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Introduction 23 

Declarations 25 

_geclarat ion : : = "DECLARE" declist; 27 

_geclist : : = $<' ,> (decitemlist [modexpr J linitialization ]) ; 30 

_gecitemlist ::= decitem / 1 
( #<' ,>decitem '); 32 

_gee item : : = ID 34 

!f both the modexpr and the initialization are 
INTEGER is assumed; if the modexpr is elided 
initialization expression is given, the ~ode 
expression determines the mode gf the variables 
decitemlist. 

~xamples: 

abbreviated declaration 
.QECLA.RE a, b, c; 

~ECLAR! x = 3.75; 

full declaration 
DECLARE a INTEGER, 

b INTEGER, 
c INTEGER; 

DECLARE x REAL 
since 3.75 is 
constant 

omitted, 
but an 
of the 
in the 

== 3.75; i 
a REAL 

QECLARE (r,· s, t) 4; DECLARE (r,s,t) integer 
4; 

36 
37 

38 

40 

42 
44 
46 
48 

51 

54 

!f both the modexpr and an initialization expression are 56 
qiven, the rules for mode agreement on assignment hold; 
!hese are discussed in detail below. 57 

initialization::= ( ~= / 1 ) expression; 59 

The form with· an •= preceding implies that the item(s) 61 
beinq initialized will have their value frozen after 62 
the initialization is performed and may never appear 
as the left operand of an assignment gr as the operand 63 
of an "address of" operator (see '$ below). _The 64 
initialization wjll be performed as early as possible: 
it may even be accomplished when the declaration in 65 
which it appears is processed by the MPS compiler. 
Indeed, it is this facility which allows users to 66 
define new modes (or definitions of data structures) 
without incurring expensive runtime overhead. 67 
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~amples: 69 

~ECLARE a INTEGER = 5; % the variable a is 72 
equivalent to the integer value 5. 

DECLARE b REAL 3.14; ~ the variable b vill 75 
initially have the yalue 3.14, but it may be 
changed by assi.qning a different 1:eal value to it. 76 

QECLARE (x,~ REAL 3.14; J declares x and y as 79 
real variables b0th initially to be assiqned the 
value 3.14. 

filOdexor ::= modeconstant / modemacro / modexpr1; 81 

modeconstant ::= basicmode / rowmode / builtinmode; ~ 84 
builtin modes are those which are defined as 
extensi~ns but are always declared (note: this means 
that they could be overriden). 85 

Basic Modg_~ 87 

Qasicmode =real/ interval/ set/ indexmode / modemode; 89 

indexmode ::= integermode / elementmode; 91 

.. -.. - "REAL"; % a floating point value. 93 

Intervals 95 

j,_nterval. : := "INTERVAL"; 97 

An interval is a pair of integers and represents the set of 99 
Integer values in that range. An interval constant has the 100 
following syntax: 

j,_ntervalcon 
/ ' ] ) ; 

.. -.. { "f / 1 ( ) expression "-. 11 expression J ') 103 

The parentheses and brackets have the normal mathematical 105 
meaninq of open and closed interval ends, ~espectively. 106 

~xamples: 108 

[. -2 • • 5 J 

JO •• n 1 

(.5 .. 41 

% includes -2, -1. 0, 1, 2, 3, 4 

% includes 1, 2, .•.• , n. 

% includes nothing; an empty interval 

• 

110 

112 

114 
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Jnterval values consist of a pair of integers, which correspond 116 
to the endpoints of the closed interval, and may be compared 
for quality and containment. ~quality is expressed using"="; 118 
!he relational operator "IN" is used to express containment. 119 

~.q. 121 

L - 2 • • 5 J IN f - 1 

[ - 2 .. • 5 1 IN [ - 1 

6) -= TRUE 

61 = FALSE 

[-2 .• 4) IN [-2 •• 4) = TRUE 

The lenqth of an interval is obtained by the builtin function 

1ENGI'H; 

1ENG1'H (interval) = UPPER ( interval) - LOWER. { in terva 1) ; 

[Note: 

inteqermode 

This means the interval ( 5 .. 3] has length -2: !his 
could be normalized to -1 for all empty intervals but 
that does not seem necessar~ J 

.. -.. - "INTEGER"; 

123 

125 

127 

129 

13,1 

133 

136 

138 

140 

~ simple inteqer variable i, declared as 143 

~ECLARE i INTEGER; 145 

is an integer variable which may range over the interval [-2*5 •• 147 
2**35). 

~et • • - "SET" 
$< ',>ID ') ) ; 

(intervalexpression / integerexpression / ~( 152 

§ets are closely related to the notion of interval; a variables 155 
whose Tiode is SET[-5 .. 51 may take as values subsets-of the set 

-5, -4, -3, .•• , 3, 4, 5. ~uch a set variable is equivalent to 156 
a vector of bits, one for each possible elemental value of the 
set; for example, • 

§· (-5, -3, -1, 1, 4, S}; 158 
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~ould result ins being equivalent to the bit string 10101010011. 160 

If an inteqerexpression is the option used, it is equivalent to a 162 
set over the interval [ 0 •• integerpression) . 

Jf a set is defined by giving a list of identifiers in the set 164 
definition, a number- of thinqs occur_: 

~) In scopes where elements of the set are required, any of the 166 
listed identifiers may be used; they are the constant values 167 
of the elements of the set. 

~) There is a complete order defined on the identifiers which 169 
corresponds to their- order in the list. 170 

The operations on set values include UNICN, INTERSECT, complement 172 
(NOT) and the relations <, =< (or "IN"), =., f., >=, >, meaning 173 
inclusion. 

set-Constants 175 

setcon ::= 'f $<•,>elementexpr 1 } "NULLSEI'" / setmode identifier: 177 
- Jthis will probably have to be changed for NLS since it gets 178 

upset at seeinq 11 
{" or "l "-

j}=NULLSET in the empty set. 180 

glementexpr ::= inteqerexpr / ID; 182 

inteqer element values may only be used iff the set was defined 184 
over an interval, and ID's may be used iff the set was defined QY 185 
an identifier list. 

DECLARE s 1 SET[ 0 • • 71; 
s-1 [7, 4, 3, 1}: 
DECLARE s2 SET(a, b, c, d, e); 
~et2 [b, a, d}; 

There is a simple conversion between 
Interval and the interval, and vice versa. 

[4 ·- 61: 

is allowed and is equivalent to 

{ 4, 5, 6} ; 

a set defined over an 
thus, 

0 

189 
191 
193 
195 

197 
198 

200 

202 

204 
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1f a variable of mode set has been declared, its name may be used 206 
as a set constant as the equivalent of the entire set. 

];;x ample: 20 8 

QECLARE set1 ·MODE=SET{a, b, c, d); 210 
DEC!:.ARE s set 1; 212 
§· set1; % is valid and is equivalent to% 214 
§ (a, b. c, d} ; 216 

Set_Elements 218 

~et element : : = "ELEMENT" "OF" setexpression; 220 

A- set element has a mode which is. associated closely with a set- 222 
mode: the element may taKe as values the elements of the set-
If the set is defined over an interval, a set element may take 223 
any integer value in the interval as its value. If the set is 224 
defined by a list of identifiers, those identifiers are the only 
constant values which may be assigned to an ~lement variable 225 
associated with that set. 

QECLARE Color ELEMENT OF SET (Red, Blue, Green, Yellow. 229 
Purple, Qranqe); 230 

Qolor is then an element variable for which the following are all 232 
valid expressions: 

~olor Red; 

~olor = Red % boolean expression 

234 

236 

folor < Blue 1 order is Bed< Blue< Green< Yellow< Purple 239 
< Orange. 

Howev~r, arbitrary ari·thmetic on element variables defined for a 241 
set of identifiers is not allowed. 

A-set element may be converted to a singleton set value when used 243 
in combination with set values: 

QECLARE Primaries SET(Red, Blue, Green); 
DECLARE hue Primaries; 
QECLARE(c1, c2) ELEMENT OF Primaries; 
£1 Red; 

0 

247 
249 
251 
253 
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nue c1: % c1 considered as singleton set 
Jc1=<hue)=TRUE % since c1~Red and hue= Red 

Red. 255 
257 

There are also a number of operations available for sequencing 259 
through the elements contained in a set variable. The operation 260 
MIN(set) yields the first element contained in the set. 

~.q. hue Blue; 
MIN(hue}=Blue % is then true. 

262 
264 

The operation FROM(set) qives the MIN element of the set and 266 
deletes the element from the set. 

MAX(set} yields the last element of the set. 

implies that hue hue UNION Green; LAST(hue)=Green, 

~ssuminq the above s.t atements have been executed. 

268 

270 

272 

Qf course, a sets may have as value tr.e errpty set, NULiSET, in 274 
which case 

MIN(s) = MAX(s) = NIL 276 

There is also an option on the MPS FOR statement for sequencing 278 
THRU a set, element by element: 

fOR c1 THRU hue DO ••• ; 280 

~ill assiqn the values Elue and Green successively to c1 given 282 
the above assiqnments to hue. 1f the expression following the 283 
vork "THRU" yields the complete set of a qi ven set-mode, !_hen the 284 
iteration is over all the possible elements of the interval or 
over the elements of the set. 

mode : : = t1MODEn; 286 

Jxamp~es: 289 

DECLARE inteqer MODE -= INTEGER; _! the variable "integer" 292 
is another way of saying "INTEGER 0 • 

QECLARE (a, b) integer;~ Semantically eguivalent to 295 
"CECLARE (a, b) INTEGER;" .. 

i variable of mode 
a ModeDescriptor. 
value at compile 
compiled, then all 

MODE is a pointer to a data structure called 
If the MODE variable is only assigned a 
time and is not altered by the program being 
mode checkinq-for variables declared to be 

298 
299 

300 
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of that mode can be done at compile time and involves no run 
time overhead. 

References and Pointers 302 

_Ief ::= "REF"; 304 

~ variable of mode RSF can refer to any obiect in MPS; 306 
internally, a REF carri8s a handle on a MODE and a hardware 307 
"address" ( probably a byte point er on the PDP1 0) . .It is 308 
expected that routines which manipulate the MPS runtime 
environment (such as CREATE, the binder, and the debugger) 
~ill be the primary users of obiects of this mode. 309 
~tternptinq arbitrary operations on a REF object will 310 
probably not be allowed, or if it is may carry a large 
expense for interpretation. 311 

The only loophole in the typed data structure facilities is 313 
the function MAKEREF which takes a pointer to a mode E 314 
pointer to any obiect and mukes a REF value for that object. 
The storaqe allocation may u9e this facility, for instance. 315 

_Qointer : := 11 POINTER 11 
• { modexpr '); % modexpr must be 317 

avaluable at compile iime. 318 

A. variable which is declared to be a PTR (amode) may take as 320 
;alue the generalized ad~ress of an object of mode amode. ~ 321 
pointer may be used to gain access to an bbject by the 
dereferencing operation: 

~r ptrexpression •] 

]';;xample: 

QECLARE {am, tm) arnode; 

QECLARE ptcvar POINTER {amode); 

Ihen [ptrvar] has mode amode and 

roam; 

assigns the address of am to ptrvar. ]ntil the 
ptrvar is changed, [ptrvar]=am is true thereafter. 

am; 

value of 

The assiqnments bm 
bm 

~re valid and 
statement 

( ptrvar ]; 
semantically equivalent. However, the 

323 

325 

327 

329 

331 

333 

336 

338 
340 
343 
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_bm ptrvar; 345 

is invalid, since bm is not a pointer, and since no 347 
automatic dereferencing of pointers is perfonned in MPS? 348 

~ pointer must be able to reference any "nameable" obj~ct, 350 
1ncludinq a 1 bit fi€ld in a ~ord: 351 

it thus must contain as much information as a PDP-10 byte J53 
pointer: word address, position of object within the word, 
~nd the width of the field in which tr.e object resides. 354 

~ REF value to an object of mode M may be coerced to a 356 
POIN1'~R(M) value and stored in an object of mode fOINTER(M). 357 

Initialization of Oblects 359 

initialization : := ( • = / 1 , ) expression; 361 

If the,, option is used to initialize a declared variable, the 363 
expression will be evaluated ,1henever a new instance of the 364 
variable is created (usually at runtime) . For a local variable .365 
of a procedure, for instance, it will happen on each new call 
on the procedure. 

The modes specified in a declaration become available in the 367 
environment as soon as they appear and may be used to 
ini ti ali ze the variable (s) beinq declared: 368 

~.q., 370 

QECLARE Color IN SE'T(Red, Green, Blue} Blue; 372 

is valid since the set {Red, Green, Blue} is known by the time 374 
the initialization expression is ~ompiled. 375 

The variables being declared in a declist, however, are not 377 
known until the decitem in which they appear has been 
completely ~rocessed. Jhus, if var were a variable declared in 379 
some outer scope, the declaration 

QECLARE var REAL 1+var; 381 

is valid and declares an instance of var in the scope of the 383 
declaration. ~henever this instance of var is created, it will 384 
be initializerl to one plus the value of the ·outer var. 
QQ!!!£OSition of Mode8 385 

0 
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Modes may be composed in a number of ways to create new modes. 387 
1hese compositions take four forms: painted modes, row modes, 388 
structured modes, and variant ~odes. 389 

f~intin£ a mode produces a new mode whose undertype is the mode 391 
before paintinq; !his serves to distinguish between modes which 392 
are structurally equivalent but which are intended to be 
semantically distinct. 

BQ~ illQ~es represent indexable, homogeneous aggreqates 
obiects; lhis includes the notion of an array, as in Algol 
for instance. 

of 
60, 

394 
395 

Structured mog~~ are the result of composinq a set of modes by 397 
concatenation; ~nlike row modes, the components may have 398 
different modes. 

Y££1£n1 modes aliow one to describe a mode which includes more 400 
than one possible alternative form and definition; in any given 401 
instance of an obiect whose ~ode is variant, the alternative 
mode which it possesses at a qiven moment is geterminable. ·402 

~onceptually, all extended mod~s are created as the result of 404 
callinq ~ODE valued procedures. ~n object of mode MODE in MPS 405 
is in reality a pointer to a class of obiects called 
ModeDescriptors {i.e, !here is a mode ModeDescriptor). The 407 
question of how such procedures are declared and used will be 
delayed until discussed in more generality below. 

Painted Modes 409 

~ormally, two mode declarations which are syntactically 411 
identical will map into the same mode {i.e., into a pointer to 
the §ame ModeDescriptor). Jn order to distinguish between a 413 
pair of REALs which are to be viewed as a comFlex number and a 
pair of REALs viewed as fartesian coordinates, for instance, 414 
one may ·paint the first with the identifier "complex" and the 
latter with the identifier ~Cartesian", thusly: 415 

QECLARE comolex MODE~~omplex :: RECORC(x REAL, y REAL); 417 
_QECLARE Coordpair MODE=Cartesian : : RECORD (FEAL, y:REAL) ; 419 
DECLARE (c1, c2) complex; 421 
QECLARE (point1, point2) coordpair; 423 

Then, MODE(c1)tMODE(point1) because 
identical substructures. The paint 
ModeDescLiptor and not with the MODE 
the submode of c1 is "RECORD(x:REAL, 
to thesubmode of point 1. • 

the paint hides their 
is associated with the 

variable per se. ]owever, 
y:REAL)" and is equivalent 

425 
426 
427 
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To include painting in the general MCDE syntax, replace the 429 
_!:.Ule 4 30 

modexpr ::= modeconstant / modemacro / modexpr1, 432 

QY the rule 434 

modexpr ::= {paint l (modeconstant / modemacro / modexpr1); 436 

~nd add the rule 438 

~ain t : := ID .... 11. . . ~ 440 

Row Moug§. 44 2 

b rov mode describes a collection of objects of the same mode 444 
which can be indexed by the elements of a set. b row is 445 
defined by qiven the mode of the components of the row and the 
set which specifies the number of elements in the £OW and the 446 
mode of the values which may be used to select (index) a 
component for the row. 

!here are two row modes: 448 

_!:.ownode ::= arraymode / sequencemode; 450 

arraymode ··- ARFAY[indexexpression]rowtail; 
indexexpression is an expression of mode indexmode. 

an 453 

i_ndexmode : : = setmode / integermode; 455 

_!:.owtail ::= "OF" modexpr; 457 

~he indexexpression, if present, nee~ not be evaluable at 459 
compile-time. 1he mode given by the indexexpression is called 460 
the domain of the array and the mode of the elements of the 
array-is-called its ranqe. If the indexexpression is not 462 
present, the mode produced by the declaration does not describe 
an array, but rather an ~rrayDescriptor. bn ArrayDescriptor 464 
has two parts, a lenqth and a pointer value: the lenqth is the 
number of elements in the array whose first element resides at 465 
the address to which the pointer refers. There is not a single 466 
mode called ArrayCescriptor, but one for each different 
elemental· mode over which an array is declared. 8rray 467 
descriptors qreatly facilitate the passinq of arrays as 
arquments to procedures since they carry length information 
alonq ~ith them; moreover, since the length is in the 469 
ArrayDescriptor and is not attached to the array itself, 
subarrays can be accessed by modifying the array descriptors 470 
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printer and lenqth information. This is done using the builtin 471 
function SUBARRAY (ArrayDescriptor, interval) which returns an 
ArrayDescriptor for a subarray gf the array defined by the 472 
ArrayDescriptor parameter. That subarray consists of the 473 
elements of the oriqinal whose indices begin in the given 
interval. 

The primary operation specific to a row is selection of 475 
components: an element of an array is selected by specifying 
an ~lement of the set which defines the domain of the array. 476 

The syntax for selection is: 478 

g_rrayselector 
~[indexelementexpression' ); 

.. -.. a rra yexpression 480 
481 

The mode of the indexelementexpression must correspond to the 483 
mode of the domain of the ~crayexpression. 484 

txamples: 486 

QECLARE monthtable: AFRAY set{Jan, Feb, Mar, 
June, July, Auq, Sept, Oct, 
QF ELEMENT OF SE'I [ 1 •• 31] 

Apr, 
Nov, 

May, 
Cec) 

488 

489 

gefines an array of 12 elements which is indexed by the 491 
element constants Jan, Feb, ... , Nov, Dec; ~ach array 492 
element is an element of the set defined over the interval 
f1 •• 311. ~n element of monthtable may be selected only by 493 
one of the identifiers Jan, Feb, ... , Nov, Dec. 

QECLARE localarray ARRAY LENGTH(parameterarray) OF REAL; 495 

defines an array of REALS whose lenqth {i.e., number of 497 
elements) is to be the same as that of some other array 
named ~parameterarray". ,!n order to select an element of 499 
this array, the index value must be of mode 

ELEMENT OF SET [O .. LENGTH(parameterarray) ) 501 

However, the declaration for an element of a set reauires that 503 
the set expression be evaluable at compile time, ~hi~h is not 504 
the case in this example. 

The INDEXMODE declaration corrects this problem: 506 

modexpr : := "INCEXMODE" ' ( Arraymode ') ; 508 

~xample: 510 

.. 
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QECLARE month INDEXMODE(monthtable); 512 

means "month" has mode 514 

~LEMENT OF SET (Jan, Feb, Mar, Apr, May, June, July, Aug, 516 
Sept, Oct, Nov, Qec); 517 

If the arraymode is in fact an 
INDEXMODE declarator can be used 
yariables which can be used 
array parameter. 

ArrayCescriptor mode, then the 
in a procedure to declare 

in selecting elements from the 

519 

520 

The range of an array may itself be an array: 522 

QECLA.RE matrix ARRAY[ 1 .. n] OF ARRAY [ 1 .. n] OF REAL; 524 

This declar9s matrix as a square matrix, i.e~, an array each of 526 
whose components is an array of real values. • §.electinq the jt__b 527 
element in the i 1 th row is denoted by 

matrix[i 1[i1 529 

Qf course, matrix[i 1 is an array of reals and may be treated as 531 
an obiect in its own £iqht. 532 

_§equencemode "SEQUENCE" ro wtai l ; 536 

The length of a sequence is determined when an instance of one 538 
Is created and is stored at the beqinning of the vector of 
~lements. ~ sequence may be indexed by an integer and a check 540 
is made to dP.termine that the index value is in the range [O .. 
~ENGTH(sequence)). ~nlike arrays, the elements of a sequence 542 
may not themselves be sequences {although they can be arrays). 

~xamples: 544 

QECLARE simplestrinq SEQUENCE OF ASCII 546 

JASCII is a pre-defined set whose constants are written as 548 
'a, b', etc., and whose internal representaion corresponds 
with ihe ASCII character set.) 549 

QECLARE era SEQUENCE OF monthtable; 551 

An era is a row whose length, at compile time, is unresolved; 553 
each component of an era is· a 12 component array of months as 554 
declared previously. 
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record::= "RECORD"'( declist '); 

556 

558 

~- record is a composite mode whose (generally nonhomogeneous) 560 
components are (selector, mode) pairs. ~ selector is an 561 
identifiec which can be used to access or set a component of a 
cecord object. Eor example, 562 

QECLARE pair R~CORD (x INTEGER, y INTEGER); 564 

This declares a record object whose name is "pair". Jts 567 
components are a pai~ of integers. To select one of the 568 
components, the binary select ion opera tor "$" is used: _g. g .. , 569 

E_air$x l; 571 

.§tores the value 1 in the "first" component (named "x") of 573 
"pair"; £nd 574 

2air$y pair $x: 576 

£Opies the value in the first component into the second. 578 

!f a proqram has a pointer to a record, and-is to select a 580 
component from the record pointed to, a "·" is used in ,!!lace of 581 
the "$" operator: 

QECLARE ptrpair P0INTER(pair); 583 

,I!trpai r @pair; % store point er to the variable pai c as 
the value of ~trpair. 

!_his means that 

,I!trpair. x=pair $x 

,I!trpair. y=pair$y 

The "•" operator 
dereferencinq the 
resultant obiect: 

is thus 
pointer 

equivalent to the composition of 
value and "$" selection on the 

ptrpair.x = [ptrpair]$x 

585 
586 

588 

590 

592 

594 

596 

597 

599 

Qefault initializations for record components may be specified 601 
just as for normal yariables. ~henevec a record object is 603 
created, initializations are performed {in a left to right 

• 
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order) either from a creation time ~alue, or a declaration time 604 
value of the former is not supplied. 

~xampl es: 606 

~SCLARE mixed RECORD (s1 REAL 3.14, 22 INTEGER= 5}; 609 

This means that mix.ed$s1=3.14 and mixed$s2=5, and furthermore. 611 
that mixen.$s2 is subsequ~mtly unalterable,. due to the "=" form 
Qf initialization. 612 

EECORD is in actuality a function which takes a sinqle 614 
parameter,. which is an unevaluated list,. and returns as value a 
mode J_i.e., a pointer to a ModeDescri ptor) which describes the 615 
record mode. ihe record mode descriptor in turn refers to a 616 
set mode (which contains the selector identifiers as the 
elements of the set) ~nd to an array whose domain is the 617 
selector set and whose range is the mode SELECTOR. The 618 
elements of this arrav are used in selecting components from 
obiects of the record mode. Of course, the array may not even 619 
necessarily survive to be a runtime object if that is not 
necessary. 

~electors are closely connected with the notion of pointers 621 
touched upon earlier. Jr. its simplest form,. a selector is a 622 
record object of a predefined mode and describes a component of 
some record as a £elative bit address and a width {in bits); it 624 
miqht be represented a5 a byte pointer on a PDP-10, for 
fnstance. 

~ selector may also be a function which maps a pointer value 626 
onto another pointer value. Thus, if fs is a functional 627 
selector and rec a record for which fs is a valid selector,. 
then 

1:_ec$fs 629 

~s a riqhthand side value is equivalent to 631 

[f s (@rec) ]; 633 

i.e.,. to calling fs with a pointer to rec. ihe pointer value 636 
returned by fs is then "dereferenced" to yield the required 
ob;ect. & selector variable is declared by 637 

.§electormode : : = "SEI.ECTOR" 1 ( modexpr ") ; 639 

and a variable so defined may assume only selector values which 641 
yield values of mode POINTER(m~dexpr). 
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~xample: 

~ECLARE listcell MODE 
POINTER(listcell)): 

= RECCRD{value INTEGER, link 

QECLA~E linkfiel1 SELECTOR{POINTER(listcell}); 

The variable ·1inkfield may 
link component of a listcell. 
qenerate selector values: 

take as value a selectcr for the 
1he binary operator@ is used to 

643 

646 

648 

650 
651 

§electorvalue ::= recordmodexpression '@ 2 electoridentifier; 654 

The value of the expression 656 

1istcell@link 658 

.for instance, i·s a selector value which could be assigned to 660 
linkfield and used in selector gperations. 661 

!_.e., linkfield listcell@link; • 663 
; 

is a valid MPS statement. tfter it is executed, linktield may 666 
validly and meaningfully be used wherever the constant selector 
link is used. 

JGM: It looks as thouqh this compromises the MPS mode 668 
machinery unless the assignment to linkfield also 
includes the 1rode listcell, so that· any selection 669 
operation in which linkfield is subsequently used can 
check that linkfield's ~alue is a selector for the 610 
object from which component selection is being done. 

since RECORD is a mode-valued function, it may be used wherever 672 
a modexpr is allowed: this includes usinq it to initialize ~ 673 
MODE variable. 

~xamples: 675 

QECLARE complexnum RECORD(realpart REAL, imagpart REAL); 678 

_gecl ares "c omplexnum" as a record object. Jf one wanted to 681 
declare a number of such objects without rewriting the call on 
RECORD, he could write: 

QECLARE complex MODE= RECORD(realpart REAL, imagpart REAL); 68ij 

QECLARE a complex; 

DECLARE ( c1, c2) complex;.· 

686 

688 
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In this case, the "=" initialization of the MODE variable 690 
"complex" allows it to be used to declare objects of that mode. 
~uch initialization is the primary means of defining data modes 691 
without incurrinq runtime overhead for dealing with Qbjects of 692 
the extended mode. 

Variant_Modes 694 

A mode may be defined as a "discriminated union" of a number of 696 
modes. h variable which has a variant mode may take on values 697 
of several diff~Lent modes, a feature useful for defining parts 
of ~ecords which may contain one of a number of different types 698 
of values. 

_gnion ::= sim~leunion / functionalunion; 700 

~ simpleunion is a pair consisting of a union of previously 702 
declared modes and a tag which is an elerrent value. The taq 703 
associ~tes specific modes in the union with taq values; ~nd a 704 
list of declarations prefixed by taq values specifies a mapping 
from taq values to modes. functional unions are semantically 705 
similar except that the mapping which associates possible modes 
with tag values for a union is a function. 

§impleunion 

,!aq : := ID; 

.. -.. - "UNION" tag setmod€xpr uniontail; 

_gnion tail : := "OF" var iantcases "END"; 

~ariantcases ::= $< 1 ;> sinqlevariant 

§inqlevariant ::= $<•,>elementexpression ': geclist; 

];xamples: 

707 

709 

711 

713 

716 

718 

~ECLARE LispCell MODE = UNION CellType SE~(Atom, 720 
~umber, Cons) 721 

gF Atom: Name §EQUENCE (ASCII) i 

~umber Value INTEGER; 

~ons: (Car, Cdr) POINTER{LispCell) 

724 

726 

729 

~ND; 731 

Thus a LispCell really has two main components: a tag named 733 
CellType, vhich is a set and probably occupies tvo bits; ~nd a 734 

• 
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variant pact which is a SEQU~NCE of 7-bit BY~ES, an INTEGER, or 
a pair of POINTERS to objects of mode LispCell. 

];nstead 
one may 
accept 
return 
set of 

of includir.q a specific tag as part of a variant mode, 
specify an implicit functional tag. This function must 
a pointer to an obiect of the variant mode and must 

an element value which siqnifies which variant of the 
possible modes currently resides in the object. 

736 
737 

738 

The syntax foe declacinq such a functional union is similar to 740 
the definiticn for 2 impleunions: 741 

functionalunion ::= "UNION" "CALL" functionID( ':setmodexpr] uniontai 

functionID ::= ID; ~ which is a procedure which takes a 
POINTER to an obiect of the UNION ~ode and returns an 
element of the set specified RY the setmodexpr. 

The ':setmodexpr phrase may be omitted if there is a definition 
of functionID available which itself specifies the set .2ver 
which the return values may ranqe. 

~xample: a LispCell in which a tag field was not necessary 
could be declared ~s 

QECLARE LispCellx MODE= 
~NION CALL CellModeFn ELEMENT OF(Atom, Number, Cons) 
QF 

htom: 
~umber: 
,£ons: 

~ND; 

Name SEQUENCE(ASCII); 
Value TNTEGEF; 
(Car, Cdr) POINTER(LispCellx) 

~ellModeFn must be a function which takes a POINTER (LispCellx) 
obiect as acqument and returns one of the element values Atom, 
~umber, or Cons, dependinq on the mode of the value "resident" 
in the ob;ect. 

Creation and Destruction of Objects 

748 

749 

751 
752 

754 
755 

757 
759 
761 
763 
765 
767 
769 

771 

772 

774 

MPS allows convenient syntactic short forms for ~ritinq 776 
constants of builtin filOdes: 777 

2uiltinconst ··= realcon / intervalcon / inteqercon / 779 
modecon I arraycon / ~equencecon / setcon; 780 

1ealcon ::= realnumpart ( 'E decimalint]; 

£ealnumpart ::= (decimalint)'.decimalpart / 

• 

782 

784 
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gecimalint['.[decimalpart]]; 

gecimalpart ::= decimalint; 

J;;xamples: 1E5, 1., .1, 1.7, 1.7EO 

786 

788 

790 

i_ntervalcon • ·= { '[ / ' { ) expression " .. " expression J •) 793 
I ' ] ) ; 

~xamples: f-5 .. 7), [0 •• n), (0 •• n] 

inteqercon ::= octalint / decimalint; 

~xamples: 172B, 111B • 

gecimalint ::= #('01'11'21'31'41'51'61'11'81'9); 

J;;,xamples: 101, 509, 123456789 

795 

797 

799 

801 

803 

805 

modecon ::= modeconstant; ! described earlier 808 

gxamples: INTEGER, REAL, BYTE(3), BYTE, MODE, ARRAY [0 810 
.. 7) OF REAL, ARRAY [0 .. 7) OF ARRAY [O •• 7) OF MODE 811 

~rraycon • • = ; 813 

There are no simple constants whose mode is ARRAY; 1here 816 
are, however, constants ·which are sequences, and a 
mappinq function from sequence objects to array ~bjects:. 817 

§eguencecon ::= t ( #<',>expression '); 819 

J;;xamples: (1, 2, 3,- 4), Ja+b, 7, 9, a-b) 

Iteration of constants (to more 
sequences) is achieved in two ways: 
sequence-valued procedures, and the 
sequences. 

flexibly initialize 
the first involves 
second repetition of 

822 

824 
825 

There are a set of built-in functions which take an 827 
INTEGER and sometimes a mode as well and produce a 
sequence. for example, the builtin function 828 
IOTA(n:INTEGER) returns as value the sequence (1, 2, ·--, 
n). £or those acquainted with Iverson•s APL, this may 829 
sound familiar. Jf such a result is to become part of a 830 
sequence, it must be unbundled and concatenated in-to it; 
e.q., 

0 
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JS, IOTA(4)9, 9) is equivalent to (5, (1,2,3,4), 832 
9), which is not a valid sequence constant because ihe 833 
modes of the elements differ (the first element is an 
inteqer and the second a sequence of integers). The 834 
sequence primitive UNSEQ performs this function. If 835 
the', between elements in a sequence constant is 
thouqht of as a concatenation operator, then 

J5, UNSEQ(IOTA{4)), 9) is seen to be (5, 1, 2, 3, 4, 837 
9), which is what is needed. 838 

§etcon ··- ID / inteqercon; ~ either of which must be a 841 
valid element of a set 

Qbiects of extended mcdes can also be created. ~he syntax for 844 
a "constructor" is 

£Onstructor ::= rmodexpr]' $(' ,>consitem ')_; 

gonsitem ::= [selectorpart expression; 

.§. e 1 ec t or p:1 r t .. 
interval expression) 

~xamples: 

( (d eci temli st 
' • 1; 

/ set expression / 

846 

848 

850 
851 

853 

~BCIARE complex MODE= RECORC(realpart REAL, imagpart 856 
REAL) ; 

The following are equivalent constructors for the 858 
complex number _2+i~ 859 

.£Omplex (5, 1) 
_£omplex (imaqpa £t: 1, real part: 5) 
£Omplex ({imagpart,realpart): (1,5)) 
£Omplex (realpart:5, 1) 

861 
863 
865 
867 

rrsinq selectors to specify values for the components of an 869 
obiect allows one to list them in any order he _pleases. 
§electors may also be elided and the component valuts 870 
written in a list; Qr some selectors may be given and other 871 
component values listed. The rules governing this are the 872 
followinq: 

Recall that the selector identifiers in a record declaration 874 
form a set associated with that record mode. They are 875 
ordered in the same way as the ele~ents·of a set mode. Jf 876 
no selectorpart is specified for a consitem in a 
constructor, the selector to be associated with that value 
is the successor of the selector for the previous consitem 877 
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in the list. If this is the first consitem, the first 878 
element of the sele~tor set is assumed. 1hus, 879 

,£omplex(realpart:5, 1) 881 

is equivalent to 883 

£Ompl ex (real part: 5, imaqpart: 1) • 885 

~ince imaqpart is tr.e suc~essor of realpart in the selector 887 
set for £Omplex. 888 

~lements of a row mode can be initialized by specifying a 890 
subset or interval (dependinq on the set which is the domain 891 
of the row) in place of a selector: 

];xample: 89 3 

.QECLAR'::: in trow ARFAYf O •• 71 OF INTEGER; 895 

j,ntrow {fO 
1 0, 1 0) ) ; 

3]:(1, 2, 1, 2), (3 ... 7]:(10, JO, 10, 898 

~ill set introw to be the array (1, 2, 1, 2, 10, 10, 10, 10, 900 
10). 901 

Ihe repetition of values 
eliminated by writinq a 
£eplicated as necessary 
valued selector. ~hen the 
as-: 

(like the five 10's above) can be 
scalar value which will be 

to satisfy the needs of the set­
previous exarrple may be ~Titten 

_introw ([0 .• 3]: (1, 2, 1, 2), j3 .• 7]:10); 

903 

90!J 
905 

908 

More qenerally, the values in a sequence construct will be 910 
ieplicated (in a round-robin) fashion until the §elector set 911 
is satisfied. for example, 912 

introw ([ 0 ff - 3 ] : ( 1 , 2 ) , ( 3 : 7 ] : 1 0 ) ; 914 

j,s eguiva lent to the previous example: the sequence ( 1, 2) 916 
is completely replicated twice to satisfy [O 3]. ~ less 917 
eleqant, but equally correct statement is 

j,nt row {[O •• 0]:1, (1 •• 3]:(2, 1), (3 •• 7):10); 919 

!n this case, the elements of (2, 1) are replicated to 921 
produce J2, 1, 2). 922 
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If it is clear from the context what mode a constructor 925 
represents, the normally preceding ~odexpr may be Qmitted: 926 
e. q. , 

DECLARE (c1, c2) complex; 
£1 complex: (5, 1) ; % explicit mode 
£2 (5, 1); % implied mode is the mode of CL 

The situation, of course, 
expressions, dependina on the 
etc. JMore about this later1) 

is corrplicated in more general 
associativity of operators, 

928 
930 
932 

934 

935 

A constructor is an expression form and thus may appear as 937 
one of the expressions in a ~onstructor: 938 

Example: 940 

QECLARE cplxpair RFCORD{(c1, c2) complex); 942 

QECLARE ex compl~x 

Then 

complex (2 ,3) ; 

£P lxpa ir { complex (5, 7), complex (2, 3)) ; 

is valid and equivalent to the followinq: 

£plxpa ir 
desirable. 

( (5, 7), (2, 3)); ~ mode of expressions is 

944 

946 

948 

950 

953 

£Pl xpair (c2: ex, c 1: ( 5, 7) ) ; ! ex is a valid expression 956 
of mode complex. 

Constructions foe obiects of variant mod~ may be written in 958 
the same way as those for non-variant modes. Bowever, when 959 
a value is assiqned to such an object, the tag field (if it 
is a simpleunion) is ~et to the appropriate ~lement value as_ 960 
a side effect of the assignment. }fit is necessary to 961 
specify which variant is meant, the set element naming the 
variant may be specified. 

];xam ple: 963 

~ECLARE consex MODE= 965 

QNION taq:IN SET(r1, r2, cplx) 967 
QF 969 

r1: real REAL: 971 
~2: real REAL; 973 
gplx: imaq complex 975 
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END• - . 
RECLARE rrc consex; 

The values may be assigned to rrc as in the followinq: 

r1 (3.5); 

£re complex(4, 5); ! also sets tag cplx; it is not 
necessary to specify the taq of the variant in this case 
since only one alternative has mode complex. 

As 2ignrnent and Extraction 

txtraction is the dual of construction. It is often 
desirable to be able to extract tte values of a number of 
components of an object: e.q., to ~explode" the object and 
store some of its component values into simple variables for 
further operation. 

J:hs : : -= ••• / 1 ( extractorlist •) ; 
!Xlractorlist ::=#<;>extr~ctoritem; 
~xtractoritem ··- selectorpart lhs ; 

~xample: 

~ECLARE consex:MOCE = RECORD ( s1: INTEGER, s2: ARRAY [0 
• . 3 1) ; 
RECLARE (c1, c2) consex; 
RECLARE (a, b, c, a, e) INTEGER ; 
Q1 : ( s1: 3 , ( [ 0 •• 4] : ( 1, 2, 3, 4) ) ; % 
construction 

~ow c1$s1=3 and c1$52[0]=1, etc. 

tlow an extraction: 

152: (a, b, c, d), s1:e} c1; % extraction. 

977 

979 

981 

983 

987 

989 

992 

993 

995 
997 
999 

1001 

1003 
1 00 fl 
100E 
1 OOE: 
101C 
1011 

101 L 

10H 

10H 

This assiqnment statement is equivalent to the following 102( 
sequence of simple assiqnments: 102· 

g 
Q 
£ 
g_ 

C 

C 1 $s 2[ 01; 
C 1 $s 2[ 1 ] ; 
c 1 Ss 2f 21; 
C 1 $s 2[ 3]; 

C 1 $s 1; 

" 

102 ~ 
10 2 ~ 
102~ 
102~ 
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~he followinq are also valid and are all equivalent to the 103. 
example iust qiven: 

1 s2:(f3, 2, 1, OJ: ( d, c, b, a), s1:e 
J e: ((a, b, c, d)) c1; 
J e s2[01: a, s2[1]-:b, s2[2]:c, s2[3]:d) 

c1· . -
c1; 

1031 
1031 
104 

~s with constructions, array elements are one level lower 104: 
than the array itself as a component; !he first two examples 104 
above show this. 

Traditionally, a proc~dure accepts a list of zero or more 104! 
arguments and may return a list of zero or more results. ~n 104t 
MPS procedure can acc~pt either zero or one argument and may 
return either zero or one value. Jn both directions, the 104· 
object (if any) which is transmitted is considered to be a 
record and may therefore have components of ~ny valid MPS 1041 
mode-: 

1.e., any definable object may be sent as a parameter to 105( 
or returned from a ~rocedure. 105 

yariable members of parameters may be sent using SEQUENCES; 105. 
gifferent types of parameters may be sent as variant 1051 
obiects: ~nd th~ value _returned by a function may be 105~ 
dissembled or manipulated in the sawe way as any other MPS 
obiect. 1ndeed, the procedure is considered to be the 105E 
creation function for its return value; in order to make 105i 
this association unique, the mode of the return record is 
painted with the name of the procedure which £eturns it. 1051 

The syntax for a procedure declaration is 106( 

2roceduremode ::-= "PROCEDURE" sendreturnlist; 

sendreturnlist 
ieturnrecordmodef[; 

. -­.. - [ sendrecordmode ["//" 

~endrecordmode ··== '(declist'} I recordmodexpr ~ "1hich 
must evaluate at compile time to a recordmode %; 

returnrecordmode ::= '(declist') / recordmodexpr ~ which 
must also yield a record mode at compile time%; 

Ihe record sent to a procedur€ is ccnstructed by the caller 
just prior to callinq the procedure: !his construction may 
take advantaqe of the syntax and mechanisms available for 
constructors. farameters may be specified by selector name 
instead of strictly positionally; or parameters may be 
omitted and defaults (as specified by the sendrecordmod€ 

106l 
106~ 

106E 

1 071 

107~ 
107Q 

107~ 
1076 
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specification) supplied. Qimilarly, return records may be 107~ 
dissembled usinq extractor mechanisrrs. for example: 107£ 

~ECLARE fortyfive PROCEDURE(X REAL) // (X REAL, Y REAL): 108( 

Then, if one only wants to look at the Y value returned by 108~ 
fortyfive, _it can be done thusly: 108~ 

,IF forty five (3.5) $Y t- 3.5 THEN RETURN; 108~ 

,I.e., the procedure call "fortyfive (3.5)" creates an object 108~ 
of mode 1 OBf 

fortyfive :: (X:REAL, Y:REAL) 

to which the selector Y may validly be applied. 

~xamples: 

~ECLARE metric PROCEDURE(x:REAL 
0) t./ {lenqth:REAL); 

FJ, y:REAL 0, z:REAL 

109( 

109~ 

109~ 

109E 
1097 

The followinq are all valid calls on metric; !he version on 110C 
the riqht is the equiva~ent, completely specified call: 

!!!etric (3.5, 4) metric ( x: 3. 5, y:4, z :0) 

metric (Y: tq metric (x:O, y:4, z:O) 

metric (5) metric (x:5, y:O, z :0) 

metric (3. 5, 4, 1. 7) metric (x: 3. 5, y:4, z: 1- 7) 

Those calls which elide 
functions with the specific 
fROCEDURE declaration. 

some arguments act as projection 
projection specified by the 

110~ 

11 Ot. 

110{ 

11 Of 

111{ 

1 1 1 1 

If the proce~ure is to correspond to some actual procedure 111] 
this can be indicated by initializing the procedure object 
jmetr ic, for instance, is a procedure "variable": nothing 111 l 

in the declaration associates it with any explicit piece of 
J?roqram). ~ssume • that metric were an actual· procedure and 1116 
one wanted to define a "projection" of metric for 2-spare 
called hypotenuse: 

DECLAPE hypotenuse PROCEDURE(x;REAL, y:REAL,, z:REAL = 0) 11H 
// (lenqth:REAL) = metric; 111~ 

§ince the z parameter is fixed by 
hypotenuse may only be called with the x 

the declaration, 
and y parameters 

1121 



MPSDATA 
James G. Mitchell/ Xerox Palo Alto Research Center 
January 25, 1973 
Paqe 26 

specified. As well, hypotenuse will be initialized at 
compile time to be equivalent to the procedure metric if the 
procedure metric is then accessible. gtherwise, the MPS 
bindinq facilities will attempt to bind hypotenuse to a 
suitable procedure named metric using the £Ontext available 
at bindinq time (which is later than compile time and before 
executinq a call on the procedure). 

gorts and siqnals are si~ilarly declared: 

EOrtmode : := "PORT" sendreturnlist; 

2 iqn almo de : : = "SIGNAL" s endreturnlist; 

The sendrecordmode specifies what objects may be sent out 
over a port and the returnrecordmode specifies the form of 
£eplies over the port. h signal actually causes a two 
component record to be sent to any catch phrase ~hich is 
called to handle the siqnal: the first component identifies 
the signal and the second is the sendrecord. ~ RESUME from 
a siqnal must transmit an object of mode returnrecordmode to 
the siqnallinq proqram. 

User-defined Operations for Objects of 'Non-basic Modes 

~Q.Qg_Qeneration 

b model for semantic expressions: 

112 

112 

112 

112· 

112 I 

113 • 

113: 

1131 

113! 
113~ 

113 ~ 

114· 

114! 

Assiqn a standard, published name to each operator or 114~ 
builtin function in ~PS. 114E 

JF an operator meets operand(s) with which it is not 
prepared to deal, a search may be started for a generic 
macro, ~iqnal, port, or procedure definition for that case. 

i.q., a+b where a is an integer and bis of mode complex, 
say, miqht result in some control form such as 

RLUS{I~EGER, COMPLEX) 

If an appropriate generic macro is found, a and bare 
substituted for the macro 1 s formals and then the macro 
QOdy (a parse tree) is processed semantically (see Macros 
for a more detailed description of this process). 1f a 
suitable generic procedure, port, or signal declaration 

115( 

1151 

1153 
1154 

1156 

1158 

1159 
1160 
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is found, the parse tree is altered to a form such as 
QomplexAdd(a,b). 116 

~uppose the operation is selection ('. or 
expression appears on the left hand side cf an 
.§ta temen t. 

'$) and the 
assignment 

116 

116 . 

~.q., b. "RealPart"-.a; 1161 

then, a routine is needed which has the form 116: 

2elect(compl~x, STRING,Boolean) 1171 

~ctually, a mode which covers STRING will QO 117: 

~here Boolean= TRUE 
~oolean -= FALSE 

left hand evaluation 
Right Hand Evaluation 

2elect must return a value of mode P'IR (rnodex) if Boolean= 
T?UE; 1f Boolean= FALSE, it may return a value of mode 
modex or PTR(modex). 

In general, perhaps ther~ ouqht to be a boolean left hand 
side or riqht hand side arqument to any user-selected 
functions or mac~os for operators. 

The foreqoinq assumes that routines will be called with 
argument lists and not mode pointers (since the actual call 
~ill occur at runtime). ~o cast the PROCEDURES 
ProcedureMode and RecordMode in this mold implies 
interpretation of function calls at compile time Jprobably 
prompted by the '= initialization), assuming that the 
procedures exist in the compiler~s environment. 

Jt is an open question whether a procedure appearing in an 
included module is considered to exist in the compiler's 
~nvironment. ~aero definitions in INCLUDE modules certainly 
do. 

• 

117! 
117~ 

117~ 
118( 

118: 

118~ 

118~ 

11 Si 

118{ 

1190 

1192 
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§electorpart ::= fselectorexpr '"]; 119 
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