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Abstract

In this paper, ve describe extersios to a proposed set of lirear al gebra commication
routites for comm cating and ran pul ating data strictures that are distrihuited arong the
marmries of a distri bited namoey NINDcorputer.  Inparticu ar, recent experience shovs that
higher performance can be atta red on such architectures vhen parallel derse matrix al gori thra
utilize a data distributionthat vievs the computational rodes as alogical tvo dirarsi oml resh
Te mtivationfor the HAS contimes to be toincrease portahility, effiiency and mdi arity
at ahighlevel. Te adience of the HAS are matheratical softvare experts and people wth
large scale sciertific comutation to perform Asysteratic effrt mst be rade to achieve a de
fact o standard for the HAS

1 Introduction

This report outlires a second atterpt to defire a proposed set of lirear al gelra commi cation
routites for the specification and ranpd ation of data strictwres that arise vhen lirear al gebra
agorithra are 1rplerarted on distrihited ramry il ticompters. Te scope of this set of
rotires 1s intertiamlly limnted Wd ot viewthis package as a comlete commication
lilrary for all apdicatios. It is intended privarily for softvare devel opers and to a lesser
extert for experienced aplicatios programers in the area of muerical lirear algehra. W
see these roires coplemarting the existing level 1, 2 and 3 HA providing tods for
the irplerartation of mrarical algoritha in lirear al gebra for distrihited rarory NIND
rachires.

It is imortart to realize vhat kind of al gorithra itspired the HAS as they stand Tey
are being devel oped as part of o effrt to irplerart a suset of the TARKlibrary on
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distributed nenory MMDarchitectures [4J. Ininplenenting these routines, we decided to
stress mmninal change to the al gorithns and codes, as well as portability of the final product.
The codes are writtenin FORIRANIT inthe SPMD(Single ProgramMil tiple Data) paradi gm
Tnitially, natrices were mapped to nodes using (columm) panel-wrapped storage, where a
mutrixis partitioned into panels of constant wi dth that are wapped onto the p nodes so that
panels p+ki, k = 0,1, , are assignedtonodes withindexi —1[43 9. Mrerecently, we have
been experinenting with a data mappi ngs that views the processing nodes as a two di nensional
grid [1D. Considerable gainin perfornance has been observed on the Intel Touchstone Tklta
and i PSC/860 systems. Typically, perfornance increase by a factor of twoor better for simlar
sized problens. This has required us to rethi nk howthe BLACS may be defined.

2 Padld @nptirg Mo

W assume that our mmlticonputer consists of p nodes, which are logically configured as a
rectangul ar nesh, indexed by rowand col unm index (i, j), where 0 <i < M, 0 <j <N and
M x N =p. Eachis equipped with (PUand local nenory. The nodes are connected by sone
cormuni cation network that allows point-to-point commni cation. Mssages that arrive over
the network are buffered until absorbed by an appropriate call to a receive routine.

In our approach, it is actually not necessary to restrict the nodel to one process per node.
Indeed, whenever we refer to anode, this couldjust as easily be a process, where many processes
coul d be assigned to asingle node.

3 Namiig Gvatias

Inthis section, we briefly previewthe current set of primtives that are part of the 2IBLACS.
All nanes of BLACS subroutines are specified by at nost seven letters. Their general form
1s:
_XXYY2D or _GZZZ2D

The first formis used for commni cationroutines, the second for global operators. The position
narked by _ indicates the type of data to be communi cated by the routine. Possible choices
are:

INTEGER

REAL

DOUBLE PRECISION

COMPLEX

COMPLEX#*16 or DOUBLE COMPLEX

NQOWwnHA

31 Camctian Rintives
The general formof nanes of commnicationprimtives is
_XXYY2D
The position narked by XX indicates the data structure to be handl ed. Possible choices are:

GE General rectangul ar natrix
TR T apezoi dal matrix



The positions marked by YY indicate the function of the routine. Possible choices are:

SD Send a nessage

RV Receive a nessage

BS Broadcast a nessage

BR Receive a broadcast nessage
3.2 GddA @adas

The general formof nanes of commnicationprimtives is

_GZZZ72D

(Conbine routines for performng global “maximun?, “mninumi and “surmmation” are pro-

vided. The position ZZZ indicates the operation:

MAX Conpute the maxi num
MIN Conpute the mni num
SUM Conpute the surmation

4 Argmat st

41 CanmnicaimaPrntives

The calling sequences for the proposed communi cation primtives are:

_GESD2D ( SCOPE, TOP, M, N, A, LDA
_GERV2D ( SCOPE, TOP, M, N, A, LDA
_GEBS2D ( SCOPE, TOP, M, N, A, LDA,
_GEBR2D ( SCOPE, TOP M, N

bl

_TRSD2D ( SCOPE, TOP, UPLO, DIAG, M, N, A,

_TRRV2D ( SCOPE, TOP, UPLO, DIAG, M, N, A, LDA
_TRBS2D ( SCOPE, TOP, UPLO, DIAG, M, N, A, LDA,
_TRBR2D ( SCOPE, TOP, UPLO, DIAG, M, N, A, LDA

. IRSRC,

, A, LDA, IRSRC,

. IRSRC,

, IRDEST, ICDEST, MSGID )

ICSRC, MSGID )
MSGID )
ICSRC, MSGID )

LDA, IRDEST, ICDEST, MSGID )
. IRSRC,

ICSRC, MSGID )
MSGID )
ICSRC, MSGID )

The function of the paraneters depends largely on whether the routine sends data (_XXSD2D

and _XXBS2D) or receives (_XXRV2D and _XXBR2D) data.

Paraneters:

SCOPE  Scope of operation. laimtedto ROW, COLUMN, or ALL. Input.

TOP Net work topol ogy to be ermul ated during commni cation. Input.

UPLO Specifies 1f matrix is stored as Lower or Upper trapezoidal natrix.

_TRSD2D/BS2D: Input; TRRV2D/BR2D: Qutput.

DIAG Specifies 1f unit di agonalTRSD2D/BS2D: Input; TRRV2D/BR2D: Cutput.

M Fowdi nension of nmatrix. XXSD2D/BS2D: Input; XXRV2D/BR2D: Cut put.
N (bl urm di nension of matrix. XXSD2D/BS2D: Input; XXRV2D/BR2D: (ut-
put .



LDA
IRDEST
ICDEST
IRSRC
ICSRC
MSGID

Array of data to be sent. XXSD2D/BS2D: Array of data to be sent.
_XXRV2D/BR2D: Array where datais to be received.

Leadi ng di nension of A. Input.

_XXSD2D/BS2D: Rowindex of destination node. Input.
_XXSD2D/BS2D: (bl urm i ndex of destination node. Input.
_XXRV2D/BR2D: Rowindex of source node. Qutput.
_XXRV2D/BR2D: (bl urm i ndex of source node. Cutput.

Identifier of nessage being send/received. Input.

4.2 Global Operaas
The calling sequences for the proposed gl obal operators primtives are:

_GMAX2D ( SCOPE, TOP, M, N, A, LDA, IRA, ICA, LDIA, IRDEST, ICDEST )
_GMIN2D ( SCOPE, TOP, M, N, A, LDA, IRA, ICA, LDIA, IRDEST, ICDEST )

_GSUM2D ( SCOPE, TOP, M, N, A, LDA, IRDEST, ICDEST )
Paraneters:
SCOPE  Scope of operation. laimtedto ‘ROW’, ‘COLUMN’, or ‘ALL’. Input.
TOP Net work topol ogy to be ermul ated during commni cation. Input.
Rowdi nension of nmatrix being conpared/sumed. Input.
(bl umm di nension of matrix being conpared/sumnmed. Tnput.
Tnput: Mtrix of values being conpared/summed (el enentwise). Qutput:
Mitrix of resul ts.

LDA Leadi ng di nension of matrix. Input.

IRA Integer array indicating the row index of node that provided naxi-
g mini num Qut put .

ICA Integer array indicating the columm index of node that provided naxi-
g mini num Qut put .

LDIA Leadi ng dinension of integer arrays. Input.

IRDEST Rowindex of node on whichresult it tobe accumul ated. Ch all other nodes
X and IX are overwitten with internediate results. IRDEST=-1 indicates
the result is to be left on all nodes. Input.

ICDEST (bl um index of node on which result it to be accuml ated. h all other

nodes X and IX are overwitten with internediate results. Input.

5 @nmuictirg in2D

The proposed callingsequences nowincl ude paraneters that indi cate the scope of the operation.
Inother words, asubset of nodes of the nesh can be targeted, depending on the val ue of SCOPE.

Value Maning

‘c’ (hl y nodes 1n sane col um are 1nvol ved
‘R’ (hl y nodes 1n sane roware invol ved
‘N Al nodes are invol ved



In addition, we allowa paraneter TOP to be passed to the communication primtives and
gl obal operators. This allows the user sone control over howt he cormuni cationis to be handl ed.

6 Trapeddd Marios

In addition to being able to send general (rectangular) arrays, the BLACS allowthe user to
specify that only a trapezoidal portion of the array is to be referenced. 'The argunents that
specify these options are character argunents w th the nanes UPLO and DIAG.

UPLOi1s used by the trapezoidal natrixroutines to specify whether the upper or lower trape-
zoidis being referenced as follows:

Value Maning
‘w Upper trapezoid
‘L Lower trapezoid

The shape of the trapezoid to be sent is determned by M and N:
UPLO| M<N | M>N

n

n
m
n—1m

‘v m i m—n

n
n

DIAG is used by the trapezoidal matrix routines to specify whether or not the matrix has
ones on the diagonal, as follows:

Value Maning
‘v Unit trapezoi dal
‘N Non-uni t trapezoi dal

Wien DIAG is supplied as ‘U’ the diagonal elements are not referenced.
Thus, UPLO and DIAG have the sane values and simlar neanings as for the Level 2 and 3
BLAS.

7 Spdfictiomd the BLAG

Type and di nension for variables occurring in the subroutine specifications are as follows:

INTEGER M, N, LDA, LDIA, IRDEST, ICDEST, IRSRC, ICSRC
INTEGER IRA(LDIA,*), ICA(LDIA,*), MSGID
CHARACTER*1 UPLO, DIAG, SCOPE, TOP

For routines whose first letter is an S:

REAL A(LDA,*)



For routines whose first letter is a D
DOUBLE PRECISION A(LDA,*)
For routines whose first letter is a C
COMPLEX A(LDA,*)
For routines whose first letter is Z:
COMPLEX#16 A(LDA,*)
or

DOUBLE COMPLEX A(LDA,*)

8 Disassimn

In the design of all levels of BLAS, one of the main concerns is to keep both the calling se-
quences sinple and the range of options limted, while at the sane tine naintaining sufficient
functionality. This clearlyinplies a conpromse, and a good decisionis vital if the BLACS are
to be accepted as a useful standard. In this section, we discuss the reasoning behind sone of
the decisions which we have nade and i ndi cate sone 1ssues that have not yet been resol ved.

e Parameters: Input vs. Output
The reader nay have noted that paraneters that specify the shape of data being cormu-
nicated are output paraneters for the receive functions. This allows data mth structure
unknown to the receiving node(s) to be sent. Possible applications include parallel im
plenentations of the Bunch- Kauf nan al gorithmfor factoring indefinite natrices. Ch the
other hand, this decision requires a header to be sent with the data that indicates to the
receiving node the shape of the data structure. Mreover, given the current calling se-
quences, it 1s diffeult to determne when a buffer into which data is to be received wmll
overflow, before 1t is too late.

e TOP Paraneter
Reroving this paraneter woul dinprove sinplicity of the BLACS, at the possible expense
of performance.

¢ Error Handling
Wien a BLACSroutine detects anerror, the standard BLAS error handl i ng routine XERBLA
wll be called.

e Untyped Comnmi cation
In our effort to inplenent the LU factorization using 2D BLACS, a major source of
potential programmng difleultylies with choosing the nessage 1dentifier. Wen we were
limting oursel ves to one di nensional nappi ngs of matrices tonodes, suchidentifiers coul d
typically be conveniently chosen to have sone relation to the 1teration index. Hwever,
vwhen two di nensional data nmappings are used, the nunber of commmnications increase
dramatically. Mreover, often such commnication occur in several levels of subroutine
calls. Keeping the nessage identifiers frominterfering with each other has becone a major
concern.
W propose to extend the BLACS to include a set of routines that are untyped, requiring
no nessage i dentifier. Recelvinganessage woul dbe acconplishedbyspecifyingthe source.



Order of such nessages woul dbe strictly enforced. Mreover, typed and unt yped nessages
coul d easily coexist, so BLACS routines that require nessage identifiers coul d continue to
be used.

9 Conclusion

W do not claimto provide the definitive answer to everyone’s communi cation needs. Indeed,
our insistence onsinplicity precludes that. W do believe that aset of standard cormmuni cation
calls for linear al gebra applications provides a neans for achieving portability and readability
of code and a general franework in whichto programdistributed nenory M Marchitectures.

W vel cone 1nput fromthe user commnity.
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