first command following the Is of the line specified by the labelref. Execution
of the subroutine continues until an eor or a QUIT is executed that is not within the scope of a subsequently
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executed doargument, xargument, exfunc, exvar, or FOR. in the case of an exfunc or exvar, the subroutine

must be terminated by a QUIT with an argument.

At the time of the QUIT, the formallist names are unbound and the original variable environment is restored.

See 2.6.15 for a discussion of the semantics of the QUIT operation.

2.6 Command Definitions

The-specifications—of all commands follow
Sommand:

2.6.1 BREAK

B{REAK] postcond | [ SP ]
argument syntax unspecified |

See 2.5.1 for the definition of postcond.

BREAK provides an access point within the standard for nonstandard. programming aids.  BREAK
arguments suspends execution until receipt of a signal, not specified here, from a device.

2.6.2 CLOSE

C[LOSE] postcond SP L closearqumerit

See 2.5.1 for the definition of postcond. See section 1 for the definition of L.

expr [ : deviceparameters ]

closeargqument o=

|/ @ expratom V L closearqument |

without

See 2.3 for the definition of expr. ‘Sge 2.2 for the definition of expratom. See section 1 for the defjnition of

V. See section 1 for the definition of L.

| expr |

([ [ expxr ] ¢ ] ... expr )

deviceparameters ::=

See 2.3 for the definition of expr.

The value of.the first expr of each closeargument identifies a device (or file or data set). The inter
of the value 'of this expr is left to the implementor. The deviceparameters may be used to specify ter
procedures or other information associated with relinquishing ownership, in accordance with imp
intetpretation. v

bretation
mination
ementor

Each gesignated device IS reieased from ownersnip. It a device Is not owned at the tme Nat 115

amed in

an argument of an executed CLOSE, the command has no effect upon the ownership and the values of the
associated parameters of that device. Device parameters in effect at the time of the execution of CLOSE are
retained for possible future use in connection with the device to which they apply. If the current device is
named in. an argument of an executed CLOSE, the implementor may choose to execute implicitly the
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commands OPEN P USE P, where P designates a predetermined default device. If the :mplementor chooses
otherwise, $10 is given the empty value.

2.6.3 DO
52 ]

D[O] postcond !
| SP L doargument |

See 2/5.1 for the definition of postcond. See section 1 for the definition of L.

| entryref postcond

doarqument ::= labelref actuallist postcond !

@ expratom V L doargument

See 2]5.7 for the definition of entryref. See 2.5.1 for the defmmon of postcond. See’2:56.7 for the definitign
of labglref. See 2.5.9 for the definition of actuallist. See 2.2 for the definition of expratom. See section tfpr
the de| inition of V. See section 1 for the definition of L.

4 -

An arqumentless DO initiates execution of an inner block of lines. If postcondis present and its tvexpr is fals
the expcution of the command is compiete. If postcond is “absent, or the postcond is present and its tvexp
is true| the DO places a DO frame containing the current execution lo¢ation, the current execution level, ar
the current value of $T on the PROCESS-STACK, increases the execution level by one, and continue
execution at the next line in the routine. (See 2.4.2 for an.eéxplanation of routine execution’) ‘Whd
encouptering an implicit or explicit QUIT not within the scope "of a subsequently executed doargumer]
xargurpent, exfunc, exvar, or FOR, execution of this block:is terminated (see 2.6.15 for a description of th
actions of QUIT). Execution resumes at the command (if\any) following the argumentless DO.

-~

|

SO D:m Q

=2

DO with arguments is a generalized call to the subroutine specified by the entryref, or labelref, in ead
ment. The line specified by the entryref<or iabelref, must have a' LEVEL of one: Execution of
doargument to a Jine whose LEVEL is not one'\is-erroneous.

[

If the gctuallist is present in an executed doargument, parameter passing occurs and the formalline designated
by labelref must contain a formallist in‘which the number of names is greater than or equal to the number of
in the actuallist.

doargument is executed, ohe at a time in left-to-rigit order, in the following steps.

a. Evaluate theexpratoms of the doargument.

|[>%

b. If posteond is present and its tvexpr is false, execution of the doargument is complete: fgostcon
is absent,)or postcond is present and its tvexg is true, proceed to the step c. :

cA_A DO-frame containing the current execution location and the execution level are placed ont
PROCESS-STACK.

d. Ifthe actuallist is present, execute the sequence of steps described in 2.5.9 Parameter Passing.

e. Continue execution at the first command following the s of the line specified by entryref or
labelref. Execution of the subroutine continues until an gor or a QUIT is executed that is not within
the scope of a subsequently executed FOR, argumentless DO, doargument, xargument, exfunc, or
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exvar. The scope of this doargument is said to extend to the execution of that QUIT or gor. (See
2.6.15 for a description of the actions of QUIT.) Execution then returns to the first character [ position

following the doargument.

2.6.4 ELSE

E[LSE] [ SP )

If the value of $T is 1, the remainder of the line to the right of the ELSE is not executed. If the value of ST
is 0, execution continues normally at the next command. A

2.6.5 FOR
F{OR) | [ SP ]

| 8P lvn = L forparameter |

See 2.2.2.1 for the definition of lvn. See section 1 for the definition of L~

| expr T

forparameter ::= numexpr,; : numexpr, ¢, numexpr,
numexpr, : numexprs

See 2.3 for the definition of expr. See 2.2.4 for the definition of numexpr.

The scope of this FOR command begins at the next.command following this FOR on the same ling and ends
just prior to the eol on this line.

The FOR with arguments specifies repeated execution of the commands within its scope for differgnt values
of the local variable lvn, under successivé)control of the forparameters, from left to right. Any expressions
occurringin lvn, such as might occur in subscripts or indirection, are evaluated once per execution of the FOR,
prior to the first execution of any forparameter. :

For each forp_aramete control of the execution of the commands in the scope is specmed as follopvs. (Note
that A, B, and C are hidden.temporaries.) '

a. If the forparameter is of the form expr,.
1."Set lvn = expr. /
2. Executethe commands in the scope once.

3. Processing of this forparameter is complete.

b. If the forparameter is of the form numexpr1 nuMexpr., : NUMexpr.,
and numexpr, is nonnegative.

[aF-X]

Set-A=numexptr
Set B = humexpr,.

Set C= umexgr3 :
Set lvn =

If Ivn > C processmg of this forgaramete is complete.
Execute the commands in the scope once; an undefined value for lvn is erroneous.

CEORNENE S
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7. Iflvn > C-B, processing of this orgaramete is complete
8. Otherwise, set lvn =lvno + B.
9. Gotob.

¢. Ifthe forparameter is of the form numexpr, : numexpr, : nuMexpr,
and numexpr, is negative.

1. Set A = numexpr,.
2. Set B = numexpr,.
3. Set C= nUMEXpI,
4. Serivim=A
If Ivn < C, processing of this forparameter is complete.
Execute the commands in the scope once; an undefined value for lvn is erroneous:,
If lvn < C-B, processing of this forparameter is complete.
Otherwise, set lvn = lvn + B.
Go to 6.

©CoNOO

d. If the forparameter is of the form numexpr, : numexpr,.

1. Set A = numexpr

2. Set B = numexpt,.

3. Setlvn = A

4. Execute the commands in the scope once; an undefiped-walue for lvn is erroneous.
5. Setlvn=lvn + B.

6. Goto 4.

If the FODR command has no argument.

a. Execute the commands in the scope once;, Since no lvn has been specified, it cannot bg
referenced.

b. Goto 1.

Note that form d. and the argumentiess FOR,.specify endless loops. Termination of these loops must occu
by exegution of a QUIT or GOTO within thé_scope of the FOR. These two termination methods are available
within the scope of a FOR independent.of the form of forparameter currently-in.control of the execution of the
scope; [they are described below. ~Note also that no forparameter to the right of one of form d. can beg
executgd.

Note that if the scope of acEOR (the outer FOR) contains an inner FOR, one execution of the scope of
commands of the outer FOR encompasses all executions of the scope of commands of the inner FOR
corresponding to one complete pass through the inner FOR command’s forparameter list.

Executipn of a QUIT, within the scope of a FOR has two effects.

a. ltterminates that particular execution of the scope at the QUIT; commands to the right of the QUIT
are not executed.

b. It causes any remaining values of the forparameter in control at the time of execution of the QUIT,
and the remainder of the forparameters in the same forparameter list, not to be calculated and the
commands in the scope not to be executed under their control.
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In other words, execution of QUIT effects the immediate termination of the innermost FOR whose scope

contains the QUIT.

Execution of GOTO effects the immediate termination of all FOR comrhands in the Iuﬁ éontainir’\g the GOTO,
~and.it transfers execution control to the point specified. Note that the execution of a QUIT within the scope
of a FOR does not affect the variable environment, e.g., stacked NEW frames are not removed or processed.

2.6.6 GOTO

G[OTO) postcond SP L gotoargument
See 2.5.1 for the definition of postcond. See section 1 for the definition of L.

| entryref postcond |

gotoargumr.at ::=
@ expratom V L gotoargument

See 2.5.1 for the d rinition of postcond. See 2.2 for the definition of expratom.‘See section 1 for the
of V. See sectic | 1 for the definition of L. '

Hefinition

GOTO'is a yeneralized transfer of control. If provision for a return oficontrol is desired, DO may bg used..

Each gotoargument is examined, one at a time in left-to-right order,‘unti! the first one is found whose §
is either absent, or whose postcond is present and its tvexpr is trtre. If no such gotoargument is found
is'not transferred and execution continues normally. If such.a gotoargument is found, execution con
the left of the line it specifies, provided the line has the same LEVEL as the line containing the GO
if the LEVEL of the line containing the GOTO is greatéf’than one, there may be no lines of lower §
LEVEL between the line specified by the gotoargument and the line containing the GOTO. Also
containing the GOTO and the line specified by thé 'gotoargument must be in the same routine.

See 2.6.5 for a discussion of additional effects of GOTO when:executed within the scope of FOR.

2.6.7 HALT

H{ALT) postcond [ SP ]
See 2.5.1 for the definition of postcond.

First, LOCK withno arguments is executed. Then, execution of this process is.terminated.

2.6.8 HANG

H[ANG] postcond SP L hangargument

postcond
1, control
tinues at
TO and,
xecution
the line

" See 2.5.1 for the definition of postcond. See section 1 for the definition of L.

numexpr
hangargqument ::=
| @ expratom V L hangargument |
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See 2.2.4 for the definition of numexpr. See 2.2 for the definition of expratom. See section 1 ‘for the definition
of V.- See section 1 for the definition of L.

Let £ be the value of numexpr. If t's 0, HANG has no effect. Otherwise, execution is suspended for t
seconds. ' ‘ LT '

269 IF
I[F] | [ SR ] |

SP L ifarqument
See sgction 1 for the definition of L.

| tvexpr

ifargument 1= ' '
| ¢ expratom V L ifargument |

See 2[2.4.2 for the definition of tvexpr. See 2.2 for the definition of expratom., See section 1 for the definitign
of V. See section 1 for the definition of L.

In its grgumentless form, IF is the inverse of ELSE. That is, if the valie of $T is O, the remainder of the.lin
to the|right of the IF is not executed. If the value of $T is 1, execution continues normally at the ne
command.

Slo

If exagtly one argument is present, the value of tvexpr is placed into $T; then the function described aboye
is performed. N ‘ : : o

[y

IF witH n arguments is equivalent in execution-to n IF commands, each with one argument, with the respectiy
argu:]ents in the same order. This may be thought of as an implied and of the conditions expressed by th
argumlents.

@

2.6.10J0B

J[OB] postcond(SP'L jobargument

See 2/5.1 for the definition 'of postcond. See section 1 for the definition of L.

entryref [ : jobparameters | ‘

jobargqument

labelref jobactuallist [ : jobparameters ]"

| @ expratom V L jobargument ]

See zmmmmmmnmmmwmﬂmr
the definition of V. See section 1 for the definition of L. ‘

jobactuallist t:= (L expr )

See 2.3 for the definition of expr. See section 1 for the definition of L
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processparameters [ timeout ] l

jobparameters ti=
| timeout |
See 2.5.6 for the definition of timeout.
| expr |
processparameters ::= ) : I
({ [l expr ] : ] ... expr )

See 2.3 for the definition of expr.

1992 (E)

For each jobargument, the JOB command attempts to initiate another MUMPS .process. If the, jo
is present in a johargument, the formalline designated by labelref must contain a formallist in which th
of names is greater than or equal to the number of exprs in the jobactuallist.

The JOB command initiates this MUMPS process at the hne specnfned by the entryref or iabelr

bactuallist
e number

pf.  If the

[obactualiist is present, the process will have certain variables i initially defined. These variables wil
from the formallist of the formalline designated by the labelref. Formallist names) will be created a

be taken
nd paired

with the values of the jobactuallist exprs for as many exprs as are presentiinithe jobactuallist.. There is no

linkage between the started process and the process that initiated it; jobaciuallist exprs are passe
value. if the jobactuallist is not present, the process will have no variables initially defined.-

The processparameters can be used in an implementation- specmc fashion to indicate partition size
device, and the like.

If a timeout is present, the condition reported by $T is the success of initiating the process. If no
present, the value of $T is not changed, and process execution is suspended until the MUMPS proce]
in the jobargument is successfully initiated. The meaning of success in elther context is defin
lmplementatron

2.6.11 KILL

Im
g

[ ]
K[ILL] postcond | |
| SP L killargument |

See 2.5.1 for the definitiory of postcond. See section 1 for the definition of L.

| glvn |

killargument ::= \ ( L lname )

@ expratom V L killarqument ,

See 2.2.2.2"for the definition of glvn. See 2.2 for the definition of expratom. See section 1 for the
of V. See’section 1 for the definition of L. .

name

d only by

, principal

limeout is

5s named
bd by the

definition

lname HEE
- —© EXPracom VvV Iane |

See 2.2.1 for the definition of name. See 2.2 for the defi nmon of e xgratom See sectlon 1 for the definition

of V.

The three argument forms of KILL are given the following names.
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a. glvn: Selective Kill.
b. (L Iname): Exclusive Kill.
c. Empty argument list:  Kill All.

See section 1 for the definition of L.
KILL is defined using a subsidiary function K(V) where Vis a glvn.

1. Search for the name Vin the NAME-TABLE. If no such entry is found, the function is completed.
Otherwise, extract the DATA-CELL pointer and proceed to step 2.

2. If Vis unsubscripted, delete all tuples in the DATA-CELL.

3. If V has subscripts, then let N be the number of subscripts in V. Delete all tuples in the DATA;
CELL which have N or greater subscripts and whose first N subscripts are the same as/those in V|

Note that as a result of procedure K, $D(V)=0, i.e., the value of Vis undefined, and V has'no descendants

The actions of the three forms of KILL are then defined as:

a. Selective Kill - apply Kto the specified givn.

b. Exclusive Kill - apply K'to all names in the NAME-TABLE- except those in the argument
list. Note that the names in the argumentlist of an exclusive kill may not bg
subscripted.

c. Kilt Al - apply Kto all names in the NAME-TABLE.

If a varlable N, a descendant of M, is killed, the killing of N affects the value of $D{M) as follows: if N wa
not the|only descendant of M, $D(M) is unchanged; otherwise, if M has a defined value $D(M) is changeq
from 11 to 1; if M does not have a defined value $D(M) is changed from 10 to 0.

2.6.12 LOCK

| 82 |
L{OCK] postcond l

SP L lockargument ‘
See 2.4.1 for the definition.of postcond. See section 1 for the definition of L.

r+~l | nref

lockargument ::= - , ( L nref ) ‘
[

[ timeout ]

I
|
|
I
I

@ expratom V L lockargument

See 2.6: umeout -
expratom. See section 1 for the def nition of V See section 1 for the deflnmon of L.

II”IL‘“G[(L%E)]

nref $:=
| @ expratom V nref o
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See 2.2.1 for the definition of name. See 2.3 for the definition of expr. See 2.2 for the definition of expratom.

See 2.6.12 for the definition of nref. See section 1 for the definition of V. See section 1 for the definition of

L. o

- LOCK provides a generalized interlock facility available to concurrently executing MUMPS processes to be
used as appropriate {o the applications being programmed. Execution of LOCK is not affected by, nor does
it directly affect, the state or value of any global or local variable, or the value of the naked indicator. Its use
is not required to access globals, nor does its use inhibit other processes from accessing globals. It is an
interlocking mechanism whose use depends on programmers establishing and following conventions.

, process
seeks to make or release an exclusnve clalm the detalls of this subspace specmcatlon are guven Below.

For the purposes of this discussion, name space is herein defined as the union of all possible nrgfs after
resolution of all indirection. There exists a table, called the locktable, which contains zerocor more prefs for
each MUMPS process. A given nref may appear more than once for the same process-and it may not appear
for multiple processes. Each nref represents a claim on a portion of the name spage.™The subspage of the
total name space claimed by each pref in the locktable is as follows:

a. If the occurrence of nref is unsubscripted, then the subspace is the set of the following points: one
point for the unsubscripted variable name nref and one point fer\each subscripted variable name
N(s,....,s)) for which N has the same spelling as nref.

b. If the occurrence of nref is subscripted, let the nref be N(s,,s,,...,s,). Then the subspace i the set
of the following points: one point for each of N, N(s1) N(s,,58,)i...,N(5,....,8), where i’> n, and gne point
for each descendant (see 2.2.7 $DATA function for.a defmmon of descendant) of nref.

if the LOCK command is argumentless, LOCK removes-all'nrefs in the locktable that are associated with this
process. ’

Execution of lockargument occurs in the following order:
a. Any expression evaluation involved in processing the lockargument is performed.

b. When the form of lockargument does not include an initial + or - sign, then prior to evalyating or
executing the rest of the \lockargument, LOCK first removes all nrefs in the locktable that are
associated with this pracess. For the rest of the discussion, this form acts the same as if ar| initial +
sign were present.

c. If an explicitor implicit leading + sign is present, then:

1.VA test is made to see if this process can claim the entire subspace defineg by the
fotkargument. This subspace can be claimed if each nref of the lockargument does not
intersect the union of the subspaces claimed at this instant by nrefs in the locktable for all
other processes.

2. If the test performed above indicates that the process cannot claim the gpecified
subspace, execution of thls process is suspended until repetmon of the test would |indicate
\ until the

tlmeout explres if that oceurs flrst If the tlmeout expures step 3 below is skipped.

3. All of the nrefs in the lockargument are inserted into the locktable for this process. This
may result in some nrefs being in the table more than once for this process. The nrefs for
the lockargument are either inserted all at once or not at all.
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d. If the lockargument has a leading - sign, then for each pref in the lockargument, if the nref exists
in the locktable for this process, one instance of nref is removed from the locktable.

e. I a timeout is present, the condition reported by $T upon completion of the execution of the
lockargument is the success or failure to establish or relinquish the claim; it has the value of 1 if the
lock claim is established or O if the timeout expires. If no timeout is present, executlon of the

lockargument does not.change $T.

2.6.13 NEW
[ 8B.] |

|
N(EW] postcond , i
SP L newarqument

See 2.5.1 for the definition of postcond. See section 1 for-the definition of L.

l lname « . ‘

newarqument ::= | ( L lname )
| @ expratom V L newargument

See 2.6.11 for the defmmon of lname. See 2.2 for the deﬁnmon of expratom. See section 1 for:the deflnmon
of V. | See section 1 for the definition of L.

NEW provides a means of performing variable scoping.

The three argument forms of NEW are given the followifig names:

a. Iname: Selective New
b. (L Iname): Exclusive New
¢. Empty argument list: New All

See gection 1 for the definition of L.

Each|argument of the NEW command pushes a frame containing the NEW argument onto the PROCESS-
STACK and copies a set of NAME-TABLE entries into the frame.

The gctions of the three forms of NEW are then defined as:
a. Selective\New - th4e NAME~TABLE entry for Iname is copied into the frame.

b. Exclusive New - the set of NAME-TABLE entries for all names except the names in the
argument are copied into the frame.

€. New All - all entries in the NAME-TABLE are copied into the frame.

In all three cases, the NAME-TABLE entries copied into the frame are subsequently deleted from the NAME-
TABLE. - This deletion has the effect of making the variable unknown in the current process context.

See 2.6.15 for a description of the actions of QUIT.
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2.6.14 OPEN
O[PEN] postcond SP L opéenargument
See 2.5.1 for the definition of postcond. See section 1 for the definition of L.

| expr.[ : openparameters ] |

openargument 1= | ,
€ expratom V L openarqument

See 2.3 for the definition of expr. See 2.2 for the definition of expratom. See sectlon 1 for the de

fmmon of

V See section 1 for the defmltlon of L.

' deviceparameters [ timeout ] ‘
openparameters ::=

| timeout 1

See 2.6.2 for the definition of deviceparameters. See 2.5.6 for the definition of timeout.

The value of the first expr of each openargument identifies a device (or file o data sef). The inte
of the value of this expr or of any exprs in deviceparameters is left to the.implementor. (See 2.6
syntax specification of deviceparameters.) ‘

The OPEN command is used to obtain ownérship of a device, and does not affect which device is ti
device or the value of $10. (See the discussion of USE in 2.6,18)

For each openargument, the OPEN command attempts to.seize exclusive ownership of the specifie
OPEN performs this function effectively instantaneously<as)far as other processes are concerned; ¢
it has no effect regarding the ownership of devices and,the values of the device parameters. If a ]
present, the condition reported by $T is the success 0f obtaining ownership. If no timeout is present,
of $T is not changed and process execution is suspended until seizure of ownership has been su
accomplished. '

Ownership is relinquished by execution ofthie CLOSE command. When ownership is relinquished,

rpretation
2 for the

e current

d device.
therwise,
imeout is
the value
ccessfully

all device

parameters are retained. Upon establishing ownership of a device, any parameter for which no specification

is present in the openparametersis-given the vaiue most recently used for that device; if none
implementor-defined default value is used.

2.6.15 QUIT

Q[UIT) postcond
SP expr

See 2.5.Vfor the definition of gostcond.’ See 2.3 for the definition of expr.

bxists, an

QUIT terminates execution of an argumentless DO command, doarqument xarqument exfunc exvdr, or FOR
|

—command-

Encountering the end-of-routine mark eor is equivalent to an unconditional argumentiess QUIT.

The effect of exécutihg QUIT in the scope of FOR is fully discussed in 2.6.5. Note the eor never
the scope of FOR.

occurs in
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If an executed QUIT is not in the scope of FOR, then it is in the scope of some argumentless DO command,
doargument, xargument, exfunc, or exvar if not explicitly then implicitly, because the initial activation of a
process, including that due to execution of a jobargument, may be thought of as arising from execution of a
DO naming the first executed routine of that process.

The effect of executing a QUIT in the scope of an argumentless DO command, doargument, xargument,
exfunc, or exvar is to restore the previous variable environment (if necessary), restore the value of $T (if
necessary), restore the previous execution level, and continue execution at the location of the invoking
argumentless DO command, doargument, xargument, exfunc, or exvar.

If the eXpr is present in the QUIT, this refurn must be 10 an exjunc or exvar. Similarly,; It the expr 1S ot
present, the return must be to an argumentless DO command, doargument or xargument. Any other case, is
erroneols. :

The follpwing steps are executed when a QUIT is encountered:

a. If an expr is present, evaluate it. This value becomes the value of the invoking exfunc or exvar.

b. Remove the frame on the top of the PROCESS-STACK. If no such frame éxists, then execute an
implicit HALT.

c. If that frame is from a NEW, examine the saved argument of the NEW and take one of the
following actions dependent on the argument types: ' '

1. Selective New - perform an implicit KILL ori\the argument Iname.

2. Exclusive New - perform an implicit KILL\on all names in the NAME-TABLE except
those in the argumentiof the NEW.

3. New All - perform an implicit KILL ALL.
Finally, copy all NAME-TABLE entries from the frame into the NAME-TABLE.
Processing of this frame is complete, continue at step b.

d. If the frame is a parameter frame, extract the formallist and process each name in the list with the
following steps:

1. Search the"NAME-TABLE for an entry containing the name. If no such entry is found,
processing. 6f-this name is complete. Otherwise, proceed to step 2.

2. Delete the NAME-TABLE entry for this name.
Finally, copy all NAME-TABLE entries from this frame into the NAME-TABLE.

Processing of this frame is complete, continue at step b.

$T to the value saved in the frame.

f. Restore the execution level and continue execution at the location specified in the frame.
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2.6.16 READ

R[EAD] postcond SP L readargument
See 2.5.1 for the definition of postcond. See section 1 for the definition of L.

strlit l
format i
lvn [ readcount ] [ timeout ]

* lvn [ timeout ]

@ expratom V L readargument

readarqument ::=

Bee 2.2.5 for the definition of strlit. See 2.5.4 for the definition of format. See 2.2.2.1 for the definition of lvn.
Bee 2.5.6 for the definition of timeout. See 2.2 for the definition of expratom. See section 1 for the, definition
bf V. See section 1 for the definition of L.

readcount ::= # intexpr

Bee 2.2.4.1 for the definition of intexpr.
The readarguments are executed, one at a time, in left-to-right order.

The top two argument forms cause output operations to the current devicé; the next two cause input ffom the
turrent device to the named local variable (see 2.2.2.3 for a description of the value assignment opgration).
If no timeout is present, execution will be suspended until the input, message is terminated, either expijicitly or
implicitly with a readcount. (See 2.6.18 for a definition of current device.)

a timeout is present, it is interpreted as a t-second timeoutand execution will be suspended until the input
essage is terminated, but in any case no longer than t seconds. If t'> 0, t = 0 is used.

hen a timeout is present, $T is affected as follows, I the input message has been terminated at of before
he time at which execution resumes, $T is set to; 1 otherwise, $T is set to 0.

hen the form of the argument is *lvn [ timeout ], the input message is by definition one character lopg, and
it is explicitly terminated by the entry of one character, which is not necessarily from the ASCll set. The value
given to lvn is an integer; the mapping between the set of input characters and the set of integer valugs given
fo lvn may be defined by the implementor in a device-dependent manner. |f timeout is present and the timeout
expires, fvn is given the value -1,

hen the form of the argument is lvn [ timeout ], the input message is a string of arbitrary length which is
ferminated by an implementor-defined procedure, which may be device-dependent. !f timeout is present and
e timeout expires, the-value given to lvn is the string entered prior to expiration of the timeout; otherwise,
ihe value given todunis the entire string.

hen the form of the argument is fvn # intexpr [ timeout }, let n be the value of intexpr. It is erronepus if n
> 0. Otherwise, the input message is a string whose length is at most n characters, and which is terminated
by an implementor-defined, possibly device-dependent procedure, which may be the receipt of the nth
character. If timeout is present and the timeout expires prior to the termination of the input message by either
gchanism just described, the value given to lvn is the string entered prior to the expiration of the imeout;

v o I = - o £ et o £y at dacer:

When the form of the argument is strlit, that literal is output to the current device, provided that it accepts
output.

51


https://standardsiso.com/api/?name=35f2c01a3cdfd7213808a43d93bd90a0

ISO/IEC 11756:1992 (E)

When the form of the argument is format, the output actions defined in 2.5.4 are executed. ‘
$X and $Y are affected by READ ‘the same as if the command were WRITE with the same argument |IS'(
(except for timeouts) and with each expr value in each writeargument equal, in turn, to the final value of the
respective lvn resulting from the READ. - :

2.6.17 SET

S[ET] gostcohd SP L setargument

See 215.1 for the definition of gostcond. See section 1 for the definition of L.

| setglece | |
l glvn ‘ = expr
(L glvn)

|
setargument ::= !
|

|
@ expratom V L setargument | -

|.—)

See 212.2.2 for the definition of glvn. See 2.3 for the definition of expr. See 2.2 for thedefinition of expratoy]
See spction 1 for the definition of V. See section 1 for the definition of L.

setgiece t:= S$P[IECE] ( glvn , expr, [ , intexpr, [ , intexpr, ] ]”)

See 2[2.2.2 for the definition of glvn. See 2.3 for the definition of expr. 'S6¢2.2.4.1 for the definition of intexg

=

SET ig the general means both for explicitly assigning values to variables, and for substituting new values |n
pieceq of a variable. Each setargument computes one value, defined by its e expr. That value is then elthpr
assigrfed to each of one or more variables, or it is substitutedfor one or more pieces of a variable’s currept
value.| Each variable is named by one givn.

Each $etargument is executed one at a time in left-to-right order. The execution of a setargument dceurs |n
the following order.

a. One of the following two operations'is pérformed:
1. If the portion'of the setérgument to the left of the = consists of one or more glvnys‘, te

glvns are scanned inJeft-to-right order and all subscripts are evaluated, in left-to-right ordegr
within each glvn.

2. If the portion of the setargument to the left of the = consists of a setpiece, the glvn that
is the first argument of the setpiece is scanned in left-to-right order and all subscripts a
evaluated’ in left-to-right order within the glvn, and then the remaining arguments of th
setpiece are evaluated in left-to-right order.

GRGR

b. Thelexpr to the right of the = is evaluated.

c\One of the following two operations iswp\erformed.

1. If the left-hand side of the set is one or more glvns, the value of expr is giVen' to each
givn, in left-to-right order.. (See 2.2.2.3 for a description of the value assignment operation).

2. If the left-hand side of the set is a setpiece, of the form $P(glvn,d,m.n), the value of'e'xQ. r
replaces the mth through the nth pieces of the current value of the glvn, where the value of
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- dis the piece delimiter. Note that both m and n are optional. 'If neither is present, then m
‘= n=1;ifonly mis present, then n = m. 'If glvn has no current value; the empty string is
used as its current value. Note that the current value of glvn is obtained just prior-to
replacing it. That is, the other arguments of setpiece are evaluated in left-to-right order, and

the expr to the right of the —’us evaluated pnor to obtamlng the value of glvn.

Let s be the current value of glv k be the number of occurrences of din s, that is;
k = max(0,8L(s,d) - 1), and t be the value of expr. The following cases.are defined,

using the concatenation operator _ of 2.3.5.

denotes a string of x occurrences of d,when x> 0
otherwise, F(x) = "". In either case, ghun affects th
naked indicator.

c)m1'>k<n  Thevalue in glvn is replaced By
$P(s,d,1,m-1)_F(min(m-1,d)) ¢

d) Otherwise, The value in glvn is replaced by ‘
$P(s,d,m-1)_F(min(mi1,1))_t_d SP(sd,n+1,k+1).

O T —

ceurs just prior to the time that the glvn is given its value:

4.6.18 USE

U[SE] postcond SP L useargument

0

ee 2.5.1 for the definition of postcond:" See section 1 for the definition of L.

expr { : deviceparameters ]

usearqgument =
| @ expratom V L useargument |

[}

ee 2.3 for the definition-of e g See 2.6.2 for the definition of deviceparameters. See 2.2 for the de
t expratom. See gection 1 for the definition of V. See section 1 for the definition of L.

(o)

the value ofthis expr or of any exprs in deviceparameters is left to the implementor. (See 2.6.2 for the
pecification”of deviceparameters.) ‘

wr

seargumen |ts ownershlp must have been establlshed through executlon of an OPEN command '

g Tor m< T Thegiviris ot thanged—ard does HULbHaHgCch aked
indicator. (
b) n'<m-1> k. The value in glvn is replaced by s_F(m-1-k) t, whelre F(x)

the glvn is a global variable, the naked indicator is set at the time’that the glvniis given its value. Ifthe glvn
5 a naked reference, the reference to the naked indicator to determine the name and initial subscript sefiuence

finition

The value of thefirst exg' r of each useérgume‘nt identifies a device, (of file or da‘ta‘se‘t). The interprétatibn of

syntax

The specified device remains current until such time as a new USE command is executed. As a side effect

of employing expr to designate a current device, $10 is given the value of expr.
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Specification of device parameters, by means of the exprs in deviceparameters, is normally associated with
the process of obtaining ownership; however; it is possible, by execution of a USE command, to change the
parameters of a device previously obtained. ..

Distinct values for $X and $Y are retained for. ea¢h ‘device.‘ The special variables $X and $Y reflect those
values for the current device. When the identity of the current device is changed as a result of the execution
of a USE command, the values of $X and $Y are saved, and the values associated with the new current

device

are then the values of $X and $Y.

2.6.19

See 2

VIEW

to be linderstood that routines containing the VIEW command may not be portable.

2.6.20

See 2

See 2

intexpf.

definit

The wi
operat

When
output

When
device
$Y as

When
is the

VIEW

V[IEW) postcond arguments unspecified
5.1 for the definition of postcond.

makes available to the implementor a mechanism for examining machine-dependent information. It

WRITE

W[RITE] postcond SP L writeargument

5.1 for the definition of postcond. See section 1 for the definition of L.

| format |
writearqument ::= expr

| @ expratom V.(Ii writeargument |

5.4 for the definition of format. See 2.3.{6p the definition of expr. See 2.2.4.1 for the definition
See 2.2 for the definition of expratom.--See section 1 for the definition of V. See section 1 for tH
on of L.

itearqguments are executed, oneiat a time, in left-to-right order. Each form of argument defines an outp
on to the current device. :

the form of argument js"format, the output actions defined in 2.5.4 are executed. Each character
in turn, affects $X.and $Y as described in 2.5.4 and 2.5.5.

the form of argument is expr, the value of expr is sent to the device. The effect of this string at t
is defined by'the ASCII standard and conventions. Each character of output, in turn, affects $X ar
described in'2.5.5.

the form of the argument is *intexpr, one character, not necessarily from the ASCII set and whose coqg

W
-

at the

54.

himber represented in decimal by the value of intexpr, is sent to the device. The effect of this charact

devite Ay be defined by theimptememntor ima device=dependent manner:
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2.6.21 XECUTE

S

X[(ECUTE] postcond SP L xargqument
ee 2.5.1 for the definition of postcond. See section 1 for the definition of L.

| expr postcond |
xarqument ::=

@ expratom V L xargqument

See 2.3 for the definition of expr. See 2.5.1 for the definition of postcond. See 2.2 for the definition of

ciX o m X

-
S

N >

expratom. oSee section 1 tor the definition 0T V. oee secuon T 10r the detnniion oT L.

ECUTE provides a means of executing MUMPS code which arises from the process of expressipn/gval

ach xargument is evaluated one at a time in left-to-right order. If the postcond in the xargument is p
nd its tvexpr is false, the xargument is not executed. Otherwise, if the value of expr is X, execution
brogument is executed in a manner equivalent to execution of DO y, where y is the spelling of an oth
nused label attached to the following two-line subroutine considered to be a part\obthe currently exs
utine.

®
[

o

y 1ls «x
1

[

QUIT eo

ee 2.4.1 for the definition of Is and eol.
6.22 Z
Z[unspecified] arguments unspecified

Il command words in a given implementation whi¢h are not defined in the standard are to begin with th
This convention protects the standard for future enhancement.

hation.

resent
of the
prwise
cuting

b letter
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Part 2: MUMPS Portability Requirements
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ntroduction

Part 2: MUMPS Portability requirements

" must take into account that this action risks jeopardizing the upward compat

Part 2 highlights, for the benefit of irhple’mentors and application progrg
aspects of the language that must be accorded special attention if MUMPS
transferability (i.e., portability of source code between.various MUMPS impl

mmers,
rogram
menta-

tions) is to be achieved. It provides a specification of limits that must be opserved

by both implementors and programmers if portability is not to be ruled out.
end, implementors must meet or exceed these limits, treating them as a n
requirement. Any implementor who provides ‘definitions in currently undefing

the implementation, upon subsequentrevision of the MUMPS Language Sy
tion. Application programmers striving to develop portable programs must t
account the danger of employing “unilateral extensions” to the languag
available by the implementor,

The following definitions-apply to the use of the terms explicit limit and imp

To this
inimum
d areas
ibility. of
ecifica-
bke into
e made

icit limit

within this document..\An explicit limit is one which applies directly to a refgrenced

language constructOlImplicit limits on language constructs are second-orde
resulting from explicit limits on other language constructs. For example, the
command ling Jength restriction places an.implicit_ limit on the length of any cq
which must be expressed entirely within a single command line.

effects
explicit
pnstruct
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1 Expression Elements
1.1 Names
The use of alpha in names is restricted to upper case alphabetic characters. While there is no explicit limit

on name length, only the first eight characters are uniquely distinguished. This length restriction places an
implicit limit on the number of unique names.

1.2 Local Variables

1.2.1 Number of Local Variables

(¢Y

The nymber of local variable names in existence at any time is not explicitly limited.. However, there ar
implicif limitations due to the storage space restrictions {Section 5).

1.2.2 Number of Subscripts

The number of subscripts in'a local variable is limited in that, in a local array reference, the sum of the length
of all the evaluated subscripts, plus two times the number of subscripts, plus the length of the local variabl
name must not exceed 127. \

w v

1.2.3 Values of Subscripts

Local yariable subscript values are nonempty strings Wwhich may only contain characters from the ASC
printable character subset.  The length of each subsctiptis limited to 63 characters. When the subscript valu
satisfies the definition of a numeric data value (Se&.2:2.3.1 of the MUMPS Language Specification), itis furthg
subject to the restrictions of number range giveniin 1.5. The use of subscript values which do not meet thes
criterialis undefined, except for the use of the;empty string as the last subscript of a reference in the contex
of the $ORDER function, and the use of. the value "-1" as the last subscript of a reference in the context g
the SNEXT function.

— ~~ W o~ W —

1.2.4 Number of Nodes

There |s no explicit limit on the number of distinct nodes which are defined within local variable arrays.
However, the limit onthe number of local variables (see 1.2.1) and the limit on the number of subscripts (se
1.2.2) place implicit'limits on the number of distinct nodes which may be defined.

W

1.3 Global Variables
1.3.1 Number of Global Variables

There is no explicit limit on the number of distinct global variable names in existence at any time.
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1.3.2 Number of Subscripts

992 (E)

The number of subscripts in a global variable is limited in that, in a global array reference, the sum of the

lengths of all the evaluated subscripts, plus two times the number of subscripts, plus the length of th

e global

variable name must not exceed-127. If a naked reference is used to specify the global array reference, the

above restriction applies to the full reference to which the naked reference is expanded.

1.3.3 Values of Subscripts

The restrictions imposed on the values of global variable subscripts are identical to those imposed
bVariable subscripts (see 1.2.3).

1.3.4 Number of Nodes

There is no limit on the distinct global variable nodes which are defined.

1.4 Data Types
rhe MUMPS Language Specification defines a single data type, namely, variable length character

Contexts which demand a numeric, integer, or truth value interpretation are satisfied by unambiguo
or mapping a string datum into a number, integer, or truthivalue.

converted to decimal character strings whenever an operation requires a string value.

1.5 Number Range
nclusive intervals [-10%,--10%] or [10%, 10%), or are zero.

jigits.

Programmers should exercise caution in the use of noninteger arithmetic. In general, arithmetic op
bn noninteger operands or arithmetic operations which produce noninteger results cannot be expect
bxact. I particular, noninteger arithmetic can yield unexpected results when used in loop control or a
ests.

bn local

strings.
IS rules

The implementor is not limited to any particular internal representation. Any internal representatioh S) may
be employed as long as all necessary mode conversions are performed automatically and all external ehavior
hgrees with the MUMPS Language Specification.\For example, integers might be stored as binary inteders and

All values used in arithmetic-operations or in any context requiring a numeric interpretation are within the

he precision of any value used in arithmetic operations requiring a numeric interpretation is twelve significant

erations
d to be
ithmetic
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1.6 Integers

The magnitude of the value resulting from an integer interpretation is limited by the accuracy of numeric values
(see 1.5). The'values produced by integer valued operators and. functions - also fall within thls range (sees

2.2.4.1 of the MUMPS Language Specification for a precise definition of integer mterpretatlon)

1.7 Character Strings

include those defmed in the ASCII Standard (ANSI X3.4- 1986)
1.8 $pecial Variables
The gpecial variables $X and $Y are nonnegative integers (see 1.6). The effect of mcremenhng $X andfor

past fhe maximum allowable integer value is undefined. (For a description of the cases’in which $X and
are incremented see 2.5.5 of the MUMPS Language Specification)

2 Expressions
2.1 Nesting of Expressions

The pumber of levels of nesting in expressions is not explicitly limited. The maximum string length dc
i'mpo 5e an implicit limit on this number (see 1.7). v

2.2 Results

Any result, whether intermediate or final,(which does not satisfy the constraints on character strings (see 1

myst

5y
BY

es

7)

is errpneous. Furthermore, integer results are erroneous if they do not satisfy the constraints on integers (gee

1.6).

3 Rputines and Command Lines

3.1 Command-Lines

line i$ the number of characters in the line up to but not including the eol.

A corFmand line (line) must satisfy the constraints on character strings (see 1.7). The Iength of a comma‘nd

The characters within a command line are restricted to the 95 ASCII printable characters. The character set

restriction places a corresponding implicit restriction upon the value of the argument of the indirection delimi
(Section 4).
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3.2 Number of Command Lines

There is no explnczt limit on the number of command Imes ina routme subject to storage space restrlctlons

(Section 5).

3.3 Number of Commands

B.4 Labels

ength constraint on names (see 1.1).

3.5 Number of Labels

a) A command line may have only one label.

b) No two lines may be labeled with equivalent (not uniquely distinguishable) labels.

B.6 Number of Routines

ength restriction (see 1.1).

1 Indirection

pf command lines (see 3.1).

5 Storage Space Restrictions

There is no explicit limit on the number of labels in a routine. However, the following restrictions app

A label of the form name is subject to the constraints on names; labels of the form intlit are subjegt to the

Y.

lhere is'no explicit limit on the number of routmes The number of routmes is lmpllcnly limited by the name

Fhe values of the” argument of indirection and the argument of the XECUTE command are subjeqgt to the
bonstraints oprcharacter string length (see 1.7). They are additionally restricted to the character set limitations

The size of a single routine must not exceed 5000 characters. The size of a routine is the sum of the sizes

of all the lines in the routine. The size of each line is its length (as defined in 3.1) plus two.
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The size of local variable storage must not exceed 5000 characters. This size is defined as the sum of the
sizes of all defined local variables, whether within the current NEW context or defined in a higher level NEW

context

. The size of an unsubscripted local variable is the length of its name in characters plus the length of

its value in characters, plus four. The size of a local array is the sum of the following:

a) The length of the name of the array.

b} Four characters plus the length of each value.

¢) The size of each subscript in each subscript list.

d) Tw

All subscripts and values are considered to be character strings for this purpose.

6 Nesting

Each a
counteq
levels 1

Nesting
it is imy

7 Oth

Programmers should exercise caution in the usg f noninteger values for the HANG command and in timeouts

In gene
pected
results.

b additional characters for each node N, whenever $DATA(N) is 10 or 11.

ctive DO, Extrinsic Function, Extrinsic Special Variable, FOR, XECUTE,.and indirection occurrence i
as a level of nesting. Control storage provides for thirty levels of nesting.” The actual use of all these
nay be limited by storage restrictions (Section 5).

within an expression is not counted in this limit. Expression nesting is not explicitly limited; however
licitly limited by the storage restriction (Section 5).

er Portability Requirements

ral, the period of actual time which elapses upon the execution of a HANG command cannot be ext
to be exact. In particular, relying upen noninteger values in these situations can lead to unexpected
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Appendix A: ASCIlI Character Set

(informative)

Octal Decimal Hexadecimal Character Patcode
0 0 00 NUL CE
1 1 01 SOH CE
2 2 02 STX CE
3 3 03 ETX ‘ CE
) :! 07 EOT CE
5 5 05 ENQ CE
6 6 06 ACK CE
7. 7 07 BELL CE
10 8 08 BS CE
11 9 09 HT CE
12 10 0A LF C.E
13 11 08 VT CE
14 12 oC FF ' CE
15 13 0D CR CE
16 14 OE SO CE
17 15 OF Sl C.E
20 16 10 DLE CE
21 17 11 DC1 CE
22 18 12 DC2 C.E
23 19 13 DC3 C.E
24 20 14 DC4 CE
25 21 15 NAK CE
26 22 16 SYN C.E
27 23 17 ETB C.E
30 24 18 CAN CE
31 25 19 EM CE
32 26 1A suB CE
33 27 1B ESC CE
34 28 1C FS CE
35 29 1D GS CE
36 30 1E RS ' CE
37 31 1F us CE
40 32 20 SP (space) P.E
41 33 21 1 PE
42 34 22 " PE
43 35 23 # PE
a4 36 24 $ P.E
45 37 25 % P.E
46 38 26 & PE
47 39 27 " (apostrophe) P.E
50 40 28 ( PE
51 44 29 Y PE
52 42 2A * PE
53 43 2B + P.E
54 44 2C , (comma) PE
55 45 2D - (hyphen) P.E
56 46 2E . PE
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Octal Decimal Hexadecimal Character Patcode
57 47 2F / P.E
60 48 30 0 N,E
61 ' 49 31 1 N,E
62 ' 50 32 2 N,E
63 51 33 3 N,E
64. 52 34 4 N,E
65 53 35 5 N,E
66 54 36 6 N,E
67 55 37 K4 N,E
70 56 38 8 N,E
71 57 39 9 N,E
72 58 ( 3A : PE
73 59 . 38 ; PE"
74 60 3C < P.E
7% 61 3D = PE
76 62 3E > PE
77 63 ' 3F ? PE
100 64 40 @ P.E
101 65 41 A AUE
102 66 42 B AUE
103 67 ' 43 C AUE
104 68 44 D AUE
105 69 _ 45 E AUE
106 70 46 F AUE
107 7 47 G AUE
110 72 48 H AUE
111 73 ; 49 | AUE
112 74 4A J AUE
113 75 ‘ 4B K AUE
114 76 ' ac L AUE
115~ 77 4D M AUE
116 78 4E N AUE
117 79 : 4F o AUE
120 80 50 P AUE
121 81 51 Q AUE
122 ~82 52 R AVUE
123 “83 53 S AUE
124 v 84 54 T AUE
125 85 55 U AUE
126 86 56 Y AVUE
127 87 57 w AUE
130 88 58 X AUE
131 89 59 Y AUE
132 90 5A Z AUE
133 91 58 [ P.E
134 92 56 y PE
135 83 5D ] PE
136 94 5E " PE
137 95 5F _ (underscore) P.E
140 96 60 ‘ PE
141 97 61 a ALE
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Octal Decimal Hexadecimal Character Patcode

142 98 62 b ALE
143 99 63 c ALE
144 100 64 d ALE
145 101 65 e ALE
146 102 66 f ALE
147 103 67 g ALE
150 104 68 h ALE
151 105 69 i ALE
152 106 BA ; AE
153 107 6B k ALE
154 108 6C I ALE
155 109 6D m ALE
156 110 6E n ALE
157 111 6F 0 ALE
160 112 70 p ALE
161 113 71 q ALE
162 114 72 r ALE
163 115 73 s ALE
164 - 116 74 t ALE
165 117 75 u ALE
166 118 76 v ALE
167 119 77 w ALE
170 120 78 X ALE
171 121 79 y ALE
172 122 7A z ALE
173 123 7B { P.E

174 124 7C | PE

175 125 7D } PE

176 126 7E ~ P.E

177 127 7F DEL CE
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