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+ʕɟɟƚȘɾ ɯɾŏɾʕɯ

ëȩ ǀŏɟ
¶ȳț˦ țɄɄȕƨƕ ŗʚ ʌǶȭɱțƨ ƕŗʚŗ ʌʚɼʯƉʚʯɼƨʌ ŗȳƕ țɄɄɱ ȳƨʌʚʌ

) �ɄɄɱ ʯȳɼɄțțǶȳǖࣗ ʚǶțǶȳǖࣗ ŗȳƕ ȍʯƕǶƉǶɄʯʌ ŗțǶǖȳȭƨȳʚ ʌʯ˾ƉǶƨȳʚ ǑɄɼ
˙ƨƉʚɄɼǶʌŗʚǶɄȳ

HQT Ϭ° и ΀Ϟ ° у BϞ °яяϭ
HQT Ϭ¼ и ΀Ϟ ¼ у 9Ϟ ¼яяϭ

�Ϫ°ϫ и §Ϭ�Ϫ°ϫϔ �Ϫ¼ϫϭϞ

ßʕƚɯɾǞȩȘ
İǫŗʚ ŗſɄʯʚ ȣȹɮƣ ƅȹȣɤȑǮƅŗʋƣƐ ƕŗʚŗ ʌʚɼʯƉʚʯɼƨʌ Ʉɼ țɄɄɱʌࣞ

) ¥ƨƨƕ ʚɄ ƉɄȳʌǶƕƨɼ ƕŗʚŗ țŗ˦Ʉʯʚ ʚɼŗȳʌǑɄɼȭŗʚǶɄȳʌ Ǯȩ ʋŗȩƐƣȣ ˍǮʋǣ țɄɄɱ
ʚɼŗȳʌǑɄɼȭŗʚǶɄȳʌ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡽ

arrays

I
stride 9 or

stride N indexing
Even hers
need to theh drat
dah layout

Order in which data
tune in memory
Andor order

i childak
end up ai registers



�ȩɾǞʲŏɾǞȘǃ ɔɟȩųȀƚȒɯ

ëɾƚȘżǞȀ żȩȒɔʕɾŏɾǞȩȘɯ
ɱɄǶȳʚࣽ࢑ �ŗɱțŗƉǶŗȳ

#Ǯ,ȃ,ȋ = �Ǯࡹ�,ȃ,ȋ + �Ǯ,ȃࡹ�,ȋ + �Ǯ,ȃ,ȋࡹ� + �Ǯ+ࡹ,ȃ,ȋ + �Ǯ,ȃ+ࡹ,ȋ + �Ǯ,ȃ,ȋ+ࡹ � �Ǯ,ȃ,ȋࢍ 8Ǯ, ȃ, ȋ

HQT ϬKPV ° и ΁Ϟ ° у ÉϾ΁Ϟ °яяϭ
HQT ϬKPV ¼ и ΁Ϟ ¼ у ÉϾ΁Ϟ ¼яяϭ

HQT ϬKPV ¿ и ΁Ϟ ¿ у ÉϾ΁Ϟ ¿яяϭ
�Ϫ°ϔ ¼ϔ ¿ϫ и Ϭ�Ϫ°Ͼ΁ϔ ¼ϔ ¿ϫ я �Ϫ°ϔ ¼Ͼ΁ϔ ¿ϫ я �Ϫ°ϔ ¼ϔ ¿Ͼ΁ϫ

я �Ϫ°я΁ϔ ¼ϔ ¿ϫ я �Ϫ°ϔ ¼я΁ϔ ¿ϫ я �Ϫ°ϔ ¼ϔ ¿я΁ϫ
Ͼ ΆϏ�Ϫ°ϔ ¼ϔ ¿ϫϭϞ

ëɾɟʕżɾɯ
,ɄȭɱʯʚŗʚǶɄȳ Ʉȳ 6ࢁ ɱɄǶȳʚʌ
UVTWEV ÜÐ°Éê Ϩ
FQWDNG Āϔ āϔ ĆϞ

ϩϞ
HQT ϬKPV ° и ΀Ϟ ° у ÉϞ °яяϭ Ϩ
Â΁�°ãêϪ°ϫ и §��ãϬÜÐ°ÉêãϪ°ϫϙĀϭ я §��ãϬÜÐ°ÉêãϪ°ϫϙāϭ я §��ãϬÜÐ°ÉêãϪ°ϫϙĆϭϞ

ϩ
,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢁ
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°ųɯƚɟʲŏɾǞȩȘɯ

࣢ ÿ˦ɱǶƉŗț ʌʚƨȳƉǶț țɄɄɱ ǫŗʌ ȑȹˍ ŗɼǶʚǫȭƨʚǶƉ ǶȳʚƨȳʌǶʚ˦
࣢ ƨࣖǖࣖ ̇˙ƨࣽɱɄǶȳʚ ʌʚƨȳƉǶț ƕɄƨʌ ࢉ ̈Ʉɱʌ Ʉȳ ࢉ ƕɄʯſțƨʌࣗ ǑɄɼ ŗ ƉɄȭɱʯʚŗʚǶɄȳŗț
ǶȳʚƨȳʌǶʚ˦ ɄǑ ࢉ)/ࢉ ⇤ (࢕ = ࢕/ࡹ b�¶âʌࣩſ˦ʚƨࣖ

) éƨțƨ˙ŗȳʚ ȭŗƉǫǶȳƨ țǶȭǶʚ Ƕʌ ȣƣȣȹɮ˖ ŻŗȩƐˍǮƐʋǣ
࣢ ÿǫƨɼƨ Ƕʌ ʌɄȭƨ ƕŗʚŗ țɄƉŗțǶʚ˦ ˝ƨ Ɖŗȳ ƨ˥ɱțɄǶʚࣗ ſʯʚ ȳɄʚ ȍʯʌʚ ʌʚɼǶƕƨ ࣽࡹ ʌʚɼƨŗȭʌ

) ʚǶțǶȳǖ ǑɄɼ țɄƉŗțǶʚ˦ Ƕʌ ˝Ʉɼʚǫ˝ǫǶțƨ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢅ

2B t



+ȩȒɔȀǞżŏɾǞȩȘɯ

࣢ ÿ˦ɱƨ˝ɼǶʚƨɼ ࣯ʌʚŗȳƕŗɼƕ țɄɄɱࣱ ǶʚƨɼŗʚǶɄȳ ǫŗʌ țɄ˝ ɾɤŗʋǮŗȑ ȑȹƅŗȑǮʋ˖
࣢ pŗ˙ƨ ɱƨɼǑƨƉʚ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳ ǑɄɼ Ϫ°ϔ ¼ϫ Ƕȳƕƨ˥Ƕȳǖ
࣢ Ϫ°яϟϾ΁ϔ ¼ϫ ǶȳƕǶƉƨʌ ȭǶʌʌ ƉŗƉǫƨ ƨ˙ƨɼ˦ ࢕ ʯɱƕŗʚƨʌ ࢅࢍ࣯ ſ˦ʚƨ ƉŗƉǫƨ țǶȳƨʌࣗ
ƕɄʯſțƨ ɱɼƨƉǶʌǶɄȳࣱࣗ ʌǶȭǶțŗɼ ʚɄ ȭŗʚɼǶ˥ࣽʚɼŗȳʌɱɄʌƨ ƨ˥ŗȭɱțƨࣖ

) țɄɄɱ ʚǶțǶȳǖ ɄǑ ° ŗȳƕ ¼ ʚɄ ɱɼɄȭɄʚƨ ƉŗƉǫƨ ɼƨʯʌƨࣖ
B и É ϟ �Ϟ �� 6KNG YKVJ DNQEM UK\G D ��
HQT Ϭ°° и ΀Ϟ °° у BϞ °° яи �ϭ

HQT Ϭ¼¼ и ΀Ϟ ¼¼ у BϞ ¼¼ яи �ϭ
HQT Ϭ° и °°Ϟ ° у È°ÉϬÉϔ ° я �ϭϞ °яяϭ
HQT Ϭ¼ и ¼¼Ϟ ¼ у È°ÉϬÉϔ ¼ я �ϭϞ ¼яяϭ

�Ϫ°ϔ ¼ϫ и �Ϫ°Ͼ΁ϔ¼ϫ я �Ϫ°я΁ϔ¼ϫ я �Ϫ°ϔ¼Ͼ΁ϫ я �Ϫ°ϔ¼я΁ϫ Ͼ ΄Ϗ�Ϫ°ϔ¼ϫϞ

࣢ óʚǶțț țƨŗ˙ƨʌ ʯʌ ˝Ƕʚǫ ɱɼɄſțƨȭŗʚǶƉ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳʌ ǑɄɼ ˙ƨƉʚɄɼǶʌŗʚǶɄȳࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢉ

Also good for Ei JN K Ei j D

t
should ft
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I.int x

Tfnereirvoyujidexto tectonic
we ceded one thing
capiler transformed



�ŏʿƚɟ żȩȘƇǞɾǞȩȘ ǀȩɟ ɾǞȀƚ ɯǞˌƚ

éƨŗțǶʌʚǶƉ ˝Ʉɼʌʚ Ɖŗʌƨࣘ ࢅ ɼƨŗƕʌࣗ ࡹ ˝ɼǶʚƨ ɱƨɼ ȑŗʋʋǮƅƣ ʠɤƐŗʋƣ ࣯�Ďâࣱ
) ࢉ · ࢕ = ʚƨ�Ďâ˦$ࡱࢅ ࣖ

$ƨʌʚ Ɖŗʌƨࣘ ࡽ ɼƨŗƕʌࣗ ࡹ ˝ɼǶʚƨ) ࢁ · ࢕ = ʚƨ�Ďâ˦$ࢅࡽ ࣖ

1 Read, 1 Write per
update 1 Read per update

In cache (used in
previous two updates)

for (i = 0; i < N; i++)
  for (j = 0; j < P; j++)
    y[i, j] = -4*x[i, j] + (x[i-1, j] + x[i+1, j] +
                            x[i, j-1] + x[i, j+1])

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢍ
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ÚǞżɾʕɟƚ

İɄɼʌʚ Ɖŗʌƨࣘ ƉŗƉǫƨ ȩȹʋ ȑŗɮǐƣ ƣȩȹʠǐǣ ʚɄ ǫɄțƕ ʚǫɼƨƨ țŗ˦ƨɼʌ ࣯ɼɄ˝ʌࣱ ɄǑ ǖɼǶƕࣖ

Miss

Hit Hit Miss

Miss

j

i

Cached

Miss

Hit Hit Miss

Miss

j

i

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢑

juhi
ft r
nos
W
Tor

make j shorten



�ŏʿƚɟ żȩȘƇǞɾǞȩȘ ɯȩȀʕɾǞȩȘ

ÿǶțƨ Ƕȳȳƨɼ țɄɄɱ ƕǶȭƨȳʌǶɄȳ ʯȳʚǶț țŗ˦ƨɼʌ ̇ʚ Ƕȳ ƉŗƉǫƨ

Miss

Hit Hit Hit

Hit

j

i

Cached

bʕǞƇƚȀǞȘƚ
,ǫɄɄʌƨ ſțɄƉȕǶȳǖ ǑŗƉʚɄɼ ʌʯƉǫ ʚǫŗʚ

ࢁ · ſțɄƉȕ ʌǶ˲ƨ · ʚƨʌ˦$࢕ < ,ŗƉǫƨóǶ˲ƨ/ {z}|ࡽ
óŗǑƨʚ˦ ǑŗƉʚɄɼ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢕

2Dgstenat

needs layers in cache

double preciseanthers of
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ëɔŏɾǞŏȀ ųȀȩżǺǞȘǃ

$ƚǀȩɟƚ

HQT Ϭ° и ΀Ϟ ° у °È�ĀϞ °яяϭ
HQT Ϭ¼ и ΀Ϟ ¼ у ¼È�ĀϞ ¼яяϭ
āϪ°ϔ ¼ϫ и ϬĀϪ°Ͼ΁ϔ¼ϫ я ĀϪ°я΁ϔ¼ϫ я ĀϪ°ϔ¼Ͼ΁ϫ

я ĀϪ°ϔ¼я΁ϫ Ͼ ΄ϏĀϪ°ϔ¼ϫϭϞ

�ǀɾƚɟ

HQT Ϭ¼� и ΀Ϟ ¼� у ¼È�ĀϞ ¼� яи ¼�ÂÐ�¿ϭ
HQT Ϭ° и ΀Ϟ ° у °È�ĀϞ °яяϭ
HQT Ϭ¼ и ¼�Ϟ ¼ у È°ÉϬ¼� я ¼�ÂÐ�¿ϔ ¼È�ĀϭϞ ¼яяϭ
āϪ°ϔ ¼ϫ и ϬĀϪ°Ͼ΁ϔ¼ϫ я ĀϪ°я΁ϔ¼ϫ я ĀϪ°ϔ¼Ͼ΁ϫ

я ĀϪ°ϔ¼я΁ϫ Ͼ ΄ϏĀϪ°ϔ¼ϫϭϞ

ȍſțɄƉȕ < ,ŗƉǫƨóǶ˲ƨ
ʚƨʌ˦$࢕ࢅ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢙



CʾƚɟżǞɯƚ

࣢ ¡ƨŗʌʯɼƨ ɱƨɼǑɄɼȭŗȳƉƨ ɄǑ ࢉ ɱɄǶȳʚ ʌʚƨȳƉǶțࣖ ,ŗȳ ˦Ʉʯ ƕƨʚƨɼȭǶȳƨ ˝ǫƨȳ țŗ˦ƨɼ
ƉɄȳƕǶʚǶɄȳ Ƕʌ ȳɄʚ Ǒʯț̇țțƨƕࣖ İǫŗʚ ƕɄƨʌ ʯʌǶȳǖ ʚǶțǶȳǖ ƕɄ ʚɄ ʚǫƨ ɱƨɼǑɄɼȭŗȳƉƨࣞ

) E˥ƨɼƉǶʌƨ ࣖࡱࡹ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡱࡹ

So fr good memory access

net get vechnis
Ii x



�ȩȩɔ ɟƚȩɟƇƚɟǞȘǃ Șȩɾ ƚȘȩʕǃǕ

bɼɄȭ 3ŗʋŗ �ŗ˖ȹʠʋ òɮŗȩɾǋȹɮȣŗʋǮȹȩ ǋȹɮ çʋƣȩƅǮȑ *ȹȣɤʠʋŗʋǮȹȩɾ ȹȩ çǣȹɮʋࣽĞƣƅʋȹɮ çt�3 �ɮƅǣǮʋƣƅʋʠɮƣɾ ࣱࡹࡹࡱࡽ࣯
­êêÜãϓϟϟû��ϙ�ãϙï�Â�ϙ��ïϟдÜÐï�­�êϟ�Ð�ϟ��Ͼ�ßê°�Â�ϙ΁΁ϙÜ�§ࣗ ƕɄǶࣘࡽࢅࢍࣽࢁࣽ࢕࢑࢙ࣩ࢑ࡱࡱࣖࡹࡱࡹ ࢁࡹऌ࢕ࣽࡹࢍ࢕࢙ࣽࡹ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡹࡹ

Might hope memory witedvectmisahi not thatimportant X

worse throughput

her do we fix this



�ȩȩɔ ɟƚȩɟƇƚɟǞȘǃ Șȩɾ ƚȘȩʕǃǕ

࣢ ĬƨƉʚɄɼǶʌŗʚǶɄȳ Ƕȳ Ƕȳȳƨɼ țɄɄɱʌ, ɄɱƨɼŗʚǶɄȳʌ Ʉȳ ɾʋɮƣŗȣɾ ɄǑ ƅȹȩʋǮǐʠȹʠɾ
ƕŗʚŗ Ƕȳ ȭƨȭɄɼ ࣖ˦

࣢ �Ϫ°ϔ ¼ϫ и �Ϫ°ϔ ¼ϫ я �Ϫ°ϔ ¼ϫ ŗƕƕʌ ʚǫƨ ʌʚɼƨŗȭ ɄǑ ƕŗʚŗ �Ϫ°ϔ
΁ϓBϫ ʚɄ ŗȳɄʚǫƨɼ ʌʚɼƨŗȭ ǑɼɄȭ �Ϫ°ϔ ΁ϓBϫࣖ

࣢ yȳ ƉɄȳʚɼŗʌʚ �Ϫ°ϔ ¼ϫ и �Ϫ°ϔ ¼ϫ я �Ϫ°ϔ ¼Ͼ΁ϫ ŗƕƕʌ �Ϫ°ϔ ΁ϓBϫ
ŗȳƕ �Ϫ°ϔ ΀ϓBϾ΁ϫࣖ

࣢ ÿǫƨʌƨ ʌǫǶǑʚƨƕ ʌʚɼƨŗȭʌ ȳƨƉƨʌʌǶʚŗʚƨ ǶȳʚƨɼࣽɼƨǖǶʌʚƨɼ ʌǫʯ̀ƨʌ ࣯Ʉɼ ƨ˥ɱțǶƉǶʚ
țɄŗƕࣩʌʚɄɼƨ ɄɱƨɼŗʚǶɄȳʌࣱࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡹࡹ

hnehj

HFI effffstitted



�ȩȩɔ ɟƚȩɟƇƚɟǞȘǃ Șȩɾ ƚȘȩʕǃǕ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡹࡹ

stream j
access

Mor B xm t
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� ǕƚȀɔǀʕȀ ȩųɯƚɟʲŏɾǞȩȘ

࣢ EȭɱǶɼǶƉŗțț ࣗ˦ ȭɄʌʚ ƉɄƕƨ ƨ˥ƨƉʯʚƨʌ ŗ ʌȭŗțț ȳʯȭſƨɼ ɄǑ एǫɄʚʌɱɄʚʌऐ ʚǫŗʚ
ŗƉƉƨʌʌ ƕŗʚŗ Ʉ˙ƨɼࣽŗȳƕࣽɄ˙ƨɼࣖ

࣢ yȳ ʌʚƨȳƉǶț ƉɄƕƨʌ ʚǫǶʌ ȭǶǖǫʚ ɄǑʚƨȳ ſƨ ŗȳ एɄʯʚƨɼऐ țɄɄɱ एʚǶȭƨऐ Ʉɼ ʌǶȭǶțŗɼ
࣢ ÿǫƨɼƨǑɄɼƨ Ɖŗȳ ſƨ ˝Ʉɼʚǫ˝ǫǶțƨ ɱƨɼǑɄɼȭǶȳǖ ŗ Ɛŗʋŗ ȑŗ˖ȹʠʋ ʋɮŗȩɾǋȹɮȣŗʋǮȹȩ
ſƨǑɄɼƨǫŗȳƕࣖ

࣢ óɄȭƨʚǶȭƨʌ ʚǫǶʌ Ɖŗȳ ſƨ ƕɄȳƨ ʌʚŗʚǶƉŗțț ࣗ˦ ʌɄȭƨʚǶȭƨʌ Ʉȳț˦ ƕ˦ȳŗȭǶƉŗțț˦ ࣯ǶǑ
Ʉʚǫƨɼ ɱŗɼʚʌ ɄǑ ʚǫƨ ɱɼɄǖɼŗȭ ˝ŗȳʚ ƕŗʚŗ Ƕȳ ŗ ƕǶ˽ƨɼƨȳʚ ǑɄɼȭŗʚࣱࣖ

YJKNG Ϭê у aϭ Ϩ
HQT Ϭ° и ΀Ϟ ° у ÉϞ °яяϭ Ϩ
HQT Ϭ¼ и ΀Ϟ ¼ у ÉϞ ¼яяϭ Ϩ

�Ϫ°ϔ ¼ϫ и �Ϫ°Ͼ΁ϔ ¼ϫ я �Ϫ°я΁ϔ ¼ϫ я �Ϫ°ϔ ¼Ͼ΁ϫ я �Ϫ°ϔ ¼я΁ϫ Ͼ ΄Ϗ�Ϫ°ϔ ¼ϫϞ
ϩ

ϩ
ϩ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡽࡹ

change order A dakin memorya code

Finke
At every trestep

lords cows
other

Timestepping scheme

den D2u f
DIarkbe i te e space



ÚȀŏȘ

࣢ ÿ˝Ʉ Ɖŗʌƨʌ
ࣖࡹ óǶȳǖțƨ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳ Ƕȳ ɱɼɄǖɼŗȭ
ࣖࡽ ¡ʯțʚǶɱțƨ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳʌ Ƕȳ ɱɼɄǖɼŗȭ

࣢ ¶ȳƨ ʌɄțʯʚǶɄȳ
࣢ �ɄɄȕ ǑɄɼ ʋɮŗȩɾǋȹɮȣŗʋǮȹȩ ɄǑ ƕŗʚŗ țŗ˦Ʉʯʚ ʚǫŗʚ ǖǶ˙ƨʌ ſƨʚʚƨɼ ƉŗƉǫƨ ʯʚǶțǶʌŗʚǶɄȳ
ŗȳƕ ˙ƨƉʚɄɼǶʌŗʚǶɄȳ ɄɱɱɄɼʚʯȳǶʚǶƨʌ

࣢ �ʚ Ʉȳƨ ɄǑ ʚ˝Ʉ ƕǶ˽ƨɼƨȳʚ ʚǶȭƨʌ
ࣖࡹ óǶȳǖțƨ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳ) ƉɄȭɱǶțƨࣽʚǶȭƨ ࣯ʌʚŗʚǶƉࣱ țŗ˦Ʉʯʚ ʚɼŗȳʌǑɄɼȭŗʚǶɄȳ
ࣖࡽ ¡ʯțʚǶɱțƨ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳʌ) ɼʯȳࣽʚǶȭƨ ࣯ƕ˦ȳŗȭǶƉࣱ țŗ˦Ʉʯʚ ʚɼŗȳʌǑɄɼȭŗʚǶɄȳ

࣢ �ŗʚʚƨɼ Ɖŗʌƨ ǫŗʌ ŗ ƉɄʌʚ ʚǫŗʚ Ƕʌ ŗȣȹɮʋǮˢƣƐ Ʉ˙ƨɼ ʚǫƨ ʌʯſʌƨɸʯƨȳʚ ŗƉƉƨʌʌƨʌࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢁࡹ

simple shhically
reorder

I
dyne

i nuke
reorders



ģƚżɾȩɟǞɯǞȘǃ ȩȘ ࢆɯɾɟƚŏȒɯࢅ

࣢ ¥ƨƨƕ ʌʯƉƉƨʌʌǶ˙ƨ ʌʚŗʚƨȭƨȳʚʌ ʚɄ ǫŗ˙ƨ ʌŗȭƨ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳ ࣯ȭŗ˦ ſƨ
ʌǫǶǑʚƨƕࣱ ǑɄɼ ˙ƨƉʚɄɼǶʌŗʚǶɄȳࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢅࡹ

AEi.IEtry BEIJEj te tdi Tin



ģƚżɾȩɟǞɯǞȘǃ ȩȘ ࢆɯɾɟƚŏȒɯࢅ

࣢ ¥ƨƨƕ ʌʯƉƉƨʌʌǶ˙ƨ ʌʚŗʚƨȭƨȳʚʌ ʚɄ ǫŗ˙ƨ ʌŗȭƨ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳ ࣯ȭŗ˦ ſƨ
ʌǫǶǑʚƨƕࣱ ǑɄɼ ˙ƨƉʚɄɼǶʌŗʚǶɄȳࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢅࡹ

8



4ŏɾŏ Ȁŏʿȩʕɾ ɾɟŏȘɯǀȩɟȒŏɾǞȩȘ

ÚɟȩųȀƚȒ

࣢ �ƕȍŗƉƨȳʚ ƨțƨȭƨȳʚʌ Ƕȳ ȭƨȭɄɼ˦ ȭŗɱ ʚɄ ŗƕȍŗƉƨȳʚ ʌțɄʚʌ ࣯Ʉɼ țŗȳƨʌࣱ Ƕȳ ʚǫƨ
˙ƨƉʚɄɼ ɼƨǖǶʌʚƨɼʌࣖ

࣢ ĬƨƉʚɄɼ ɄɱƨɼŗʚǶɄȳʌ Ʉȳ ʚǫƨʌƨ ŗƕȍŗƉƨȳʚ ƨțƨȭƨȳʚʌ ʚǫƨɼƨǑɄɼƨ ɼƨɸʯǶɼƨ ȭɄɼƨ
ȭƨȭɄɼ˦ ȭɄ˙ƨȭƨȳʚࣗ Ʉɼ ʌǫʯ̀Ƕȳǖ Ƕȳ ɼƨǖǶʌʚƨɼʌࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢉࡹ

If memory
K41 vector register

registershuttle

HEHE E.IT iTg



4ŏɾŏ Ȁŏʿȩʕɾ ɾɟŏȘɯǀȩɟȒŏɾǞȩȘ

ëȩȀʕɾǞȩȘ
࣢ ɮƣȑȹƅŗʋƣ ŗƕȍŗƉƨȳʚ ƨțƨȭƨȳʚʌ ɾʠƅǣ ʋǣŗʋ ʚǫƨ˦ Ɖŗȳ ȭŗɱ ʚɄ ʚǫƨ ʌŗȭƨ ˙ƨƉʚɄɼ
țŗȳƨࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢉࡹ

short diencevehr length

I treshape

transpose

3 Darn froth
ZDarmy

Dimenni lifted transposition



ĦǞɾǕ żȩƇƚ

HQT Ϭ° и ΀Ϟ ° у ΂΄Ϟ °яяϭ
}Ϫ°ϫ и xϪ°Ͼ΁ϫ я xϪ°ϫ я xϪ°я΁ϫϞ

HQT Ϭ° и ΀Ϟ ° у ΆϞ °яяϭ
HQT Ϭ¼ и ΀Ϟ ¼ у ΄Ϟ ¼яяϭ

}êϪ°ϔ ¼ϫ и xêϪ°Ͼ΁ϔ ¼ϫ я xϪ°ϔ ¼ϫ я xϪ°я΁ϔ ¼ϫϞ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢍࡹ

t E
Bad for
vectorisnt good

for retorisat



ëŏȒƚ ǞƇƚŏ ǞȘ ǕǞǃǕƚɟ ƇǞȒƚȘɯǞȩȘɯ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢑ࡹ

Take you
up array

reshape
it

ItDD l

transpire
last

dirt and flatten



ĦǕŏɾ ŏųȩʕɾ ɾǕƚ ųȩʕȘƇŏɟǞƚɯࡐ

ÚɟȩųȀƚȒ
࣢ ÿǫǶʌ ʌƉǫƨȭƨ ˝Ʉɼȕʌ ɱƨɼǑƨƉʚț˦ Ƕȳ ʚǫƨ ſʯțȕ ɄǑ ʚǫƨ ƕɄȭŗǶȳ
࣢ �ʚ ʚǫƨ ƨƕǖƨʌࣗ Ƕʚ Ƕʌ ŗ țǶʚʚțƨ ʚɼǶƉȕǶƨɼࣖ

) İƨ ȳƨƨƕ ʚɄ ŗƕƕ ^ + a+ lࣗ ȳɄʚ ^ + �+ #ࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢕ࡹ

I it
W

X x e

i

permute blasts by one
i wide

QCD paper vectors



ĦǕŏɾ ŏųȩʕɾ ɾǕƚ ųȩʕȘƇŏɟǞƚɯࡐ

ëȩȀʕɾǞȩȘ

࣢ Ďʌƨ ˉƣƅʋȹɮ ɾǣʠ˼ƣɾ ŗȳƕ ȭŗʌȕǶȳǖ ʚɄ ǫŗȳƕțƨ ࣯țǶʚƨɼŗțࣱ ƨƕǖƨ Ɖŗʌƨʌࣖ
࣢ âƨɼǑɄɼȭŗȳƉƨ ǑɄɼ ʚǫƨʌƨ ʯɱƕŗʚƨʌ Ƕʌ ȑȹˍƣɮ ſʯʚ ʌʯɱɱɼƨʌʌƨƕ ſ˦
ʌʯɼǑŗƉƨࣽʚɄࣽ˙Ʉțʯȭƨ ɼŗʚǶɄࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢕ࡹ

ZD N XN grid
Nl Bulk puts

OCN ebon dery pints

NTrent
o

fr large
N

asymptotically all nichukhJ
perfectly ve Irma



�ȩë ʲɯࡏ ëȩ�

āɾƣ ɾʋɮʠƅʋ ȹǋ ŗɮɮŗ˖ɾࣗ ȩȹʋ ŗɮɮŗ˖ ȹǋ ɾʋɮʠƅʋɾ ǋȹɮ Ɛŗʋŗ ȑŗ˖ȹʠʋ
࣯�ĞǮƐǮŗࣰ

࣢ İǫ˦ࣞ ए,ɄŗțƨʌƉƨƕ ȭƨȭɄɼ˦ ŗƉƉƨʌʌऐ
, ŗƕȍŗƉƨȳʚ ʚǫɼƨŗƕʌ ŗƉƉƨʌʌ ŗƕȍŗƉƨȳʚ ȭƨȭɄɼ˦ ŗƕƕɼƨʌʌƨʌ
࣢ óŗȭƨ ɱɼǶȳƉǶɱțƨ ŗɱɱțǶƨʌ ǑɄɼ ˙ƨƉʚɄɼǶʌŗʚǶɄȳ

�ɼɼŗ˦ ɄǑ ʌʚɼʯƉʚʌ
UVTWEV TÐ°Éê Ϩ
FQWDNG Āϔ āϔ ĆϞ

ϩϞ

UVTWEV TÐ°Éê ϏÜÐ°Éêã и ϙϙϙϞ

óʚɼʯƉʚ ɄǑ ŗɼɼŗ˦ʌ
UVTWEV TÐ°Éêã Ϩ
FQWDNG ϏĀϔ Ϗāϔ ϏĆϞ

ϩϞ

UVTWEV TÐ°Éêã ÜÐ°Éêã и ϙϙϙϞ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢙ࡹ

qarlaes HE F
hmdlD

Y Goodfor Good far
cache reeks

fxyt lxxxxxlyyyyyf.ttzJ



Úɟȩɯ ŏȘƇ żȩȘɯ

�ȩë

3 ȭɄʌʚ Ʉſ˙ǶɄʯʌ ࣯ƨŗƉǫ ɼƨƉɄɼƕ ǫŗʌ
ŗțț Ƕʚʌ ̇ƨțƕʌ ʚɄǖƨʚǫƨɼࣱ

3 ǖɄɄƕ ƉŗƉǫƨ ʯʌŗǖƨ ǑɄɼ ʌʚɼƨŗȭǶȳǖ
ŗƉƉƨʌʌ ʚɄ ŗțț ̇ƨțƕʌ

3 ¡ǶȳǶȭŗț ȭƨȭɄɼ˦ ǑɄɄʚɱɼǶȳʚ
࣯ƨࣖǖࣖ ȳƨƨƕ Ʉȳƨ ƉŗƉǫƨ țǶȳƨ ǑɄɼ
ƨŗƉǫ 6ࢁ ɱɄǶȳʚࣱ

7 ſŗƕ ǑɄɼ ˙ƨƉʚɄɼǶʌǶȳǖ ࣯ʯȳțƨʌʌ ࣥ
̇ƨțƕʌ ȭŗʚƉǫƨʌ ˙ƨƉʚɄɼ ˝Ƕƕʚǫࣱࣗ
ʌǶȳƉƨ ȳŗʚʯɼŗț Ƕȳȳƨɼ țɄɄɱ Ƕʌ Ʉ˙ƨɼ
̇ƨțƕʌࣖ

ëȩ�
7 ƕŗʚŗ ʌʚɼʯƉʚʯɼƨ ŗ țǶʚʚțƨ ǫŗɼƕƨɼ ʚɄ
ȭŗȳŗǖƨ

3 ǖɄɄƕ ƉŗƉǫƨ ʯʌŗǖƨ ǑɄɼ ʌʚɼƨŗȭǶȳǖ
ŗƉƉƨʌʌ ʚɄ ƨŗƉǫ ̇ƨțƕ

7 ǫǶǖǫƨɼ ȭƨȭɄɼ˦ ɱɼƨʌʌʯɼƨ ǑɄɼ
ŗƉƉƨʌʌǶȳǖ ŗțț ̇ƨțƕʌ ࣯ƨࣖǖࣖ ȳƨƨƕ
ʚǫɼƨƨ ƉŗƉǫƨ țǶȳƨʌ ǑɄɼ ƨŗƉǫ 6ࢁ
ɱɄǶȳʚࣱ

3 ǖɄɄƕ ǑɄɼ ˙ƨƉʚɄɼǶʌǶȳǖࣗ ʌǶȳƉƨ
ȳŗʚʯɼŗț Ƕȳȳƨɼ țɄɄɱ Ƕʌ Ʉ˙ƨɼ ƕŗʚŗ
Ƕʚƨȭʌࣖ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡱࡽ



$ƚɯɾ ȩǀ ųȩɾǕ ʶȩɟȀƇɯ

࣢ 6ǶȭƨȳʌǶɄȳࣽțǶǑʚƨƕ ʚɼŗȳʌɱɄʌǶʚǶɄȳ ʚǶƉȕʌ ŗțț ſɄ˥ƨʌ ࣯ɱɼƨʌʯȭǶȳǖ ˦Ʉʯɼ ƉŗƉǫƨ Ƕʌ
ſǶǖ ƨȳɄʯǖǫࣱࣖ

࣢ ,ŗȳ ŗɱɱț˦ ʚɄ �Ʉó ˙ʌࣖ óɄ� ŗɼǖʯȭƨȳʚ ſ˦ Ƕȳʌʚƨŗƕ ǫŗ˙Ƕȳǖ �ɄóɄ� ࣯�ɼɼŗ˦ ɄǑ
ʌʚɼʯƉʚ ɄǑ ࣯ʌǫɄɼʚࣱ ŗɼɼŗ˦ʌࣱ

) ŗƕƕ ƨ˥ʚɼŗ ƕǶȭƨȳʌǶɄȳ ʚɄ ƕŗʚŗ țŗ˦Ʉʯʚ ŗȳƕ ʚɼŗȳʌɱɄʌƨ ʚǫƨ ƕŗʚŗࣖ
�FGHKPG 0 � �� XGEVQT YKFVJ ��
UVTWEV ÜÐ°ÉêB Ϩ

FQWDNG ĀϪBϫϔ āϪBϫϔ ĆϪBϫϞ
ϩ

UVTWEV ÜÐ°ÉêB ϏÜÐ°Éêã и ϙϙϙϞ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡹࡽ

Array of struck A

short arrays



CʲŏȀʕŏɾǞȩȘ ȩǀ ɔƚɟǀȩɟȒŏȘżƚ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡽࡽ

to

D

Pon't present your dork like this



CʲŏȀʕŏɾǞȩȘ ȩǀ ɔƚɟǀȩɟȒŏȘżƚ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࡽࡽ

QCD

Habig pit peak
paper

q
spacefilling curve orders

Our a esme cadet
bandwidth kited

02

streaming bandwidth Lahraks
STREAM

otherpeople's bad
fodefshald be here

Doesn't utillie cache vile either



ëʕȒȒŏɟʿ

࣢ bɄɼ ɼƨǖʯțŗɼ ࣯ʌʚƨȳƉǶțࣽțǶȕƨࣱ ŗɼɼŗ˦ ŗƉƉƨʌʌ ɱŗʚʚƨɼȳʌࣗ Ɖŗȳ ɄſʚŗǶȳ ſŗʌǶƉŗțț˦
ɱƨɼǑƨƉʚ ƉŗƉǫƨ ʯʌŗǖƨ ŗȳƕ ˙ƨƉʚɄɼǶʌŗʚǶɄȳ ʚǫɼɄʯǖǫ ƕŗʚŗ țŗ˦Ʉʯʚ
ʚɼŗȳʌǑɄɼȭŗʚǶɄȳʌࣖ

࣢ �ɱɱɼɄŗƉǫ ɄǑ एƕǶȭƨȳʌǶɄȳࣽțǶǑʚǶȳǖऐ Ƕʌ ǖƨȳƨɼǶƉ
࣢ �ɱɱțǶƨʌ Ʉȳ ſɄʚǫ ,âĎʌ ŗȳƕ eâĎʌ ࣯ȍʯʌʚ ʯʌƨ ƕǶ˽ƨɼƨȳʚ Ƕȳȳƨɼ ƕǶȭƨȳʌǶɄȳ
țƨȳǖʚǫʌࣱ

࣢ E˥ŗƉʚ ƕƨʚŗǶțʌ ɄǑ țɄɄɱ ʌʚɼʯƉʚʯɼƨ ȳɄʚ ǫʯǖƨț˦ ǶȭɱɄɼʚŗȳʚ

࣢ óŗȭƨ Ƕƕƨŗʌ Ɖŗȳ ŗțʌɄ ſƨ ŗɱɱțǶƨƕ ʚɄ ʠȩɾʋɮʠƅʋʠɮƣƐ ƉɄȭɱʯʚŗʚǶɄȳʌ ˝Ƕʚǫ
țɄƉŗț ʌʚƨȳƉǶțʌ

,¶¡âࢉࡹࢁࡽࢉःóƨʌʌǶɄȳ ࣘ࢑ ĬƨƉʚɄɼǶʌŗʚǶɄȳ ŗȳƕ ƕŗʚŗ țŗ˦Ʉʯʚ ࢁࡽ

IBtpog.EE r

Talk abut this tomorrow
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