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n r c n

Thi s i s an i nf ormal report of a wor shop on the BLACS hel d i n ouston on March 28, 1 1. The

wor shop was organi zed by ac Dongarra and attended by 43 peopl e. Si mi l ar wor shops were

hel d i n con unct i on wi th the devel opment of the Basi c Li near Al gebra Subprograms (BLAS).

The purpose of the ouston wor shop was to cons i der prel i mi nary proposal s f or a set of bas i c

communi cat i on rout i nes used i n l i brary rout i nes f or sol vi ng probl ems i n l i near al gebra.

The pr i nci pl e concl us i ons reached i n thi s wor shop were as f ol l ows:

a) The moti vat i on f or the BLACS i s to i ncrease portabi l i ty, e ci ency and modul ar i ty at a

hi gh l evel .

b) The audi ence f or the BLACS are mathemati cal sof tware experts and peopl e wi th l arge

scal e sci ent i �c computat i ons to perf orm.

c) Asystemati c e ort must be made to achi eve a standard f or the BLACS. Further

di scuss i on woul d ta e pl ace i n the Fal l 1 1 at Cornel l .

d) The di scuss i on opened the poss i bi l i ty of a hi gher l evel of express i ng than re ected i n the

\whi te paper".

ener ss es Re e e

Ri chard anson di scussed general i ssues he f el t shoul d be borne i n mi nd when de�ni ng the

BLACS. The i ssues f el l under a number of headi ngs and f ol l owa report by Davi d Dodson and

ohn Lewi s publ i shed i n SIG M 3 .

. .
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� The purpose of the BLAS and BLACS

� Thei r i ntended audi ence

� Cri ter i a f or i ncl us i on

� Vi ewof the BLACS as sof tware or speci �cat i on

� Standardi zat i on of perf ormance

� Test i ng and cert i �cat i on

� Convent i ons .

ac Dongarra spo e on the devel opment of LAPAC and the proposed extens i on to the

pro ect , the devel opment of a core set of rout i nes f or di str i buted memory computers . The

LAPAC pro ect has generated approxi matel y 500, 000 l i nes of Fortran and i n ta i ng the pac age

to di str i buted memory machi nes , sof tware reuse i s i mportant. The LAPAC pro ect 1wi l l

be compl eted bef ore the end of 1 1, and the pl an cal l s f or a f ol l owup pro ect 2whi ch wi l l

address Fortran 0, C, di str i buted memory archi tectures , and tryi ng to expl oi t IEEEari thmeti c.

Cr i t i cal to the devel opment of a di str i buted memory vers i on of the l i near al gebra l i brary i s a

portabl e/standard set of communi cat i on rout i nes .

s n nc n r r es

.

Al Gei st descr i bed a message pass i ng i nter f ace f or di str i buted memory paral l el computer that

was des i gned and i n use at a Ri dge at i onal Laboratory cal l ed PICL (Portabl e I nstrumented

Communi cat i on Li brary) 4, 5. The pac age i s i ntended to ai d i n portabl e sof tware devel opment

and to provi de perf ormance character i zat i on through i nstrumentat i on and data vi sual i zat i on.

The PICL pac age has been i mpl emented on a number of pl at f orms: Cogent, I ntel i PSC/1, I ntel

i PSC/2, I ntel i PSC/860, nC BE, Symul t S2010, Cosmi c Envi ronment, Li nda, ni x System,

and - i ndows. The l i brary i s avai l abl e i n C and Fortran. The perf ormance moni tor i ng i s

provi ded through event- dr i ven traci ng capabi l i ty. The rout i nes i n PICL produce t i me- stamped

records of processor act i vi t i es that serve as i nput to a vi sual i zat i on tool cal l ed ParaGraph al so

devel oped at a Ri dge 4.

Some of the advantages of a pac age of thi s f ormare:

� Aportabl e programcan be des i gned by us i ng the l i brary.

� The overhead of us i ng the l i brary i s mi ni mal when compared to the nat i ve commands.

� Parameter val ues are chec ed f or val i di ty dur i ng run t i me.

� The l i brary i s avai l abl e i n Cand Fortran.

� I nstrumentat i on can be provi ded automati cal l y f or perf ormance and debuggi ng moni tor i ng.
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� There are both a hi gh l evel and a l owl evel set of communi cat i on pr i mi t i ves i n the pac age.

Di sadvantages :

� Arestr i cted programmi ng model i s supported

o nonbl oc i ng send/recei ves

nl y one process per processor

o synchronous i nterprocessor communi cat i on.

� Pac i ng and unpac i ng of data i s the users respons i bi l i ty.

Af ewpoi nts were menti oned wi th respect to col l ect i ng trace data. Traci ng can be dangerous

unl ess the l i brary i s used correct l y. The vol ume of trace data can eas i l y overwhel mand the

overhead can be substant i al .

.

Tony S el l umspo e on a pac age cal l ed i pcode 6whi ch provi des a portabl e communi ca-

t i ons l i brary. i pcode wor s on top of the React i ve ernel /Cosmi c Envi ronment. The react i ve

ernel /Cosmi c Envi ronment i s a portabl e \l i ght- wei ght" mul t i computer node operat i ng system.

The React i ve ernal i s i mpl emented or emul ated on the I ntel i PSC/1, i PSC/2, i PSC/860, Sy-

mul t S2010, and i s emul ated i n shared memory computers such as the BB TC2000 as wel l as

networ s of homogeneous FS- connected wor stati ons .

The ey f eatures of i pcode are i ts des i gn f or extens i bi l i ty, al l owi ng the de�ni t i on of many

cl asses of communi cat i on and hence message recei pt sel ect i vi ty; support f or abstract i on of pro-

cess l i sts i nto conveni ent wor i ng groups f or communi cat i on; the abi l i ty to de�ne many non-

i nter f er i ng communi cat i on contexts based on process l i sts wi th i nstant i at i on at runt i me rather

than compi l e- t i me; and the der i vat i on of addi t i onal communi cat i on contexts through i nher i tance.

S el l umprovi des a set of bas i c re ui rements f or the BLACS:

� Support data- di str i but i on- i ndependent programmi ng|appl i cat i ons de�ne l ayout

� Provi de l ogi cal 2Dprocess gr i d abstract i on

� Support gl obal operat i ons on l ogi cal 2Dgri ds and subgr i ds

� Don t i nter f ere wi th or constrai n other communi cat i on patterns of an appl i cat i on

� Recogni ze poss i bi l i ty of mul t i pl e l ogi cal process gr i ds i n an appl i cat i on

� Don t i nter f ere wi th MPMDprogrammi ng

� Support appl i cat i on- de�ned pi vot i ng and expl oi t communi cat i on pi pel i ni ng
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� eep overheads l owby uti l i zi ng advances i n sof tware technol ogy|e. g. , Cmacros , compi l er

i n- l i ne expans i on

� Recogni ze exi stence of mul t i pl e appl i cat i on l anguages (Cand Fortran- 0, . . .)

� se a readabl e nami ng convent i on.

I n addi t i on, i pcode wi l l support PICL and other ma or protocol s .

.

Robert van de Gei n presented a \whi te paper" proposal f or the BLACS. As descr i bed, the

BLACS
�
are a set of communi cat i on rout i nes that compl ement the Level 1, 2 and 3 BLAS. The

communi cat i on l i brary shoul d provi de the tool necessary f or the i mpl ementat i on of numeri cal

al gor i thms i n l i near al gebra on di str i buted memory MIMDcomputers . The proposed rout i nes

can be be f ound i n the Appendi x.

The \whi te paper" out l i nes a proposed set of l i near al gebra communi cat i on rout i nes f or the

speci �cat i on and mani pul at i on of data structures that ar i se when l i near al gebra al gor i thms are

i mpl emented on di str i buted memory mul t i computers . The scope of the BLACS i s i ntent i onal l y

l i mi ted. Thi s pac age i s not to be vi ewed as a compl ete communi cat i on l i brary f or al l appl i -

cat i ons . I t i s i ntended pr i mari l y f or sof tware devel opers and to a l esser extent f or exper i enced

appl i cat i ons programmers i n the area of dense numeri cal l i near al gebra. e see these rout i nes

compl ementi ng the exi st i ng Level 1, 2, and 3 BLAS; provi di ng tool s f or the i mpl ementat i on of

numeri cal al gor i thms i n l i near al gebra f or di str i buted memory MIMDmachi nes .

I t i s i mportant to real i ze what i nd of al gor i thms i nspi red the BLACS. They are bei ng devel -

oped as part of our e ort to i mpl ement a subset of the LAPAC l i brary to di str i buted memory

MIMDarchi tectures . I n i mpl ementi ng these rout i nes , we i ntend to perf ormmi ni mal changes

to the al gor i thms and codes , as wel l as mai ntai n portabi l i ty of the �nal product . The codes

are wri tten i n F RTRA 77 i n the SPMD(Si ngl e ProgramMul t i pl e Data) paradi gm. So f ar ,

matr i ces have been mapped to nodes us i ng (col umn) panel - wrapped storage, where a matr i x

i s part i t i oned i nto panel s of constant wi dth that are wrapped onto the p nodes so that panel s

p , =0 1 . . ., are ass i gned to processors wi th i ndex 1.

ne resul t of the above deci s i on i s that i t su ces to i mpl ement broadcast and combi ne

operat i ons i n a way that i nvol ves al l nodes , i . e. , the nodes f orma one{di mens i onal array as

f ar as gl obal operat i ons are concerned, al though a more compl i cated networ can be ut i l i zed to

speed up the execut i on of such operat i ons .

r se n e r r n

Geo rey Fox f romSyracuse ni vers i ty and Chau- en Tseng f romRi ce ni vers i ty di scussed

FortranD, a l anguage f or portabl e paral l el process i ng. FortranDi s a vers i on of Fortran extended

.
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wi th data decomposi t i on speci �cat i ons ; i t can be vi ewed as a l anguage f or programmi ng \data-

paral l el probl ems" that can be mapped e ci ent l y onto di erent machi ne archi tectures , i ncl udi ng

both SIMDand MIMDdi str i buted-memory machi nes .

Fortran Dsupports two l evel s of data decomposi t i on|�ne- grai n probl emmappi ng i nduced

by the structure of the under l yi ng computat i on, and coarse- grai n machi ne mappi ng caused by

trans l at i ng the probl emonto the �ni te resources of the machi nes . Data decomposi t i ons are

speci �ed us i ng , G and statements , as shown i n the f ol l owi ng

exampl e.

X 1 ,1

1 ,1

G X , 1, -1

,

, Y

Some of the other f eatures of Fortran Di ncl ude:

� Stat i c and dynami c data decomposi t i ons

� Regul ar and i rregul ar data decomposi t i ons

� Determi ni st i c programsemanti cs

� Support f or reduct i on operat i ons .

The goal of FortranDi s to ease the tas of devel opi ng e ci ent paral l el programs. sers do not

need to expl i ci t l y i nsert paral l el constructs , synchroni zat i on, or communi cat i ons . I nstead, the

Fortran Dcompi l er uses the data decomposi t i on to automati cal l y convert programs i nto s i ngl e-

program, mul t i pl e- data (SPMD) f ormwi th expl i ci t message- pass i ng. These node programs may

ta e advantage of communi cat i ons l i brar i es such as Express or BLACS f or e ci ent col l ect i ve

communi cat i ons .

The data decomposi t i on speci �cat i ons i n Fortran D are compati bl e wi th both Fortran 77

and Fortran 0. Researchers at Ri ce are devel opi ng the Fortran 77D compi l er ; the Fortran

0Dcompi l er i s bei ng constructed at Syracuse. The Fortran Dprogrammi ng systemi ncl udes a

prototype compi l er , automati c data part i t i oner , and stat i c perf ormance est i mator . I t i s bei ng

devel oped i n the context of the ParaScope paral l el programmi ng envi ronment. I ni t i al targets are

the I ntel i PSC/860 and Del ta. I t i s pl anned that the Fortran77/ 0Dcompi l er wi l l be opt i mi zed

f or matr i x al gebra.

er e s

Al an Edel man and Lennart ohnsson spo e on an approach to the BLACS f romthe perspect i ve

of the CM2. They both f el t that the BLACS, as proposed by van de Gei n, i s at too l owa l evel

of abstract i on and f eel that a hi gher l evel i s cal l ed f or .
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Al an gave a personal perspect i ve of the s i tuat i on. Manuf acturers of supercomputers are of ten

s l owto gi ve users hands{on access to the under l yi ng networ s . Perhaps thi s i s an appropr i ate

strategy f or them; thei r economi c base cons i sts of computat i onal sci ent i sts , not computer sci -

ent i sts . I t i s our respons i bi l i ty to deci de what i nds of access to the networ s we real l y want

and need. At the very l east , i t i s our respons i bi l i ty to i dent i f y the communi cat i ons rout i nes that

need to run f ast on advanced archi tectures .

e al so made the f ol l owi ng remar s :

� SIMD/MIMDi s not an i ssue. Synchronous/Asynchronous and Pi pel i ni ng/ ot Pi pel i ni ng

wi th ar i thmeti c are i ssues .

� ot over l appi ng can cause the l oss of at most a f actor of 2, but ma es programmi ng

portabl e. i thout over l ap, programs f or L f actor i zat i on on al l the machi nes can be

made to l oo very much i dent i cal .

� Achal l enge (that i s worth some thought) i s whether over l appi ng of communi cat i on and

ar i thmeti c can be perf ormed wi th a cl ean programmi ng pr i mi t i ve.

� Subrout i ne names shoul d be readabl e. The days of R2D2/C3P are gone.

� ear l y al l dense l i near al gebra programs on al l machi nes use col umn (and/or row) wrap-

pi ng. Thus, onl y parameters f or rowand col umn bl oc s i zes vary f rommachi ne to machi ne.

� i gher l evel abstract i ons can be i l l ustrated wi th the i dea of a col umn broadcast of col umn

1. I t ought to l oo somethi ng l i e

:,1

and shoul d not depend on processor numbers or even whether the �rst col umns of a matr i x

i s i n one or many processors . The sof tware (person who wri tes the BLACS program) shoul d

�gure out where the data must be sent and howi t i s to get there.

� Communi cat i ons rout i nes to perf ormmatr i x transpose (usual l y based on al l - to- al l per-

sonal i zed communi cat i on i deas) and matr i x mul t i pl y steps (usual l y based on al l - to- al l

broadcast i ng) are f urther needed.

Lennart ohnsson tal ed about the programmi ng model used on the CM- 2. e wants the

communi cat i on pr i mi t i ves to wor on arrays i ndependent of the data l ayout. A number of

CMSSL (CMSci ent i �c Subrout i ne Li brary) rout i nes perf ormi ng the f ol l owi ng operat i ons were

descr i bed:

� Al l {to{al l broadcast

� Gl obal reduct i on

� Matri x- vector mul t i pl y

� Matri x-matr i x mul t i pl y
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sc ss n

i mDemmel l ead a di scuss i on i n the �nal sess i on. hat f ol l ows summari zes the poi nts brought

out dur i ng that sess i on.

� hat l i near al gebra f unct i ons shoul d the BLACS support

Thi s wi l l depend upon the i ntended users of the BLACS more than anythi ng el se. I f the

BLACS are to be used f or al l appl i cat i ons , then a wi der set of f unct i ons wi l l have to

be i ncl uded.

� hi ch target machi nes shoul d be supported

The machi nes f al l i nto several types dependi ng on whether they are SIMDor MIMD, and

whether the memory i s di str i buted or not, wi th the di str i buted memory machi nes

bei ng the ones of most i mmedi ate i nterest . Someti mes under l yi ng message pass i ng

systems di er as to whether they are bl oc i ng or nonbl oc i ng, etc. , as wel l . The

pac age coul d be des i gned to wor wi th both SIMDand MIMDmodel s , however thi s

may compl i cate the s i tuat i on. For exampl e, a code wri tten i n a l anguage l i e Fortran

Dwi l l l oo s i gni �cant l y di erent than one doi ng expl i ci t message pass i ng.

� hi ch data l ayouts shoul d be supported

Thi s i s the most f re uent l y as ed uest i on. There are cl ear l y a great many more l ayouts

poss i bl e than i n LAPAC I , because of di str i buted memori es of var i ous s i zes per

processor , as wel l as the des i re by some to support \mul t i pl e i nstance" rout i nes , i . e. ,

mul t i pl e i ndependent i nput matr i ces descr i bi ng i ndependent probl ems. I f these are

l ai d out i n separate memori es , or \transposed" wi th part of each matr i x i n each

memory, compl etel y di erent al gor i thms mi ght be needed. I n addi t i on, the user may

onl y use some of the processors , or have hi s own speci al l ayout.

� owshoul d perf ormance scal e

There are several di erent ways to scal e probl ems. The e ci ency i s a f unct i on of

the i nput probl emsi ze =n2 (n =matr i x di mens i on) , the number of processors

p , the memory per processor , and the number of probl emi nstances I . Scal i ng

essent i al l y means l ett i ng , n , and I growi n certai n regi mes wi thout the e ci ency

gett i ng too l ow. Gett i ng too l owmeans bei ng l ess than hal f as f ast as a rout i ne

coded speci �cal l y f or the machi ne. The f ol l owi ng regi mes are natural ones to cons i der

tryi ng to support :

1. and I are �xed; p and =O(p ) are i ncreas i ng. I n other words, we add

processors and i ncrease the probl emsi ze proport i onatel y. Si nce i s �xed, f or

l arge enough p thi s means that each memory has at most a subbl oc of the

matr i x, not even a f ul l col umn.

2. p and I are �xed; and = O( ) are i ncreas i ng. ere we i ncrease the

probl emsi ze as the memory grows. Thi s corresponds to each memory stor i ng a

�xed f ract i on 1 p of the matr i x.
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3. I i s �xed; , p = O( 1=2
) and =O( 1=2

) are i ncreas i ng. ere we i ncrease the

number of processors and memory s i ze proport i onal l y to the matr i x di mens i on

n. Thi s corresponds to l ayi ng out a �xed number of col umns per memory.

4. and are �xed; I and p =O(I ) are i ncreas i ng. ere we add more s i mul ta-

neous i ndependent probl ems as the number of processors grows.

� owportabl e shoul d the codes be

I s i t acceptabl e to have one set of codes f or SIMDand one f or MIMDmachi nes ne

set of codes f or machi nes re ui r i ng expl i ci t message pass i ng and another f or codes

not re ui r i ng thi s LAPAC i s ui te l arge, and we woul d l i e to avoi d wri t i ng and

mai ntai ni ng di erent vers i ons . Can we use f aci l i t i es l i e the Cpreprocessors or other

macro pac ages to ma e port i ng eas i er , or do we want to mai ntai n the current \pure

source code portabi l i ty" model e have al ready sacr i �ced thi s to some extent by

assumi ng the BLAS are machi ne dependent, as wel l as certai n tuni ng parameters , so

perhaps we shoul d ta e advantage of l i mi ted machi ne dependency el sewhere. ther

i ssues i ncl ude noni nter f erence wi th the rest of the appl i cat i on (e. g. , not assumi ng al l

processors are avai l abl e to be dedi cated to thi s probl em, assumi ng mul t i programmi ng

of the nodes , not us i ng gl obal names f or message IDs whi ch may over l ap wi th others) .

� owsoon shoul d the BLACS and LAPAC code be devel oped

LAPAC i s bei ng des i gned nowf or di str i buted memory machi nes and needs a pac age

l i e the BLACS. There i s a great deal of act i vi ty both i n des i gni ng newarchi tectures

as wel l as sof tware systems (as evi denced by the presentat i ons at thi s meet i ng) . So

whi l e i t mi ght seemreasonabl e to wai t and see whi ch systems come out on top, we

cannot a ord to wai t too l ong because peopl e need to use thi s code. Furthermore,

our exper i ence i n wri t i ng the code wi l l hel p deci de whi ch systems shoul d come out

on top. e shoul d try to avoi d f eatures i n the BLACS that prevent themf rombei ng

emul ated by other l ower l evel sof tware.

I t was agreed that the f ol l owi ng steps be ta en:

1. btai n a reasonabl e consensus among those peopl e act i vel y i nterested i n the area. Thi s

wor shop i s one step i n the process .

2. I t i s too ear l y to f ocus on a proposal at thi s t i me.

3. Another wor shop was needed to br i ng out i deas . Perhaps i n the Fal l woul d be the r i ght

t i me f rame. The Cornel l peopl e have vol unteered to host the next meet i ng.

4. Exampl es of L decomposi t i on (and perhaps other rout i nes) us i ng the proposed BLACS

as wel l as al ternate systems woul d be des i rabl e, both to compare f or ease of express i on

and perf ormance.



Appendix: \Whi te Paper" Descr i bi ng t he BLACS

The BLACS are a set of communicat i on rout i nes that complement the l evel 1, 2 and 3 BLAS.

The BLACS shoul d provi de tool s f or the i mpl ementat i on of numeri cal al gor i thms i n l i near al -

gebra on di str i buted memory MIMD computers . The proposed rout i nes cover the f ol l owi ng

operat i ons :

Poi nt- to- poi nt send/recei ve

Broadcast

Probe

Gl obal maxi mum, mi ni mumand summati on.

The nami ng convent i on i s s i mi l ar to the Level 2 and 3 BLAS.

Nami ng convens i ons : Al l names of BLACS subrout i nes are speci �ed by at most s i x l etters

and are of the f orm_XXYY or _GZZZ.

Dat a Communi cat i on Rout i nes :

General f orm: _XXYY

Posi t i on Funct i on

_ type of data to be communi cated:

(Integer , Si ngl e or Doubl e preci s i on, etc. )

XX data structure:

(GEneral or TRapezoi dal )

YY f unct i on of the rout i ne:

(SenD, Recei Ve, or BroadCast)

GESD(M, N, A, LDA, IDEST, MSGID)

SendmatrixA to process IDEST.

TRSD(UPLO, DIAG, M, N, A, LDA, IDEST, MSGID)

Send trapezoidal matrixA to process IDEST.

Pa r a me t e r s :

� UPLO (Input) Speci�es if the matrix is stored as a Lower or Upper
trapezoidal matrix.

� DIAG (Input) Speci�es whether or not the matrix is unit trapezoidal.

� M (Input) Rowdimensionof A.

� N (Input) Columndimensionof A.

� A (Input) Array of data to be sent.

� LDA (Input) Leading dimensionof A. LDA>=M
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� IDEST (Input) Index of destination process.

� MSGID (Input) Identi�er for this message.

GERV(M, N, A, LDA, ISRC, MSGID)

Receive array A fromprocess ISRC.

TRRV(UPLO, DIAG, M, N, A, LDA, ISRC, MSGID)

Receive trapezoidal array A fromprocess ISRC.

Pa r a me t e r s :

� UPLO (Output) Speci�es if the matrix is to be stored as a Lower or
Upper trapezoidal matrix.

� DIAG (Output) Speci�es whether or not the matrix is to be unit trape-
zoidal.

� M (Output) Rowdimensionof A.

� N (Output) Columndimensionof A.

� A (Output) Array into whichdata is to be received.

� LDA (Input) Leading dimensionof A.

� ISRC (Output) Index of source process.

� MSGID (Input) Identi�er for this message.

GEBC(M, N, A, LDA, ISRC, MSGID)

Send/receive matrixA to all processes fromprocess with index ISRC.

TRBC(UPLO, DIAG, M, N, A, LDA, ISRC, MSGID)

Send/receive trapezoidal matrixA to all processes fromprocess with index ISRC.

Pa r a me t e r s :

� UPLO (Input/Output) Speci�es if the matrix is stored as a Lower or Upper
trapezoidal matrix.

� DIAG (Input/Output) Speci�es whether or not the matrixis unit trapezoidal.

� M (Input/Output) Rowdimensionof A.

� N (Input/Output) Columndimensionof A.

� A (Input/Output) Arrayof data to be sent/array intowhichdata is to be
received.

� LDA (Input) Leading dimensionof A. LDA>=M

� ISRC (Input/Output) Index of source process.

� MSGID (Input) Identi�er for this message.

Gl o ba l Ope r a t o r s :

General form: _GZZZ

11



Pos i t i on Funct i on
_ t ype of dat a t o be communi cat ed:

( Int eger , Si ngl e or Doubl e pr ec i s i on, e t c . )

ZZZ f unct i on of t he r out i ne :
(MAX i mum, MIN i mum, or SUM)

GMAX(N, X, Y, IY, IDEST, MSGID)

Compar e val ues of e l ement s and pr oduce t he maxi mum( i n abs ol ut e val ue?) ( e l e -
mentwi s e) , i . e . , f or each I=1,N,

Y( I) = max
allprocs

X( I) :

Parameters:

� N (Input) Length of vectors.

� X (Input) Vector of elements to be compared.

� Y (Output) Vector of results of comparison.

� IY (Output) Vector of indices of the processes that gave the maxi-
mumvalues.

� IDEST (Input) Index of process where result is to be accumulated.

� MSGID (Input) Identi�er for this message.

GMIN(N, X, Y, IY, IDEST, MSGID)

Compare values of elements and produce the minimum(in absolute value?) (ele-
mentwise), i .e. , for eachI=1,N,

Y(I) = min
allprocs

X(I):

Pa r a me t e r s :

� N (Input) Length of vectors.

� X (Input) Vector of elements to be compared.

� Y (Output) Vector of results of comparison.

� IY (Output) Vector of indices of the processes that gave the mini-
mumvalues.

� IDEST (Input) Index of process where result is to be accumulated.

� MSGID (Input) Identi�er for this message.

GSUM(N, X, Y, IDEST, MSGID)

Sumthe vector of elements.

Pa r a me t e r s :

12



� N ( I nput ) Lengt h of vect or s .

� X ( I nput ) Vect or of e l ement s t o be s ummed.

� Y (Out put ) Vect or of r e s ul t s of s ummat i on.

� IDEST ( I nput ) I ndex of pr oces s wher e r es ul t i s t o be accumul at ed.

� MSGID ( I nput ) I dent i �er f or t hi s mes s age .

Current BLACS routines:

Dat a Communi cat i on Rout i nes :

_GESD ( M, N, A, LDA, IDEST, MSGID )

_GERV ( M, N, A, LDA, ISRC, MSGID )

_GEBC ( M, N, A, LDA, ISRC, MSGID )

_TRSD ( UPLO, DIAG, M, N, A, LDA, IDEST, MSGID )

_TRRV ( UPLO, DIAG, M, N, A, LDA, ISRC, MSGID )

_TRBC ( UPLO, DIAG, M, N, A, LDA, ISRC, MSGID )

Gl obal Oper at i ons :

_GMAX ( N, X, Y, IY, IDEST, MSGID )

_GMIN ( N, X, Y, IY, IDEST, MSGID )

_GSUM ( N, X, Y, IDEST, MSGID )

Trapezoidal matrices:

UPLO i s us ed by t he Hermi t i an, s ymmet r i c , and t r apezoi dal mat r i x r out i nes t o s pec i f y whet her t he
upper or l ower t r apezoi d i s be i ng r e f e r enced as f ol l ows :

Val ue Meani ng

` U' Upper t r apezoi d
` L' Lower t r apezoi d

The s hape of t he t r apezoi d t o be s ent i s det ermi ned by M and N:

UPLO M�N M>N

` U'

@
@

@
@

@
@

` L'
@

@
@

@
@

@
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DIAG i s us ed by t he t r apezoi dal mat r i x r out i nes t o s pec i f y whet her or not t he mat r i x i s uni t t r apezoi d
as f ol l ows :

Val ue Meani ng

`U' Uni t t r apezoi dal
` N' Non- uni t t r apezoi dal

When DIAG i s s uppl i ed as ` U' t he di agonal e l ement s ar e not r e f e r enced or overwr i t t en.
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