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ScaLAPACK
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ScaLAPACK Grid Enabled
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To Use ScaLAPACK a User Must:
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GrADS Numerical Library
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Resource Selector
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Arrays of Values Generated by Resource
Selector
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ScaLAPACK Performance Model
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Experimental Hardware / Software Grid
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TORC CYPHER OPUS

Type Cluster
8 Dual Pentium
III

Cluster 16 Dual
Pentium III

Cluster
8 Pentium II

OS Red Hat Linux
2.2.15 SMP

Debian Linux
2.2.17 SMP

Red Hat Linux
2.2.16

Memory 512 MB 512 MB 128 or 256 MB

CPU speed 550 MHz 500 MHz 265 – 448 MHz

Network Fast Ethernet
(100 Mbit/s)
(3Com
3C905B) and
switch
(BayStack
350T) with 16
ports

Gigabit
Ethernet (SK-
9843) and
switch
(Foundry
FastIron II)
with 24 ports

Myrinet
(LANai 4.3)
with 16 ports
each

MacroGrid
Testbed

Independent components being
put together and interacting



Performance Model Validation

Speed = 60% of the peak

Opus14 Opus13 Opus16 Opus15 Torc4 Torc6 Torc7
mem(MB) 215 214 227 215 233 479 479
speed 270 270 270 270 330 330 330
load 1 0.99 1 0.99 1 1.04 0.87

Bandwidth Opus14 Opus13 Opus16 Opus15 Torc4 Torc6 Torc7
Opus14 -1 248.83 247.31 246.38 2.83 2.83 2.83
Opus13 248.83 -1 244.54 240.94 2.83 2.83 2.83
Opus16 247.31 244.54 -1 247.54 2.83 2.83 2.83
Opus15 246.38 240.94 247.54 -1 2.83 2.83 2.83
Torc4 2.83 2.83 2.83 2.83 -1 81.96 56.47
Torc6 2.83 2.83 2.83 2.83 81.96 -1 50.9
Torc7 2.83 2.83 2.83 2.83 56.47 50.9 -1

Latency in msec

Latency Opus14 Opus13 Opus16 Opus15 Torc4 Torc6 Torc7
Opus14 -1 0.24 0.29 0.26 83.78 83.78 83.78
Opus13 0.24 -1 0.24 0.23 83.78 83.78 83.78
Opus16 0.29 0.24 -1 0.23 83.78 83.78 83.78
Opus15 0.26 0.23 0.23 -1 83.78 83.78 83.78
Torc4 83.78 83.78 83.78 83.78 -1 0.31 0.31
Torc6 83.78 83.78 83.78 83.78 0.31 -1 0.31
Torc7 83.78 83.78 83.78 83.78 0.31 0.31 -1

Bandwidth in Mb/s

This is for a refined grid



Grid ScaLAPACK vs Non-Grid ScaLAPACK,
Dedicated Torc machines
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ScaLAPACK across 3 Clusters
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Largest Problem Solved
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PETSc and GrADS
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ÿ ùûÿøýüþúýÿü÷ûúý
ÿ íïýüùøüõôýüùõôý÷üïûîý÷òöÿðüñÿöþÿìýúüòïüëòóýüûúý

ÿ ôóøúûòùûöøüýûúøõóÿøûúøþ÷ýûÿø
ÿ ÷ûùûýüþøüûúýüùÿû

ÿ óôúõýòôûúüüþýñÿöùúüÿ÷ýðÿø
ÿ ýÿþÿüþÿüÿýþþþÿûÿüúùýþ÷üþÿýüøöùûú

ÿ þîîïíòñìüù÷öüðôõöüòëöôðüôðüêôðüëøñöüòñüù÷öüýóôÿþúþûéü
ÿûþüýúÿù
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ÿ õÿüûöôÿüöüýþöóþüùòüöòüøòþÿóñö÷ÿüþûöþüðøúúüðùóïîüøòü
òÿûÿþüøñùðóõôùû÷ýÿþóúüøùøóïþüþóÿöî
ÿòôñùÿûõöÿðúÿõÿïù÷îþíúìÿüþúýõô÷üöÿôüÿþíëøÿ÷öÿüôóúýÿöëîúý÷ûõíÿ
÷úõûøùýüôÿøó÷þ÷øýüö

ÿòùðùþóïõøîü÷õîöÿûõóøü÷ùôúÿøõý÷ýüñóöüôóøûöÿôûüðõóþÿûõóøýí

ÿ òÿñöóúöúþøôõöõóúðõøüýõú÷ýýñûúüÿúûùïïþó
ÿóýûÿüôöùøþò÷ýúôõÿ
ÿõúüþÿüöù÷ûúýôÿóúø

ÿ ÿþýüúýûøüôñüøþýüñú÷ùýðôúïüõ÷óüúýù÷öóüøþýüû÷ùýò

üýûÿþÿú
úüþùÿýûüýÿþ þýüûúÿùý

üýûýúþÿù

üÿþûúþùýø÷ÿ
üÿýþû

ùüýÿþúûÿ
øú÷úûþÿüúýù

ÿþþ
øÿúþùûüý



Conclusions

ÿ óòôþñûøþù÷úýÿñþýüñûõûùðýïñîöíý
øþ÷þûüýúþùÿ
ÿ ÷ûüùúùÿöÿõôóÿùúõÿûùýüøúþôúûüú

õøÿúýõÿüöûöüùþô÷ó
ÿ õôöøÿûÿúùú÷üóýûþúøòúùþûùÿúòøþú

üùøúÿ÷þùþûý
ÿ ôûýøüó÷òúÿúñûüõûûöüùþðïüÿ÷ü

ôûùÿûóöóüõòöñöþûÿöúøõðïü÷õöýô÷õ
ÿ÷ûÿùýüÿúþø

ÿ úùûø÷öõôüÿÿõþóòñðþòýõðóïîõñíõ
üùûÿõûö÷ø÷ýþøÿ÷þÿüùûÿôú÷õÿ
ûúùÿýøú÷ûúöõöøõôýøùÿóûõþûüöõöÿ÷ûõ
ýÿùúÿøþýüÿû÷
ÿ þýüûÿúùúÿø÷üùþü÷ûþúôõÿøöýþ

ýúùøüþú÷ýúÿûö
ÿ ÿþöûõôö÷ùýüóôòúûúôþöùñöûõôöðøúïö

üøòö÷ùõ÷úø÷÷ôúÿþúô÷ó÷ûþýú
ûúùÿúø÷öøûýõôùýûøóõýÿþÿüúÿòöóöúñð

ÿ ò÷ñ÷ÿþðùôïúõúýõûùóúùôîöõûøöüóøüö÷ú
ôùõýóùòñøúüú÷ùûüöýÿó÷þûóþý
ûòòõùúûÿùóø÷üûøñü÷óôÿðûöýüùøüÿþýü
ùüûøÿú÷öûüõ÷þú÷ýôÿÿ
ÿ öþýõôóøôòóó÷ñôûñôüþÿðùïûúîô

úùøùÿ÷öõùôýüý÷úþûó

ÿ ûýúùúø÷ùöõúô÷úóùò÷úøü÷ö÷ñðþÿýú
þõôþüûþúóþÿ÷úùÿòýýøöñÿ÷úùÿðþÿ
ÿúýû÷üúöþùõûôüõýôóýúø
ÿ öùùý÷üúÿþø÷ûüúþøõýÿþüùú
ÿ ÷ýõûõñöôþøöóóþùúþñùøòùÿüÿûóþ

ÿ òùôÿôöÿúýõþ÷÷üùôÿøýöõÿôóôÿôúû
ÿ ùûÿþüÿýüú

ÿ öõõøüúôÿþûúþóùüýûý÷üóò
ÿ øùûôù÷ýú÷óüÿüöù÷ýþþýöÿüúûÿûùõ÷ÿý÷

üõþÿôóòøôýþóúòøõöôøôý÷ýóúþøùúúóûñø
ûø÷ùö÷þöûõúüøýÿ
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ÿ þøüûýúýÿû÷öúõúôÿóûù
ÿ õûøýô÷óüøöÿýùûô÷ýüûÿòöùþøñðú
ÿ ÷öõøÿýùúüýÿøõùýþöôûôó
ÿ öþÿýø÷þõüûúþôùø÷ üýþøôúüÿúþô!"ý
ÿ öýõûüúýøÿùøÿù÷øÿúûü÷úùôýøþüúýøÿ
ÿ ôóòúþÿöûüøöûòÿþñúöùõûý÷øöÿö÷üûý÷û

øöùûúôõóüûõþüþùÿýòñôõóüðöôþüûÿÿýôøûúôòõ÷ïü
õùþõýúúþöÿ÷øÿúú þýöüúùöù÷û

ÿ ôûöÿóýøöùþûüþòüñøýùþúõüöþþ÷õ
ÿ ñ÷ÿðöóüúûÿÿýòúûÿúõÿþþøùöûô
ÿ ôóþùøûÿùúýüòòö÷ñüòûõüýù÷ýðù÷òûïøüøö

ÿ ÷ÿýþùøüúÿûøõüöÿ þ!ÿûýü
ÿ ÿþôøùüðýúýïøüòõþýöúûþ÷øôüõóøóüñóþýÿ þ$þ ÿ

ùøýûôùòûõúÿýþûú#üûöüôþ÷õûöþ"üôóúô!ùÿòüþ
ÿþýûô÷ÿûø÷ýöøôòýûúñüøùòõõþôûøóþô
üûüúýþÿþýù õöûûÿø÷ÿôýúóüþùôü÷ò 

— óõÿúôþöùûøý÷þôýüþ÷ò
— øþÿùûü÷ýúýö
ÿ ôþóóýúûüòùøöüûñûüòùðþÿùïûõÿøÿòùøú÷ù

ÿööõ÷úÿù÷ûôýóþúøÿô÷üóü

ÿ óõùûòÿôùüþõúþñúýôÿüþöøúùþþ÷ø
ÿ ÿþýóøúûù÷ýýòõù÷ýùüýññöôø÷ð
ÿ óòúþôùõþûöÿ÷÷ñýðÿ÷ùïÿöþýöüþý÷ùøôÿôñýÿûïý

úýüÿþùûýø
ÿ ñúôðøïûü÷øîúþþõôîûöóøíõùòúôÿøüúøÿýõõòø

ýû÷øõò÷þú÷ñúõôÿúòûÿýùðúõÿóôþ÷ü÷öòÿùðúýþûú
öøýüõöþýôú÷ÿùÿóûòÿ÷úñðúïîøíìëê

ÿ ðùþûñô÷ÿýÿùøÿýùûòùïóüöù÷üîóõóüÿøíùõ÷ûúìù
þóùøúüööòÿöòóüù÷úûÿõôð÷ýùüùóÿýúüýûúù÷ñùú
ýþüÿüû

ÿ ÷ûøúüþýÿùöüõÿúùüøÿýþû
ÿ ï÷øòÿðúîúðÿôðøüý÷óòñÿöúùûý÷þó÷üõ
ÿ óòöýõ÷ñýøûþÿÿðüïþÿ÷ùþûýüûúýüÿ÷ôõþõðüþøùü

úüÿýþøûüù
ÿ ÿþöú÷öøüùòþôñùþöùöüòùöøóüô÷ûõýù

ø÷ïöûòùÿúüýõøôøñ÷þýöðýõöóùûö÷÷òóïý÷øûïþîý
ûÿñýõúïþ÷úøúüÿîúóúÿòùþöóðþðíóöñôûþ
ýüüûúùýþúø÷ÿ

ÿ ñðóüÿöøüõôúïïòûîúïöùúôüûô÷üûýþøóïüôü
üÿûúùþøý ÿüùõýôöüóûþú÷òøñðú÷ïþ
üÿõøôûúõøóýûöÿõüòøý÷ù÷õøò÷ñýúóúþõüðøý
ùÿ÷öýúõþýÿüôóòóþû÷óñôúýðøõøýûóñôõüï ÿþýÿÿ


