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Abstract.  The goal of a parallel program is stated as to reduce the execution time regarding the fastest
sequential program solving the same problem. Parallel programming is growing due to the widespread use of
network of workstations in high performance computing. MPI has become the standard for implementing
message-based parallel programs in distributed-memory computing environments. On the other side, visual
programming environments try to make easier the task of developing applications. Delphi constitutes one of
the most popular visual programming environments nowadays in the Windows operating system
environment. In this paper we present MPI-Delphi, an implementation of MPI for writing parallel
applications using Delphi. We explain how MPI-Delphi has been derived, how it has been used in a cluster of
workstations with a mixed of Windows and Linux operating systems, and what MPI-Delphi is suitable for.

1.� Introduction

,Q UHFHQW \HDUV� SDUDOOHO GLVWULEXWHG V\VWHPV DQG SDUDOOHO SURJUDPPLQJ LV GRLQJ D JURZLQJ XVH RI PHVVDJH SDVVLQJ

SDUDGLJP IRU VROYLQJ FRPSOH[ FRPSXWDWLRQDO SUREOHPV� &XUUHQWO\� QHWZRUNV RI ZRUNVWDWLRQV �12:V� DUH EHLQJ

FRQVLGHUHG DV D JRRG DOWHUQDWLYH WR WKH XVH RI H[SHQVLYH� GHGLFDWHG KLJK�SHUIRUPDQFH V\VWHPV� ,Q IDFW� WKH

LQFUHDVLQJ SHUIRUPDQFH DQG DYDLODELOLW\ RI JHQHUDO�SXUSRVH PLFURSURFHVVRUV KDV IRVWHUHG WKH VSUHDG RI 12:V�

HLWKHU ZLWK VKDUHG RU GLVWULEXWHG PHPRU\� DV DQ DOWHUQDWLYH WR FXVWRPL]HG PDVVLYHO\ SDUDOOHO V\VWHPV �033V�� 6R�

D FOXVWHU RI SRZHUIXO 3&V LQWHUFRQQHFWHG ZLWK D IDVW QHWZRUN FRXOG EH VHHQ DV D UHDVRQDEOH DQG FRVW�HIIHFWLYH
DOWHUQDWLYH DSSURDFK >����@ IRU H[SORGLQJ SDUDOOHOLVP�

7UDGLWLRQDOO\� 8QL[�/LQX[ KDV EHHQ XVHG DV RSHUDWLQJ V\VWHP LQ VXFK FOXVWHUV RI 3&V� +RZHYHU� :LQGRZV

������17 LV SHUKDSV WKH PRVW ZLGHO\ XVHG RSHUDWLQJ V\VWHP QRZDGD\V� 0RUHRYHU� WKH ,QWHO 3HQWLXP ,, �DQG ,,,

QRZ�� WRJHWKHU ZLWK LWV :LQGRZV ���17 RSHUDWLQJ V\VWHP �WKH :LQWHO PRGHO�� SURYLGHV HQRXJK RYHUDOO FDSDFLW\

WR GLVSODFH DOVR WKH 5,6&�81,; ZRUNVWDWLRQ LQ WKH HQJLQHHULQJ DQG VFLHQWLILF PDUNHWSODFH� 7KLV IDFW FDXVHV WKDW
HDFK WLPH PRUH DQG PRUH FOXVWHUV RI 3&V H[LVW ZLWK :LQGRZV ������17 DV RSHUDWLQJ V\VWHPV� 7KHVH RSHUDWLQJ

V\VWHPV KDYH WKH DGYDQWDJH RYHU /LQX[ RQ WKH QXPEHU RI GHYHORSHG DSSOLFDWLRQV IRU WKHP DQG RQ WKH HDVH RI XVH

WKDW LW RIIHUV� $PRQJ WKHVH DSSOLFDWLRQV� SURJUDPPLQJ HQYLURQPHQWV DUH QRW DQ H[FHSWLRQ� 7KHUH LV D JUHDW

YDULHW\ RI SURJUDPPLQJ HQYLURQPHQWV DYDLODEOH IRU :LQGRZV� 9LVXDO SURJUDPPLQJ HQYLURQPHQWV FRQVWLWXWH RQH

RI WKH PRVW LQWHUHVWLQJ GHYHORSLQJ WRROV� EHFDXVH WKH\ PDNH WKH FUHDWLRQ RI DSSOLFDWLRQV HDVLHU WR WKH

SURJUDPPHU�
:LWK WKH DGYHQW RI WKH 03, >�@ VWDQGDUG� SDUDOOHO SURJUDPPLQJ XVLQJ WKH PHVVDJH�SDVVLQJ VW\OH KDV UHDFKHG D

FHUWDLQ OHYHO RI PDWXULW\� +RZHYHU� LQ WHUPV RI FRQYHQLHQFH DQG SURGXFWLYLW\� WKLV SURJUDPPLQJ PRGHO VXIIHUV

IURP ORZ SHUIRUPDQFH RI WKH JHQHUDWHG FRGH� GXH WR WKH ODFN RI KLJK�OHYHO GHYHORSPHQW WRROV� $OWKRXJK LQ WKH

ODVW \HDUV D ODUJH YDULHW\ RI WKLV NLQG RI WRROV KDV EHHQ GHYHORSHG� WKH VLWXDWLRQ LV VWLOO QRW VDWLVIDFWRU\ IRU XVHUV�

VLQFH PRVW RI WKHVH WRROV FDQ RQO\ EH XVHG LQ LVRODWLRQ DQG FDQQRW ZRUN LQ KHWHURJHQHRXV HQYLURQPHQWV� ,Q

DGGLWLRQ� SDUDOOHOLVP LQ D FOXVWHU RI ZRUNVWDWLRQV ZLWK :LQGRZV ������17 LV SRVVLEOH� DV VRPH 03, DQG 390
YHUVLRQV IRU :LQGRZV KDYH EHHQ LPSOHPHQWHG >�� ��@�

5HFHQWO\� VHYHUDO WRROV KDYH EHHQ GHYHORSHG WR LPSURYH WKH VRIWZDUH GHYHORSPHQW LQ KLJK�SHUIRUPDQFH

FRPSXWLQJ� ,Q >��@ LV GHVFULEHG D VHW RI LQWHJUDWHG WRROV GHVWLQHG WR ZULWH SDUDOOHO SURJUDPV HIILFLHQWO\� >�@

GHVFULEHV DQRWKHU WRRO WR PDQDJH WKH GLVWULEXWHG UHVRXUFHV LQ DQ KHWHURJHQHRXV 12:� 6LPLODUO\� RII�OLQH WRROV

IRU SHUIRUPDQFH DQDO\VLV �PRQLWRULQJ� WUDFH GDWD� YLVXDOL]DWLRQ� LQ 12:V KDYH DSSHDUHG� DV LW LV GHVFULEHG LQ >�@�




7KLV ZRUN KDV EHHQ SDUWLDOO\ VXSSRUWHG E\ WKH 6SDQLVK &,&<7 XQGHU JUDQW 7,&��������&�����
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7KHUH DOVR H[LVW VHYHUDO YLVXDO SDUDOOHO SURJUDPPLQJ ODQJXDJHV� VXFK DV +(1&( ��� >�@� 7KHVH ODQJXDJHV DUH
PRUH RULHQWHG WR WKH UHSUHVHQWDWLRQ RI SDUDOOHO SURJUDPV OLNH D GLUHFWHG JUDSK� LQ ZKLFK QRGHV ZLWK FHUWDLQ LFRQV

UHSUHVHQW VHTXHQWLDO FRPSXWDWLRQV DQG WKH JUDSK DV D ZKROH UHSUHVHQWV WKH SDUDOOHO VWUXFWXUH RI WKH SURJUDP�

+RZHYHU� RXU DSSURDFK LV PRUH EDVHG RQ WKH YLVXDO SURJUDPPLQJ RI WKH XVHU LQWHUIDFH�

1RZDGD\V� WKHUHIRUH� PRVW SURJUDPPLQJ SURMHFWV DUH GHYHORSHG XQGHU YLVXDO HQYLURQPHQWV� 'HOSKL



FRQVWLWXWHV
RQH LPSRUWDQW YLVXDO�SURJUDPPLQJ HQYLURQPHQW� 8QOLNH RWKHU YLVXDO SURJUDPPLQJ HQYLURQPHQWV� 'HOSKL LV D

UHDO FRPSLOHU� ZKLFK JHQHUDWHV YHU\ HIILFLHQW H[HFXWDEOH FRGH� ZLWK QR QHHG WR GLVWULEXWH UXQWLPH DGGLWLRQDO ILOHV

ZLWK WKH DSSOLFDWLRQ� 6R� ZH DUH YHU\ LQWHUHVWHG LQ LPSOHPHQWLQJ SDUDOOHO DSSOLFDWLRQV ZLWK 'HOSKL� LQ RUGHU WR
WDNH DGYDQWDJH RI DOO WKHVH SURJUDPPLQJ IDFLOLWLHV�

7KH ILUVW DQG PRVW REYLRXV SUREOHP WKDW ZH ZLOO ILQG LV WKDW WKLV HQYLURQPHQW XVHV 2EMHFW 3DVFDO �DQ REMHFW�

RULHQWHG YHUVLRQ RI 3DVFDO� DV LWV QDWLYH SURJUDPPLQJ ODQJXDJH� ZKLOH DYDLODEOH :LQGRZV 03,�390 YHUVLRQV

DUH DFFHVVLEOH MXVW IURP 9LVXDO &��
�
DQG %RUODQG &��



�

2XU ZRUN KDV FHQWHUHG LQ RIIHULQJ 03, IXQFWLRQDOLW\ WR WKLV SRSXODU HQYLURQPHQW XVLQJ RQH RI WKHVH H[LVWLQJ

:LQGRZV 03, LPSOHPHQWDWLRQV� 6R� LW ZLOO EH SRVVLEOH WR GHYHORS SDUDOOHO DSSOLFDWLRQV XVLQJ 'HOSKL DQG PDNLQJ
JRRG XVH RI WKH IDFLOLWLHV WKDW LW VXSSOLHV IRU DSSOLFDWLRQV ZLWK XVHU LQWHUDFWLRQ DQG�RU FRPSOLFDWHG JUDSKLFDO

UHTXLUHPHQWV�

,W LV DQ DFFHSWHG IDFW WKDW XVLQJ :LQGRZV ������17 WKH SHUIRUPDQFH RI SDUDOOHO DSSOLFDWLRQV RIWHQ GHFUHDVHV ZLWK

UHVSHFW WR ZRUNVWDWLRQV UXQQLQJ 81,;�/LQX[� $V D SRVVLEOH VROXWLRQ� ZH DOVR SURSRVH DQ H[HFXWLRQ HQYLURQPHQW

WKDW WDNHV DGYDQWDJH RI WKH EHQHILWV RI ERWK 8QL[�/LQX[ DQG :LQGRZV RSHUDWLQJ V\VWHPV�

:H KDYH VWUXFWXUHG WKLV SDSHU DV IROORZV� ILUVW� ZH LQWURGXFH KRZ 03,�'HOSKL KDV EHHQ FUHDWHG �ZKDW SUREOHPV
ZH KDYH IRXQG LQ LWV FUHDWLRQ DQG KRZ WKH\ KDYH EHHQ VROYHG�� DQG WKHQ ZH GHVFULEH WKH H[HFXWLRQ HQYLURQPHQW

WKDW ZH SURSRVH� 1H[W� ZH VKRZ WZR VDPSOH DSSOLFDWLRQV FUHDWHG XVLQJ 03,�'HOSKL� DORQJ ZLWK WKH YLVXDO UHVXOWV

REWDLQHG IRU WKHP� )LQDOO\� ZH H[SRVH WKH FRQFOXVLRQV RI WKH ZRUN�

2.� The MPI-Delphi Visual Environment

03,�'HOSKL LV WKH QDPH RI WKH LPSOHPHQWDWLRQ RI 03, IRU 'HOSKL ZH KDYH GHYHORSHG� :H KDYH WULHG WR NHHS RXU

LPSOHPHQWDWLRQ DV FORVH WR WKH & VSHFLILFDWLRQ DV SRVVLEOH� EXW VRPH PLQLPDO PRGLILFDWLRQV KDG WR EH LQWURGXFHG�
7KLV VHFWLRQ GHVFULEHV WKHVH PRGLILFDWLRQV DQG WKH ZD\ ZH FDUULHG RXW WKH LPSOHPHQWDWLRQ�

&XUUHQWO\� VHYHUDO 03, LPSOHPHQWDWLRQV IRU :LQGRZV FDQ EH IRXQG� 7KH PDLQ SUREOHP ZH KDYH IRXQG LV WKDW WKH

ODQJXDJH WKH\ KDYH EHHQ FUHDWHG IRU LV &� DQG WKH HQYLURQPHQWV WKH\ FDQ EH XVHG IURP� 9LVXDO &�� RU %RUODQG

&���

:H KDYH XVHG :��03, Y����E >�@ DV WKH EDVLV WR GHYHORS D PHFKDQLVP WR SURYLGH 03, IXQFWLRQDOLW\ WR 'HOSKL�

7KLV LPSOHPHQWDWLRQ LV IUHHO\ DYDLODEOH DW WKH ZHE SDJHV RI &RLPEUD 8QLYHUVLW\� :��03, Y����E LV D IXOO 03,
VWDQGDUG LPSOHPHQWDWLRQ IRU 0LFURVRIW :LQ�� SODWIRUPV� ,W LV FRPSOHWHO\ FRPSDWLEOH ZLWK 03,&+ ������ �DQ

DOVR IUHHO\ 03, LPSOHPHQWDWLRQ RI WKH $UJRQQH 1DWLRQDO /DERUDWRU\� DQG LW XVHV 3� PHVVDJH SDVVLQJ DV LWV

XQGHUO\LQJ SURWRFRO� &RQQHFWLYLW\ EHWZHHQ :03, DQG RWKHU FOXVWHUV UXQQLQJ 03,&+ ������ ZLWK GLVWLQFW

RSHUDWLQJ V\VWHPV �VHYHUDO 81,; DQG /LQX[ YHUVLRQV� DV ZHOO DV :LQGRZV �� ELWV SODWIRUPV� LV DFFRPSOLVKHG

WKURXJK D FRPPRQ 7&3�,3 QHWZRUN�

2.1  Some important aspects of the implementation of MPI-Delphi

,Q WKH LPSOHPHQWDWLRQ RI 03,�'HOSKL� ZH KDG WZR PDLQ REMHFWLYHV�
�� 7R FDUU\ RXW DQ LPSOHPHQWDWLRQ LQ ZKLFK WKH IXQFWLRQDOLW\ RI :��03, ZHUH RIIHUHG WR 'HOSKL LQ DQ HDV\

ZD\� 'HOSKL¶V SURJUDPPHUV VKRXOG PDNH XVH RI WKH 03, IXQFWLRQDOLW\ LQ D VLPSOH� WUDQVSDUHQW ZD\� ZLWKRXW

KDYLQJ WR NQRZ WKH LQWHUQDO GHWDLOV RI WKH LPSOHPHQWDWLRQ� 8VHUV VKRXOG RQO\ NQRZ KRZ WR XVH WKH 03,

VWDQGDUG IXQFWLRQV�

�� 7R FDUU\ RXW WKH QHFHVVDU\ DGDSWDWLRQ EHWZHHQ & RU )RUWUDQ DQG 3DVFDO IRU WKH 03, IXQFWLRQV� EHFDXVH 03,

KDV EHHQ GHILQHG IRU & DQG )RUWUDQ ODQJXDJHV�
,Q RUGHU WR FRSH WKH ILUVW REMHFWLYH� WZR VROXWLRQV ZHUH DQDO\]HG�




'HOSKL DQG %RUODQG &�� DUH D WUDGHPDUN RI %RUODQG &RUSRUDWLRQ ,QF�
�
9LVXDO &�� LV D WUDGHPDUN RI 0LFURVRIW�
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�� 7KH XVH RI ''( �'\QDPLF 'DWD ([FKDQJH� WR FRPPXQLFDWH :��03, DQG 'HOSKL� ,W ZRXOG LQYROYH D VHUYHU
DSSOLFDWLRQ ZULWWHQ LQ &��� RIIHULQJ 03, IXQFWLRQDOLW\ WR FOLHQW DSSOLFDWLRQV ZULWWHQ LQ 'HOSKL� 7KLV VHUYHU

DSSOLFDWLRQ VKRXOG UXQ EHIRUH 'HOSKL¶V SDUDOOHO SURJUDPV�

�� &UHDWLQJ D '// �'\QDPLF /LQN /LEUDU\� SURYLGLQJ 03, IXQFWLRQDOLW\� 7KLV RSWLRQ DOVR PHDQV XVLQJ &�� LQ

RUGHU WR FUHDWH WKH '//�

,Q ERWK FDVHV� D '&8 �'HOSKL &RPSLOHG 8QLW� KDV WR EH XVHG WR DFFHVV WR WKH 03, IXQFWLRQDOLW\�

2XU ILQDO FKRLFH LV EDVHG LQ WHUPV RI YLDELOLW\� VFDODELOLW\ DQG IDFLOLW\� 7KXV� ZH FRQFOXGHG WKDW RSWLRQ �
UHSUHVHQWHG WKH PRVW VXLWDEOH VROXWLRQ� EHFDXVH WKH SURJUDPPHU ZRXOG VLPSO\ XVH WKH IXQFWLRQV FRQWDLQHG LQ WKH

'&8 MXVW WKH ZD\ KH ZRXOG GR ZKHQ XVLQJ DQ\ RWKHU '&8� )LJXUH � VKRZV WKH HOHPHQWV LPSOLFDWHG LQ WKH ILQDO

VROXWLRQ�

'HOSKL¶V
3DUDOOHO

$SSOLFDWLRQ

03,�'HOSKL
'&8

'\QDPLF
OLQN

OLEUDU\
�'//�

0HVVDJH
3DVVLQJ

1HWZRUN

:03,

��OLE�
�&�� ����

/LEUDU\

Figure 1. Relation between elements of MPI-Delphi.

7KH RWKHU REMHFWLYH ZDV UHODWHG WR WKH 03, VSHFLILFDWLRQ� & SURJUDPPLQJ ODQJXDJH FRXOG EH FRQVLGHUHG PRUH

QHDU WR 3DVFDO WKDQ )2575$1� VR ZH XVHG 03, VSHFLILFDWLRQ IRU & DV RXU EDVLV� EXW LQWURGXFLQJ WZR VPDOO
PRGLILFDWLRQV�
1. MPI_Init (int argc, char *argv): the arguments argc and argv are passed directly inside the DCU, so we free

the Delphi’s programmer of this task.
2. Some modifications on the data types. Many MPI-C functions return a value representing a boolean as an

integer value (i.e. MPI_Test). In Object Pascal, boolean data type is available, so it was used as the returned
type in this kind of functions.

%HVLGHV� FRPPXQLFDWRUV KDYH EHHQ RPLWWHG LQ WKLV ILUVW YHUVLRQ RI 03,�'HOSKL� 7KH UHDVRQ ZDV WKDW WKH ILUVW JRDO

RI WKLV YHUVLRQ ZDV WR GHWHUPLQH WKH SRVVLELOLW\ RI SDUDOOHO SURJUDPPLQJ LQ 'HOSKL� PRUH WKDQ WR LPSOHPHQW WKH

ZKROH IXQFWLRQDOLW\ RI WKH VWDQGDUG� 7KHUHIRUH� DQG LQ WKH VDNH RI VLPSOLFLW\� WKH FRPPXQLFDWRU DUJXPHQW ZDV

HOLPLQDWHG LQ WKH LPSOHPHQWHG IXQFWLRQV LQ WKH '&8�

2.2   Our working environment

03,�'HOSKL FDQ EH XVHG LQ D FOXVWHU RI ZRUNVWDWLRQV XVLQJ :LQGRZV ������17 LQ HDFK 3& RI WKH FOXVWHU� %XW WKLV
LQYROYHV D ORVV RI VSHHG SHUIRUPDQFH LQ FRPPXQLFDWLRQV� DV :LQGRZV VRFNHWV XVXDOO\ DUH PXFK VORZHU WKDQ

73&�,3 VRFNHWV RQ /LQX[�81,; HQYLURQPHQWV >��@�

:��03, Y����E� DQG WKHUHIRUH 03,�'HOSKL� LV FRPSDWLEOH ZLWK 03,&+ Y������� IRU /LQX[�8QL[� VR LW LV SRVVLEOH

WR FRPELQH SURFHVVHV LQ H[HFXWLRQ LQ DOO WKHVH RSHUDWLQJ V\VWHPV� :H SURSRVH D VROXWLRQ IRU WDNLQJ DGYDQWDJH RI

ERWK DVSHFWV� VSHHG SHUIRUPDQFH RI /LQX[�81,; �LQ ERWK FRPPXQLFDWLRQ DQG SURFHVVLQJ WDVNV�� DQG

SURJUDPPLQJ IDFLOLWLHV RI :LQGRZV�
7KLV ZRUNLQJ HQYLURQPHQW XVHV WZR NLQGV RI SURFHVVHV�

�� $ XQLTXH :LQGRZV SURFHVV FRQVWLWXWLQJ WKH XVHU LQWHUIDFH� DQG WKDW ZRXOG FRQWDLQ DOO WKH JUDSKLFDO SDUW RI

WKH SDUDOOHO DSSOLFDWLRQ� 7KLV SURFHVV VKRXOG EH ZULWWHQ XVLQJ 'HOSKL DQG 03,�'HOSKL�

�� 6RPH /LQX[ SURFHVVHV ZULWWHQ LQ & ODQJXDJH DQG XVHG WR HIIHFWXDWH WKH FRPSXWDWLRQV� 7KH\ ZRXOG KDYH WR

VHQG SHULRGLFDOO\ UHVXOWV RI WKHLU FRPSXWDWLRQV WR WKH :LQGRZV SURFHVV�

1RWH WKDW WKLV ZD\ RI GHYHORSLQJ DSSOLFDWLRQV LQYROYHV XVLQJ WZR GLIIHUHQW SURJUDPPLQJ ODQJXDJHV� 2EMHFW
3DVFDO DQG &� +RZHYHU� REVHUYH WKDW WKH SURSRVDOV RI ERWK NLQG RI SURFHVVHV DUH YHU\ GLIIHUHQW� 7KH ILUVW RQH

�'HOSKL SURJUDPPHG� KDV WR PDQDJH WKH JUDSKLFDO LQWHUIDFH DQG WKH XVHU LQWHUDFWLRQ� ZKLOH WKH UHVW RI SURFHVVHV

�& SURJUDPPHG� PDQDJH WKH KHDYLHVW FRPSXWDWLRQDO ORDG �DQG WKHUHIRUH VXVFHSWLEOH RI SDUDOOHOLVP� RI WKH

FRQFUHWH DOJRULWKP LPSOHPHQWHG� 6R� LW LV HYHQ DSSURSULDWH WR GHYHORS WKHP LQ GLIIHUHQW ODQJXDJHV� HDFK RQH

VXLWDEOH IRU HDFK NLQG RI WDVN� )LJXUH � VKRZV WKH GHVFULEHG ZRUNLQJ HQYLURQPHQW�



4

3UREOHP

3UREOHP

3UREOHP
5HVXOWV

5HVXOWV

5HVXOWV

���

'HSHQGHQW
'DWD

'HSHQGHQW
'DWD

Figure 2. The working environment

3. Using MPI-Delphi

7KLV VHFWLRQ SUHVHQWV WZR H[DPSOHV RI XVH RI 03,�'HOSKL� )LUVWO\� ZH VKRZ DQ HDV\ H[DPSOH� WKH LPSOHPHQWDWLRQ

RI WKH ZHOO�NQRZQ -DFREL¶V UHOD[DWLRQ PHWKRG� DSSOLHG WR VROYH WKH SUREOHP RI WKH KHDW GLIIXVLRQ LQ D ERG\ >�@�

:H FDOOHG WKLV SURJUDP 9LVXDO -DFREL� DV LW LQFRUSRUDWHV D QLFH XVHU LQWHUIDFH� LQ ZKLFK ZH FDQ HDVLO\ PRGLI\ WKH
YDOXHV RI WKH LQSXW SDUDPHWHUV� DV ZHOO DV REVHUYH WKH HYROXWLRQ RI WKH VWDWH LQ WKH ERG\� 6HFRQGO\� ZH VWXG\ WKH

XVH RI 03,�'HOSKL WR GHYHORS D VFLHQWLILF DSSOLFDWLRQ� WKH SDUDOOHO YLVXDO YHUVLRQ RI WKH ('5 DOJRULWKP >�@� D

QHZ PHWKRG IRU HVWLPDWLRQ RI SUREDELOLW\ GHQVLW\ IXQFWLRQV IURP XQFHUWDLQ VDPSOHV�

3.1  The visual Jacobi’s relaxation method

-DFREL�V UHOD[DWLRQ PHWKRG LV DQ LWHUDWLYH DOJRULWKP IRU VROYLQJ GLIIHUHQWLDO HTXDWLRQV� $Q H[DPSOH RI WKH

DSSOLFDWLRQ RI WKLV DOJRULWKP LV WR FRQVLGHU D ERG\ UHSUHVHQWHG E\ D WZR�GLPHQVLRQDO DUUD\ RI SDUWLFOHV� 7KLV ERG\

LV LQ GLUHFW FRQWDFW ZLWK D IL[HG YDOXH RI WHPSHUDWXUH RQ WKH IRXU ERXQGDULHV� DOO IRXU ERXQGDULHV FDQ KDYH
GLIIHUHQW WHPSHUDWXUHV� DQG HDFK SDUWLFOH LQ WKH ERG\ KDV DQ LQLWLDO YDOXH RI WHPSHUDWXUH� 7KH DOJRULWKP LV VROYHG

E\ VHWWLQJ WKH WHPSHUDWXUH RI HDFK SDUWLFOH WR EH WKH PHDQ RI WKH WHPSHUDWXUHV RI WKH IRXU ERXQGDU\ SDUWLFOHV� 7KLV

FDOFXOXV LV FDUULHG RXW IRU HDFK RQH RI WKH SDUWLFOHV� XQWLO D VWDELOLW\ VLWXDWLRQ LV UHDFKHG�

9LVXDO -DFREL LPSOHPHQWV WKH FODVVLFDO SDUDOOHO -DFREL¶V UHOD[DWLRQ DOJRULWKP �ERG\ GLYLVLRQ E\ URZV� ZLWK WKHVH

JURXSV RI URZV EHLQJ FDOFXODWHG E\ GLIIHUHQW SURFHVVHV�� EXW� EHVLGHV� LW DOVR VKRZV JUDSKLFDOO\ WKH HYROXWLRQ RI
WKH ERG\� )LJXUH � VKRZV WKH WZR SDUWV RI WKH DSSOLFDWLRQ FRGH� ERWK LQ 03,� 2Q WKH OHIW VLGH� ZULWWHQ LQ &

ODQJXDJH� WKH PDLQ FRGH WR FDOFXODWH LQ SDUDOOHO WKH -DFREL¶V UHOD[DWLRQ DOJRULWKP� LQ D 8QL[ HQYLURQPHQW� 2Q WKH

ULJKW VLGH� ZULWWHQ LQ 3DVFDO ODQJXDJH� WKH FRGH RI WKH SURFHVV WKDW VWDUWV WKH SDUDOOHO H[HFXWLRQ DQG VKRZV

JUDSKLFDOO\ WKH UHVXOWV�

7KH PDLQ DGYDQWDJH RI WKH 'HOSKL SURFHVV LV WKDW LW LQWHUDFWV ZLWK WKH XVHU LQ D XVHU�IULHQGO\ IDVKLRQ� DOORZLQJ

KLP WR REVHUYH WKH HYROXWLRQ RI WKH SDUWLDO UHVXOWV REWDLQHG WKURXJK LWHUDWLRQ RI WKH DOJRULWKP ZKHQ LPSOHPHQWHG
LQ SDUDOOHO� ,Q WKLV ZD\� ZH FDQ GHEXJ WKH 03, SDUDOOHO LPSOHPHQWDWLRQ HDVLHU� 0RUHRYHU� WKH XVHU FDQ LQWURGXFH

YHU\ NLQGO\ WKH YDOXHV RI WKH WHPSHUDWXUHV RQ WKH IRXU ERXQGDULHV� WKH LQLWLDO WHPSHUDWXUH RI WKH ERG\ DQG WKH

FRQYHUJHQFH IDFWRU� ,Q VHYHUDO PRPHQWV� WKH WHPSHUDWXUH RI HDFK LQWHUQDO SRLQW RI WKH ERG\ ZLOO EH GLVSOD\HG� 7R

PDQDJH LW� ZH LQWURGXFHG D QHZ SDUDPHWHU� O� WKDW UHSUHVHQWV WKH QXPEHU RI LWHUDWLRQV EHWZHHQ WZR VXFFHVVLYH
LQWHUPHGLDWH UHVXOWV GLVSOD\LQJ� 7KLV SDUDPHWHU ZDV XVHG WR DYRLG WKH GLVSOD\LQJ RI WKH WHPSHUDWXUHV RI WKH ERG\

LQ HDFK LWHUDWLRQ� DV GRLQJ LW VR ZRXOG FDXVH D JUHDW ORVV RI SHUIRUPDQFH� WKH LWHUDWLYH YLVXDOL]DWLRQ RI WKH UHVXOWV

LPSOLHV DQ DGGLWLRQDO FRPPXQLFDWLRQ WR VHQG WR WKH YLVXDO SURFHVV WKH YDOXHV RI WKH WHPSHUDWXUHV WKDW WKH UHVW RI
WKH SURFHVVHV FDOFXODWH� ,I ZH ZDQW WR WDNH D ORRN DW WKH SDUWLDO UHVXOWV PRUH IUHTXHQWO\� WKHQ ZH ZLOO KDYH WR

GHFUHPHQW WKH YDOXH RI O� ,I� RQ WKH RWKHU KDQG� ZH ZDQW WKH VLPXODWLRQ WR RSHUDWH IDVWHU� WKHQ ZH FDQ LQFUHPHQW
WKLV YDOXH� EXW WKHQ WKH JUDSKLFDO DQLPDWLRQ ZLOO FRQWDLQ OHVV IUDPHV �LQWHUPHGLDWH LPDJHV�� )LJXUH � LOOXVWUDWHV

WKH ILUVW DQG ODVW ZLQGRZV RI WKH DSSOLFDWLRQ� 7KH KLJKHU YDOXHV RI WKH WHPSHUDWXUH� WKH EULJKWHU OLJKW LQWHQVLW\

YDOXHV ZHUH GLVSOD\HG�
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Figure 3. The parallel Jacobi’s relaxation algorithm coded in our MPI-Delphi interface

3.2. Visual P-EDR: Using MPI-Delphi in a scientific application

('5 DOJRULWKP LV D UHFHQW UHVXOW RI RXU 5HVHDUFK *URXS >��@� 7KLV DOJRULWKP KDV DOVR DQ LWHUDWLYH QDWXUH� DV WKH

-DFREL PHWKRG GHVFULEHG EHIRUH� WKRXJK LWV WKHRUHWLFDO IRXQGDWLRQV DUH YHU\ GLIIHUHQW�

)LUVWO\� ZH DUH JRLQJ WR LQWURGXFH WKH XWLOLW\ RI ('5� ,W ZDV GHVLJQHG WR VROYH D FODVVLFDO VWDWLVWLFDO SUREOHP� WKDW
RI GHQVLW\ HVWLPDWLRQ IURP VDPSOHV� EXW ZLWK DQ LPSRUWDQW H[WHQVLRQ� WKH WUHDWPHQW RI XQFHUWDLQW\� :LWK WKLV

DOJRULWKP� WUDGLWLRQDO NHUQHO GHQVLW\ HVWLPDWLRQ PHWKRGV DUH H[WHQGHG WR DFFHSW XQFHUWDLQ REVHUYDWLRQV PRGHOHG

E\ OLNHOLKRRG IXQFWLRQV� $ YDULDEOH NHUQHO DSSUR[LPDWLRQ VFKHPH LV GHULYHG� ZKHUH WKH ORFDWLRQV DQG ZLGWKV RI

WKH FRPSRQHQWV DUH REWDLQHG IURP WKH OLNHOLKRRG IXQFWLRQV RI WKH VDPSOHV LQ DQ LWHUDWLYH SURFHGXUH� 2XU

DOJRULWKP FDQ EH FRQVLGHUHG DV DQ LPSURYHPHQW RI WKH FODVVLFDO UHFWLILFDWLRQ PHWKRG SURSRVHG E\ /XF\ >�@ XVLQJ
D ZHOO�NQRZQ UHJXODUL]DWLRQ WRRO� 3DU]HQ¶V PHWKRG�

9LVXDO 3�('5 LV DQ LPSOHPHQWDWLRQ LQ SDUDOOHO RI WKH ('5 DOJRULWKP ZLWK D JUDSKLFDO LQWHUIDFH� XVHG WR VKRZ

KRZ WKH DOJRULWKP FRQYHUJHV PRUH D PRUH ZLWKLQ HDFK LWHUDWLRQ� DQG WR VXSHUYLVH ZKHQ WKH VROXWLRQ KDV UHDFKHG

D IL[HG �VWDEOH� SRLQW� 2QH LQWHUHVWLQJ XVH RI WKLV JUDSKLFDO YHUVLRQ ZDV WR UHILQH WKH DOJRULWKP¶V KHXULVWLFV

TXLFNO\� ZLWK WKH KHOS RI WKH JUDSKLFDO LQWHUIDFH �ZH FRXOG VHH ZKHQ ZH REWDLQ D ULJKW VROXWLRQ� LQ RUGHU WR

HVWDEOLVK D VWRS FRQGLWLRQ��
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Figure 4. Initial (left) and final (right) windows of the visual Jacobi's algorithm

)LJXUH � LOOXVWUDWHV WKH ILUVW DQG ODVW ZLQGRZV RI WKH DSSOLFDWLRQ� 7UXH �RULJLQDO XQNQRZQ GHQVLW\� DQG 3�('5¶V

HVWLPDWHG SUREDELOLW\ GHQVLWLHV DUH VKRZHG� $V ZH VKRZ LQ WKH ILJXUH� WKH SURSRVHG PHWKRG ZDV DEOH WR

HIILFLHQWO\ UHFRYHU WKH WUXH GHQVLW\ RI PRGHUDWHO\ GHJUDGHG GDWD ZLWK D UHPDUNDEO\ IDVW FRQYHUJHQFH UDWH >�@� 7KH

GHWDLOV RI WKH SDUDOOHO LPSOHPHQWDWLRQ DUH H[KDXVWLYHO\ GHVFULEHG LQ >�@� EXW WKH\ DUH RXW RI WKH VFRSH RI WKLV
DUWLFOH� 2XU LQWHUHVW LV MXVW WR VKRZ KRZ 03,�'HOSKL KDV EHHQ XVHG LQ WKH VROXWLRQ RI D UHDO DQG FRPSXWDWLRQDOO\

H[SHQVLYH SUREOHP� LQ ZKLFK JUDSKLFDO XVHU LQWHUDFWLRQ ZDV QHHGHG�

Figure 5. Initial (left) and final (right) windows of the visual P-EDR algorithm

3.3  Our hardware and software environment

2XU UHVHDUFK JURXS KDV D FOXVWHU RI 3&V ZLWK D PL[WXUH RI /LQX[ DQG :LQGRZV 17 RSHUDWLQJ V\VWHPV� :H

FDUULHG RXW WKHVH H[SHULPHQWV LQ D FOXVWHU RI ,QWHO 3HQWLXP ��� 0+] SURFHVVRUV ZLWK �� 0% PDLQ PHPRU\ DQG

��� .% FDFKH PHPRU\� :H XVHG D )DVW (WKHUQHW �&RP ����QHWZRUN DGDSWHU DV WKH FRPPXQLFDWLRQ FKDQQHO�

:LQGRZV 17 Y���� ZDV XVHG DV WKH RSHUDWLQJ V\VWHP LQ RQH RI WKH 3&¶V� 7KH UHVW RI WKHP XVHG /LQX[ ������
RSHUDWLQJ V\VWHP�

'HOSKL SURJUDPV ZHUH FRPSLOHG ZLWK WKH EHVW RSWLPL]DWLRQ RSWLRQV SURYLGHG E\ WKH ,'( �,QWHJUDWHG

'HYHORSPHQW (QYLURQPHQW�� ZKLOH & SURJUDPV ZHUH FRPSLOHG XVLQJ WKH *18 JFF FRPSLOHU ZLWK ±2�

RSWLPL]DWLRQ RSWLRQ�

4.  Conclusions

With the increasing popularity of distributed systems as a cost-effective means for high-performance computing,
efficient and portable visual programming interfaces become increasingly important. Our work has focused on
offering the possibility of programming parallel applications with a graphical interface in a fast way. In this way,
the programmer saves effort and time costs when implements a parallel algorithm. Delphi visual programming

7UXH GHQVLW\

,QLWLDO GHQVLW\

)LQDO GHQVLW\
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environment provides this possibility, but the main problem is related with the possibility of creating parallel
applications within this environment as, until now, there was no implementation of standard (PVM, MPI)
parallel programming libraries for Delphi.
03,�'HOSKL FRQVWLWXWHV� WKHUHIRUH� D ILUVW DSSURDFK IRU 'HOSKL¶V SURJUDPPHUV WR SDUDOOHO SURJUDPPLQJ ZLWKLQ D
PHVVDJH�SDVVLQJ SDUDGLJP� ([WHQGLQJ WKH SDUDOOHO SURJUDPPLQJ WR D YLVXDO SURJUDPPLQJ HQYLURQPHQW HQWDLOV

PDQ\ DGYDQWDJHV� VXFK DV KLJK OHYHO GHEXJJLQJ WRROV RU DXWRPDWLF XVHU¶V LQWHUIDFH FUHDWLRQ�

03,�'HOSKL LQWHUIDFH LV PRUH VXLWDEOH WR VRPH VSHFLILF NLQG RI SUREOHPV� VXFK DV PRQLWRULQJ ORQJ H[HFXWLRQ WLPH

SDUDOOHO SURJUDPV RU FRPSXWDWLRQDOO\ LQWHQVLYH JUDSKLFDO VLPXODWLRQV� &XUUHQWO\� ZH DUH ZRUNLQJ LQ WKH

DSSOLFDWLRQ RI 03,�'HOSKL LQWHUIDFH LQ VHYHUDO ILHOGV� VXFK DV PHGLXP DQG KLJK OHYHO FRPSXWHU YLVLRQ� PHPRU\

DQG FDOFXOXV LQWHQVLYH PDFKLQH OHDUQLQJ DOJRULWKPV DQG VHYHUDO FODVVLFDO VWDWLVWLFDO SUREOHPV >��@� %HVLGHV� 03,�
'HOSKL KDV UHYHDOHG DV D JRRG WRRO IRU UHVHDUFK� EHFDXVH WKH GHYHORSPHQW RI QHZ DOJRULWKPV FDQ EH GRQH TXLFNO\

DQG� WKHUHIRUH� WLPH LQYHUWHG LQ WKH GHEXJJLQJ RI VXFK DOJRULWKPV LV UHGXFHG� 7KH 3�('5 DOJRULWKP FRQVWLWXWHV D

QLFH H[DPSOH RI WKLV ODVW DIILUPDWLRQ�

References

1. M. Acacio, O. Cánovas, J. M. García and P. E. López-de-Teruel. An Evaluation of Parallel Computing in
PC Clusters with Fast Ethernet. In Procc. of the ACPC 99, Salzburg (Austria), Feb. 1999.

2. J. C. Browne, J. Dongarra, S. Hyder, K. Moore and P. Newton. Visual Programming and Parallel
Computing. Technical Report TR94-229, University of Texas, 1994.

�� 0� %XEDN� :� )XQLND DQG -� 0RVFLQVNL� 7XQLQJ WKH 3HUIRUPDQFH RI 3DUDOOHO 3URJUDPV RQ 12:V 8VLQJ

3HUIRUPDQFH $QDO\VLV 7RRO� ,Q 3URFF� RI $SSOLHG 3DUDOOHO &RPSXWLQJ� /1&6� YRO� ����� SS� ������
6SULQJHU�9HUODJ� �����

�� :� *URSS� (� /XVN DQG $� 6NMHOOXP� 8VLQJ 03,� 3RUWDEOH 3DUDOOHO 3URJUDPPLQJ ZLWK WKH 0HVVDJH 3DVVLQJ

,QWHUIDFH� 7KH 0,7 3UHVV� �����

�� %� /HVWHU� 7KH $UW RI 3DUDOOHO 3URJUDPPLQJ� (QJOHZRRG &OLIIV� 1HZ -HUVH\� 3UHQWLFH +DOO� �����

�� 3�(� /ySH]�GH�7HUXHO� -�0� *DUFtD� 0� $FDFLR DQG 2� &iQRYDV� 3�('5� $Q $OJRULWKP IRU 3DUDOOHO

,PSOHPHQWDWLRQ RI 3DU]HQ 'HQVLW\ (VWLPDWLRQ IURP 8QFHUWDLQ 2EVHUYDWLRQV� ,Q 3URFF� RI WKH �
QG

0HUJHG
,336�63'3� 3XHUWR 5LFR� $SULO �����

�� /�%� /XF\� $Q ,WHUDWLYH 7HFKQLTXH IRU WKH 5HFWLILFDWLRQ RI WKH 2EVHUYHG 'LVWULEXWLRQV� 7KH $VWURQRPLFDO

-RXUQDO� 9RO� ��� 1R� �� SDJHV �������� �����

�� 8� 0DLHU DQG *� 6WHOOQHU� 'LVWULEXWHG 5HVRXUFH 0DQDJHPHQW IRU 3DUDOOHO $SSOLFDWLRQV LQ 1HWZRUNV RI

:RUNVWDWLRQV� ,Q +3&1 (XURSH ����� /1&6 YRO� ����� SS� �������� 6SULQJHU�9HUODJ� �����

�� -� 0HLUHOHV 0DULQKR� :03, +RPH 3DJH� KWWS���GVJ�GHL�XF�SW�aIDIH�Z��PSL��
��� -� 3LHUQDV� $� )ORUHV DQG -� 0� *DUFtD� $QDO\]LQJ WKH 3HUIRUPDQFH RI 03, LQ D &OXVWHU RI :RUNVWDWLRQV

%DVHG RQ )DVW (WKHUQHW� ,Q �
WK
(XUR 390�03, 0HHWLQJ� /1&6� YRO� ����� SS� ������ 6SULQJHU�9HUODJ�

�����

��� ,� 3LWDV� 3DUDOOHO $OJRULWKPV IRU 'LJLWDO ,PDJH 3URFHVVLQJ� &RPSXWHU 9LVLRQ DQG 1HXURQDO 1HWZRUNV� -RKQ

:LOH\ 	 6RQV� �����

��� $� 5XL]� 3� (� /ySH]�GH�7HUXHO \ 0� &� *DUULGR� .HUQHO 'HQVLW\ (VWLPDWLRQ IURP +HWHURJHQHRXV ,QGLUHFW
2EVHUYDWLRQ� /HDUQLQJ ��� 0DGULG� 6HSW� �����

13. P. S. Souza, L. J. Senger, M. J. Santana, R. C. Santana. Evaluating Personal High Performance Computing
with PVM on Windows and LINUX Environments. In 4th Euro PVM/MPI Meeting, LNCS, vol. 1332, pp. 49-
53, Springer-Verlag, 1997.

��� 5� :LVP�OOHU� 7� /XGZLJ� $� %RGH� 5� %RUJHHVW� 6� /DPEHUWV� 0� 2EHUKXEHU� &� 5|GHU DQG *� 6WHOOQHU� 7KH

7RRO�VHW 3URMHFW� 7RZDUGV DQ ,QWHJUDWHG 7RRO (QYLURQPHQW IRU 3DUDOOHO 3URJUDPPLQJ� ,Q 3URFF� RI �
QG
6LQR�

*HUPDQ :RUNVKRS $337
��� SS� ����� *HUPDQ\� 6HSW� �����


