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Һ Ȃ ̆ Ҍ ̆ҹָӇҌ Ώ

ұ ף ̆ Ҍ happy ̙ ᴪ ̆ ғ ᴪ

ᴋⱵȂ 

1.7̔ ῒזҌ ’ ̙ 

̔ ѿҩ ̆ ̂ CPU ̃ ̂

Ȃ̃ 

Ӟ ̆̓͂ ׆ ᴆ ᴆȂ ԍ ׅ

ᵣ ̆ᵖ ҌῬ Ȃ ׆

1.1 ₮ Ȃ 

̔ CPUs ҉ ⱬ̆ ץ ѿҩ

ѿҩ ҩ Ȃפ ╠ץ CPUs ̆ ᶏ Ӟפ ҩ

Ȃ ҩ CPUs ҩ פ ⱬ ⌠ῤ

└Ȃ 

Ώ ף CPUsѿң ҌῬ ѿҩ

Ȃ Һ ל / ̆ ᾟ№≠

֓ Ⱳ Ȃ 
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̆ Ҍ Ȃ ≢ ᶫѿҩ ⌠

̆ Ҍ CPU Ȃ ԍѿҩ 4-CPU ̆

ᵥ ̙ Ώѿҩ ̆ ѿҩ CPU҉ ᶫ 100ҩԊⱵ̙ Ώ

ѿҩ ̆ ҩ CPU҉ ᶫ 10ҩԊⱵ̆ ғ ҉ ̙ ѿҩ

Ȃ ѿҩ 32-CPU ̆Ӟ ᵰ

Ҍ Ȃ 

Ӟ ̆ CPUs̆ Ҍ ῃ ᶏ ױ ̆ ≢

ץ ̆ ᴇ Ҋ Ȃ ѿ ῏ ̔ Һ

ᴨ ̆ ҹ ᴧ ᴨ Ҭ ѿ Ȃ ╠

ԅ̆ Ῥᴨ Ӟ̆Ҍ Ȃ ̔ ̆ ῐ ̆

Ҍ Ȃ₮ԍ ̆ ұ

ᴨ ҹ ̆ Ҍ Ҭ Ȃ ѿ ̆

ӥ № ԅᶏ Ҍ ᴨᾢ Ȃ 

 ғꞌוּ .1.2.2

1.8̔ ҹָӇ Ӈ ̙̙̙ ғҌֽֽ

̆ ֟ ҩққ̙ ᴪ῏ ̙ 

̆ ֟ ⱴ Ȃ ̆ ᴇṿ ҆ ᾝ

ף ѿ̆ҩ ₃ ᾝȂҹ ѿ ҩ

̆ 10%̆ ԍױז ṐȂ 

 

1.2 MIPS per Die for Intel CPUs 

CSIRAC ̆ Ữ ̆ 1949

Ȃ 768ҩ RAM̆ ץ ̆ ֟
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Ҍ ᴋᵥ Ȃ ҹ ᵣ ╠ץף ֟̆ 2000ҩ

̆ 1kHz̆ 30kW ̆ 3 Ȃ 

60 ̂2008 ̃̆ ӯ⌠ Ӈ ⱬ Ȃҍӊ

8ᵝ ῀ Z80Ȃ ҩ CPU 8500ҩ ᵣ ׅ̆

2008 ӯ⌠̆ᴇ ᵞԍ 2$Ȃҍ CSIRAC ̆ ᴆ ֲ Ҍ

Ȃ Z80 ̆↕ Ҍ Ȃ 

CSIRAC Z80 Ҭל ңҩ ̆ ׆ץ 1.2 ₮ Ȃ

₮ ҈ ῤ ⱬ ᵌṿȂ ̆ ԍ CPUs ₮ ̆ᶏ

ל ⁞ ̆ ᶏ 2003 ⌠ԅ CPU Ȃ 

ᴆᴇ Ҍ Ҋ ӊѿ̆ ᴆ ֟ Ȃֽ ֽ ᶏ

ᴆ ҌῬ ̆ ≠ Ȃұ ᴆ ף

ӄԅֽֽ̆ ѿ ̆ ᴆ ᵞ Ȃ ̆ ֟

⇔ ᴆֽֽ Ȃ 

 ớזּ .1.2.3

ҹ ӊѿ Ԉ Ȃѿҩ

ᴆ ѿҩҌ Ӈ ᴆ № Ȃ 

Ҍ ̆ ᴪ ֟ Ȃ ̆

Ҋ ֓ ̔ 

C/C++ ľ Ŀ̔ POSIX ̂pthreads̃̆Windows ץ̆

ᵬ ῤ Ȃ ױ ᶫԅᴨ ̂ SMP ҉ ̃̆

Ӟ ᶫԅ Ȃ ֟ ᵞȂ 

Java̔ ҩ ҍ Ḵ ⱬ̆ ҹ C C++

֟ Ȃ ꜚ ̆ ғ Ȃᵖ ̆

ԅ ̆ᵖ ҹᵞԍ C C++Ȃ 

MPI̔ ҩ ᴰ ᶫ ⱬ̆ ᶫ ᴶ

Ȃ ҉ ԅ ̆p ԍ Ȃ

ҹ ֟ ᵞԍ C/C++ Ȃ 

OpenMP̔ ҩ פ ԍ ̆ ԍ ᴋⱵ̆ Ӟ

└ԅ Ȃᵖ ̆ MPI C/C++ Ȃ 

SQL̔ SQL ֽֽ̆ ԍ Ȃᵖ ̆

T̆PC ₮ Ȃ ֟ Ӟ ᴨ ̆ ҉̆ ҩ

ᾛ ӊ ֲ ᶏ Ȃ 

׆ Ҭ ₮ ̆ ғ ᶫᴨ ȁ ֟ ȁ ̆
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ׅ Ҍ Ȃ ֟ ̆╠ץ ȁ ֟ ȁ ӊ

ȂῒҬѿ 1.3 ̔ 

 

 1.3: Software Layers and Performance, Productivity, and Generality 

ѿҩԊ ̔ ҉ ̆ ֟ ᵥ Ȃ Ҋ

̆ Ȃѿ ̆ ᵬ ҉ ̆

ғ ץ ᵞ ȂҊ Ҍ ҉ ⌠ Ȃ

̆Ӟ ᵬԍ Ȃ ’Ҋ̆ ֟

Ȃ ԅ ѿ ̔ל ҉ ̆ ᴆ

⅞ Ȃ ӥҺ ҹ ‰ ̆ Һ ῏ Ȃ 

 

1.4 ֟ ӊ  

Ҍ Ҍ ̆ ̆ ֟ ӊ ̆ ץ

Ȃᶛ ̆ ѿҩ ΐ ֟ ̆ᵖ ԍ ̆ ԅ

Ạ ῒזԊ Ȃ ױ ⌠ ᵌ Ҍ

ҹ ԅȂ 1.4 Ȃ ̆ 1̆2̆3 4 ױז

ᴋⱵȂ ԍ ҩ ̆ ΐ ֟ ̆ Ғ ҹ
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Ⱶ̆ Ҍ Ạᴋᵥ ̆ ῒז Ȃ 

1.10̔ ҩ ˻ҹָӇҌҒ ԍѿ֓ ̙ 

Ҍ ѿ̆ҩ ҹ 1 Ⱶ Ҍ Ạ 2 ᴋⱵȂӞ

̆ ΐ ֟ ⅞№̆ ғ ԅѿ֓ Ȃ 

ѿҩ ҹ ᴆ ᵣ ḱ ̂ᶛ ̆

̆C̆C++̆ Javã̆ ѿ֓ ̂ᶛ ̆Haskell̆ Proloğ

Snobol̃ 1.4Ҭ Ȃ ֓ ҹ 1̆2̆3̆4

Ҍ ȂӞ ̆ ԍ ⅞№ ̆ ̆

֟ ⁞ Ȃ 

ױ ┴ ̆ ȁ ֟ ӊ ԑ ‖ ̆

̆ Ṝ ῀№ ᾧ ֓ ‖ ‗ ԅȂ 

1.3. Ẋ ￼ῲҦΆ 

ף ╠̆ ᾢ ҹᵰẠָӇȂ

1.2 ׃ ̆ ̆ ֟ ץ̆ Ȃ 

׆ ҉ ̆ ῏ ѿҩ ῒ̆ז ץ

⁞ ҹᶏ Ȃ ▼Ҋ № ῏ Ȃ

ᶏ̆ ӊѿȂῒז

↓ Ҋ̔ 

V ҩ ᶛ 

V ≠ ᴆ  

V ұ ᴨ  

1.3.1. ẑẔּזᶺḫӕק 

ᶛ ץ ᾧᶏ Ȃ ̆ ᶭ ԍ

Ȃ 

ᵰ № Ҍ ̆ ѿ̆ҩ ғ

̆ ⇔ ҩ № ̆ Ҋ̂ᶛ bash̃ ꜚ

ѿ ᶛ̆ ױז Ȃ ֓ ’Ҋ̆ ҩⱲ ץ

⌠ ҬȂ 

҉ Ἕ ̆ ҉ Ӟ ѿֲ֓ ҹľ ֲ

ĿȂ ̆ ѿ֓ ̆ ⱴԅῤ ̆CPU

פ Ҭ ץ̆҉ ⱴԅ ᵬȂᵖ ̆

̆ ₃Ӎ ḱ Ҋ ԅ Ȃ 
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1.3.2. Ӕּאזῶ￼Ẋ ҭ 

╠ ᴆ ץ ԍ ̆ ῏ w̆eb Ⱶ

ץ̆ map-reduce Ȃᶛ ̆ѿҩ ҹ ҩ ᶫѿҩ

̆ ҩ SQL ̆ ῏ ҉ Ȃ

̆ ῏ ↕ ӄ Ȃ 

ᴪ ̆ ԍ Ȃᵖ ̆

ṿ ̆ ҹ ץ ⁞ Ȃ 

1.3.3. ớ Ҹק 

⌠ 21ҕ ∆ ̆CPU 18ҩ ѿ Ȃ Ҋ̆

ⱴ ⱳ ԍ ᴨ Ȃ ̆ ֽֽ ԍ

ⱴ ᵣ ̆ ԍ ⱴ ᵣ ҩ ᵣ ̆ ҌῬ

Ȃ ̆ Ṝ ᴨ ԅȂ 

̆ ᴨ ⁞ץ ץ Ȃ 

׆ ̆ ѿ ᴨ ̆ Ḃ

̆ ᴨ ⱬȂᵖ ̆ ױ Ḡ ̆

̆ҍ CPUҩ Ȃ ᴆ ᴨ ̆

Ȃ 

ѿ ̔Ҍ ᴪ Ҍ Ȃ ֓ Ȃ

̆Ẋ ᵰ ꜚ Ȃ ’Ҋ̆

ᵰ CPUҊ Ҍ ᴪ Ȃ ҉̆

ѿҩ ҉ ᴆ̆ Ӟ ᴪᶏ Ȃ ̆

ᵰ ⱴ ȁᴨ ᶏץ ҩ ᴆ ̂ ̃̆

̆ ̆ ᾧ Ȃ 

1.11̔ ῒז ֓ ᴪ ⱴ CPU ̙ 

ѿҩ ᴨ ̆p Ҍ ѿ ̆ ӞҌ

Ȃ ̆ᵰ ̆ Ӈ ᵰ

ҹѿ ᴨ Ȃ 

̆ ₮ ҩ ľ̔⌠ ָӇ

̙Ŀ 
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1.4. ῗҜѱӔẊ ᴪệᶶ ό 

̔ ̆ ֲҹ ҍ

ԋ̆ Ҍ Ȃ ԍ ױ ֲҹ

ֲ̆ ֜ԑ ֲ

ᵬȂ ̆ № └ Ȃ 

ҙ ֲ̆ ֲ ҹ ᵀ̆Ӟ -ꜚᵬ

̂xie.baoyou ̔ ץ ѿҊȇ Ȉ̃Ȃ ѿ֓ ԍֲ ҹ

̆ᵖ ԍ ֓ ῏ ̆ Ҍ ᴋᵥ Ȃ

̆ ₮ѿҩ ѿҩ ֟ ̆ ֟ ⌠̂

10%̃ ≢ Ҍ Ȃ ⌠ ҩ ̆

ᵖ ֲפ ⌠ѿҩ 10% ֟ Ȃ 

̆ ױ Ҍ Ȃ 

ѿҩ Ạ ᴋⱵ̆ ֓ᴋⱵ ԍ

Ҍ Ȃ ̆ ױ ᵀѿҩ Ȃ

֓ᴋⱵ№ 4ҩ№ ̆ 1.5 ̆ ҩ Ҋ ᴪ Ҋ ⌠Ȃ 

 

 1.5 ᴋⱵ№  

1.4.1. ṪӐ֫ב 

ᵬ№◓ ̔ ѿҩ ᵬ̆ Ӈ

ѿҩ CPU ̆ ӈ Ȃᵖ ף◓№̆ № ,

̆Ҍ №◓.ѿ №◓ ̆ᴪ Ȃ Ҍ

’Ҋ̆ ῃ≠ ᴆ̆ ᴨ Ȃ 

̆ ᵬ№◓ ῃ Ԋᴆ ѿ̔ҩ

ѿ֓ Ḃץ ῃ ֓ῃ ԊᴆȂ 
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ҩ№◓ № ѿ֓֜ԑ̔ ̆ ѿҩ Ҍ֜ԑ̆ Ӈ

ז ᵬ ғҌ Ȃᵖ ̆ ԍ֜ԑᴪ ̆Ҍה №◓

ᴪ Ҥ Ȃ 

ғ̆ └̆ ҹ ҩ ᴪ ѿ֓ ̆

CPU cache Ȃ ̆CPU cache ᴪ ₮̆

cache miss̆ ׆ ᵞ Ȃ׆ ѿ ̆ ᴪ

I/O ᵬȂ 

1.12̔ ԅ CPU cache ̆ ῒז ֓ └

ҩ ̙ 

̆ ᴪ ⱴ ̆ ץ ̆

ᵞ ֟ Ȃ ῒז ᴆ ’Ҋ̆ ̆

Ȃ ῒ Ҍ̆ ԍױז

ԅ ̆ Ḃԍ ̆ ᴪ ץ ̆ ױז

Ȃ Һӈ̆ ֜

‗ Ȃ ҉ץ ’Ҭ̆ ҉ Ȃ ╠ Ỳ ᴨ

̆ ᵬ ץ῀ ҉ᵬ₮ ∞ Ȃ 

1.4.2. Ẋ ίֺ 

ѿҩ ̆ Ȃ ֓

Һ ῤ ̆ᵖӞ CPŬ ῤ ̂ cachẽ̆I/O ̆

ⱴ ̆ ᴆ̆ץ ῒז Ȃ 

ѿҩ └ ԍ ᵝ Ȃ ̆

ᴰ Ҭ̆ ṿ̆p

ѿ ῃҌ ̆ ῀ ᴰ └ȂPOSIX ̆

(SQL)̆ ץ №◓ ῃ ᶛ C̆ ᶫԅ

̆ ᴰ ᶫ ̆ ҹ

ᴰ Ȃ 

ῒז └ ᵥ Ȃ

└ ᶫҌ ̆ ᴰ ⱴ̆ Ԋ̆Ⱶ̆

̆ ̆῍֣ ץ̆ Ȃ ᴰ ῏

₮ ̆ ̆ ԊⱵ Ȃ ⌠

└ ̆ ⱴ ԍԊⱵῤ ̆ᵖ ֓ Ҍ ῤȂ 
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 ᵙᶶֺב֫◊ .1.4.3

Ғ̆ ԍ ̆ ץ Ạ

№◓Ώ ᵬ ᵬ Ȃ ֓ ̆

ᴪ ̆ Ữ ̆NUMA ̆CPUӊ ̂ ҍ

ᴆ ̃̆ c̆ache ̆ ᶛ̆ ף ҳ ӊ Ȃ

̆№◓ⱴ Ạľ ⱴ ĿȂ 

№◓ ᶭ ԍ ᶛ̆ ̆ ṿ ̆↓̆

№◓̆ ҙ ↕ №◓Ώ ᵬ ᵬȂ

̆ ҙ ᴪҹѿҩ ׆ № ѿ֓ Ȃ

ᴪ №◓ ̆ № Ȃ 

№◓ ̆ᵖ Ӟ Ȃ 

1.4.4. љ ҭҐҊ 

ᴆ֜ԑ ᵬ ̆ ȁ ̆ ῒז ᴆ Ȃ

⌠ ᴆ ᴆ ̆ ҍ ֓ ᴆ ֜ Ȃ ғ̆

ѿ ̆ ᴆȂ ’Ҋ̆

ᴆ̆ cache№ ̆ ̆ ῤ

ᵣ Ȃ 

֓ ’Ҋ̆ ᴆ ᴪ ҹ ѿ └ԍ№◓ └ ̆

҉ѿ Ȃ 

1.4.5. ᵀӔּז 

ⱳ ̂ ̃̆ ᵖ ᴪ ᶏ

֓ⱳ Ȃ ̆ ᾢ ⁞Ḃץ◓№ ᴆῤ ֜ԑ ̆

№◓ ף ̆ № Ḃץ ⁞ ῤ֜

ԑ̆ 1.6 Ȃ ԍ ҩ№ ̆ ⁞ ԅ ῏

̆ ⱴ ֟ Ȃ ̆ ֓ Ҍ №◓ ̆ᵖ ׆ ѿҩ

̆ № ̆ ץ Ȃ 
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 1.6 ᴋⱵ  

1.4.6. ᵙעᶫḅӍḾ ‾￼үח ᾟὙό 

Ҋ̆ ꜚ ֓ᴋⱵ̆ᵖ ῒזѿ֓ ̆ ץ

ᶫ ꜚ Ȃ ῖ ף SQL̆ ԅ ҩ

ҩ ᵬ ꜚ Ȃ 

4 ᴋⱵ Ҭᵣ ₮ ̆p Ҍ

֓ᴋⱵȂ Ḃ ̆ ̆ ױ ץ

4 ᴋⱵᴪ ꜚ Ȃ 

1.13̔ ῒז ̙ 

1.5.  ѿṀ  

ӥҌ ѿҩ ῏ ֓ ᴨ ̆ ז̆ ѿ

ΎȂ ױ Ҍ ѿ֓ ױ ̆p

ῤ Ӟ ῒҬ ‖ꜚ̆ ױ ℗ ױ ῤ ⌠ Ҭ

ԅȂӞ ѿ Ҭױז̆ ѿ֓ᴪ ⌠ ̆ ױ ῀ⱴױז

⌠ ӥ ҺᵣҬԅȂ 

1.5.1. ṇ  

ľ Ŀ ῃӥȂ ֓ ҉Ҋ ῏ ̆ᵖ ῒזѿ֓ ᵰ

ҩ ̆ Ṝ̆ ῃӥ Ȃᵰ ׆ ӥ қ ̆

‗ԍᵰ ӥ ῀ Ȃ ̆ ֓ ҉̆ Ӈ

ᴪ ꜜⱬѿ ṿ ̆ ᴪ ⌠ ῀ Ȃ 

֓ ץ F ⌠Ȃ 
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 1.14̔ ֓ ̙ 

1.15̔ ֓ ᵌӍ Ҍ ᵬ Ȃ

̙ 

1.16̔ ֓ Ҍ Ȃᵰ ָӇ ̙ 

1.5.2. ѿ◊  

ӥ ̆ ’Ҋ ׆ץ ӥ git CodeSamples Ҋ ⌠Ȃ

̆ UNIX ҉̆ᵰ ץ ̔ 

Find CodeSamples ïname rcu_rcpls.c ïprint ᵝ ᴆ rcu_rcpls.c̆ 8.3.4

ᴪ ⌠Ȃῒז ᴆ Ȃ 

ӥ ץ  

git://git.kernel.org/pub/scm/linux/kernel/git/paulmck/perfbook.git⌠ ğit

ץ Linux Ҭ ⌠ȂPDF №ץ ̆ ԍץҊ  

http://kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html 

  

http://kernel.org/pub/linux/kernel/people/paulmck/perfbook/perfbook.html
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2. ҭ￼ѽớ 

ֲ ̆ ᴰ ҩ ҉

ⱴ ȂҌ ̆ ῍֣ ѿ ῤ ᴰ Ҍ Ӟ ⱴ

̆ Ҍѿ ԅȂ Һ ῏ ῍֣ῤ Ҭ Ḥ ̆

ԅѿ֓῍֣ῤ ᴆ ̆ ԅ Ḥ ̆ ץ

Hennessy Patterson ῖ [HP95]Ȃ 

4.1̔ ҹָӇ ᴆ ӟ ᴆ ᵞ ̙

ӟ ֓ Ҍ ̆ ̆ ̙ 

2.1. ₦  

Ύ̆ ֲ CPU

Ἕ ѿ ҉ ̆ Ҋ ̆ ֲ Ȃ 

 

2.1 CPU ᶃ  

ѿ֓ ԍCPU ‰ CPU ⌠҉ Ҭ ’̆

ᵖ ῖ ҌἝ ̆ Ἕ ѿ Ȃ ̆

₃ CPU ῤ ԅ ▲ Ȃ Ҭ ֓ Ȃ 
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2.1.1. CPU╙↨  

҉ҕ 80 ῖ̆∆ף Ҋѿ ̆╠ӊפ

̆ 3ҩ Ȃҍӊפ ̆҉ҕ

90 ף ҕ ∆ CPU ץ ̆פ ѿ ľ

Ŀ └ CPUῤ פ ̆ 2.2 ԅ Ȃ 

 

2.2 CPU CPU 

CPU ⌠ ᶃ ̆ ₮ └

Ȃף Һ  Ҭ ̆ ץ ᶫ └ ̆

ҬẠ Ȃ CPU ץ ’Ҋ̆ף

№ Ȃ Ҭ̆ ѿץ Ḡ ̆CPU

Ȃ 

ѿ ̆ Ҭ ̆ғ ̕

Ҭ ̆ ҩ ץ Ҍ ̆ ֓

₱ Ҍ ̆ CPU ῃҌ

ҩ№ Ȃ CPU Ӈ └ ⌠ ץ № ̆

Ӈ ĺĺ ԍ └ Ҍ ĺĺCPU Ȃ ң

’Ҭ̆ ̆CPU פ ᾟ̆

ᵞ CPU ̆ Ἕ Ҭ ѿ Ȃ 
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2.3 CPU pipeline flush 

Ҍ ̆ ‖┘ Ҍ ѿ ף CPU ȂҊѿ

ῤ Ȃ 

2.1.2. ԓḕẬּז 

҉ҕ 80 ̆ף ῤ׆ ѿҩṿ ѿ פ

Ȃ 2006 ̆ ῤ ̆ ץ ҉

҉ Ȃפ ҩ ԍ ᶏ CPU

ῤ ̆Ӟ № ԍῤ Ȃ ̆70 ף

4KBҺ ̂ ̆ KB̆Ҍ MB̆ ≢ GBԅ̃̆

ѿҩ Ȃ⌠ 2008 ̆CPU ׅ ץ 4KB

ῤ ̆ ᶏ ₃ GHz ҉ȂԊ ҉ ֓

ῤ ̆ᵖױז ῤ ҹľ0 cacheĿȂ 

ף ҉ ⁞ ԅῤ ̆p

ȂҌ ѿ̆ Ἕ

ᵬ ῤ ץ ĺĺ ֓ ̆

Ӟױ Ҍᴪ ԅ̆ ̙ 
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2.4 CPU ῤ  

̆ Ҭ ̆ῤ ף CPU Ȃ 

⌠ ҹ ̆ ױ ԅ CPU ף Ҭ ᴪ Ȃ

ᴪҹ CPU ̆ ױ Ҋ Ҭ Ȃ 

2.1.3. ᴝḒᾛӐ 

ῒҬѿ ᵬȂ ᵬ ӈ҉ҍ CPU ҉

ѿ ѿ ᵬ‖ ԅȂ ᴆ ̆ ף CPU

ᶏ ԅ ֓ ᵬ ̆ ᶏ ֓ פ ҉Ҍ

ȂҌ ᶏ ̆Ӟ ѿ֓ פ ‖┘̆

Ḃѿץ ᵬ ⱳ Ȃ 
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ҍ 2.5 CPU ᵬ 

פ ҉ Ȃ 

Ҍ ̆ ᵬ ԍ ҩᾝ Ȃ ԍ

ҩ ᾝ Ḡ̆ ̆ CPU ᶫԅῤ Ȃ

ῤ Ӟ ӊѿ̆Ҋѿ Ȃ 

 4.2̔ ָӇ ᴪᾛ ҩ ᾝ ᵬ̙ 

2.1.4. ԓḕṜ  

ῤ 12.2 CҬȂҊ ѿҩ ԍ

ҳ Ȃ 

1 spin_lock(&mylock);  

2 a = a + 1;  

3 spin_unlock(& mylock);  

CPU ҉ ̆ ĿaĿᴪ ⌠ľmylockĿ

Ḡ ’Ҋⱴѿ̆ ױ ĿaĿ ṿ Ҍѿ Ȃҹԅ

Ӱ ̆ ᵬ ῤ Ȃ ԍῤ

ᵬ CPUҹԅ Ӱ ̆ ῤץ ₃Ӎѿ ᴪ

ᵞ CPU ̆ Ҋ Ȃ 
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2.6 CPU ῤ  

2.1.5. Cache Miss 

̆ ҩ CPU ĺĺľCache MissĿȂ

╠ ⌠ ̆ ף CPUᶏ ᵞ ԍ ᵞ ῤ

Ȃᵖ ̆CPU Ԋ ҉ CPU

Ȃ ҹ ҩ CPU ṿ ̆ ṿ↨ ῒ

ז CPUḱ Ȃ ’Ҋ̆ ԍῒז CPU Ҍ ╠ CPU

Ҭ̆ ᴇף Cache Misŝ ῤ C.1 ̃̆ ҉ Ȃ 
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2.7 CPU Cache Miss 

2.1.6. I/OᾛӐ 

Ҭ ץ ҹ CPUӊ I/O ᵬ̆ ᴇף ᵞ I/O

ᵬӊѿȂI/O ᵬ ȁ Ữ ̆ ̂ ֲ̃ ̆I/O

ᵬ ԍӊ╠₃ҩ ⌠ ̆ Ҋ Ȃ 
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2.8 CPU I/O  

῍֣ῤ № ῒҬѿҩҌ ̆̓̀

֣ῤ ѿ Ҍᴪ Ҭ ’̆ №

↕ Ḥ Ȃ ң ’ ᵬ Ḥ ף

ᴇĺĺ ұ Ҭ ᴇȂף ̆ Ḥ ᵬ

ѿ ῏ Ȃ ѿҩҺ ⁞ ѿ ץ̆

⌠ ҉ Ȃ 

̆ I/O ᵬ ԍ ѿ ̆ I/O ᵬ

↕ ѿ ȂҊ ң ≢Ȃ 

2.2. Ầ  

╠ѿ ↓₮ ȂҌ ӊ╠̆

ᴆᵣ ѿҩ ̆Ҋѿ Һ Ȃ 
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2.2.1. ҭӌ ‗ 

 

2.9 ᴆᵣ  

҉ ѿҩ ῇ Ȃ ҩ ңҩ CPU ̆ ҩ

̆ ῤ ѿҩԑ ᶏ̆ ῤ ңҩ ԑץ

ḤȂ Ҭ ԑ ץ ҩ ԑ Ḥ̆ ғ ҍҺ

Ȃ 

ľץ Ŀҹ ᵝ Ҭᴰ ľ̆ Ŀ ԍῤ Ҭѿҩ 2

̆ ҹ 32⌠ 256 ӊ Ȃ CPU׆ῤ Ҭ ѿҩ

⌠ Ҭ ̆ ᾢ ԅ ⌠ CPU Ȃ

̆CPU Ҭ ѿҩṿ Ữ⌠ῤ ̆Ҍֽ ԅ ṿ

⌠ CPU ̆ Ḡ ῒז CPU Ȃ 

̆ CPU0 ѿҩ ľ ֜ Ŀ̂ CAS̃ ᵬ̆

CPU7 Ҭ̆ ᴪ Ҋץ Ԋᴆ ↓̔ 

1. CPU0 ̆ ⌠ Ȃ 

2. ⌠CPU0 CPU1 ԑ ̆ CPU1 ̆

⌠ Ȃ 

3. ⌠ ԑ ̆ ῒ҈זҩ ̆ CPU6

CPU7 Ȃ 

4. ⌠CPU6 CPU7 ԑ ̆ ңҩCPU ̆

CPU7 Ҭ ⌠ Ȃ 

5. CPU7 ԑ ̆ ғ┘ Ҭ

Ȃ 
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6. CPU6 CPU7 ԑ ԑ Ȃ 

7. ԑ CPU0 CPU1 ԑ Ȃ 

8. CPU0 CPU1 ԑ CPU0 Ȃ 

9. CPU0 ץ Ҭ CAS ᵬԅȂ 

4.3̔ ѿҩ Ԋᴆ ↓ ̙ ̙ 

4.4̔ ҹָӇ ┘ CPU7 Ҭ ̙ 

2.2.2. ᾛӐ￼Ầ  

The overheads of some common operations important to parallel programs are 

displayed in Table . This system's clock period rounds to 0.6ns. Although it is not 

unusual for modern microprocessors to be able to retire multiple instructions per clock 

period, the operations will be normalized to a full clock period in the third column, 

labeled ``Ratio''. The first thing to note about this table is the large values of many of 

the ratios. ѿ֓ Ҭ ᵬ ҉ Ȃ

ҹ 0.6nsȂ ף ҉ retire פ Ҍ ̆p

҈↓̆ ᵬ ‰ ⌠ԅ ҩ ̆ ᵬľ ĿȂ῏ԍ҉ ̆

ѿҩ ṿ Ȃ 

Table:  Performance of Synchronization Mechanisms on 4 - CPU 1.8GHz AMD 

Opteron 844 System 

Operation Cost (ns)  Ratio  

Clock period  0.  1.0 

Best- case CAS 37.9 63.2 

Best- case lock  65.6 109.3 

Single cache miss  139.5 232.5 

CAS cache miss 306.0 510.0 

Comms Fabric 3,000 5,000 

Global Comms 130,000,000 216,000,000 
 

’Ҋ CAS ᵬ 40 ̆ 60ҩ Ȃ ľ

’Ŀ ѿҩ CAS ᵬ CPU ѿҩ ᵬ

CPŬ ץ CPU Ҭԅ̆ ᵌ ̆ ’Ҋ

ᵬ̂ѿҩľround trip Ŀ ̃ 60 ̆

100ҩ Ȃ ľ ’Ŀ ԍ

CPU ҬԅȂ ᵬ CAS ᵬ ⱴ ̆
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ҹ ᵬ Ҭ ңҩ ᵬȂ 

Ҭ 140 ̆ 200ҩ Ȃ Ữ ṿ

ṿ CAS ᵬ̆ 300 ̆ 500ҩ Ȃ

ҩ̆ ѿ CAS ᵬ ̆CPU ץ 500 Ȃפ ԅ

Ȃ 

4.5̔ ᴆ ’˻ҹָӇױז ԍ

֓ פ ᵬ ̙ 

I/O ᵬ Ȃѿ ̂Ӟ ᴇ ̃ᾣ Ḥ̆ Infiniand

ῒז  interconnects̆ 3 ̆ CPU ץ

5000 Ȃפ ԍ ‰ Ḥ ѿ ѿ֓ ̆

ѿ ⱴԅ Ȃ ̆ Ӟᴪ ⱴ ̆ ҉ᾣ ѿ

130 ̆ ԍ 2ַҩ Ȃ 

4.6̔ ֓ ֲ ˻ Ӈ ᵟ  ̙ױ

2.3. ҭ￼ԁ ᴀ ? 

₃ ⌠ ῏ Һ ̆

̂ ľᾧ Ŀ[Sut08]̃ Ӟ ԅ̆ ̙̙

Ȃ ׃ ѿ֓ ᴆ Ⱳ ̆ ֓Ⱳ ץ

҉ ľᾧ ĿȂ 

Ҍ ╠̆ Ҭ ԅѿ֓ ᴆ ȂῒҬ ᴆ

Ҥ ѿҩ └ ԍ ᾣ Ȃ ̙̙ ̆ ѿҩ 1.8GHz

ῤ̆ᾣ Ҭᴰ 8 Ȃ 5GHz ῤ̆ ҩ

⌠ 3 Ȃ ҩ ԍѿҩ ף ᵣ ̆ ԅ Ȃ 

̆ Ҭ ꜚ Ҭ ᾣ 3⌠ 30Ṑ ănd common 

clocked logic constructs run still more slowly, ῤ̆

ῒז №╠̆ ᵬ Ȃ ̆ ᵞ

ꜚ Ḥ ѿҩ׆ └ ᴰ ⌠ ѿҩ ̆ CPU Һ

ḤȂ 

Ҍ Ҋ̂ץ̆ ᴆ ᴆ ̃ Ӟ ץ ѿ ’̔ 

1. 3D ̆ 

2. ̆ 

3. ᾣ ̆ 

4. Ғ ⱴ ̆ 

5. ᴆȂ 
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Ҋ Ҭ ᴪ№≢׃ ֓ Ȃ 

2.3.1. 3D ἄ 

Ҍ ̆ ԍ ≢ 3D ᵞ ̆

ғ ‗ ֟ȁ ȁ 3D Ҭ Ȃ

ԍ ᵣ ‗̆ ᵣ̆ᵖ ᵣȂ

ᵣ ׅ ̆ ≢ ℗◓ ԅȂ ̆ ҉

֓ Ҍ ₮ ̆ ֲ֓ӟ ̂

Ȃ̃ ̆ ҉ Jim Gray smoking hairy golf ballsȂ 

2.3.2. Ὰ ᾳᵙᾺṪ  

¥ ᵣ└ ҳңҩ ̔̂ 1̃ ᾣ

̆̂ 2̃ Ȃ ᵣ└ ңҩ └̆Ҍ

ѿ֓ ῏ ԍ ᵥ ңҩ Ȃ 

ῒҬѿҩ Ⱳ ѿ ҹľhigh-KĿ ᵣ ̆

ᾛ Ȃ ѿ֓Ҥ

֟ ̆ᵖ ╠ Ῥ ╠ ѿ Ȃ ѿҩ ̆

ץ ԍ ҩ ӊ҉ Ԋ ̆ Ҭ Ữ ҩԋ └ᵝȂҌ

̆ ֟ ᵣ Ҭ ᵬȂ 

ѿ ҹľ Ŀ ̆ᶏ └ץ ᵣ ᵣ

̆Ҍ ԍ Ȃ 

ᾣ ѿҩ └̆p ᵣ ԍ ꜚ

̆ ᾣ ̆ ᵣ Ҭ ꜚ ֽ Ҭᾣ 3%⌠ 30%Ȃ

ᵣ ѿ ꜚ ̆ ғ₮ ῒז

ꜚ ᾣ Ȃ ̆ ѿ֓ ᾣ

ᵬҹ ῤ ᴰ ̆ ҹ Ҭ ᾣ ⌠ Ҭᾣ 60%

Ȃ ѿҩ ᾣ / ᾣ ̆ᴪ֟

Ȃ 

Ӟ ̆ ץ ᴋ̆ᵥ ᴰ

₮ ԍ Ҭ ᾣ Ȃ 

2.3.3. њּזז ᵸ 

CPU ҩҒ ̆ ᴪ only 
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tangentially related to the problem at hand. ̆ ѿ ᵬ ̆

CPUѿ ᴪᶏ ѿҩ ̂ѿ Ȃ̃ פ ȁ

ⱴ ȁ ̆ ֓ ᵬ ӈ҉

ⱳ̔ ңҩ ᾝ ӗ Ȃ ̆ ᴆ҉ ѿҩ

Ғ ԍ ӗ ᴆᴪ ᵬẠ Ȃ 

҉₮ פ Ȃ ֓ פ ץ ᵬ

ҩ ̆ ⁞ פ Ȃ 

ᵌ ̆Ғ ᴆ ץ ⱴ / ȁ / ȁ /

ῒז ᴋⱵȂҌ Ҍ ̆ Ҍ ᾧ Ȃ ᴆ

ᵣ ̆ ᶏ Ҍ Ӟᴪ Ȃ ᴆӞ

ḱ ≠ץ Ғ ᴆ ̆ Ғ ᴆ ̆

up-front ⌠ ҉̆ Ғ ᴆ ᴇ ץ Ȃ

№ ԍ҉ץ Ғ̆ ᴆ⌠ ╠ҹ ₃ҩ ₮ ̆

̂GPŨ ̆ ̂MMXȁSSE VMX ̆̃פ ץ ⱴ

Ȃ 

Ҍ ̆ ̆ ױ ץ ῃ ̔

Ғ ᴆᴪ ⱴȂ 

ῶ￼Ẋא .2.3.4 ҭ 

CPU ҙ ԅѿ ̆ᵖ Ԋ ҉ ԍ῍֣ῤ

ԅ ҩҕ ԅȂ ץ ѿ֓ ᴆ

҉ ̆Ԋ Ӟ Ȃ ᵬ ԅ̆ ̆

῏ ṿ ᴆȂ ֓ ᴆ ‗ ױ

҉ ԅ ѿ Ȃ 

Ӟ ᶛ ῏ Ȃ Ҍ ̆

῏ ѿ ӥΏ̆ ᵝԍҬ ῏

Ȃ Ҭ̆ Ȃ

ԅ Ȃ 

2.4. ҭ Implication  

2.1҉ ṿ ῏ ̆ ҹ ױ └ԅ Ȃҹԅ

̆ Ẋױ ѿ ᶏ ԅ CAS ᵬ ḤȂẊ

Ḥ Ҍ ҍ Һ ҍῒז Ḥ̆ Ӈ CAS ᵬѿ ᴪ

⌠ ҬȂ ѿ Ẋ ҩCAS Ḥ ᵬ ᵬ 300 ̆
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₃ҩ transendental₱ ԅȂῒҬѿ CAS

Ḥ ᵬ҉˻ Ӟ ңҩ CPU ѿҩ ̆ Ҍ

CPU ѿҩұ Ȃ 

№ Ҭ ᴪ ̆ ҹ Ḥ ᵬ ₃

҉ ҆ ᵬ ѿ Ȃ ԅᴪ֟ ᵬ Ḥ

ᵬ ⁞ ̂ ̙̃ 

2.7̔ № Ḥ ᵬףᴇ ̆ҹָӇֲױ ᶏ

̙ 

ѿ ԅ̔ ҩ

Ȃ ᶏ Ḥ ̆ ᵬȁ ῒ ᴰ ̆

ᴪ Ȃ ӊ̆ ⌠ᴨ

̆ Ҭ ̆ ̆ᶏ

ᴆ ̆ ‗ Ȃ 

Ҋѿ ץ Ȃ 
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3. Ṫԏ 

׃ ԅѿ֓ ΐ Һ̆ Linux ҉

ᶏץ ΐȂ3.1 ԅ ̆3.2 ԅ POSIX API

POSIX ̆ 3.3 ԅ ᵬȂ 

ᶫԅ ׃ Ȃ ῤ ̆

ᴪ ᵥ ᶏ ֓ ΐȂ 

3.1.    

Linux shell ѿ Ȃ ̆Ẋ ᵰ

ѿҩ Ạ compute_it ᵰ̆ Ҍ ң Ȃ Ӈ

Ώ̔ 

1 compute_it 1 > compute_it.1.out &  

2 compute_it 2 > compute _it.2.out &  

3 wait  

4 cat compute_it.1.out  

5 cat compute_it.2.out  

1 2 ꜚԅ ңҩ ᶛ̆ & ңҩ ᶛ ̆

№≢ ₮ ⌠ѿҩ ᴆȂ 3 ңҩ ᶛ ̆ 4

5 ₮Ȃ 3.1 C̔ompute_it ңҩ ᶛ ̆

wait ᵬ ̆ cat ᵬ Ȃ 

3.1̔ ҩ shell Ҍ ˻ ֓

ָӇ ̙̙ 

3.2̔ ⇔ shell ̙ ̆ ӇΏ̙

̆ҹָӇ̙ 

ѿҩᶛ ̆make ᶫԅѿҩ-j ̆ ץ Ҭ

ҩ jobȂ ̆ ῀ make -j4 Linuxῤ ף̆ ץ

4ҩ Ȃ 

֓ ᶛ ᵰ Ḥ̆ Ҍ Ӈ Ȃ 

3.3̔ ᵖ ԍ Ӈ ̆ҹָӇ ῒז

қ ̙ 
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3.2. POSIXʌ  

῀ ₮ ׃ ԅ POSIX ̆ pthreads[Ope97]Ȃ3.2.1

׃ ԅ POSIX fork() ῏ ̆3.2.2 ׃ ԅ ⇔ ̆3.2.3

׃ ԅ POSIX locking └̆ 3.4 ԅ Linuxῤ Ҭ ᵌ ᵬȂ 

3.2.1. POSIX ֳấᵙᾗ  

fork() ⇔ ̆ᶏ kill() ̆Ӟ ץ exit()

Ȃ fork() ҹ ⇔ ľ ĿȂ ץ wait()

Ȃ 

̆ Ҭ ᶛ ῒ Ȃ ҕ ᶏ ֓ ̆

Ḥ ȁ ᴆ ȁ῍֣ῤ ῒז Ȃ ̆ ֓ ҩ

ᴪ ᵬ ̆ ῏ Ȃ

֓ ’Ҋ ∞ ᴪ ⱴף Ȃ Ḥ ̆ ᴋ

ѿ [Ste92] ӥȂ 

1 pid = fork();  

2 if (pid == 0) {  

3   /* child */  

4 } else if (pid < 0) {  

5   /* parent, upon error */  

6   perror("fork");  

7   exit( - 1);  

8 } else {  

9   / * parent, pid == child ID */  

10 }  

3.2̔ ᶏ fork()  

fork() ⱳᴪ ң ̆ѿ ̆ ѿ Ȃfork()

ṿ ץ №₮ ң ’̆ 3.2 (forkjoin.c)Ȃ 1

fork() ̆ pid Ữ ṿȂ 2 pid ҹ 0̆ ҹ 0

↕ ̆ 3 Ȃ ҉ ̆ Ӟ ץ exit()

Ȃ ԍ 0̆↕ ̆ 4 fork()

̆ 5-7 ₮Ȃ pid ԍ 0̆↕ fork() ⱳ ̆

9 ̆ pid ID Ȃ 

1 void waitall(void)  
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2 {  

3   int pid;  

4   int status;  

5 

6   for (;;) {  

7    pid = wait(&status);  

8    if (pid == - 1) {  

9     if (errno == ECHILD)  

10    break;  

11    perror("wait");  

12    exit( - 1);  

13   }  

14  }  

15 }  

3.3̔ ᶏ wait()  

ץ wait() Ȃᵖ ̆ᶏ

shell Ҭᶏ ѿ֓̆ ҹ wait() ѿҩ Ȃ

ױ ץ wait() ѿҩ ᵌ waitall() ₱ ̆ 3.3 (api-pthread.h)̆

ҩwaitall()₱ ӈҍ shell Ҭ waitѿ Ȃ 6-15 ѿ ̆

ѿҩ ѿ Ȃ 7 wait() ⌠ѿҩ

₮̆ ID Ȃ ҹ-1̆ Ӈ wait()

Ȃ 9 errno ҹ ECHILD̆ ף

ῒז ԅ̆ ץ 10 ₮ ȂҌ ̆ 11 12

₮Ȃ 

3.4̔ wait() Ӈ ̙ҹָӇҌ Ἕ shell wait

ѿ ̙ 

1 int x = 0;  

2 int pid;  

3 

4 pid = fork();  

5 if (pid == 0) { /* child */  

6   x = 1;  

7   printf("Child process set x=1 \ n");  

8   exit(0);  

9 }  



῀  

 

10 if (pid < 0) { /* parent, upon error */  

11  perror("fork");  

12  exit( - 1);  

13 }  

14 waitall();  

15 printf("Parent process sees x=%d \ n", x);  

3.4̔ fork()⇔ Ҍ῍֣ῤ  

̔ Ҍ῍֣ῤ ̆ ̆ 3.4

̂forkjoinvar.c̃ Ȃ 6 ҹῃ x 1̆ 7 ѿ

̆ 8 ₮Ȃ ׆ 14 ̆ ̆ 15

̆ ῃ x ṿ 0Ȃ ₮ Ҋ̔ 

Child process set x=1  

Parent process sees x=0  

3.5̔ fork() wait() ָӇ ̙ 

῍֣ῤ ̆ 3.2.2 Ȃ῍֣ῤ

fork-join Ȃ 

3.2.2. POSIX ￼ֳấᵙᾗ  

1 int x = 0;  

2 

3 void *mythread(void *arg)  

4 {  

5   x = 1;  

6   printf("Child process set x=1 \ n");  

7   return NULL;  

8 }  

9 

10 int main(int argc, char *argv[])  

11 {  

12  pthread_t tid;  

13  void *vp;  

14 

15  if (pthread_create(&tid, NULL, mythread, NULL) != 

0) {  

16   perror("pthread_create");  
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17   exit( - 1);  

18  }  

19  if (pthread_join(tid, &vp) != 0) {  

20   perror("pthread_join");  

21   exit( - 1);  

22  }  

23  printf("Parent process sees x=%d \ n", x);  

24  return 0;  

25 }  

3.5̔ pthread_create()⇔ ῍֣ῤ  

ѿҩ Ҭ⇔ ̆ pthread_create() ̆ 3.5

Ҭ 15 ̂pcreate.c̃Ȃpthread_create() ѿҩ pthread_t

̆ ԍ ⇔ ID ̆ ԋҩ NULL ѿҩ

pthread_attr_t ̆ ҈ҩ ₱ ̂ ᶛ

Ҭ mythread()̃̆ ѿҩ NULL ᴰ mythread() Ȃ 

ҩᶛ Ҭ̆mythread() returnԅ̆ᵖ Ӟ ץ

pthread_exit() Ȃ 

3.6̔ 3.5Ҭ mythread() ץ ̆ҹָӇ

pthread_exit()? 

19 pthread_join() fork-joinҬ wait() ᴏ̆ ѿ

⌠ tid Ȃ ң ̆ Ӈ pthread_exit() ̆

Ӈ ₱ Ȃ ṿ pthread_join() ԋҩ

ҬȂ ṿ Ӈ ᴰ pthread_exit() ṿ̆ Ӈ

₱ ṿ̆ ‗ԍ Ҭ ᵥ ₮Ȃ 

3.5Ҭ ₮ Ҋ̆ ԅѿҩԊ ̔ ӊ ῍֣ῤ Ȃ 

Child process set x=1  

Parent process sees x=1  

̆ ҩ ₮ѿҩ ̆ Ḡѿ ѿҩ ҹ

x ṿȂᴋᵥѿҩ ҹ ṿ ѿ ṿ ̆ ᴪ

֟ ѿ ҹľdata raceĿ ’Ȃ ҹ C ҌḠ ₮ data race

̆ ץ ױ ѿ֓ ῃ ̆ Ҋѿ ᴪ ⌠

ⱴ Ȃ 

3.7̔ C data race ҌẠᴋᵥḠ ̆ҹָӇ Linuxῤ

ᴪ Ӈ data race ̙ᵰ ‰ Linuxῤ ҩ ᾙ ̙̙ 
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3.2.3. POSIX  

POSIX ᾛ ᶏ ľPOSIX Ŀ ᾧ data raceȂPOSIX

₃ҩ ̆ῒҬ pthread_mutex_lock() pthread_mutex_unlock()Ȃ

֓ ᵬ ҹ pthread_mutex_t Ȃ ∆

PTHREAD_MUTEX_INITIALIZER ̆ pthread_mutex_init() ꜚ

№ ∆ Ȃ ᶛף ╠ Ȃ 

pthread_mutex_lock() ľ Ŀѿҩ ̆pthread_mutex_unlock()

ľ Ŀѿҩ Ȃ ҹ ֓ ԑ ⱴ / ̆ ѿץ

ѿҩ ѿҩ ┴ľ Ŀѿ Ȃ ̆ ѿ

ѿ ̆ ӇῒҬѿҩ ᴪᾢľ ‰Ŀ ̆ ѿҩ

ѿҩ Ȃ 

3.8̔ ҩ ѿ ᴪ ָӇ̙ 

1 pthread_mutex_t lock_a = PTHREAD_MUTEX_INITIALIZER;  

2 pthread_mutex_t lock_b = PTHREAD_MUTEX_INITIALIZER;  

3 int x = 0;  

4 

5 void *lock_reader(void *arg)  

6 {  

7   int i;  

8   int newx = - 1;  

9   int oldx = - 1;  

10  pthread_mutex_t *pmlp = (pthread_mutex_t *)arg;  

11 

12  if (pthread_mutex_lock(pmlp) != 0) {  

13   perror("lock_reader:pthread_mutex_lock");  

14   exit( - 1);  

15  }  

16  for (i = 0; i < 100; i++) {  

17   newx = ACCESS_ONCE(x);  

18   if (newx != oldx) {  

19    printf("lock_reader(): x = %d \ n", newx);  

20   }  

21   oldx = newx;  

22   poll(NULL, 0, 1);  
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23  }  

24  if (pthread_mutex_unlock(pmlp) != 0) {  

25   perror("lock_reader:pthread_mutex_unlock");  

26   exit( - 1);  

27  }  

28  return NULL;  

29 }  

30 

31 void *lock_writer(void *arg)  

32 {  

33  int i;  

34  pthread_mutex_t *pmlp = (pthread_mutex_t *)arg;  

35 

36  if (pthread_mutex_lock(pmlp) != 0) {  

37   perror("lock_reader:pthread_mutex_lock");  

38   exit( - 1);  

39  }  

40  for (i = 0; i < 3; i++) {  

41   ACCESS_ONCE(x)++; 

42   poll(NULL, 0, 5);  

43  }  

44  if (pthread_mutex_unlock(p mlp) != 0) {  

45   perror("lock_reader:pthread_mutex_unlock");  

46   exit( - 1);  

47  }  

48  return NULL;  

49 }  

3.6̔ ԑ ף ᶛ 

3.6 ᶏ ף ̂lock.c̃ ԅ ԑ ⱴ / Ȃ 1

ӈ ∆ ԅѿҩ ҹ lock_a POSIX ̆ 2 ӈԅѿҩ ᵌ

lock_bȂ 3 ӈ ∆ ԅѿҩῃ xȂ 

5-28 ӈԅ₱ lock_reader()̆ arg ῃ

x ṿȂ 10 arg ѿҩ pthread_mutex_t ̆

ᴰ pthread_mutex_lock() pthread_mutex_unlock()ᵬҹ Ȃ 

3.9̔ ҹָӇҌ 5 lock_reader()
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pthread_mutex_t ̙ 

12-15 ԅ pthread_mutex_t ̆ ṿ̆ ↕

₮Ȃ 16-23 x ṿ̆ ṿ ṿ ₮ Ȃ 22

ԅ 1ҩ ̆ ҩ ᶛף ҉ Ȃ 24-27

pthread_mutex_t ̆ Ῥѿ ṿ̆ ↕ ₮Ȃ ̆

28 NULL̆ pthread_create() ṿ Ȃ 

3.10̔ ѿҩ pthread_mutex_t Ώ ף ˻

ָӇⱲ ⁞ ̙̙ 

3.6 31-49 lock_writer()₱ ̆ pthread_mutex_t

ῃ x ṿȂ lock_reader()ѿ ̆ 34 arg

pthread_mutex_t ̆ 36-39 ̆ 44-47 Ȃ

̆ 40-48 ⱴῃ x ṿ̆ ⱴ 5ҩ Ȃ 

1 printf("Creating two threads using same lock: \ n");  

2 if (pthread_create(&tid1, NULL,  

3   lock_reader, &lock_a) != 0) {  

4   perror("pthread_create");  

5   exit( - 1);  

6 }  

7  if (pthread_create(&tid2, NULL,  

8   lock_writer, &lock_a) != 0) {  

9   perror("pthread_create");  

10  exit( - 1);  

11 }  

12 if (pthread_join(tid1, &vp) != 0) {  

13  perror("pthread_join");  

14  exit( - 1);  

15 }  

16 if (pthread_join(tid2, &vp) != 0) {  

17  perro r("pthread_join");  

18  exit( - 1);  

19 }  

3.7̔ ᶏ ԑ ף ᶛ 

3.7 ԅѿ lock_reader() lock_writer() ף ң̆ҩ

ᶏ ѿ ̆lock_aȂ 2-6 ⇔ ѿҩ lock_writer() ̆ 7-11

⇔ ѿҩ lock_reader() Ȃ 12-19 ңҩ Ȃ ף
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₮ Ҋ̔ 

Creating two threads using same lock:  

lock_reader():  x = 0  

ҹңҩ ᶏ ѿ l̆ock_reader() ⌠ lock_writer()

֟ ᴋᵥ x Ҭ ṿȂ 

3.11̔ ľx = 0Ŀ 3.7 ף ѿ ₮ ̙ ̆

ҹָӇ̙ Ҍ ̆ ₮ָӇ̆ҹָӇ̙ 

1     printf("Creating  two  threads  w/different  

locks: \ n");  

2     x  =  0;  

3     if  (pthread_create(&tid1,  NULL,  

4                  lock_reader,  &lock_a)  !=  0)  {  

5         perror("pthread_create");  

6         exit( - 1);  

7     }  

8     if  (pthread_create(&tid2,  NULL,  

9                  lock_writer,  &lock_b)  !=  0)  {  

10         perror("pthread_create");  

11         exit( - 1);  

12     }  

13     if  (pthread_join(tid1,  &vp)  !=  0)  {  

14         perror("pthread_join");  

15         exit( - 1);  

16     }  

17     if  (pthread_join(tid2,  &vp)  !=  0)  {  

18         perror("pthread_join");  

19         exit( - 1);  

20     }  

3.8̔ ᶏ Ҍ ԑ ף ᶛ 

3.8 ԅѿ ᵌ ף ̆ Ҍ Ҍ l̔ock_reader()

lock_ă lock_writer() lock_bȂ ף ₮ Ҋ̔ 

Creating two threads w/different locks:  

lock_reader(): x = 0  

lock_reader(): x = 1  

lock_reader(): x = 2  



῀  

 

lock_reader(): x = 3  

ԍңҩ ᶏ Ҍ ̆ ױ Ҍ ԑԑ ̆ ץ Ȃ

lock_reader() Ҋ ץ lock_writer() Ữ ῃ x Ҭ ԅȂ 

3.12̔ ᶏ Ҍ ֟ Ӱ̆ ӊ ץ ⌠

Ҭ Ȃ ץ ѿҩ Ώ └ ᶏ ̆

ץ ᾧ Ӱ̙ 

3.13̔ 3.8 ף Ҭ l̆ock_reader() Ḡ lock_writer()

֟ Ҭ ṿ ̙ ̆ҹָӇ ̙ Ҍ ̆ҹָӇҌ ̙ 

3.14̔ ˻˻ 3.7 ∆ ῃ x̆ҹָӇ 3.8

∆ ̙̙ 

POSIXԑ ῤ ̆ᵖ ׃ ᶫԅѿҩ

̆ ’Ҋ ֓ ԅȂҊѿ ׃ POSIX

Ώ Ȃ 

3.2.4. POSIX ֒  

POSIX API ᶫԅѿ Ώ ̆ pthread_rwlock_t Ȃ

pthread_mutex_tѿ ̆pthread_rwlock_tӞ ץ

PTHREAD_RWLOCK_INITILIZER ∆ ̆ pthread_rwlock_init()

ꜚ ∆ Ȃpthread_rwlock_rdlock() pthread_rwlock_t ̆

pthread_rwlock_wrlock() Ώ p̆thread_rwlock_unlock() Ȃ

ᴋ ┴ ѿҩ pthread_rwlock_t Ώ ̆ᵖ ץ

ҩ pthread_rwlock_t ̆ Ώ Ȃ 

̆ Ώ Ғ ҹ ’ Ȃ ’

Ҭ̆ Ώ ץ ᶫ ԑ ̆ ҹԑ ׆ ӈ҉ └ԅ

ᴋ ┴ ѿҩ ̆ Ώ ᾛ ᴋ

ȂҌ ױ Ώ ⌠ ⱴԅ Ȃ 

1  pthread_rwlock_t  rwl  =  PTHREAD_RWLOCK_INITIALIZER; 

2  int  holdtime  =  0;  

3  int  thinktime  =  0;  

4  long  long  *readcounts;  

5  int  nreadersrunning  =  0;  

6 

7  #define  GOFLAG_INIT  0  

8  #define  GOFLAG_RUN    1 

9  #define  GOFLAG_STOP  2  
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10  char  goflag  =  GOFLAG_INIT;  

11 

12  void  *reader(void  *arg)  

13  {  

14     int  i;  

15     long  long  loopcnt  =  0;  

16     long  me  =  (long)arg;  

17 

18     __sync_fetch_and_add(&nreadersrunning,  1);  

19     while  (ACCESS_ONCE(goflag)  ==  GOFLAG_INIT)  {  

20         continue;  

21     }  

22     while  (ACCESS_ONCE(goflag)  ==  GOFLAG_RUN)  {  

23         if  (pthread_rwlock_rdlock(&rwl)  !=  0)  {  

24     perror("pthread_rwlock_rdlock");  

25     exit( - 1);  

26         }  

27         for  (i  =  1;  i  <  holdtime;  i++)  {  

28     barrier();  

29         }  

30         if  (pthread_rwlock_unlock(&rwl)  !=  0)  {  

31     perror("pthread_rwlock_unlock");  

32     exit( - 1);  

33         }  

34         for  (i  =  1;  i  <  thinktime;  i++)  {  

35     barrier();  

36         }  

37         loopcnt++;  

38     }  

39     readcounts[me]  =  loopcnt;  

40     return  NULL;  

41  }  

3.9̔ Ώ ף ᶛ 

3.9̂ rwlockscale.c̃ ԅѿ Ώ Ȃ 1

Ώ ӈ ∆ ̆ 2 holdtime └ ҩ Ώ ̆
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3 thinktime └ Ώ Ҋѿ Ώ ӊ ̆ 4

ӈԅ readcounts ̆ ҩ ̆ 5 ӈ

ԅ nreadersruninğ ԍ └ ᵥ Ȃ 

7-10 ӈԅ goflağ ԍ Ȃgoflag ∆ ṿҹ

GOFLAG_INIT̆ ꜚ ̆ ҹ GOFLAG_RUN̆

ҹ GOFLAG_STOP Ȃ 

12-41 ӈԅ reader()̆ Ӟ Ȃ 18 ⱴ

nreadersrunning ṿ̆ ̆ 19-21 Ȃ

ACCESS_ONCE() Ҭ goflag ṿĺĺ ↕

ᴪ ≠Ẋ goflag ṿ Ȃ 

22-38 Ȃ 23-26 ̆ 27-29 ѿ

ῤ ̂barrier() פ ᴨ ף ̃̆ 30-33

̆ 34-36 ╠ ѿ Ȃ 37

Ȃ 

38 ṿ ῀ readcounts[] ᾝ Ҭ̆

40 ̆ Ȃ 

 

3.10̔ Ώ  

3.10 ̆ ҩ ңҩ ᴆ 64 Power-5 ҉

̆ ҩ 128ҩ ᴆ CPUȂ Ҭ thinktime ҹ 0̆

holdtime ṿ׆ 1000̂ Ҭ ľ1KĿ̃ ⌠ 1ַ̂ Ҭ ľ100MĿ̃Ȃ Ҭ

└ ṿ Ὲ ̔ 

 

N L̆N Nҩ L̆1 ҩ Ȃ
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ᴆ ᴆ ᴆҊ̆ Ὲ ₮ ṿ ѿ ҹ 1.0Ȃ 

Ҭ ⌠ ̆ Ώ Ҍ҉ ҳ̆ ῒ

ȂҹָӇ Ӈ ̆ ԍ

pthread_rwlock_t Ȃ ̆ѿ ῃ 128ҩ Ώ

̆ Ӈ ֓ ѿҩѿҩ Ҭ pthread_rwlock_t Ȃ

₃Ӎ ┴ ԅ̆ ṕ ↕ ῒז 127

ҩ Ȃ ⱴ CPU ’ Ȃ 

3.15̔ IsnĽt  comparing  against single-CPU throughput a bit harsh? 

3.16̔ 1000 פ ԍҳ Ҍ ԅȂ

ѿҩ ҳ ̆ ₃ פ ̆ Ӈ ӇẠ̙ 

3.17̔ 3.10Ҭ̆ ԅ 100Mץ ῒז

Ẓ Ȃ 1̆00M 64ҩ CPU Ẓ Ȃ 1̆00M

10M ӊ ԍ 10M 1M ӊ Ȃ ῒז

̆ҹָӇ 100M Ҍ ̙ 

3.18̔ Power 5 ₃ ╠ ԅ̆ ᴆ Ȃ

Ӈ ָӇ Ώ ̙ 

֓Ҍ ̆ ’Ҋ Ώ ׅ № ̆

ᴆ I/O Ȃ ῇ ׃ ѿ֓ Ώ ף Ȃ 

3.3. ᴝḒᾛӐ 

3.10 ̆ Ώ ҳ ̆ ⌠ ѿ ̆ Ӈ

ῒז Ḡ ῒ ҳ Ȃ ױ ѿ ᵬԅ̆ 3.9

Ҭ 18 __sync_fetch_and_add() Ȃ ꜚ ԋҩ ⱴ⌠

ѿҩ ṿ҉ ̆ ῒ ṿ̂ 3.9 ᶛ Ҭ ԅ Ȃ̃

ѿ ѿҩ __sync_fetch_and_add()̆ ṿ ᴪ

ң ⱴ Ȃ 

gcc ᶫԅ ⱴ ᵬ̆ __sync_fetch_and_sub()ȁ

__sync_fetch_and_or()ȁ__sync_fetch_and_and()ȁ__sync_fetch_and_xor()

__sync_fetch_and_nand() ̆ ֓ ᵬ ṿȂ ᵰѿ

ṿ̆ ᶏץ __sync_add_and_fetch()ȁ__sync_sub_and_fetch()ȁ

__sync_or_and_fetch()ȁ__sync_and_and_fetch()ȁ__sync_xor_and_fetch()

__sync_nand_and_fetch() Ȃ 

3.19̔ ѿ ̙ 

ѿ ᶫԅ ῖ ľ ֜ Ŀ ᵬ̆
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__sync_bool_compare_and_swap()__sync_val_compare_and_swap()Ȃ

ṿҍ oldval ̆ ңҩ ꜚ newvalΏ Ȃbool

ᵬ ⱳ 1̆ ᵬ 0̆ ṿ oldval

Ҍ Ȃval ṿ ԍ oldval ̆ ṿ̆

ᵬ ⱳȂᴋᵥ ѿ ᵬ ᵬ ץ ľ ֜ Ŀ

׆̆ ӈ҉ ̆҉ ңҩľ ֜ Ŀ ᵬ universal ̆

bool Ҭ Ȃľ ֜ Ŀ ᵬ זᵬҹῒץ

ᵬ Ҍ̆ ֓ ᵬ ȁ

Ȃ[Her90] 

__sync_synchronize() ѿҩľῤ Ŀ̆ └ CPU פ

Ӱ ᴨ ̆ 12.2 Ȃ ֓ ’Ҋ̆ └ פ

ᴨ ԅ̆CPU ᴨ Ḡץ ̆ ᶏ barrier() ̆ Ἕ

3.9Ҭ 28 Ȃ ֓ ’Ҋ̆ Ҍᴨ ҩῤ ԅ̆

ᶏץ ACCESS_ONCE() ̆ Ἕ 3.6Ҭ 17 Ȃ ңҩ

Ҍ gcc ᶫ ̆ᵖ ἝҊץ ̔ 

#define  ACCESS_ONCE(x)  (*( volatile  typeof(x)  

*)&(x))  

#define  barrier()  __asm__  __volatile__("":  :  :  

"memory")  

3.20̔ ֓ ᵬ ᴪ פ ҩ

̆פ Ӈ ױ Ҍ Ⱳ ̙ 

3.4. Linuxԓ⁄ѧ ӆ POSIX￼ᾛӐ 

Ҍ ̆ ‰ ᴪ₮ ӊ╠̆ ᵬ̆ⱴ ȁ

ᵬ ԅȂ ̆ ֓ ᵬ ᵣȂ ֓ ᵬ

Ӟ № ̆Ҍֽ ҹ ̆ ҹ ץ ֓ Ȃ

̆gcc __sync_ ᶫ memory-ordering ӈ̆ ꞉

₱ ̆ Ҍ memory ordering ӈ Ȃ 

3.1: POSIX ҍ Linuxῤ ₱  

Categor

y 
POSIX Linux Kernel  

Thread 

Management 
pthread_t  struct task_struct  

  pthread_create()  kthread_create  
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  pthread_exit()  kthread_should_stop() (rough)  

  pthread_join()  kthread_stop() (rough)  

  poll(NULL, 0, 5)  
schedule_timeout_interruptib

le()  

POSIX 

Locking 
pthread_mutex_t spinlock_t (rough)  

    struct mutex  

  PTHREAD_MUTEX_INITIALIZER DEFINE_SPINLOCK() 

    DEFINE_MUTEX() 

  pthread_mutex_lock()  spin_lock() (and friends)  

    mutex_lock() (and friends)  

  pthread_mutex_unlock()  spin_unlock() (and friends)  

    mutex_unlock()  

POSIX 

Reader- Writ

er  

pthread_rwlock_t  rwlock_t (rough)  

Locking   struct rw_semaphore  

  PTHREAD_RWLOCK_INITIALIZER DEFINE_RWLOCK() 

    DECLARE_RWSEM() 

  pthread_rwlock_rdlock()  read_lock() (and friends)  

    down_read() (and friends)  

  pthread_rwlock_unlock()  read_unlock() (and friends)  

    up_read()  

  thread_rwlock_wrlock()  write_lock() (and friends)  

    down_write() (and friends)  

  pthread_rwlock_unlock()  write_unlock() (and friends)  

    up_write()  

Atomic 

Operations 
C Scalar Types  atomic_t  

    atomic64_t  

  __sync_fetch_and_add() atomic_add_return()  

    atomic64_add_return()  
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  __sync_fetch_and_sub() atomic_sub_return()  

    atomic64_sub_return()  

  
__sync_val_compare_and_swa

p()  
cmpxchg() 

  __sync_lock_test_and_set()  xchg() (rough)  

  __sync_synchronize()  smp_mb() 

̆ 3.1Ҭ ᶫԅѿҩ ῏ ̆ POSIXȁgcc Linux

ῤ Ҭᶏ Ȃ ‰ ῏ ₮̆ ҹ Linuxῤ ⱴ

ȁ ̆gcc↕ Linuxῤ ҬҌ ᶏ ᵬȂ ̆ѿ

̆ ף Ҍ Linuxῤ Ҭ ⱴ ȁ ̆ ѿ

̆gcc ᵬӞ ץ cmpxchg() Ȃ 

3.21̔ Linuxῤ Ҭ fork() join() ָӇ̙ 

3.5. ἐ￼Ṫԏɋɋ ḅӍ Ὅό 

̆ ᵬ ΐҬ ѿҩȂ ̆ץ

ұ Ȃ Ҍ ̆ Ӈᶏ shell Ȃ shell

fork()/exec() ̂ Intel Ҭ C 480 ̃

̆ Ӈᶏ C fork() wait() Ȃ ֓ Ӟ ̂

Ӟ 80 ̃̆ Ӈᵰ POSIX ̆

ⱴ ȁ / ᵬȂ POSIX ׅ ̂ѿ

ᵞԍ ̃̆ Ӈ ᶏ 8 ׃ ԅȂ ᵟ̆ ῤ

Ḥ ᴰ ῍֣ῤ Ȃ 

̆ Ҍ ‗ԍᵰ ᴆ̆ ᵰ ᵥᶏ ֓ Ȃ

Ặ Ҋ̆ѿ ԅ

ѿ Ȃ 
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4. ᾭ 

Ạ Ԋ ̆ Ӟ Ӟ ԅȂҌ ѿ

῍֣ῤ ҉ ғ scalably ׅ̆ ΐ Ȃ

ѿ ̆ ᶏ ױ ץ Ҭ ̆

Ȃ ̆ ᶃ

℗῀ Ȃ 

ԅ ԍ ’ ȁ ғ Ȃp

ᾢ̆ ᾢױ ᵞ ̙ 

4.1̔ ⌠ ָӇ Ӈ ̙ Ғ

ᴆ ȁⱴ ȁ⁞ ֓̆ ̙ 

4.2̔ ȂẊ ᵰ

̂ ̃ Ȃ Ҭᴋ ѿҩ CPU

Ȃ ױ ѿ Ẋ ѿ ץ ѿ ѿ ҆ҩ ̆

ѿҩ 5 ѿ Ȃᵰ‰ ᵥ ҩ ̙ 

4.3̔ № └ṿ ȂẊ ᵰ ѿҩ №

̆ ҩ № ₮ └̂ 10000

ҩ Ȃ̃ ױ ѿ Ẋ ֓ ̆ Ҍ ₮ └̆ ѿҩ

ľ Ŀ └ṿ  ԅȂץ

4.4̔ № └ṿ ȂẊ ᵰ ѿҩ №

̆ ҩ № ₮ └̂ 10000

ҩ Ȃ̃ ױ ѿ Ẋ ֓ ̆ Ҍ ₮ └̆ ғ₃

Ӎ ѿҩ ᶏ ҬȂ Ῥױ ѿ Ẋ ױ

ᵥ ṿ 0̆ ̆ ѿҩ ᶏ ̆ ↕ ץ ѿ֓

ҌῬ ῤ Ȃ 

4.5̔ I/O ȂẊ ᵰ ѿҩ ᶏ

Ữ ̆ ᵰ ץ ᵥ ץ ῃ

Ȃ ̆ ̆

ᵥ ץ ῃ Ȃ 

▼ᵩ № ֓ Ȃ 
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4.1. ѭҜѱẊᴧ ᾭјᴵṇ ό 

1  long  counter  =  0;  

2 

3  void  inc_count(void)  

4  {  

5     cou nter++;  

6  }  

7 

8  long  read_count(void)  

9  {  

10     return  counter;  

11  }  

4.1: ! 

׆ױ ̆ 4.1Ҭ ₮ ѿҩ

̂count_nonatomic.c̃Ȃ ױ 1 ҩ ̆ ױ 5 ⱴ 1̆ ױ

10 ₮ ṿȂ ָӇ ҩ ̙ 

ᵰ ₃ӍҌ ⱴ ̆ ֲ ̆ Ҭ̆

Ӟ Ȃ 

Ҍ ֲ ῐ ̔ ҩ ᴪҡ Ȃ ҉̆

ѿᴪᾙ̆ѿ῍ ԅ inc_count()₱ 100,014,000 ̆ᵖ ṿ

52,909,118Ȃ ᵌṿ ѿ ᴇṿ̆ᵖ Ạ

Ȃ 

4.6̔ ++ ᵬ x86҉Ҍ ᴪ֟ ѿҩ add-to-memory Ӈ̙פ

ҹָӇ CPU ҩ פ ̙ 

4.7̔ 8ᵝ ̆ ᵬ ԅ Ȃᵖ

ҹָӇ Ӈѿҩ ̆ ≢ bug ץ ₮̙ 

1 atomic_t counter = ATOMIC_INIT(0);  

2 

3 void inc_count(void)  

4 {  

5     atomic_inc(&counter);  

6 }  

7 

8 long read_count(void)  
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9 {  

10     return atomic_read(&counter);  

11 }  

4.2̔ ! 

Ⱳ ᶏ ᵬ̆ 4.2̂ count_atomic.c̃Ȃ 1

ӈԅѿҩ ̆ 5 ⱴ 1̆ 10 ₮ ṿȂ ҹ

ᵬ̆ ץ ȂҌ ̆ ѿ֓̔ Intel

҉̆ ̆ 6Ṑ̆ ңҩ ̆

10ṐȂ 

 

4.3̔ Nehalem ҉  

Ҍ ֲ ̆ 2 ѿ ’ԅ̆

CPU ҩ ⱴ Ҋ ѿԊ Ӟ ̆ 4.3 Ȃ

Ҭ̆x ҉ ף ⌠ ̔

Ҭ̆CPU Ȃ ѿῃ

Ҍ ̆ ғ ᵰ ⱴ CPU Ȃ 

4.8̔ ҹָӇ x ҉ y=1 ҍ ̙֜ 

4.9̔ ᵖ Ȃ ѿҩ  ҬҌ ⱴ

ṿ Ҍ ̆ ᵬ ̆ Ҍ Ạԅ

Ԋ˻ҹָӇ ῏ ᵥ Ῥ ѿ ̙ 
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4.4̔ ῃ ᵬ  

4.4 ѿ ῃ Ȃҹԅ ҩ CPU ⌠ ᴪ ⱴѿҩ

ῃ ̆ CPU ᴰ ̆ Ҭ Ȃ

ᴰ ׆̆ ԅ 4.3Ҭ Ȃ 

Ҋѿ ̆ ץ ᾧ ᴰ ῤ Ȃ 

4.10̔ ᵖ ҹָӇ CPU Ҍ ᵬ ׆̆

ᾧ ᴰ ῃ ̙ 

4.2. ᾭᵸ 

ᶏ ̆ ῒ ̆p

₮̆ Ҍ Ȃ ԍ ‗ 4.2Ҭ

Ȃ 

4.2.1.  

ѿ ץ ҩ ѿҩ ̂ ῤ ̆ ҩ

CPUѿҩ̃̆ ץ ҩ Ȃ ⱴ ֜ ̆

ṿ ṿ ⱴȂ 5.3.4 Ҭ ῀ Data 

Ownership Ȃ 

4.11̔ But doesnĽt the fact that CĽs ľintegersĿ are limited in size 

complicate things? 

4.2.2. ᶢ҈ᾭ ￼ḫא 

ѿ № ѿҩ ̆ ҩᾝ ѿҩ

̂Ẋ ғ ᾟ ԅ̆ ῍֣⌠ ṿ̃ 
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4.12̔ ̙̙̙ ᴪҌᴪ └ ҩ ̙ 

1 DEFINE_PER_THREAD(long, counter);  

2 

3 void inc_count(void)  

4 {  

5   __get_thread_var(counter)++;  

6 }  

7 

8 long read_count(void)  

9 {  

10  int t;  

11  long sum = 0;  

12 

13  for_each_thread(t)  

14   sum += per_thread(counter, t);  

15  return sum;  

16 }  

4.5̔ ԍ  

ѿҩ ץ ѿ ̆ 4.5 ̂count_stat.c̃Ȃ

1 ӈԅѿҩ ̆ ѿ ҹ long ̆

counter̆ ⇔ ( )Ȃ 

3-6 ⱴ ₱ ̆ᶏ __get_thread_var() ᵝ ╠

counter ᾝ Ȃ ҹ ҩᾝ ḱ ̆

ԅȂ 

8-16 ₱ ̆ᶏ for_each_thread() ╠

̆ᶏ per_thread() Ȃ ҹ ᴆ ץ

long ̆ ғ ҹ gcc≠ ԅ ѿ ̆ ץ

ᵬ ԅ̆Ҍ Ғ  Ȃפ

4.13̔ ̆gcc ῒז ̙̙̙ 

4.14̔ 4.5Ҭ counter ᵥ∆ ̙ 

4.15̔ Ẋ 4.5Ҭᾛ ѿҩ ף̆ ӇΏ̙ 
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4.6̔  

inc_count()₱ ⱴ Ȃ 4.6Ҭ

̆ῒ ҩ CPU ץ ⱴ ṿ̆ҌῬ

ᴇף ҩ ḤȂᵖ ľ Ŀ҉ ᶃ

̆ ᴪ̆ ľ Ŀ҉ ᴇȂҊѿף ѿ ̆

Ḡ ľ Ŀᶷ ̆⁞ ľ Ŀᶷ֟  ᴇȂף

4.2.3. ‛ ￼ḫא 

ѿ Ḡ ľ Ŀᶷ ľ Ŀᶷ ╝ ѿ

Ȃ╠ѿ ׃ Ḡ ṿ read_count() ╠ѿ

┴ ṿ read_count() ṿӊ Ȃľ ѿ Ŀ

[Vog09] ᶫԅѿ ѿ֓ Ḡ ̔Ҍ inc_count() ̆ read_count()

ᴪ ṿȂ 

ױ ѿҩῃ ≠ ľ ѿ ĿȂᵖ ҹΏ

̆ ץ ѿҩ ṿᴰ

ῃ Ȃ ῃ ṿȂ Ώ ̆

₮ ṿ Ҍ Ҍ̆ ѿ Ώ ῃ̆ ᴪ

ṿĺĺ ҹָӇ ҹľ ѿ Ŀ Ȃ 

1  DEFINE_PER_THREAD(at omic_t,  counter);  

2  atomic_t  global_count;  

3  int  stopflag;  

4 

5  void  inc_count(void)  

6  {  

7     atomic_inc(&__get_thread_var(counter));  

8  }  
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9 

10  unsigned  long  read_count(void)  

11  {  

12     return  atomic_read(&global_count);  

13  }  

14 

15  void  *eventual(void  *arg)  

16  {  

17     int  t;  

18     int  sum;  

19 

20     while  (stopflag  <  3)  {  

21         sum  =  0;  

22         for_each_thread(t)  

23    sum  +=  atomic_xchg(&per_thread(counter,  

t),  0);  

24         atomic_add(sum,  &global_count);  

25         poll(NULL,  0,  1);  

26         if  (stopflag)  {  

27    smp_mb();  

28    stopflag++;  

29         }  

30     }  

31     return  NULL;  

32  }  

33 

34  void  count_init(void)  

35  {  

36     thread_id_t  tid;  

37 

38     if  (pthread_create(&tid,  NULL,  eventual,  

NULL)  !=  0)  {  

39         perror("count_init:pthread_create");  

40         exit( - 1);  

41     }  
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42  }  

43 

44  void  count_cleanup(void)  

45  {  

46     stopflag  =  1;  

47     while  (stopflag  <  3)  

48         poll(NULL,  0,  1);  

49     smp_mb();  

50  }  

4.7̔ ԍ ѿ  

4.7̂ count_stat_eventual.c̃Ҭ Ȃ 1-2 ӈԅ

ṿ ῃ ̆ 3 ӈԅ stopflağ ԍ └ ̂

ױ Ȃ̃ 5-8 inc_count()₱ 4.5Ҭ ₱

ѿ Ȃ 10-13 read_count()₱ global_count ṿȂ 

ᵖ ̆ 34-42 count_init()₱ ⇔ ԅ 15-32 eventual() ̆

̆ atomic_xchg()₱ ⁞ ҩ ṿ̆ ⁞

ṿ ⱴ⌠ global_countҬȂeventual() ӊ 1

̂ Ḃ Ȃ̃ 44-50 count_cleanup()₱ └ Ȃ 

ᶫ ׅ̆ Ḡ

Ȃp ̆ ᶷ ᶷ ᶷ ̆

ҹ__get_thread_var() Ҭ ᵬ ԍ ֓

CPU № Ȃ 

4.16̔ ҹָӇ 4.16Ҭ inc_count() ᶏ  ̙פ

4.17̔ 4.7 eventual()₱ Ҭ ҩῃ ᴪἝῃ ѿ

ҹ ̙ 

4.18̔ 4.7 read_count() ᵀ ṿ ᴪ ⱴ

Ҍ‰ ̙ 

4.2.4. ᶢ҈⅛ ᴪ ￼ḫא 

̆gcc ᶫԅѿҩ ԍ Ữ __thread Ữ Ȃ 4.8

̂count_end.c̃Ҭᶏ ԅ ҩ ̆ ҩ Ҍֽ ̆

ғ ԍ ₃Ӎ Ȃ 

1  long  __thread  counter  =  0;  

2  long  *counterp[NR_THREADS]  =  {  NULL  };  

3  long  finalcount  =  0;  



῀  

 

4  DEFINE_SPINLOCK(final_mutex);  

5 

6  void  inc_count(void)  

7  {  

8   counter++;  

9  }  

10 

11  long  read_count(void)  

12  {  

13  int  t;  

14   long  sum;  

15 

16   spin_lock(&final_mutex);  

17   sum  =  finalcount;  

18  for_each_thread(t)  

19    if  (counterp[t]  !=  NULL)  

20    sum  +=  *counterp[t];  

21    spin_unlock(&final_mutex);  

22  return  sum;  

23  }  

24 

25  void  count_register_thread(void)  

26  {  

27  int  idx  =  smp_thread_id();  

28 

29  spin_lock(&final_mutex);  

30  counterp[idx]  =  &counter;  

31  spin_unlock(&final_mutex);  

32  }  

33 

34  void  count_unregister_thread(int  

nthreadsexpected)  

35  {  

36  int  idx  =  smp_thread_id();  

37 
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38  spin_lock(&final_mutex);  

39  fi nalcount  +=  counter;  

40   counterp[idx]  =  NULL;  

41  spin_unlock(&final_mutex);  

42  }  

4.8 ԍ  

1-4 ӈԅ ̔counter ̆counterp[]

ᾛ ̆finalcount ҩ ₮ ṿ ⱴ⌠

̆final_mutex ⱴ ṿ ₮ Ȃ 

4.19̔ ҹָӇ ױ ѿҩ ⌠ῒז ̙ҹ

ָӇ gccҌ ᶫѿҩἝῤ per_cpu() ѿ per_thread() ̆ ץ

̙ 

inc_count()₱ ̆ 6-9 Ȃ 

Ώ read_count()₱ ѿ Ȃ 16 ҍ ₮

ԑ ̆ 21 Ȃ 17 ∆ ₮ ̆

18-20 ⱴ Ȃ ̆ 22 Ȃ 

4.20̔ ҹָӇ ױ Ἕԑ Ḡ 4.8

read_count()₱ Ҭ ⱴ ᵬ̙ 

25-32 count_register_thread()₱ ̆ ҩ ╠

Ȃ ₱ counterp[] Ҭ ᾝ

counterȂ 

4.21̔ ҹָӇ ױ 4.8 count_register_thread()₱ ̙

ѿҩ Ữ ѿ ᵝ ᵬ̆ ῒז ḱ

ҩᵝ ̆ ץ ѿҩ ᵬ̆ ̙ 

34-42 count_unregister_thread()₱ ̆ ҩӊ╠

count_register_thread()₱ ₮ ₱ Ȃ 38 ̆

41 ̆ ԅ read_count()

count_unregister_thread() ’Ȃ 39 ⱴ⌠ῃ

finalcount ̆ counterp[] ᾝ ҹNULLȂ read_count()

ץ ῃ finalcount ⌠ ₮ ṿ̆ ғ

coutnerp[] ץ ₮ ̆ Ȃ 

ҩ ₃Ӎ ѿ ̆ ғӞ

Ȃ ѿ ̆ Ԉѿҩῃ ̆ Ҍᶃ̆ ⱬӞ Ȃ

ᵖ ̆ Ҍ ̆ ҹ ⱴ ̆

Ȃ ̆ ԍ ѿ֓̆ ҹ ₮ ̆
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Ӟ ԅȂ 

4.22̔ ̆ᵖ Linuxῤ CPU ṿ

Ḡ ȂҹָӇ ף ӇẠ̙̙̙ 

4.2.5.  

҉ ң ̆ ̆p ῃ ⌠

҉ Ȃ 

4.23̔ ҩ Ҍѿ̆ Ӈ ҩ

ӊ ⌠ ָӇ ≢̙ 

4.24̔ ⱴ ̆ ᴪ

Ȃ ָӇⱲ ⱴ ᵬ ̆

̙ 

ӟ ῤ ̆ ᵰ Ҭ῏ԍ

ԅ Ȃ 

4.3. ӆі ᾭᵸ 

ѿҩ῏ԍ ҉ Ȃ ̆ ⌠

№ ᵌ҉ Ẋ̆ ᵰ ѿҩ № ̆ №

ѿҩ҉ ̆ ̆ 10000Ȃ Ῥױ ѿ Ẋ ֓ ̆

₮҉ Ȃ 

4.3.1.  

ѿ ҉ 10000 └ṿ ⅞№ ҩ

̆ ҩ ѿҩ ҩ ȂẊ 100ҩ ̆ ҩ

ѿҩ 100ҩ Ȃ ̆ ֓ ’ҊӞ ̆ᵖ

ѿ ’̔ ҩ ѿҩ ⇔ ̆ᵖ ѿҩ

[MS93]Ȃ 

ѿ ̆ ѿҩ ѿ№ ̆ Ӈѿ №

№ ᾣԅ ̆ ѿ ԅ № ᶏ Ȃ ѿ ̆

ҩ № CPUⱴѿ№ C̆PU ῒז CPU

̆ ᴪ ᴇף ᵬȂ ̆ ҹ Ҍѿ̆

ױ add_count() sub_count() ף inc_count() dec_count()̆╠ңҩ₱

Ȃ 
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ӊ̆ Ҋ ױ Ҍ ῃ№ Ȃᵖ ̆

ױ ץ №№ Ⱳ ̆ ’Ҋ̆ ҩ

̆ ץ ᴰ Ȃ4.2.4 ᶫԅ

ѿҩ ₮ ̆ Ҭ ԅ ѿҩῃ

̆ ṿ ṿӊ ̆ ⱴ҉ῃ Ȃ῏

№ ԍ ׅ ṿⱴ῀ῃ ṿ̆ Ҍ ֓ ₮Ȃ

̆we want threads to pull in their own counts, as cross-thread accesses are 

expensive and scale poorly. 

Ҋѿҩ ⌠̆ ᵥ ⱴ῀ῃ ҬȂ

∆ Ҭ̆ ױ ѿҩ ҉ ṿȂ ҩ҉ ̆

ⱴ⌠ῃ ҉Ȃ ̆ Ҍױ № ⱴ

ṿ̔ ױ ⁞ ṿȂ ױ ⁞ ṿ ≠ ҉

ῃ ̆ ↕ ṿ ⌠ ҊȂᵖץ0 ̆ ҩ҉

̆ Ӈ₃Ӎ ⱴ⁞ ᵬ Ҭ ̆ ױ

ԅ Ȃ 

ѿҩľ Ŀ ᶛ ̆ ѿ ̆ ԍ

’ Ḥ ֜ԑ ̆ Ẽ Ḥ ᶏ ԅ

ῃ ’Ȃ 

4.3.2. ᴅ￼і ᾭᵸḫא 

1  unsigned  long  __thread  counter  =  0;  

2  unsigned  long  __thread  countermax  =  0;  

3  unsigned  long  globalcountmax  =  10000;  

4  unsigned  long  globalcount  =  0;  

5  unsigned  long  globalreserve  =  0;  

6  unsigned  long  *counterp[NR_THREADS]  =  {  NULL  };  

7  DEFINE_SPINLOCK(gblcnt_mutex);  

4.9̔ ҉ ӈ  

4.9 ף ῃ Ȃ counter

countermax ҉ Ȃ 3 globalcountmax

ף ҉ ̆ 4 globalcount ῃ Ȃglobalcount

ҩ counterӊ ṿȂ 5 globalreserve

countermax Ȃ ֓ ӊ ῏ 4.10Ȃ 
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4.10 ҉ ӈ ӊ ῏  

1. globalcount globalreserve ԍ ԍ globalcountmax ṿȂ 

2. countermaxṿ ԍ ԍ globalreserve ṿȂ 

3. ҩ counterṿ ԍ ԍ countermax ṿȂ 

counterp[] ҩᾝ counter ̆ ğblcnt_mutex

Ḡ ῃ ̆Ӟ ̆ ԅ gblcnt_mutex ̆ ↕Ҍ

ḱ ᴋᵥῃ Ȃ 

1  int  add_count(unsigned  long  delta)  

2  {  

3     if  (countermax  -   counter  >=  delta)  {  

4         counter  +=  delta;  

5         return  1;  

6     }  

7     spin_lock(&gblcnt_mutex);  

8     globalize_count();  

9     if  (globalcountmax  -  

10 globalcount  -   globalreserve  <  delta)  {  

11         spin_unlock(&gblcnt_mutex);  

12         return  0;  

13     }  

14     globalcount  +=  delta;  

15     balance_count();  
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16     spin_unlock(&gblcnt_mutex);  

17     return  1;  

18  }  

19 

20  int  sub_count(unsigned  long  delta)  

21  {  

22     if  (counter  >=  delta)  {  

23         counter  - =  delta;  

24         return  1;  

25     }  

26     spin_lock(&gblcnt_mutex);  

27     globalize_count();  

28     if  (globalcount  <  delta)  {  

29         spin_unlock(&gblcnt_mutex);  

30         return  0;  

31     }  

32     globalcount  - =  delta;  

33     balance_count();  

34     spin_unlock(&gblcnt_mutex);  

35     return  1;  

36  }  

37 

38  unsigned  long  read_count(void)  

39  {  

40     int  t;  

41     unsigned  long  sum;  

42 

43     spin_lock(&gblcnt_mutex);  

44     sum  =  globalcount;  

45     for_each_thread(t)  

46         if  (counterp[t]  !=  NULL)  

47      sum  +=  *counterp[t];  

48     spin_unlock(&gblcnt_mutex);  

49     return  sum;  

50  }  
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4.11̔ ҉ ⱴȁ⁞ ₱  

4.11 add_count()ȁsub_count() read_count()₱ (count_lim.c)Ȃ 

1-18 add_count()̆ ṿ deltaⱴ⌠ counter҉Ȃ 3

counter deltă ̆ 4 counterⱴ҉deltă

6 ⱳȂ add_counter() ̆ҌẠ ᵬ̆

̆ ӞҌᴪ ᴋᵥ cache missȂ 

4.25̔ 4.11Ҭ 3 ∞ ᴆҹָӇ Ӈ ̙ҹָӇҌ Ҋ

ҩ ∞ Ҍ ̙ 

3  if  (counter  +  delta  <=  countermax){  

4     counter  +=  delta;  

5     return  1;  

6  }  

3 ̆ ױ ῃ ̆ 7

gblcnt_mutex ̆ ̆ 11 ̆ ↕ 16 Ȃ

8 ԅ globalize_count()̆ 4.12 ̆ ₱ ̆

ῃ ̆ ԅῃ Ȃ̂ ≢ᾣ ̆ Ώ

ף ˻˻̃ 9 10 delta Ҍ ̆ ԍ ╠

ӈ 4.10Ҭңҩ ӊ Ȃ ҌҊ delta ̆

11 gblcnt_mutex ̂╠ ̃̆ 12 1 Ȃ 

ץ delta ̆ 14 ׆ globalcountҬ⁞ deltă 15

balance_count()̂ 4.12̃ ῃ ̂

countermaxץ ץ ῀ Ȃ̃ ץ ̆ ῀

̆ 16 gblcnt_mutex ̂╠ ̃̆ 17 0

ⱳȂ 

4.26̔ ҹָӇ 4.11 ğlobalize_count() ҹ 0̆

balance_count() ᾟ ҹָӇҌ̙ױ

ṿ 0̙ 

20-36 sub_count()׆ counterҬ⁞ deltaȂ 22

⁞ delta ԍ 0̆ ̆ 23 ⁞ ᵬ̆ 24

ⱳȂ sub_count() ̆ add_count()ѿ ̆

Ҍ ᵬȂ 

1  static  void  globalize_count(void)  

2  {  

3     globalcount  +=  counter;  

4     counter  =  0;  
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5     globalreserve  - =  countermax;  

6     countermax  =  0;  

7  }  

8 

9  static  void  balance_count(void)  

10  {  

11     countermax  =  globalcountmax  -  

12                      globalcount  -   globalreserve;  

13     countermax  /=  num_online_threads();  

14     globalreserve  +=  countermax;  

15     cou nter  =  countermax  /  2;  

16     if  (counter  >  globalcount)  

17         counter  =  globalcount;  

18     globalcount  - =  counter;  

19  }  

20 

21  void  count_register_thread(void)  

22  {  

23     int  idx  =  smp_thread_id();  

24 

25     spin_lock(&gblcnt_mutex );  

26     counterp[idx]  =  &counter;  

27     spin_unlock(&gblcnt_mutex);  

28  }  

29 

30  void  count_unregister_thread(int  

nthreadsexpected)  

31  {  

32     int  idx  =  smp_thread_id();  

33 

34     spin_lock(&gblcnt_mutex);  

35     globalize_count();  

36     counterp[idx]  =  NULL;  

37     spin_unlock(&gblcnt_mutex);  

38  }  
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4.12̔ ҉ ⱳ ₱  

⁞ delta ԍ 0 ̆ ῀ 26-35

ԅȂ ҹ ῃ ̆ ץ 26 ԅ gblcnt_mutex ̆

29 ̂ ’̃ 34 ̂ ⱳ ’ Ȃ̃ 27

globalize_count()̆ 4.12̆ Ῥѿ ̆ ῃ

ṿȂ 28 ṿ delta⁞̆ Ҍ ̆ 29

gblcnt_mutex ̂ӊ╠ ⌠ ̃ 30 Ȃ 

4.27̔ add_count()Ҭ globalreserve ≠Ҍױ ҹָ̆Ӈ 4.11Ҭ

sub_count()  ̙≠Ҍױ

ѿ ̆ 28 ṿ delta ⁞̆ Ӈ 32

⁞ ᵬ̆ 33 balance_count()̂ 4.12̃ ῃ

ṿ̆ 34 gblcnt_mutex ̆ 35 ⱳȂ 

4.28̔ ҹָӇ 4.11Ҭ add_count() sub_count()̙ ҹָӇ

Ҍ add_count()D ѿҩ ṿ̙ 

38-50 read_count() ṿȂ ₱ 43

gblcnt_mutex ̆ 48 ̆Ḡ ԅҍ add_count() sub_count()Ҭῃ

ᵬӊ ԑ ̆ ғ ױ ⌠ ̆ ⇔ ₮ ԅԑ Ḡ Ȃ

44 ∆ ԅ sum̆ globalcount ṿ ̆ 45-47

counter Ȃ 49 ṿȂ 

4.12Ҭ add_count(), sub_count() read_count()Ҭᶏ ⌠ ₱ Ȃ 

1-7 globalize_count()̆ ╠ ̆

ῃ ṿȂ ̆ ₱ Ҍ ṿ̆

╠ṿ Ȃ 3 counter ⱴ⌠ globalize_count҉̆ 4

counterȂ ᵌ ̆ 5 ׆ globalreserveҬ⁞ countermax

ṿ̆ 6 countermaxȂ ѿ 4.10 ꜛԍ ₱

balance_count()₱ ̆Ӟ Ҋ ₱ Ȃ 

9-19 balance_count()̆ globalize_count() ᵬȂ

₱ ╠ counter countermax ̂ globalcount

globalreservẽ̆ ץ add_count() sub_count() ᴆȂ

globalize_count()ѿ ̆balance_count()Ҍ ṿȂ 11-13

ṿ globalcountmaxҬ ᶛ̆ Ḡ globalcount

globalreservĕ ₮ ṿ coutnermaxȂ 14

globalreserveẠ Ȃ 15 counter ҹ 0⌠ countermax

Ҭ ṿȂ 16 globalcount ץ counter⁞̆ Ҍ ̆ 17

⁞ counterȂ ̆ ᵥ̆ 18 globalcount
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Ȃ 

21-28 count_register_thread()̆ ⇔ Ȃ ₱

gblcnt_mutex Ḡ Ҋ̆ ⇔ counter ῀

counterp[] ᾝ Ȃ 

̆ 30-38 count_unregister_thread()̆ ₮ Ȃ

34 gblcnt_mutex ̆ 37 Ȃ 35 globalize_count()

̆ 36 counterp[]Ҭ ᾝ Ȃ 

4.3.3. ԋ҈ ᴅі ᾭᵸ￼  

ṿ 0 ̆ ҉ ̆ add_count()

sub_count() Ҭ ∞ ѿ֓ Ȃᵖ ̆

countermax ᶏ add_count() ᶏ ṿ globalcountmax

Ӟ Ȃ ̆sub_count() ṿ Ҍ⌠ 0 Ӟ Ȃ 

’Ҋ̆ Ҍ Ȃ ᶏ globalcountmax Ҍ ѿҩ ᵌ

҉ ѿ̆ Ӟ ѿҩ ᵌ Ȃѿ └ ᵌ

countermax ṿ ⱴѿҩ҉ Ȃ ҩᴋⱵ Ҋѿ Ȃ 

4.3.4. ӆі ᾭᵸ￼ḫא 

1  unsigned  long  __thread  counter  =  0;  

2  unsigned  long  __thread  countermax  =  0;  

3  unsigned  long  globalcountmax  =  10000;  

4  unsigned  long  globalcount  =  0;  

5  unsigned  long  globalreserve  =  0;  

6  unsigned  long  *counterp[NR_THREADS]  =  {  NULL  };  

7  DEFINE_SPINLOCK(gblcnt_mutex);  

8  #define  MAX_COUNTERMAX  100  

4.13̔ ᵌ҉ ӈ  

ҹ ף ̂count_lim_app.c̃ ҉₃ ᶛ Ἕ̂ 4.9̆ 4.11̆

4.12̃ ̆ ≢ №ԅȂ ԅ MAX_COUNTERMAX ץ ̆

4.13 4.9 ῃѿ ̆MAX_COUNTERMAX ԅ countermax

ᾛ ṿȂ 

1  static  void  balance_count(void)  

2  {  

3     countermax  =  globalcountmax  -   globalcount  -   
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globalreserve;  

4     countermax  /=  num_online_threads();  

5     if  (countermax  >  MAX_COUNTERMAX)  

6         countermax  =  MAX_COUNTERMAX;  

7     glob alreserve  +=  countermax;  

8     counter  =  countermax  /  2;  

9     if  (counter  >  globalcount)  

10         counter  =  globalcount;  

11     globalcount  - =  counter;  

12  }  

4.14̔ ᵌ҉ ₱  

ᵌ ̆ 4.14 4.12Ҭ balance_count()₃Ӎ ῃѿ ̆ ԅ 5

6 ̆ countermax ⱴԅ MAX_COUNTERMAX └Ȃ 

4.3.5. ԋ҈ ӆі ᾭᵸ￼  

҉ ꜚ ⁞ ԅ ╠ѿҩ Ҭ₮ ҉ Ҍ‰ ̆p

ԅ ѿҩ ̔ᴋᵥ MAX_COUNTERMAX ѿ ᴍ

῀ ̆ ᴍ ‗ԍ ᵬ Ȃ ⱴ̆

ҹѿҩ ҉ ȂҌ ̆ ױ Ҋ ҩ

̆ᾢ ҉ Ȃ 

4.4. і ᾭᵸ 

ҹԅ ‗ №῏ԍ № ҉ ̆ ױ

ѿҩ҉ ̆ ᵥ ҉ Ȃѿ ҉ Ⱳ

cause threads that have reserved counts to give them up. ѿ Ⱳ

ᵬȂ ̆ ᵬᴪ⁞ ̆ᵖ ѿ ̆ ѿ Ҍ

ԍ ԅȂ 

4.4.1. ᴝḒі ᾭᵸ￼ḫא 

Ҍ ̆ ҩ ҡ ̆ ꜚ counter

countermax Ȃ Ạ ңҩ ѿҩ ̆ ̆ѿҩ 32

ᵝ ̆ 16ᵝף counter̆ ᵞ 16ᵝף countermaxȂ 

1  atomic_t  __thread  counterandmax  =  ATOMIC_INIT(0);  



῀  

 

2  unsigned  long  globalcountmax  =  10000;  

3  unsigned  long  globalcount  =  0;  

4  unsigned  long  globalreserve  =  0;  

5  atomic_t  *counterp[NR_THREADS]  =  {  NULL  };  

6  DEFINE_SPI NLOCK(gblcnt_mutex);  

7  #define  CM_BITS  (sizeof(atomic_t)  *  4)  

8  #define  MAX_COUNTERMAX  ((1  <<  CM_BITS)  -   1)  

9 

10  static  void  

11  split_counterandmax_int(int  cami,  int  *c,   

int  *cm)  

12  {  

13     *c  =  (cami  >>  CM_BITS)  &  MAX_COUNTERM AX;  

14     *cm  =  cami  &  MAX_COUNTERMAX;  

15  }  

16 

17  static  void  

18  split_counterandmax(atomic_t  *cam,  int  *old,  

19                          int  *c,  int  *cm)  

20  {  

21     unsigned  int  cami  =  atomic_read(cam);  

22 

23     *old  =  cami;  

24     split_counterandmax_int(cami,  c,  cm);  

25  }  

26 

27  static  int  merge_counterandmax(int  c,  int  cm)  

28  {  

29     unsigned  int  cami;  

30 

31     cami  =  (c  <<  CM_BITS)  |  cm;  

32     return  ((int)cami);  

33  }  

4.15̔ ҉ ӈ ₱  

ѿҩ ҉ ₱ 4.15
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̂count_lim_atomic.c̃Ȃ ↨ ̆counter countermax 1

counterandmax ̆ counter̆ ᵞ countermaxȂ

ҹ atomic_t̆ ҉ int Ȃ 

2-6 globalcountmax̆ globalcount̆ globalreservĕ counterp

gblcnt_mutex ӈ̆ ӈ 4.13Ҭ ѿ Ȃ 7 ӈԅ

CM_BITS̆ ף counterandmax ᵝ ᵞᵝ bit ̆ 8 ӈԅ

MAX_COUNTERMAX ף̆ counterandmax ᵝ ᵞᵝ ṿȂ 

4.29̔ 4.15Ҭ 7 ԅ C ‰ ѿ ̙ 

10-15 split_counterandmax_int()₱ ׆̆ atomic_t

counterandmax Ҭ№ ₮ ҹ int 16ᵝ ᵞ 16ᵝȂ 13 ₮

counterandmax 16ᵝ̆ c̆ 14 ₮ counterandmax ᵞ

16ᵝ̆ cmȂ 

17-25 split_counterandmax()₱ ׆̆ 21 Ҭ ṿ̆

23 ṿ old̆ 24 split_counterandmax_int()№

ṿȂ 

4.30̔ ѿҩ counterandmax ̆ҹָӇ 4.15Ҭ 18

ᴰ ѿҩ Ȃ 

27-33 merge_counterandmax()₱ ̆ ץ ᵬ split_counterandmax()

ᵬȂ 31 ᴰ῀ c cm№≢ counter countermax̆

ױ ѿҩ int̆ Ȃ 

4.31̔ ҹָӇ 4.15Ҭ merge_counterandmax() int Ҍ

atomic_t? 

1  int  add_count(unsigned  long  delta)  

2  {  

3     int  c;  

4     int  cm;  

5     int  old;  

6     int  new;  

7 

8     do  {  

9         split_counterandmax(&counterandmax,  & old,   

&c,  &cm);  

10         if  (delta  >  MAX_COUNTERMAX  ||  c  +   

delta  >  cm)  

11 goto  slowpath;  



῀  

 

12         new  =  merge_counterandmax(c  +  delta,  cm);  

13     }  while  (atomic_cmpxchg(&counterandmax,  

14                 old,  new)  !=  old);  

15     return  1;  

16  slowpath:  

17     spin_lock(&gblcnt_mutex);  

18     globalize_count();  

19     if  (globalcountmax  -   globalcount  -  

20           globalreserve  <  delta)  {  

21         flush_local_count();  

22         if  (globalcountmax  -   globalcount  -  

23               globalreserve  <  delta)  {  

24     spin_unlock(&gblcnt_mutex);  

25     return  0;  

26         }  

27     }  

28     globalcount  +=  delta;  

29     balance_count();  

30     spin_unlock(&gblcnt_mutex);  

31     return  1;  

32  }  

33 

34  int  sub_count( unsigned  long  delta)  

35  {  

36     int  c;  

37     int  cm;  

38     int  old;  

39     int  new;  

40 

41     do  {  

42         split_counterandmax(&counterandmax,  &old,   

&c,  &cm);  

43         if  (delta  >  c)  

44 goto  slowpath;  

45         new  =  merge_counte randmax(c  -   delta,  cm);  
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46     }  while  (atomic_cmpxchg(&counterandmax,  

47                 old,  new)  !=  old);  

48     return  1;  

49  slowpath:  

50     spin_lock(&gblcnt_mutex);  

51     globalize_count();  

52     if  (globalcount  <  delta)  {  

53         flush_local_count();  

54         if  (globalcount  <  delta)  {  

55    spin_unlock(&gblcnt_mutex);  

56    return  0;  

57         }  

58     }  

59     globalcount  - =  delta;  

60     balance_count();  

61     spin_unlock(&gblcnt_mutex);  

62     return  1;  

63  }  

4.16̔ ҉ ⱴȁ⁞₱  

4.16 add_count()̆ sub_count() read_count() Ȃ 

1-32 add_count()̆ 8-15 Ȃ 8-14

ԅѿҩ ֜ ̂CAS̃ ̆ 13-14 atomic_cmpxchg()

CASȂ 9 ╠ counterandmax № counter̂

cҬ̃ countermax̂ cmҬ̃̆ ṿ oldȂ 10

deltâ ᾧ ₮̃̆ Ҍ ̆ 11 ῀

Ȃ ץ ̆ 12 counter countermax

ṿ newȂ 13-14 atomic_cmpxchg() ꜚ

countermax old̆ ⱳ̆ ֜ԑ ṿ newȂ ⱳ̆

15 ⱳ̆ ↕ 9 Ȃ 

4.32̔ ˻ 4.16 11 ҩҐ goto ָӇ ̙ᵰ

break ̙̙̙ 

4.33̔ ҹָӇ 4.16 13-14 atomic_cmpxchg()ᴪ ̙ ױ

9 ₮ oldṿץ ˻ 

4.16 16-32 add_count() ̆ gblcnt_mutex Ḡ ̆

17 ̆ 24 30 Ȃ 18 ԅ globalize_count()
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₱ ̆ ῃ Ȃ 19-20 ╠ ῃ

delta ṿ̆ Ҍ ̆ 21 flush_local_count()

┘ ⌠ῃ ҉̆ 22-23 ץ deltaȂ

Ҍ ̆ Ӈ 24 gblcnt_mutex ̂╠ ̃̆ 25

Ȃ 

ץ delta ṿ̆ 28 deltaⱴ⌠ῃ Ҭ̆ ̆ץ

29 ̆ 30 gblcnt_mutex ̂╠ ̃̆

31 ⱳȂ 

4.16 34-63 sub_count()₱ ̆ add_count() Ἕ̆ 41-48

ѿ ̆ 49-62 ѿ Ȃ ₱ № ᵬ

ẠԅȂ 

1  unsigned  long  read_c ount(void)  

2  {  

3     int  c;  

4     int  cm;  

5     int  old;  

6     int  t;  

7     unsigned  long  sum;  

8 

9     spin_lock(&gblcnt_mutex);  

10     sum  =  globalcount;  

11     for_each_thread(t)  

12         if  (counterp[t]  !=  NULL)  {  

13     split_counterandmax(counterp[t],  &old,   

&c,  &cm);  

14     sum  +=  c;  

15         }  

16     spin_unlock(&gblcnt_mutex);  

17     return  sum;  

18  }  

4.17̔ ҉ ₱  

4.17 read_count()Ȃ 9 gblcnt_mutex ̆ 16 Ȃ 10

globalcount ṿ∆ sum̆ 11-15

ṿ ⱴ⌠ sumҬ̆ 13 split_counterandmax()₱ № ₮ ṿȂ

17 sumȂ 
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1  static  void  globalize_count(void)  

2  {  

3     int  c;  

4     int  cm;  

5     int  old;  

6 

7     split_counterandmax(&counterandmax,  &old,  &c,  

  &cm);  

8     globalcount  +=  c;  

9     globalreserve  - =  cm;  

10    old  =  merge_counterandmax(0,  0);  

11    atomic_set(&counterandmax,  old);  

12  }  

13 

14  static  void  flush_local_count(void)  

15  {  

16     int  c;  

17     int  cm;  

18     int  old;  

19     int  t;  

20     int  zero;  

21 

22     if  (globalreserve  ==  0)  

23         return;  

24     zero  =  merge_counterandmax(0,  0);  

25     for_each_thread(t)  

26         if  (counterp[t]  !=  NULL)  {  

27       old  =  atomic_xchg(counterp[t],  zero);  

28     split_counterandmax_int(old,  &c,  &cm);  

29     globalcount  +=  c;  

30     globalreserve  - =  cm;  

31         }  

32  }  

33 

34  static  void  balance_count(void)  
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35  {  

36     int  c;  

37     int  cm;  

38     int  old;  

39     unsigned  long  limit;  

40 

41     limit  =  globalcountmax  -   globalcount  -    

globalreserve;  

42     limit  /=  num_online_threads();  

43     if  (limit  >  MAX_COUNTERMAX)  

44         cm  =  MAX_COUNTERMAX;  

45     else  

46         cm  =  limit;  

47     globalreserve  +=  cm;  

48     c  =  cm  /  2;  

49     if  (c  >  globalcount)  

50         c  =  globalcount;  

51     globalcount  - =  c;  

52     old  =  merge_counterandmax(c,  cm);  

53     atomic_set(&counterandmax,  old);  

54  }  

55 

56  void  count_register_thread(void)  

57  {  

58     int  idx  =  smp_thread_id();  

59 

60     spin_lock(& gblcnt_mutex);  

61     counterp[idx]  =  &counterandmax;  

62     spin_unlock(&gblcnt_mutex);  

63  }  

64 

65  void   

count_unregister_thread(int  nthreadsexpected)  

66  {  

67     int  idx  =  smp_thread_id();  
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68 

69     spin_lock(&gblcnt_mutex);  

70     globalize_co unt();  

71     counterp[idx]  =  NULL;  

72     spin_unlock(&gblcnt_mutex);  

73  }  

4.18̔ ҉ ⱳ ₱  

4.18 ⱳ ₱ globalize_count()ȁflush_local_count()ȁbalance_count()ȁ

count_register_thread() count_unregister_thread()Ȃ 1-12 globalize_count()̆

҉ѿҩ ᵌ̆ ԅ 7 ̆ countermax№ counter

countermaxȂ 

14-32 flush_local_count() ף ̆

ῃ Ȃ 22 globalreserve ṿ̆ ᾛ ῒז

̆ Ҍᾛ ̆ 23 Ȃ ᾛ ̆ 24 ∆ ѿҩ zerŏ

ңҩҹ 0 counter countermax ṿ zeroȂ 25-31

Ȃ 26 ╠ ̆ ̆ 27-30

׆ꜚ ╠ Ҭ ṿ̆ ṿ ҹ 0Ȃ 28 ₮ ṿ№

ҹcounter( c) countermax̂ cm Ȃ̃ 29 counter

ⱴ⌠ globalcount҉̆ 30 ׆ globalreserveҬ⁞ countermaxȂ 

4.34̔  What stops a thread from sim- ply refilling its counterandmax 

variable immediately after flush local count() on line 14 of Figure 4.18 empties it? 

4.35̔ 4.18Ҭ 27 flush_local_count() counterandmax

̆ ָӇ ԅ atomic_add() atomic_sub()

counterandmax ̙ 

34-54 balance_count()₱ ף ̆

counterandmax Ȃ ₱ ╠ѿҩ ᵌ̆ ԅ

counterandmax Ȃ ף № Ạ ӟԅ̆ 56

count_register_thread()₱ 65 count_unregister_thread()Ӟ

№ ԅȂ 

4.36̔ atomic_set() ⌠ atomic_tҬ̆ 4.18

Ҭ 53 balance_count() flush_local_count()̆

̙ 
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4.4.2. ԋ҈ᴝḒі ᾭᵸ￼  

ѿҩ ᾛ ѿ ⌠ ҉ ̆p Ӟ

ԅ ҉ ᵬ ̆ ԅȂ ֓ ҉

⁞ ᾛ ̆ᵖ ľ Ŀᶷ ׅ ṿ ױ ẠȂ

ᶏ Ḥ ₱ זῒ׆ ῒҬѿ Ȃ ҹḤ ₱

ץ ⌠Ḥ ҉Ҋ ̆ ץ Ҍ ᵬԅ Ҋ̆ѿ ѿ

Ȃ 

4.37̔ ᵖ Ḥ ₱ ᴪ ⌠ῒז CPU҉ Ȃ

’ Ҍ ᵬ ῤ Ḡ Ҭ Ḥ

₱ ӊ Ḥ ̙ 

4.4.3. Signal-Theftі ᾭᵸ￼  

 

4.19̔ Signal-Theft  

4.19 Signal-Theft Ȃ ׆ IDLE ̆ add_count()

sub_count() ῃ ӊ Ҍ ץ ̆

ҩ theft ҹ REQ̂ ṿ̆

ҹ READY Ȃ̃ gblcnt_mutex_lock ̆ ᾛ

׆ IDLE ҹῒז ̆ Ҭ № Ȃ ҩ

ѿҩḤ ̆ Ḥ ₱ theft counting Ȃ theft

Ҍҹ REQ̆ ӇḤ ₱ Ҍ ῒ ̆ Ȃ theft
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ҹ REQ ̆ ԅ counting ̆ ╠ ԍ ̆Ḥ

₱ theft ҹ ACK̆ Ҍ READYȂ 

theft ACK̆ Ӈ theft ̆ Ҭ

№ Ȃ ̆ᴪ theft ҹ READYȂ 

ѿ ҩ theft ҹ READY̆

Ȃ theft ҹ IDLEȂ 

4.38̔ 4.19Ҭ̆ҹָӇ REQ theft ̙ 

4.39̔ 4.19Ҭ №̆≢ REQ ACK theft ָӇ̙

ҹָӇҌ ң ̙ ҩḤ ₱

̆ᾢ ῀ ץ ҹ READYȂ 

4.4.4. Signal-Theftі ᾭᵸ￼ḫא 

1  #define  THEFT_IDLE    0  

2  #define  THEFT_REQ     1  

3  #define  THEFT_ACK     2  

4  #de fine  THEFT_READY  3  

5 

6  int  __thread  theft  =  THEFT_IDLE;  

7  int  __thread  counting  =  0;  

8  unsigned  long  __thread  counter  =  0;  

9  unsigned  long  __thread  countermax  =  0;  

10  unsigned  long  globalcountmax  =  10000;  

11  unsigned  long  globalcount  =  0;  

12  unsigned  long  globalreserve  =  0;  

13  unsigned  long  *counterp[NR_THREADS]  =  

{  NULL  };  

14  unsigned  long  *countermaxp[NR_THREADS]  =  

{  NULL  };  

15  int  *theftp[NR_THREADS]  =  {  NULL  };  

16  DEFINE_SPINLOCK(gblcnt_mutex );  

17  #define  MAX_COUNTERMAX  100  

4.20̔ Signal-Theft҉ ӈ  

4.20̂ count_lim_sig.c̃ ԅ ԍ signal-theft

Ȃ 1-7 ӈԅ҉ѿ per-thread ṿ Ȃ
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8-17 ӊ╠ ᵌ̆ ⱴԅ 14 15 ̆ᾛ

countermax theft Ȃ 

1  static  void  globalize_count(void)  

2  {  

3     globalcount  +=  counter;  

4     counter  =  0;  

5     globalreserve  - =  countermax;  

6     countermax  =  0;  

7  }  

8 

9  static  void  flush_local_count_sig(int  unused)  

10  {  

11     if  (ACCESS_ONCE(theft)  !=  THEFT_REQ)  

12         return;  

13     smp _mb();  

14     ACCESS_ONCE(theft)  =  THEFT_ACK;  

15     if  (!counting)  {  

16         ACCESS_ONCE(theft)  =  THEFT_READY;  

17     }  

18     smp_mb();  

19  }  

20 

21  static  void  flush_local_count(void)  

22  {  

23     int  t;  

24     thread_id_t  tid;  

25 

26     for_each_tid(t,  tid)  

27         if  (theftp[t]  !=  NULL)  {  

28    if  (*countermaxp[t]  ==  0)  {  

29     ACCESS_ONCE(*theftp[t])  =  THEFT_READY;  

30     continue;  

31    }  

32    ACCESS_ONCE(*theftp[t])  =  THEFT_REQ;  

33    pthread_kill(tid,  SIGUSR1);  
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34   }  

35  for_each_tid(t,  tid)  {  

36   if  (theftp[t]  ==  NULL)  

37    continue;  

38   while  (ACCESS_ONCE(*theftp[t])  !=   

THEFT_READY)  {  

39    poll(NULL,  0,  1);  

40    if  (ACCESS_ONCE(*theftp[t])  ==  THEFT_REQ)  

41     pthread_kill(tid,  SIGUSR1);  

42   }  

43   globalcount  +=  *counterp[t];  

44   *counterp[t]  =  0;  

45      globalreserve  - =  *countermaxp[t];  

46       *countermaxp[t]  =  0;  

47       ACCESS_ONCE(*theftp[t])  =  THEFT_IDLE;  

48  }  

49  }  

50 

51  static  void  balance_count(void)  

52  {  

53     countermax  =  globalcountmax  -  

54                      globalcount  -   globalreserve;  

55     countermax  /=  num_online_threads();  

56     if  (countermax  >  MAX_COUNTERMAX)  

57         countermax  =  MAX_COUNTERMAX;  

58     globalreserve  +=  countermax;  

59     counter  =  countermax  /  2;  

60     if  (counter  >  globalcount)  

61         counter  =  globalcount;  

62     globalcount  - =  counter;  

63  }  

4.21̔ Signal-Theft҉ ₱  

4.21 ԅ per-thread ῃ ӊ ₱ Ȃ 1-7

global_count()̆ ӊ╠ ѿ Ȃ 9-19 flush_local_count_sig()̆

⌠ Ḥ ₱ Ȃ 11 12 theft ҹREQ̆
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Ҍ ָ̆ӇӞҌ Ȃ 13 ѿҩῤ ̆ Ḡ theft

ḱ ᵬӊ╠ Ȃ 14 theft ҹ ACK̆ 15

̆ 16 theft ҹ READYȂ 

4.40̔ 4.21 flush_local_count_sig()Ҭ̆ҹָӇ

ACCESS_ONCE() per-thread theft ̙ 

21-49 flush_local_count()̆ ̆┘

Ȃ 26-34 ҩ theft ̆

ѿҩḤ Ȃ 27 ᴋᵥҌ Ȃ ԍ ̆ 28

╠ ᴋᵥ ̆ ̆ 29 ╠ theft

ҹ READY̆ 30 ⌠ ѿҩ Ȃ ̆ 32

╠ theft ҹ REQ̆ 33 ╠ ѿҩḤ Ȃ 

4.41̔ 4.21Ҭ̆ҹָӇ 28 ῒז countermax

ῃ ̙ 

4.42̔ 4.21Ҭ̆ҹָӇ 33 ╠ ̆

ѿҩḤ ̙ 

4.43̔ 4.21Ҭ ף ץ gcc POSIXҊ Ȃ ISO 

C ‰̆ Ạָ֓Ӈ̙ 

35-48 ҩ ⌠ READY ̆ Ȃ

36-37 ᴋᵥҌ ̆ 38-42 ╠ theft

ҹ READYȂ 39 ҹ ᾧᴨᾢ 1 ̆ 40 ∞

Ḥ ⌠ ̆ 41 Ḥ Ȃ ⌠ 43 ̆ theft

READY̆ 43-46 Ȃ 47 theft

IDLEȂ 

4.44̔  4.21Ҭ̆ҹָӇ 41 Ḥ ̙ 

51-63 balance_count()̆ ӊ╠ ᶛ ᵌȂ 

1  int  add_count(unsigned  long  delta)  

2  {  

3     int  fastpath  =  0;  

4 

5     counting  =  1;  

6     barrier();  

7     if  (countermax  -   counter  >=  delta  &&  

8          ACCESS_ONCE(theft)  <=  THEFT_REQ)  {  

9    counter  +=  delta;  

10    fastpath  =  1;  
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11  }  

12    barrier();  

13   counting  =  0;  

14   barrier();  

15   if  (ACCESS_ONCE(theft)  ==  THEFT_ACK)  {  

16   smp_mb();  

17    ACCESS_ONCE(theft)  =  THEFT_READY;  

18  }  

19   if  (fastpath)  

20     return  1;  

21   spin_lock(&gblcnt_mutex);  

22    globalize_count();  

23    if  (globalcountmax  -   globalcount  -  

24          globalreserve  <  delta)  {  

25   flush_local_count();  

26      if  (globalcountmax  -   globalcount  -  

27             globalreserve  <  delta)  {  

28    spin_unlock(&gblcnt_mutex);  

29    return  0;  

30   }  

31  }  

32   globalcount  +=  delta;  

33    balance_count();  

34   spin_unlock(&gblcnt_mute x);  

35    return  1;  

36  }  

37 

38  int  sub_count(unsigned  long  delta)  

39  {  

40     int  fastpath  =  0;  

41 

42     counting  =  1;  

43     barrier();  

44     if  (counter  >=  delta  &&  

45      ACCESS_ONCE(theft)  <=  THEFT_REQ)  {  
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46         counter  - =  d elta;  

47         fastpath  =  1;  

48     }  

49     barrier();  

50     counting  =  0;  

51     barrier();  

52     if  (ACCESS_ONCE(theft)  ==  THEFT_ACK)  {  

53         smp_mb();  

54         ACCESS_ONCE(theft)  =  THEFT_READY;  

55     }  

56     if  (fastpath)  

57         return  1;  

58     spin_lock(&gblcnt_mutex);  

59     globalize_count();  

60     if  (globalcount  <  delta)  {  

61         flush_local_count();  

62         if  (globalcount  <  delta)  {  

63    spin_unlock(&gblcnt_mutex);  

64    return  0;  

65         }  

66     }  

67     globalcount  - =  delta;  

68     balance_count();  

69     spin_unlock(&gblcnt_mutex);  

70     return  1;  

71  }  

4.22̔ Signal-Theft҉ ⱴȁ⁞₱  

4.22 1-36 add_count()₱ Ȃ 5-20 ̆ 21-35

Ȃ 5 per-thread countingҹ 1̆ ᴋᵥӊ Ҭ

Ḥ ₱ ᴪ theft ҹ ACK̆ Ҍ READY̆ ᾛ

ץ Ȃ 6 Ӱ ᴨ ̆ Ḡ ᵣҌ

ᴪ countingӊ╠ Ȃ 7 8 per-thread ץ

add_count() ץ̆ ╠ ᴋᵥ ̆ ҹ ̆

9 ⱴ ̆ 10 Ȃ 

҉ҩ∞ ᵥ̆ 12 ᵣ Ӱ ᴨ ̆
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ӊ 13 ᾛ̆ ᴋᵥ Ḥ ₱ ᵬȂ 14 Ῥѿ

Ӱ ᴨ ̆ 15 Ḥ ₱ theft ҹ

READY̆ ̆ 16 ѿ ῤ ̆ Ḡᴋᵥ 17 READY

CPŬ Ӟ 9 Ȃ 9 ⱴ ԅ̆

Ӈ 20 ⱳȂ 

1  unsigned  long  read_count(void)  

2  {  

3     int  t;  

4     unsigned  long  sum;  

5 

6     spin_lock(&gblcnt_mutex);  

7     sum  =  globalcount;  

8     for_each_thread(t)  

9         if  (counterp[t]  !=  NULL)  

10    sum  +=  *counterp[t];  

11    spin_unlock(&gblcnt_mutex);  

12    return  sum;  

13  }  

4.23̔ Signal-Theft҉ ₱  

↕̆ ױ ׆῀ 21 Ȃ ӊ╠ ᶛ

ᵌ̆ ץ № ᵬ ӟԅȂ ̆ 38-71 sub_count()

₱ add_count()ѿ ̆ ץ sub_count() № Ӟ ԅ̆ 4.23

read_count() № Ӟ Ȃ 

1  void  count_init(void)  

2  {  

3     struct  sigaction  sa;  

4 

5     sa.sa_handler  =  flush_local_count_sig;  

6     sigemptyset(&sa.sa_mask);  

7     sa.sa_flags  =  0;  

8     if  (sigaction(SIG USR1,  &sa,  NULL)  !=  0)  {  

9         perror("sigaction");  

10         exit( - 1);  

11     }  

12  }  
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13 

14  void  count_register_thread(void)  

15  {  

16     int  idx  =  smp_thread_id();  

17 

18     spin_lock(&gblcnt_mutex);  

19     counterp[idx]  =  &counter;  

20     countermaxp[idx]  =  &countermax;  

21     theftp[idx]  =  &theft;  

22     spin_unlock(&gblcnt_mutex);  

23  }  

24 

25  void  count_unregister_thread(int   

nthreadsexpected)  

26  {  

27     int  idx  =  smp_thread_id();  

28 

29     spin_lock(&gblcnt_mutex);  

30     globalize_count();  

31     counterp[idx]  =  NULL;  

32     countermaxp[idx]  =  NULL;  

33     theftp[idx]  =  NULL;  

34     spin_unlock(&gblcnt_mutex);  

35  }  

4.24̔ Signal-Theft҉ ∆ ₱  

4.24 1-12 count_init()̆ flush_local_count_sig()ҹ SIGUSR1

Ḥ ₱ ̆ flush_local_count()Ҭ pthread_kill() ץ

flush_local_count_sig()Ȃ Ύ ף ҍӊ╠ ᶛ ᵌ̆ ץ ױ

№ ԅȂ 

4.4.5. Signal-Theftі ᾭᵸ  

signal-theft Intel Core Duo ᵬ ңṐȂ

Ӈ ̙ 

ԍ פ ̆signal-theft Pentium-4 ҉
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ᵬ ̆p ̆ ԍ 80386 ᵬ

̆ ᵬ Ӟ ӊ Ȃ ̆ᵰ

҉ ң Ȃ 

ҹָӇ API ѿҩ ̔ ױ ף ץ

ꜚ ᴆ ѿ Ȃ 

4.45̔  ѿҩ Ҋ ҉ ̆ ᵥ

̙ 

4.5. ⸗℮￼Ẋ ᾭᵸ 

4.4 ҉ ̆ᵖ ṿ

ꜚ̆ ҉ ָӇ ԅ̆ I/O

ѿ Ȃ ⌠ ѿױ Ҍ῏ ╠ ̆ ṿ ꜚ

Ȃ ױ 31 ꜚ I/O Ȃ

ԅ ֲ ץ ’ ῃҌ ̆ ᶛ ’

Ȃ 

ѿ ‗Ⱳ ҹ̆ ⱴѿҩ ľẒ ṿĿ̂ 10ַ̃̆

Ḡ ṿ ̆ ץ ᵬȂ ֲ ₮ ̆

⁞ ľẒ ṿĿȂ ₃ ᵞ ̆ᵖ ӊ╠

ῃץ Ȃ 

4.46̔ ᶏ ⱴ҉Ẓ ̆ ẠָӇԊ ̙ 

ⱴ҉Ẓ ̆ᵖ 31 I/O

№ ‗Ⱳ Ȃ ₮ ̆ Ҍֽױ ╠

I/O ̆ ׆ Ȃѿ ‗ Ⱳ

ᶏ Ώ ̆ ᶏ ѿ Ώ Ώ Ȃ

I/O ף Ҋ̔ 

1  read_lock(&mylock);  

2  if (removing) {  

3      read_unlock(&mylock);  

4      cancel_io();  

5  } else {  

6      add_count(1);  

7      read _unlock(&mylock);  

8      do_io();  

9      sub_count(1);  

10 }  
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1 ̆ 3 7 Ȃ 2 ₮ ̆

̆ 3 ̆ 4 I/Ŏ Ḃ ѿ֓ ₮

ᵬȂ Ҍ ̆ 6 ⱴ ̆ 7 ̆ 8

I/Ŏ 9 ⁞ Ȃ 

4.47̔  ԅ˻ ̙ᵰ ָӇ ̙̙̙ 

₮ ף Ҋ̔ 

1  write_lock(&mylock);  

2  removing = 1;  

3  sub_count(mybias);  

4  write_unlock(&mylock);  

5  while (read_count() != 0) {  

6      poll(NULL, 0, 1);  

7  }  

8  remove_device();  

1 Ώ ̆ 4 Ȃ 2 ₮ ̆ 5⌠ 7

I/O ᵬ Ȃ 8 ᴋᵥ ₮ ╠ ‰

ᵬȂ 

4.48̔  ̆ ֓ ̙ 

4.6. Ẋ ᾭ￼  

ԅᴰ ᴪ ̔ ȁ ȁ ȂC

++ ᵬ Ҍ ף ҬḠ ₱ ̆ ҩ ᵬ

Ҍ ̆ Ӟ Ȃ ԅѿ ↓ ’Ҋ Ḵᶃ

Ȃ 

4.1̔ Power5 ҉  

 

 

 

 

 

Ώ  

 

1  64  

Count_stat.c 4.2.2 40.4 ns 220 ns 220 ns 

Count_end.c 4.2.4 6.7 ns 521 ns 205.000 ns 

Count_end_rcu.c 9.1 6.7 ns 481 ns 3.700 ns 

4.1 ₮ԅ҈ Ȃ҈ ҉

ᶃ ⱬȂper-thread ҉ ԍ ̆

ᵖ ҉ ̆ ғ ҩ Ҥ ԈȂ Ԉ

ץ 8 ׃ ‗̆ 4.1 ѿ Ȃ 
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4.49̔  4.1 count_stat.cѿ Ҭ̆ ױ ץ ⌠̆

ⱴ Ȃ Ӈ ̙ ̆ ⱴ

per-thread Ӟ Ȃ 

4.50̔ 4.1҉ Ҍ ̆

4.1 ѿ Ӟ ̆ ⌠ױ ָӇ ̙ 

4.2 ҉ Ȃ ҉ ԅҌ

̆ Power 5 ҉ ץ Ώ Ḥ

ᵬ ⁞ Ȃ ֓ ̆ Ώ Ԉ Ȃ 

4.2̔ ҉ Power5 ҉  

 

 

 

 

 

̙ 

 

Ώ  

 

1  64  

Count_lim.c 4.3.2 N 9.7 ns 517 ns 202.000 ns 

Count_lim_app.c 4.3.4 N 6.6 ns 520 ns 205.000 ns 

Count_lim_atomic.c 4.4.1 Y 56.1 ns 606 ns 166.000 ns 

Count_lim_sig.c 4.4.4 Y 17.5 ns 520 ns 205.000 ns 

4.51̔ 4.2Ҭ ̆ ױ Ḥ Ҍ

Ώ ᵬ̆ ̙ 

4.52̔  Ҍ ᾢ ‗ 4.2Ҭ Ԉ ̙ 

֓ ױ ̆ ץ ѿҩҺ

Ȃ C̆ ++ ᵬ Ҭ ̆Ҍ

̆ ̙ 

҉ ѿ ̆p ҉ Ȃ ױ ⌠ Ҍֽ

̆ Ȃ ҩ̆ᾢ C ++ ᵬ ȂԊ ҉++

ᵬ Ҍ ľ Ŀ ᵬ̆ ѿ ȂẊ

1000ᵝ └ ̆C ++ ᵬ ԅȂ 

4.53̔  ++ ᵬ 1000ᵝ ҉ ᵬ ˻ᵰ ᵬ

̙̙̙ 

ױ ⌠ ӞҌҒ ԍ ȂẊ Ữ Ȃ ᶏ

ASCII ᴆȁXMLȁ῏ ȁ ȁ  ȁB ȁ ῒָזӇ

ץ Ữ ̙ ‗ԍ ẠָӇ̆

Ạ ̆ Ȃ 

̆ ̆ ‗ԍ ȁ ҩ

CPU ȁ ᵥᶏ ץ̆ Ȃ 

ҩ ӞҌֽ ԍ ᴆȂ ѿ ̆ ѿ ֲ

Ȃp Ⱳ Ȃ Ҍ ѿ Ὲ Columbia 
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River ̆ӞҌ ԍ Ȃ ӊ̆

̆ ̆ ᴆ Ӟ CPU ⱴ Ȃ 

ᶛ ԅ large numbers of CPUs to be brought to bear ΐ

ľ№◓ĿȂ ῃ№◓̆ 4.2 ̆ №№◓̆ 4.3

4.4 ҉ ȂҊѿ №◓ ⱴ ῀ Ȃ 

4.54̔  ᵖ ױ №◓ᴋᵥԊ ̆ҹָӇ ῍֣ῤ

̙ҹָӇҌ ῃ№◓ ̆ Ἕ ѿ ̆ ҩ

̙ 
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5. ֫ ᵙᵃℓב  

Ҭ̆ ԅ̆ ᵥ

≠ ᴨל ᴆȂ ױ ׃ ѿ֓ӟ ̆ ñ ò̆ ꜛ

ȁ Ȃ ҉ѿ ױ ̆ Ώ ᴆ

ᵥ №◓Ȃ №◓ ‗Ⱳ ȁ ғ ̆

Ҍ №◓ ↕ᴪ֟ ғ ‗ Ȃ 

ב֫ .5.1 ѽ 

ңҩᶛ ̂ ↓ ̃ᵬҹ ӟ̆ №◓

ᴇṿȂ 

5.1.1. ḙḲṏ  

 

5.1̔  

5.1 ῖ [Dij71]Ȃ Ҭ ԓҩ ѿ

ԊԊ̆Ҍ ѿ ң Ҋ ľ Ŀ ≠

Ȃ ҩ ז ̆ѿ ԅ ̆ Ӈ

Ҍ ⌠ Ҍᴪ Ҋ Ȃ 

ױ ѿ ĺĺ ᾙ ĺĺ Ȃѿ
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ԅ Ȃ ҹױז ╠Ҍᴪ Ҋ ̆

ғױז ԋ ̆ ץ ᴪ Ȃ 

 

5.2̔ ̆ ӥ  

Dijkstra ‗ ᶏ ѿҩῃ Ḥ ̆Ẋ Ḥ Ҍ ̆

̆ ₃ Ẋ ԅȂ ̆

‗Ⱳ Ἕ 5.2ѿ ҹ Ȃ ҩ ᾢ ז

̆ Ῥ Ȃ Ҭ ҉ ᴪᾢ

̆ ̆ ῒז ↕ᾢ Ȃ ҹ ң

ҩ 1̆ ѿᵝᴪ ⱳ̆ ץ 4ᵝ 5 Ȃ

4ᵝҬ ѿᵝ ⌠ң ̆ ԅȂ 

ҹ ҉ ᶏ

Ȃᵖ ₮ѿҩԊᴆ ↓ ֟ ̔ ̆

ᵖ ѿ ѿ Ȃ 

1. P2 1̆ P1 Ȃ 

2. P3 2Ȃ 

3. P4 3Ȃ 

4. P5 4Ȃ 

5. P5 5̆ Ȃ 

6. P5 Ҋ 4 5Ȃ 

7. P4 4̆ Ȃ 

ѿ ӊ╠̆ №◓ Ȃ 
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5.3̔ ̆№◓  

5.3 ѿ ̆ 4ᵝ Ҍ 5ᵝ ̆ ץ

№◓ Ȃ ҉ ѿ ̆ Ҋ

ѿ Ȃ ԅ̆ ңᵝ Ȃ

Ҭ ̆ ץ ѿ ᾙ̆ ץ Ҋ̆

ԅ Ȃ 

5.1̔  ̙ 

ľ Ŀ[Inm85] ѿҩᶛ ̆ ľ Ŀ̆ Ӈ

ҹ ӊ ᶭ ῏ Ȃ Ҭ ľ̆ Ŀ ѿ

ᴪ ѿ ↓ ᴆ ᴆῒҬ ѿҩȂ 

5.2̔ Ӈľ Ŀ ľ Ŀ ָӇ ̙ 

5.1.2. ᴥ ֯ 

↓ ѿ ᾝ ң׆ץ ῀ − [Knu73]Ȃ

ѿ ԍ ᾛ ↓ ң ᵬ [Gro07]Ȃ

ѿ №◓ ̆ ғ ‗ ̆ Ҋ Ҭ

҈ Ȃ 
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5.1.2.1.  

 

5.4̔ ↓ 

ѿ Ⱳ ҹ̆ ῀↓ ᵬⱴѿҩ

̆ҹ ₮↓ ᵬⱴѿҩ ̆ 5.4 Ȃᵖ ̆ Ⱳ

↓Ҭ ᾝ Ҍ ҩ ң̆ҩ ᴪ Ȃ ԍ

ᴋᵥѿҩᾝ Ҍֽ ᾝ ̆ ᾝ Ȃ

Ҭ ҉ԅ ̆ ̆ ̆

Ȃ ⇔ ѿ ̆p 5

’̆ ῒ ↓ ѿ ꜚᴪ ↓ ѿ׆ ’ ҹ

ѿ ’Ȃ ץ ῒז ‗ Ȃ 

5.1.2.2. ↓ 

 

5.5̔ ↓ 

5.5 ѿ └ Ҍ Ⱳ Ȃңҩ ↓ұ ѿ ̆

ҩ ↓ Ḡ Ȃ Ẽ ᴪ׆ѿҩ ↓ ⌠ ѿҩ

↓Ȃ ң Ȃҹ ᾧ ̆ ᶏץ ѿ ῏ ̆
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̆ ╠ᾢ Ȃ ѿ ↓҉ ң ̆

ҹ ױ ץ ᴆ ῀↓ᾝ ῀ ↓̆ ῀↓ᾝ ῀

↓ȂҺ ԍ׆ ↓Ҭ₮↓̆ ’Ҋ ̔ 

1. ̆ ̆ ↓ ׅ ҹ Ȃ 

2. Ȃ 

3. ңҩ ↓ ᾝ Ȃ 

4. ᾝ Ȃ 

5. ң Ȃ 

5.3̔  ↓ Ҭ̆ ↓ Ҍҹ

̆ Ӈ ӇⱲ̙ 

ᵬ ᴪ ҩᾝ ңҩ ↓ ꜚ̆ Ҍֽ ̆

ғ ᶃ ̆ ᵬ Ҍ Ȃ ѿ֓ ’Ҋ

ᶃ ԅ̆ᵖ ̆ ױ ῒ Ȃ 

5.1.2.3. ↓ 

№◓ѿҩ Ȃ ץ ᾝ

↓Ҭ ᵝ ҹ ҩᾝ № ѿҩ ̆ ץ ↓ ̆ ѿ

ҩ׆ ῀ ↓ ᾝ ҹ 0̆ ѿҩ׆ ῀ ↓ ᾝ ҹ 1Ȃ

ῒ׆ז ῀ ѿҩᾝ ↓ ᾝ ↕ ⁞ ̂-1̆-2̆-3̆...̃ ̆

ῒ׆ז ῀ ѿҩᾝ ↓ ᾝ ↕ ̂2̆3̆4̆...̃ Ȃ῏

̆ ҉Ҍ ҹᾝ ̆ᾝ ↓Ҭ ᵝ ҬȂ 

 

5.6̔ ↓ 

ױ ѿҩ Ḡ Ҋ ̆ ѿҩ Ḡ Ҋ Ῥ̆ ѿҩ

Ḡ Ȃ 5.6 ԅ ҩ Ȃ ⌠

̆ҹԅ ᾧ ̆ ӊ╠ Ҋ ̆ ̂Ҋ

̃ Ҍ׆ ѿҩȂ 

ҩ ѿҩ ↓̆ ᶛ Ҭ̆ ҩ holds every 
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fourth elementȂ 5.7Ҭ ҉ № ľR1Ŀᾝ ׆ ῀ ̆

Ҋ ⱴ̆ 2Ȃ ҬҬ № ҈ҩᾝ ׆ ῀ Ȃ

⌠ Ҋ̆ ⌠ԅ ∆ױ ̆p ҩ ↓

ԅȂ ҬҊ № ҈ҩᾝ ׆ ῀ ̆ ѿҩᾝ ׆ ῀

Ȃ 

 

5.7̔ ῀ ↓ 

׆ 5.7Ҭ ѿҩ ץ ₮̆ ₮ ᵬ ᾝ ľL-2Ŀ̆

Ҋ 2̆ ▼ҊľR2ĿȂ Ҋ̆ ῀

ᵬ ῀ ᵬ ᴪ Ԉ̆p Ԉ ץ ᶏ

ᵞȂ 
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5.8̔ 12ҩᾝ ↓ 

5.8 ԅ 12ҩᾝ ᵥ ѿҩ 4ҩ ↓Ȃ 

1  struct  pdeq  {  

2     spin lock_t  llock;  

3     int  lidx;  

4     spinlock_t  rlock;  

5     int  ridx;  

6     struct  deq  bkt[DEQ_N_BKTS];  

7  };  

5.9̔ ԍ ↓  

5.9 ԅ C ̆Ẋ struct deq ᶫ

↓ Ȃ ҩ 2 ̆ 3 Ҋ ̆ 4

̆ 5 Ҋ ץ̆ 6 ԍ

↓ Ȃ ᴪᶏ ᾟ פ ᾧ false 

sharinĝ http://en.wikipedia.org/wiki/False_sharing̃Ȃ 

1  struct  element  *pdeq_dequeue_l(struct  pdeq  *d)  

2  {  

3     struct  element  *e;  

4     i nt  i;  

5 

6     spin_lock(&d - >llock);  

7     i  =  moveright(d - >lidx);  

8     e  =  deq_dequeue_l(&d - >bkt[i]);  

9     if  (e  !=  NULL)  

10         d - >lidx  =  i;  

11     spin_unlock(&d - >llock);  

12     return  e;  

13  }  

14 

15  void  pdeq_enqueue_l(struct  element   *e,  struct   

pdeq  *d)  

http://en.wikipedia.org/wiki/False_sharing
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16  {  

17     int  i;  

18 

19     spin_lock(&d - >llock);  

20     i  =  d - >lidx;  

21     deq_enqueue_l(e,  &d - >bkt[i]);  

22     d - >lidx  =  moveleft(d - >lidx);  

23     spin_unlock(&d - >llock);  

24  }  

25 

26  struct  element  *pdeq_dequeue_r(struct  pdeq  *d)  

27  {  

28     struct  element  *e;  

29     int  i;  

30 

31     spin_lock(&d - >rlock);  

32     i  =  moveleft(d - >ridx);  

33     e  =  deq_dequeue_r(&d - >bkt[i]);  

34     if  (e  !=  NULL)  

35         d - >ridx  =  i;  

36     spin_unlock (&d - >rlock);  

37     return  e;  

38  }  

39 

40  void  pdeq_enqueue_r(struct  element  *e,   

struct  pdeq  *d)  

41  {  

42     int  i;  

43 

44     spin_lock(&d - >rlock);  

45     i  =  d - >ridx;  

46     deq_enqueue_r(e,  &d - >bkt[i]);  

47     d - >ridx  =  moveright(d - >lidx);  

48     spin_unlock(&d - >rlock);  

49  }  



῀  

 

5.10̔ ԍ ↓ ף  

5.10 ԅ῀ ₮ ₱ Ȃ Ҭ ᵬ҉̆ ҹ

ᵬ ԍ ᵬȂ 

1-13 pdeq_dequeue_l()₱ ׆̆ ₮ ̆ ⱳ ѿҩᾝ ̆

NULLȂ 6 ̆ 7 ₮ Ҋ Ȃ 8

ᾝ ₮ ̆ 9 Ҍҹ NULL̆ 10 Ҋ Ȃ

Ҍ ҹᵥ̆ 11 ̆ ѿҩᾝ ̆ 12 ҩᾝ

̆ ↕ NULLȂ 

15-24 pdeq_enqueue_l()₱ ׆̆ ῀ ѿҩ ᾝ Ȃ 19

̆ 20 pick up Ҋ Ȃ 21 ᾝ ׆ ῀ ̆ ῀ѿҩץ

Ҋ ↓Ȃ 22 Ҋ ̆ 23 Ȃ 

ӊ╠ ⌠ ѿ ̆ ᵬ ῃ ᵬ Ȃ 

5.4̔ ↓ ѿ ‗ ̙ ҹָ̆Ӈ ̙

Ҍ ̆ҹָӇҌ ̙ 

5.1.2.4. Ῥ ⌠ ↓ 

Ῥ ⌠ ↓ ‰̆ ᶏ ѿ └ ↓Ҭ

ᾝ ꜚ⌠ ↓ҬȂ 

5.5̔ ᾝ ῀ ↓̙ ᴨ

̙̙̙ 

҉ѿ ₮ ̆ Ҍᶏ ӞҌᶏ

ᵬ ↓ ҉Ȃ  

1  struct  list_head  *pdeq_dequeue_l(struct  pdeq  *d)  

2  {  

3     struct  list_head  *e;  

4     int  i;  

5 

6     spin_lock (&d - >llock);  

7     e  =  deq_dequeue_l(&d - >ldeq);  

8     if  (e  ==  NULL)  {  

9         spin_lock(&d - >rlock);  

10         e  =  deq_dequeue_l(&d - >rdeq);  

11         list_splice_init(&d - >rdeq.chain,   

&d- >ldeq.chain);  
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12         spin_unlock(&d - >rlock);  

13     }  

14     spin_unlock(&d - >llock);  

15     return  e;  

16  }  

17 

18  struct  list_head  *pdeq_dequeue_r(struct  pdeq  *d)  

19  {  

20     struct  list_head  *e;  

21     int  i;  

22 

23     spin_lock(&d - >rlock);  

24     e  =  deq_dequeue_r(&d - >rdeq);  

25     if  (e  ==  NULL)  {  

26         spin_unlock(&d - >rlock);  

27         spin_lock(&d - >llock);  

28         spin_lock(&d - >rlock);  

29         e  =  deq_dequeue_r(&d - >rdeq);  

30         if  (e  ==  NULL)  {  

31      e  =  deq_dequeue_r(&d - >ldeq);  

32      list_splice_init(&d - >lde q.chain,   

&d- >rdeq.chain);  

33         }  

34         spin_unlock(&d - >llock);  

35     }  

36     spin_unlock(&d - >rlock);  

37     return  e;  

38  }  

39 

40  void  pdeq_enqueue_l(struct  list_head  *e,   

struct  pdeq  *d)  

41  {  

42     int  i;  

43 

44     spin_lock(&d - >llock);  
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45     deq_enqueue_l(e,  &d - >ldeq);  

46     spin_unlock(&d - >llock);  

47  }  

48 

49  void  pdeq_enqueue_r(struct  list_head  *e,   

struct  pdeq  *d)  

50  {  

51     int  i;  

52 

53     spin_lock(&d - >rlock);  

54     deq_enqueue_r(e,  &d - >rdeq);  

55     spin_unl ock(&d - >rlock);  

56  }  

5.11̔ ↓ ף  

5.11 ԅ ҩ Ȃ Ҍ ̆ ̆

ץ ױ pdeq_dequeue_l() pdeq_dequeue_r() Ȃ  

5.6̔ ҹָӇ ↓ Ҍ ̙  

5.11 1-16 pdeq_dequeue_l() Ȃ 6 ̆ 14

Ȃ 7 ׆ ↓ ₮↓ѿҩᾝ ̆ ⱳ̆ 8-13

̆ ᾝ Ȃ ↕̆ 9 ̆ 10 ׆ ↓ ₮↓ѿ

ҩᾝ ̆ 11 ↓Ҭ▼ᵩᾝ ↓̆ 12 Ȃ

̆ 10 ₮↓ ᾝ Ȃ  

5.11 18-38 pdeq_dequeue_r() Ȃ ӊ╠ѿ ̆ 23

̂ 36 ̃̆ 24 ׆ ↓ ₮↓ѿҩᾝ ̆ ⱳ̆

24-35 ̆ ᾝ Ȃᵖ 25 ᾝ ̆↓₮ץ

Ӈ 26 ̆ 27-28 ץ Ȃ

29 Ῥѿ ׆ ↓ ₮↓ѿҩᾝ ̆ 30 ԋ Ӟ

ԅ̆ 31 ׆ ↓̂Ẋ ѿҩᾝ ̃ ₮↓ѿҩᾝ ̆ 32

↓Ҭ ▼ᵩᾝ ↓Ȃ ̆ 34 Ȃ  

5.7̔ ҹָӇ 5.11Ҭ 29 ₮↓ ᵬ ̙  

5.8̔ ץ ̆ ֓ ┴ ˻˻˻ Ӈ̆ҹ

ָӇ 5.11Ҭ 26 ᴆ ̙  

5.11Ҭ 40-47 pdeq_enqueue_l() Ȃ 44 ̆

45 ᾝ ῀↓⌠ ↓̆ 46 Ȃpdeq_enqueue_r̂

Ҭ 49-56̃ ᵌȂ 
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5.1.2.5. ῏ԍ ↓  

҉ 5.1.2.3 ̆ᵖ ׅ

ԍ Ȃ ̆ └ ⱴ ̆ᵖ

└ ѿ ᴆ[DCW+11] ̆ ԅ̆ ᶏ ᶏ ᴆ

ꜛ [DLM+10] Ӟ ȂҌ ׆̆ └Ҭ ױ Ӟ

2x ⱬ̆ ҹ ңҩ ₮↓ Ȃ ῏ ԍ׆

῍֣ ↓Ҭ῀↓ ₮↓ Ȃ 

5.1.3. ԋ҈֫ב ӕ￼  

5.1.1 Ҭ̆῏ԍ ᴨ ľ Ŀ

ľ Ŀ ᶃᶛ Ȃ ҩᶛ Ҭ̆ ԍ 0̂

Ȃ̃ ̆ ↓ ľ Ŀ ľ Ŀ ᶃᶛ ̆

ҹ ѿҩ׆ ⌠ ѿҩ Ȃ ℗ ᵬ̆

ᵬ Ȃ  

5.9̔ ұ ↓ ↓ ңṐ̆ ᶏ

ⱴ⌠ Ӟ ȂҹָӇᴪ ̙  

5.10̔ ѿ ̆ ↓̙  

ңҩᶛ ԅ№◓ ҉ ⱬȂp ̆ ֓ᶛ

‰↕̆Ҋѿ Ȃ 

5.2. ֱ֝ 

1.2 ₮ԅ҈ҩ ̔ ȁ ֟ Ȃᵖ

‰↕ ҕ Ҭ ̆ ‗ ᴋⱵȂ

ҕ Ҭ̆ ֓‰↕ ҉‖ ̆ Ȃ 

֓‰↕ ץ ҹ Ҭ ⱬ̆ ֓ ⱬ ̆ ҹ

ľ Ŀ[Ale79]̆[GHJV95]Ȃ 

ԍ҈ҩ ‰↕ ⱴ ȁ Ԉȁ ȁ Ώ Ȃ 

ⱴ ̔ 1.2 ̆ ⱴ ⱬ Һ

Ȃⱴ ӈ ̆ ҉

ᶛȂ 

Ԉ̔ ԍѿҩ ̆ ⱴ CPU Ҍ ̆

Ӈ ₮ CPU ҹ Ԉ ῏ ᵬȂ Ԉȁῤ
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Ԉ ῒָזӇ Ȃ 

ᵬ- ̔ ȁ ȁҌ ȁҌ Ҭ

ῃҌ ᴋᵥ Ȃ ᴋ̆ᵥ ֓ ҉̂ ḤҬ cache missȁ

ȁⱴ ȁ פ ῤ ̃

ᵬ ꜛ Ȃ ‰↕ ҍҳ Ҭף ӊ

῏ ̆ ҳ Ȃ ᵬ- ҍ

῏Ȃ 

-Ώ ̔ └ Ҍ №◓̆ ғ

Ḡ ץ̆ Ώ ᴇף ᵞ Ȃ

ᴨ Ӟ ץ ̆ 4 Ȃ 

̔ ̆ ҹ

̆ ֓ ֓ ’Ҋ̂ ғ ̃

Ȃ ȁ ᴰ ȁ ȁҳ

ץ≢ Ȃ 

ԅ ᴇȂף ף̆ ץ

└ ḱ ̆ ҹ ѿ ⱴ ṿ Ӈ

ⱬȂ ѿ ̆ ѿ ᴨ ̆

ᴇȁ Ȃ 1.2.1 ̆ ᴧ ᴨ Ҭ ѿ ̆

ғ ѿ Һ ԍ CPU ᴨ Ȃ 

֓‰↕ ѿ ̆ ⌠ԅ ⱴ Ȃ╠҈ҩ‰↕ ԑ֜

ѿ ̆ ץ ▼Ҋ № № ҈ҩ‰↕ ֜ԑ῏ Ȃ 

̆ ֓‰↕Ӟ ѿ ᴍȂ ̆ⱴ ľ̂

Ŀ̃̆ ᵬ ̆ ľ Ŀ̂ľ

1 ҆ web ₯Ŀ̃Ȃ 

֓ ‰↕ӊ ῏ ̆ ԍ ҩ № Ȃ 

1. ҳ ҉ ̆ ⱴ Ȃ Amdahl

̆ Ӟ ҹ ѿҩ ┴ ѿҩ CPU ῀ҳ

Ȃ 

2. ҩԑ ҳ ҉ ԍ CPU ṕ ̆

ҹ ⱴ CPU ⌠Ԋ ҉ ⱴ Ȃ 10ҩ CPU҉

῏ ҳ ҉ ԍ 1/10 ̆

Ȃ 

3. Ԉ ᵩ CPU / ⱴ ҉ ̆

ԍ CPU ȂCPU ⱴ ӊ ̆CPUᶏ

ᵞȂ ̆ ̆ ⌠Ạץ ⱴ Ȃ 
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Ḡױ .4 ҳ ̆ Ӈⱴ

ᶃⱲ ⁞ ֓ ̂ № ῀ҳ ȁ

ȁRCU ᶏ ĺĺ ף Ȃ̃ 

5. ҳ ҳ ̆ Ӈⱴ

ᶃⱲ ⱴ ̆ ᶏ Ώ ȁ ȁRCU

Ȃ 

6. ҳ ҳ ̆ ғ

ԍΏ̆ Ӈⱴ ᶃⱲ ⱴ

̆ Ώ RCUȂ 

7. ⱴ SMP ꜚ̆ ⁞ Ԉ ̆ Ȃ 

5.3. ᵃℓ ẙ 

 

5.12̔ ҍ  

5.12 Ҍ Ȃ ѿ ѿ ῤ

ȂҊ ₃ Һ ῏ ̆Ҍ ῒ₃ז Ӟ ᵌ Ȃ 
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5.3.1. ѩ ẑ 

 

5.13̔ Intel MIPS/  ל

҉ ̆ ғҌҍῒז ȁ Ҭ

֜ԑ̆ Ӈ ץ ף Ҭ − ̆ ױ

Ȃ ╠ ֲԈ ᴪ Ȃp

̆ 2003 ץ Intel CPU CPU MIPS Ả ̆

5.13̆ ⱴ ̆ Ȃ῏ԍ ᴪל

ѿ ҉ ₃ ҩ CPU Ԉ Ҍᴪ Ả ̆ᵖ ⌠ Paul ѿ

҉ Ҋ ̆SMP ᵰ Ȃ ѿҩ

ץ ̆ 5.14 Ȃ ᴪ

Ⱶ ֟ ̆ Ḥ Ȃ 
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5.14̕ ץ  v.s. Intel x86  

̆ Ҍ ҩ Ҭᶏ Ȃ Ῥѿ

̆ ѿҩ ҉ ̆ Ӈ ׆ SMP

Ҭ ₮ Ȃ 5.15Ҭ ף ӊ ԅ ѿ Ȃ 

1  struct  hash_table  

2  {  

3     long  nbuckets;  

4     struct  node  **buckets;  

5  };  

6 

7  typedef  struct  node  {  

8     unsigned  long  key;  

9     struct  node  *next;  

10  }  node_t;  

11 

12  int  hash_search(struct  hash_table  *h,  long  key)  

13  {  

14     struct  node  *cur;  

15 

16     cur  =  h - >buckets[key  %  h - >nbuckets];  

17     while  (cur  !=  NULL)  {  

18         if  (cur - >key  >=  key)  {  

19      return  (cur - >key  ==  key);  

20         }  
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21         cur  =  cur - >next;  

22     }  

23     return  0;  

24  }  

5.15̔ ұ  

5.3.2. Ҧ  

ף ̆ ᶏ ῃ Ȃ ҉ᶏ ף ̆ ץ

ץ ҉ Ȃ ѿҩ῍֣ ̆ Ӈף

ᴨ Ȃᵖ ̆ ғ ᴪ ҳ ҉ ̆

ף Ȃ 

1  spinlock_t  hash_lock;  

2 

3  struct  hash_table  

4  {  

5     long  nbuckets;  

6     struct  node  **buckets;  

7  };  

8 

9  typedef  struct  node  {  

10     unsigned  long  key;  

11     struct  node  *next;  

12  }  node_t;  

13 

14  int  hash_search(struct  hash_table  *h,  long  key)  

15  {  

16     struct  node  *cur;  

17     int  retval;  

18 

19     spin_lock(&hash_lock);  

20     cur  =  h - >buckets[key  %  h - >nbuckets];  

21     while  (cur  !=  NULL)  {  

22         if  (cur - >key  >=  key)  {  

23    retval  =  (cur - >key  ==  key);  

24    spin_unlock(&hash_lock);  
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25    return  retval;  

26         }  

27         cur  =  cur - >next;  

28     }  

29     spin_unlock(&hash_lock);  

30     return  0;  

31  }  

5.16̔ ԍף  

̆ ѿ ҳ ̆ Ҍ

҉ᶏ ף Ȃ ’Ҋ̆ף ץ ̆

ᵌ̆ 5.16 Ȃᵖ ̆ 5.15 ̆hash_search()׆ ѿ return

ԅ 3 ̆ ҹ ╠ Ȃ 

 

5.17̔ Ԉ 

ғ̆ף ῒ ľ ԈĿ̆ ѿ ҩ CPU ѿ

’Ȃ ѿ ̂ Ἕ ѿ ֲ̃ SMP ҉

⌠ қ ѿҩ ̆ 5.17 Ȃ 

ѿ ‗Ⱳ Ҋ ľ ĿȂ 

5.3.3. ᾭὯ  

1  struct  hash_table  

2  {  

3     long  nbuckets;  
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4     struct  bucket  **buckets;  

5  };  

6 

7  struct  bucket  {  

8     spinlock_t  bucket_lock;  

9     node_t  *list_head;  

10  };  

11 

12  typedef  struct  node  {  

13     unsigned  long  key;  

14     struct  node  *next;  

15  }  node_t;  

16 

17  int  hash_search(struct  hash_table  *h,  long  key)  

18  {  

19     struct  bucket  *bp;  

20     struct  node  *cur;  

21     int  retval;  

22 

23     bp  =  h - >buckets[key  %  h - >nbuckets];  

24     spin_lock(&bp - >bucket_lock);  

25     cur  =  bp - >list_head;  

26     while  (cur  !=  NULL)  {  

27         if  (cur - >key  >=  key)  {  

28      retval  =  (cur - >key  ==  key);  

29      spin_unlock(&bp - >hash_lock);  

30      return  retval;  

31         }  

32         cur  =  cur - >next;  

33     }  

34     spin_unlock(&bp - >hash_lock);  

35     return  0;  

36  }  

5.18̔ ԍ  

̆◓№ץ ҩ № ѿ Ȃ
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ҩ №ѿ ѿҩҳ ̆p ҩ № ҳ

ץ ԅȂ Ԉ ᵞ ̆ Ҍ Һ ̆ ᶏץ

Ȃ ѿ ҳ № ⌠ ҩ ҳ ⁞ Ԉ̆

̆ Ҭ per-hash-bucketҳ ̆ 5.18 ȂҌ

̆ ⱴԅ struct bucketȂ 

 

5.19̔  

5.17Ҭ Ҍ ̆ ԅ ̆ 5.19ĺĺ

Ҭ̆ Ȃ ԍ ̆Sequent

DYNIX DYNIX/ptx ᵬ Ҭ ᶏ ԅ

[BK85][Inm85][Gar90][Dov90][MD92][MG92][MS93]Ȃ 

Ҍ ̆ ֓ ֲ ץ Ῥ̆ ӞҌ Ḡ ѿ℗

Ȃ ’Ӟ ԍ SMP Ȃ ̆Linuxῤ ԅѿ ᴆ

̂ ẠľdcacheĿ̃Ȃ Ҭ ҩ ѿ ̆ᵖ

ף ԍῒז ⌠Ȃ

CPU Ԉ ֓ ̆ Ἕ 5.20Ҭ Ȃ 
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5.20̔ ₮  

’Ҋ̆ ץ ⁞ ‖ ̆ ֓ ’Ҋ ץ

ῃ ‖ ̂Ἕ Linuxῤ Ҭ dcacheѿ [MSS04]̃ Ȃ ԍ№◓

Ἕ ѿ Ӟ̆ ԍ ҩ ҩ ᶛ

’Ȃ2.6.17ῤ task list ᶛ ̆ ҩᴋⱵ ѿ

proc_lock Ȃ 

ꜚ № Ҭ̆ ῏ ᵥḠ ’Ҋ

Ȃ 5.18Ҭ ף ῀ № ғ Ҍ

̆ ‗ԅ҉ Ȃᵖ ̆ Ҍ ԍ ’̆ ץ

Ӟ ꜚ № Ȃ ’̆ ѿ֓

ῤ Ȃ 

5.11̔ ̆ ᵥ ̙ 

5.3.4. ᾭὯἍῶ  

CPU ҩ №◓ ̆ ҩ

/CPU ץ Ҍ ᴋᵥ ’Ҋ ԍ Ȃᵖ A

ѿҩ B ̆ Ӈ A Ạ⌠ ѿ Ȃ ף

ӊ ̆ A ᾢҍ B Ḥ̆ Bץ A ӈ ᵬ̆

̆ ѿ ̆ ⌠ A ҉ Ȃ 

̆ᵖ № Ȃ 

1. ᴋᵥ ѿҩ CPU ѿҩ ̂C C++Ҭ auto
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̃ ԍ ҩ CPU ҩ Ȃ 

2. ᶛ ҉Ҋ Ȃ ҍ ֜ԑ

Ҭ № ̆ Ἕ ѿ Ȃ

ז ╠ ᵬȂ

ῤ Ȃ 

3. ԇ ҩ ѿ ץ̆ ⌠

Ȃ 

῍֣ ̆ CPU Ḥᴪ Ḥ Ȃ

Ҍֽ ̆ ᶏ ѿҩ CPU ̆ Ӈ ҩ CPU ҹ

ԅľ Ŀ̆ ᴪ 5.20Ҭ ᵌ ’ȂҌ ̆ Ҍ ῍֣ ’Ҋ̆

ץ ⌠ ף̆ Ӟ Ἕץ 5.15Ҭ ᶛ ѿ

Ȃ ’ ҹľ Ŀ̆ ’̆↕Ἕ 5.19Ҭ

ѿ Ȃ 

ѿҩ ᶛ ̆ ’Ҋ̆

ץ └ ľ Ŀ Ȃ 

5.3.5. ẙљớ  

ѿץ ҉ ̆ Ȃ Ҍ

ῐ ץ Ȃ 

ѿ ῏ԍ └ ↓ ̆ └ ᵬѿҩ

῍֣ ῃ ̆ ԍ M/M/1 ↓ȂM/M/1 ↓Ȃ 

̂ ̃ 

... 

5.4. Ẋ ồ Ể 

ѿ Ȃ ’̆ №

ѿ ף№ ֟ [Knu73]Ȃ ҹָӇҌץ ⱬ ѿ ף ҉Ȃ 

̆ ’Ҋ ף

̆ Ҍ֟ ҩ Ȃ ѿ ̆Ҍ

̆ ᵬ Ӟ Ȃ ̆

⇔ ҉ ꜜⱬȂ 
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5.23̔  

ԅң ҉ץ ̂ ῒז ̃̆ Ӟ

ҹԅѿ ȂҊ↓ ᶛ ԅῒז ̆

5.23Ȃ 

1. Ώ ̂5.4.1 Ȃ̃ 

2. Read-Copy-Updatê RCŨ ̆ ᵬҹ Ώ ף ᶏ ̆

8.3 ׃ ̆ ҬҌᴪ ῒ ῀ Ȃ 

3. ̂[Mck96]̃̆ 5.4.2 ׃ Ȃ 

4. № ̂[McK96][MS93] Ȃ̃ 5.4.3 ׃ Ȃ 

5.4.1. ֒  

1  rwlock_t  hash_lock;  

2 

3  struct  hash_table  

4  {  

5     long   nbuckets;  

6     struct  node  **buckets;  

7  };  

8 

9  typedef  struct  node  {  

10     unsigned  long  key;  

11     struct  node  *next;  



῀  

 

12  }  node_t;  

13 

14  int  hash_search(struct  hash_table  *h,  long  key)  

15  {  

16     struct  node  *cur;  

17     int  r etval;  

18 

19     read_lock(&hash_lock);  

20     cur  =  h - >buckets[key  %  h - >nbuckets];  

21     while  (cur  !=  NULL)  {  

22         if  (cur - >key  >=  key)  {  

23      retval  =  (cur - >key  ==  key);  

24      read_unlock(&hash_lock);  

25      return  retval;  

26         }  

27         cur  =  cur - >next;  

28     }  

29     read_unlock(&hash_lock);  

30     return  0;  

31  }  

5.24̔ ԍ Ώ  

ץ Ҍ ̂ ᶏ ԅ ̃̆ ғ

ѿ ҳ ḱ ̆ Ӈ ҩ ץ ⱴ ȂΏ

ҍ ԑ ̆Ώ ѿΏ Ӟԑ Ȃ 5.24 ԅ ᵥ Ώ

Ȃ 

Ώ ѿ ᶛȂSnaman[ST87] ԅѿ ҹ

̆ 6ҩ ̆ Ҭᶏ Ȃ 6 ѿ ׃ ԅ

Ώ Ḥ Ȃ 

5.4.2. Ṗ  

1  struct  hash_table  

2  {  

3     long  nbuckets;  

4     struct  bucket  **buckets;  

5  };  
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6 

7  struct  bucket  {  

8     spinlock_t  bucket_lock;  

9     node_t  *list_head;  

10  };  

11 

12  type def  struct  node  {  

13     spinlock_t  node_lock;  

14     unsigned  long  key;  

15     struct  node  *next;  

16  }  node_t;  

17 

18  int  hash_search(struct  hash_table  *h,  long  key)  

19  {  

20     struct  bucket  *bp;  

21     struct  node  *cur;  

22     int  retval;  

23 

24     bp  =  h - >buckets[key  %  h - >nbuckets];  

25     spin_lock(&bp - >bucket_lock);  

26     cur  =  bp - >list_head;  

27     while  (cur  !=  NULL)  {  

28         if  (cur - >key  >=  key)  {  

29      spin_lock(&cur - >node_lock);  

30      spin_unlock(&bp - >bucket_lock);  

31      retval  =  (cur - >key  ==  key);  

32      spin_unlock(&cur - >node_lock);  

33      return  retval;  

34         }  

35         cur  =  cur - >next;  

36     }  

37     spin_unlock(&bp - >bucket_lock);  

38     return  0;  

39  }  

5.25̔ ԍ  
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ѿ ̆

Ȃ 5.25 ԅ ױ ᵥ ̆Ҍ

Ӟ ԅ ̔ ԅ₮טױ ԋ ̆ ץ ױ

ѿ Ȃ ’Ҋ̆ ↕ ғ ᶃȂ 

5.14̔  ’Ҋᶏ ̙ 

5.4.3. ◊֫ ᵸ ḕ 

ԅѿ ῤ № ̆ ԍ№ ῤ Ȃ

Ḥ [MG92][MS93][BA01][MSK01] ӥ̆ Linuxῤ [Tor03]Ȃ 

5.4.3.1. №  

ῤ № ҳ ’Ҋ ῤ №

̆ Ҍ ’Ҋ № ῤ ӊ Ȃ 

Ẋ ѿҩ ԅ ĺĺ ῤ

CPU ⅞№̆ ҩ CPU ѿᴍȂ ̆ 2ҩ CPU

2Gῤ ̂ ѿ Ȃ̃ ױ ҹץ ҩ CPU№ 1Gῤ ̆

ҩ CPU ץ ԍ ѿ ῤ ̆ ⱴ ץ̆ Ҍ ῏

ȂҌ ̆ ̆ ѿ ̆

CPU0№ ῤ ̆ CPU1 ῤ ̆ ֟ - Ҭ

̆ ԅȂ 

ѿҩ ף̆ ̆↕ ⌠ Ԉ Ḥ Ȃ 
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5.4.3.2. №  

 

5.26̔ №  

‗ ҩ CPU ѿ Ҭ ῤ ץ̆ ᵬҹ

̆ ᶫѿ ῍֣ῤ № ῤ ̆ ῤ ף

Ḡ Ȃҹԅ ᴋᵥ CPU ῤ ̆ ױ ҩ CPU ץ ῤ

Ạѿ └Ȃ Ҭ̆ῤ 5.26 ̔ ҩ CPU

̆ CPU ῤ ᴰ ⌠ῃ Ҭ̆ ᵌ ̆ CPU

ҹ ̆ CPU № ῤ ῃ׆ Ҭ ₮ Ȃ 

5.4.3.3.  

1  #define  TARGET_POOL_SIZE  3  

2  #define  GLOBAL_POOL_SIZE  40  

3 

4  struct  globalmempool  {  

5     spinlock_t  mutex;  

6     int  cur;  

7     struct  memblock  *pool[GLOBAL_POOL_SIZE];  

8  }  globalmem;  

9 

10  struct  percpumempool  {  
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11     int  cur;  

12     struct  memblock  *pool[2  *  TARGET_POOL_SIZE];  

13  };  

14 

15  DEFINE_PER_THREAD(struct  percpumempool,  

percpumem);  

5.27̔№  

5.27 ѿҩľ ΐ Ŀ № Ȃ 5.26 ῃ

globalmem ̆ ҹ strcut globalmempool̆ңҩ CPU CPU

percpumem ̆ ҹ struct percpumempoolȂ ңҩ ѿҩ

pool ̆ᵬҹ ῤ Ҋ׆̆ 0 ҉ ᾟȂ ̆

globalmem.pool[3]ҹ NULL̆ Ӈ׆Ҋ 4 ҹ NULLȂcur

pool ҬҊ ᾝ ̆ҹ-1 pool ҹ Ȃ׆

globalmem.pool[0]⌠ globalmem.pool[globalmem.cur] ̆ ▼

Ҋ ҹ Ȃ 

 

5.28̔ № ‖  

pool ᵬ 5.28̆ Ҭ Έҩ ף pool Ҭ

╠ױז̆ ף cur Ȃ ף ̆

ף NULL Ȃ ֓ ֲ ̆ᵖ ѿҩ

̔cur ҩ ѿҩȂ 

5.4.3.4. № ₱  

1  struct  memblock  *memblock_alloc(void)  
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2  {  

3     int  i;  

4     struct  memblock  *p;  

5     struct  percpumempool  *pcpp;  

6 

7     pcpp  =  &__get_thread_var(percpumem);  

8     if  (pcpp - >cur  <  0)  {  

9         spin_lock(&globalmem.mutex);  

10         for  (i  =  0;  i  <  TARGET_POOL_SIZE  &&  

11      globalmem.cur  >=  0;  i++)  {  

12      pcpp - >pool[i]  =   

globalmem.pool[globalmem.cur];  

13      globalmem.pool[globalmem.cur -- ]  =  NULL;  

14         }  

15         pcpp - >cur  =  i  -   1;  

16         spin_unlock(&globalmem.mutex);  

17     }  

18     if  (pcpp - >cur  >=  0)  {  

19         p  =  pcpp - >pool[pcp p- >cur];  

20         pcpp - >pool[pcpp - >cur -- ]  =  NULL;  

21         return  p;  

22     }  

23     return  NULL;  

24  }  

5.29̔ № № ₱  

5.29Ҭ ץ ⌠№ ₱ memblock_alloc()Ȃ 7 ╠

̆ 8 ҹ Ȃ 

ҹ ̆ 9-16 ῃ׆ Ҭ ₮ῤ ̆

9 ̆ 16 Ȃ 10-14 ῃ׆ Ҭ ₮ῤ

̆ ̆ ⌠ ⌠ ̂ ̃ ῃ

ҹ ̆ 15 cur ҹ Ȃ 

Ҋ ̆ 18 ҹ ̆ Ҍ ̆ 19-21

₮ѿҩῤ Ȃ ҹ ̆ 23 ῤ Ҍ Ȃ 
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5.4.3.5. ₱  

1  void  memblock_free(struct  memblock  *p)  

2  {  

3     int  i;  

4     struct  percpumempool  *pcpp;  

5 

6     pcpp  =  &__get_thread_var(percpumem);  

7     if  (pcpp - >cur  >=  2  *  TARGET_POOL_SIZE  -   1)   

{  

8         spin_lock(&globalmem.mutex);  

9         for  (i  =  pcpp - >cur;   

i  >=  TARGET_POOL_SIZE;  i -- )   

{  

10      globalmem.pool[++globalmem.cur]  =   

pcp p- >pool[i];  

11      pcpp - >pool[i]  =  NULL;  

12         }  

13         pcpp - >cur  =  i;  

14         spin_unlock(&globalmem.mutex);  

15     }  

16     pcpp - >pool[++pcpp - >cur]  =  p;  

17  }  

5.30̔ № ₱  

5.30 ῤ ₱ Ȃ 6 ╠ ̆ 7

ԅȂ 

̆ 8-15 ѿ ῤ ῃ ̆ 8

14 ȁ Ȃ 9-12 ῤ ׆ ῃ

̆ 13 cur ҹ Ȃ 

Ҋ ̆ 16 ↨↨ ῤ ῀ Ȃ 
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5.4.3.6.  

 

5.31̔ №  

5.31 ̆ 1Ghẑ ҩ CPU 4300 bogomips̃ Intel 

x86 ҉ ̆ ҩ CPU ץ Ҋ 6ҩῤ Ȃ ҩ

benchmarkҬ̆ ҩ № ѿ ῤ ̆ ̆ѿ ῤ ץ

ľ№ Ŀ x ҉Ȃy ⱳ№ / ĺĺ

№ Ҍ ῀ῤ ľ̆+Ŀ ԍ Ȃ 

׆ Ҭ ץ ̆ 6ӊ╠ ̆ Ӟ ᴨ ̆

Ҍ ԍ ץ6 ̆ ᵞҊ̆ ҹ ṿȂ ԍ ̆

TARGET_POOL_SIZE ̆ Ҭ Ạ⌠

[MSK01]̆ ῒ ῤ ׂ Ȃ ̆ Ҭ̆

TARGET_POOL_SIZE ҹ 100 ̆ Ḡץ 99% ᶏ

№ Ȃ 

׆ Ҭ ᶏ̆ ᶛ ԍᶏ ̆

ԅ Ȃ ’Ҭ ᾧᶏ ̆ ӥҌ Һ Ȃ 

5.15̔ 5.31Ҭ ѿҩ ̔ ⱴ҈ҩ Ҭ

̆ 10̆ 11 12̆ ҹָӇҌ ӇẠ̙ 

5.16̔ ҹ 19 ̆ң ₮ № Ȃ

ῃ ҹ 40̆ CPU ҹ 3̆ Ӈ ₮ץ №

№ ̙ 
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5.4.3.7. ҕ Ҭ  

ľ ΐĿ № ̆ᵖ ҕ Ҭ ₃ҩ

ҩ Ȃ 

ᾢ̆ № Ҍ ̆ ľ ΐĿҬ

№ Ȃѿ Ạ ᶫѿ ↓ ̆

ץ ῤ ̆ 1980 ף BSDῤ № [MK88]Ȃ

Ạ ѿҩľglobalmemĿ ̆ Ӟ

ѿҩ̆ ̆ ľ ΐĿ Ҭ ף Ȃ 

ῒ ̆֟ ץ ῤ ̆ ֓

ῤ ̆ [MS93]Ȃ Ӟ Ḡ ̆

Ӟ ѿ ѿҩ Ȃ 

҈̆ ῤ ⌠ῤ ῤ̆ Ӟ ῤ׆

№ Ȃ ѿ ᶭ ԍῤ ̆ᵖӞ ץ ף Ȃ

ѿ Ҭᶏ ף ץ ̆ ҹ Ҭ

ѿ ≢[MSK01]Ȃ 

ҕ ̆p ѿ ĺĺ

Ȃ 

5.1̔ ҕ Ҭ №  

   

  №  

ῃ ῤ   ῤ ҩ

Ҭ 

  ῤ Ҭ 

ῤ ף   ȁ ῤ  

 

5.5. ớ Ở  

@@@ summarize performance of the various options. Forward-reference to the 

RCU/NBS section. 
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6.  

₃ ₮ Ҭ̆ ֲ ̆

ȁ ̂luyang ̔lock convoyinğ ҩ ᴨᾢ

Ԉ ѿ ̆ Ҍ⌠ ℗ ̆

℗ ȁ̃ ȁҌῈ ȁdata racesץ ῒז

Ȃ ̆ ῍֣ῤ ᴆҬ ĺĺᵰ

ԅĺĺ Ȃ 

 

6.1̔ ̔ ֲ ̙ 

Ҍ ԍҊ ₃ҩ ̔ 

1. ֟ ‗Ⱳ ̆ ץ ᵬ

̆  

a) ᶏ ᾧ Ȃ 

b) ΐ̆ Linuxῤ lockdepⱳ [Cor06]Ȃ 

c) ̆ ȁ ȁ ̆ ѿ ᴪ

֓ Ȃ 

2. ֓ Ԉ ᴪ₮ ̆ѿ Ҍ

ᴪ Ԉ Ȃ 

3. ֓ ץ ῒז └ ᾧȂ ȁ

ȁҌ ̆ RCUȂ 
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4. Ҍӄӊ╠̆₃Ӎ ῍֣ῤ ̆ ץ

ҙ ‗ Ȃ 

5. Ԋ ѿҩ ֲ̆ Ҭ

ӄ ᾣ ԅȂ 

 

6.2̔ ̔ ̙ 

ѿҩ ̆ԅ ᵥ ᾧ Ȃ 

 ḕεstaying aliveζוּ .6.1

ԍ ̆ ԍ῍֣ῤ ̆

ӊѿ Ḡ ȂҊ ȁ ȁ ȁҌ

Ὲ ᵞ Ȃ 

6.1.1. ™  

ѿ ѿ Ҭ ҩ

ѿ Ȃ 

ӎ ̆ ᴪѿ Ȃ ԅ ̆

ץ ⌠ ̆p ῒז ӊ╠̆

Ȃ 
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6.3̔  

ױ ץ ̆ ף ̆ 6.3 Ȃ׆

ԅ ̆ ̆ B 2 4Ȃ׆ ⌠

̆ ̆ B 3 Ȃ 

ѿҩ҉ץ Ȃ 6.3Ҭ̆

Bȁ 3ȁ Cȁ 4̆ ⌠ BȂ 

6.1̔  ᵖ ӈ ԅ ҩ ѿ ̆

ѿ Ȃᵰ Ӈ ѿҩ ̙ 

ѿ֓ ᴆ ̆ ̆ ḱץ ̆ᵖ

Ӈ ῒҬѿҩ ̆ Ӈ ׆└ ҩ Ҭẽ ѿ Ȃ

└ẽ ԍԊⱵ֜ ץ ̆p ῤ

Ȃ 

̆ῤ ᾧ Ȃ ᾧ Һ ҈ ̆ ̆

ᴆ ̆ѿ ѿ Ȃ 

ҹ ̆ Ӱ Ȃ 6.3Ҭ ױ ץ ҹ ̆
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̆ Ҍᾛ Ῥ Ȃ

B᷅ ԅ ̆ ҹ 4 3̆ Ȃ 

Ῥѿ ̆ᶏ ҹ ̆ Ӱ Ȃ Ҭ̆

ΐ [Cor06]Ȃ 

1  spin_lock(&lock2);  

2  layer_2_processing(pkt);  

3  nextlayer  =  layer_1(pkt);  

4  spin_lock(&nextlayer - >lock1);  

5  layer_1_processing(pkt);  

6  spin_unlock(&lock2);  

7  spin_unlock(&nextlayer - >lock1);  

6.4̔ № ҍ  

ᵖ Ẋ Ȃ ҕ ῃᴪ ̆ ̆ №

Ҭ̆ Ȃ ѿ׆ ⌠ ѿ ̆ ῃ

ῒז Ȃ ⌠ ץ Ҭ҉Ҋᴰ ̆ 6.4 ѿҩ

Ȃ Ҭ҉׆ Ҋ ̆ Ҋѿ Ȃ

Ҭ׆Ҋ ҉ ̆ ̆ 6.4Ҭ 4 ᵬ

Ȃ 

1  retry:  

2     spin_lock(&lock2);  

3     layer_2_processing(pkt);  

4     nextlayer  =  layer_1(pkt);  

5     if  (!spin_trylock(&nextlayer - >lock1))  {  

6         spin_unlock(&lock2);  

7         spin_lock(&nextlayer - >lock1);  

8         spin_lock((&lock2);  

9         if  (layer_1(pkt)  !=  nextlayer)  {  

10      spin_unlock(&nextlayer - >lock1);  

11      spin_unlock((&l ock2);  

12      goto  retry;  

13         }  

14     }  

15     layer_1_processing(pkt);  

16  spin_unlock(&lock2);  

17  spin_unlock(&nextlayer - >lock1);  
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6.5̔ ᴆ ᾧ  

ᶛҬ ᾧ Ⱳ ⱴѿ ̆p ץ

ᴆ Ӱ ̆ 6.5 Ȃҍ 6.4Ҭ ᴆ 1 Ҍ ̆ 5

spin_trylock() ᴆ Ȃ ̆ Ҍ

Ҍ ̆ 0Ȃ 

spin_trylock() ⱳ̆ 15 1 ᵬȂ ↕̆ 6

̆ 7 8 ȂҌ ̆ Ҭ

̂ Ethernet WiFĩ̆ layer_1()₱ Ȃ

̆ ≢ ꜚ Ȃ ץ 9 ̆

̆ Ȃ 

6.2̔  6.4⌠ 6.5 ⌠ῒז ̙ 

6.3̔ ҹԅ ᾧ ̆ 6.5 Ӟ ṿ ̙ 

֓ ’Ҋ̆ ᾧ ץ ̆ Ӟ ᾧԅ Ȃᵖ ̆

ѿ֓ ̆ ץ ensure that the needed data structures remain in existence during 

the time that neither lock is heldȂ 6.3 ԅῒҬѿ ̆▼Ҋ ῇ

Ȃ 

6.1.2. ╗  

ᴆ ѿ ᾧ └̆ᵖ Ȃ 6.6Ҭ

ᴨ ᶛ Ȃ ᶛҬ ԅѿҩҐ Ȃҹԅ ̆ Ҋץ

Ԋᴆ ̔ 

1. 4 1 1̆ do_one_thing()Ȃ 

2. 18 2 2̆ do_a_third_thing()Ȃ 

3. 1 2̆ ԍ 2 Ȃ 

4. 2 1̆ ԍ 1 Ȃ 

5. 1 1̆ ⌠ retryȂ 

6. 2 2̆ ⌠ retryȂ 

7. ҉ Ҍ ̆ Ҽ Ȃ 

1  void  thread1(void)  

2  {  

3  retry:  

4     spin_lock(& lock1);  

5     do_one_thing();  

6     if  (!spin_trylock(&lock2))  {  

7         spin_unlock(&lock1);  



῀  

 

8         goto  retry;  

9     }  

10     do_another_thing();  

11     spin_unlock(&lock2);  

12     spin_unlock(&lock1);  

13  }  

14 

15  void  thread2(void)  

16  {  

17  r etry:  

18     spin_lock(&lock2);  

19     do_a_third_thing();  

20     if  (!spin_trylock(&lock1))  {  

21         spin_unlock(&lock2);  

22         goto  retry;  

23     }  

24     do_a_fourth_thing();  

25     spin_unlock(&lock1);  

26     spin_unlock(&lock2);  

27  }  

6.6̔ ᴆ  

6.4̔  6.6Ҭ ᵥ ᾧ̙ 

ҍ № ᵌȂ ̆ ѿ ̆

ԅȂ 

6.1.3. јԇẈ 

N/A 

6.1.4. Ӊᾦꞌ 

N/A 

6.2. ￼ ᶚ 

̆ ₮ ѿ ᵰ ѿ ̆ ӊ
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ȂҊ↓ ԅԑ ̂ 6.2.1 ȁ̃ Ώ ̂ 6.2.2 ̃ multi-role

̂ 6.2.3 Ȃ̃ 

6.2.1. Ҋᾶ  

N/A 

6.2.2. ֒  

N/A 

6.2.3. Beyond Reader-Writer Locks 

VAXClusterΈ Ȃ 

6.3. ᶢ҈ ￼ḕᶈἻӠεexistence guaranteeζ 

Ҭ ѿ ῏ ᶫ Ḡ̂ existence guaranteẽ[GKAS99]̆

‗ ҩ ̔ − ѿҩ ῒֲז

Ȃ Ḡ ԍ ᾝ ᾝ Ҭ Ḡ ’

ῒ Ȃ ᶫ Ḡ ף ̆ 6.7 Ȃ 

1  int  delete(int  key)  

2  {  

3     int  b;  

4     struct  element  *p;  

5 

6     b  =  hashfunction(key);  

7     p  =  hashtable[b];  

8     if  (p  ==  NULL  ||  p - >key  !=  key)  

9         return  0;  

10     spin_lock(&p - >lock);  

11     hashtable[b]  =  NULL;  

12     spin_unlock(&p - >lock);  

13     kfree(p);  

14     return  1;  

15  }  
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6.7̔ Ḡ ᾝ  

6.5̔  6.7 8 Ҭ ױ − ᾝ Ҍ ↓ Ҭ ѿҩᾝ

ӇⱲ̙ 

6.6̔  6.7ᴪ₮ ָӇ ᴆ̙ 

1  int  delete(int  key)  

2  {  

3     int  b;  

4     struct  element  *p;  

5     spinlock_t  *sp;  

6 

7     b  =  hashfunction(key);  

8     sp  =  &locktable[b];  

9     spin_lock(sp);  

10     p  =  hashtable[b];  

11     if  (p  ==  NULL  ||  p - >key  !=  key)  {  

12         spin_unlock(sp);  

13         return  0;  

14     }  

15     hashtable[b]  =  NULL;  

16     spin_unlock(sp);  

17     kfree(p);  

18     return  1;  

19  }  

6.8̔ ԍ Ḡ ᾝ  

‗ ᶛ Ⱳ ᶏ ѿҩῃ ̆ ҩ

̆ 6.8 Ȃ ᾛ ᾝ ̂ 10 ̃ӊ

╠ ̂ 9 Ȃ̃ ҩ №◓

Ҭ ᵬ Ҍ ̆p ҩ ᾝ ץ ҩ

̆ ̆ ᴪ ԅȂ ֓

ץ ‗ ̆Ԋ ҉̆ ֓ ‗Ⱳ ԍ ᴆԊⱵ ῤ

[ST95][DSS06]Ȃ ῇ ᶫ Ḡ Ȃ 
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7. ᾭὯἍῶ  

CPU/ᴋⱵ/ / Ȃ 

Function shipping vs. data shippingȂ 

̔  vs ῃ ̙ ᴇף̆ ̆... 

Ҭ № ̙ 

map/reduce ῏ ̙ ᴰ ˻ 

֓ ῒז Ȃ ̆work-stealing

ȂӞ ῤ № Ӟ ץ ̆ ᵝ Ҍ Ȃ 
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8. ả ᶴת 

ᵬ ֲ ₮ ӊ╠ ԅ̆p ⌠ ₃ ֲ̆ ױ

⌠ ᴇṿ[KL80]̆[Mas92]Ȃ

ᵬ ȁ RCUȂ 

8.1. Ṝ  

HPC Ȃ 

8.2. Ậּז ᾭ 

ѿҩ ̆ Ȃ ѿ

҉ ̆ᵖ Ҭ Ȃ ̆ Ҍ ᴪ

╠ ̆ Ӈ Ҍ ԅȂᵖ ╠ ̆ Ӈ ᵥ

Ҭ ╠ ̙ 

ҩ ₃ҩ ̆ ̔ 

1. ᵬ ѿ ԍ ӊ Ȃ ᶫ

̆ ץ Ȃ 

2. ᶏ Ҍҹ 0 ⇔ ̆ ╠ Ҍҹ 0

Ȃѿ ̆ ᴰץ ῒז ᵣȂ 

3. ҹ ᶫ Ḡ̆ ᴋᵥ ᵣ ┴

Ȃ Ḡ ꜚ ᶫ̆ ғ 8.3

ᴪ ⌠̆RCUӞᴪ ᶫ ḠȂ 

4. ҹ ᶫ ῃ Ḡ̆ ⌠ ᴪ ⱴ

Ȃ ῃ Ḡ ץ Ғ ῤ № ᶫ Ӟ̆ ץ Linux

ῤ Ҭ SLAB_DESTROY_BY_RCU ᶫ̆ 8.3 Ȃ 

̆ᴋᵥ ᶫ Ḡ └̆ ῒ ӈ Ӟ ᶫ ῃ Ḡ Ȃ

ץ ң RCUѿ ̆ ױ ҈ Ḡ

ԅ̆ ȁ RCUȂ 

8.1̔ ҹָӇҌ ֜ ᵬ ̙

ץ Ҍҹ 0 Ȃ 
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⌠ ῏ ӊ ̆ ױ Ӝ

└ ̆ 8.1 Ȃ Ҭ └ ҹץҊ₃ҩ ̔ 

8.1̔ └ 

  

  RCU 

 - CAM CA 

 A AM A 

RCU CA MCA CA 

1. ̆Ҍᶏ ᵬ̆ῤ └ ľ̂-Ŀ̃Ȃ 

2. Ҍᶏ ῤ ľ̂AĿ̃Ȃ 

3. ̆ ᶏ ῤ ľ̂AMĿ̃Ȃ 

4. ̆ ᵬ ̆ ᶏ ῤ ľ̂CAMĿ̃Ȃ 

5. ̆ ᵬ ľ̂CAĿ̃Ȃ 

6. ̆ ᵬ ̆ ᶏ ῤ

ľ̂MCAĿ̃Ȃ 

ᵖ ̆ ԍ Linuxῤ Ҭ ṿ ᵬ ῤ ̆

ᵬӞ ῤ Ȃ ̆ ľCAĿ ľMCAĿҍľCAMĿ ̆

▼╠ ľ̔-Ŀ̆ľAĿ̆ľAMĿ̆ľCAMĿȂ 8.2.2 ↓₮ԅ

Linux Ȃ ₮ѿ ᴨ ̆ ץ №

̆ ҹ 0 ѿ ’Ҋ Ȃ 

8.2.1. Ậּז ᾭ ᶚ￼ḫא 

8.2.1.1 ԅ Ḡ ľ̂-Ŀ̃̆ 8.2.1.2 ԅҌ ῤ

ľ̂AĿ̃̆ 8.2.1.3 ԅ ᶏ ῤ

ľ̂AMĿ̃̆ 8.2.1.4 ԅ ᶏ ῤ ľ̂CAMĿ̃Ȃ 

8.2.1.1.  

1  struct  sref  {  

2     int  refcount;  

3  };  

4 

5  void  sref_init(struct  sref  *sref)  

6  {  
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7     sref - >refcount  =  1;  

8  }  

9 

10  void  sref_get(struct  sref  *sref)  

11  {  

12     sref - >refcount++;  

13  }  

14 

15  int  sref_put(struct  sref  *sref,  

16 void  (*release)(struct  sref  *sref))  

17  {  

18     WARN_ON(release  ==  NULL);  

19     WARN_ON(release  ==  (void  (*)(struct  sref  

*))kfree);  

20 

21     if  ( -- sref - >refcount  ==  0)  {  

22         release(sref);  

23         return  1;  

24     }  

25     return  0;  

26  }  

8.1̔ API 

̆ Ҍ ᵬӞҌ ῤ ̆ ץ ԍ

ѿ Ḡ ’Ȃ ’Ҋ̆ ץץ ᵬ

Ώ ̆ ҹ ᶫԅ ԑ Ḡ ȁῤ ȁ פ ᴨ

Ȃ ԍ Ḡ ӊ Ḡ ῒז ᵬ ’̆ Ӟᶏ

ѿҩ ̂ ῒז ̃ Ῥ Ȃ 8.1 ԅ

APĬ ĺĺ ₃Ӎ open-codedȂ 

8.2.1.2.  

1  struct  kref  {  

2     atomic_t  refcount;  

3  };  

4 
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5  void  kref_init(struct  kref  *kref)  

6  {  

7     atomic_set(&kref - >refcount,1);  

8  }  

9 

10  void  kref_get(struct  kref  *kref)  

11  {  

12     WARN_ON(!atomic_read(&kref - >refcount));  

13     atomic_inc(&kref - >refcount);  

14  }  

15 

16  int  kref_put(struct  kref  *kref,  

17 void  (*release)(struct  kref  *kref))  

18  {  

19     WARN_ON(release  ==  NULL);  

20     WARN_ON(release  ==  (void  (*)(struct  kref  

*))kfree);  

21 

22     if  ((atomic_read(&kref - >refcount)  ==   1)  ||  

23 (atomic_dec_and_test(&kref - >refcount)))  {  

24         release(kref);  

25         return  1;  

26     }  

27     return  0;  

28  }  

8.2̔ Linuxῤ kref API 

ԍ ’ ᴋ̆ᵥ CPU ᾢ ѿҩ Ȃ

ҩ CPU⇔ ѿҩ ᶫ ᶏ ̆ Ӟᾛ ῒז CPUȁᴋⱵȁ

₱ CPU ֟ I/O completion ₱ ȂCPU

ᴰ ῒז ᵣ ҉╠̆ ᾢץ ᵣ ӈ ѿҩ Ȃ

Linuxῤ Ҭ̆kref ԍ ̆ 8.2 Ȃ 

ҹ Ḡ ᵬ̆ ץ ̆ ᴪ

ң Ҍ CPU Ȃ ᶏ /⁞₱ ̆ѿ CPU

ץ ̆Ẋ ױ ⌠ԅ ṿľ3ĿȂ ױ ⱴ

ṿ̆ Ӈ ⌠ ṿľ4Ŀ̆ ṿΏ ҬȂᵖ
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ṿ 5̆ ҡ ԅῒҬѿ ⱴȂ ̆ ⱴ ⁞

ᶏ ᵬȂ 

RCUḠ ̆ Ӈ ҌῬ ῤ ԅ̂ץ

ᴨ ̃̆ ғ Ӟ ץ ѿ ᵬ Ȃ RCŬ

⌠ ╠ RCU ҳ R̆CU ᴪ ᶫ

ῤ ᴨ Ȃ ̆ ңҩ CPU ԅ ңҩ

̆ ᵬ ⌠ CPU ₮ ױ RCU ҳ ᴪ

Ȃ 

8.2̔  ҹָӇ ’Ҍ Ḡ ̔ѿҩ CPU ԅ ѿҩ

̆ ѿҩ CPU ̙ 

kref ѿҩ ̆ 8.2Ҭ 1ȁ2 Ȃ 5⌠ 8

kref_init()₱ ∆ ҹ 1Ȃ ătomic_set() ѿҩ

ṿ ᵬ̆ ԍ ᵬ atomic_t̆ Ҍ ᵬȂ

kref_init()₱ ⇔ Ҭ ̆ ῒז CPU

ӊ╠Ȃ 

10-14 kref_get()₱ ᴆ ⱴ ṿȂ atomic_inc()

Ҍ ҉ ᴨ ̆ᵖ ԍ kref

Ҭ̆ ғ Linuxῤ ҌẠᴋᵥ ᴨ ̆ ⌠

ѿ Ȃ 

16-28 kref_put()₱ ̆ 22 ṿ ҹ 1̂ Ҍᾛ

kref_get()̃̆ 23 ⁞ ṿ ṿҹ 0Ȃ ң

’Ҋ k̆ref_put() ԅ release₱ ̆ 1̆ ԅ

ᵬȂ ↕̆kref_put() 0Ȃ 

8.3̔ 8.2Ҭ 22 ҹẊ̆ Ӈ 23

ҹ ̙ 

8.4̔ 8.2Ҭ 22 ṿ ҹ1 ᵬ ῃ ̙ 

8.2.1.3. ῤ  

Linuxῤ ԅ ̆ ԍ Ȃ

ѿ ᾙ̕ ῏ struct dst_entry ᵥ

ᶛ ̆ 8.3 Ȃ 

1  static  inline  

2  struct  dst_entry  *  dst_clone(struct  dst_entry  *  

dst)  
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3  {  

4     if  (dst)  

5         atomic_inc(&dst - >__refcnt);  

6     return  dst;  

7  }  

8 

9  static  inline  

10  void  dst_release(struct  dst_entry  *  dst)  

11  {  

12     if  (dst)  {  

13         WARN_ON(atomic_read(&dst - >__refcnt)  <  1);  

14         smp_mb__before_atomic_dec();  

15         atomic_dec(&dst - >__r efcnt);  

16     }  

17  }  

8.3̔ Linuxῤ dst_clone API 

ѿҩ dst_entry ̆ Ӈ ᶏץ dst_clone() ̆

ᴪ ѿҩ ̆ ᴰ ῤ Ҭ ῒז ᵣȂ ҹ

ԅѿҩ ̆dst_clone()Ҍ Ῥ ᴋᵥῤ Ȃ dst_entryD ῒז

ᵣ ҹ ῤ ̆ ’ ̆Ҍ ῤ ̆ Ӈῤ

῀ ᴰ dst_entry ҬԅȂ 

dst_release() ץ ᴋᵥ Ҭ ̆ dst_release()

҉ѿ dst_entry ᾝ Ȃ 14 ҉̆dst_release()

ԅѿҩῤ ̆ CPU Ӱ Ȃ 

̆ dst_clone() dst_release() Ҍ ῏ ῤ ̆

ԅ ᶏ ңҩ ↕ ԅȂ 

8.2.1.4. ῤ  

ץ ѿԊ ⱴԅ ȂẊ

ᵬ ṿҹ 0̆ ץ ῃ

ԅȂ ױ Ҍ ᵬ ѿ

ᵬ̆ ץ ᵬ ѿҩ ╠ ṿ ҹ 0 Ȃ

ѿ №̆ Ҋ Ȃ 

8.5̔ ҹָӇ ҹ 0 ᵬҌ ѿҩ "if -then"
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̆ ľthenĿ №ᶏ ⱴ̙ 

Linuxῤ fget() fput() ԍ Ȃ 8.4

Ȃ 

1  struct  file  *fget(unsigned  int  fd)  

2  {  

3     struct  file  *file;  

4     struct  files_struct  *files  =  current - >files;  

5 

6     rcu_read_lock();  

7     file  =  fcheck_files(files,  fd);  

8     if  (file)  {  

9         if  (!atomic_inc_not_zero(&file - >f_count))  {  

10     rcu_read_unlock();  

11     return  NULL ;  

12         }  

13     }  

14     rcu_read_unlock();  

15     return  file;  

16  }  

17 

18  struct  file  *  

19  fcheck_files(struct  files_struct  *files,   

unsigned  int  fd)  

20  {  

21     struct  file  *  file  =  NULL;  

22     struct  fdtable  *fdt  =   

rcu_deref erence((files) - >fdt);  

23 

24     if  (fd  <  fdt - >max_fds)  

25         file  =  rcu_dereference(fdt - >fd[fd]);  

26     return  file;  

27  }  

28 

29  void  fput(struct  file  *file)  

30  {  
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31     if  (atomic_dec_and_test(&file - >f_count))  

32         call_rcu(&file - >f_u.fu_rcuhead,  

 file_free_rcu);  

33  }  

34 

35  static  void  file_free_rcu(struct  rcu_head  *head)  

36  {  

37     struct  file  *f;  

38 

39     f  =  container_of(head,  struct  file,   

f_u.fu_rcuhead);  

40     kmem_cache_free(filp_cachep,  f);  

41  }  

8.4̔ Linuxῤ fget/fput API 

4 fget() ₮ѿҩ ╠ ᴆ ̆

ҩ ῍֣Ȃ 6 rcu_read_lock()̆ ῀ RCU ҳ Ȃ ᴋ

ᵥ call_rcu() ₱ ⌠ rcu_read_unlock()

̂ ᶛҬ 10 14 Ȃ̃ 7 fd ᴆ ̆

struct file ̆ ᴆ ῤ Ῥ Ȃ ᴆ

ѿҩ ᴆ̆ Ӈ 9 ѿҩ Ȃ 9

ᵬ ̆ Ӈ 10-11 ₮ RCU Ώ ҳ ̆ Ȃ 9

ᵬ ⱳ̆ Ӈ 14-15 ₮ Ώ ҳ ̆ ѿҩ struct file

Ȃ 

fcheck_files() fget() ꜛ₱ Ȃ ₱ ᶏ rcu_dereference()

ῃ RCUḠ ̆ ԍӊ ̂ DEC Alphaӊ

CPU҉֟ ѿҩῤ ̆ ҉ ᶭ Ҍ ῤ ̙̙ Ȃ̃

22 ᶏ rcu_dereference() ᴋⱵ ╠ ᴆ ̆ 24

ᴆ ӊῤȂ ̆ Ӈ 25 struct 

file ̆ rcu_dereference() Ȃ 26 struct file ̆

24 ̆ Ӈ NULLȂ 

fput() ѿҩ struct file Ȃ 31 ⁞ ̆

⁞ ṿҹ 0̆ Ӈ 32 call_rcu() struct filê call_rcu()

ԋҩ file_free_rcu()₱ ̃̆ Ҍ ╠ RCU ҳ

ף ᴪ Ȃ ╠ RCU ҳ ף

ҹľgrace periodĿ̂ ᴨ Ȃ̃ ̆atomic_dec_and_test()
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Ҭ ѿҩῤ Ȃ ᶛҬ ̆ ҹ struct file

RCU ҳ ̆ᵖ LinuxҬ̆ ӈ ᴪ ṿ

ᵬ ῤ Ȃ 

ѿ ᴨ ̆ 39 file_free_rcu()₱ struct file ̆

40 Ȃ 

Ӟ ԍ Linux ῤ Ҭ̆ page

get_page_unless_zero()put_page_testzero()₱ ץ̆ ῤ

try_to_unuse() mmput()₱ Ȃ 

8.2.2. ᾟὙẬּז ᾭ￼ Linuxᴝ  

҉ ᶛ Ҭᶏ Linuxῤ Ҋ ̔ 

 ̧ atomic_t̔ ᶫ ᵬ 32ᵝ ӈȂ 

 ̧ void atomic_dec(atomic_t *var)̔Ҍ ῤ ᴨ

⁞ ᵬȂ 

 ̧ int atomic_dec_and_test(atomic_t *var)̔ ⁞ ̆ ҹ

0↕ trueȂ ῤ ғ ᴨ ̆ ↕

Ȃ 

 ̧ void atomic_inc(atomic_t *var)̔ ⱴ ̆Ҍ ῤ

ᴨ Ȃ 

 ̧ int atomic_inc_not_zero(atomic_t *var)̔ ⱴ ̆ Ҍ

ҹ 0̆ Ӈ ⱴ trueȂ ᵬᴪ֟ ῤ ̆

ᴨ ̆ ↕ ᴪ Ȃ 

 ̧ int atomic_read(atomic_t *var)̔ ṿȂ ₱ Ҍ

ᵬ̆Ҍ ῤ ̆ӞҌ ᴨ Ȃ 

 ̧ void atomic_set(atomic_t *var̆ int val)̔ ṿ ҹ valȂ

₱ Ҍ ᵬ̆Ҍ ῤ ̆ӞҌ ᴨ Ȃ 

 ̧ void call_rcu(struct rcu_head *head, void (*func)(struct rcu_head *head))̔

╠ RCU ҳ func(head)̆Ҍ call_rcu()

Ȃ ̆head RCUḠ ѿ

ҩ f̆unc ₱ Ȃ׆ call_rcu()⌠ func

ӊ ҹľᴨ ĿȂᴋᵥ ѿҩᴨ

ѿҩᴨ Ȃ 

 ̧ type *container_of(p, type, f)̔ ₮ p̆ ҹ type

Ҭ f̆ Ȃ 
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 ̧ void rcu_read_lock(void)̔ ѿҩ RCU ҳ Ȃ 

 ̧ void rcu_read_unlock(void)̔ ѿҩ RCU ҳ ȂRCU

ҳ ץ Ȃ 

 ̧ void smp_mb__before_atomic_dec(void)̔ atomic_dec()

֟ ῤ ̆ Ӱ ᴨ ̆ ҉

ᵬȂ 

 ̧ struct rcu_head̔ ԍ RCU ̆ ᴨ

Ȃ ᵬҹ RCUḠ Ҭ ѿҩ Ȃ 

8.2.3. ᾭᵸҸק 

ⱴ ⁞ ̆p ҹ 0 Ἕ̆

̆ ѿҩ CPU ᴋⱵ Ȃ D.1Ҭ ᶛ ̆

CPU ԍ RCU҉Ȃ ץ ᾧ ⱴ ⁞ ₱ Ҭᶏ

ᵬ ῤ ̆ᵖ Ӱ ᴨ Ȃ ̆Ἕ

synchronize_srcu() ̆ ҹ 0 № Ȃ

ᶏ Ҍ ԍ Ҍ̆ ԍ

ҹ 0 Ȃ 

8.3. Read-Copy UpdateεRCUζ 

8.3.1. RCUᶢ  

ᵬ ̔Paul E. McKenney Jonathan WalpoleȂ 

ĺĺ ĺĺ ̂RCŨ ѿ └̆2002 10 ῀ Linuxῤ

ȂRCUᾛ ᵬ ҍץ ᵬ ̆ ѿ ԅ Ȃ

ԑ ԑ ̆ Ҍ῏ Ώ ̆ Ώ

Ώ ᾛ ̆ ԍ ֓ ᵬ̆RCU

ҩ Ḡ ᵬḠ ѿ ̆ Ḡ ╠ ҳ

ȂRCU ӈ ᶏ ԅ ғ ԍ └̆

̆ ԍ ᵬȂ ֓ └

№ ᵬ̆ Ȃ ֓ Ҋ̂ ῤ ̃̆ RCU

₱ ῃ Ȃ 

8.6̔ ҌӞ ץ Ώ Ӈ̙ 

⌠ ̆ ᴪ ľ̆ RCU ָӇ̙Ŀ̆ ѿҩ ľRCU
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Ӈ ᵬ̙Ŀ̂ ֓ ̆ ᴪ RCUҌ ᵬ Ȃ̃

ⱬԍ׆ѿ ҉ ̆ ׆ ᶏ API

֓ Ȃ ѿ ᴪ ₮ѿҩ Ȃ 

RCU ҈ └ ̆ ѿҩ └ ԍ ῀̆ ԋҩ ԍ− ̆ ҈

ҩ ԍ Ҍץ ῀ − Ȃ 8.3.1.1 ԅ ĺĺ

└̆ ԍ ῀Ȃ 8.3.1.2 ԅ ᵥ RCU ꜚ− Ȃ

8.3.1.3 ԅ ᵥ ҩ ̆ᾛ ῀ −

ᵬȂ 8.3.1.4 RCU Ȃ 

8.3.1.1. ĺĺ └ 

RCU ѿҩ῏ ץ ῃ ̆ ᶏ ḱ ȂRCU

ѿ ĺĺ └ ԅ ῀Ȃҽҩᶛ ̆Ẋ ∆ ṿҹ

NULl ῃ gp ṿ ѿҩ↨№ ∆ Ȃ

8.5 ף ̂ ѿ֓ ᵬ Ȃ̃ 

1  struct  foo  {  

2     int  a;  

3     int  b;  

4     int  c;  

5  };  

6  struct  foo  *gp  =  NULL;  

7 

8  /*  .  .  .  */  

9 

10  p  =  kmalloc(sizeof(*p),  GFP_KERNEL);  

11  p - >a  =  1;  

12  p - >b  =  2;  

13  p - >c  =  3;  

14  gp  =  p;  

8.5̔ ľ Ŀ ̂Ҍ ῃ̃ 

Ҍ ̆ ף Ḡ CPUᴪ ṿ

Ȃ gp ṿ ∆ p ӊ╠̆ Ӈ ᴪ ⌠

∆ ṿȂ ῤ Ḡ Ԋ ̆ ῤ

ץ Ȃ ץ ױ ѿ rcu_assign_pointer() ῤ

̆ ῒ ӈȂ Ӈ ף ̔ 
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1  p - >a  =  1;  

2  p - >b  =  2;  

3  p - >c  =  3;  

4  rcu_assign_pointer(gp,  p);  

rcu_assign_pointer()ľ Ŀѿҩ ̆ └ CPU ҹ p

ṿ Ῥ ҹ gp ṿȂ 

Ҍ ̆ Ḡ Ҍ ̆ ҹ Ӟ Ḡ Ȃ

Ҋ ҩᶛ Ҭ ף ̔ 

1  p  =  gp;  

2  if  (p  !=  NULL)  {  

3     do_something_with(p - >a,  p - >b,  p - >c);  

4  }  

ף ἝҌᴪ ⌠Ӱ ̆ Ԋҍ ̆ DEC 

Alpha CPU[McK05ă McK05b] ҉̆ value-speculationᴨ ̆

ᴪ p->ă p->b p->c ṿ p ṿӊ╠ ̂luyang̔ Ҍ ᵰḤҌḤ̆

Ḥԅ Ȃ̃Ӟ ꜚ value-speculationᴨ ⌠ ѿ

̆ ᴪᾢ p->aȁp->bȁp->c ṿ̆ Ῥ p ṿ

Ȃ ᴨ № ̆ ԅ̆ᵖ

profile-driven ᴨ ҬȂ 

̆ ױ CPU ᴨ Ȃrcu_dereference()

ԅ ῤ פ פ ⌠ ѿ Ȃ 

1  rcu_read_lock();  

2  p  =  rcu_dereference(gp);  

3  if  (p  !=  NULL)  {  

4     do_something_with(p - >a,  p - >b,  p - >c);  

5  }  

6  rcu_read_unlock();  

rcu_dereference() ѿ ľ Ŀ Ⱳ ṿȂḠ

ᵬ ץ ľ Ŀ ᵬ̂rcu_assign_pointer̃╠ ∆

Ȃrcu_read_lock() rcu_read_unlock() ̔ ӈԅ RCU

ҳ Ȃ 8.3.1.2 ᴪ ױ ̆Ҍ ̆ Ҍᴪ

̆ӞҌᴪ list_add_rcu() ȂԊ ҉̆

CONFIG_PREEMPT ῤ ̆ ₱ Ȃ 
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8.6̔ Linux  

 

8.7̔ Linux  

҉ rcu_assign_pointer() rcu_derederence()ץ ԍ ᴋᵥ

⌠ RCUḠ ̆ᵖ Ҭ ԍ҉ Ȃ

rcu_assign_pointer() rcu_dereference() ῀ RCU ᵣĺĺ

Linux APIҬȂLinux ң ᵣ̆ struct list_head

↓ struct hlist_head/struct hlist_nodeȂ╠ѿ 8.6 ̆ ף

̆ ף ᾝ Ȃ ̆ ץ 8.7Ҭ ₮ѿ

Ȃ 

1  struct  foo  {  

2     struct  list_head  *list;  

3     int  a;  

4     int  b;  

5     int  c;  

6  };  

7  LIST_HEAD(head);  

8 

9  /*  .  .  .  */  

10 

11  p  =  kmalloc(sizeof(*p),  GFP_KERNEL);  

12  p - >a  =  1;  

13  p - >b  =  2;  

14  p - >c  =  3;  

15  list_add_rcu(&p - >list,  &head);  

8.8̔ RCU  

8.8 ᶛ Ȃ 

15 ֓ └̂ ̃ Ḡ ̆ list_add()

ᶛ ȂҌ ̆ Ҍ list_add() ᶛҍ RCU Ȃ 

ѿҩ RCUḠ ף ̆ ̔ 




