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ʅˍˇʽ˔ʶʾʰ ʴʽʰ ˍˇ ˃ʱʻʹ˃ʰ

×ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌΥ
1. ɶ ɻˇ˃ʺ̱̟ ˄ ˉʰˊʱ˂˂ʹ˂˖˄ ˎˉˇ˂ˇʴʽˋˍ˗˄ όˉˇ˂ˎˉˏˊʹ˄ʰΣ smps, 

clusters, gpusˁ˂ˉύ

2. ʁ ̄ˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌˍˇˎˌ όthreads, OpenMP, MPIˁ ˂ˉύ

× ɮˉʶˎʻˏ˄ʶˍʰʽ ˁˎˊʾ˖ˌ ˋʶ җ пˇʷˍˇˌ ˒ˇʽˍʹˍʷˌΣ ˃ʶ ʶ˃ˉʶʽˊʾʰ ˋʶ
ü ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˋˎˋˍʹ˃ʱˍ˖˄ ˋʶ C

ü ɽʶʽˍˇˎˊʴʽˁʱ ˋˎˋˍʺ˃ʰˍʰ

ü ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˎˉˇ˂ˇʴʽˋˍ˗˄

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʅˍˇʽ˔ʶʾʰ ʴʽʰ ˍˇ ˃ʱʻʹ˃ʰ

× ɶ˃ʷˊʰκ˗ˊʰ
üɲʶˎˍʷˊʰ, 09:00ς12:00

× ɲʽʵʰˁˍʽˁˈ ˎ˂ʽˁˈΥ
üɰʽʲ˂ʾʰ όɳˏʵˇ˅ˇˌύΥ

1. ζɳʽˋʰʴ˖ʴʺ ˋˍˇ˄ ˉʰˊʱ˂˂ʹ˂ˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈη - P. Pacheco (2015)
2. ζɳʽˋʰʴ˖ʴʺ ˋˍˇ˄ ˉʰˊʱ˂˂ʹ˂ˇ ˎˉˇ˂ˇʴʽˋ˃ˈη -ʃʱ˄ˍʸʽˇˎ, ɾʱ˃ʰ˂ʹˌ, ʆˇ˃ʰˊʱˌ(2013)
3. ζʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˁʰʽ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ˋˎˋˍʹ˃ʱˍ˖˄ ˉʰˊʱ˂˂ʹ˂ʹˌ 
ʶˉʶ˅ʶˊʴʰˋʾʰˌη ςʃʰˉʰʵʱˁʹˌ ϧ ɲʽʰ˃ʰ˄ˍʱˊʰˌ(2012)

4. ζʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˃ʰʸʽˁʱ ˉʰˊʱ˂˂ʹ˂˖˄ ʶˉʶ˅ʶˊʴʰˋˍ˗˄η - D. B. Kirk, W-m. W. 
Hwu(2010)

üʃˊˈˋʻʶˍˇ ɲʽʵʰˁˍʽˁˈ ʇ˂ʽˁˈ όɳˏʵˇ˅ˇˌύΥ
ζʃʰˊʱ˂˂ʹ˂ʰ ʅˎˋˍʺ˃ʰˍʰ ˁʰʽ ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌη ςɰΦ ɲʹ˃ʰˁˈˉˇˎ˂ˇˌ(2017) 
Õ 1ʹʰ˄ʰʻʶ˖ˊʹ˃ʷ˄ʹ ʷˁʵˇˋʹ
Õɳ˂ʶˏʻʶˊˇ ˋˏʴʴˊʰ˃˃ʰ ˋʶ PDF
Õ http://repository.kallipos.gr/handle/11419/3209
Õɼˏˊʽˇ ˋˏʴʴˊʰ˃˃ʰ

× ɹˋˍˇˋʶ˂ʾʵʰ ˃ʰʻʺ˃ʰˍˇˌ
ü http://www.cse.uoi.gr/~dimako/teaching/

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

http://repository.kallipos.gr/handle/11419/3209
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ɰʰʻ˃ˇ˂ˈʴʹˋʹ ˃ʰʻʺ˃ʰˍˇˌ

×ɳˉʽ˂ˇʴʺ ˍˊˈˉˇˎ ʲʰʻ˃ˇ˂ˈʴʹˋʹˌ ʰˉˈ ˍˇ˄ ˁʰʻʷ˄ʰ˄Υ

üʃˊ˗ˍʹ ʶˉʽ˂ˇʴʺΥ όʻʰ ʵʶʾ˅ʶʽΧύ
ɾʽˁˊʷˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁʷˌ ʰˋˁʺˋʶʽˌ Ҍ ˍʶ˂ʽˁʷˌ ʶ˅ʶˍʱˋʶʽˌ
Õɮˋˁʺˋʶʽˌ ʶˁ˃ʱʻʹˋʹˌ ˉʰˊʱ˂˂ʹ˂ˇˎ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ
Õʅˎ˄ˇ˂ʽˁʱ н-о ˋʶ ˈ˂ˇ ˍˇ ʶ˅ʱ˃ʹ˄ˇ
Õɼʱʻʶ ˃ʾʰ ˉʽʱ˄ʶʽ мл҈ ˋˍʹ˄ ˍʶ˂ʽˁʺ ʲʰʻ˃ˇ˂ˇʴʾʰ

üɲʶˏˍʶˊʹ ʶˉʽ˂ˇʴʺΥ
ɾˈ˄ˇ ˍʶ˂ʽˁʺ ʶ˅ʷˍʰˋʹ
Õʍˌ ˍʶ˂ʶˎˍʰʾʰ όˁʰʽ ˃ʶ ˂ʽʴˈˍʶˊʹ ˇˎˋʾʰύ ʶˉʽ˂ˇʴʺ

üʆʶ˂ʽˁˈˌ ʲʰʻ˃ˈˌΥ
Õmax { ̡ ʰʻ˃ˈˌ-˃-ʁʶˊʴʰˋʾʶˌΣ ʲʰʻ˃ˈˌ-˃ˈ˄ˇ-ˍʶ˂ʽˁʺˌ-ʶ˅ʷˍʰˋʹˌ ϒ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ



ɯʔʒ-ʇʌʕʂʅʝʅʌʍʞ

ɲʒ ʕʉʏʇʔʌʐʤ ʏʞʊʉʏʂ
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ʆʶ˔˄ˇ˂ˇʴʾʰ ς̌  ˄ˈ˃ˇˌ ˍˇˎ Moore

2X transistors/Chip Every 1.5 years

Mooreôs Law

Microprocessors have become 
smaller, denser, and more powerful.

ʆʽ ˋʹ˃ʰʾ˄ʶʽ ʰˎˍˈΤ

ɮˉʱ˄ˍʹˋʹΥ 
ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰΗ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʆʶ˔˄ˇ˂ˇʴʾʰ ς́  ˁ˂ʽ˃ʱˁ˖ˋʹ ˍˇˎ Dennard

× ʆʰ transistors̄ ˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʰ ˁˎˁ˂˗˃ʰˍʰ˃ʽˁˊʰʾ˄ˇˎ˄ 
όζˁ˂ʽ˃ʱˁ˖ˋʹη ˉˊˇˌ ˍʰ ˁʱˍ˖ύ ˋʶ ʵʽʰˋˍʱˋʶʽˌ ˃ʶ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˈˉ˖ˌ 
ˉʰˊʰˍʺˊʹˋʶ ˁʰʽ ˇ Moore. ʆʽ ʴʾ˄ʶˍʰʽ ʰ˄ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍˇˏ˄ ˃ʶ ʷ˄ʰ˄ ˉʰˊʱʴˇ˄ˍʰ ʰ?

× ɮˉʱ˄ˍʹˋʹ όDennard): ʹ ˉˎˁ˄ˈˍʹˍʰ ʽˋ˔ˏˇˌ όʽˋ˔ˏˌ κ ʶˉʽ˒ʱ˄ʶʽʰύ ˃ʷ˄ʶʽ ˋˍʰʻʶˊʺ ʶ˄˗ 
ʹ ˋˎ˔˄ˈˍʹˍʰ ˂ʶʽˍˇˎˊʴʾʰˌ ʰˎ˅ʱ˄ʶʽΦ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

ɾʷʴʶʻˇˌ ɳˉʾ

ɾʺˁˇˌΣˉ˂ʱˍˇˌΣ ˉʱ˔ˇˌʰ

ɳˉʽ˒ʱ˄ʶʽʰ ʰ
2

ʆʱˋʹ ʰ

ʄʶˏ˃ʰ ʰ

ʋ˖ˊʹˍʽˁˈˍʹˍʰ ʰ

ɼʰʻˎˋˍʷˊʹˋʹʵʽʱʵˇˋʹˌ ʰ

ɾʷʴʽˋˍʹˋˎ˔˄ˈˍʹˍʰ (F) мκʰ

ɳ˄ʷˊʴʶʽʰ ʰ
3

ɹˋ˔ˏˌ ʰ
2

ʅ˃ʾˁˊˎ˄ˋʹˁʰˍʱ ол҈ όʰ Ґ лΦтύ

Ҩ ол҈

Ҩ рл҈

ҧ пл҈

Ҩ рл҈

ɯˊʰ ˋˍˇ˄ ʾʵʽˇ ˔˗ˊˇ ˉ˂ʷˇ˄Υ

Å̝ ˖ˊˇˏ˄ н transistors 

Åˁ ʰˍʰ˄ʰ˂˗˄ʶˍʰʽ ˋˎ˄ˇ˂ʽˁʱ 
ɹɲɹɮ ʽˋ˔ˏˌ

Åʁ ʾ˄ʰʽ пл҈ ˍʰ˔ˏˍʶˊʰΗ



Parallel Processing Group

UNIVERSITY OF IOANNINA

8

ʁ ˄ˈ˃ˇˌ ˍˇˎ Bill Joyʴʽʰ ˍʽˌ ʶˉʽʵˈˋʶʽˌ

×ɳˉʽʵˈˋʶʽˌ ʶˁʻʶˍʽˁʱ ʰˎ˅ʰ˄ˈ˃ʶ˄ʶˌ(integer SPEC bechmarks)

ʆʽ ʷʴʽ˄ʶ ʶʵ˗ΤΤΤ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ɳ˅ʷ˂ʽ˅ʹ ˋˍʽˌ ʶˉʽʵˈˋʶʽˌ όSPECintςsingle core)

×ɳˉʽʵˈˋʶʽˌ ʶˁʻʶˍʽˁʱ ʰˎ˅ʰ˄ˈ˃ʶ˄ʶˌ(integer SPEC bechmarks)

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

Å1978-1986: +22% / year (mostly frequency scaling) 
Å1986-2003: +52% / year (freq. scaling and architecture improvements)
Å2003-2011: +23% / year (multi-core parallelism; freq. scaling slowed)
Å2011-2015: +12% / year (more CPU parallelism) 
Å2015- : +3% / year
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ɶ ˁʰˍʱˊˊʶˎˋʹ ˍʹˌ ˁ˂ʽ˃ʱˁ˖ˋʹˌ ˍˇˎ Dennard

×ɶ ˁ˂ʽ˃ʱˁ˖ˋʹ ˁʰʽ ˇʽ ʰ˄ʰ˂ˇʴʾʶˌ ˉˇˎ ˁʰˍʷʴˊʰ˕ʶ ˇ Dennard
ˎˉʷʻʶˍʰ˄ ˈˍʽ ˍˇ ˂ʶʴˈ˃ʶ˄ˇ ˊʶˏ˃ʰ ʵʽʰˊˊˇʺˌʶʾ˄ʰʽ ʰ˃ʶ˂ʹˍʷˇΦ
üɴˉʰ˕ʶ ˄ʰ ʶʾ˄ʰʽ ʰ˃ʶ˂ʹˍʷˇ ʴˏˊ˖ ˋˍˇ нллр ˈˉˇˎ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ʺˍʰ˄ 
ˋˍʰ срnm.

×ʃʶˊʰʽˍʷˊ˖ ˋ˃ʾˁˊˎ˄ˋʹ ʰˎ˅ʱ˄ʶʽ ʶˁʻʶˍʽˁʱ ˍˇ ˊʶˏ˃ʰ ʵʽʰˊˊˇʺˌ 
ˁʰʽ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰ ˍʹ˄ ˁʰˍʰ˄ʰ˂ʽˋˁˈ˃ʶ˄ʹ ʽˋ˔ˏ όʰ˄ˍʾ ˄ʰ ˍʹ˄ 
˃ʶʽ˗˄ʶʽύ
üɼʰˍʱˊˊʶˎˋʹ ˍʹˌ ˁ˂ʽ˃ʱˁ˖ˋʹˌ ˍˇˎ Dennard.

× ʂ˃˖ˌ ˇ ˄ˈ˃ˇˌ ˍˇˎ Moore ̀ ˎ˄ʶ˔ʾʸʶʽ ˄ʰ ʽˋ˔ˏʶʽΧ 
üɳˊ˗ˍʹˋʹΥ ʃ˖ˌ ˔ʶʽˊʽʸˈ˃ʰˋˍʶ ˍʹ˄ ʽˋ˔ˏ ˍ˖˄ ʵʽˉ˂ʱˋʽ˖˄ transistors;

üɮˉʱ˄ˍʹˋʹΥ ˊʾ˔˄ˇˎ˃ʶ ˍʹ ˋˎ˔˄ˈˍʹˍʰ

üɳˊ˗ˍʹˋʹΥ ɼʰʽ ˉ˖ˌ ʻʰ ˂ʷ˃ʶ ˈˍʽ ˈ ˄ʷˇˌ ʶˉʶ˅ʶˊʴʰˋˍʺˌ ʷ˔ʶʽ ʲʶ˂ˍʽ˖˃ʷ˄ʶˌ 
ʶˉʽʵˈˋʶʽˌΤ

üɮˉʱ˄ˍʹˋʹΥ dual-coreΦ ʋʰ˃ʹ˂ˈˍʶˊʹ ˋˎ˔˄ˈˍʹˍʰ ˃ʶ˄Σ ʵˏˇ ʶˉʶ˅ʶˊʴʰˋˍʷˌ ˋˍˇ˄ 
ʾʵʽˇ ˔˗ˊˇ ʵʶΗ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʆʱˋʶʽˌ ˍ˖˄ ʶˉʶ˅ʶˊʴʰˋˍ˗˄

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ



ȣ ʅʥʔʝ ʏʂʖ

ɯʂʔʞʎʎʉʎʒʌ ʘʓʒʎʒʅʌʕʗʟʖ ȣ
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ʃˊˈˋ˒ʰˍˇ ˉʰˊʶ˂ʻˈ˄

× SMPs (symmetric multiprocessors)
ü 2 ς4 ʁ ˉʶ˅ʶˊʴʰˋˍʷˌ ό˃ˇ˄ˇˉˏˊʹ˄ˇʽύ ˋˎ˄ʹʻʽˋ˃ʷ˄ˇʽΣ ˃ʷ˔ˊʽ у ʶˉʶ˅ʶˊʴʰˋˍʷˌ ˋʶ 
ʶ˃ˉˇˊʽˁʱ ˋˎˋˍʺ˃ʰˍʰ

ü ʃʰ˄ʱˁˊʽʲʰ ˋˎˋˍʺ˃ʰˍʰ ˃ʶ мн -мс ʶˉʶ˅ʶˊʴʰˋˍʷˌ,ʶ˂ʱ˔ʽˋˍʰ
ü ɼˇʽ˄ʺ ˃˄ʺ˃ʹ
ü ʃ˂ʷˇ˄ ˁʱʻʶ ʷ˄ʰˌ ʰˉˈ ˍˇˎˌ ʶˉʶ˅ʶˊʴʰˋˍʷˌ ʶʾ˄ʰʽ ˉˇ˂ˎˉˏˊʹ˄ˇˌ

× ʆɾɶʇʃΥ ˉˇ˂ˎʶˉʶ˅ʶˊʴʰˋˍʷˌ ˃ʶ ˃ˇ˄ˇˉˏˊʹ˄ˇˎˌ όˉʰ˂ʰʽˈˍʶˊʰύΥ 
ü ʃˇ˂˂ʱ Sun˃ʶ н UltraSparc
ü ʃˇ˂˂ʱ PC ˃ ʶ н CPUs ̋ κˁʰʽ ˃ʶ ʵʽˉˏˊʹ˄ˇˎˌ ʶˉʶ˅ʶˊʴʰˋˍʷˌ
ü atlantis˃ʶ п Pentium III Xeon (700MHz)

Õ 700.000 ɻ ˊ˔/CPU!

× ʆɾɶʇʃΥ ˉˇ˂ˎʶˉʶ˅ʶˊʴʰˋˍʷˌ ˃ʶ ˉˇ˂ˎˉˏˊʹ˄ˇˎˌ, ʁ ˄ʵʶʽˁˍʽˁʱΥ 
ü paraguay˃ 4ʁ x Intel Xeon 7000 Paxville(2007)

Õ 2 coresper CPU / 2 threads per core(hyperthreaded)Σ ʵ˖ˊʶʱ ˍʹˌ Intel USA ̀ ˍˇ 
PARAGROUP (2008)

ü paragon ˃ ʶ н x AMD Opteron 6166 (2013)
Õ 12cores per CPU, custom-made by the Parallel Processing Group

ü parade ˃ ʶ п x Intel Xeon Gold 6130
Õ 16 cores per CPU, 64 cores total, 256 GiBRAM (2019)

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ



Parallel Processing Group

UNIVERSITY OF IOANNINA

14

Dual core / Quad core / Multicore / Manycore ? 

×ʃ˂ʷˇ˄ ˁʰʽ ˍʰ ˒ˍʹ˄ˈˍʶˊʰPCʷ˔ˇˎ˄ м ʶˉʶ˅ʶˊʴʰˋˍʺ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ 
ʵʽˉˏˊʹ˄ˇ

×ʆˇ ˁʽ˄ʹˍˈ ˃ˇˎ ʶʾ˄ʰʽ 6ˉˏˊʹ˄ˇ
×ɲʽˉˏˊʹ˄ˇʽ ʰˊ˔ʽˁʱΣ ˍ˗ˊʰ уˉˏˊʹ˄ˇʽ, мнˉˏˊʹ˄ˇʽ(Intel, AMD)
üʆм όSun Niagara): уˉˏˊʹ˄ˇʽ ό˃ʶ п-way multithreaded ̄ ˎˊʺ˄ʶˌ) h ˉˈ ˍˇ˄ 
мнκнллрΗ ʆо(ʅʶˉˍΦ нлмлύΥ мсˉˏˊʹ˄ˇˌΣ у-way multithreaded

üʃˇ˂˂ʰˉ˂˗˄ ˉˎˊʺ˄˖˄ όmulticoreύ ʴʶ˄ʽˁʱ Χ

×Manycoreόˉˇ˂˂˗˄ ˉˎˊʺ˄˖˄ύΚΚ
üɾʽ˂ʱ˃ʶ ʴʽʰ ˉˇ˂˂ˇˏˌˉˎˊʺ˄ʶˌ
üʆˊʽ˕ʺ˒ʽˇ ˄ˇˏ˃ʶˊˇ όҔ спύ

×ʃˈˍʶΚ
üɳʵ˗ ˁʰʽ мп ˔ˊˈ˄ʽʰΗ

Õ 80-ˉˏˊʹ˄ˇ ˉˊ˖ˍˈˍˎˉˇ ʰˉˈ ˍˇ нллт όIntel)
Õʅˍʹ˄ ʰʴˇˊʱ ˍˇ нлмн ˃ʶ Ҕ сл cores, 
ˋˍʰ˃ʱˍʹˋʶ ˍˇ нлму

ü 2020: Intel Xeon Platinum 9282 : 56 cores
ü 2020: AMD EPYC 7702 : 64 cores
ü 2020: Ampere Altra Max : 128 cores (ARM-based)

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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Clusters

×ʃʰ˄ˍˇˏ ˁʽ ʰˎˍʱΗ
üʅˎ˂˂ˇʴʺ ʰˉˈ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎˌ ζˁˈ˃ʲˇˎˌη

Õʊˍʹ˄ˇʾ κ ʶˎˊʷ˖ˌ ʵʽʰʻʷˋʽ˃ˇʽ ʶˉʶ˅ʶˊʴʰˋˍʷˌ όˉΦ˔Φ clusters h ˉˈ PCs)

üʁ ˃ˈ˄ˇˌ ˍˊˈˉˇˌ ˄ʰ ˒ˍʽʱ˅ˇˎ˃ʶ ζˇʽˁˇ˄ˇ˃ʽˁˇˏˌη ˎˉʶˊ-ˎˉˇ˂ˇʴʽˋˍʷˌ 
όˉˇ˂˂ʱ Teraflops)

üSandia Laboratories Red Storm(Cray, 2004)
Õ 13000 AMD Opterons(basically PC nodes), 75Terabytes of memory

Õ > 100 Teraflops (peak)

Õ Linux

ÕɼˈˋˍˇˌΥ$90.000.000

üʅʶ ʰ˄ˍʽʵʽʰˋˍˇ˂ʺ ˃ʶ ˍˇ˄Earth Simulator (NEC, ɹʰˉ˖˄ʾʰ, 2002)
Õɲʽʰ˄ˎˋ˃ʰˍʽˁˈˌ ˎˉʶˊˎˉˇ˂ˇʴʽˋˍʺˌ

Õ 5120 ɻ ʽʰ˄ˎˋ˃ʰˍʽˁˇʾ ʶˉʶ˅ʶˊʴʰˋˍʷˌ, 10 Terabytes of memory

Õ 35 Teraflops (sustained)

ÕɼˈˋˍˇˌΥ$400.000.000(2002, most expensive computer ever built)

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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Clusters

× ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɹ˖ʰ˄˄ʾ˄˖˄
ü ɼʷ˄ˍˊˇ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄Υ нлл ˁˈ˃ʲˇʽ όˁʱʻʶ ˁˈ˃ʲˇˌ pc ˃ ʶ н ʶˉʶ˅ʶˊʴʰˋˍʷˌΣ ʰʽ˖˄ʾʰ 
ˍˇˎ ʹ ˃˄ʺ˃ʹΧ)

ü ʆɾɶʇʃ όˉʰ˂ʰʽˈ clusterύΥ мс ˁˈ˃ʲˇʽΣ ˁʱʻʶ ˁˈ˃ʲˇˌ н CPUSΣ ˁʱʻʶ CPU ɻ ʽˉˏˊʹ˄ʹ
(AMD Opteron). 

ü ʆɾɶʇʃ ό˄ʷˇΣ нлнлΗύΥ мн ˁˈ˃ʲˇʽΣ ˋʶ ˁʱʻʶ ˁˈ˃ʲˇΥ 8 cores/16 threads ˁ ʰʽ 8 GiBRAM 
(Intel Xeon E5-2620 v4)

ü ɼʰʽ ˍʰ ˍˊʾʰ ˃ʶʵʾˁˍˎˇ gigabit Ethernet

× ɰʶ˂ˍʽ˖˃ʷ˄ʶˌ ʶˉʽʵˈˋʶʽˌ ˃ʶ ʵʾˁˍˎʰ ˔ʰ˃ʹ˂ʺˌ ˁʰʻˎˋˍʷˊʹˋʹˌ
ü ʃΦ˔Φ Myrinet
ü ʃˇ˂ˏ ʰˁˊʽʲˈˍʶˊʰ ˈ˃˖ˌ
ü ɼʱˊˍʰʵʽˁˍˏˇˎ gigabit: 10-нл ʶˎˊ˗
ü Cluster ̱ ˃ʺ˃ʰˍˇˌ ʇ˂ʽˁ˗˄ όMyrinet, ̄ ˊʽ˄ у ˔ˊˈ˄ʽʰ ˉʶˊʾˉˇˎύ

Õ ʃʶˊʾˉˇˎ мллΦллл ʶˎˊ˗ ʴʽʰ ˍʰ PC
Õ Χ ˁʰʽ ʱ˂˂ʶˌ 100.000ʶˎˊ˗ ʴʽʰ ˍʽˌ ˁʱˊˍʶˌ ʵʽˁˍˏˇˎ ˍˇˎˌΗ

× ʆˇ ˃ʷ˂˂ˇ˄Υ
ü Clustersh ˉˈ ˉˇ˂ˎˉˏˊʹ˄ˇˎˌ ˁˈ˃ʲˇˎˌ
ü Project ɲɹʍɿɶΗΗΗ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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GPUs, GPGPUs, Cells, ˁ˂ˉΦ

×ʃʱˊʰ ˉˇ˂˂ʱ ˁʰʽ ˉˇ˂ˏ ʰˉ˂ʱ ʶˉʶ˅ʶˊʴʰˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰΣ 
ˁʰˍʱ˂˂ʹ˂ʰ ʶʾˍʶ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍˏˉˇˎ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ 
(GPUs)ʁ ʾˍʶ ˁʰʽ ʴʽʰ ʴʶ˄ʽˁˈˍʶˊˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ όGPGPUs, 
Cell).
üʃˇ˂ˏ ζˍʹˌ ˃ˈʵʰˌη

üʃˇ˂ˏ ʴˊʺʴˇˊʰ

üζɹʵʽʰʾˍʶˊˇˌη ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ

üɲʽʰ˔ʶʾˊʽˋʹ ˃˄ʺ˃ʹˌ ˃ʶ ˍˇ ζ˔ʷˊʽη

×ɾʶ ˃ʾʰ ˂ʷ˅ʹΥ
üɳˍʶˊˇʴʷ˄ʶʽʰ

üɼ˂ʰˋʽˁˈˌ ʽˋ˔ˎˊˈˌ ˉˎˊʺ˄ʰˌκˉˎˊʺ˄ʶˌ Ҍ ζʶʽʵʽˁˇʾη όʴˊʺʴˇˊˇʽΣ ˉˇ˂ˏ ʰ˂˂ʱ 
ʰˉ˂ˇʾκʰ˄ʾˋ˔ˎˊˇʽύ ˉˎˊʺ˄ʶˌ 

üɳˍʶˊˇʴʷ˄ʶʽʰ ˁʰʽ ˋˍˇ˄ ˍˊˈˉˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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Mobile

×ʃˇ˂ˎˉˏˊʹ˄ʶˌ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ʰˁˈ˃ʰ ˁʰʽ ˇʽ ˃ʽˁˊˈˍʶˊʶˌ ˋˎˋˁʶˎʷˌΦ

×ʃΦ˔Φ ˁʽ˄ʹˍʱ ˍʹ˂ʷ˒˖˄ʰ(1/2021):

(ˍʰ dual corě ˎˋʽʰˋˍʽˁʱ ʵʶ˄ ʶʾ˄ʰʽ ˒ʻʹ˄ˈˍʶˊʰΣ ˉ˂ʷˇ˄ ʶʾ˄ʰʽ ʵˎˋʶˏˊʶˍʰύ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

Octa core (59ϵύQuad core (49ϵύ
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Embedded

×ɼʰʽ ˋˎˋˁʶˎʷˌ ʴʽʰ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰΦ

×ʃΦ˔Φ parallella:

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

USB

HDMI

Ethernet

2-core             
(ARM,Linux)

16-core             
(Epiphany, mesh)

100ϵ!!

όʵ˖ˊʶʱ ˋˍˇ ppg)

ɴ˔ˇˎ˃ʶ ˋˍʹ˄ 
ˁʰˍˇ˔ʺ ˃ʰˌ ˁʰʽ ˍˇ

64-core!!!

SDcard
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о ʰˉ˂ʷˌ ʶˊ˖ˍʺˋʶʽˌ

×ʆˇ excel ̒ ʰ ˍˊʷ˅ʶʽ ʴˊʹʴˇˊˈˍʶˊʰ ˋʶ ʰˎˍʱ ˍʰ ˃ʹ˔ʰ˄ʺ˃ʰˍʰΤ
üʂ˔ʽΗ

×ɮ˄ ʶʾ˔ʰ ʷ˄ʰ ʰˉˈ ʰˎˍʱ ˍʰ ˃ʹ˔ʰ˄ʺ˃ʰˍʰ ˋˉʾˍʽ ˃ˇˎ ό˖ˌ PC), ̒ ʰ 
ʷʲ˂ʶˉʰ ˃ʶʴʰ˂ˏˍʶˊʹ ˍʰ˔ˏˍʹˍʰΤ
üɿʰʽΣ ˁʱˉˇʽʰ ό˃ʽˁˊʺ ˋ˔ʶˍʽˁʱύ ʲʶ˂ˍʾ˖ˋʹ ˋˍʹ˄ ˍʰ˔ˏˍʹˍʰ ʻʰ ˎˉʺˊ˔ʶ

üɱʽʰˍʾ ˈ˃˖ˌΤ

×ʃˊʷˉʶʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˄ʰ ʷ˔ʶʽ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʶʾ ˉʰˊʱ˂˂ʹ˂ʰ 
˗ˋˍʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇˎˌ ˉˇ˂˂ʰˉ˂ˇˏˌ ʶˉʶ˅ʶˊʴʰˋˍʶˌ

× άManyCoreέ ǊŜŦŜǊǎ ǘƻ Ƴŀƴȅ ǇǊƻŎŜǎǎƻǊǎκŎƘƛǇ
ü 64?  128?  Hard to say exact boundary

× How to program these?
ü Use 2 CPUs for video/audio
ü Use 1 for word processor, 1 for browser
ü 76 for virus checking???

× Parallelism must be exploited at all levels

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ɱʽʰˍʾ ˄ʰ ˉʰˊʰˁˇ˂ˇˎʻʺˋʶʽ ˁʰ˄ʶʾˌ ʰˎˍˈ ˍˇ ˃ʱʻʹ˃ʰΤ

×ʆˇ ˃ʱʻʹ˃ʰ ˃ʽ˂ʱʶʽ ʴʽʰ ˉʰˊʱ˂˂ʹ˂ˇˎˌ ˎˉˇ˂ˇʴʽˋˍʷˌ

×ʁʽ ˉʰˊʱ˂˂ʹ˂ˇʽ ˎˉˇ˂ˇʴʽˋˍʷˌ ɲɳɿ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ˁʱˍʽ ˃ʰˁˊʽ˄ˈ κ 
ˋˉʱ˄ʽˇ κ ˁ˂ˉ
ʆˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ʁɽʁɹ(multicoreʶˉʶ˅ʶˊʴʰˋˍʷˌύ

×ʂ˃˖ˌ ˉʰˊˈˍʽ ˍˇˎˌ ʷ˔ˇˎ˃ʶΣ ɲɳɿ ˅ʷˊˇˎ˃ʶ ˉ˖ˌ ˄ʰ ˍˇˎˌ 
ˉˊˇʴˊʰ˃˃ʰˍʾʸˇˎ˃ʶ
üɮˁˈ˃ʰ ˁʰʽ multicoreʶˉʶ˅ʶˊʴʰˋˍʺ ˄ʰ ʷ˔ʶˍʶΣ ʰ˄ ʴˊʱ˕ʶˍʶ ʷ˄ʰ 
ˉˊˈʴˊʰ˃˃ʰ ˈˉ˖ˌ ˍʰ ʴˊʱ˒ʶˍʶ ˃ʷ˔ˊʽ ˍ˗ˊʰΣ ɾʁɿʁ ˍˇ ʷ˄ʰ coreʻʰ 
ʵˇˎ˂ʶˏʶʽΦ

×ʃʶˊʽʸʺˍʹˍʹ ʴ˄˗ˋʹ ˇ ˉʰˊʱ˂˂ʹ˂ˇˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ
×ɳˊʶˎ˄ʹˍʽˁʷˌ ϧ ʶ˃ˉˇˊʽˁʷˌ ʶˎˁʰʽˊʾʶˌ

×ʆʰ ˉʱ˄ˍʰ ˉ˂ʷˇ˄ ʴʾ˄ˇ˄ˍʰʽ ˉʰˊʱ˂˂ʹ˂ʰΦ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʈ˂ʹ ˍˇˎ ˃ʰʻʺ˃ʰˍˇˌ

×ɳʽˋʰʴ˖ʴʺ ˋˍˇˎˌ ˉʰˊʱ˂˂ʹ˂ˇˎˌ ˎˉˇ˂ˇʴʽˋˍʷˌ ˁʰʽ ˍˇ˄ ˍˊˈˉˇ 
˔ˊʺˋʹˌ ˍˇˎˌΥ
üʁˊʴʱ˄˖ˋʹ
üʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ όʷ˃˒ʰˋʹύ

×ɳ˄ˈˍʹˍʶˌΥ
üɳʽˋʰʴ˖ʴʺ
üɼ˂ʱʵˇˌ ˇˊʴʱ˄˖ˋʹˌΥ

Õʃˇ˂ˎʶˉʶ˅ʶˊʴʰˋˍʷˌκˉˇ˂ˎˉˏˊʹ˄ˇʽ ˁˇʽ˄ˈ˔ˊʹˋˍʹˌ ˃˄ʺ˃ʹˌ
Õʃˇ˂ˎʶˉʶ˅ʶˊʴʰˋˍʷˌκˉˇ˂ˎˉˏˊʹ˄ˇʽ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʹˌ ˃˄ʺ˃ʹˌ
Õɳˉʽˁˇʽ˄˖˄ʾʶˌ

üɼ˂ʱʵˇˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΥ
Õɼˇʽ˄ʷˌ ˃ʶˍʰʲ˂ʹˍʷˌ όʵʽʶˊʴʰˋʾʶˌΣ ˄ʺ˃ʰˍʰύ
Õɾʶˍʰʲʾʲʰˋʹ ˃ʹ˄ˎ˃ʱˍ˖˄ όMPI)

üɾʶˍˊʽˁʷˌ ˁʰʽ ʰ˄ʱ˂ˎˋʹ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ



ɩʇʙʞʎʂʌʒ ɨ

ɤʌʕʂʅʝʅʠ
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ɶ ˍʶ˔˄ˇ˂ˇʴʾʰ ʲʶ˂ˍʽ˗˄ʶˍʰʽ ˋˎ˄ʶ˔˗ˌ

ΦΦΦ ˁʰʽ ʵʶ˄ ˔˖ˊʱʶʽ ˋˏʴˁˊʽˋʹΗ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

ENIAC (1945) ʊˍʹ˄ˈ netbook (2009)

ɰʱˊˇˌ (kg). 30.000 1
ʂʴˁˇˌ όm3) . 70 0.001

ɼʰˍʰ˄ʱ˂˖ˋʹ (Watt) . 140.000 15
ɾ˄ʺ˃ʹ (bytes). 200 1.073.741.824
ʄˇ˂ˈʽ όMHz). 0.005 1.700
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ɯˊʰΣ ʶʾ˄ʰʽ ˁʰʽ ʻʰ ʴʾ˄ˇˎ˄ ʰˁˈ˃ʰ ˉʽˇ ʴˊʺʴˇˊˇʽ ˇʽ ˎˉˇ˂ˇʴʽˋˍʷˌ ΦΦΦ

×ɿʰʽΣ ʶʾ˄ʰʽ ˁʰʽ ʻʰ ʶʾ˄ʰʽΣ ʴʽʰ ˉˇ˂˂ʷˌ ʶ˒ʰˊ˃ˇʴʷˌΦ

×ʂ˔ʽ ʴʽʰ ˈ˂ʶˌΣ ˈ˃˖ˌΦ

×ʇˉʱˊ˔ˇˎ˄ ʶ˒ʰˊ˃ˇʴʷˌ ˉˇˎ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˂ˎʻˇˏ˄ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ 
ʰˁˈ˃ʰ ˁʰʽ ˃ʶ ˍˇ˄ ˉʽˇ ˉˊˈˋ˒ʰˍˇ ˁʰʽ ʶ˅ʶ˂ʽʴ˃ʷ˄ˇ ʶˉʶ˅ʶˊʴʰˋˍʺΦ

×ɼ˂ʰˋˋʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʶ ˃ʹ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ˂ˏˋʹΥ 
ˉˊˈʴ˄˖ˋʹ ˁʰʽˊˇˏό˃ʺˉ˖ˌ ˔ʰ˂ʱ˄ʶ ˃ʶˊʽˁʷˌ ˒ˇˊʷˌ ˍʰ ˃ʹ˔ʰ˄ʺ˃ʰˍʰ 
ˍʹˌ ɳɾʇ;J)

×ɹˁʰ˄ˇˉˇʽʹˍʽˁʺ όʵʹ˂Φ ˃ʶ ˁʰ˂ʺ ʰˁˊʾʲʶʽʰύ ˉˊˈʴ˄˖ˋʹ ˁʰʽˊˇˏ ˃ˉˇˊʶʾ 
˄ʰ ʴʾ˄ʶʽʰ˂˂ʱ ʰˉʰʽˍʶʾ ˍʹ˄ ʶˉʾ˂ˎˋʹ ʰˋˏ˂˂ʹˉˍʰ ˃ʶʴʱ˂˖˄ 
ˋˎˋˍʹ˃ʱˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄Φ ɼʰʽ ˍʶˊʱˋˍʽʶˌ ˉˇˋˈˍʹˍʶˌ ˃˄ʺ˃ʹˌ ʰ˂˂ʱ ˁʰʽ 
ˍʶˊʱˋˍʽʶˌ ˎˉˇ˂ˇʴʽˋˍʽˁʷˌ ˍʰ˔ˏˍʹˍʶˌ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʶˌΦ ʆˈˋʶˌ ˉˇˎ ʵʶ˄ 
ˎˉʱˊ˔ʶʽ ˍˎˉʽˁˈ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˋˏˋˍʹ˃ʰ ˄ʰ ˍʽˌ ˁʰ˂ˏ˕ʶʽ ΦΦ

×ΦΦ ˁʰʽ ʱˊʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ ˂ʽʴˈˍʶˊʶˌ ʶ˅ʽˋ˗ˋʶʽˌ Ý˂ʽʴˈˍʶˊˇ 
ʰˁˊʽʲʷˌ ˃ˇ˄ˍʷ˂ˇ Ý˂ʽʴˈˍʶˊˇ ʰˁˊʽʲʺˌ ˉˊˈʲ˂ʶ˕ʹ Ýʴʾ˄ʶˍʰʽ ˍʹˌ 
ɳɾʇΗ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ʰˊʽʻ˃ˇˏˌ

× ɳ˒ʰˊ˃ˇʴʺΥ ˃ʶ˂ʷˍʹ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍʹˌ ˁ˂ʾ˃ʰˍˇˌ ˍʹˌ ʴʹˌ

× ʆˇ ˃ˇ˄ˍʷ˂ˇ ʴʽʰ мл ˔ˊˈ˄ʽʰ ˃ʶˍʱΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ мл16 flops όʻʷ˂ˇˎ˃ʶ мл ʹ˃ʷˊʶˌ ˃ʶ 
CPU ̱ ˖˄ мл Gflops)

× ʃʰˊʱʴʶʽ млл Gbytesɻ ʶʵˇ˃ʷ˄˖˄

× ɱʽʰ ˁʰ˂ˏˍʶˊʹ ˃ʶ˂ʷˍʹΥ

× ɸʷ˂ˇˎ˃ʶ x 103ς105 flops, ɻ ʹ˂ʰʵʺ x 103ς105ʹ˃ʷˊʶˌ ʺ ˉʶˊʾˉˇˎ млΦллл ς
мΦлллΦллл ʹ˃ʷˊʶˌ όмлΦллл Ґ ол ˔ˊˈ˄ʽʰΗύ

× ʋ˖ˊʾˌ ˄ʰ ˎˉˇ˂ˇʴʾˋˇˎ˃ʶ ˍˇ˄ ˊˎʻ˃ˈ ʵʶʵˇ˃ʷ˄˖˄ ΦΦΦ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

ʆˊʷ˔ˇ˄ ˃ˇ˄ˍʷ˂ˇɼʰ˂ˏˍʶˊ ɼ̌ˈˋˍˇˌ x

ɮ˄ʱ˂ˎˋʹ 100km 10km x 100 ς1000

ʃʶˊʾˇʵˇˌ ˎˉˈ 
˃ʶ˂ʷˍʹ

мл ˔ˊˈ˄ʽʰмлл ˔ˊˈ˄ʽʰx 10 ς100
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ɼʰʽ ˍʽ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽΤ

×ʃˊ˗ˍʹ ˂ˏˋʹΥ ɰʶ˂ˍʾ˖ˋʹ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ. 
ɯˊʰ ʴˊʹʴˇˊˈˍʶˊʰ ˁˎˁ˂˗˃ʰˍʰΦ ɯˊʰ ʴˊʹʴˇˊˈˍʶˊˇʽ 
ʶˉʶ˅ʶˊʴʰˋˍʷˌΦ

üɮˎˍʺ ʶʾ˄ʰʽ ʾˋ˖ˌ ʹ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊʹ ˂ˏˋʹ ˃ʷ˔ˊʽ ˍ˗ˊʰΦ ɶ ˍʶ˔˄ˇ˂ˇʴʾʰ ʷ˔ʶʽ 
ˉˊˇ˔˖ˊʺˋʶʽ ˃ʶ ʽ˂ʽʴʴʽ˗ʵʶʽˌ ˊˎʻ˃ˇˏˌΣ ˉʷˊʰ ʰˉˈ ˁʱʻʶ ˉˊˈʲ˂ʶ˕ʹΦ

üɸʰ ˋˎ˄ʶ˔ʾˋʶʽ ʷˍˋʽΣ ˈ˃˖ˌΣ ˁʰʽ ˍˇˎ ˔ˊˈ˄ˇˎΤ

Õʂ˔ʽ-ʲ˂Φ multicores!

üɶ ˉʽˇ ˋ˖ˋˍʺ ʰˉʱ˄ˍʹˋʹ ʶʾ˄ʰʽ ˈˍʽ ʵʶ˄ ˅ʷˊˇˎ˃ʶ ʰˁˊʽʲ˗ˌ ˍʽˌ 
˂ʶˉˍˇ˃ʷˊʶʽʶˌΣ ʰ˂˂ʱ ˍʶ˂ʽˁʱ ʻʰ ˋˍʰ˃ʰˍʺˋʶʽʰˎˍʺ ʹ ʶ˅ʷ˂ʽ˅ʹΣ 
ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʶ ʰˎˍˇˏˌ ˍˇˎˌ ˊˎʻ˃ˇˏˌΦ  ɷ ʻʰ ʰ˂˂ʱ˅ʶʽ ˇ ˍˊˈˉˇˌ ˃ʶ ˍˇ˄ 
ˇˉˇʾˇ ˒ˍʽʱ˔˄ˇˎ˃ʶ ˎˉˇ˂ˇʴʽˋˍʷˌ όˉΦ˔Φ ˁʲʰ˄ˍʽˁˇʾΣ ʲʽˇ˂ˇʴʽˁˇʾύ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʆˇ ˉˊˈʲ˂ʹ˃ʰΥ ˋʶʽˊʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ όˁ˂ʰˋʽˁˈˌ ɶκʇύ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ɱʽʰˍʾ ˍʷˍˇʽʰ ʰˉʰʽˋʽˇʵˇ˅ʾʰΤ

×ʊˎˋʽˁˇʾ ˄ˈ˃ˇʽΥ ˃ʶ ʲʱˋʹ ˍʹ˄ ʶʽʵʽˁʺ ʻʶ˖ˊʾʰ ˍʹˌ ˋ˔ʶˍʽˁˈˍʹˍʰˌ 
ˍˇˎ ɮʿ˄ˋˍʱʽ˄Σ ʹ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˋʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ 
˃ʽˁˊˈˍʶˊʹ ʺ ʾˋʹ ʰˎˍʺˌ ˍˇˎ ˒˖ˍˈˌΦ ɶ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˒˖ˍˈˌ 
ʶʾ˄ʰʽ ˉʶˊʾˉˇˎ лΣо m/nsecˋˍˇ ˁʶ˄ˈΣ ˁʰʽ ʰˊˁʶˍʱ ˃ʽˁˊˈˍʶˊʹ ˋʶ 
˔ʱ˂ˁʽ˄ʰ ˁʰ˂˗ʵʽʰΦ

×ɯˊʰΣ ʰ˄ ʹ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ CPUˁ ʰʽ ˃˄ʺ˃ʹˌ ʶʾ˄ʰʽ ол cmΣ ʻʰ 
˔ˊʶʽʰˋˍʶʾ όˍˇˎ˂ʱ˔ʽˋˍˇ˄ύ м nsec ɹ ʽʰ ˄ʰ ˉʱʶʽ ʹ ʵʽʶˏʻˎ˄ˋʹ ˋˍʹ 
˃˄ʺ˃ʹ ˁʰʽ ʱ˂˂ˇ 1 nsec ɹ ʽʰ ˄ʰ ˒ˍʱˋʶʽ ˍˇ ʵʶʵˇ˃ʷ˄ˇ ˋˍʹ CPU
όˎˉˇʻʷˍˇ˄ˍʰˌ ˈˍʽ ʹ ˃˄ʺ˃ʹ ʷ˔ʶʽ ɾɶɲɳɿɹɼɶ ˁʰʻˎˋˍʷˊʹˋʹύΦ

×ɯˊʰ ʹ ˃ˈ˄ʹ ˂ˏˋʹ ʴʽʰ ˄ʰ ˁʱ˄ˇˎ˃ʶ ˍʰ˔ˏˍʶˊˇˎˌ ˎˉˇ˂ˇʴʽˋˍʷˌ 
ʶʾ˄ʰʽ ˄ʰ ˍˇˎˌ ˁʱ˄ˇˎ˃ʶ ʶ˅ʰʽˊʶˍʽˁʱ ˃ʽˁˊˇˋˁˇˉʽˁˇˏˌΗ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ɾʽˁˊˈˍʶˊˇʽ ʶˉʶ˅ʶˊʴʰˋˍʷˌ

×ɷʵʹ ˍʰ ˃ʶʴʷʻʹ ˍ˖˄ ˍˊʰ˄ʸʾˋˍˇˊ ˁʰʽ ˇʽ ʰˉˇˋˍʱˋʶʽˌ ˃ʷˋʰ ˋˍʰ 
chipʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʽˁˊʷˌ όн-о ˃ˈˊʽʰ ʰˉʰˊˍʾʸˇˎ˄ ˁʱˉˇʽʰ 
ˍ˃ʺ˃ʰˍʰ ˍ˖˄ ˍˊʰ˄ˋʾˋˍˇˊ). 
üʃʶˊʰʽˍʷˊ˖ ˋ˃ʾˁˊˎ˄ˋʹ ʻʰ ˋˎ˄ˇʵʶˎˍʶʾ ʰˉˈ ˃ˇˊʽʰˁʱ κ ʰˍˇ˃ʽˁʱ κ 
ˉˎˊʹ˄ʽˁʱ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇˎ ʵʶ˄ ˅ʷˊˇˎ˃ʶ ʰˁˈ˃ʰ ˉ˗ˌ ˄ʰ ˍʰ ˔ʶʽˊʽˋˍˇˏ˃ʶΦ

×ɾʽˁˊʱ ˃ʶʴʷʻʹ Ҍ ʰˏ˅ʹˋʹ ˋˎ˔˄ˈˍʹˍʰˌ ˂ʶʽˍˇˎˊʴʾʰˌ όʴʽʰ 
ˍʰ˔ˏˍʹˍʰύ ˇʵʹʴʶʾ ˋʶ ʰˏ˅ʹˋʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ.
üɮˉˈ ˍʰ 4Ghz ̄ ʶˊʾˉˇˎ ˉˊʽ˄ мр ˔ˊˈ˄ʽʰΣ ˇʽ ˋˎ˔˄ˈˍʹˍʶˌ ʷˉʶˋʰ˄ ˋˍʰ 1.5-

2.5GHz Χ

üΧ ˁʰʽ ʷʴʽ˄ʰ˄ ˉˇ˂ˎˉˏˊʹ˄ˇʽ όmulticore)

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʁʽˁˇʴʷ˄ʶʽʶˌ ʶˉʶ˅ʶˊʴʰˋˍ˗˄ & ˋˎ˔˄ˈˍʹˍʶˌ (cpudb@stanford)

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

ɽʱʻˇˌJ
ɳʾ˄ʰʽ нΦмо ʰ˄ˍʾ ʴʽʰ нмΦо GHz
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ʇˉʱˊ˔ʶʽ ʱ˂˂ʹ ˂ˏˋʹΤ

×ɲʶˏˍʶˊʹ όˁʰʽ ˃ˇ˄ʰʵʽˁʺύ ˂ˏˋʹΥ ʃʰˊʰ˂˂ʹ˂ʽˋ˃ˈˌ. 
ʃˇ˂˂ʰˉ˂ʷˌ ʶ˄ˍˇ˂ʷˌ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˉʰˊʱ˂˂ʹ˂ʹ όˍʰˎˍˈ˔ˊˇ˄ʰύΦ 
ɯˊʰ ʴˊʹʴˇˊˈˍʶˊʹ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍ˖˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄Φ

üʃʰˊʰ˂˂ʹ˂ʽˋ˃ˈˌ ˋʶ ʶˉʾˉʶʵˇ ʶ˄ˍˇ˂˗˄ όILP: ɻ ʽˇ˔ʷˍʶˎˋʹΣ ˎˉʶˊʲʰʻ˃˖ˍʷˌ
ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʷˌ ˁ˂ˉύ ˁʰ˂ˈˌ ʰ˂˂ʱ ˂ʾʴˇˌ όʰˏ˅ʹˋʹ ˍʰ˔ˏˍʹˍʰˌ x10,ˍˇ 
ˉˇ˂ˏ)

üɾˇ˄ʰʵʽˁʺ ˂ˏˋʹ ʶʾ˄ʰʽ ʹ ˔ˊʺˋʹ ˁʰʻʰˊʱ ˉʰˊʱ˂˂ʹ˂˖˄ ˎˉˇ˂ˇʴʽˋˍ˗˄:
ˎˉˇ˂ˇʴʽˋˍʷˌ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ ˉˇ˂˂ˇˏˌ ʶˉʶ˅ʶˊʴʰˋˍʷˌΣ 
ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΣ ˉˇˎ ˋˎ˄ʶˊʴʱʸˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ 
ˍʰˎˍˈ˔ˊˇ˄ʹ ʶˁˍʷ˂ʶˋʹ ˍ˃ʹ˃ʱˍ˖˄ ˃ʾʰˌ ʶ˒ʰˊ˃ˇʴʺˌΦ

üʃΦ˔Φ ˋˏˋˍʹ˃ʰ ˃ʶ мллл ʶˉʶ˅ʶˊʴʰˋˍʷˌ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʶˁˍʶ˂ʷˋʶʽ 
ʷ˄ʰ ˉˊˈʴˊʰ˃˃ʰ мллл ˒ˇˊʷˌ ˉʽˇ ʴˊʺʴˇˊʰ όʰˉˈ ˈˍʽ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˃ʶ м 
ʶˉʶ˅ʶˊʴʰˋˍʺύΦ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʃʰˊʱ˂˂ʹ˂ˇˌ ˎˉˇ˂ˇʴʽˋˍʺˌ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ɰʰˋʽˁʱ ʶˊ˖ˍʺ˃ʰˍʰ

×ʃˈˋˇʽ ʶˉʶ˅ʶˊʴʰˋˍʷˌΤ
Õ˂ʾʴˇʽ όн ς10)

Õˉˇ˂˂ˇʾ όʶˁʰˍˇ˄ˍʱʵʶˌ ʷ˖ˌ ʵʶˁʱʵʶˌ ˔ʽ˂ʽʱʵʶˌύ

×ʃ˗ˌ ˋˎ˄ʵʷˇ˄ˍʰʽ κ ʶˉʽˁˇʽ˄˖˄ˇˏ˄ κ ˋˎ˄ʶˊʴʱʸˇ˄ˍʰʽΤ
Õˁˇʽ˄ʺˌ ˃˄ʺ˃ʹˌ όˉˇ˂ˎʶˉʶ˅ʶˊʴʰˋˍʷˌύ

Õˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʹˌ ˃˄ʺ˃ʹˌ όˉˇ˂ˎːˉˇ˂ˇʴʽˋˍʷˌύ

×ʃ˖ˌ ζˋˉʱʶʽη ʷ˄ʰ ˉˊˈʲ˂ʹ˃ʰ ʴʽʰ ˄ʰ ˃ˇʽˊʰˋˍʶʾ ˋˍˇˎˌ 
ʶˉʶ˅ʶˊʴʰˋˍʷˌΤ

Õ˂ʶˉˍˈˁˁˇˁˇˌ κ ˔ˇ˄ʵˊˈˁˇˁˁˇˌ ˉʰˊʰ˂˂ʹ˂ʽˋ˃ˈˌ(fine/coarse grain)

Õʽˋˇˁʰˍʰ˄ˇ˃ʺ ˒ˈˊˍˇˎ όload balancing)

×ʃˈˋˇ ʵʽʰ˒ˇˊʶˍʽˁˈˌ ʶʾ˄ʰʽ ˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˍˇˎˌΤ
Õˍˊʾʰ ʲʰˋʽˁʱ ˃ˇ˄ˍʷ˂ʰ ΦΦΦ 

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʃˇˎ ˎˉʱˊ˔ʶʽ ˉʰˊʰ˂˂ʹ˂ʽˋ˃ˈˌ

× for ( i = 0; i < k; i = i+1)
c[ i ] = a[ i ]+b[ i ];

×ɳ˒ʰˊ˃ˇʴʷˌ(grand challenges)
üˋˎ˃ˉʶˊʽ˒ˇˊʱ ˋ˖˃ʰˍʽʵʾ˖˄ όˉΦ˔Φ ʵˎ˄ʰ˃ʽˁʺ ˍ˖˄ ˃ˇˊʾ˖˄ύ

ü˃ʶ˂ʷˍʹ ˍ˖˄ ˁˎ˃ʱˍ˖˄ ˍ˖˄ ˖ˁʶʰ˄˗˄ ˁʰʽ ˉˊˈʲ˂ʶ˕ʹ ˁʰʽˊˇˏ

üˋʶʽˋ˃ʽˁʱ ˃ˇ˄ˍʷ˂ʰ

üˋ˔ʶʵʽʰˋ˃ˈˌ ±[{L ˁˎˁ˂˖˃ʱˍ˖˄ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʺ ό/!5ύ

üʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ ʴʰ˂ʰ˅ʽ˗˄Φ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʃʰˊʱʵʶʽʴ˃ʰΥ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍ˖˄ N ̀ ˖˃ʱˍ˖˄

×N-body problem

×ʅˎ˂˂ˇʴʺ ʰˉˈ Nˋ˗˃ʰˍʰ όʹ˂ʶˁˍˊˈ˄ʽʰΣ ˃ˈˊʽʰΣ ˉ˂ʰ˄ʺˍʶˌΣ 
ˋˏ˄ʶ˒ʰΣ ˁ˂ˉύ

×ɲˎ˄ʱ˃ʶʽˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ όʲʰˊˎˍʽˁʷˌΣ ʹ˂ʶˁˍˊʽˁʷˌΣ ˃ʰʴ˄ʹˍʽˁʷˌΣ 
ˁ˂ˉύ ˉˇˎ ˍˇˎˌ ʰ˂˂ʱʸˇˎ˄ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ όˉΦ˔Φ ˍʹ ʻʷˋʹ ˍˇˎˌ 
ˋˍˇ ˔˗ˊˇύ

×ɾʶ˂ʷˍʹ όˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌύ ʴʽʰ ˄ʰ ʵˇˏ˃ʶ ˋʶ ˉˇʽʰ ˁʰˍʱˋˍʰˋʹ 
ʻʰ ʶʾ˄ʰʽ ˃ʶˍʱ ʰˉˈ ˁʱˉˇʽˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ

×ʃʰˊʱʵʶʽʴ˃ʰΥ ʶ˅ʷ˂ʽ˅ʹ ʴʰ˂ʰ˅ʽ˗˄όˋ˗˃ʰˍʰ Ґ ˉ˂ʰ˄ʺˍʶˌ κ 
ʰˋˍʷˊʽʰ ˁ˂ˉΦΣ ʵˎ˄ʱ˃ʶʽˌ Ґ ʲʰˊˎˍʽˁʷˌΣ ˁʰˍʱˋˍʰˋʹ Ґ ʹ ʻʷˋʹ ˍ˖˄ 
ˇˎˊʰ˄ʾ˖˄ ˋ˖˃ʱˍ˖˄ύ
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ɳ˅ʷ˂ʽ˅ʹ ʴʰ˂ʰ˅ʽ˗˄

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

3

)(

ji

jiji
ij

xx

xxmGm
f

-

-
=

.
1
ä
=

=
N

j
iji fF

.
2

2

dt

xd
mF

i

ii =

ʵˏ˄ʰ˃ʹ ˃ʶˍʰ˅ˏ ˋ˗˃ʰˍˇˌ iˁʰʽ j (1)

ˋˎ˄ˇ˂ʽˁʺ ʵˏ˄ʰ˃ʹ ʶˉʱ˄˖ ˋˍˇ ˋ˗˃ʰ i (2)

ˋ˔ʷˋʹ ʵˏ˄ʰ˃ʹˌ-˃ʶˍʰˍˈˉʽˋʹˌ(3)
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ʅʶʽˊʽʰˁˈ ˉˊˈʴˊʰ˃˃ʰ

Ƴǉ ǁʣ ƚƚ ǙǎǣʍǠǖǙǒǂƙ the time interval we want to study

* f( i,j ):          force between i and j (using ( 1) )

* xnew( k,F [k]):    new position of k (using ( 3) )

*/

for (t = 0; t < MAX_TIME; t = t + deltat ) 

{

for ( i = 0; i < N; i ++) 

{               

F[ i ] = zero();      /* calculate sum (using 2) */

for (j = 0; j < N; j++)

F[ i ] = add( F[ i ], f( i,j ) );

}

for (k = 0; k < N; k++)

xnew( k, F[k] );    /* calculate new positions */

}

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ



Parallel Processing Group

UNIVERSITY OF IOANNINA

39

ʁʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˍ˖˄ F[] h ˄ʶ˅ʱˊˍʹˍˇʽ

Ƴǉ ǁʣ ƚƚ ǙǎǣʍǠǖǙǒǂƙ the time interval we want to study

* f( i,j ):          force between i and j (using 1)

* xnew( k,F [k]):    new position of k (using 3)

*/

for (t = 0; t < MAX_TIME; t = t + deltat ) 

{

DO EACH i - ITERATION IN PARALLEL:

for ( i = 0; i < N; i ++)

{

F[ i ] = zero();      /* calculate sum (using 2) */

for (j = 0; j < N; j++)

F[ i ] = add( F[ i ], f( i,j ) );

}

for (k = 0; k < N; k++)

xnew( k, F[k] );    /* calculate new positions */

}

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

ʆʾˉˇˍʶ ʱ˂˂ˇ 
ˉʰˊʱ˂˂ʹ˂ʰΤ
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ʁʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˍ˖˄ x[] h ˄ʶ˅ʱˊˍʹˍˇʽ

Ƴǉ ǁʣ ƚƚ ǙǎǣʍǠǖǙǒǂƙ the time interval we want to study

* f( i,j ):          force between i and j (using 1)

* xnew( k,F [k]):    new position of k (using 3)

*/

for (t = 0; t < MAX_TIME; t = t + deltat ) 

{

DO EACH i - ITERATION IN PARALLEL:

for ( i = 0; i < N; i ++) 

{

F[ i ] = zero();      /* calculate sum (using 2) */

for (j = 0; j < N; j++)

F[ i ] = add( F[ i ], f( i,j ) );

}

DO EACH k- ITERATION IN PARALLEL: 

for (k = 0; k < N; k++)

xnew( k, F[k] );    /* calculate new positions */

}

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

ɼʱˉˇʽˇ 
ˉˊˈʲ˂ʹ˃ʰ 
ʶʵ˗Τ
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ʁʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˍ˖˄ x[] ʁ ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʰ F[] !!

Ƴǉ ǁʣ ƚƚ ǙǎǣʍǠǖǙǒǂƙ the time interval we want to study

* f( i,j ):          force between i and j (using 1)

* xnew( k,F [k]):    new position of k (using 3)

*/

for (t = 0; t < MAX_TIME; t = t + deltat ) 

{

DO EACH i - ITERATION IN PARALLEL:

for ( i = 0; i < N; i ++)

{

F[ i ] = zero();      /* calculate sum (using 2) */

for (j = 0; j < N; j++)

F[ i ] = add( F[ i ], f( i,j ) );

}

WAIT TILL ALL F[] HAVE BEEN CALCULATED

DO EACH k- ITERATION IN PARALLEL: 

for (k = 0; k < N; k++)

xnew( k, F[k] );    /* calculate new positions */

}

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ

ʂ˂ʰ ʁɼΤ



Parallel Processing Group

UNIVERSITY OF IOANNINA

42

ɾʶʴʱ˂ʹ ˉˊˇˋˇ˔ʺ!!

Ƴǉ ǁʣ ƚƚ ǙǎǣʍǠǖǙǒǂƙ the time interval we want to study

* f( i,j ):          force between i and j (using 1)

* xnew( k,F [k]):    new position of k (using 3)

*/

for (t = 0; t < MAX_TIME; t = t + deltat ) 

{

DO EACH i - ITERATION IN PARALLEL:

for ( i = 0; i < N; i ++)

{

F[ i ] = zero();      /* calculate sum (using 2) */

for (j = 0; j < N; j++)

F[ i ] = add( F[ i ], f( i,j ) );

}

WAIT TILL ALL F[] HAVE BEEN CALCULATED

DO EACH k- ITERATION IN PARALLEL: 

for (k = 0; k < N; k++)

xnew( k, F[k] );    /* calculate new positions */

WAIT TILL ALL x[] HAVE BEEN CALCULATED
}

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ɼʰ˂ˏˍʶˊˇˌ ʲˊˈ˔ˇˌ j

ɽˈʴ˖ ˋˎ˃˃ʶˍˊʾʰˌ ˍ˖˄ ʵˎ˄ʱ˃ʶ˖˄Υ

for (j = 0; j < i ; j++) 

{

g = f( i,j );

F[ i ] = add( F[ i ], g );

F[j] = subtract( F[j], g );

}

ʃˊˇʲ˂ʺ˃ʰˍʰΣ ˉ˂ʷˇ˄Η
üɳ˅ʰˊˍʺˋʶʽˌ ˃ʶˍʰ˅ˏ ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄

üɮ˄ʽˋˇˁʰˍʰ˄ˇ˃ʺ ˒ˈˊˍˇˎ

MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʃʰˊʱ˂˂ʹ˂ʶˌ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʷˌ

×ɼʰˍʱ Flynn (1972)

üSISD (Single-Instruction, Single-Data)

üSIMD (Single-Instruction, Multiple-Data)

üMIMD (Multiple-Instruction, Multiple-Data)
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MYY023 -- ǲŬȍǼȈȈȄȈŬ ǴȏůŰǾȉŬŰŬ ȇŬȆ ǲȍȌȂȍŬȉȉŬŰȆůȉȕȎ
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ʇˉˇ˂ˇʴʽˋˍʷˌ SIMD

×ʃˊ˖ˍˇˉˈˊʰ ˋˎˋˍʺ˃ʰˍʰ όΩтл ϧ Ωулύ
üɮˁˊʽʲˇʾ ˇʽ ʰˎˍˈ˄ˇ˃ˇʽ ʶˉʶ˅ʶˊʴʰˋˍʷˌ

üɼˎˊʾ˖ˌ ʶˊʶˎ˄ʹˍʽˁʱΣ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʰ ˃ʹ˔ʰ˄ʺ˃ʰˍʰ

ü IlliacIV

üɳˉʹˊʷʰˋʰ˄ ˍʰ ˁʰˍˇˉʽ˄ʱ ˋˎˋˍʺ˃ʰˍʰ

üζʁ ˉʶ˅ʶˊʴʰˋˍʷˌˉʾ˄ʰˁʰη όŀǊǊŀȅ ǇǊƻŎŜǎǎƻǊǎύ

×ʃ˂ʷˇ˄ ˃ˈ˄ˇ ʴʽʰ ʶʽʵʽˁˇˏ ˋˁˇˉˇˏ ˋˎˋˍʺ˃ʰˍʰ όˉΦ˔Φ systolic 
arrays) 

×ɳˉʰ˄ʶ˃˒ʱ˄ʽˋʹ ˖ˌ:
üSWAR (SIMD-Within-A-Register: MMX, SSE, ˁ˂ˉύ

üGPUs!
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ʃˇ˂ˎʶˉʶ˅ʶˊʴʰˋˍʷˌ ˁˇʽ˄ʺˌ &ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʹˌ ˃˄ʺ˃ʹˌ όMIMD)
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