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Chapter 1

Intro t on

The library defined in this document is designed as a common runtime kernel
for manipulating P style regular distributed arrays. It is not expected that
the kernel interface described here ill be used directly by an application pro
grammer. It may not even appear directly in code generated by a compiler.
Additonal interface code built on top of the kernel ill probably be needed.

One example of a user level interface to the kernel is the a interface.
This is a set of C header files hich define type secure template classes

o a er la e representing distributed arrays various macros implement
ing r e o rolconstructs and template functions for performing trans
formations on distributed arrays. The latter functions fulfil a role something like
the array transformational intrinsics of ortran 90. In particular they abstract
communication.

Compiler level interfaces on the other hand provide any additional run time
structure assumed by the distributed array model of the source language and
make the kernel callable from the target language of the compiler. In principle
this target language could be machine code but historically the library has been
used by source to source translators targetting ortran 77 or ortran 90. So
existing compiler level interfaces to the kernel are actually ortran bindings.
A ava interface is under development.

The kernel itself provides

A distributed array descriptor DAD implemented as a series of C
classes.

A large set of o a o e le implementing ortran 90 like array
transformational functions and other basic communication operations.

As part of the DAD support for distributed control . In practise hat
this means is support for distributed loops support for translation of
parallel loops hose index range is distributed over some processor set.

This document is not supposed to be read in isolation. The underlying model
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of data distribution should be understood for example by learning the user level
interface to the library before attempting direct use of the kernel.

The next three chapters define the components of the Adlib array
descriptor groups ranges then the array descriptor record itself. Chapter
5 describes the communication library. This ill follo ed by a chapter on the
ad interface then a chapter about using the Adlib descriptor technology in
translation of distributed loops. A final chapter ill discuss the implementation
of the communication schedules.
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Chapter

ro €SS ro S

The Adlib idea of a process group is analogous to the MPI idea of 70 . The
Adlib version is more speciali ed. Adlib groups are fre uently created and
modified in the runtime. or e ciency it is important to provide a speciali ed
light eight representation one cannot afford to import the general group tech
nology of MPI. or example Adlib needs the structure of multi dimensional
grids ithout the overheads involved in building an MPI are a o

a or.

The most direct analogue of the MPI Cartesian communicator is the Adlib

ro e arra represented by a Procs ob ect. Even in Adlib constructing a
process array is a relatively expensive procedure. It involves initiali ing several
sub structures. The e eral group ob ect of Adlib class Group has a much
more streamlined implementation. Group is essentially a handle class. Its ob
ects contain a pointer to a parent Procs ob ect plus a fe extra ords defining
a subset of that Cartesian grid. Group ob ects are created copied changed and
discarded freely ithin the library code. They can be handled ith similarly
free rein in user code.

Initial process group The set processeson hich an Adlib program is initiated.

Active process group The set of processes notionally sharing the local thread
of control. This may be the initial process group or it may be an arbitrary
subset of the initial process group.  hen an Adlib program starts the
active process group is the initial process group.

The logical active process group may be changed by operations that cause
some processors to skip a block of code leaving the remaining processors
active for that block or cause the current active process group to be par
titioned into a set of smaller groups ith each group acting independently
for some time.

11



Every process executing an Adlib program must maintain a static data
structure apg describing the current active process group. This vari
able is read by collective functions in the library to determine hich pro
cesses are cooperating in the operation. If the logical active process group
changes the variable apg must be updated see section 2.6 before invok
ing a collective operation. During the library initiali ation procedure apg
is set to a value describing the initial process group.

Collective ob ect A collection of similar ob ects one in every process from a
particular group hich can also be vie ed as a single logical entity.

Collective operation An operation executed cooperatively by all members of
the active process group. Typically this ill take the form of a call to the
same function ith the same arguments. In this context t o arguments
are the same if they are simple expressions ith the same value or are
references to local components of the same collective ob ect.

A collective operation may or may not involve synchroni ation bet een
members of the active process group. In general the programmer should

ork on the orst case assumption that synchroni ation implied. If
any member of the active process group fails to engage in a collective
operation that others are executing or executes collective operations in
a different order to other members of the group the program is liable to
fail.

Examples of collective operations are constructors for collective ob ects
and collective communication operations.

Process array Some subset of the initial process group organi ed in a Carte
sian grid.

Coordinate Dimensions of a process array are labelled by oor ae .

Process group In general either a process array or some slice of a process array
defined by uni uely fixing the coordinate in one or more of its dimensions.

Process id An identifier relative to a particular process group . If the si e
of the group is the id is in the range 0 1. Relative to a one
dimensional process array the value of the process id coincides ith the
value of the uni ue coordinate. The id relative to the initial process group
is also called the a ol e 10 €
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A roe arra is a set of processes organi ed in a multi dimensional grid. A
process array is described by a collective ob ect ith local components of class
Procs. The public interface of the Procs class is

Procs const int rank int shape int ids

The normal constructor. Initiali es a Procs ob ect describing a process grid
of rank _rank and shape _shape. The rank is a non negative integer. If it is
ero the ne group is a scalar grid containing a single process. The shape is
a vector of _rank positive integer extents. The si e of the ne grid is the
product of the elements of _shape. This must be less than or e ual to the si e
of the active process group.
If the optional argument ids is specified this should be a vector of  distinct
values each in the range 0 1. isthesi e of the group defined by the
current value of apg. It defines a mapping of the ne process group into the
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active process group. If the ids argument is omitted the library selects an
arbitrary mapping. In either case if  is less than some members of the
active process group are not identified ith any member of the ne grid. At
most one member of the ne grid may be mapped to each process of the active

group.
This constructor is a collective operation and calls to it should obey the
normal rules for collective operations.

Procs

The default constructor is r va e. Creating an uninitiali ed Procs ob ect is not
allo ed in normal code.

Procs const Procs p

The copy constructoris r va e. Copying a Procs ob ect is not allo ed in normal
code.

Procs

Destructor.

rnk
An in uiry function returning the rank dimensionality of the grid.
dim const int r

An in uiry function returning an ob ect that describes the rth dimension of the
grid. The argument r is in the range 0 1 here is the rank of the
grid.

dims

An in uiry function returning an ob ect that describes the complete set of di
mensions of the grid.

member

An in uiry function hich returns 1 if a process from the grid is mapped to the
local process and 0 if not. In other ords a boolean function that returns true
iff this process is a member of the grid.

si e
An in uiry function returning the total number of processes in the grid.

14



id

An in uiry function that returns the id of the local process relative to this grid.
Its value is defined if and only if the local process is a member of the grid in
hich case the result is in the range 0 1.

id abs const int id

A conversion function from id relative to this grid to id relative to the initial
process group ie to absolute process id.

lead abs

The absolute id of the lead process of the grid e uivalent to id_abs

Creates a one dimensional process array representing a linear set of 4 processes.
The active process group must contain at least 4 processes hen the declaration
of p is encountered.

Creates a process array representing a 4 dimensional binary hypercube. The
active process group must contain at least 16 processes hen the declaration of
h is encountered.

Creates a process array representing a 2 by 3 grid ith a user defined mapping
to members of the active process group. The active process group must contain
at least 16 processes hen the declaration of is encountered because ids
includes values up to 15 .

Creates scalar process grid containing a single process.

15



A roe e o 1is a dimension of a process array. A process dimension is
described by a collective ob ect ith local components of class Dimension. The
public interface of the Dimension class is

Dimension

The default constructor. Initiali es a Dimension ob ect describing a olla e
e o . This is a degenerate internal dimension not associated ith a
process array.

si e

An in uiry function returning the extent of the dimension. or a dimension
of a process array this is the extent specified in the shape vector for that array.
or a collapsed dimension defined to be 1.

crd

An in uiry function returning an integer coordinate for the local process relative
to this process dimension. or a process array dimension the result value is only
defined if the local process is a member of the parent array. It is then in the
range 0 1 here is the extent of the dimension. or a collapsed
dimension the result is 0.

str prc

An in uiry function defining the stride in process id relative to the parent
array associated ith this dimension. Undefined for a collapsed dimension.

16



operator int

Returns a non ero value if the dimension belongs to a process array. Returns
0 if the dimension is collapsed. e la e adims e er

Create a process array p representing a 2 by 3 grid. The active process group
must contain at least 6 processes hen the declaration of p is encountered. Set
d to represent the first dimension of p and e to represent the second. Set f to
a collapsed dimension.

The in uiriesd si e e si e andf si e return2 3 and 1 respec
tively. Thein uiriesd crd ande crd ill return values in the ranges 0 1
and 0 1 2 respectively thein uiry p member returns value 1. They return
unspecified values if p member returns 0. The in uiry f crd ill return Q.

Dimension is currently implemented as a simple non reference counting handle
class. If it is a process array dimension it contains a pointer to an ob ect of type
DimensionRep associated ith the parent Procs structure. If it is collapsed
dimension it contains a null pointer.
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A e o e issome subset of the dimensions of a particular process array.
A dimension set is described by a collective ob ect ith local components of
class DimensionSet. The public interface of the DimensionSet class is

DimensionSet

The default constructor. Initiali es a DimensionSet ob ect to an empty set.

member Dimension d

In uiry function. Returns a non ero result if d is a member of this set and 0
if it is not.

is wual DimensionSet ds

18



Returns a non ero result if this set is e ual to ds and 0 if it is not.
contains DimensionSet ds

Returns a non ero result if this set contains ds and 0 if it does not.

operator int
Returns a non ero value if the set is non empty or 0 if it is empty.
operator DimensionSet ds

Create a ne set containing the union of this set ith ds. If both input sets are
non empty they must contain dimensions from the same process array.

operator DimensionSet ds

Create a ne set by subtracting ds from this set. If both input sets are non
empty they must contain dimensions from the same process array.

operator DimensionSet ds

Replace this set by its union ith ds. If both input sets are non empty they
must contain dimensions from the same process array.

operator DimensionSet ds

Subtract ds from this set. If both input sets are non empty they must contain
dimensions from the same process array.

operator Dimension d

Create a ne set by adding a dimension to this set. If the set is non empty
before this operation d must be collapsed or a dimension from the same process
array as the current elements. Adding a collapsed dimension or one already in
the set does not change the set.

operator Dimension d

Create a ne set by removing d from this set. If the set is non empty before
this operation d must be collapsed or a dimension from the same process array
as the current elements. Removing a collapsed dimension or one not in the set

does not, change the set.

operator Dimension d
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Add a dimension to this set. If the set is non empty before this operation d
must be collapsed or a dimension from the same process array as the current
elements. Adding a collapsed dimension or one already in the set does not
change the set.

operator Dimension d

Remove a dimension from this set. If the set is non empty before this operation
d must be collapsed or a dimension from the same process array as the current
elements. Removing a collapsed dimension or one not in the set does not
change the set.

Create a process array p representing a 3 dimensional binary hypercube. Create
ds as an empty dimension set then add the first and third dimension of p to it.

DimensionSet is currently reali ed as a simple one ord record containing a
long integer used as a bitmask. All the members can be implemented as short
inline functions using bit ise operations this class is very light eight.

This implementation imposes the Adlib kernel s only limitation on
dimensionality the number of process dimensions in a process array should
normally be less than the number of bits in a long integer. Unless for unkno n
reasons an application involves a process array ith many dimensions of unit
extent this constraint is not really stronger than the tacit assumption that all
processes can be distinctly labelled by a single integer. On a 32 bit computer
for example this implementation theoretically supports binary hypercubes of
up to about 4 billion processors.. .
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A process group is described by an ob ect of class Group. The public interface
of the Group class is

Group
The default constructor. Creates an uninitiali ed Group ob ect.
Group comnst Proc p

Conversion constructor. Initiali es a Group ob ect representing all processes in
process array p. y definition p is the are  ro e arra of the constructed
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group. The ne group ob ect can subse uently be reduced to a subset of p by
using the restrict members belo

prc

An in uiry function returning a pointer to the local Procs ob ect associated
ith the parent process array.

dims

An in uiry function returning the effective dimension set of this group. This is
a subset of the dimensions of the parent process array

is ual const Group p

A comparision operation that returns a non ero value if p is e ual to this
group. The definition of e uality used here is that groups are e ual if they
share the same parent process array their dimension sets are e ual and their
lead processes are the same.

contains const Group p

A comparision operation that returns a non ero value if this group contains p.
The definition of contains used here is as follo s  contains p if

1. pise ual to according to the definition above or

2. p represents a hole process array and as the active process group
hen that process array as created or

3. p can be obtained by applying a restrict method to  see belo  or
4. contains some group r and r contains p the relation is transitive.

This definition of 0 @  is stricter than the intuitive definition based on com
parision of the sets of processes in the groups. It can often be computed more
directly.

member

Anin uiry function that returns anon ero value if the local process is a member
of the group and 0 if not.

si e

An in uiry function returning the total number of processes in the group.
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id

Anin uiry function that returns the id of the local process relative to this group.

Tts value is defined if and only if the local process is a member of the group in
hich case it is in the range 0 1.

id prc const int id

A conversion function from id relative to this group to id relative to the parent
process array.

id abs const int id

A conversion function from id relative to this group to id relative to
the initial process group ie to absolute process id. E uivalent to
prc id_abs id_prc id

lead prc

The id relative to the parent process array of the lead process of this group
e uivalent to id_prc

lead abs

The absolute id of the lead process of the group e uivalent to id_abs

restrict Dimension d const int coord

Reduce the process group by restricting the coordinate in d to the value coord.

The operation removes d from dims . It is ill defined if d is not a member of

dims beforehand. It is a null operation if 4 is collapsed.

restrict Dimension d

Reduce the process group by restricting the coordinate in d to the value associate
ith the local process e uivalent to restrict d d crd . The operation is

ill defined if the local process is not a member of the parent process array or if

d is not a member of dims  beforehand. It is a null operation if 4 is collapsed.

restrict DimensionSet ds

Reduce the process group by restricting the coordinate in all dimensions from

ds to the values associate ith the local process. E uivalent to applying

restrict d for every member d of ds. The operation is ill defined if the

local process is not a member of the parent process array or if ds is not a
subset of dims  beforehand.
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igure 2.1 Examples of process groups. The s uare boxes represent the 4
processes in the process array p. The dashed lines embrace groups p  and r.

These groups are illustrated in figure 2.1. The dimension set of contains ust
p dim and dimension set of r is empty.

Group can be reali ed as a simple three ord record containing a pointer to the
parent Procs ob ect aDimensionSet one ord representing the set of effective
dimensions and an integer specifying the id relative to the parent process array
of the lead process of the group. These are the values returned by prc dims
and lead prc respectively.
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The static variable apg is accessed by most of the collective operations in the
library. Its value should re ect the currently effective a wve 1o 1e 10 . Its
declaration is

hen an Adlib program starts the value of apg represents the initial process
group. If collective operations are to function properly there is an onus on the
programmer to maintain the value of apg consistently. In this section three
common idiomatic ays of modifying the active process group are discussed.
The first idiom involves a conditional construct hich restricts the set of
processes performing a block of code to some group p. Membership of the local
process in this group is determined by calling p member  as follo s

If it is necessary to invoke collective library operations e the construct apg
must be reset appropriately. Assuming the construct appears at the point here
p is a subset of the active process group the logical active process group inside
the construct ill be the hole of p. Appropriate manipulations of apg are

The only subtlety is the need to save the old value of apg so that it can be
restored on completion of the construct.  ith these manipulations of the apg
variable e can safely invoke collective operations before during and after the
conditional construct. This idiom ill sometimes be called an 0 construct. In
the ad interface to Adlib macros are defined to allo the hole of the
fragment above to be ritten as

A second common idiom for modifiying apg occurs hen the logical active
process group is partitioned by breaking up one of its process dimensions. Sup
pose the current active process group is a multi dimensional array of processes.
One of its process dimensions is d. Suppose e need to perform operations ol
le wvel across dimensions or o0 o altod but e e e [ for each value of
the d coordinate. In this case the value of apg should be temporarily changed
as follo s
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In the ad interface for example this kind of manipulation of apg occurs in
the A A construct and V RALL ALL V R distributed loop.

The preceding idiom allo s for regular partitioning of the active process
group across one of its dimensions. A different techni ue can be used to achieve
arbitrary partitioning. Suppose each of is a set of processes and to
gether they partition the current active process group . oreach inl

is a vector of ids relative to for the processes in and and define
a rank and a shape for a grid of si e . o if the local process is a member
of the follo ing constructor call

creates logically collective ob ects representing non overlapping pro
cess arrays. An o construct using p ill no partition the active process group
as re uired. or example suppose the current active process group has 5 pro
cesses. e can partition these temporarily into groups of 2 and 3 as follo s

This use of the Procs constructor departs slightly from usual rules for collective
operations because hen the constructor is called the value of apg is the original
active process group but its arguments take different values in sectors of that
group hich ill later be in separate partitions.

otice that the idioms e have introduced in this section can be nested
freely. As usual the only subtlety is in ensuring that old values of the active
process group are restored properly hen the constructs complete. This can be
achieved either by using a suitable series of automatic variables like apgSave
or by using an explicit stack of group ob ects.
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Chapter

n es

An Adlib ra e is a map from an integer interval 0 1 into a process
dimension. Each value or lo al r  in the interval is mapped to a partic
ular process coordinate.  hile the library does o support completely general
irregular mappings from global subscript to process coordinate it does provide
many of the most popular options o l lo l etc . In particular
the allo ed mappings support all distribution formats and intra dimensional
alignments of P 1.0 and the irregular block distribution format of P 2.0.
Adlib currently supports three kinds of range distinguished by an integer
called the level of the range. The simplest distribution formats of P  includ
ing simple block and simple cyclic distribution are described by level ranges.
lock cyclic distribution format is described by a level range. or complete
ness Adlib adds level ranges. These are ranges that describe an unadorned
process dimension or a subrange of a process dimension.

evel A non negative integer characteristic of any range.
Primitive range The range of a process dimension. The global subscripts are
simply the coordinates of the process dimension.

A primitive range has level 0.

Subrange A range defined as a strided subinterval of some parent range.

A subrange retains an al e relation to the parent range the map
ping of a subrange element to the process dimension is the same as that
of the corresponding element of the parent range. Subranges can be used
to implement the general alignment options of P .

The level of a subrange is the same as the level of the parent range.

Template range A range that is not a subrange of any range except itself.
Template ranges thus include primitive ranges block distributed ranges
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ith in P terms identity alignment and cyclic distributed ranges ith
identity alignment.

Template ranges can be used to represent the dimensions of an P tem
plate.

Parent template range Any range is a subrange of its uni ue are e lae.

ernel range Any range of level higher than 0 is distributed over some er el
ra e

The level of a range s kernel one less than range s o n level. or example
the kernel of a range ith P like block distribution or simple cyclic
distribution is a primitive range a process dimension range. The kernel
of arange ith P like block cyclic distribution on the other hand is a
range ith simple cyclic distribution.

Global subscript The primary subscript associated ith a range. A value from
the interval 0 sie 1. Sometimes ust called the r

Template subscript  or any element of a range the associated global subscript
in the parent template range.

ernel subscript or any element of a range the associated global subscript
in the kernel range for level 1 ranges this is the process coordinate .

lock The section of a range associated ith a particular fixed value of the
kernel subscript for level 1 ranges the section of the range mapped to a
particular process coordinate . Any element of the range lies in a partic
ular block. ote that elements of a block need not have contiguous global
subscripts in cyclic distribution format ad acent elements of the block
have template subscript differing by the extent of the kernel.

Shell subscript  or any element of a range a subscript identifying the position
of the element ithin its o n block. In general there is a one to one
mapping bet een bet een legal kernel subscript shell subscript pairs and
legal template subscripts.
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b) template subscript

¢) kernel subscript

d) shell subscript

igure 3.1 Illustration of various subscripts for a block distributed subrange.
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a) global subscript
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b) template subscript

c) kernel subscript

d) shell subscript

igure 3.2 Illustration of various subscripts for a cyclic distributed subrange

ith stride 2.
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A record that bundles together a process dimension a coordinate and any shell
subscripts implied by a particular global subscript value in a particular range.
The interface of the Location struct is

The Location record does not include the global subscript itself. This means
that a Location record constructed from a subrange is identical to a Location
record representing the aligned element of the parent range although global
subscript relative to the t o ranges are generally different.

dim
The dim field should define the process dimension of the parent range.
crd

The crd field should define the coordinate in dim of processes holding the loca
tion.

sub

The shell subscript associated ith the location. Undefined if the range has
level 0.

blk

Used only for level 2 ranges. This field specifies the block that contains the
location. Technically it is a shell subscript in the immediate kernel of the parent
range that kernel being a level 1 range .

operator const Group p const Location i

Create a ne group formed by restricting this group by i. The inline definition
is
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operator const Procs p const Location 1

Create a ne group formed by restricting this process array by i. The inline
definition is
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A record parametri ing an individual block of a range. It includes si e count
of the block together ith global and shell subscript bases and steps.
The interface of the Block struct is

count

The number of elements in the block.

glb bas

The global subscript of the first element in the block.
glb stp

The increment of the global subscript bet een ad acent elements in the block.

or most distribution formats this ill be 1 but e have to allo for cyclically
distributed ranges here blocks are generally strided sections of the parent
range.

sub bas
The shell subscript of the first element in the block.
sub stp

The increment of the shell subscript bet een ad acent elements in the block.
Again e have to allo for ranges ith strided alignment.
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A ra eis a mapping from an integer interval to a process dimension. A range
is described by a collective ob ect ith local components of class Range. The
public interface of the Range class is given in figure 3.3.

The constructors of the Range class itself do not implement any specific
distribution formats. These are provided by the constructors for a series of
derived classes.

Range

The default constructor. Creates a null uninitiali ed range ob ect. The only
members that can legally be applied to such an ob ect are the assignment
operator const Range x and the copy constructor.

Range const Range x

Copy constructor. Range is implemented as a reference counted handle class
to an ob ect of type RangeRep. The copy constructor copies the reference and
increments the reference count in the representation ob ect.

Range

Destructor. If the range is non null the representation ob ect s reference count
is decremented. If this reduces the count to 0 the representation ob ect is
deleted.

si e
An in uiry function returning the extent of the range.
dim

An in uiry function returning the underlying process dimension. or a collapsed
range this is a collapsed dimension.

tem
An in uiry function returning the parent template range.
bas

An in uiry function returning the alignment base of this range in the parent
template range. Element 0 of this range corresponds to element bas in the
template range.
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igure 3.3 Public interface of the Range class.
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str

An in uiry function returning the alignment stride of this range relative to the
parent template range. Ad acent elements of this range correspond to elements
separated by str in the template range. The result may be positive or nega
tive not ero .

ker

An in uiry function returning the kernel range. In general this is a range of
level one lo er than this range. Result is undefined for level 0 ranges.

shell

An in uiry function returning the shell range. This is a collapsed range large
enough to describe any block of the parent template range. Result is undefined
for level 0 ranges.

format

An in uiry function returning a code that specifies the distribution format of
this range. The result is a member of the enumeration type

lo xtension

An in uiry function returning the idth of the lo er ghost extension of this
range or ero if there is no such extension. or a subrange the returned value
is the idth of the ghost region for the parent range.

hi xtension

An in uiry function returning the idth of the upper ghost extension of this
range or ero if there is no such extension. or a subrange the returned value
is the idth of the ghost region for the parent range.

isAligned const Range x

A comparision operation that returns a non ero value if x is al e e wva
le ith this range. The definition of alignment e uivalence used here is that
ranges are aligned if their parent template ranges are aligned and they have the
same extent and alignment base and stride. Template ranges are aligned if they
are distributed over the same dimension of the same process array and distri
bution parameters such as the distribution format and local block si es are the
same. Alignment e uivalence oe o re uire local memory layout parameters
in particular ghost extension idths to be identical.
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subrng const int extent const int base const int stride

Returns a Range ob ect representing a subrange of this range. The si e of the
subrange is extent and its elements are labelled 0 extent 1. The subrange
includes elements

from the parent. The elements of the subrange are mapped to the underlying
process dimension in the same ay as the corresponding elements of the parent
range they are al e ith the corresponding elements of the parent . The
value of stride must be positive or negative not ero . The values of base
and base extent stride must be in the range 0 sie 1.
If the stride actual argument is omitted it defaults to 1. If the base actual
argument is also omitted it defaults to 0.

If this range the parent is itself a subrange the alignment parameters base
and stride for the ne subrange are composed ith those of the parent to give
a simple map to the common template range.

location Location 1loc const int glb

Over rites loc 1ith a location record corresponding to the element of the
range ith global subscript glb.

crds int crd count int crd bas int crd str

Returns the range of kernel subscripts for hich this range has non empty
blocks. The kernel subscripts usually e uivalent to coordinates are

crds int crd count int crd bas int crd str
const int count const int base const int stride

Defines the range of kernel subscripts for hich some subrange has non empty
blocks. E uivalent to

block Block blk const int crd

Given a kernel subscript value crd rites the parameters of the associated
block in blk. The value of crd be in the range defined by a call to crds.

The value ritten to blk glb bas is the smallest value of the global sub
script contained in the block. The corresponding value of the shell subscript
over rites blk sub_bas. The number of active elements in the block over

rites blk count in certain cases this may be ero .

The difference in the values of global and shell subscripts bet een ad acent
active elements in the block over rite blk glb_stp and blk sub_stp respec
tively.
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block Block blk const int crd
const int count const int base const int stride

Given a kernel subscript value crd rites the parameters of the block associ
ated ith some subrange. E uivalent to

The value of crd must be in the range defined by a call to crds ith the same
subrange parameters.

volume

A bound on the number of elements associated ith any single process for an
array allocated ith this range. This member is used directly to control the
allocation of memory for elements of distributed arrays.

offset const Location loc

Returns the total offset for the location loc.

or ranges ith ghost extensions note that the computed offset is from
the start of the locally o ned elements. It e | e the displacement of si e
lo xtension  from the start of allocated memory to the start of the locally
o ned elements.

operator const int glb

Returns a Location ob ect associated ith global subscript value glb. E uiv
alent to

Location operator const int glb
Location res
location res glb
return res

operator const Range x

Assignment operator. Copies the reference in handle x and increments the refer
ence count in the representation ob ect. Decrements the reference count of and
deletes if necessary any representation ob ect referenced by the assignment
variable prior to the assignment.
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The class CollapsedRange is a subclass of Range describing olla e se uen
tial ranges. The format in uiry returns DIS _C LLAPS D for a CollapsedRange
or any subrange.

The public interface of the CollapsedRange class is

CollapsedRange const int extent

Creates a olla e template range. This is a range of si e extent mapped
entirely to the local process. The dim in uiry applied to a collapsed range
returns a collapsed dimension. The level of a collapsed range is 1. The ker
in uiry ill return a primitive range representing a collapsed dimension .
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The class DimRange is a subclass of Range describing r ve ranges. The
format in uiry returns DIS PRIMI IV for a DimRange or any subrange.
The public interface of the DimRange class is

DimRange Dimension dim

Creates a level 0 template range a primitive range describing dim. The si e of
this range is dim si e . The dim in uiry applied to the constructed range
returns the constructor argument. The ker in uiry is undefined.
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The class BlockRange is a subclass of Range describing or lo T e
ranges. The format in uiry returns DIS BL C for a BlockRange or any sub

range.
The public interface of the BlockRange class is

BlockRange const int extent Dimension dim

Creates a block distributed range of extent extent and kernel dim. The block
si e is

The constructed range is a template range.

BlockRange const int extent Dimension dim
const int wlo const int whi

Similar to the constructor above but arrays constructed ith this range or its
subranges have ghost regions of idth wlo whi at the upper and lo er edges of
each block of the range. These values ill be returned by the lo xtension
hi xtension in uiries applied the constructed range.
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The class CyclicRange is a subclass of Range describing 1 all r e
ranges. The format in uiry returns DIS _C CLIC for a CyclicRange or any
subrange.

The public interface of the CyclicRange class is

CyclicRange const int extent Dimension dim

Creates a cyclically distributed range of extent extent and kernel dim. The
number of cycles is

The constructed range is a template range.
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The class BlockCyclicRange is a subclass of Range describing lo l all
r e ranges. The format in uiry returns DIS BL C C CLIC for a

BlockCyclicRange or any subrange . The lev in uiry returns the value 2.
The public interface of the BlockCyclicRange class is

BlockCyclicRange const int extent Dimension dim
const int blockSi e

Creates a block cyclically distributed range of extent extent distributed cycli
cally over dimension dim ith block si e blockSi e. The constructed block
cyclic range is a template range. The number of blocks is

The kernel of the range is a simple cyclically distributed template range ith
number of cycles given by

The extent of the kernel range is thus

The detailed structure of a block cyclic range can be discovered ith the aid
of the lev and ker in uiries.
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The class IrregRange is a subclass of Range describing rre lar lo r e
ranges. The format in uiry returns DIS _IRR G for an IrregRange or any

subrange.
The public interface of the IrregRange class is

IrregRange Dimension dim int blocks

Creates a irregular block distributed ith kernel dim. The array blocks should
have dim si e elements containing non negative integers. These define the
block si e associated ith each process. The extent of the range is

The constructed range is a template range.
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Chapter

rr S

An Adlib array is a rectangular distributed array of any rank  hose elements
are partioned or replicated across some set of processes. The layout of the array
is described by an ob ect of type DAD hich contains

The ra R of the array ie its number of dimensions . R is greater than
or e ual to ero.

The roe ro over hich the elements of the array are distributed.

A vector of R e o a o e describing the shape of the array
and the mapping of its index space into the dimensions of of the process
group and the memory strides in the locally held segment of the array.

The definition of the array is completed by a local array or a pointer to a base
address in the memory of each process here the elements are actually stored.
The type of the array elements is determined by the type of the local array
segment the DAD itself is blind to element type.

ote that the Adlib kernel makes no intrinsic assumptions about the ordering
of array elements in local memory. or example hen a ne distributed array
is created the dimension map vectors can set up to describe situations here
either the first or the last dimension is most rapidly varying in memory .
Similarly no assumption is made that array elements fill a contiguous region of
memory. In ortran 90 terms a DAD record can describe an arbitrary re lar

e o of some parent array.
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A e o0 o is part of a distributed array descriptor. It is a map from a
Location to an offset in a local data segment. Dimension maps are associated
ith particular parent ranges. They also incorporate a memory stride.
The public interface of the Map class is

Map
The default constructor. Creates a null uninitiali ed dimension map ob ect.
Map Range range const int stride

Create a dimension map ith parent range _range and memory stride _stride.

ker

An in uiry function returning the kernel dimension map. This is a dimension
map associated ith the kernel of the parent range. Undefined for dimension
maps ith level 0 parent ranges.

E uivalent to

shell

An in uiry function returning the shell dimension map. This is a dimension
map associated ith the shell of the parent range. Undefined for dimension
maps ith level 0 parent ranges.

E uivalent to
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str

An in uiry function returning the stride used in creation of this dimension map.
To avoid confusion note ell that thisisa e or r e and this concept is
completely unrelated to the al e r e returned by the str member of
Range.

offset const Location i

Returns the offset in local array segment produced by location i.
E uivalent to
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A r e arra e r or describes the layout of the elements of a dis
tributed array. An array descriptor is represented by a collective ob ect ith
local components of class DAD. The public interface of the DAD class is

rank

The rank R of the array. Greater than or e ual to ero.
group

The group over hich the array is distributed.

maps

The vector of dimension maps of the array. Si e of the vector should be R.
Distributed ranges in the maps held in this vector should be distributed over
distinct orthogonal dimensions of group.
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DAD const int rank const Group group Map maps

The normal constructor. Initiali es all fields of the DAD ob ect simply copying
the values passed as arguments. The constructor oe o allocate any ne
vector internally. The _maps pointer is simply copied. It is the caller s respon
sibility to ensure that associated vector persists as long as the constructed DAD
record.

DAD const int rank const Group group

Simplified constructor. The maps field is left undefined. Since it is publically
accessibly it can be initiali ed later.

DAD

Default constructor. All fields are left undefined.

rnk
An in uiry function returning the rank of the array the value of rank .
grp

An in uiry function returning the group over hich the array is distributed the
value of group .

rng const int r

An in uiry function returning the rth range of the array the value of
map r rng

str const int r

An in uiry function returning the rth memory stride of the array the value of
map r str

map const int r

An in uiry function returning the rth dimension map of the array the value
of maps r .

DimensionSet sig

Return the a reof the array. The signature is the set of process dimensions
over hich the ranges of the array are distributed. E uivalent to
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One common use for the sig member is to compute the set of process dimensions
over hich the array is replicated. This is given by
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Suppose p is a group and x and y are ranges distributed over dimensions of this
group. e ant to create a ne distributed array of oating point numbers
described by these parameters. A typical procedure ould be

e dimension maps are created in the vector maps. This code implements
an array ith first dimension most rapidly varying in memory . After the
t o multiplications by Range volume the value accumulated in si e is the
total volume of the local array segment. The group and map vector are installed
in a_frm and the local data segment is allocated in a_dat.

o suppose i and are Location ob ects ith parent ranges x and y re
spectively. e ant to access the array element associated ith these subscripts.
A typical procedure ould be

irst e test if the element is held on the local process by looking at the co
ordinate field in the subscript ob ects then the offset member is applied to
the map ob ects to find the offsets in the local data segment. Compared ith
the sort of address computations involved in accessing elements of se uential
arrays free use of calls to member functions incurs a large fre uently intoler
able performance penalty. General techni ues for eliminating these penalties
are discussed in section 7.
Suppose e ant to set up a description of a t o dimensional section of a
ith subranges of x and y something likea 1 u 1 wu in ortran .
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The memory strides and local data segment are copied from the original array.
eren isu 1 andn isu 1 .
If instead e anted to set up a description of a one dimensional section
of a ith global subscript 1 in the first dimension retaining the hole of the
second dimension something like a 1 in ortran e could rite

one map ob ects need be created the dimension map of the unsubscripted
dimension is copied from the original array descriptor. The process group over

hich the section is distributed is p  i. The offset for the first dimension is
added to the base address of the original array . One can access element of
the section ¢ by

The t o examples given above easily generali e to allo construction any
ortran 90 style re lar e o of any distributed array.

Asin ortran the a eof an array is defined as the vector of extents of its

ranges ie a rng sie a rng R sie here is the rank of
the array.
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An array aisal e an array b if they are distributed over the e uivalent
process groups and their ranges are all e uivalent

a grp b grp

a rng b rng

a rng R b rng R
The e uivalance relations can be assumed to be the ones defined by the members
Group is wual and Range isAligned. Informally t ogroupsort o
ranges are e uivalent if they are r rall e wale . The informal meaning

of array alignment is that corresponding elements of the t o arrays are stored
on the same process or replicated over the same group of processes.

The array a is aligned ith b rel ae al e in some dimensions
if the groups are e uivalent and the ranges of a can be paired ith e uivalent
ranges of b by omitting the ranges of b associated ith the specified dimensions.

An array a is @ e le at a particular point in program execution if it is
distributed over a group contained in the active process group

a grp apg

The contains relation can be assumed to be the one defined by the member
Group contains. Informally this means that all copies of all elements of
the array are available ithin the set of processes sharing the current thread of
control.
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Chapter

Co n tons e es

This chapter defines the Adlib communication library. Currently all communica,
tion functions in Adlib take the form of collective transformations on distributed
arrays. These transformations are implemented in terms o a o e

le . Each kind of transformation has an associated class of schedules. Specific
instances of these schedules involving particular data arrays and particular pa
rameters are created as ob ects from the classes concerned. e a schedule
initiates the communications re uired to implement the transformation. A sin
gle schedule may be executed many times repeating the same communication
pattern.

uture versions of Adlib may support other communication paradigms.

A convenient extension ould allo primitives for one sided communication.
These ould permit direct read or rite access to remote patches of distributed
arrays.

Typically the communication schedules described in this chapter have only three
public members a constructor a destructor and an execute member.
Usually the constructor is passed all the detailed information describing ho

the input and output data is organi ed and ho it is to be transformed. This
includes the array descriptors and any parameters of the transformation. The
constructor may perform extensive processing on these arguments to convert
them into a simplified list of data movements. In some cases this processing
may involve exchange of information ie communication bet een the active
processes. A schedule constructor should al ays be treated as a collective op
eration. As usual ith arguments of collective operations every member of the
active process group must pass consistent arguments to the schedule construc
tor call. In particular this means that any simple value passed to a schedule
constructor any argument that is not a local component of a collective ob ect
such as a DAD or a vector of local array elements associated ith a DAD must
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have e  al values in every process.

ocal segment addresses of input and output arrays the vectors here in
dividual array elements are stored are usually o passed to the schedule con
structor. Instead these addresses are passed to the execute member. One
practical reason for not storing the data pointers in the schedule itself is that
these vectors are typically allocated by the user outside control of the library.
The user s program may be ritten in a programming language other than C
Cacheing pointers to memory allocated and managed outside the library itself
can cause problems in some programming environments especially in garbage
collected languages such as ava. Another advantage of specifying the data
pointers at execution time rather than schedule construction time is that in
principle it allo s the same schedule to be used ith different arrays providing
corresponding arrays have identical DADs.

The execute member nearly al ays involves communication. It should of
course be treated as a collective operation executed by all members of the active
process group.

Most schedule constructors ill access the apg variable. The state of this
variable should accurately describe the set of processes involved in creating the
schedule. The active process group at the point of execution of a schedule should
be the same as the active process group at its point of creation.

The follo ing sections describe the interfaces of the schedule classes. The
choice of transformations in the current schedule library has been strongly in u
enced by P . Apart from a handful of generic operations like Remap Gather
Scatter and WriteHalo most of the schedules are designed to support the
specific array syntax and array transformational intrinsics of ortran 90 . o
cussing on ortran provides a concrete standard ith respect to hich some
kind of completeness can be achieved.

In the interfaces given in the follo ing sections only the constructor and the
execute members ill be exhibited. ase classes public or other ise members
of base classes destructors etc ill be suppressed. Subsections describing the
constructors detail any restrictions the arguments must satisfy. Subsections
describing the execute members specify the effects of the schedules. elo e
brie y discuss various terms and notations used follo ing the subheadings used
in the schedule definitions.

These are simply restrictions on the input values of data such as constraints
ensuring values used as subscripts are in the re uired bounds.

These are restrictions on the types of array elements. Typically if an array s
elements are to be communicated they must have type. The idea of a
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POD type is defined in the A SI C standard. Informally it is any type that
can be copied to a byte array by standard operations such as memcpy.

Schedules that perform arithmetic operations or comparisions ill impose
further restrictions on the types of the array elements. In the current library
all such schedules are template classes parametri ed by the element type. The
template argument can only be instantiated to a type that supports a suitable
set of arithmetic operations.

Restrictions on the shape of the array arguments such as the re uirement that a
particular pair of arrays passed to the constructor should have the same shape.

Many of the schedules in the library assume some alignment relations see sec
tion 4.5 bet een their array arguments. Although these are usually natural
restrictions from the point of vie of the parallel implementation they can
sometimes take programmers by surprise or appear unnecessarily complex.

or example it is re uired that the source array for a Shift is aligned ith
the destination array. This sometimes surprises people although it probably
shouldn t. istorically an essential feature of the shift operation is that it can be
implemented very e ciently by simple nearest neighbour communications. The
library could easily have been defined to implement shift ithout the alignment
constraint but then implementation ould be essentially the same as the more
complex Remap operation and the main point of providing Shift is that it is
a simpler relatively light eight operation. If versions of the library functions

ithout alignment restrictions are needed they can al ays be constructed by

combining the constrained operation ith Remap operations.

ecause the alignment constraints implied by particular implementations of
the schedules can be uite complex the restrictions are sometimes simplified
slightly in the follo ing sections. The conditions given are al ays su cient
but sometimes eaker conditions ould have been ade uate. or simplicity e
restrict ourselves to the vocabularly defined in section 4.5.

Accessibility restrictions are needed to ensure that copies of array elements
are available inside the group of processes that execute a schedule. Access to
elements stored outside the active process group is not allo ed by the collective
communication paradigm currently implemented by Adlib.

This usually refers to the situation here a pointer to a DAD is passed to a
schedule constructor. To avoid the overhead of copying the DAD the schedule
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often saves a reference to the existing DAD ob ect. The programmer must then
ensure that the DAD is not deleted during the lifetime of the schedule.

Deleting a DAD before completing communications involving the associated
array ould be fairly unusual in practise so these argument lifetime restric
tions are not expected to be troublesome.

In describing the effect of schedules array subscripting notation ill often be
used informally. In this context the subscripting should al ays be understood
in terms of global subscripts to abstract global arrays ithout reference to the
distributed nature of the actual arrays.

y definition an array is replicated over a particular process dimension if the
dimension appears in its process group but not its signature ie the array has
no range distributed over the dimension concerned .

As a rule it is good practise for programmers to maintain the same values
in all copies of an element of a replicated array. If all arrays input to the
communication schedules meet this re uirement it is guaranteed that those
output do. This is not an absolute re uirement on arrays passed to schedules
and the sections on individual schedules discuss the effect of defaulting on this
rule.

In general the library does not allo in place updates. o array ritten by
a communication schedule should overlap ith an array read by the schedule.
The sections on individual to schedules give the specific restrictions.
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Are a e leis a communication schedule for copying the elements of one
distributed array to another. The source and destination must have the same
shape and same element type but no relation bet een the mapping of the t o
arrays is re uired. If the target array has a replicated mapping the remap
operation implements a broadcast.

A remap schedule is described by a collective ob ect ith local components
of class Remap. The public interface of the Remap class is

Remap const DAD dst const DAD src const int len

The source array is described by the DAD src and the destination array is
described by the DAD dst. len specifies the si e of each array element in
bytes.

Type restrictions The elements of the source and destination arrays must
have the same type. This must be a POD type see section 5.1.2 of si e len
bytes.

hape restrictions The source and destination array must have the same
shape see section 4.4 .

Accessibility restrictions The source and destination arrays must be ac
cessible see section 4.6 .

Argument lifetime The dst and src arguments are stored in the sched
ule as references. The associated ob ects must persist for the lifetime of the
constructed schedule.

execute void dstDat void srcDat

Arguments are the base addresses for local segments of the destination and
source arrays. They should point to vectors of the locally held elements.

59



ect Copy the elements of the source array to the corresponding elements
of the destination array.

Replicated data If the source array has replicated mapping the value for a
particular element is taken from o e of its copies. If the destination array has
replicated mapping identical values are broadcast to ever copy of the element.

erlap restrictions In place updates are not allo ed. The pairs dst
dstDat and src srcDat must define non overlapping arrays.
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A e le is a communication schedule for shifting the elements of a
distributed array along one of its dimensions placing the result in another
array. The source and destination have the same shape and same element type
and they must have a certain alignment relation.

A shift schedule is described by a collective ob ect ith local components of
class Shift. The public interface of the Shift class is

Shift const DAD dst const DAD src const int len
const int shift const int dim const Mode mode

The source array is described by the DAD src and the destination array is
described by the DAD dst. len specifies the si e of each array element in
bytes. The shift amount hich may be negative is given by shift. The dim
argument selects the array dimension in  hich the shift occurs. The ag mode
specifies the type of shift. It takes one of the values C CL DG or

alue restrictions The value of dim must be in the range 0 1 here
is the rank of the source array.

Type restrictions The elements of the source and destination arrays must
have the same type. This must be a POD type see section 5.1.2 of si e len
bytes.

hape restrictions The source and destination array must have the same
shape see section 4.4 .

Alignment restrictions The source array eal e the destina
tion array see section 4.5 .
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Accessibility restrictions The source and destination arrays must be ac
cessible see section 4.6 .

Argument lifetime The dst and src arguments are stored in the sched
ule as references. The associated ob ects must persist for the lifetime of the
constructed schedule.

execute void dstDat void srcDat

Arguments are the base addresses for local segments of the destination and
source arrays. They should point to vectors of the locally held elements.

ect On exit if mode is C CL the value of

is

here is the extent of dimension dim. If mode is DG the exit value of the
dst element is

if gim shiftisin the range 0 1 or a e 10 ee 1 wval e
if not. If mode is executing the schedule has no effect.

Replicated data If the arrays have replicated mapping values for individ
ual copies of the destination are generally taken from the nearest copy of the
corresponding source array element. The definition of nearest is implemen
tation dependent. This schedule does not implement a broadcast consistent
replication of copies in the destination array relies on consistency of copies of
the source array.

erlap restrictions In place updates are not allo ed. The pairs dst
dstDat and src srcDat must define non overlapping arrays.
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A e e leis a communication schedule for performing a ske ed shift a
shift here the shift amount is itself an array in a particular dimension of a
distributed array placing the result in another array. The source and destination
must have the same shape and same element type and they must have a certain
alignment relation.

A ske schedule is described by a collective ob ect ith local components of
class Skew. The public interface of the Skew class is

Skew const DAD dst const DAD src const int len
const DAD shf int shfDat
const int dim const Mode mode

The source array is described by the DAD src and the destination array is
described by the DAD dst. len specifies the si e of each array element in
bytes. The array of shift amounts any of hich may be negative 1is described
by the DAD shf. The base address for the local segment of this array is shfDat.
The shift amount array should have rank one less than the source array. The
dim argument selects the array dimension in hich the shift occurs. The ag
mode specifies the type of shift. It takes one of the values C CL DG or

alue restrictions The value of dim must be in the range 0 1 here
is the rank of the source array.

Type restrictions The elements of the source and destination arrays must
have the same type. This must be a POD type see section 5.1.2 of si e len
bytes.

hape restrictions The source and destination array must have the same
shape see section 4.4 . The shape of the shift array must be obtained from the

shape of the source array by deleting dimension dim.
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Alignment restrictions The source array eal e the destina
tion array The shift amount array should be aligned ith the destination array
ith replicated alignment over dimension dim see section 4.5 .

Accessibility restrictions The source array the shift amount array and
the destination array must be accessible see section 4.6 .

Argument lifetime The dst and src arguments are stored in the sched
ule as references. The associated ob ects must persist for the lifetime of the
constructed schedule. There are no such re uirements for the shift amount
array .

execute void dstDat void srcDat

Arguments are the base addresses for local segments of the destination and
source arrays. They should point to vectors of the locally held elements.

ect The description of the exit value of dst is identical to the description
after execution of a Shift schedule see section 5.3 except that the constant
shift is replaced by

Replicated data If the arrays have replicated mapping values for individ
ual copies of the destination are generally taken from the nearest copy of the
corresponding source array element. The definition of nearest is implemen
tation dependent. This schedule does not implement a broadcast consistent
replication of copies in the destination array relies on consistency of copies of
the source array.

erlap restrictions In place updates are not allo ed. The pairs dst
dstDat and src srcDat must define non overlapping arrays.
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A e leis a communication schedule for shifting the elements of a
distributed array along some or all of its dimensions concurrently placing the
result in another array. The source and destination must have the same shape
and same element type and they must have a certain alignment relation.

A multishift schedule is described by a collective ob ect ith local compo
nents of class MultiShift. The public interface of the MultiShift class is

MultiShift const DAD dst const DAD src const int len
int shift Mode mode

The source array is described by the DAD src and the destination array is
described by the DAD dst. len specifies the si e of each array element in
bytes. Vectors shift and mode have extent the rank of the source array.
The shift amount  hich may be negative in dimension 1is given by shift

. The ag mode specifies the type of shift It takes one of the values
C CL DG or

alue restrictions The value of dim must be in the range 0 1 here
is the rank of the source array.

Type restrictions The elements of the source and destination arrays must
have the same type. This must be a POD type see section 5.1.2 of si e len
bytes.

hape restrictions The source and destination array must have the same
shape see section 4.4 .

Alignment restrictions The source array eal e the destina
tion array see section 4.5 .
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Accessibility restrictions The source and destination arrays must be ac
cessible see section 4.6 .

Argument lifetime The dst and src arguments are stored in the sched
ule as references. The associated ob ects must persist for the lifetime of the
constructed schedule.

execute void dstDat void srcDat

Arguments are the base addresses for local segments of the destination and
source arrays. They should point to vectors of the locally held elements.

ect E uivalent in effect not in implementation to successive execution
of  schedules of the form

for in the range 0 1 see section 5.3 .

Replicated data If the arrays have replicated mapping values for individ
ual copies of the destination are generally taken from the nearest copy of the
corresponding source array element. The definition of nearest is implemen
tation dependent. This schedule does not implement a broadcast consistent
replication of copies in the destination array relies on consistency of copies of
the source array.

erlap restrictions In place updates are not allo ed. The pairs dst
dstDat and src srcDat must define non overlapping arrays.
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A r e alo e le is a communication schedule for filling overla re o
or o ell surrounding the local segment of a distributed array. A rite
halo schedule is described by a collective ob ect ith local components of class
WriteHalo. The public interface of the WriteHalo class is

WriteHalo const DAD src const int len
const int wlo const int whi
const Mode mode

WriteHalo const DAD src const int len

The array is described by the DAD src. len specifies the si e of each array
element in bytes. In the first form the vectors wlo whi and mode have extent
the rank of the array.

Vectors wlo and wlo define the halo of ghost cells updated by the schedule.
The upper and lo er idths in dimension are given by wlo and whi
These values are non negative and can only be non ero if array src actually
has suitable ghost extensions in the dimension concerned. More specifically if
the array src as created using a range ith ghost extensions wloget whiget
as its th dimension ie

wloget src rng lo xtension

whiget src rng hi xtension
it is re uired that

whi whiget

wlo wloget
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The situation is complicated if the array is a section or some other array ith

non trivial alignment stride. In practise it is unusual to construct WriteHalo

schedules for such arrays but for completeness e describe the constraints that

apply in that case. irst by definition the ghost extensions of a subrange are

those of its template range. o suppose the arra o src a e o0

has ghost extensions wloget whiget. If the alignment stride of src rng s
the re uired constraints are

whi whiget

wlo wloget

The point to note is that the idths defined in the WriteHalo construtor are
expressed in terms of the global subscript of the range of the array hereas the
ghost extensions of the array are measured in units of e la e ra e subscripts.

The vector mode defines ho ghost cells are updated in each dimension
including ho the cells at the extremes of the array are updated. Its elements
take value C CL DG or

ote that as usual for ordinary data arguments of collective constructors

the vectors wlo whi and mode must have identical values in all members of the
active process group.

The second form of constructor defines a schedule in hich hole of the
array ghost region is updated using DG mode

wlo src rng lo xtension
whi src rng hi xtension
mode DG

In this case the behaviour of the constructed schedule is ill defined if the relevant
ranges have non unit alignment stride.

Type restrictions The elements of array must be a POD type see section
5.1. of si e 1len bytes.

Accessibility restrictions The array must be accessible see section 4.6 .

Argument lifetime The src argument is stored in the schedule as a ref
erence. The associated ob ect must persist for the lifetime of the constructed
schedule.

execute void srcDat

Argument is the base addresses for the local segment of the array. It should
point to a vector of the locally held elements.
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