

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































sideways-arefl!!

this example demonstrates the use of *setf to store values into an array pvar using con-
stant indices:

(*setf (sideways-aref!! my-sideways-array (!! 1)) (!! 6.0))

(ppp (sideways-aref!! my-sideways—array
(mod!! (self-address!!) (!! 2)))
rend 14)
5.0 6.0 5.0 6.0 5.0 6.0 5.0 6.0 5.0 6.0 5.0 6.0 5.0 6.0

and this example shows the use of *setf with non-constant indices.

(*setf (sideways—aref!! my-sideways-array
(mod!! (self-address!!) (!! 2)))
('Y 7.0))

(ppp (sideways-aref!! my-sideways-array (!! 0)) :end 14)
7.0 6.0 7.0 6.0 7.0 6.0 7.0 6.0 7.0 6.0 7.0 6.0 7.0 6.0

(ppp (sideways-aref!! my-sideways—array (!! 1)) :end 14)
5.0 7.0 5.0 7.0 5.0 7.0 5.0 7.0 5.0 7.0 5.0 7.0 5.0 7.0

Note that the result of the second example depends on the result of the first.

NOTES

The sideways-aref!! function works in the same way as aref!! does except that it is a
special accessor defined to operate on sideways arrays only. Requiring this distinction
allows the *Lisp compiler to generate efficient code to reference sideways arrays with-
out requiring declarations that identify arrays as being sideways.

There are some important restrictions on the size of arrays passed as arguments to
sideways-arefll. The array—pvar argument must be an array pvar that has been turned
sideways. Arrays that have been turned sideways must contain elements whose lengths
are powers of 2 or multiples of 32. Further, the total number of bits the sideways array
occupies in CM memory must be divisible by 32. This number can be determined either
by (pvar-length array-pvar) or by multiplying the total number of elements in the array
by the size of an individual element.
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REFERENCES

See also the related array-referencing operations:
arefl! row—major-arefl!
row—-major-sideways—aref!!

The following operations convert arrays to and from sideways orientation:
*processorwise *sideways—array *slicewise

See the definition of the *sideways—array operation for more information about side-
ways arrays.
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*sideways—-array [*Defun]

Toggles an array between processorwise and sideways (slicewise) orientations.

SYNTAX

*sideways-array array-pvar

ARGUMENTS

array-pvar Array pvar to be converted.
RETURNED VALUE

t Evaluated for side effect only.
SIDE EFFECTS

Converts array—pvar to sideways orientation if it is in normal orientation. Converts
array-pvar back to normal orientation if it is in sideways orientation.

DESCRIPTION

The function *sideways-array forces array-pvar to be addressed in a sideways
(slicewise) ordering. Calling *sideways—array on an array that is already sideways
returns it to a processorwise ordering.

EXAMPLES

The following example shows how one might use slicewise arrays. Given the vector
pvar defined by

(*proclaim ’ (type (vector-pvar single-float 20)
my-sideways-vector))
(*defvar my-sideways-vector
(make-array!! 20 :element-type ’single-float-pvar))
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the following code example calls a user-defined function to fill my-sideways-vector
with data, uses *sideways-array to turn it sideways so that it can be accessed using indi-
rect addressing, calls another user-defined function to operate on the sideways vector
pvar, and finally uses *sideways-array again to return it to processorwise orientation,
so that its values can be accessed and displayed.

(defun main ()
(fill-my-sideways-vector-with-values)
(*sideways—-array my-sideways-vector)
(do-computations-on-my-sideways-vector)
(*sideways—-array)

(ppp my-sideways-vector :end 10))

NOTES
Implementation Note:

Turning an array sideways (slicewise) allows the CM-2 hardware to more efficiently
reference arrays using indirect addressing. On the CM-2, indirect addressing is array
referencing in which a different array element is accessed in each processor.

Usage Notes:

There are some important restrictions on the size of arrays passed as arguments to
*sideways-array. These restrictions extend to the related functions *processorwise and
*slicewise.

The array—pvar argument must be an array pvar that contains elements whose lengths
are powers of 2 or multiples of 32. Further, the total number of bits the array occupies
in CM memory must be divisible by 32. This number can be determined either by
(pvar-length array—pvar) or by multiplying the total number of elements in the array by
the size of an individual element.

The *sideways—array function is most efficient when the array elements of array—pvar
are each 32 bits long.

REFERENCES

See also the functions *processorwise, sideways-aref!!, sideways-array-p, and
*slicewise.
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sideways-array—p [Function]

Tests whether the supplied array is currently in sideways (slicewise) orientation.

SYNTAX

sideways-array-p array—pvar

ARGUMENTS

array-pvar Array pvar. Pvar to be tested for sideways orientation.

RETURNED VALUE

sideways—array—-p Boolean. The value tif array—pvaris in sideways (slicewise) orien-
tation, and the value nil if it is in normal orientation.

SIDE EFFECTS

None.

DESCRIPTION

Tests the specified array pvar, returning t if it is sideways (slicewise) and nil otherwise.

Turning an array sideways, via one of the functions *sideways-array, *slicewise, or
*processorwise, allows special Connection Machine hardware to more efficiently ref-
erence arrays using indirect addressing. On the CM, indirect addressing is array
referencing in which a different array element is accessed in each processor.

REFERENCES

For more information on giving an array pvar a sideways orientation, see the dictionary
entries for *processorwise, *sideways-array, and *slicewise.
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sighum!! | [Function]

Returns a pvar indicating the sign of the supplied pvar.

SYNTAX

signumll numeric—pvar

ARGUMENTS
numeric—pvar Numeric pvar. Pvar for which sign is determined.
RETURNED VALUE
signum-pvar Temporary pvar, of same type as numeric—pvar. In each active pro-
cessor, contains the signum of the value of numeric—pvar.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This function returns a pvar containing the signum of the values of the numeric-pvar
argument. This is defined as follows:

For integer and floating-point values, this function returns -1, 0, or 1 in each processor
according to whether the value of numeric—pvar in that processor is negative, zero, or
positive. For floating-point pvars, the result is a floating-point pvar of the same format
as the numeric—pvar argument.

For complex pvars, this function returns in each processor either the unit-length com-
plex value that has the same phase as the value of numeric—pvar, or complex zero, if
numeric—pvar contains a complex zero.
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sin!!, sinh!! [Function]

Takes the sine and hyperbolic sine of the supplied pvar.

SYNTAX

sin!l  radians-pvar
sinhll  radians—pvar

ARGUMENTS
radians—pvar Numeric pvar. Angle, in radians, for which the sine (hyperbolic
sine) is calculated.
RETURNED VALUE
result-pvar Temporary numeric pvar. In each active processor, contains the sine
(hyperbolic sine) of radians—pvar.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

The function sin!! returns the sine of radians—pvar.
The function sinh!! returns the hyperbolic sine of radians—pvar.

Version 6.1, October 1991 657



*slicewise *Lisp Dictionary

*slicewise [*Defun]

Converts a normal, processorwise array to sideways (slicewise) orientation.

SYNTAX

*slicewise array-pvar

ARGUMENTS

array-pvar Array pvar. Normal orientation array pvar to be converted.
RETURNED VALUE

t Evaluated for side effect only.
SIDE EFFECTS

Converts array—pvar from normal orientation to sideways orientation.

DESCRIPTION

Converts a normal, processorwise array to slicewise (sideways) orientation. An error
is signalled if the array is not in processorwise orientation. Turning an array sideways
allows the CM to efficiently get array values using indirect addressing (array refer-
ences in which a different array element is accessed in each processor).

The array-pvar argument must contain elements with lengths that are powers of 2 or
multiples of 32, and the pvar-length of the array must be divisible by 32. The *slicewise
function is most efficient when the array elements of array—pvar are each 32 bits long.

REFERENCES

See also the functions *processorwise, *sideways—-array, and sideways—array-p.
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some!! [Function]

Tests in parallel whether the supplied pvar predicate is true for at least one set of elements
having the same indices in the supplied sequence pvars.

SYNTAX

somell predicate sequence-pvar 8&rest sequence-pvars

ARGUMENTS

predicate Boolean pvar predicate. Used to test elements of sequences in the
sequence—pvar arguments. Must take as many arguments as the
number of sequence—pvar arguments supplied.

sequence—pvar, sequence—pvars
Sequence pvars. Pvars containing, in each processor, sequences to

be tested by predicate.
RETURNED VALUE
some—pvar Temporary boolean pvar. Contains the value t in each active proces-
sor in which at least one set of elements having the same indices in
the sequences of the sequence—pvars satisfies the predicate. Con-
tains nil in all other active processors.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

The some!! function returns a boolean pvar indicating in each processor whether the
supplied predicate is true for at least one set of elements with the same indices in the
sequences of the supplied sequence—pvars.

In each processor, the predicate is first applied to the index 0 elements of the sequences
in the sequence—pvars, then to the index 1 elements, and so on. The nth time predicate
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is called, it is applied to the nth element of each of the sequences. If predicate returns
t in any processor, that processor is temporarily removed from the currently selected
set for the remainder of the operation. The operation continues until the shortest of the
sequence—pvars is exhausted, or until no processors remain selected.

The pvar returned by some!! contains t in each processor where predicate returns the
value t for at least one set of sequence elements. If predicate returns nil for every set
of sequence elements in a given processor, somel! returns nil in that processor.

EXAMPLES
(some!! "equalp!! (!! #(1 2 3)) (!! #(1 2 3))) <=> t!!
(some!! ’equalp!! (!! #(1 2 3)) (!! #(1 2 6))) <=> t!!
(some!! ’‘equalp!! (!! #(1 2 3)) (!! #(1 2 3 4))) <=> ¢t!!
(some!! ’'equalp!! (!! #(1 2 3)) (!! #(2 6 9))) <=> nil!!

NOTES

Compiler Note:

The *Lisp compiler does not compile this operation.

REFERENCES

See the related functions every!!, notany!!, and notevery!l.

See also the general mapping function amap!!.
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Performs a parallel sort on the values of the supplied pvar.

SYNTAX

sort!l pvar predicate &key :dimension :segment—pvar :key

ARGUMENTS
numeric—pvar Non-complex numeric pvar. Pvar containing values to be sorted.
predicate Two-argument pvar predicate. Determines type of sort. Currently
limited by implementation to the function <=!I.
:dimension Integer or nil. Specifies dimension along which to perform
ranking. The default, nil, specifies a send-address order ranking.
If not nil, this argument must be an integer between 0 inclusive
and *number—of-dimensions* exclusive.
:segment—pvar Segment pvar or nil. Specifies segments in which to perform sort.
The default, nil, specifies an unsegmented sort.
:key One-argument pvar function. Applied to pvar before sort is
performed.
RETURNED VALUE
sort-pvar Temporary pvar. In all active processors, contains the values of
pvar sorted into the order specified by predicate.
SIDE EFFECTS

The returned pvar is allocated on the stack.
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DESCRIPTION

662

In all active processors, sort!! sorts the values of the supplied pvar.

The keywords, :dimension and :segment—pvar permit rankings to be taken along specif-
ic grid dimensions and within segments.

The :dimension keyword specifies whether the sorting is done by send address order
or along a specific dimension. If a dimension is specified, sorting is performed only
along that dimension. The default value, nil, specifies a send-address order sort.

For example, assuming a two-dimensional grid, a :dimension argument of 0 causes
sorting to occur independently in each “row” of processors along dimension 0. A
:dimension argument of 1 causes sorting to occur independently in each “column” of
processors along dimension 1 (see Figure 4).

DIM 0 DIM 0 DIM 0
DIM DIM DIM
1 0/4(8(12] 1 < | 1
EOEIME ===
2| 6|10{14 - > _‘_ 4__#_#
3|7[|11{15 - >
(self-address!!) :dimension 0 . :dimension 1

Figure 4. Effect of different :dimension arguments,
assuming a two-dimensional grid.

The :segment-pvar argument specifies whether sorting is performed separately within
segments. The default is nil; sort!l is by default unsegmented. If provided, the
:segment-pvar value must be a segment pvar. A segment pvar contains boolean values,
t in the first processor of each segment and nil in all other processors. If a segment pvar
is specified, then sorting is done independently within each segment.

If both a :dimension and a :segment pvar argument are specified, then the sort is done
independently for each “row” along the specified dimension and independently within
segments for each row.

The :key argument allows selection of a key on which the sort is done. For instance,
a *defstruct (parallel structure) slot accessor function could be provided as the :key
argument and a pvar of the associated *defstruct type could be supplied as the pvar
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argument. A sort!l with these arguments would sort the values of the supplied pvar
based on the value of the accessed slot in each processor.

EXAMPLES

A sample call to sort!! is
(sort!! numeric-pvar)

Assume that numeric—-pvar contains the following values, with * standing for an
unselected processor:

7 * 2 3 * 1 0 6
Assuming that all other active processors contain values greater than those shown here,
the result of the above call to sort!l is a pvar containing the values
o ~ 1 2 * 3 6 7.
Notice that data in unselected processors remains unchanged.
A sample call to sort!l with a :segment—pvar argument is

(sort!! data-pvar ’<=!!
:segment-pvar (evenp!! (self-address!!)))

If data~pvar contains the values
02421753478 2...

then (again assuming that all other processors contain larger values than those shown
here) the returned pvar would contain the values

02241735472 8...

An example of sort!! with a :dimension argument is

(sort!! data-pvar ’<=!! :dimension 1)

Assuming the two-dimensional VP set geometry defined by
(*cold-boot :initial-dimensions ' (4 4))
if the expression

(ppp data-pvar :mode :grid)
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displays the values

then the expression

(ppp (sort!! (self-address!!) ’<=!! :dimension 1) :mode :grid)
will display the values

4 1 0
5 3 2
812 91
10 15 11 14

6
7
3

A sample call to sort!! with a :key argument is
(sort!! foo ’<=!! :dimension 0 :key ’foo-al!!l)

If foo is an instance of a *defstruct parallel structure with a slot named foo-all, then this
expression sorts foo based on the value of the a slot in each processor. Also, because
the :dimension argument is 0, the sort takes place independently for each coordinate
along dimension 0.

NOTES

The sort performed by sort!! is not guaranteed to be stable. If numeric—pvar contains
the same value in two or more active processors, the order in which these values are
returned in rank-pvar is arbitrary and indeterminate.

Compiler Note:

The *Lisp compiler does not compile sort!! if a :segment—pvar argument is supplied.

REFERENCES
See also the related functions
enumeratel! rank!! selfll
self-addressl| self-address—grid!!
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Spreads values of a pvar from one coordinate of a grid dimension to all coordinates along
that dimension.

SYNTAX

spread!! pvar dimension coordinate

ARGUMENTS
pvar Pvar expression. Pvar containing values to be spread.
dimension Integer or nil. Index, zero-based, of dimension along which values
are spread. If nil, a send-address order spread is performed, and
coordinate specifies a send address.
coordinate Integer. Coordinate along dimension from which to spread values.
RETURNED VALUE
spread-pvar Temporary pvar, of same type as pvar. Contains the result of spread-
ing the values of pvar from the specified coordinate of the grid
dimension specified by dimension to all processors along the length
of the dimension.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This function spreads data across the Connection Machine processors along dimension
dimension. The data is taken from the processor at the specified coordinate and spread
to all active processors along the specified dimension. (See Figure 5.)
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DIM 0 DIM 0 DIM 0
DIM DIM DIM
1 0/4|8[12] 1 < | 1
iEnEEME==S I
2|6[10/14 - > _L_‘_i__l'
3|7|11(15 - >
(self-address!!) dimension =0 dimension=1

Figure 5. Effect of different dimension arguments,
assuming a two-dimensional grid.

It is an error if coordinate specifies any processors that are not in the currently selected
set.

EXAMPLES

Assuming a two-dimensional grid, and a pvar, numeric—-pvar, containing the values

1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20
21 22 23 24 25

then the expression
(spread!! numeric-pvar 0 2)
returns a pvar containing the values

3 3 3 3 3
8 8 8 8 8
13 13 13 13 13
18 18 18 18 18
23 23 23 23 23
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NOTES
Performance Note:

The expression
(!! (pref x 10))

can be used to spread data to all processors faster than the equivalent, but less efficient
expression

(spread!! x nil 10)

which performs a send-address spread of data across all active processors.

REFERENCES

See also these related operations:
reduce—and-spread!! scanl! segment-set-scan!!
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Takes the square root of the supplied numeric pvar

SYNTAX

sqrt!! numeric-pvar

ARGUMENTS
numeric—pvar Numeric pvar. Pvar for which the square root is calculated.
RETURNED VALUE
sqri-pvar Numeric pvar. In each active processor, contains the non-negative
square root of the corresponding value of numeric—pvar.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This returns the non-negative square root of its argument, if the argument is not com-
plex. If the argument is complex, the principal square root is returned. Unlike
Common Lisp, it is an error to provide a negative non-complex value to sqrt!l.

The non-negative square root of numeric—pvar is returned.
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NOTES

The function sqrt!! will signal an error if its arguments are of one pvar type, yet contain
values that would produce a result of another pvar type. For example, it is an error if
numeric—pvar is either an integer or float pvar containing values less than zero in any
processor. (This would produce a complex result in that processor.)

The reason sqrt!! is defined in this way is so that the pvar it returns can be guaranteed
to be of a specific pvar type. If sqrt!l were allowed to return different data types in
different processors, then it would have to return a general pvar as its result. Not only
is this inefficient, it would also prevent sqrt!! expressions from compiling, because the
*Lisp compiler does not compile expressions involving general pvars.

The general rule is that the sqrt!! function will not return a complex pvar as its result
unless the supplied numeric—pvar argument is already a complex pvar or has been
coerced to a complex pvar by use of complex!! or coercell:

(sqrt!! (coerce!! (!! -1) ’ (pvar (complex single-float))))
<=>

(sgrt!! (complex!! (!! -1)))
<=>

(! #c(0.0 1.0))
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standard—char—p!! [Function]

Performs a parallel test for standard characters on the supplied pvar.

SYNTAX

standard—char-p!! character—pvar

ARGUMENTS

character-pvar Character pvar. Tested in parallel for standard characters.

RETURNED VALUE
standard—charp-pvar
Temporary boolean pvar. Contains the value tin each active proces-
sor where the corresponding value of character—pvar is an
character of type standard—char. Contains nil in all other processors.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This function returns t in those processors where character—pvar contains an element
of type standard-char; it returns nil elsewhere. The Common Lisp definition of
standard—char is used, i.e., a standard character is a character with zero bits and font
attributes, that is defined as part of the Common Lisp standard character set.
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string—char—p!! [Function]

Performs a parallel test for string characters on the supplied pvar.

SYNTAX

string—char—p!! character—pvar

ARGUMENTS

character—pvar Character pvar. Tested in parallel for string characters.

RETURNED VALUE

standard—charp—pvar

Temporary boolean pvar. Contains the value t in each active proces-
sor where the corresponding value of character-pvar is an
character with bits and font attributes equal to zero. Contains nil in
all other processors.

SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This function returns t in those processors where character-pvar contains string-char
data and nil in processors where character-pvar contains character data. Characters of
type string-char have zero bits and font attributes.

REFERENCES
See also these related pvar data type predicates:
booleanp!! characterpl! complexpl!
floatp!! front—-end-p!! integerp!!
numberp!! structurepl!! typep!l
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structurep!! [Function]

Tests whether the supplied pvar is a structure pvar.

SYNTAX

structurep!! pvar

ARGUMENTS
pvar Pvar expression. Pvar to be tested.
RETURNED VALUE
boolean—pvar A temporary pvar equal to t!l if pvar is a structure pvar, and nilll
otherwise.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This function returns a boolean pvar with the value t! if pvar is a structure pvar and
nilll if not.

REFERENCES
See also these related pvar data type predicates:
booleanpl! characterp!! complexp!!
floatp!! front-end—p!! integerp!!
numberpl!! string—char-p!! typep!!
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subseq!! [Function]

Extracts a subsequence in parallel from the supplied sequence pvar.

SYNTAX

subseqll sequence—pvar start &optional end

ARGUMENTS
sequence—pvar Sequence pvar. Pvar from which subsequence is extracted.
start Integer pvar. Index, zero-based, of start of sequence to extract.
Must contain identical values in all active processors.
end Integer pvar. Index, zero-based, of end of sequence to extract.
Must contain identical values in all active processors.
RETURNED VALUE
subseq—pvar Sequence pvar. In each active processor, contains the subsequence
of sequence—pvar specified by start and end.
SIDE EFFECTS

The returned value is allocated on the stack.

DESCRIPTION

This function returns, in each processor, a sequence pvar of the same type as
sequence—pvar and of length (-1l end start). The resulting sequence pvar contains a
copy of the values of the elements found in sequence—pvar.

The argument sequence—pvar must be a sequence pvar. The arguments start and end
must be non-negative integer pvars within the range of indices for sequence—pvar.
Unlike most of the other sequence pvar operations, both start and end must contain
uniform values in all active processors. Thus, the value of (-!! end start) must be the
same across all active processors.
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EXAMPLES

(setq abcd (typed-vector!! ’ (pvar character)
(Y #\A) (!! #\B) (!! #\C) (!! #\D)))

(setqg bc (subseq!! abcd (!! 1) (!t 2))
(ppp (aref!! bc (!! 0) (!! 1)) :end 3)

=>#\B #\C #\B #\C #\B #\C

NOTES
Compiler Note:

The *Lisp compiler does not compile this operation.

REFERENCES
See also these related *Lisp sequence operators:
copy-seq!! *fill lengthl!
*nreverse reduce!l reversell

See also the generalized array mapping functions amap!! and *map.
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substitute!!,
substitute—if!!, substitute—if-not!!, [Function]

Performs a parallel substitution operation on the supplied sequence pvar, replacing speci-
fied old items with new items.

SYNTAX

substitute!! new—item old—item sequence-pvar

&key :test :test-not
:start :end :count :from—end :key

substitute—ifl! new—item test sequence—pvar

&key :start :end :count :from—end :key
substitute~if-not!ll new-item test sequence—pvar

&key :start :end :count :from—end :key

ARGUMENTS

new—item Pvar expression, of same data type as sequence—pvar. Item to
substitute for old—item in each processor.

old—item Pvar expression, of same data type as sequence—pvar. Item to be
replaced in each processor.

test One-argument pvar predicate. Test used in comparisons. Indicates
a match by returning a non-nil result. Defaults to eqi!l.

sequence—pvar Sequence pvar. Pvar containing sequences to be modified.

itest Two-argument pvar predicate. Test used in comparisons. Indicates
a match by returning a non-nil result. Defaults to eql!!.

:test-not Two-argument pvar predicate. Test used in comparisons. Indicates
a match by returning a nil result.

:start Integer pvar. Index of sequence element at which substitution
starts in each processor. If not specified, search begins with first
element. Zero-based.

:end Integer pvar. Index of sequence element at which substitution ends

in each processor. If not specified, search continues to end of
sequence. Zero-based.
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:count Integer pvar. Maximum number of replacements to perform in
each processor. Defaults to (length!! sequence—pvar)

:from-end Boolean. Whether to begin substitution from end of sequence in
each processor. Defaults to nil.

:key One-argument pvar accessor function. Applied to sequence-pvar
before search is performed.

RETURNED VALUE

substitute—pvar Temporary sequence pvar. In each active processor, contains a copy
of the sequence from sequence—pvar with each element matching
old-item replaced by new—item.

SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

676

These functions are the parallel equivalent of the Common Lisp substitute functions.

In each processor, the substitute!l function searches sequence—pvar for elements that
match old-item. The function returns a copy of sequence—pvar with each matching
sequence element modified to contain the value specified by new—item. Elements of
sequence—pvar are tested against old—item with the eql!! operator unless another com-
parison operator is supplied as either of the :test or :test-not arguments. The keywords
itest and :test-not may not be used together. A lambda form that takes two pvar argu-
ments and returns a boolean pvar result may be supplied as either the :test and :test-not

argument.

In each processor, the function substitute—ifl! searches sequence—pvar for elements sat-
isfying test. The function returns a copy of sequence—pvar with each matching
sequence element modified to contain the value specified by new—item. A lambda form
that takes a single pvar argument and returns a boolean pvar result may be supplied as
the test argument. Similarly, the function substitute-if-not!! searches sequence—pvar
for elements failing test.

Arguments to the keywords :start and :end define a subsequence to be operated on in
each processor.
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The :key keyword accepts a user-defined function used to extract a search key from
sequence—pvar. This key function must take one argument: an element of sequence—
pvar.

The keyword :from-end takes a boolean pvar that specifies from which end of
sequence-pvar in each processor the operation will take place.

The :count keyword argument must be a positive integer pvar with values less than or
equal to (length!l sequence—pvar). In each processor at most count elements are substi-
tuted.

NOTES
Compiler Note:

The *Lisp compiler does not compile this operation.

REFERENCES
_ This function is one of a group of similar sequence operators, listed below:
countl! count-ifll count-if-not!!
find!l find—if!! find—-if-not!!
nsubstitute!! nsubstitute—ifl! nsubstitute—if-not!!
position!] position—if!! position—if-not!!
substitute!! substitute—if!! substitute—if-not!!

See also the generalized array mapping functions amap!! and *map.
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*sum [*Defun]

Returns the numeric sum of the values of a pvar.

SYNTAX

*sum numeric—pvar

ARGUMENTS

numeric—pvar Numeric pvar. Pvar for which numeric sum is determined.

RETURNED VALUE

sum—of-values Scalar value. Numeric sum of the values of numeric—pvar.

SIDE EFFECTS

None.

DESCRIPTION

This returns a Lisp value that is the sum of the value of numeric—pvar in every selected
processor. If there are no selected processors, *sum returns 0.

REFERENCES
See also the related global operators:
*and *integer-length *logand
*logior *logxor *max
*min *or *xor

See also the related logical operators:
and!! notl! orll xorl!!
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taken—as!! [Function]

Returns a copy of the supplied pvar interpreted as a pvar of the specified type.

SYNTAX

taken-as!! pvar pvar—type &optional offset

ARGUMENTS
pvar Pvar expression. Pvar to be reinterpreted.
pvar-type *Lisp type specifier. Pvar type into which pvar is reinterpreted.
offset Integer. Offset in bits at which reinterpretation of pvar begins.
Default is 0, indicating no offset.
RETURNED VALUE

taken—as—pvar Temporary pvar of type specified by pvar—type. In each active pro-
cessor, contains a copy of the value of pvar beginning at offset,
considered as a value of type pvar—type.

SIDE EFFECTS
The returned pvar is allocated on the stack.

DESCRIPTION

This function is unlike any in Common Lisp. It is somewhat similar to the C language
cast function in that it allows a pvar of one type to be used as though it were of another
type. The function taken-as!! returns a temporary pvar containing the original bits of
pvar interpreted as values in the data type pvar—type. No coercion or change in repre-
sentation occurs. For example,

(taken—-as!! (!! 1.0) ’ (pvar (unsigned-byte 32))
=> (!! 1065353216)

Version 6.1, October 1991 679



taken-as!! . *Lisp Dictionary
S S

&

EXAMPLES

A sample call to taken—asl! is

(taken-as!! (!! #C(1.0 1.0)) '’ (pvar (array single-float
(2))))

This demonstrates that a complex pvar can be taken as a one-dimensional array pvar
containing 2 single-float numbers in each processor.

(*proclaim ’ (type (pvar (unsigned-byte 8)) unsigned8))
(*defvar unsigned8)
(fun-that-requires-unsigned-byte-8 unsigned8)
(fun-that-requires-bit-vector-8

(taken-as!! unsigned8 ’ (pvar (bit-vector 8))))
(fun-that-requires-unsigned-byte-8 unsigned8)

Here, unsigned8 is an unsigned-byte pvar of length 8. The call to taken-as!! allows
unsigned8 to be passed to a function that expects a bit-vector pvar of length 8.

The offset argument can be useful for selecting subportions of pvars. Consider the pvar
unsigned16 in this example:

(*proclaim ’ (type (pvar (unsigned-byte 16)) unsignedlé6))
(*defvar unsignedlé6)
(need-8 (taken-as!! unsignedl6 '’ (pvar (unsigned-byte 8)) 4))

The pvar unsigned16 is a 16-bit pvar. The function need-8 requires an 8-bit pvar. Using
taken-as!! on unsigned16 with an offset argument of 4 extracts the 4th through the 11th
bits of unsigned16 in each processor to be treated as an (unsigned-byte 8) pvar.

NOTES

It is an error to specify a pvar—type and/or offset requiring more bits than are contained
in pvar. It is legal, however, to specify a pvar—type that requires only a subset of the
bits of pvar. This function relies on the internal representation of pvars in the Connec-
tion Machine system and therefore cannot work in the *Lisp simulator.

REFERENCES

See also the related *Lisp declaration operators:  *locally *proclaim unproclaim
See also the related type coercion function coerce!!.
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tan! !, tanh!! [Function]

Take the tangent and hyperbolic tangent of the supplied pvar.

SYNTAX

tanll  radians—pvar
tanh!l radians—pvar

ARGUMENTS
radians-pvar Numeric pvar. Angle, in radians, for which the tangent
(hyperbolic tangent) is calculated.
RETURNED VALUE
result-pvar Temporary numeric pvar. In each active processor, contains the
tangent (hyperbolic tangent) of radians—pvar.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

The function tanl! takes the tangent of its argument in each processor.
The function tanh!! takes the hyperbolic tangent of its argument in each processor.
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*trace [Macro]

Enables tracing for the specified user-defined *Lisp functioﬁs.

SYNTAX

*trace &rest *defun—function—-names

ARGUMENTS

*defun—function-names
Symbols. Names of user-defined *Lisp functions to be traced.

RETURNED VALUE

traced—functions  List of symbols. Names of functions traced.

SIDE EFFECTS

Enables tracing on the named functions. Has no effect on functions that are already
traced.

DESCRIPTION

Enables tracing for the named parallel functions, which must have been defined using
*defun.
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EXAMPLES
Invoked at top level, (*trace foo) causes a message to be printed whenever the function
foo is either called or exited. For example,

(*defun self-random!! ()
(random!! (1+!! (self-address!!))))

(*trace self-random!!) => (*DEFUN-SELF-RANDOM!!)

(self-random!!) =>
1 Enter *DEFUN-SELF-RANDOM!!
1 Exit *DEFUN-SELF-RANDOM!!
#<Structure PVAR A03276>

#<Structure PVAR A032B6>

A call (*untrace self-randoml!) turns off this tracing mechanism.

(*untrace self-random!!) => (*DEFUN-SELF-RANDOM!!)

REFERENCES
The macros *trace and *untrace are the parallel equivalents of the Common Lisp trace
and untrace functions, defined in Common Lisp: The Language.

See also the following related operations:

*apply *defun *funcall

un*defun
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Enables and disables tracing of CM stack usage by *Lisp programs.

SYNTAX

trace-stack &optional frace-action verbose

ARGUMENTS
trace—action Type of trace to perform. May be any one of :trace, :break, :error,
:warn, :call, :status, :level, :max, :break-at-limit, :break—above—
limit, :init, :reset, :newmax, :off, or nil. Default value is :trace.
verbose Boolean. Determines whether trace-stack displays status
messages. Default value is t.
RETURNED VALUE

current—stack—level Integer. Current level of the CM stack memory.

maximum—stack-limit Integer. Maximum limit on stack usage. This is the current
value of the *Lisp variable *maximum-stack-level*.

SIDE EFFECTS

When tracing is enabled, this operator places an “advice” function around the internal
Paris operator that allocates stack memory.

DESCRIPTION

The trace-stack operator is a tool that is used to trace CM stack usage of a *Lisp
program. This typically involves a two step process:

= First, a stack trace is made of the program in which the maximum CM stack
usage of the program is stored in the *Lisp variable *maximum-stack-level*.
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® Second, a trace is made of the execution of the program using the limit found by
the first trace, such that whenever the program attempts to allocate stack
memory at or beyond the traced limit, a break, error, or warning is signalled.

The trace—stack operator is used to select both of these tracing steps and to control a
number of other trace-related features. The type of trace performed is determined by
the trace—action argument, which defaults to :trace. The legal tracing options are:

strace  Turns on stack tracing, and sets *maximum-stack-level* to the current CM
stack level. Every time the current stack usage meets or exceeds the value
of *maximum-stack-level*, the variable is updated to the new stack level.

:tbreak  Switches to break tracing. A continuable error is signalled whenever
stack usage meets or exceeds the limit set by *maximum-stack—level*.

:error  Switches to error tracing. Same as :break, but a fatal error is signalled.

:warn  Switches to warning tracing. Same as :break, but displays a warning.

You can also supply a trace—action argument of :call. This selects “function call”
tracing, in which every time new CM memory is allocated, a funcall is made to the
user-defined function specified by the *Lisp variable *maximum-stack—function*. This
function is passed two arguments: the current stack level and the value of *maximum-—
stack-level*. This feature exists so that users can write their own stack-tracing
operations.

The following operations are conveniences for the most common types of tracing:
sinit Call (*warm-boot), then turn on :trace stack tracing.
rreset  Call (*warm-boot), then switch to :break stack tracing.

:newmax Set *maximum-stack-level* to the current stack level.

A number of trace—action options simply display status information. These options
are:

:status  Display the current stack level and the *maximum-stack—level*.
:level  Displays just the current stack level.

‘max Displays just the value of *maximum-stack-level*.
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Two of the trace—action options control the point at which a break/error is signalled:
:break—at-limit Signal when stack level reaches the current limit (the default).
:break-above—limit  Signal only when stack level exceeds the current limit.
Finally, you can disable all stack tracing options by using either of the following
options:
:off, nil Turn off stack tracing. (These two options are equivalent.)
EXAMPLES
The trace-stack function is designed to help you track the CM stack usage of your
*Lisp programs. You’ll find this function useful both when you want to determine the
maximum amount of stack space that your program uses, and when you want to deter-
mine whether running your program with specific arguments causes it to exceed the
“normal” amount of stack usage.
As a specific example, let’s take the following simple function:
(defun test (a b c) N
(*!' a (+!! b c))) '
We can run a simple stack trace of this function like this:
(*warm-boot) ;; To clean out the stack
(trace-stack)
Stack tracing is now on in :TRACE mode.
Current stack level is 1536.
Maximum stack limit is 1536.
1536
1536
(test 9 3 2)
#<FIELD-Pvar 9-7 *DEFAULT-VP-SET* (128 64)>
The maximum stack limit is now set to the amount of stack memory we used by calling
the test function.
-
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Now let’s switch to the :break mode, and clear the stack again:

(trace-stack :break)

Stack tracing is now on in :BREAK mode.
Current stack level is 1554.

Maximum stack limit is 1554.

1554

1554

(*warm-boot) ;; Clean out stack again

We can call trace-stack to see what the current settings are:

(trace-stack :status)

Stack tracing is now on in :BREAK mode.
Current stack level is 1536.

Maximum stack limit is 1554.

1536

1554

Now let’s repeat the call to the test function:

(test 9 3 2)

>>Error: Stack has reached/exceeded traced maximum of 1554.
Stack is now at 1554.

*LISP-I::MAX-STACK-LEVEL-CHECK:

Original code: (LUCID-COMMON-LISP:NAMED-LAMBDA ...)

:C 0: Continue until next stack increase.

tA 1: Abort to Lisp Top Level

->

Since we’re tracing in :break mode, the call to test signalled a continuable error. The
error message shows the traced stack limit, the amount of stack memory currently in
use, and offers you the option of resuming execution until the next increase in stack
memory. To continue, simply type:

~-> :c Continue until next stack increase.
#<FIELD-Pvar 9-8 *DEFAULT-VP-SET* (128 64)>

The pattern of tracing shown above is common enough that trace-stack includes the
two shorthand options :init and :reset to reduce the number of function calls involved.
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Calling trace-stack with the :init option calls *warm-boot and selects :trace mode:

(trace-stack :init)

Stack tracing is now on in :TRACE mode.
Current stack level is 1536.

Maximum stack limit is 1536.

1536

1536

And once we’ve run the function that we want to trace,

(test 9 3 2)
#<FIELD-Pvar 9-7 *DEFAULT-VP-SET* (128 64)>

we can call trace-stack with the :reset option to call *warm-boot again and then select
:break tracing.

(trace-stack :reset)

Stack tracing is now on in :BREAK mode.
Current stack level is 1536.

Maximum stack limit is 1554.

1536

1554

{test 9 3 2)

>>Error: Stack has reached/exceeded traced maximum of 1554.
Stack is now at 1554.

*LISP-I::MAX-STACK-LEVEL-CHECK:

Original code: (LUCID-COMMON-LISP:NAMED-LAMBDA ...)

:C 0: Continue until next stack increase.

tA 1: Abort to Lisp Top Level

-> :a

Abort to Lisp Top Level

The output of the :error tracing mode is much the same as that of the :break tracing. The
:warn mode’s output, though, is a little different:

(trace-stack :warn)

Stack tracing is now on in :WARN mode.
Current stack level is 1554.

Maximum stack limit is 1554.

1554

1554
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;7 Warning:

;:; Stack has reached/exceeded traced maximum of 1554.
#<FIELD-Pvar 11-4 *DEFAULT-VP-SET* (128 64)

If you want, you can use the :newmax option at any time to make the current stack level
be the new maximum stack limit for future tracing:

(trace-stack :newmax)

Stack tracing is now on in :WARN mode.
Current stack level is 1558.

Maximum stack limit is 1558.

1558

1558

If you prefer a warning only when stack usage exceeds the current limit, you can use
the :break—above-limit option to switch to this style of tracing.

(trace—-stack :break-above-limit)

Tracing will now signal ABOVE stack limit.
1558

1558

(1! 1)
;77 Warning:
;13 Stack has reached/exceeded traced maximum of 1558.

And you can use the :break-at-limit option to switch back:

(trace-stack :break-at-limit)

Tracing will now signal AT stack limit.
1559

1558

And when you’re finished tracing, you’ll want to turn the trace facility :off:

(trace-stack :0ff)

Stack tracing is now off.
Current stack level is 1559.
Maximum stack limit is 1558.
1559

1558
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Notice that even though the trace facility is off, you can still use trace-stack to get a
report of the current settings:

(*warm-boot)

(trace-stack :status)

Stack tracing is now off.
Current stack level is 1536.
Maximum stack limit is 1558.
1536

1558

You can also modify the value of the global variable *maximum-stack-level* to set the
maximum stack limit “manually”:

> *maximum—-stack-level*
1558 '

(setq *maximum-stack-level* 1600)
(trace-stack :break)

Stack tracing is now on in :BREAK mode.
Current stack level is 1536.

Maximum stack limit is 1600.

1536

1600

This allows you to catch *Lisp programs that are “running away”—allocating large
numbers of stack pvars and consequently running out of memory. For example:

(dotimes (i 100)
(+!! 2 3 9))

>>Error: Stack has reached/exceeded traced maximum of 1600.
Stack is now at 1601.

*LISP-I1::MAX~-STACK-LEVEL-CHECK:

Original code: (LUCID-COMMON-LISP:NAMED-LAMBDA...)

:C 0: Continue until next stack increase.

:tA 1: Abort to Lisp Top Level

-> :a

Abort to Lisp Top Level
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If you wish, you can even write your own stack-tracing function, and use the :call op-
tion to select it:

(defun trace-check (current max)
(print (list current max)))
(setd *maximum-stack-function* ’trace-check)

This function simply prints out the current and maximum stack levels whenever a stack
pvar is allocated. For example:

(*warm-boot)

(trace-stack :call)

Stack tracing is now on in :CALL mode.
Current stack level is 1536.

Maximum stack limit is 1600.

1536

1600

Now, when you type
(1t 9)
the following is displayed:

(1540 1600) .
#<FIELD-Pvar 1-4 *DEFAULT-VP-SET* (128 64)>

NOTES
Usage Note:

If you select :break, :error, or :warning tracing without having previously done a :trace
stack trace of your program, the current stack level is used as the value of the
*maximum-stack-level* variable.

Performance Note:

Because the trace-stack operator works by wrapping an “advice” function around the
Paris operator that allocates CM stack space, you will see a degradation of performance
while stack tracing is active. When stack tracing is disabled, however, the “advice”
function is removed, and performance returns to normal.
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truncate!! [Function]

Performs a parallel truncation on the supplied pvar(s).

SYNTAX

truncatell numeric—pvar &optional divisor-numeric—pvar

ARGUMENTS

numeric-pvar Non-complex numeric pvar. Pvar to be truncated.

divisor-numeric-pvar Non-complex numeric pvar. If supplied, numeric—pvar is
divided by divisor-numeric—pvar before truncation is done.

RETURNED VALUE
truncate-pvar Temporary integer pvar. In each active processor, contains the trun-
cated value of numeric—pvar, divided by divisor-numeric—pvar if
supplied.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This is the parallel equivalent of the Common Lisp function truncate, except that only
one value (the truncated quotient) is computed and returned.

REFERENCES

See also these related rounding operations:
ceiling!! floor!! round!!

See also these related floating-point rounding operations:
fceiling!! ffloor!! fround!! ftruncate!!
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typed-vectorl!! [Function]

Creates and returns a vector pvar of the specified type.

SYNTAX

typed-vector!! component-type &rest component—pvars

ARGUMENTS

component—type  *Lisp type specifier. Type of vector pvar to create.

component-pvars Pvars containing values of type specified by component—type.
Determine initial contents of returned vector.

RETURNED VALUE

typed—vector-pvar Temporary vector pvar, of type specified by component—type. In
each active processor, contains a vector whose elements are the cor-
responding values of the component—pvar arguments.

SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

The function typed-vector!! creates and returns a one-dimensional array pvar of type
component—type. The contents of the returned fyped—vector—pvar are copied from the
supplied component—pvars. In each processor, the nth element of the vector in fyped—
vector-pvar is a copy of the value of the nth component—pvar argument.
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EXAMPLES

A call to typed-vector!! is equivalent to a *let form that declares and then initializes a
one-dimensional array pvar. ‘

(typed-vector!! " (pvar single-float)
('Y 1.0) ('r 2.0) (!'! 3.0))

<=>

(*let (temp)
(declare (type (pvar (array single-—-float (3))) temp))
(dotimes (j 3)
(*setf (aref!! temp (!! j)) (!! (float (1+ 3))))))

REFERENCES
See also the pvar allocation and deallocation operations
allocate!l array!!
*deallocate *deallocate—*defvars *defvar
front—end!! *let *let*
make-array!! vectorl! It
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typep!!

[Function]

Tests the values of a pvar in parallel for a specified scalar data type.

SYNTAX

typep!! pvar scalar-type

ARGUMENTS

pvar

scalar-type

RETURNED VALUE
typep-pvar

SIDE EFFECTS

Pvar expression. Pvar for which values are tested.

Type specifier. Data type for which values of pvar are tested.

Temporary boolean pvar. Contains the value t in each active proces-
sor for which the value of pvar is of the data type specified by
scalar-type. Contains nil in all other active processors.

The returned pvar is allocated on the stack.

DESCRIPTION

This function is the parallel version of the Common Lisp function typep. It tests
whether the value of pvar in each processor is of type scalar—type. The returned
typep—pvar pvar contains t in each processor where pvar is of type scalar-type and
contains nil elsewhere.

The argument pvar may be any pvar. The argument scalar—type must be one of the

following type specifiers.
array bignum bit bit-vector
boolean character complex complex
double—float fixnum float front-end
integer long-float mod nil
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null number short-float signed-byte
single-float standard—-char string string—char
t unsigned-byte vector

In addition, a user-defined structure type specifier may be used as the value of scalar—
type.

Any of these valid type specifiers may be composed using or, and, not, and member in
order to test pvar against more than one type. Note: This is not supported by the *Lisp
simulator for array pvars.

EXAMPLES

(typep!! (!! t) ’'boolean) => t!!

These two invocations of typep!! both return t in processors 0 through 10 and nil else-
where.

(typep!! (self-address!!) ’ (integer 0 10))
(typep!! (float!! (self-address!!)) ' (float 0.0 10.0))

NOTES

No *Lisp equivalent of the Common Lisp satisfies type constructor is provided.

REFERENCES
See also these related pvar data type predicates:
booleanpl!! characterpl! complexpl!
floatpl! front-end-pl!! integerp!!
numberp!! string—char—pl! structurep!!

696 Version 6.1, October 1991



*undefsetf [Function]

Removes any update function bound to the specified parallel structure access function by
*defsetf.

SYNTAX

*undefsetf accessor—function

ARGUMENTS

accessor—function Symbol. The name of an accessor function to a parallel structure,
as created by *defstruct.

RETURNED VALUE
nil Evaluated for side effect only.

SIDE EFFECTS

Removes any update function bound to accessor—function by *defsetf.

DESCRIPTION

This function removes from the supplied accessor—function any update-function
bindings created by *defsetf.

REFERENCES

See also these related operations:
*defsetf *setf
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un*defun [Function]

Undefines functions defined using *defun.

SYNTAX

un*defun &rest *defun—names

ARGUMENTS

*defun—names Symbols. Names of functions defined with *defun to undefine.

RETURNED VALUE

nil Evaluated for side effect only.

SIDE EFFECTS

Removes all macros and functions bound to the supplied symbol names by *defun.

DESCRIPTION

Removes the macro binding from each specified *defun name and removes the function
binding from all symbols derived from the *defun names.

The &rest arguments must be the symbolic names of functions that have previously
been defined with *defun. Any number of names may be provided.

When (*defun foo ...) is called, both a macro named foo and a function with a name
derived from foo are created. A call to (un*defun foo) undefines both the macro and
the associated function.

REFERENCES
See also the following related operations:
*apply *defun *funcall
*trace *untrace
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Evaluates *Lisp forms with the currently selected set bound according to the logical value
of a pvar expression.

SYNTAX

*unless test—pvar &body body

ARGUMENTS
test-pvar Pvar expression. Selects processors in which to evaluate body.
body *Lisp forms. Evaluated with the currently selected set restricted to
those processors in which the value of test—pvar is nil.
RETURNED VALUE
body-value Scalar or pvar value. Value of final form in body.
SIDE EFFECTS

Temporarily restricts the currently selected set during the evaluation of the forms in
body.

DESCRIPTION

The *unless macro evaluates the supplied body forms with the currently selected set
bound so that only processors in which test—pvar is nil are selected. The *unless macro
subselects from the currently selected set of processors, so that any processor that is
unselected when *unless is called remains unselected during the evaluation of the body
forms. All forms in the body are evaluated, even if no processors are selected. The
value of the final expression in the body is returned whether it is a Lisp value or a pvar.
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EXAMPLES

The *unless form is similar to a call to the *when form with the test—pvar is negated.
Thus:

(*unless unworthy-pvar . . .)
<=>
(*when (not!! unworthy-pvar) . . .)

This example increments the value of price—of-movie—pvar in all processors where
age-pvar is greater than or equal to 12.

(*unless (<!! age-pvar (!! 12))
(*incf price-of-movie-pvar (!! 3))

NOTES
Usage Note:

Forms such as throw, return, return-from, and go may be used to exit an external block
or looping construct from within a processor selection operator. However, doing so will
leave the currently selected set in the state it was in at the time the non-local exit form
is executed. To avoid this, use the *Lisp macro with-css-saved. For example,

(block division
(with-css-saved

(*unless (<=!! y (!! 0))
(if (*oxr (=!! (!! 0) x))
(return-from division nil)
(/'Y y x)))))

Here return—from is used to exit from the division block if the value of x in any proces-
sor is zero. When the with-css-saved macro is entered, it saves the state of the
currently selected set. When the code enclosed within the with-css-saved exits for any
reason, either normally or via a call to an non-local exit operator like return—from, the
currently selected set is restored to its original state.

See the dictionary entry for with—css-saved for more information.

REFERENCES
See also the related operators
*all *case casel!l *cond cond!!
*ecase ecasell *if if!! *when with—css-saved
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Removes a global declaration previously made with *proclaim.

SYNTAX

unproclaim declaration

ARGUMENTS
declaration *Lisp declaration form previously supplied as argument to
*proclaim. Global declaration to be removed.
RETURNED VALUE
nil Evaluated for side effect only.
SIDE EFFECTS

Removes the global declaration specified by declaration.

DESCRIPTION

Removes the effects of a declaration made with *proclaim.

REFERENCES

See also the related *Lisp declaration operators:
*locally *proclaim

See also the related type translation function taken—as!!.

See also the related type coercion function coercell.
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*untrace [Macro]

Cancels tracing for the specified user-defined *Lisp functions.

SYNTAX

*untrace &rest *defun—function-names

ARGUMENTS

*defun—function—-names
Symbols. Names of user-defined *Lisp functions for which
tracing is to be cancelled.

RETURNED VALUE

traced—functions  List of symbols. Names of functions untraced.

SIDE EFFECTS

Cancels tracing on the named functions. Has no effect on functions which are not
currently traced.

DESCRIPTION

Cancels tracing for the named parallel functions, which must have been defined using
*defun.
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EXAMPLES
Invoked at top level, (*trace foo) causes a message to be printed whenever the function
foo is either called or exited. For example,

(*defun self-random!! ()
(random!! (1+!! (self-address!!))))

(*trace self-random!!) => (*DEFUN-SELF-RANDOM! !)

(self-random!!) =>

1 Enter *DEFUN-SELF-RANDOM! !
1 Exit *DEFUN-SELF-RANDOM! !
#<Structure PVAR A03276>

#<Structure PVAR A032B6>

A call (*untrace self-random!!) turns off this tracing mechanism.

(*untrace self-random!!) => (*DEFUN-SELF-RANDOM!!)

REFERENCES
The macros *trace and *untrace are the parallel equivalents of the Common Lisp trace
and untrace functions, defined in Common Lisp: The Language.

See also the following related operations:

*apply *defun *funcall

un*defun
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upper—case—p!! [Function]

Performs a parallel test for uppercase characters on the supplied pvar.

SYNTAX

upper—case-pll character-pvar

ARGUMENTS

character—pvar Character pvar. Tested in parallel for uppercase characters.

RETURNED VALUE

uppercasep—pvar  Temporary boolean pvar. Contains the value t in each active pro-
cessor where the corresponding value of character-pvar is an
uppercase alphabetic character. Contains nil in all other processors.

SIDE EFFECTS
The returned pvar is allocated on the stack.

DESCRIPTION

This predicate returns a pvar that has the value t in each processor where the supplied
character—pvar contains an uppercase character, and the value nil in all other
processors.
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v+, v—, V¥, v/ [Function]

Return the vector sum, difference, product, or quotient of the supplied front-end vectors.

SYNTAX

v+, v—, v*, vl vector &rest vectors

ARGUMENTS

vector, vectors Front-end vectors. All vectors supplied must have the same
element size.

RETURNED VALUE

result—vector Front-end vector. The combination of the supplied arguments.

SIDE EFFECTS

None.

DESCRIPTION

These operations are the serial (front end) equivalents of v+!1, v=11, v*II, v/l

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross—-product dot—product vt v= Vv v/
v+—constant v—constant v*—constant vi-constant
vabs vabs-squared veeiling vector-normal
vfloor vround vscale
vscale-to—unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*¥Lisp Overview,” of this Dictionary for a list of these functions.
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v+l v, v v/l | [Function]

Calculate in parallel the vector sum, difference, product, or quotient of vector pvars.

SYNTAX

v+ll, v-ll, v*Il, vl vector-pvar &rest vector-pvars

ARGUMENTS

vector-pvar, vector-pvars
Vector pvars. Pvars for which vector combination is calculated.
All pvars supplied must have the same element size.

RETURNED VALUE

result-vector-pvar Temporary vector pvar. In each active processor, contains the result
of combining vector-pvar with the corresponding values of the
vector-pvars.

SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

The v+!1, v-11, v*1I, and v/ll functions calculate in each processor the element-wise vec-
tor combination of the values of the supplied vector-pvars. If only a single argument
is supplied, its values are simply copied into the returned result—pvar.

EXAMPLES

The following equivalences hold:
(v+!! vector-pvar-1 vector-pvar-2 ... vector-pvar-n)

<=>
(amap!! "+!! vector-pvar-l vector-pvar-2 ... vector-pvar-n)
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(v*!! vector-pvar-1 vector-pvar-2 ... vector-pvar-n)
<=>
(amap!! ’*!! vector-pvar-1l vector-pvar-2 ... vector-pvar-n)
(v/!! vector-pvar-1 vector-pvar-2 ... vector-pvar-n)
<=>
(amap!! ’/!! vector-pvar-1l vector-pvar-2 ... vector-pvar-n)
REFERENCES
This function is one of a number of related vector pvar operators, listed below:
cross—product!! dot—product!! v+ v=Il v Vil
i v+scalarll v-scalarl!! v*scalar!! viscalarl!!
vabsl! vabs-squared!! vector—-normalll vscale!!
- vscale—to—unit-vector!! *vset—-components
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v{+,—,*,[}—constant [Function]

Combine a scalar value with each element of a vector.

SYNTAX

v+-constant v—constant v*—constant vi-constant vector scalar

ARGUMENTS

vector Front-end vector. Vector with which scalar is combined.

scalar Scalar value. Combined with each vector element of vector.

RETURNED VALUE

result—vector Scalar vector. Result of combining scalar with elements of vector.

SIDE EFFECTS

None.

DESCRIPTION

These are the serial equivalents of v+scalarll, v-scalarll, v*scalarll, and v/scalarll.

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross—product dot-product v v= Vv* v/
v+—constant v—constant v*~constant v/-constant
vabs vabs-squared veeiling vector-normal
vfloor vround vscale vscale-to—unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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v+scalarll, v—scalar!!, v*scalar!!, v/scalar!!

[Function]

Perform an elementwise arithmetic operation on a vector pvar.
SYNTAX
viscalar!l v-scalarll! v*scalar!l v/scalar!! vector-pvar scalar-pvar
ARGUMENTS

vector-pvar Vector pvar. Pvar on which elementwise operation is performed.

scalar-pvar Non-aggregate pvar. Value by which each element of vector-pvar

is modified.

RETURNED VALUE

vector-pvar Temporary vector pvar. Copy of vector-pvar in which each

element has been modified by the value of scalar—pvar.

SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

In each processor, these functions perform an elementwise arithmetic operation on the
vector in vector-pvar, as follows:

= v+scalar!! adds the value of scalar-pvar to each element of vector-pvar.
= v-scalarll subtracts the value of scalar-pvar from each element of vector-pvar.
= v*scalar!! multiplies each element of vector-pvar by the value of scalar-pvar.

=  v/scalar!l divides each element of vector-pvar by the value of scalar-pvar.

-
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EXAMPLES
(v+scalar!! (! #(1 2 3)) (!! 3)) <=> (!!
(v-scalar!! (!! #(4 5 6)) (!! 3)) <=> (!!
(v*scalar!! (!! #(1 2 3)) (!! 3)) <=> (!!
(v/scalar!! (!! #(3 6 9)) (!! 3)) <=> (!!
NOTES

#(4
#(1
#(3
#(1.

5 6))
2 3))
6 9))
0 2.0 3.0))

These functions are generalized versions of the now obsolete single-float vector pvar

operations sf-v+—constantl!, sf~v—constantll, sf-v*—constant!l,

and sf-vi-constant!!.

The term “scalar” is used rather than “constant” for accuracy, as the scalar-pvar argu-
ment to any one of these operations is not constrained to contain a constant value in

all processors.

viscalar!l
vscalell

REFERENCES
This function is one of a number of related vector pvar operators, listed below:
cross—product!! dot-product!! v vl v vl
v+scalarl! v-scalarll v*scalarl!
vabsl!! vabs-squared!! vector-normal!!
vscale-to-unit-vector!! *vset-components
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Version 6.1, October 1991



*Lisp Dictionary vabs

vabs [Function]

Returns the vector magnitude of the supplied front-end vector.

SYNTAX

vabs vector

ARGUMENTS

vector Front-end vector. Vector for which magnitude is returned.

RETURNED VALUE

vector—length Numeric value. Magnitude of vector.

SIDE EFFECTS

None.

DESCRIPTION

This is the serial (front end) equivalent of vabsl!!. This function is equivalent to

(sgqrt (vabs-squared vector))

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross—-product dot-product v+ v— v v/
v+—constant v—constant v*—constant vi—-constant
vabs vabs-squared  vceiling vector-normal
vfloor vround vscale vscale-to—unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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vabs!! [Function)

Calculates in parallel the vector magnitude of the supplied vector pvar.

SYNTAX

vabsl! vector-pvar

ARGUMENTS
vector-pvar Vector pvar. Pvar for which vector magnitude is computed.
RETURNED VALUE
result-pvar Temporary vector pvar. In each active processor, contains the
vector magnitude of the corresponding value of vector-pvar.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION
This function is equivalent to

(sgqrt!! (vabs-squared!! vector-pvar))

This function returns a scalar pvar of type float if the element type of vector-pvar is
non-complex. If the element type of vector—pvar is complex, vabs!! returns a complex
pvar.

NOTES
Compiler Note:

The *Lisp compiler does not compile this operation.
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REFERENCES

This function is one of a number of related vector pvar operators, listed below:
v+ v=Il v il

cross—productl!!
v+scalar!l
vabsl!

vscale-to-unit—-vectorl!

dot—product!!

vector—-normal!l
*vset-components

vabs-squared!!
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vabs—-squared ' [Function]

Returns the squared magnitude of the supplied front-end vector.

SYNTAX

vabs-squared vector

ARGUMENTS

vector Front-end vector. Vector for which squared magnitude is returned.

RETURNED VALUE

vector—square Numeric value. Squared magnitude of vector.

SIDE EFFECTS

None.

DESCRIPTION

This is the serial (front end) equivalent vabs-squared!!. This function is equivalent to
the expression (dot-product vector vector).

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross-product dot-product v v—- v* v/
v+-—constant v—constant v*~constant v/-constant
vabs vabs-squared vceiling vector—-normal
vfloor vround vscale vscale-to—unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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vabs—-squared!! [Function]

Calculates in parallel the squared magnitude of the supplied vector pvar.

SYNTAX

vabs-squared!! vector-pvar

ARGUMENTS
vector-pvar Vector pvar. Pvar for which squared magnitude is computed.
RETURNED VALUE
result-pvar Temporary vector pvar. In each active processor, contains the
squared magnitude of the corresponding value of vector—pvar.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

The vabs-squared!! function calculates in parallel the squared magnitude of the
supplied vector-pvar. The result-pvar is of the same type as the supplied vector-pvar,
but may be of larger size if vector—-pvar is an unsigned or signed integer pvar.

Calling (vabs-squared!! vector-pvar) is equivalent to

(dot-product!! vector-pvar vector-pvar)

NOTES
Compiler Note:

The *Lisp compiler does not compile this operation.
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REFERENCES
This function is one of a number of related vector pvar operators, listed below:
cross—product!! dot-product!! v+ v=11 vl vl
v+scalarl! v-scalarll v*scalarl! viscalarll
vabs!! vabs-squared!! vector-normal!! vscale!!
vscale-to—-unit—vectorl! *vset—components
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vceiling [Function]

Takes the ceiling of the supplied front-end vector.

SYNTAX

veeiling vector

ARGUMENTS

vector Front-end vector. Vector for which ceiling is taken.

RETURNED VALUE

vector—ceiling Vector. Elementwise ceiling of vector.

SIDE EFFECTS

None.

DESCRIPTION

Takes the ceiling of each element of vector.

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross—product dot-product v v—= V¢ v/
v+—constant v—constant v*~constant v/-constant
vabs vabs-squared veeiling vector—-normal
vfloor vround vscale vscale-to-unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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vector!! [Function]

Creates and returns a vector pvar containing the values of the supplied pvars.

SYNTAX

vectorl! &rest element-pvars

ARGUMENTS
element-pvars Pvars. Used to initialize the returned vector pvar.
RETURNED VALUE
vector—pvar Vector pvar. In each active processor, contains a vector whose ele-
ments are the corresponding values of the element—pvars.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

Creates and returns a vector pvar, initialized with the values of the supplied
element—pvars.

The standard rules of coercion are used to determine the element type of the resulting
vector pvar. For instance, a mixture of integer and floating point elements yields a
floating-point result. A mixture of floating-point and complex elements yields a com-
plex result. An error is signaled if the data types present are not all compatible. (For
instance, a string-char element and a floating-point element are not compatible.)

EXAMPLES
(pref (vector!! (self-address!!) (self-address!!)) 25)
=> $(25 25).
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REFERENCES

The vector!! function is similar to the typed-vector!! function. However an element-
type argument is not required for vector!!l. See the definition of typed-vector!! for more
information.

See also the pvar allocation and deallocation operations

allocate!! array!!

*deallocate *deallocate-*defvars *defvar
front—end!! *let *let*
make—array!! I
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vector-normal [Function]

Returns the normalized cross product of two front-end vectors.

SYNTAX

vector-normal vectorl vector2

ARGUMENTS

vectorl, vector2

RETURNED VALUE

normal—vector

SIDE EFFECTS

None.

DESCRIPTION

Front-end vectors. Vectors for which normalized cross product is
calculated. Vectors must be at least 3 elements in length.

Front-end vector. Normalized cross product of vector and vector2.

This is the serial (front end) equivalent of vector-normaill.

This function is equivalent to

(vscale~to-unit-vector
(cross—-product vector-pvarl vector-pvar2))

720

Version 6.1, October 1991



*Lisp Dictionary vector—-normal

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross—product dot-product vt v- Vv* v/
v+-constant v—constant v*—constant v/-constant
vabs vabs-squared vceeiling vector-normal
vfloor vround vscale vscale-to—unit-vector  vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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vector-normall!! [Function]

Calculates in parallel the normalized cross-product of the supplied vector pvars.

SYNTAX

vector-normalll vector-pvar-1 vector-pvar-2

ARGUMENTS

vector-pvar-1, vector-pvar-2

Vector pvars. Pvars for which normalized cross-product is
calculated.

RETURNED VALUE

vector—-normal-pvar
Temporary vector pvar. In each active processor, contains the nor-
malized cross-product of the corresponding values of vector-pvarl
and vector-pvar2.

SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This function calculates in parallel the normalized cross-product of two single-float
vector pvars, and is equivalent to

(vscale-to-unit-vector!!
(cross-product!! vector-pvarl vector-pvar?2))
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EXAMPLES

(vector—-normal!!
('Y #(1 0 0)) (' #(0 1 0)) <=> (!'!' #(0.0 0.0 1.0))

(vector-normal!!
(! #(0 1 0)) ('Y #(1 0 0)) <=> (!'!' #(0.0 0.0 -1.0))

NOTES
Usage note:

The orientation of the normalized cross#product produced in each processor
depends on the order of the vector-pvar arguments. Specifically,

(*set v1 (vector-normal!! vector-pvarl vector-pvar2))
(*set v2 (vector—-normal!! vector-pvar2 vector-pvarl))

vl <=> (v*scalar!! v2 (!! -1))

that is, v1 is the vector negative of v2.

REFERENCES
This function is one of a number of related vector pvar operators, listed below:
cross—product!! dot-product!! v+ v=1l v¥IL Vil
viscalarl! v-scalarll v*scalarll viscalarl!
vabs!! vabs-squared!! vector-normal!! vscale!!
vscale—to—unit-vectorl! *vset-components
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vfloor [Function]

Takes the floor of the supplied front-end vector.

SYNTAX

vfloor vector

ARGUMENTS

vector Front-end vector. Vector for which floor is taken.

RETURNED VALUE

vector—floor Vector. Elementwise floor of vector.

SIDE EFFECTS

None.

DESCRIPTION

Takes the floor of each element of vector:

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross~product dot-product v v—- v* v/
v+—constant v—constant v*~constant v/-constant
vabs vabs-squared veeiling vector-normal
vfloor vround vscale vscale-to—unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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vp-set—deallocated—p, vp—set—dimensions
vp-set-rank, vp—set—total-size,
vp-set-vp-ratio [Function]

Return information about the specified vp—set.

SYNTAX

vp-set-deallocated—p vp—set
vp-set-dimensions vp—set
vp-set-rank vp—set
vp-set-total-size vp—set
vp-set-vp-ratio vp—set

ARGUMENTS

vp—set VP set object.

RETURNED VALUE

Each of these functions returns a single value, as described below:
deallocated—p Boolean. The value t if vp—set is deallocated, and nil otherwise.

dimensions—list ~ List of integers. Dimensions of the supplied VP set.

rank Integer. The rank, or number of dimensions, of the supplied VP set.
total-size Integer. Total number of processors in vp—set.
vp—ratio Integer. The VP ratio (number of virtual processors per physical

processor) of the VP set.

SIDE EFFECTS

None.
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DESCRIPTION

Each of these functions returns information about the supplied vp—set argument, as de-
scribed in the Returned Value section above.

NOTES

The vp—set argument must be a *Lisp VP set, created by a call to a *Lisp operator such
as def-vp-set or create-vp-set.

REFERENCES
See also the following VP set information operations:
dimension-size dimension-address—length
describe-vp-set
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vround [Function]

Rounds the supplied front-end vector.

SYNTAX

vround vector

ARGUMENTS

vector Non-complex numeric vector. Vector for which round is taken.

RETURNED VALUE

vector-round Numeric value. Rounded value of vector.

SIDE EFFECTS

None.

DESCRIPTION

This function rounds each element of vector to the nearest integer.

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross—product dot-product v+ v— V¢ v/
v+—constant v—constant v*—constant v/-constant
vabs vabs-squared veeiling vector—-normal
_vfloor vround vscale vscale-to-unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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vscale [Function]

Scales a front-end vector by a scalar value.

SYNTAX

vscale vector scalar

ARGUMENTS
vector Front-end vector. Vector to be scaled.
scalar Scalar value. Value by which to scale vector.
RETURNED VALUE
scaled—vector The result of multiplying each element of vector by scalar.

DESCRIPTION

This is the serial (front end) equivalent of vscalell.

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross—-product dot—-product vt v—- V¢ v/
v+—constant v—constant v*—~constant v/-constant
vabs vabs-squared veeiling vector-normal
vfloor vround vscale vscale-to-unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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vscale!!

[Function)

Calculates in parallel the result of scaling the supplied vector pvar by a scalar pvar.

SYNTAX

vscale!! vector-pvar scalar—pvar

ARGUMENTS

vector—-pvar

scalar—pvar

RETURNED VALUE

result-pvar

SIDE EFFECTS

Vector pvar. Vector pvar to be scaled.

Scalar pvar. Value by which vector—pvar is scaled.

Temporary vector pvar. In each active processor, contains the result
of scaling each element of the vector in vector-pvar by the value in
scalar—pvar.

The returned pvar is allocated on the stack.

DESCRIPTION

This function returns a vector pvar of the proper type and size according to the *Lisp
contagion and sizing rules.

In each processor, each element of the input pvar, vector-pvar, is multiplied by the
single element of scalar—pvar in that processor.

Version 6.1, October 1991

729



vscalell

*Lisp Dictionary

REFERENCES

This function is one of a number of related vector pvar operators, listed below:

cross—product!! dot—product!!
v+scalarl! v-scalarl!l
vabsl!! vabs-squared!!
vscale—to—unit—vector!!

v+ vl vl vl

v*scalarl! viscalar!!
vector-normall!! vscalell
*vset—components
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vscale—-to—unit-vector [Function]

Returns the result of scaling the supplied front-end vector to unit length.

SYNTAX

vscale-to—-unit-vector vector

ARGUMENTS

vector Front-end vector. Vector to be scaled.

RETURNED VALUE

unit-vector Front-end vector. The result of scaling vecfor to a unit-length
vector.

SIDE EFFECTS

None.

DESCRIPTION

This is the serial (front end) equivalent of vscale—to—unit-vector!l.
This function is equivalent to
(vscale vector (/ (vabs vector)))

except that vector is evaluated once.

NOTES

It is an error if every element of vector is 0, or if (vabs vector ) is 0.
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REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross—product dot—product v+ v— v* v/
v+—constant v—constant v*—~constant v/-constant
vabs vabs-squared vceiling vector-normal
viloor vround vscale vscale-to—unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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vscale-to—unit—vector!! [Function]

Calculates in parallel the result of scaling the supplied vector pvar to unit length.

SYNTAX

vscale-to—-unit-vector!! vector-pvar

ARGUMENTS
vector—pvar Vector pvar. Vector pvar to be scaled.
RETURNED VALUE
result-pvar Temporary vector pvar. In each active processor, contains the result
of scaling the value of vector—pvar to a unit-length vector.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This function is equivalent to
(vscale!! vector-pvar (/!! (vabs!! vector-pvar)))

except that vector—pvar is evaluated once.

EXAMPLES

It is an error if vector-pvar contains a zero-length vector in any active processor.
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NOTES
Compiler Note:

The *Lisp compiler does not compile this operation.

REFERENCES .
This function is one of a number of related vector pvar operators, listed below:
cross-product!! dot—-product!! v+ v=I1 v vl
v+scalarl! v-scalarll v*scalarl! viscalar!l
vabsl! vabs—squared!! vector—-normal!! vscalel!
vscale-to—unit-vectorl!! *vset—-components
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*vset-components [*Defun]

Copies the supplied element pvars into the supplied vector pvar in parallel.

SYNTAX

*vset—-components vecfor-pvar &rest element-pvars

ARGUMENTS
vector-pvar Vector pvar. Vector pvar into which elements are stored.
element—pvars Pvar(s) of same type as elements of vector-pvar. Element(s) to be
stored. Either a single pvar or as many pvars as there are elements
in vector—pvar.
RETURNED VALUE
nil Evaluated for side effect only.
SIDE EFFECTS

Destructively alters the value of vector-pvar in each active processor to contain the
elements specified by the supplied element—pvars.

DESCRIPTION

This function copies the values of the supplied element—pvars into the supplied
vector—pvar in parallel.

If there is a single element—pvar argument, then every element of vector-pvar is *set
to it. If there are as many element—pvar arguments as there are elements in vector-pvar,
then the jth element of vector-pvar is *set to the jth element—pvar arguament. An error
will be signaled if the number of element—pvar arguments is not either 1 or the number
of elements in the vector-pvar.
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REFERENCES
This function is one of a number of related vector pvar operators, listed below:
cross—product!! dot-product!! v+ v=1] v*II vl
vtscalarll v-scalarll v*scalarll viscalar!l
vabs!! vabs—squared!! vector—-normal!! vscale!l!
vscale-to—-unit-vector!! *vset—components

736 : Version 6.1, October 1991



*Lisp Dictionary

vtruncate [Function]

Truncates the supplied front-end vector.

SYNTAX

vtruncate vector

ARGUMENTS

vector Front-end vector. Vector to be truncated.

RETURNED VALUE

vector—truncate Numeric value. Truncated value of vector.

SIDE EFFECTS

None.

DESCRIPTION

Truncates each element of vector.

REFERENCES
This function is one of a number of front-end vector operators, listed below:
cross-product dot-product v+ v—= V* v/
v+—constant v—constant v*—constant v/-constant
vabs vabs-squared vceiling vector-normal
vfloor vround vscale vscale-to-unit-vector vtruncate

These functions are the serial equivalents of the corresponding vector pvar operations.
See Chapter 1, “*Lisp Overview,” of this Dictionary for a list of these functions.
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*warm-boot [Macro]

Clears the *Lisp stack, deallocating local and temporary pvars, resets the currently selected
set of all VP sets, and resets certain internal states of the CM.

SYNTAX

*warm-boot

ARGUMENTS
Takes no arguments.

RETURNED VALUE

nil Evaluated for side effects only.

SIDE EFFECTS

Clears the *Lisp stack, deallocating local and temporary pvars, resets the currently
selected set of all VP sets, and resets certain internal states of the CM.

DESCRIPTION

The *warm-boot macro resets *Lisp and the CM. It must be called whenever the CM
has been placed in an inconsistent state, such as by a program error or by manually
aborting a running function.

The *warm-boot macro clears the *Lisp stack and restores both *Lisp and the CM to
a consistent, usable state. The *Lisp heap is not cleared, so pvars allocated on the heap
(permanent and global) remain allocated.

Specifically, executing *warm-boot has the following effects:

= All virtual processors in all VP sets are made active; no processors remain
unselected.

= The *default-vp-set* is selected as the *current—vp-set*
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= The Connection Machine stack is cleared and all pvars allocated on the stack

(i.e., any not created by allocatell or *defvar) are deallocated.

EXAMPLES

A top-level call to *warm-boot resets the CM.
(*warm-boot)

The following example demonstrates why it is necessary to call *warm-boot after
aborting execution in the middle of a *Lisp program.

(*cold-boot :initial-dimensions ’ (512))

(*let (x)
(declare (type single-float-pvar x))
(*when (evenp!! (self-address!!)) (*set x (!! #\x))))

Error: In interpreted *SET.

The source expression in a float-general *set contains something
that is not a float.

A pvar of type STRING-CHAR caused the error.

=> (*sum (!! 1))
256

The error occurs while the currently selected set has been restricted to the even proces-
sors. The following example shows that the currently selected set is not automatically
restored by aborting back to top level.

—> Abort
Return to Lisp Top Level in Dynamic Lisp Listener 1
Back to Lisp Top Level in Dynamic Lisp Listener 1.

(*sum (!! 1)) => 256

A call to *warm-boot resets the currently selected set so that all processors are active.

(*warm-boot)
(*sum (!! 1)) => 512

Interrupting or aborting a program may leave the front-end/CM connection in an
inconsistent state, preventing the front end from issuing instructions to the CM. A call
to *warm-boot resets the connection, allowing the front end to communicate with the
CM.
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NOTES

The *warm-boot macro is intended to be called at top level. It should not in general be
called from within user code, because it forcibly deallocates any existing local and

temporary pvars.

One exception to this rule is that *warm-boot may be called as the first body form of
a function intended to be called at top level, as in

(defun top-level ()
(*warm-boot)
(initialize-pvars)
(main-function)
(clean-up-and-print-results)

)

Here, *warm-boot is used to ensure that the Connection Machine is reset and ready for
use before the initialization function and main functions of the user’s program are
called.

REFERENCES

See also the related Connection Machine initialization operator *cold—boot.
See also the initialization-list functions add-initialization and delete—initialization.

See also the character attribute initialization operator initialize—character.
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*when [Macro]

Evaluates *Lisp forms with the currently selected set bound according to the logical value
of a pvar expression.

SYNTAX

*when test—pvar &body body

ARGUMENTS
test-pvar Pvar expression. Selects processors in which to evaluate body.
body *Lisp forms. Evaluated with the currently selected set restricted to
those processors in which the value of test—pvar is t.
RETURNED VALUE
body-value Scalar or pvar value. Value of final form in body.
SIDE EFFECTS

Temporarily restricts the currently selected set during the evaluation of the forms in
body.

DESCRIPTION

The *when macro evaluates the supplied body forms with the currently selected set
bound so that only processors in which fest—pvar is non-nil are selected. The *when
macro subselects from the currently selected set of processors, so that any processor
that is unselected when *when is called remains unselected during the evaluation of the
body forms. All forms in the body are evaluated, even if no processors are selected. The
value of the final expression in the body is returned, whether it is a Lisp value or a pvar.
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EXAMPLES

This example increments the value of price—of-movie—pvar in all processors where
age—pvar is greater than or equal to 12.

(*when (>=!! age-pvar (!! 12))
(*incf price-of-movie-pvar (!! 3))

This example shows how *when may be nested to select processors in which a data pvar
meets multiple criteria. The vaue of intensity—pvar is copied into real-edge—pvar only
in those processors where part—-of-edge—p is non-nil, and where intensity—pvar is greater
than 9.0.

(*when part-of-edge-p
(*when (>!! intensity-pvar (!! 9.0))
(*set real-edge-pvar intensity-pvar)))

NOTES
Usage Note:

Forms such as throw, return, return-from, and go may be used to exit an external block
or looping construct from within a processor selection operator. However, doing so will
leave the currently selected set in the state it was in at the time the non-local exit form
is executed. To avoid this, use the *Lisp macro with—css-saved. For example,

(block division
(with-css-saved
(*when (>!! y (!! 0))
(1f (*or (=!! (!! 0) x))
(return-from division nil)

(/11 y x)))))

Here return—from is used to exit from the division block if the value of x in any proces-
sor is zero. When the with-css-saved macro is entered, it saves the state of the
currently selected set. When the code enclosed within the with—css—-saved exits for any
reason, either normally or via a call to a non-local exit operator like return—from, the
currently selected set is restored to its original state.

See the dictionary entry for with—css-saved for more information.

Implementation Note:

If the last body form is either a *all or a *when form, then the inner form does not save/
restore the state of the current selected set. This is mainly an optimization feature—it
does not change the semantics of your code.
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REFERENCES
See also the related operators
*all
*case casell
*cond cond!!
*ecase ecasel!
*if ifl!

*unless with—css—saved
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with—-css—-saved [Macro]

Records the state of the currently selected set and ensures that it is automatically restored
when evaluation of the supplied body forms terminates.

SYNTAX

with—-css-saved &body body

ARGUMENTS

body *Lisp forms. Body forms to be evaluated.
RETURNED VALUE

body-value Scalar or pvar value. Value returned by final form in body.
SIDE EFFECTS

Records the state of the currently selected set before evaluating the forms in body and
ensures that the currently selected set is restored when evaluation of the body forms
terminates.

DESCRIPTION

The with—css—saved macro records the state of the currently selected set and ensures
that when evaluation of the supplied body forms terminates for any reason, the
recorded currently selected set of active processors is automatically restored to its orig-
inal state.

This form should be used wherever evaluation of the forms in body might cause control
flow to abnormally pass out of a *Lisp form that restricts the currently selected set (for
example, by a call to throw, return, return—from, or go within a *when form). The
with—css—-saved macro uses an unwind-protect to trap such non-local exits and restore
the currently selected set.
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EXAMPLES

The following function definitions demonstrate the use of with-css-saved. Both func-
tions return the result of dividing y by x in all processors where y > 0. If any value of
X is zero, both functions return nil.

(defun css-not-preserved (x y)
(block exit
(*when (>!! y (!! 0))
(if (*or (zerop!! x))
(return-from exit nil)
(/'! y x)
))))

(defun css-preserved (x y)
(block exit
(with-css-saved
(*when (>!!' y (!! 0))
(if (*or (zerop!! x))

(return-from exit nil)
(/') y x)
)))))

The difference between the functions lies in the way css—preserved uses the
with—css—saved macro around its conditional to restore the currently selected set. For
example, given the configuration defined by

(*cold-boot :initial-dimensions ' (512))
the expression

(*all (progn (css-not-preserved (!! 0) (self-address!!))
(*sum (!! 1))))

returns 511.

The pvar returned by (self-address!!) is 0 in processor zero, so css-not—preserved de-
selects processor 0. When the call to return—from in css—-not-preserved is executed
because x contains the value 0 in every processor, css—-not—preserved does nothing to
restore the currently selected set, leaving processor 0 deselected.

The expression

(*all (progn (css-preserved (!! 0) (self-address!!))
(*sum (!! 1))))
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returns 512. By enclosing the *when conditional with the with—css-saved macro, the
css—preserved function ensures that the currently selected set is automatically restored
when the call to return—from is executed.

NOTES

For the purposes of forms that execute non-local exits, the with-css—saved macro is
functionally equivalent to a call to unwind—-protect. When a non-local exit is performed,
an unwind-protect is executed to restore the currently selected set, and then the exit
continues normally. Evaluation does not continue with the form immediately following
the with—css-saved. For example, when

(catch ’exit
(with-css-saved
(yin data-pvar)
(when win-yin
(throw ’'exit nil)))
(yang data-pvar))

is evaluated, if the variable win-yin has the value t, then (yin data-pvar) is evaluated,
but (yang data-pvar) is not.

REFERENCES
See also the processor selection operators
*all
*case casel!
*cond cond!!
*ecase ecasel!
*if ifll

*unless *when
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Temporarily instantiates (assigns a geometry to) a flexible VP set for the duration of a set
of body forms.

SYNTAX
with—processors-allocated—for-vp—set ( vp—set &key :dimensions :geometry )
&body body
ARGUMENTS
vp-set Flexible VP set. Virtual processor set defined with def-vp-set.
:dimensions Integer list or nil. Size of dimensions with which to instantiate
vp—set. Must be nil if geometry argument is supplied.
:geometry Geometry object, obtained by calling the function
create-geometry. Defines geometry of vp—set.
body *Lisp forms. Body forms to be evaluated with vp—set instantiated.
RETURNED VALUE
body—value Scalar or pvar value. Value of final form in body.
SIDE EFFECTS

Temporarily defines geometry of vp—ser and allocates any associated pvars, for the
duration of the body forms, then deinstantiates vp—set and deallocates any associated
pvars.

DESCRIPTION

This macro expands into a form that instantiates vp—set by a call to allocate—
processors—for-vp-set, using the supplied dimensions or geometry as arguments. As
with the allocate~processors—for-vp-set function, one or the other of the :dimensions
or :geometry arguments may be supplied, but not both. The form then executes the
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supplied body forms and finally calls deallocate-processors—for-vp—set to deinstanti-
ate vp—set.

EXAMPLES

A sample call to with-processors-allocated—for-vp—set is

(def-vp-set my-vp-set nil

:*defvars ’ ((value-pvar (self-address!!))))

(with-processors—-allocated-for-vp-set (my-vp-set

:dimensions ’ (32 32 32))
(*with-vp-set my-vp-set

(*set value-pvar (*!! value-pvar (!! 2)))
(ppp value-pvar :end 8)))

0246810 12 14

The following example shows how a flexible VP set can be used repeatedly to process
a set of data files. In the example, a single flexible VP set is used, which is instantiated

and deinstatiated once for each file in such a way that it is just large enough to hold
each file’s data.

(def-vp-set file-data-vp-set nil
:*defvars '’ ((file-data-pvar)))

(dolist (file files-to-be-processed)
(let ((file-size (get-file-size file)))
(with-processors-allocated-for-vp-set file-data-vp-set
:dimensions (next-power-of-two->= file-size)
(*with-vp-set file-data-vp-set
(*set file-data-pvar (read-file-—data!!))
(process—-file-data file-data-pvar)))))

REFERENCES

See also the following flexible VP set operators:
allocate—vp-set-processors
deallocate-vp-set-processors
set—-vp-set—geometry

allocate—processors—for-vp-set
deallocate—processors—for-vp—set
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*with—vp—-set [Macro]

Dynamically binds the supplied VP set as the current VP set for the duration of the supplied
body forms.

SYNTAX
*with-vp—set vp—set &body body

ARGUMENTS
vp—set VP set object. VP set to be made current. Must be defined and
instantiated.
body *Lisp forms. Body forms to be evaluated.
RETURNED VALUE
body—value Scalar or pvar value. Value of final form in body.

SIDE EFFECTS

Temporarily changes the current VP set to vp—set during the evaluation of the supplied
body forms.

DESCRIPTION

This macro is used to temporarily switch VP sets for the duration of a section of code.

The currently selected VP set is dynamically scoped. The *with-vp-set form tempo-
rarily binds the current VP set to vp—set. Thus, while a *with-vp—set form is executing,
the global variables related to VP sets are dynamically bound according to the size,
shape, and properties of vp—set.

The following global variables are affected when the current VP set is changed:

*current—-cm—configuration* *current-grid—-address-lengths*
*current-send-address-length* *current-vp—set*
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*log—number—of-processors—limit* *number—of-dimensions*

*numbzar—of-processors-limit* *ppp—default-end*
*ppp—-default—start* t! nilll
EXAMPLES

Each VP set maintains its own currently selected set of processors. Nested calls to
*with-vp-set that switch between VP sets also switch between the currently selected
sets maintained by the VP sets. This is illustrated by the example shown below.

(def-vp-set fred ’ (1024 32))
(def-vp-set anne ’ (512 512)
:*defvars ((x (!! 1) nil (field-pvar 16))
(y (self-address!!))))

(*with-vp-set fred ;32,768 VP's
(*when (evenp!! self-address!!)) ;16,384 VP’'s
(*with-vp-set anne 1262,144 VP’'s

(*set x (-!! y x))

(*with-vp-set fred ;16,384 VP's
(*when (not!! (zerop!! (self-address!!)))
(setqg zero—-off (*sum (!! 1))) ;16,383 VP’'s

(setg zero-on (*sum (!! 1)))))) ;16,384 VP’'s
(*sum (!! 1))) => 32768

zero-off => 16383
zZero-on => 16384

When a VP set is created, it is defined to have all processors selected, so the initial call
to *with-vp-set fred selects the fred VP set with all virtual processors active. The first
*when statement reduces the number of active processors in fred by half by selecting
only even-numbered processors, and the call to *with-vp-set anne selects the anne VP
set, which has 262,144 virtual processors.

The second invocation of *with-vp-set fred reselects the fred VP set with the same cur-
rently selected set as before: only processors of even-numbered addresses are active.
The second call to *when further restricts the selected set of fred by deactivating proc-
essor 0. Inside this *when statement, a call to (*sum (!! 1)) returns 16383, the number of
active processors in fred. The call to (*sum (!! 1)) immediately following the *when
returns 16384, the number of active processors in fred with processor 0 included.
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When execution passes back into the *with—vp-set form that originally selected the
fred VP set, all processors are again active and (*sum (!! 1)) returns 32768, the total num-
ber of virtual processors in fred.

If the body of a call to *with-vp-set must be evaluated with all processors selected,
rather than only those processors currently active in the selected VP set, it should be
surrounded by a call to *all, as in

(*with-vp-set fred

(*all
(*set x (-!! y x))))

REFERENCES

See also the related operation
set-vp-set
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*xor | [*Defun)

Takes the logical XOR of all values in a pvar, returning a scalar value.

SYNTAX

*xor pvar—expression

ARGUMENTS

pvar—-expression  Pvar expression. Pvar to which global XOR is applied.

RETURNED VALUE

xor-scalar Scalar boolean value. The logical XOR of the values of
pvar—expression in all active processors, i.e., the value t if an odd
number of the values are non-nil, and the value nil otherwise.

SIDE EFFECTS

None.

DESCRIPTION

The *xor function is a global operator. It takes the logical XOR of all values in a pvar, re-
turning a scalar value. Effectively, *xor treats the value of pvar—expression in all active
processors as a set of boolean values. It returns the value t if an odd number of those
values are non-nil, and returns the value nil.

If there are no active processors, this function returns nil.
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EXAMPLES
(*xor tt!) => NIL ;2; t in all processors
(*xor nil!!) => NIL ;77 t in no processors

;77 t in every other processor
(*xor (evenp!! (self-address!!))) => NIL
(*xor (oddp!! (self-address!!))) => NIL

;33 t in every third processor (an odd number)
(*xor (zerop!! (mod!! (self-address!!) (!! 3)))) => T

;7; an example using non-boolean values
(*xor (if!! (zerop!! (self-address!!))
nill!
(self-address!!))) => T ;;; All but one non-NIL

REFERENCES
See also the related global operators:
*and *integer-length *logand
*logior *logxor *max
*min *or *sum

See also the related logical operators:
and!! not!! orll xorl!
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xor!! [Function]

Performs a parallel logical XOR operation in all active processors.

SYNTAX

xorll &rest pvar—exprs

ARGUMENTS
pvar—exprs Pvar expressions. Pvars to which parallel XOR is applied.
RETURNED VALUE
xor-pvar Temporary boolean pvar. Contains in each active processor the log-
ical XOR of the corresponding values of the pvar—exprs. If no
pvar—exprs are given then nill! is returned.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

This performs the XOR function on all the pvar—exprs. If no pvar—exprs are given then
nilll is returned. In each processor, xor!! returns t if an odd number of the supplied pvar—
exprs have the value t in that processor, and otherwise returns nil.

EXAMPLES
(xor!! (evenp!! (self-address!!))
(oddp!! (self-address!!))) <=> t!!
(ppp (xor!! (self-address!!)

(evenp!! (self-address!!)))
tend 8)
NIL T NIL T NIL T NIL T
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xor!!

REFERENCES
See also the related global operators:
*and *integer—length
*logior *logxor
*min *or
*xor

See also the related logical operators:
and!! not!!

*logand
*max
*sum

or!!
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Ze rop! ! [Function]

Performs a parallel test for zero values on the supplied pvar.

SYNTAX

zeropll numeric—pvar

ARGUMENTS
numeric—pvar Numeric pvar. Tested in parallel for zero values.
RETURNED VALUE
zerop—pvar Temporary boolean pvar. Contains the value t in each active proces-
sor where the corresponding value of numeric—pvar is zero.
Contains nil in all other active processors.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION
This is the parallel equivalent of the Common Lisp function zerop.

EXAMPLES
(zerop!! (mod!! (self-address!!) (!! 2)))
<=>
(evenp!! (self-address!!))
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Returns a temporary pvar with the same value in each active processor.

SYNTAX

Il scalar—expression

ARGUMENTS

scalar—expression Scalar expression. The value to be stored in each processor of the
returned pvar. The data type of scalar—expression must be either
a number, a character, an array, or a structure.

RETURNED VALUE
constant-pvar A temporary pvar with the value of scalar—expression in each
active processor.
SIDE EFFECTS

Allocates the new temporary pvar on the stack.

DESCRIPTION

The *Lisp function !l returns a temporary pvar containing the value of scalar—expres-
sion in each active processor. The scalar—expression must be a number, a character, an
array, or a structure.

Note: The original purpose of !! was to allow you to provide constant pvar arguments
to *Lisp functions, as in the expression

(+10orro2)y (ro3) (1t 4))

*Lisp functions now allow you to pass scalar constants directly (the call to !! to convert
them to pvars is made automatically by *Lisp itself). This means that you will rarely
ever have to use the !l function yourself.
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If scalar-expression evaluates to an array, a complete copy of the array is stored in
each active processor. If the array has a fill pointer, it is ignored; all elements of the
array are copied into the CM. Adjustable arrays are copied and stored as fixed-size
arrays. Displaced arrays are copied and stored as non-displaced arrays. The data type
of the returned pvar depends on the data types of the elements in the array. If the array
contains elements of various types, the *Lisp rules of type coercion apply.

If scalar—expression evaluates to a scalar structure object (of a structure type defined
by a call to *defstruct) an equalp copy of the object is stored in each active processor
of the returned pvar.

EXAMPLES

By distributing a single scalar value to all processors, the !l function provides the same
functionality in *Lisp as scalar values provide in Common Lisp (see Figure 6).

A typical call to !l is very simple.

(!15) ;;: Returns a pvar with 5 in each processor

YYYVYVYYVY Y
Temporaryl:s 55|55 5500055:1

Pvar

Figure 6. The expression (I 5) distributes a scalar value (5) to all processors.

In *Lisp, 1! is most often used to pass a constant value to a function, as in
(random!! (!! 10))

The function random!! expects a single pvar argument whose value in each processor
is the upper bound of the random number to be calculated in that processor. The above
example returns a temporary pvar containing a random value between 0 and 9 in each
processor. Note that this differs from

(random!! (1+!! (self-address!!)))
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which returns a pvar whose value in each processor is a random number between 0 and
the processor’s send address. Here, the pvar argument has a different value in every
Processor.

As the following example demonstrates, !! is very useful in comparisons.
(<!! (self-address!!) (!! 256))

This returns a pvar with t in each processor whose send address is less than 256, and
nil in all other active processors.

The following is a call to !! with an array argument:

(*defvar parallel-array (!! #(1 2 3)))

(ppp parallel-array)
#(1 2 3) #(1 2 3) #(1 2 3) . . . #(1 2 3) #(1 2 3)

(setqg *print-array* t)
(pref parallel-array 1) => #(1 2 3)

This creates a pvar with a copy of the array #(1 2 3) in each processor. Using pref, the
copy of the array in each processor is accessed. Individual elements of the parallel
arrays may be accessed using aref.

Nested arrays of arbitrary depth are legal arguments to !!. For instance, an array of
arrays is a permissible argument to !1. The expression

(! #( #(2 4) #(6 12) #(7 16) #(5 20) #(2 56) ))

creates a pvar with an array of arrays in each processor. Calling Il with nested arrays
can be a very slow operation.

An example using structures is

(*defstruct elephant
(wrinkles 30000 :type (unsigned-byte 16))
(tusks t :type boolean))

(!! (make-elephant :wrinkles 0 :tusks nil))

This creates a pvar with a wrinkle-free, tuskless elephant in each processor.
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NOTES

It is an error to call Il with an array containing elements that cannot, according to the
*Lisp rules of type coercion, be coerced into a single, fixed-size type. For example,

(1! #(1 2 3 #\e #\r #\r #\o #\r #\!))

is in error because the array argument contains both integers and characters.

Implementation Note:

In Lucid and Sun Common Lisp versions of *Lisp, front-end floating-point numbers
are always stored as double-precision numbers, regardless of thier actual precision.
This means that the expression

(1t 3.14)

is ambiguous—there’s no way to tell whether you intended to create a single-precision
or a double-precision floating-point pvar, even if you declare the returned type of the
1l expression!

For this reason, *Lisp has an internal variable, *lisp—i::*default-float-precision*, that
specifies the “default” precision of an ambiguous floating-point !! expression. This
variable can be set to either :single or :double, and defaults to :single.

This only affects the *Lisp interpreter. The *Lisp compiler has more information about
the types of values in these expressions, so compiled code doesn’t have this problem.

REFERENCES
See also the pvar allocation and deallocation operations
allocatel! array!!
*deallocate *deallocate—*defvars *defvar
front-end!! *let *let*
make-—array!! typed—vector!! vector!!
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=1, /=11, <II, <=l

, >=11 [Function]

Perform parallel numerical comparisons on the supplied pvar arguments.

SYNTAX

=1, /=11, <1, <=I1, >, >=I] numeric—pvar 8&rest numeric—pvars

ARGUMENTS

numeric—pvar, numeric—pvars Pvars to be compared.

RETURNED VALUE

These functions each return a single temporary boolean pvar, as described below:

equal-pvar The value t in each active processor where the numeric—pvar argu-
ments are equal, and nil in all other active processors.

not-equal-pvar  The value t in each active processor where the numeric—pvar argu-
ments are-egeal, and nil in all other active processors.

ret-

less—than—pvar The value t in each active processor where the numeric—pvar argu-

ments are-eguak, and nil in all other active processors.
<
not-greater—pvar  The value t in each active processor where the numeric—pvar argu-
ments are-equal, and nil in all other active processors.
= .
greater-pvar The value t in each active processor where the numeric—pvar argu-
ments are-equat, and nil in all other active processors.
>

not-less—pvar The value t in each active processor where the numeric—pvar argu-
ments are egual, and nil in all other active processors.
S =
SIDE EFFECTS

»

The returned pvar is allocated on the stack.
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R

DESCRIPTION

These functions perform parallel comparisons; each function returns a temporary pvar
that contains t in each active processor where the argument pvars pass the correspond-
ing relational test (equality, less-than, greater-than, etc.), and nil in all other active
processors. These functions provide the same functionality for numeric pvars as the
Common Lisp operators =, /=, <, <=, >, and >= provide for numeric scalars.

If only one argument pvar is given, the returned pvar is tll.

EXAMPLES

These functions can be used to compare the values of a pvar with some constant value.
For example, if numeric-pvar contains the values 0, 5, 1, -4, 5, etc., then the pvar
returned by

(=!! numeric-pvar (!! 5))

contains the values nil, t, nil, nil, t, etc.

Similarly, one pvar can be compared with another. The expression
(<!! numeric-pvar (self-address!!))

returns a pvar with the value t in each processor for which numeric-pvar is less than
the processor’s send address.

These functions are especially useful in combination with the processor selection oper-
ators. For example,

(*when (>!! data-pvar (!! 10))
(*set data-pvar (*!! data-pvar (!! 2))))

multiplies data-pvar in processors where data—pvar is greater than 10. The macro
*when is used with >!l to select processors where data—pvar is greater than 10. The val-
ue of data—pvar in those processors is multiplied by 2 using *!! and stored back into
data—pvar by *set.

NOTES

An error is signalled if any of the numeric—pvar arguments contains a non-numeric
value in any active processor.
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Perform parallel addition, subtraction, multiplication, or division on the supplied pvars.

SYNTAX

+11, *I &rest numeric-pvars

=i, m numeric-pvar &rest numeric—pvars
ARGUMENTS

numeric-pvar, numeric—pvars Numeric pvars to be combined arithmetically.

RETURNED VALUE
result-pvar Temporary numeric pvar. In each active processor, contains the re-
sult of the arithmetic operation on the numeric—pvars.
SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

These functions provide the same functionality for numeric pvars as the Common Lisp
arithmetic operations +, —, *, and / provide for numeric scalars. Each function performs
an arithmetic operation on the supplied numeric—pvars.

The +!I function performs parallel addition, returning (!! 0) when no arguments are
supplied. The *I! function performs parallel multiplication, returning (!! 1) when no
arguments are supplied.

The -!! function performs parallel subtraction, or negation, if only one argument is
supplied. The /1! function performs a parallel division, or inversion, if only one argu-
ment is supplied.

Note: Both —!! and /Il require at least one numeric-pvar argument. Also, since *Lisp
lacks “rational number pvars”, /1l always returns a floating-point or complex pvar.
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EXAMPLES

The function +!! can be used to increment a pvar by some constant value. For example,
(+!! numeric-pvar (!! 5))

returns a pvar whose value in each processor is the value of numeric—pvar plus 5.

Similarly, -!! can be used to find the difference of several pvars. The expression
(=!! particles-pvar protons-pvar neutrons-pvar)

returns a temporary pvar containing in each processor the result of subtracting
protons—pvar and neutrons—pvar from particles—pvar in that processor.

The *I! operator can be used together with the processor selection operators to modify
the values of a selected group of processors. For example,

(*when (>=!! baggage-weight-pvar (!! 150))
(*set passenger-charge-pvar
(*!! current-rate-pvar (!! 2))))

uses *Il to change the fare for passengers with excess baggage. The macro *when is
used with >=I1 to select those processors in which baggage-weight—pvar is greater than
or equal to 150. In these processors, *!l is used with *set to store twice the value of
current—rate—pvar in passenger—charge-pvar.

NOTES

For M, if there is only one numeric-pvar argument, it is an error if the pvar has the
value 0 in any active processor. If there is more than one argument, it is an error if any
numeric—pvar other than the first argument has the value 0 in any active processor.

An error is signalled if any of the numeric—pvar arguments contains a non-numeric
value in any active processor.

If the data types of the argument pvars differ, the *Lisp rules of type coercion apply.
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1+!! [Function]

Performs parallel addition/subtraction of 1 to/from the supplied pvar.

SYNTAX

141l numeric—pvar
1-1l numeric—pvar

ARGUMENTS

numeric-pvar Numeric pvar. Incremented or decremented in parallel.

RETURNED VALUE

increment-pvar ~ Temporary numeric pvar. In each active processor, contains a copy
of the value of numeric—pvar incremented or decremented by one.

SIDE EFFECTS

The returned pvar is allocated on the stack.

DESCRIPTION

The 1+!! function performs a parallel increment, and the 1-!1 function performs a paral-
lel decrement. Both functions return a copy of the numeric—pvar with values either
incremented or decremented by 1. These functions provide the same functionality for
numeric pvars as the Common Lisp functions 1+ and 1- provide for numeric scalars.

EXAMPLES

The 1+!1 function is a contraction of the expression
(+!! numeric-pvar (!! 1))

and performs identically.
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The 1-I! function is a contraction of the expression
(=!! numeric-pvar (!! 1))

and performs identically.

NOTES

An error is signalled if the numeric—pvar argument contains a non-numeric value in
any active processor.

REFERENCES

The function *incf can be used to destructively increment its argument pvar. See the
dictionary entry on *incf for more information.

The function *decf can be used to destructively decrement its argument pvar. See the
dictionary entry on *decf for more information.
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