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ɯʵʶʽʶˌ ʋˊʺˋʹˌ  

Åʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ˎˉˈˁʶʽˍʰʽ ˋʶ ɦ ʵʶʽʶˌ 
˔ˊʺˋʹˌ Creative Commons.  

Åɱʽʰ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈΣ ˈˉ˖ˌ ʶʽˁˈ˄ʶˌΣ ˉˇˎ ˎˉˈˁʶʽˍʰʽ 
ˋʶ ʱ˂˂ˇˎ ˍˏˉˇˎ ʱʵʶʽʰˌ ˔ˊʺˋʹˌΣ ʹ ʱʵʶʽʰ ˔ˊʺˋʹˌ 
ʰ˄ʰ˒ʷˊʶˍʰʽ ˊʹˍ˗ˌΦ  
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ʋˊʹ˃ʰˍˇʵˈˍʹˋʹ 
Åʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍʰ ˉ˂ʰʾˋʽʰ 
ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ʷˊʴˇˎ ˍˇˎ ʵʽʵʱˋˁˇ˄ˍʰΦ 

Åʆˇ ʷˊʴˇ ζɮ˄ˇʽˁˍʱ ʌʹ˒ʽʰˁʱ ɾʰʻʺ˃ʰˍʰ ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ 
ɲˎˍʽˁʺˌ ɾʰˁʶʵˇ˄ʾʰˌη ̫̝ ʶʽ ˔ˊʹ˃ʰˍˇʵˇˍʺˋʶʽ ˃ˈ˄ˇ ˍʹ 
ʰ˄ʰʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ʶˁˉʰʽʵʶˎˍʽˁˇˏ ˎ˂ʽˁˇˏΦ  

Åʆˇ ʷˊʴˇ ˎ˂ˇˉˇʽʶʾˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ɳˉʽ˔ʶʽˊʹˋʽʰˁˇˏ 
ʃˊˇʴˊʱ˃˃ʰˍˇˌ ζɳˁˉʰʾʵʶˎˋʹ ˁʰʽ ɲʽʰ ɰʾˇˎ ɾʱʻʹˋʹη ˁʰʽ 
ˋˎʴ˔ˊʹ˃ʰˍˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ɴ˄˖ˋʹ  
(ɳˎˊ˖ˉʰʿˁˈ ɼˇʽ˄˖˄ʽˁˈ ʆʰ˃ʶʾˇύ ˁʰʽ ʰˉˈ ʶʻ˄ʽˁˇˏˌ ˉˈˊˇˎˌΦ 
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ʅˁˇˉˈˌ ɳ˄ˈˍʹˍʰˌ 

Åɶ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˉˈˊ˖˄Φ 

Åɶ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍ˖˄ ʰʵʽʶ˅ˈʵ˖˄Φ 

Åɶ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ ʰˉˇ˒ˎʴʺˌ 
ʰʵʽʶ˅ˈʵ˖˄Φ 
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ɮʵʽʷ˅ˇʵʰ ˋˎ˃ʲʰʾ˄ˇˎ˄  
ˉʰ˄ˍˇˏ ˈ˔ʽ ˃ˈ˄ˇ ˋˍʰ ɽʅ 
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ʁʽ ζˉˈˊˇʽη ʶʾ˄ʰʽ  
ˋʹ˃ʰ˄ˍʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˍˇˎ ɽΦʅ. (1/2) 

Åʃˈˊˇˎˌ ˇ˄ˇ˃ʱʸˇˎ˃ʶ ˍʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ̱ ˇˎ 
˂ʶʽˍˇˎˊʴʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˍʰ ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ 
ʶˁ˔˖ˊʹʻˇˏ˄ ̀ ʶ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʴʽʰ ˄ʰ ˍʰ 
˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽΦ ɲʹ˂ʰʵʺ ˉˈˊˇˌ ʶʾ˄ʰʽ ˇˍʽʵʺˉˇˍʶ 
˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʰˉˈ ˃ʽʰ ˃ˈ˄ˇ ʵʽʶˊʴʰˋʾʰ 
ˇˉˇʽʰʵʺˉˇˍʶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΦ ɴ˄ʰˌ ˉˈˊˇˌ ˃ˉˇˊʶʾ ˄ʰ 
ʶʾ˄ʰʽ ˃ʽʰ ˋˎˋˁʶˎʺ ˎ˂ʽˁˇˏ όˉΦ˔Φ ʷ˄ʰˌ /5-wha ŘǊƛǾŜύ ʺ 
ˁʱˉˇʽʰ ˉ˂ʹˊˇ˒ˇˊʾʰ όˉΦ˔Φ ʷ˄ʰ ʰˊ˔ʶʾˇ ˋˍˇ ʵʾˋˁˇ). 

 

Åɴ˄ʰˌ ˎˉˇ˂ˇʴʽˋˍʺˌ ʷ˔ʶʽ ˋˎ˄ʺʻ˖ˌ ˉˇ˂˂ˇˏˌ ˉˈˊˇˎˌΦ 
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ʃˈˊˇʽ ˋˍʰ ɽΦʅΦ - Windows 
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ʃˈˊˇʽ ˋˍʰ ɽΦʅΦ - FreeBSD/Linux 
vr0: Quirks: 0x0  

miibus1: <MII bus> on vr0  

ukphy0: <Generic IEEE 802.3u media interface> on miibus1  

ukphy0:  10baseT, 10baseT - FDX, 100baseTX, 100baseTX - FDX, 
auto  

vr0: Ethernet address: 00:50:ba:24:7d:14  

orm0: <ISA Option ROMs> at iomem 0xc0000 - 0xcbfff,0xcc000 -
0xd07ff,  

0xd1000 - 0xd17ff on isa0  

atkbdc0: <Keyboard controller (i8042)> at port 0x60,0x64 
on isa0  

atkbd0: <AT Keyboard> irq 1 on atkbdc0  

kbd0 at atkbd0  

atkbd0: [GIANT - LOCKED] 

sc0: <System console> at flags 0x100 on isa0  

sc0: VGA <16 virtual consoles, flags=0x300>  

sio0 at port 0x3f8 - 0x3ff irq 4 flags 0x10 on isa0  
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ʁʽ ζˉˈˊˇʽη ʶʾ˄ʰʽ  
ˋʹ˃ʰ˄ˍʽˁʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˍˇˎ ɽΦʅΦ όнκнύ 

ʆʽ ʻʰ ˋˎ˃ʲʶʾ ʰ˄ ʷ˄ʰˌ ˉˈˊˇˌ ʰˉʰʽˍʶʾˍʰʽ ʰˉˈ ˉʰˊʰˉʱ˄˖ 
ʰˉˈ ˃ʽʰ ʵʽʶˊʴʰˋʾʶˌΤ 
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ɮʵʽʷ˅ˇʵˇ όDeadlock)
 

 
Å ώʁʄɹʅɾʁʅмϐ ɶ ˃ˈ˄ʽ˃ʹ κ ʶˉΩ ʰˈˊʽˋˍˇ˄ ʰ˄ʰ˃ˇ˄ʺ ʶ˄ˈˌ ˋˎ˄ˈ˂ˇˎ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ 
ʶʾˍʶ ˋˎ˄ʰʴ˖˄ʾʸˇ˄ˍʰʽ ʴʽʰ ˉˈˊˇˎˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶʾˍʶ ʶˉʽˁˇʽ˄˖˄ˇˏ˄ ˃ʶˍʰ˅ˏ 
ˍˇˎˌΦ  

Å ώʁʄɹʅɾʁʅнϐ ɴ˄ʰ ˋˏ˄ˇ˂ˇ ʰˉˈ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˃ʽʰ ˁˎˁ˂ʽˁʺ 
ʰ˂ˎˋʾʵʰ ˈˉˇˎ ˁʱʻʶ ǇǊƻŎŜǎǎ ˋˍʹ˄ ʰ˂ˎˋʾʵʰ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇ˔˖ˊʺˋʶʽ ˁʰʽ 
ˉʶˊʽ˃ʷ˄ʶʽ ʴʽʰ ˁʱˉˇʽˇ ʴʶʴˇ˄ˈˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁ˂ʹʻʶʾ ˃ˈ˄ˇ ʰˉˈ ˁʱˉˇʽˇ 
ʱ˂˂ˇ ˃ʷ˂ˇˌ ˍʹˌ ʰ˂ˎˋʾʵʰˌΦ  

Å ʅʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˉˇ˂ˎˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʹ ˋˎ˄ˇ˂ʽˁʺ ʰˉʰʾˍʹˋʹ ˉˈˊ˖˄ ʰˉˈ 
ˈ˂ʶˌ ˍʽˌ ˋˎ˄ʶ˅ʶ˂ʽˋˋˈ˃ʶ˄ʶˌ ʶ˄ʶˊʴʷˌ ʵʽʶˊʴʰˋʾʶˌ ˎˉʶˊʲʰʾ˄ʶʽ ˁʰˍʱ ˉˇ˂ˏ ˍˇ 
ˋˎ˄ˇ˂ʽˁˈ ˉˇˋˈ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˉˈˊ˖˄Φ 

Å ʂ˂ʰ ˍʰ ʰʵʽʷ˅ˇʵʰ ʶ˃ˉʶˊʽʷ˔ˇˎ˄ ˍʽˌ ˋˎʴˁˊˇˎˈ˃ʶ˄ʶˌ ʰ˄ʱʴˁʶˌ ʴʽʰ ˉˈˊˇˎˌ ʰˉˈ 
ʵˏˇ ʺ ˉʶˊʽˋˋˈˍʶˊʶˌ ʵʽʶˊʴʰˋʾʶˌΦ 

Å ɰʰˋʽˁˈˌ ˋˁˇˉˈˌ ʶʾ˄ʰʽ ʹ ˋ˔ʶʵʾʰˋʹ ˋˎˋˍʹ˃ʱˍ˖˄ ˈˉˇˎ ˍˇ ʰʵʽʷ˅ˇʵˇ ʵʶ˄ ʻʰ 
˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʶʾΦ 

     ɱʶ˄ʽˁʱ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˂ˏˋʹΦ 

10 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʰʵʽʶ˅ˈʵ˖˄ 
Åʃʰˊʱʵʶʽʴ˃ʰ όмύΥ 

ʆ̌  ̀ˏ ˋˍʹ˃ʰ ʷ˔ʶʽ н ˇʵʹʴˇˏˌ ˃ʰʴ˄ʹˍˇˍʰʽ˄ʽ˗˄ tм ˁʰʽ tн 
ˁʱ˄ˇˎ˄ ˔ˊʺˋʹ ˍˇˎ ʶ˄ˈˌ ˇʵʹʴˇˏ ˃ʰʴ˄ʹˍˇˍʰʽ˄ʾʰˌ ˁʰʽ ʹ ˁʱʻʶ 
˃ʾʰ ˔ˊʶʽʱʸʶˍʰʽ ˍˇ˄ tм ˁʰʽ tн ˁʱ˄ˇˎ˄ ˔ˊʺˋʹ ˍˇˎ ʶ˄ˈˌ ˇʵʹʴˇˏ 
˃ʰʴ˄ʹˍˇˍʰʽ˄ʾʰˌ ˁʰʽ ʹ ˁʱʻʶ ˃ʾʰ ˔ˊʶʽʱʸʶˍʰʽ ˍˇ˄ ʱ˂˂ˇ ˇʵʹʴˈ 
˃ʰʴ˄ʹˍˇˍʰʽ˄ʾʰˌΦ  

Åʃʰˊʱʵʶʽʴ˃ʰ όнύΥ 

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʹ˃ʰ˒ˈˊˇʽΦ ʁʽ  ˋʹ˃ʰ˒ˈˊˇʽ ! ˁʰʽ .Σ 
ʷ˔ˇˎ˄ ˍʽ˃ʺ ʶˁˁʾ˄ʹˋʹˌ ˍˇ 1.  
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ʃʰˊʱʵʶʽʴ˃ʰ 
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ʁʽ ˉˈˊˇʽ ʰ˄ʺˁˇˎ˄ ˋʶ ʵˎˇ ˁʰˍʹʴˇˊʾʶˌ  
˖ˌ ̄́ ˇˌ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʰˉˇ˃ʱˁˊˎ˄ˋʹˌ 

Åʃˊˇʶˁ˔˖ˊˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ όtǊŜŜƳǇǘŀōƭŜ wŜǎƻǳǊŎŜǎύ
 

: 

ɾˉˇˊˇˏ˄ ˄ʰ ʰˉˇ˃ʰˁˊˎ˄ʻˇˏ˄ ʰˉˈ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ˔˖ˊʾˌ 
ˉʰˊʶ˄ʷˊʴʶʽʶˌΣ ʶ˄˗ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΦ 

Åɾʹ ̄́ ˇʶˁ˔˖ˊˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ όbƻƴǇǊŜŜƳǇǘŀōƭŜ 
Resources)
 

: 

ʃˊˇ˅ʶ˄ˇˏ˄ ʰˉˇˍˎ˔ʾʰ ˋˍʹ ʵʽʶˊʴʰˋʾʰ ˈˍʰ˄ ʰˉˇ˃ʰˁˊˎ˄ʻˇˏ˄Σ 
ʶ˄˗ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΦ 

ҐҔ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˉˈˊ˖˄Υ 

ʶˁˍˎˉ˖ˍʷˌΣ ǘŀǇŜ ŘǊƛǾŜǎΣ ˃˄ʺ˃ʹΣ CD ς wŜŎƻǊŘŜǊǎΣ ʰˊ˔ʶʾʰΣ 
ʵʾˋˁˇʽΣ ʶˉʶ˅ʶˊʴʰˋˍʺˌ ˁ˂ˉΦ 
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ʁʽ ˉˈˊˇʽ ʰ˄ʺˁˇˎ˄ ˋʶ ʵˎˇ  
ˁʰˍʹʴˇˊʾʶˌ ˖ˌ ˉˊˇˌ ˍʹ ˔ˊʺˋʹ ˍˇˎˌ 

Åʁʽ ˉˈˊˇʽ όǊŜǎƻǳǊŎŜǎύ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ 
ʵʽʰ˃ˇʽˊʰʸˈ˃ʶ˄ˇʽ όǎƘŀǊŜŀōƭŜύΣ ʵʹ˂Φ ˃ˉˇˊˇˏ˄ ˄ʰ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˉˇ˂˂ʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ʶ˅ʶ˂ʾˋˋˇ˄ˍʰʽ 
ˍʰˎˍˈ˔ˊˇ˄ʰ ʺ ˃ʹ ʵʽʰ˃ˇʽˊʰʸˈ˃ʶ˄ˇʽ όƴƻƴ-ǎƘŀǊŜŀōƭŜύΣ ˈˉˇˎ ʹ 
˔ˊʺˋʹ ˍˇˎˌ ˉʶˊʽˇˊʾʸʶˍʰʽ ˋʶ ˃ʽʰ ˃ˈ˄ˇ ʵʽʶˊʴʰˋʾʰ ˁʱʻʶ ˒ˇˊʱΦ 

Åʁ ˃ʹ ʵʽʰ˃ˇʽˊʰˋ˃ˈˌ ʶ˄ˈˌ ˉˈˊˇˎ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇˎˌ ˉʰˊʰˁʱˍ˖ 
˂ˈʴˇˎˌΥ 

ςʅˍʹ ˒ˏˋʹ ˍˇˎ ˉˈˊˇˎΦ 

ςɶ ̄h ˊʱ˂˂ʹ˂ʹ ˔ˊʺˋʹ ˍˇˎ ˉˈˊˇˎ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 
ʵʽʶˊʴʰˋʾʶˌ ˉˊˇˁʰ˂ʶʾ ˍʹ˄ ˋˏʴˁˊˇˎˋʹ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ 
ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄Φ 

14 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

 

ɼˇʽ˄ʺ ˔ˊʺˋʹ ˉˈˊ˖˄ 
 Åʅʶ ˇˊʽˋ˃ʷ˄ʰ ɽΦʅΦ ˋˎ˄ʶˊʴʰʸˈ˃ʶ˄ʶˌ ʵʽʶˊʴʰˋʾʶˌ ˃ˇʽˊʱʸˇ˄ˍʰʽ 

ˋˎ˔˄ʱ ˍʹ˄ ʾʵʽʰ ˉʶˊʽˇ˔ʺ ˃˄ʺ˃ʹˌΣ ʴʽʰ ʶʴʴˊʰ˒ʺ ˁʰʽ ʰ˄ʱʴ˄˖ˋʹ 
ʵʶʵˇ˃ʷ˄˖˄Φ 

Åɶ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ˁˏˊʽʰ ˃˄ʺ˃ʹ ʺ ˄ʰ 
ʶʾ˄ʰʽ ʷ˄ʰ ʵʽʰ˃ˇʽˊʰʸˈ˃ʶ˄ˇ ʰˊ˔ʶʾˇ ʵʾˋˁˇˎΦ Ҡˋˍˈˋˇ ʹ ʻʷˋʹ 
ʰˎˍʺˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ʵʶ ˃ʶˍʰʲʱ˂˂ʶʽ ˇˏˍʶ ˍʹ˄ ˎ˒ʺ ˍʹˌ 
ʶˉʽˁˇʽ˄˖˄ʾʰˌΣ ˇˏˍʶ ˁʰʽ ˍʰ ʸʹˍʺ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄Φ 

Åʃʰˊʰʵʶʾʴ˃ʰˍʰ Υ 
ςɾʽʰ ʻʷˋʹ ˃˄ʺ˃ʹˌ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˃ʽʰ ˃ʶˍʰʲ˂ʹˍʺ ˉˊˇˋˉʶ˂ʱˋʽ˃ʹ ʰˉˈ 
ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˃ʽʰ ʵʽʶˊʴʰˋʾʶˌ όˉΦ˔Φ ˋˏˋˍʹ˃ʰ ˁˊʱˍʹˋʹˌ ʻʷˋʶ˖˄ 
ˉˍʺˋʶ˖˄ύΦ 

ς ɲʽʶˁˉʶˊʰʽ˖ˍʺˌ ʶˍʶˊˇ˔ˊˇ˄ʽˋ˃ʷ˄ʹˌ ʶˁˍˏˉ˖ˋʹˌ όǎǇƻƻƭŜǊ). 

15 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

о ʲʺ˃ʰˍʰ ʰˉʰʽˍˇˏ˄ˍʰʽ  
ʴʽʰ ˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ ˉˈˊˇˎ 

Åɮ˂˂ʹ˂ˇˎ˔ʾʰ ʴʶʴˇ˄ˈˍ˖˄ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ 
ˉˈˊˇˎΥ 

ïɮˉʰʾˍʹˋʹ (request)
 

. 

ïʋˊʺˋʹΦ 

ïɮˉʶ˂ʶˎʻʷˊ˖ˋʹ ˍˇˎ ˉˈˊˇˎΦ 

Åɮ˄ʰ˃ˇ˄ʺ ʰ˄ ʹ ʰˉʰʾˍʹˋʹ ʵʶ˄ ʽˁʰ˄ˇˉˇʽʹʻʶʾΥ 

ïɶ ʰʽˍˇˏ˃ʶ˄ʹ ʵʽʶˊʴʰˋʾʰ ʰ˄ʰˋˍʷ˂˂ʶˍʰʽ , 

ʺΣ 

ï  ́h ʽˍˇˏ˃ʶ˄ʹ ʵʽʶˊʴʰˋʾʰ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰˌ 
˃ʺ˄ˎ˃ʰ ˂ʱʻˇˎˌΦ 

16 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʆˇ ʰʵʽʷ˅ˇʵˇ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈΣ ʶ˅ʰˊˍʱˍʰʽ 
ˈ˃˖ˌ ʰˉˈ ˍʹ ˋʶʽˊʱ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄ 

17 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɶ ˋʶʽˊʱ ˍ˖˄ ʴʶʴˇ˄ˈˍ˖˄  
ˇʵʺʴʹˋʶ ˋʶ ʰʵʽʷ˅ˇʵˇ 

18 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃʰˊʱʵʶʽʴ˃ʰ ʰʵʽʶ˅ˈʵˇˎΥ ʇˉʱˊ˔ʶʽ ʷ˄ʰ ˔ˊˇ˄ʽˁˈ 
 ɻ ʽʱˋˍʹ˃ʰ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˁʰʽ ˇʽ н ˉˈˊˇʽ 

19 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɳˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʺˋʽ˃ˇʽ ʃˈˊˇʽ 
Åʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˃ʶ ʰˋ˒ʱ˂ʶʽʰ ʰˉˈ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ˋʶ 
ˁʱʻʶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ˁʰʽ ʵʶ˄ ʶ˅ʰ˄ˍ˂ˇˏ˄ˍʰʽ ʰˉˈ ʰˎˍʺ ˍʹ 
˔ˊʺˋʹΦ 

Åʁʽ ʵʽʶˊʴʰˋʾʶˌ ʰˉˇˁˍˇˏ˄ ˉˈˊˇˎˌ ˉˇˎ ʻʰ ʰˉʶ˂ʶˎʻʶˊ˗ˋˇˎ˄ 
ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˗ˋˍʶ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʰˉˈ ʱ˂˂ʶˌ 
ʵʽʶˊʴʰˋʾʶˌΦ 

Åʆʷˍˇʽˇʽ ˉˈˊˇʽ ʶʾ˄ʰʽ Υ ʶˉʶ˅ʶˊʴʰˋˍʷˌΣ Lκh ˁʰ˄ʱ˂ʽʰΣ ˁˏˊʽʰ ˁʰʽ 
ʵʶˎˍʶˊʶˏˇˎˋʰ ˃˄ʺ˃ʹΣ ʰˊ˔ʶʾʰΣ ʲʱˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄Σ ˁʰʽ 
ˋʹ˃ʰ˒ˈˊˇʽΦ 

Åʆˇ ʰʵʽʷ˅ˇʵˇ ˉˊˇˁˏˉˍʶʽ ˈˍʰ˄ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʵʶˋ˃ʶˏʶʽ ʷ˄ʰ 
ˉˈˊˇ ˁʰʽ ʰˉʰʽˍʶʾ ʷ˄ʰ˄ ʱ˂˂ˇ. 

20 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃʰˊʱʵʶʽʴ˃ʰ м ̌h ʵʽʶ˅ˈʵˇˎ 

21 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʆʰ ʰʵʽʷ˅ˇʵʰ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʹ˄ 
ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍ˖˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ 

Åɶ hʽˍʾʰ ʰʵʽʶ˅ˈʵ˖˄ ʰˎˍˇˏ ˍˇˎ ʶʾʵˇˎˌ ʶʾ˄ʰʽ ˋˎ˔˄ʱ ʹ 
ˉˇ˂ˏˉ˂ˇˁʹ ˂ˇʴʽˁʺ ˍ˖˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄. 

 

Åɾʽʰ ˋˍˊʰˍʹʴʽˁʺ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ ʶʾ˄ʰʽ ʹ ʶˉʽʲˇ˂ʺ 
ˉʶˊʽˇˊʽˋ˃˗˄ ˉˇˎ ˄ʰ ʰ˒ˇˊˇˏ˄ ˍʹ ˋʶʽˊʱ ˃ʶ ˍʹ˄ ˇˉˇʾʰ 
ʸʹˍˇˏ˄ˍʰʽ ˇʽ ˉˈˊˇʽΦ 

 

22 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃʰˊʱʵʶʽʴ˃ʰ 2  ̌h ʵʽʶ˅ˈʵˇˎ 

Åʁ ʵʽʰʻʷˋʽ˃ˇˌ ˔˗ˊˇˌ ʴʽʰ ˁʰˍʰ˄ˇ˃ʺ ˋˍʹ˄ ˁˏˊʽʰ 
˃˄ʺ˃ʹ ʶʾ˄ʰʽ 200YōȅǘŜǎΣ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ 
ˉʰˊʰˁʱˍ˖ ˋʶʽˊʱ ʰʽˍʹ˃ʱˍ˖˄Φ 

 

 

 

Åʆˇ hɻʽʷ˅ˇʵˇ ˉˊˇˁˏˉˍʶʽ ʰ˄ ˁʰʽ ˇʽ ʵˏˇ ʵʽʶˊʴʰˋʾʶˌ 
ˉˊˇ˔˖ˊʺˋˇˎ˄ ˋˍˇ 2ˇ ʰʾˍʹ˃ʱ ˍˇˎˌ όʵʶ˄ ˎˉʱˊ˔ʶʽ ʹ 
ʵʽʰʻʷˋʽ˃ʹ ˃˄ʺ˃ʹ ʴʽʰ ˄ʰ ˁʰ˂ˏ˕ʶʽ ˍʹ˄ ʰ˄ʱʴˁʹ). 

23 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɼʰˍʰ˄ʰ˂˗ˋʽ˃ˇʽ ʃˈˊˇʽ 
Åɲʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ όˉʰˊʱʴˇ˄ˍʰʽύ ˁʰʽ ˁʰˍʰˋˍˊʷ˒ˇ˄ˍʰʽ 
όˁʰˍʰ˄ʰ˂˗˄ˇ˄ˍʰʽύ ʰˉˈ ˃ʽʰ ʵʽʶˊʴʰˋʾʰΦ 

Åʂˍʰ˄ ʷ˄ʰˌ ˉˈˊˇˌ ʵʶˋ˃ʶˏʶˍʰʽ ʰˉˈ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ˉʰˏʶʽ ˄ʰ 
ˎˉʱˊ˔ʶʽΦ 

Åʆʷˍˇʽˇʽ ˉˈˊˇʽ Υ ɲʽʰˁˇˉʷˌ όLƴǘŜǊǊǳǇǘǎύΣ ˋʺ˃ʰˍʰ όǎƛƎƴŀƭǎύΣ 
˃ʹ˄ˏ˃ʰˍʰ ˁʰʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˋʶ ʶ˄ˍʰ˃ʽʶˎˍʷˌ όōǳŦŦŜǊǎύ I/O. 

Åʆˇ ʰʵʽʷ˅ˇʵˇ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʶʾ ʰ˄ ʷ˄ʰ ˃ʺ˄ˎ˃ʰ ˉˇˎ 
ʰˉˇˋˍʷ˂˂ʶˍʰʽ ʰˉˈ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʵʶ˄ ˉʰˊʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ 
ˍʹ˄ ʱ˂˂ʹΦ 

Åʅˉʱ˄ʽˇˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ʴʶʴˇ˄ˈˍ˖˄ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ 
ʰʵʽʷ˅ˇʵˇΦ 

 
24 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɳˁˍˈˌ ʰˉˈ ŘŜŀŘƭƻŎƪ ˎˉʱˊ˔ʶʽ  
ˁʰʽ ˍˇ ƭƛǾŜƭƻŎƪ όҐʸ˖˄ˍʰ˄ˈ ʰʵʽʷ˅ˇʵˇύ

 
 

Åʅˍˇ ƭƛǾŜƭƻŎƪ ˇʽ ʵʽʶˊʴʰˋʾʶˌ ʵʶ˄ ˉʶˊʽ˃ʷ˄ˇˎ˄ ˁʱˍʽ όʵʶ˄ 
ʶʾ˄ʰʽ ōƭƻŎƪŜŘύ
 

. 

Åʁʽ ʵʽʶˊʴʰˋʾʶˌ ʰ˂˂ʱʸˇˎ˄ ˍʹ˄ ˁʰˍʱˋˍʰˋʺ ˍˇˎˌ ˖ˌ 
ʰˉʱ˄ˍʹˋʹ ˋʶ ʱ˂˂ʶˌ ʵʽʶˊʴʰˋʾʶˌ ʰ˂˂ʱ ˔˖ˊʾˌ ˄ʰ 
ˁʱ˄ˇˎ˄ ˍʾˉˇˍʰ ˔ˊʺˋʽ˃ˇΦ 

Åʃʰˊʱʵʶʽʴ˃ʰ ǊŜŀƭ ƭƛŦŜΥ ʅʶ ʷ˄ʰ ˉʶʸˇʵˊˈ˃ʽˇ ʷˊ˔ˇ˄ˍʰʽ 
ʰ˄ˍʽ˃ʷˍ˖ˉˇʽ ʵˏˇ ʱ˄ʻˊ˖ˉˇʽΦ ɼʰʽ ˇʽ ʵˏˇ 
˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ˉˊˇˌ ˃ʽʰ ˁʰˍʶˏʻˎ˄ˋʹ ʴʽʰ ˄ʰ ˉʶˊʱˋʶʽ 
ˇ ʱ˂˂ˇˌΦ ɳˉʶʽʵʺ ˁʰʽ ˇʽ 2 ˃ ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ˉˊˇˌ ˍʹ˄ ʾʵʽʰ 
ˁʰˍʶˏʻˎ˄ˋʹ ʵʶ˄ ʰ˂˂ʱʸʶʽ ˁʱˍʽΦ 

 
25 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɳ˄ʶˊʴˈˌ ʰ˄ʰ˃ˇ˄ʺ όlivelock) 
Åʃʰˊʱʵʶʽʴ˃ʰ - ̀ ʶ˄ʱˊʽˇΥ ʰˉˇ˒ˎʴʺ ʰʵʽʶ˅ˈʵˇˎ ˃ʶ 
ʰˉˈˋˎˊˋʹόˇˉʽˋʻˇ˔˗ˊʹˋʹύΦ 

ïɶ ʵʽʶˊʴʰˋʾʰ ! ʰˉʰʽˍʶʾ ʰˉˇˁ˂ʶʽˋˍʽˁʺ ˉˊˈˋʲʰˋʹ ˋˍˇˎˌ ˉˈˊˇˎˌ wΣ{ ʴʽʰ 
˄ʰ ˋˎ˄ʶ˔ʾˋʶʽ ˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍʹˌΦ 

ïɶ ʵʽʶˊʴʰˋʾʰ . ʰˉʰʽˍʶʾ ʰˉˇˁ˂ʶʽˋˍʽˁʺ ˉˊˈˋʲʰˋʹ ˋˍˇˎˌ ˉˈˊˇˎˌ {Σw ʴʽʰ 
˄ʰ ˋˎ˄ʶ˔ʾˋʶʽ ˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍʹˌΦ 

ïɶ ʵʽʶˊʴʰˋʾʰ ! ʵʶˋ˃ʶˏʶʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˍˇ˄ w ˁʰʽ ˉˊˇˋˉʰʻʶʾ ˄ʰ 
ʵʶˋ˃ʶˏˋʶʽ ˁʰʽ ˍˇ˄ {Φ 

ïɶ ʵʽʶˊʴʰˋʾʰ . ʵʶˋ˃ʶˏʶʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˍˇ˄ { ˁʰʽ ˉˊˇˋˉʰʻʶʾ ˄ʰ 
ʵʶˋ˃ʶˏˋʶʽ ˁʰʽ ˍˇ˄ wΦ 

ïɱʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ʰʵʽʶ˅ˈʵˇˎΣ ʹ ʵʽʶˊʴʰˋʾʰ ! ˉʰˊʰ˔˖ˊʶʾ ˍˇ˄ ˉˈˊˇ w ʴʽʰ 
˃ʽʰ ˉʶˊʾˇʵˇ ˁʰʽ ʶˉʰ˄ʰˁˍʱ ˍˇ˄ ˉˈˊˇ { ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ʹ ʵʽʶˊʴʰˋʾʰ . 
ˁʱ˄ʶʽ ˍˇ ʾʵʽˇΦ 

26 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɾˇ˄ˍʶ˂ˇˉˇʾʹˋʹ  
ʰʵʽʶ˅ˈʵ˖˄ ˃ʶ ʴˊʰ˒ʺ˃ʰˍʰ 

ʆˇ ˉˊˈʲ˂ʹ˃ʰ ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽ ˖ˌ ʶ˅ʺˌ: 
ïɲʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰˌ ˁʰˍʶˎʻˎ˄ˈ˃ʶ˄ˇˌ ʴˊʱ˒ˇˌΦ 

ïɼˈ˃ʲˇʽ ˍˇˎ ʴˊʱ˒ˇˎ ʶʾ˄ʰʽ ˇʽ ʵʽʶˊʴʰˋʾʶˌ ˁʰʽ ˇʽ ˉˈˊˇʽΦ 

ïɶ ʰˁ˃ʺ t ҐҔ w ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ʵʽʶˊʴʰˋʾʰ t ˉʶˊʽ˃ʷ˄ʶʽ ʴʽʰ ˍˇ˄ 
ˉˈˊˇ  wΦ 

ïɶ ʰˁ˃ʺ w ҐҔ t ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ʵʽʶˊʴʰˋʾʰ t ˁʰˍʷ˔ʶʽ ˍˇ˄ ˉˈˊˇ wΦ 

ʅˍˇ ˋˏˋˍʹ˃ʰ ˎˉʱˊ˔ʶʽ ŘŜŀŘƭƻŎƪ ʶʱ˄ ˁʰʽ ˃ˈ˄ˇ ʶʱ˄ ˇ 
ˁʰˍʶˎʻˎ˄ˈ˃ʶ˄ˇˌ ʴˊʱ˒ˇˌ ˉʶˊʽʷ˔ʶʽ ʷ˄ʰ ˁˏˁ˂ˇ!!!  

 

ɴˍˋʽΣ ˍˇ ˋˏˋˍʹ˃ʰ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ ˍʷˍˇʽˇ ʴˊʱ˒ˇ ˁʰʽ 
ʷ˄ʰ ʰ˂ʴˈˊʽʻ˃ˇ ʰ˄ʾ˔˄ʶˎˋʹˌ ˁˏˁ˂˖˄ ʴʽʰ ˄ʰ ʰ˄ʽ˔˄ʶˏʶʽ deadlock. 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɱˊʱ˒ˇʽ ʶˁ˔˗ˊʹˋʹˌ ˉˈˊ˖˄ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃʰˊʱʵʶʽʴ˃ʰ ʴˊʱ˒ˇˎ  
ʶˁ˔˗ˊʹˋʹˌ ˉˈˊˇˎ ό1/2) 

ɾˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʶʾ ʰʵʽʷ˅ˇʵˇΤ 

--- 

ʂ˔ʽΣ ʴʽʰˍʾ ʵʶ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ζˁˏˁ˂ˇˌηΦ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃʰˊʱʵʶʽʴ˃ʰ ʴˊʱ˒ˇˎ  
ʶˁ˔˗ˊʹˋʹˌ ˉˈˊˇˎ ό2/2) 

ʇˉʱˊ˔ˇˎ˄ ʵˏˇ ˁˏˁ˂ˇʽΥ 

ҐҔˉʽʻʰ˄ˈ ʰʵʽʷ˅ˇʵˇΗ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃʰˊʱʵʶʽʴ˃ʰ ʴˊʱ˒ˇˎ ʶˁ˔˗ˊʹˋʹˌ 
ˉˈˊˇˎ ˃ʶ ˁˏˁ˂ˇ ʰ˂˂ʱ ˔˖ˊʾˌ ʰʵʽʷ˅ˇʵˇ 

Åɮ˄ ˇ ʴˊʱ˒ˇˌ ʵʶ˄ ˉʶˊʽʷ˔ʶʽ 
ˁˏˁ˂ˇˎˌΣ ʵʶ˄ ˎˉʱˊ˔ʶʽ 
ʰʵʽʷ˅ˇʵˇΦ 

Åɮ˄ ̌ ʴˊʱ˒ˇˌ ˉʶˊʽʷ˔ʶʽ ʷ˄ʰ 
ˁˏˁ˂ˇΦ 
ïɮ˄ ˎˉʱˊ˔ʶʽ ˃ˈ˄ˇ˄ ʷ˄ʰ 
ˋˍʽʴ˃ʽˈˍˎˉˇ ʰ˄ʱ ˍˏˉˇ ˉˈˊˇˎΣ 
ˍˈˍʶ ˎˉʱˊ˔ʶʽ ʰʵʽʷ˅ˇʵˇ. 

ïɮ˄ ˎˉʱˊ˔ˇˎ˄ ʰˊˁʶˍʱ 
ˋˍʽʴ˃ʽˈˍˎˉʰ ʰ˄ʱ ˍˏˉˇ ˉˈˊˇˎΣ 
ˍˈˍʶ ˎˉʱˊ˔ʶʽ ˉʽʻʰ˄ˈˍʹˍʰ ˄ʰ 
ˋˎ˃ʲʶʾ ʰʵʽʷ˅ˇʵˇ. 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɯˋˁʹˋʹ ʴʽʰ ˍˇ ˋˉʾˍʽ ό1/5) 

ɿʰ ˋ˔ʶʵʽʱˋʶˍʶ ʷ˄ʰ ʴˊʱ˒ˇ ʶˁ˔˗ˊʹˋʹˌ ˉˈˊ˖˄ ʴʽʰ ˍʰ 
ˉʰˊʰˁʱˍ˖Υ 

Åɶ ɻʽʶˊʴʰˋʾʰ t1 h ˉʰʽˍʶʾ ˍˇ˄ ˉˈˊˇ R1. 

Åɶ ʵʽʶˊʴʰˋʾʰ t2 h ˉʰʽˍʶʾ ˍˇ˄ ˉˈˊˇ R3. 

Åʁ ˉˈˊˇˌ w1 ʁ ˁ˔˖ˊʶʾˍʰʽ ˋˍʹ ʵʽʶˊʴʰˋʾʰ P2. 

Åʁ ˉˈˊˇˌ w2 ʁ ˁ˔˖ˊʶʾˍʰʽ ˋˍʹ ʵʽʶˊʴʰˋʾʰ P1. 

Åʁ ˉˈˊˇˌ w3 ʁ ˁ˔˖ˊʶʾˍʰʽ ˋˍʹ ʵʽʶˊʴʰˋʾʰ P3. 

 

Åʇˉʱˊ˔ʶʽ ʰʵʽʷ˅ˇʵˇΤ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɯˋˁʹˋʹ ʴʽʰ ˍˇ ˋˉʾˍʽ ό2/5) 
Å ɴ˄ʰ ˋˏˋˍʹ˃ʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ п ʵʽʶˊʴʰˋʾʶˌΣ όǇмΣ ǇнΣ ǇоΣ ǇпύΣ ˁʰʽ о ˍˏˉˇˎˌ 

ʰˉˈ ˋʶʽˊʽʰˁʱ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎˌ ˉˈˊˇˎˌ Σ όwмΣ wнΣ wоύΦ ʁ 

ʰˊʽʻ˃ˈˌ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ ˍ˖˄ ˉˈˊ˖˄ ʶʾ˄ʰʽ 9ҐғоΣнΣнҔΦ 

ïɶ ʵʽʶˊʴʰˋʾʰ Ǉм ˁˊʰˍʱ м ˃ˇ˄ʱʵʰ ˍˇˎ wм ˁʰʽ ʰˉʰʽˍʶʾ м ˃ˇ˄ʱʵʰ ˍˇˎ R2. 

ïɶ ʵʽʶˊʴʰˋʾʰ Ǉн ˁˊʰˍʱ н ˃ˇ˄ʱʵʶˌ ˍˇˎ wн ˁʰʽ ʰˉʰʽˍʶʾ м ˃ˇ˄ʱʵʰ 

ˁʰʻʶ˄ˈˌ ʰˉˈ ˍˇˎˌ wм ˁʰʽ wоΦ 

ïɶ ʵʽʶˊʴʰˋʾʰ Ǉо ˁˊʰˍʱ м ˃ˇ˄ʱʵʰ ˍˇˎ wм ˁʰʽ ʰˉʰʽˍʶʾ м ˃ˇ˄ʱʵʰ ˍˇˎ R2. 

ïɶ ʵʽʶˊʴʰˋʾʰ Ǉп ˁˊʰˍʱ н ˃ˇ˄ʱʵʶˌ ˍˇˎ wо ˁʰʽ ʰˉʰʽˍʶʾ м ˃ˇ˄ʱʵʰ ˍˇˎ R1. 

 

ɿʰ ̝̀ ʶʵʽʱˋʶˍʶ ˍˇ ʴˊʱ˒ʹ˃ʰ ʶˁ˔˗ˊʹˋʹˌ ˉˈˊ˖˄ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ ˄ 

ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ʇˉʱˊ˔ˇˎ˄ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ 

ʰʵʽʷ˅ˇʵˇ ˋˍʹ˄ ˁʰˍʱˋˍʰˋʹ ʰˎˍʺΤ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɯˋˁʹˋʹ ʴʽʰ ˍˇ ˋˉʾˍʽ όоκрύ 

Åɴ˄ʰ ˋˏˋˍʹ˃ʰ ʵʽʰʻʷˍʶʽ 6 ̍ ˃ˇʽʰ ǘŀǇŜ ŘǊƛǾŜǎ ˁʰʽ n ̀ ʶ 
ˉ˂ʺʻˇˌ ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ʰ˄ˍʰʴ˖˄ʾʸˇ˄ˍʰʽ ʴʽʰ ˍʹ ˔ˊʺˋʹ 
ˍˇˎˌΦ ɼʱʻʶ ʵʽʶˊʴʰˋʾʰ ˃ˉˇˊʶʾ ˄ʰ ʰˉʰʽˍʺˋʶʽ 2 tape 
ŘǊƛǾŜǎΦ ɱʽʰ ˉˇʽʰ ˍʽ˃ʺ ˍˇˎ ƴ ˍˇ ˋˏˋˍʹ˃ʰ ʶʾ˄ʰʽ 
ʰˉʰ˂˂ʰʴ˃ʷ˄ˇ ʰˉˈ ʰʵʽʷ˅ˇʵʰΤ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɯˋˁʹˋʹ ʴʽʰ ˍˇ ˋˉʾˍʽ ό4/5) 

Åʇˉˇʻʷˋˍʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˃ʶ t ʵʽʶˊʴʰˋʾʶˌ ˁʰʽ w 
ˈ˃ˇʽˇˎˌ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʺˋʽ˃ˇˎˌ ˉˈˊˇˎˌΦ ɮ˄ ˁʱʻʶ 
ʵʽʶˊʴʰˋʾʰ ˃ˉˇˊʶʾ ˄ʰ ʰˉʰʽˍʺˋʶʽ ˁʰˍʱ ˃ʷʴʽˋˍˇ 2 
˃ˇ˄ʱʵʶˌ ˉˈˊ˖˄Σ ˄ʰ ʰˉˇʵʶʾ˅ʶˍʶ ˈˍʽ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 
ˎˉʱˊ˅ʶʽ ʰʵʽʷ˅ˇʵˇ ˃ˈ˄ˇ˄ ˈˍʰ˄ ʽˋ˔ˏʶʽ ʹ ˋˎ˄ʻʺˁʹ 
P<=R-1. 

 

35 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɯˋˁʹˋʹ ʴʽʰ ˍˇ ˋˉʾˍʽ ό5/5) 

Åʅʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˎˉʱˊ˔ˇˎ˄ b ˋʶ ˉ˂ʺʻˇˌ ʶ˄ʶˊʴʷˌ 
ʵʽʶˊʴʰˋʾʶˌ ˉˇˎ ʵʽʰ˃ˇʽˊʱʸˇ˄ˍʰʽ ɾ ˃ˇ˄ʱʵʶˌ ʶ˄ˈˌ 
ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʺˋʽ˃ˇˎ ˉˈˊˇˎ wΦ ɼʱʻʶ ʵʽʶˊʴʰˋʾʰ 
˃ˉˇˊʶʾ ˄ʰ ʰˉʰʽˍʺˋʶʽ ˁʰˍʱ ˃ʷʴʽˋˍˇ о ˃ˇ˄ʱʵʶˌ ˍˇˎ 
ˉˈˊˇˎ wΦ ɿʰ ʲˊʶʾˍʶ ˉˇʽʰ ˋ˔ʷˋʹ ˉˊʷˉʶʽ ˄ʰ ʷ˔ˇˎ˄ ˇʽ 
ˉʰˊʱ˃ʶˍˊˇʽ b ˁʰʽ ɾ ˗ˋˍʶ ˄ʰ ˃ʹ˄ ˎˉʱˊ˔ʶʽ ˁʾ˄ʵˎ˄ˇˌ 
ʰʵʽʶ˅ˈʵˇˎΦ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɮ˄ʰʴˁʰʾʶˌ ˋˎ˄ʻʺˁʶˌ ʰʵʽʶ˅ˈʵˇˎ 
Åʆˇ ʰʵʽʷ˅ˇʵˇ ˋˎ˃ʲʰʾ˄ʶʽ ˈˍʰ˄ ʽˋ˔ˏˇˎ˄ ˈ˂ʰ ˍʰ ˉʰˊʰˁʱˍ˖ 
όʅʇɿɸɶɼɳʅ ɮɲɹɳʀʁɲʁʇ): 

1. ɮ˃ˇʽʲʰʾˇˌ ʰˉˇˁ˂ʶʽˋ˃ˈˌ όƳǳǘǳŀƭ ŜȄŎƭǳǎƛƻƴύΥ ˇʽ ʶˁ˔˖ˊˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ 
ʶʾ˄ʰʽ ˋˍʹ˄ ʰˉˇˁ˂ʶʽˋˍʽˁʺ ˁˎˊʽˈˍʹˍʰ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌΦ ɼʱʻʶ ˉˈˊˇˌ 
ʶˁ˔˖ˊʶʾˍʰʽ ˋʶ ˃ʾʰ ʵʽʶˊʴʰˋʾʰ ʺ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇˌΦ 

2. ɼʰˍˇ˔ʺ ˁʰʽ ʰ˄ʰ˃ˇ˄ʺ όƘƻƭŘ ϧ ǿŀƛǘύΥ ɶ ʵʽʶˊʴʰˋʾʰ ˃ˉˇˊʶʾ ˄ʰ ʵʶˋ˃ʶˏʶʽ 
ʷ˄ʰ˄ ˉˈˊˇ ʶ˄˗ ˉʶˊʽ˃ʷ˄ʶʽ ʷ˄ʰ˄ ʱ˂˂ˇΦ 

3. ɾʹ ̄́ ˇʶˁ˔˗ˊʹˋʹ όbƻ ǇǊŜŜƳǇǘƛƻƴύΥ ɼʰ˄ʷ˄ʰˌ ˉˈˊˇˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 
ʰˉˇˋˉʰˋʻʶʾ ʵʽʰ ˍʹˌ ʲʾʰˌ ʰˉˈ ˍʹ ʵʽʶˊʴʰˋʾʰ ˉˇˎ ˍʹ˄ ˁʰˍʷ˔ʶʽΦ 

4. ɼˎˁ˂ʽˁʺ ʰ˄ʰ˃ˇ˄ʺ όŎƛǊŎǳƭŀǊ ǿŀƛǘύΥ ʈˉʰˊ˅ʹ ˃ʽʰˌ ˁ˂ʶʽˋˍʺˌ ʰ˂ˎˋʾʵʰˌ  2 
ʺ ˉʶˊʽˋˋˇˍʷˊ˖˄ ʵʽʶˊʴʰˋʽ˗˄Φ ɼʱʻʶ ˃ʾʰ ʰ˄ʰ˃ʷ˄ʶʽ ʷ˄ʰ ˉˈˊˇ ˉˇˎ 
ˁʰˍʷ˔ʶˍʰʽ ʰˉˈ ˍˇ ʶˉˈ˃ʶ˄ˇ ˃ʷ˂ˇˌ ˍʹˌ ʰ˂ˎˋʾʵʰˌΦ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

όмύ ɮ˃ˇʽʲʰʾˇˌ ʰˉˇˁ˂ʶʽˋ˃ˈˌ 

Åɾˈ˄ˇ˄ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ˍʹ ˒ˇˊʱ ˃ˉˇˊʶʾ ˄ʰ 
˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ ˉˈˊˇ. 

Åʃʰˊʱʵʶʽʴ˃ʰΥ ʶˁˍˎˉ˖ˍʺˌ ς ˃ ˈ˄ˇ˄ ˇ ǇǊƛƴǘŜǊ ŘŀŜƳƻƴ 
˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ˄ ˉˈˊˇΦ 

Åɲʶ˄ ˃ˉˇˊˇˏ˄ ˈ˂ʶˌ ˇʽ ˋˎˋˁʶˎʷˌ ˄ʰ ˂ʶʽˍˇˎˊʴʺˋˇˎ˄ 
ˉʰˊˈ˃ˇʽʰΦ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

(2ύ ɼʰˍˇ˔ʺ ˁʰʽ ʰ˄ʰ˃ˇ˄ʺ  
(Hold-and-wait)

 
 

ɾʽʰ ʵʽʶˊʴʰˋʾʰ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʷ˔ʶʽ ˉˈˊˇˎˌ ˁʰʻ˗ˌ ʰ˄ʰ˃ʷ˄ʶʽ ˍʹ˄ 
ʶˁ˔˗ˊʹˋʹ ˁʱˉˇʽ˖˄ ʱ˂˂˖˄ ˉˈˊ˖˄Φ 
ʃʶˊʽˉˍ˗ˋʶʽˌΥ 
Åɾʽʰ ʵʽʶˊʴʰˋʾʰ ʰˉʰʽˍʶʾ ˈ˂ˇˎˌ ˍˇˎˌ ˉˈˊˇˎˌ ˉˊʽ˄ ˅ʶˁʽ˄ʺˋʶʽ όʱˊʰ ʵʶ˄ 
ʻʰ ˉʶˊʽ˃ʷ˄ʶʽ ˉˇˍʷ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰύ

 
. 

Åɾʽʰ ʵʽʶˊʴʰˋʾʰ ʰˉʰʽˍʶʾ ˈ˂ˇˎˌ ˍˇˎˌ ˉˈˊˇˎˌ ˈˍʰ˄ ʵʶ˄ ʵʽʰʻʷˍʶʽ 
ˁʰ˄ʷ˄ʰ˄Φ 

Åɶ ʵʽʶˊʴʰˋʾʰ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰˁˈ˕ʶʽ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ˉˈˊ˖˄Φ 
ʃˊˇʲ˂ʺ˃ʰˍʰΥ 
Åɲʶ˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ ˇʽ ʰˉʰʽˍʺˋʶʽˌ ˉˈˊ˖˄ ˁʰˍʱ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍʹˌ 
ʵʽʶˊʴʰˋʾʰˌΦ 

Åʃʰˊʰˍʶˍʰ˃ʷ˄ʹ ˋˍʷˊʹˋʹΦ 
Åɲʶˋ˃ʶˏˇ˄ˍʰʽ ˉˈˊˇʽ ˉˇˎ ʻʰ ˃ˉˇˊˇˏˋʰ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʰˉˈ 
ʱ˂˂ʶˌ ʵʽʶˊʴʰˋʾʶˌΦ 
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(3ύ ɾʹ ˉˊˇʶˁ˔˗ˊʹˋʹ  
(No preemption)

 
 

Åɮ˄ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ˉˇˎ ʵʶˋ˃ʶˏʶʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˉˈˊˇˎˌ 
ʰˊ˄ʶʾˍʰʽ ˃ʽʰ ʶˉʽˉ˂ʷˇ˄ ʰˉʰʾˍʹˋʹ ˍˈˍʶ ʹ ʵʽʶˊʴʰˋʾʰ ˉˊʷˉʶʽ ˄ʰ 
ʰˉˇʵʶˋ˃ʶˏˋʶʽ ˍˇˎˌ ʰˊ˔ʽˁˇˏˌ ˉˈˊˇˎˌΦ 

Åɮ˄ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʰˉʰʽˍʺˋʶʽ ʷ˄ʰ˄ ˉˈˊˇ ˉˇˎ ʵʶˋ˃ʶˏʶˍʰʽ ʰˉˈ 
ˁʱˉˇʽʰ ʱ˂˂ʹ ʵʽʶˊʴʰˋʾʰΣ ˍˇ ɽΦʅΦ ʻʰ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇʶˁ˔˖ˊʺˋʶʽ ˍʹ 
нʹ ʵʽʶˊʴʰˋʾʰ ˁʰʽ ˄ʰ ʰˉʰʽˍʺˋʶʽ ʰˉˈ ˍʹ˄ мʹ ˄ʰ ʰˉʶ˂ʶˎʻʶˊ˗ˋʶʽ 
ˍˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ˁʰˍʷ˔ʶʽΦ 

ʃh ˊʱʵʶʽʴ˃ʰ: 

Åɶ ʵʽʰˁˇˉʺ ˃ʽʰˌ ʶʴʴˊʰ˒ʺˌ /5 ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ ˋʹ˃ʰ˄ˍʽˁˈ ˁˈˋˍˇˌΦ 

Åʃˊˇ˒ʰ˄ʺˌ ˂ˏˋʹΦ 

Åʁ ˇʵʹʴˈˌ ˋˎˋˁʶˎʺˌ ˍˇˎ /5-w ʰˉʰʴˇˊʶˏʶʽ ˃ʽʰ ʵʶˏˍʶˊʹ 
˂ʶʽˍˇˎˊʴʾʰ ƻǇŜƴ(). 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

όоύ ɲʶ˄ ʶˉʽˍˊʷˉʶˍʰʽ ʹ ʲʾʰʽʹ  
ʰˉˈˋˉʰˋʹ ʶ˄ˈˌ ˉˈˊˇˎ 

Åɼʰ˄ʷ˄ʰˌ ˉˈˊˇˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˋˉʰˋʻʶʾ ˃ʶ ˍʹ 
ʲʾʰˌ ʰˉˈ ˍʹ ʵʽʶˊʴʰˋʾʰ ˉˇˎ ˍˇ˄ ˁʰˍʷ˔ʶʽ. 

Åɳ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˉˈˊˇˎˌ ʹ ˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˇˉˇʾ˖˄ 
˃ˉˇˊʶʾ ˄ʰ ʰˉˇʻʹˁʶˎʻʶʾ ˁʰʽ ʰˊʴˈˍʶˊʰ ˄ʰ ʴʾ˄ʶʽ 
ʶˉʰ˄ʰ˒ˇˊʱΣ ˈˉ˖ˌΥ 

ïɼʰˍʰ˔˖ˊʹˍʷˌ ˍʹˌ /t¦ ˁʰʽ ˔˗ˊˇˌ ˃˄ʺ˃ʹˌΦ 

Åɲʶ˄ ʶʾ˄ʰʽ ˃ʽʰ ʲʽ˗ˋʽ˃ʹ ʶˉʽ˂ˇʴʺ ʴʽʰ ˍʹ˄ ˉ˂ʶʽˇ˄ˈˍʹˍʰ 
ˍ˖˄ ˉˈˊ˖˄Φ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

(4ύ ɼˎˁ˂ʽˁʺ ʰ˄ʰ˃ˇ˄ʺ 
Åʃˊʷˉʶʽ ˄ʰ ˎˉʱˊ˔ʶʽ ˃ʽʰ 
ˁˎˁ˂ʽˁʺ ʰ˂ˎˋʾʵʰ ˃ʶ 2 ̋  
ˉʶˊʽˋˋˈˍʶˊʶˌ ʵʽʶˊʴʰˋʾʶˌΦ 

Åɼʱʻʶ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ 
ˉʶˊʽ˃ʷ˄ʶʽ ʷ˄ʰ˄ ˉˈˊˇ ˉˇˎ 
ˁʰˍʷ˔ʶˍʰʽ ʰˉˈ ʱ˂˂ʹ 
ʵʽʶˊʴʰˋʾʰ ˍʹˌ ʰ˂ˎˋʾʵʰˌΦ 

Åʃˊˇ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʶ ˍˇ˄ 
ˇˊʽˋ˃ˈ ˃ʽʰ ʴˊʰ˃˃ʽˁʺˌ 
ʵʽʱˍʰ˅ʹˌ ˍ˖˄ ˉˈˊ˖˄Φ 
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ʃʰˊʱʵʶʽʴ˃ʰ ς ˁ ˎˁ˂ʽˁʺ ʰ˄ʰ˃ˇ˄ʺ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃʰˊʱʵʶʽʴ˃ʰ ς  
ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁˎˁ˂ʽˁʺ ʰ˄ʰ˃ˇ˄ʺ 
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ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ ˍˇ  
ˉʷˊʰˋ˃ʰ ˍʹˌ ʴʷ˒ˎˊʰˌ 

Åɶ ˁʾ ˄ʹˋʹ ˃ˈ˄ˇ ˉˊˇˌ ˃ʽʰ ˁʰˍʶˏʻˎ˄ˋʹ ʶˉʽˍˊʷˉʶˍʰʽΦ 

Åɶ ʴʷ˒ˎˊʰ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˖ˌ ˉˈˊˇˌΦ 

Åɮ˄ ˋˎ˃ʲʶʾ ʰʵʽʷ˅ˇʵˇ όʶʽˋʷ˂ʻˇˎ˄ 2 h ˎˍˇˁʾ˄ʹˍʰ ˍʰˎˍˈ˔ˊˇ˄ʰύ  
ˍˈˍʶ ʴʽʰ ˄ʰ ʶˉʽ˂ˎʻʶʾ ʷ˄ʰ ʰˎˍˇˁʾ˄ʹˍˇ ʻʰ ʲʱ˂ʶʽ ˈˉʽˋʻʶ˄ όǇǊŜ-
empt resources and rollback)

 
. 

Åɾˉˇˊʶʾ ˄ʰ ʰˉʰʽˍʹʻʶʾ ʰˊˁʶˍʱ ʰˎˍˇˁʾ˄ʹˍʰ ˄ʰ ˃ʶˍʰˁʽ˄ʹʻˇˏ˄ 
˃ʶ ̍̄ʽˋʻʶ˄Φ 

Åɾˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʶʾ ˉʰˊʰˍʶˍʰ˃ʷ˄ʹ ˋˍʷˊʹˋʹΦ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃˊˇˋʶʴʴʾˋʶʽˌ ʰʵʽʶ˅ˈʵˇˎ 

Åʆˇ hɻʽʷ˅ˇʵˇ ʶʾ˄ʰʽ ˃ʽʰ ʴʶ˄ʽˁʺ ˁʰˍʱˋˍʰˋʹ! 

Åɲʶ˄ ˎˉʱˊ˔ʶʽ ˃ʽʰ ʶ˄ʽʰʾʰ ˋˍˊʰˍʹʴʽˁʺ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ 

ˁʱʻʶ ʶʾʵˇˎˌ ʰʵʽʶ˅ˈʵˇˎ. 

Åɮˉʰʽˍʶʾ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˈ˂˖˄ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ 

˔ˊʶʽʱʸˇ˄ˍʰʽ ˉˈˊˇˎˌ. 

Åɲɳ ˃̄ ˇˊʶʾ ˄ʰ ˂ʹ˒ʻʶʾ ˃ʽʰ ˍˇˉʽˁʺ ʰˉˈ˒ʰˋʹ ˉˇˎ ʻʰ 

ˋˍʹˊʾʸʶˍʰʽ ˋˍʽˌ ʰ˄ʱʴˁʶˌ ˃ʽʰˌ ʵʽʶˊʴʰˋʾʰˌΦ 

Åʇˉʱˊ˔ˇˎ˄ 4 ̄ ˊˇˋʶʴʴʾˋʶʽˌ ʰʵʽʶ˅ˈʵˇˎ: 

όʶˁˍˈˌ ʰˉˈ ˍʹ˄ ζʅˍˊˇˎʻˇˁʰ˃ʹ˂ʽˋ˃ˈˌΥ ɼʱ˄ʶ ˍʾˉˇˍʰηύ
 

. 
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4 ̄ ˊˇˋʶʴʴʾˋʶʽˌ ʰʵʽʶ˅ˈʵˇˎ 
1. ʃˊˈ˂ʹ˕ʹ (Prevention) Υ ɲʶ˄ ʶˉʽˍˊʷˉʶˍʰʽ ˉˇˍʷ ˄ʰ 
ˋˎ˃ʲʶʾ ʰʵʽʷ˅ˇʵˇΦ 

2. ɮˉˇ˒ˎʴʺ (Avoidance): ʆˇ ˋˏˋˍʹ˃ʰ ˂ʰ˃ʲʱ˄ʶʽ 
ʰˉˈ˒ʰˋʹ ʴʽʰ ˄ʰ ʰˉˇˍˊʷ˕ʶʽ ˃ʶ˂˂ˇ˄ˍʽˁʺ ˁʰˍʱˋˍʰˋʹ 
ʰʵʽʶ˅ˈʵˇˎΦ 

3. ɮ˄ʾ˔˄ʶˎˋʹ ό5ŜǘŜŎǘƛƻƴύ ϧ ɳˉʰ˄ʰ˒ˇˊʱ όwŜŎƻǾŜǊȅύ : 
ʷ˂ʶʴ˔ˇˌ ʴʽʰ ʰʵʽʷ˅ˇʵˇ όˉʶˊʽˇʵʽˁʱ ʺ ˋˉˇˊʰʵʽˁʱύΣ ˋˍʹ 
ˋˎ˄ʷ˔ʶʽʰ ʶˉʰ˄ʰ˒ˇˊʱΦ 

4. ʋʶʽˊˇˁʾ˄ʹˍʹ ˃ʶˋˇ˂ʱʲʹˋʹΥ ʁ ˔ʶʽˊʽˋˍʺˌ ˁʱ˄ʶʽ 
ʶˉʰ˄ʶˁˁʾ˄ʹˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ʰ˄ ˒ʰʾ˄ʶˍʰʽ 
ˎˉʶˊʲˇ˂ʽˁʱ ʰˊʴˈΦ 
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όмύ ʃˊˈ˂ʹ˕ʹ ʰʵʽʶ˅ˈʵˇˎ 

ʅ˔ʶʵʽʰˋ˃ˈˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˉʰˊʰʲʽʱʸʶʽ 
˃ʽʰ ʰˉˈ ˍʽˌ 4 h ˄ʰʴˁʰʾʶˌ ˋˎ˄ʻʺˁʶˌΦ 

Åʃˊˈ˂ʹ˕ʹ ˁʰˍˇ˔ʺˌ ˁʰʽ ʰ˄ʰ˃ˇ˄ʺˌΥ 

ïɳ˅  h́ ˔ʺˌ ʰˉʰʾˍʹˋʹ ˈ˂˖˄ ˍ˖˄ ˉˈˊ˖˄Φ 

ïɮ˄ʰ˃ˇ˄ʺ ˃ʷ˔ˊʽ ˄ʰ ˁʰˍʰˋˍˇˏ˄ ʵʽʰʻʷˋʽ˃ˇʽ ˈ˂ˇʽ ˇʽ ˉˈˊˇʽΦ 

Åʃˊˈ˂ʹ˕ʹ ˍʹˌ ˁˎˁ˂ʽˁʺˌ ʰ˄ʰ˃ˇ˄ʺˌΥ 

ïɾʶ ̱̌ ˄ ˁʰʻˇˊʽˋ˃ˈ ˃ʽʰˌ ʴˊʰ˃˃ʽˁʺˌ ʵʽʱˍʰ˅ʹˌ ˍ˖˄ ˍˏˉ˖˄ 
ˍ˖˄ ˉˈˊ˖˄Φ 

ïɾʽʰ ʵʽʶˊʴʰˋʾʰ ˉˇˎ ʵʶˋ˃ʶˏʶʽ ˁʱˉˇʽˇˎˌ ˉˈˊˇˎˌ ˃ˉˇˊʶʾ ˄ʰ 
ʰˉʰʽˍʺˋʶʽ ˃ˈ˄ˇ˄ ˍˏˉˇˎˌ ˉˈˊ˖˄ ˎ˕ʹ˂ˈˍʶˊʹˌ ˍʱ˅ʹˌΦ 
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ʃˊˈ˂ʹ˕ʹ ˁˎˁ˂ʽˁʺˌ ʰ˄ʰ˃ˇ˄ʺˌ 
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ɾʶʽˇ˄ʶˁˍʺ˃ʰˍʰ  
ˉˊˈ˂ʹ˕ʹˌ ˁˎˁ˂ʽˁʺˌ ʰ˄ʰ˃ˇ˄ʺˌ 

Åɾʶʾ˖ˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˂ˈʴ˖Υ 

ïɼʰʻˎˋˍʷˊʹˋʹˌ ˋˍʹ˄ ʶˁˍʷ˂ʶˋʹΦ 

ïɾʽˁˊʺˌ ˉʰˊʰ˂˂ʹ˂ʾʰˌΦ 

 

Åɶ ˉˊˈ˂ʹ˕ʹ ˍʹˌ ˁʰˍˇ˔ʺˌ ˁʰʽ ʰ˄ʰ˃ˇ˄ʺˌ ʶʾ˄ʰʽ 
ˉˇ˂ˎʷ˅ˇʵʹΦ 

Åɲʽʰˁˊʰˍʶʾ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ˉˈˊˇˎˌ ʰˉˈ ˈˋˇˎˌ 
ʰˉʰʽˍˇˏ˄ˍʰʽΦ 
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(2ύ ɮˉˇ˒ˎʴʺ ʰʵʽʶ˅ˈʵˇˎ 
Åʁʽ ˉˈˊˇʽ ʶˁ˔˖ˊˇˏ˄ˍʰʽ ˃ʶ ˍˊˈˉˇ ˉˇˎ ʶʴʴˎʱˍʰʽ ˈˍʽ ʵʶ˄ ʻʰ 
ʲˊʶʻʶʾ ˉˇˍʷ ˋʹ˃ʶʾˇ ˋˍˇ ˇˉˇʾˇ ʻʰ ˋˎ˃ʲʶʾ ʰʵʽʷ˅ˇʵˇΦ 

Åɶ ʰˉˇ˒ˎʴʺ ˍˇˎ ʰʵʽʶ˅ˈʵˇˎ ʶˉʽˍˊʷˉʶʽ ˍʽˌ ˍˊʶʽˌ ʰˉʰˊʰʾˍʹˍʶˌ 
ˋˎ˄ʻʺˁʶˌ ʰ˂˂ʱ ˁʱ˄ʶʽ ʵʽʰˁˊʽˍʽˁʷˌ ʶˉʽ˂ˇʴʷˌ ˗ˋˍʶ ˄ʰ 
ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ʵʶ˄ ʻʰ ˉˊˇˁˏ˕ʶʽ ˉˇˍʷ ʰʵʽʷ˅ˇʵˇΦ ɴˍˋʽ 
ʶˉʽˍˊʷˉʶˍʰʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ ˋˎʴ˔ˊˇ˄ʽˋ˃ˈˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ 
ˉˊˈ˂ʹ˕ʹΦ 

Åɮˉʰʽˍʶʾˍʰʽ ʴ˄˗ˋʹ ˍ˖˄ ˃ʶ˂˂ˇ˄ˍʽˁ˗˄ ʰˉʰʽˍʺˋʶ˖˄ ˍʹˌ 
ʵʽʶˊʴʰˋʾʰˌΦ 

Åʃˊˇːˉˇʻʷˍʶʽ ˈˍʽ ˍˇ ˋˏˋˍʹ˃ʰ ʷ˔ʶʽ ˁʱˉˇʽʰ ˉˊˈˋʻʶˍʹ ˁʰʽ ʶˁ 
ˍ˖˄ ˉˊˇˍʷˊ˖˄ ʵʽʰʻʷˋʽ˃ʹ ˉ˂ʹˊˇ˒ˈˊʹˋʹΦ 
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(3ύ ɮˉˇ˒ˎʴʺ ʰʵʽʶ˅ˈʵˇˎ (1/2) 

ɽʰ˃ʲʱ˄ʶˍʰʽ ʵˎ˄ʰ˃ʽˁʱ ˃ʽʰ ʰˉˈ˒ʰˋʹ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ ʰ˄ ʹ 
ʽˁʰ˄ˇˉˇʾʹˋʹ ˃ʽʰˌ ʰˉʰʾˍʹˋʹˌ Σ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ 
ˍˊʷ˔ˇˎˋʰ ʶˁ˔˗ˊʹˋʹ ˉˈˊ˖˄Σ ʻʰ ˇʵʹʴʺˋʶʽ ˋʶ ʰʵʽʷ˅ˇʵˇΣ 
ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ Υ 

Åʅˍˇ ˋˎ˄ˇ˂ʽˁˈ ˉˇˋˈ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˉˈˊ˖˄Φ 

Åʅˍˇˎˌ ˍˊʷ˔ˇ˄ˍʶˌ ʵʽʰʻʷˋʽ˃ˇˎˌ ˉˈˊˇˎˌΦ 

Åʅˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˉˈˊ˖˄ ʶˁ ˃ʷˊˇˎˌ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄Φ 

Åʅˍʹ˄ ˉˊˈˋ˒ʰˍʹ ʶˁ˔˗ˊʹˋʹ ˉˈˊ˖˄ ˋˍʽˌ ʵʽʶˊʴʰˋʾʶˌΦ 
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(3) ɮˉˇ˒ˎʴʺ ʰʵʽʶ˅ˈʵˇˎ όнκнύ 

Åʆˇ ʰˉ˂ˇˏˋˍʶˊˇ ˁʰʽ ˉ˂ʷˇ˄ ˔ˊʺˋʽ˃ˇ ˃ˇ˄ˍʷ˂ˇ ʰˉʰʽˍʶʾ ˈˍʽ 
ˁʱʻʶ ʵʽʶˊʴʰˋʾʰ ʵʹ˂˗˄ʶʽ ˍˇ ˃ʷʴʽˋˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˉˈˊ˖˄ 
ˁʱʻʶ ˍˏˉˇˎ ˉˇˎ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ˄ ˄ʰ ˔ˊʶʽʰˋˍʶʾΦ 

Åʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʰˉˇ˒ˎʴʺˌ ʰʵʽʶ˅ˈʵˇˎ ʶ˅ʶˍʱʸʶʽ ʵˎ˄ʰ˃ʽˁʱ 
ˍʹ˄ ˁʰˍʱˋˍʰˋʹ ʰ˄ʱʻʶˋʹˌ ˉˈˊ˖˄ ʴʽʰ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾˋʶʽ ˈˍʽ 
ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇˁˏ˕ʶʽ ˁʰˍʱˋˍʰˋʹ ˁˎˁ˂ʽˁʺˌ ʰ˄ʰ˃ˇ˄ʺˌΦ 

Åɶ ˁʰˍʱˋˍʰˋʹ ʰ˄ʱʻʶˋʹˌ ˉˈˊ˖˄ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ ˉ˂ʺʻˇˌ 
ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˁʰʽ ʶˁ˔˖ˊˇˏ˃ʶ˄˖˄ ˉˈˊ˖˄ ˁʰʽ ʰˉˈ ˍˇ 
˃ʷʴʽˋˍˇ  ˉ˂ʺʻˇˌ ˍ˖˄ ʰˉʰʽˍʺˋʶ˖˄ ʶˁ ˃ʷˊˇˎˌ ˍ˖˄ 
ʵʽʶˊʴʰˋʽ˗˄Φ 
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ʃˊˇˋʶʴʴʾˋʶʽˌ  
ʰˉˇ˒ˎʴʺˌ ʰʵʽʶ˅ˈʵˇˎ 

Åɾʽʰ ʵʽʶˊʴʰˋʾʰ ʵʶ˄ ˅ʶˁʽ˄ʱ ʰ˄ ˇʽ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ 
˃ˉˇˊˇˏ˄ ˄ʰ ˇʵʹʴʺˋˇˎ˄ ˋʶ ʰʵʽʷ˅ˇʵˇΦ 

Åɲʶ˄ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ ˃ʽʰ ʰˎ˅ʹ˃ʷ˄ʹ ʰˉʰʾˍʹˋʹ ʴʽʰ ˍʹ 
˔ˊʺˋʹ ʶ˄ˈˌ ˉˈˊˇˎ ʰˉˈ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʰ˄ ʰˎˍʺ ʹ 
ʶˁ˔˗ˊʹˋʹ ˍˇˎ ˉˈˊˇˎ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ 
ʰʵʽʷ˅ˇʵˇΦ 

Åʃˊˇʲ˂ʺ˃ʰˍʰΥ 

ïɾʽˁˊʺ ˔ˊʺˋʹ ˉˈˊ˖˄Φ 

ïɾʶʽ˖˃ʷ˄ʹ ˊˎʻ˃ˇʰˉˈʵˇˋʹ όǘƘǊƻǳƎƘǇǳǘύ ˍˇˎ 
ˋˎˋˍʺ˃ʰˍˇˌΦ 
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ɮ˂ʴˈˊʽʻ˃ˇˌ  
ˍˇˎ ˍˊʰˉʶʸʾˍʹ ό5ƛƧƪǎǘǊŀ 1965)

 
 

Åɳʾ˄ʰʽ ʴ˄˖ˋˍˈˌ ˁʰʽ ˖ˌ ʱˊ˄ʹˋʹ ʰ˄ʱʻʶˋʹˌ ˉˈˊ˖˄Φ 

Åɲʶ˄ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʽˁʰ˄ˇˉˇʾʹˋʹ ʰˎ˅ʹ˃ʷ˄˖˄ ʰˉʰʽˍʺˋʶ˖˄ ʴʽʰ 
ˉˈˊˇˎˌ ˋʶ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʰ˄ ʰˎˍʺ ʹ ʶˁ˔˗ˊʹˋʹ ˉˈˊ˖˄ ˃ˉˇˊʶʾ 
˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ʰʵʽʷ˅ˇʵˇΦ 

Åɼʰˍʱˋˍʰˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ: ʁ ʾ˄ʰʽ ʹ ˍˊʷ˔ˇˎˋʰ ʰ˄ʱʻʶˋʹ 
ˉˈˊ˖˄ ˋˍʽˌ ʵʽʶˊʴʰˋʾʶˌΦ 

Åɮˋ˒ʰ˂ʺˌ ˁʰˍʱˋˍʰˋʹ: ˎ ˉʱˊ˔ʶʽ ˃ʽʰ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʰˁˇ˂ˇˎʻʾʰ 
ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʶ˂ʶˋˍʶʾ ˃ʷ˔ˊʽ ˍˇ 
ˍʷ˂ˇˌ όʵʹ˂ʰʵʺ ʵʶ˄ ˇʵʹʴʶʾ ˋʶ ʰʵʽʷ˅ˇʵˇύ

 
. 

Åɾʹ ʰˋ˒ʰ˂ʺˌ ˁʰˍʱˋˍʰˋʹ: ʁ ʾ˄ʰʽ ʹ ˁʰˍʱˋˍʰˋʹ ˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ 
ʰˋ˒ʰ˂ʺˌΦ 
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ɮˋ˒ʰ˂ʺˌ ˁʰˍʱˋˍʰˋʹ 

Åʂˍʰ˄ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʰˉʰʽˍʶʾ ʷ˄ʰ ʵʽʰʻʷˋʽ˃ˇ ˉˈˊˇΣ ˍˇ 
ˋˏˋˍʹ˃ʰ ˉˊʷˉʶʽ ˄ʰ ʰˉˇ˒ʰˋʾˋʶʽ ʰ˄ ʹ ʱ˃ʶˋʹ ʰ˄ʱʻʶˋʹ 
ˍˇˎ ˉˈˊˇˎ ʻʰ ˍˇ ʵʽʰˍʹˊʺˋʶʽ ˋʶ ʰˋ˒ʰ˂ʺ ˁʰˍʱˋˍʰˋʹ. 

Åʆˇ ̀ˏˋˍʹ˃ʰ ʶʾ˄ʰʽ ˋʶ ʰˋ˒ʰ˂ʺ ˁʰˍʱˋˍʰˋʹ ʰ˄ ˎˉʱˊ˔ʶʽ ˃ʽʰ 
ʰˋ˒ʰ˂ʺˌ ʰˁˇ˂ˇˎʻʾʰ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ʵʽʶˊʴʰˋʾʶˌ. 

Åɶ hˁ ˇ˂ˇˎʻʾʰ  <P1, P2Σ ΧΣ tƴҔ  ʶʾ˄ʰʽ ʰˋ˒ʰ˂ʺˌ ʰ˄ ʴʽʰ 
ˁʱʻʶ Pi Σ ˇʽ ˉˈˊˇʽ ˉˇˎ ʹ Pi  ˃ ˉˇˊʶʾ ʰˁˈ˃ʹ ˄ʰ ʰˉʰʽˍʺˋʶʽ 
˃ˉˇˊˇˏ˄ ˄ʰ ʽˁʰ˄ˇˉˇʽʹʻˇˏ˄ ʰˉˈ ˍˇˎˌ ˍˊʷ˔ˇ˄ˍʶˌ 
ʵʽʰʻʷˋʽ˃ˇˎˌ ˉˈˊˇˎˌ ˋˎ˄ ˍˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ʵʶˋ˃ʶˏˇ˄ˍʰʽ 
ʰˉˈ ˈ˂ʶˌ ˍʽˌ ʵʽʶˊʴʰˋʾʶˌ Pj, ˃ ʶ j < i. 
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ɾʹ ʰˋ˒ʰ˂ʺˌ ˁʰˍʱˋˍʰˋʹ 

Åɮ˄ ˇʽ ʰ˄ʱʴˁʶˌ ˋʶ ˉˈˊˇˎˌ ˍʹˌ Pi ɻ ʶ˄ ʶʾ˄ʰʽ ʱ˃ʶˋʰ 
ʵʽʰʻʷˋʽ˃ˇʽΣ ˍˈˍʶ ʹ Pi ˃ ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˃ʷ˄ʶʽ ˃ʷ˔ˊʽˌ 
ˈˍˇˎ ˄ʰ ˍʶ˂ʶʽ˗ˋˇˎ˄ ˈ˂ʶˌ ˇʽ  Pj. 

Åʂˍʰ˄ ˍʶ˂ʶʽ˗˄ʶʽ ʹ Pj  ́  Pi ˃ ˉˇˊʶʾ ˄ʰ ʰˉˇˁˍʺˋʶʽ ˍˇˎˌ 
ˉˈˊˇˎˌ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ Σ ˄ʰ ʶˁˍʶ˂ʶˋˍʶʾΣ ˄ʰ 
ʶˉʽˋˍˊʷ˕ʶʽ ˍˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ˍʹˌ ʰ˄ʰˍʷʻʹˁʰ˄ ˁʰʽ ˄ʰ 
ˍʶˊ˃ʰˍʽˋˍʶʾ. 

Åʂˍʰ˄ ˍʶˊ˃ʰˍʾˋʶʽ ʹ PiΣ  ʹ Pi+1 ˃ ˉˇˊʶʾ ˄ʰ ʰˉˇˁˍʺˋʶʽ 
ˍˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ  ˁΦˇΦˁΦ 
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ɰʰˋʽˁʱ ʴʶʴˇ˄ˈˍʰ 

Åɮ˄ ˍˇ ˋˏˋˍʹ˃ʰ ʶʾ˄ʰʽ ˋʶ ʰˋ˒ʰ˂ʺ ˁʰˍʱˋˍʰˋʹ ʵʶ˄ 
ˎˉʱˊ˔ʶʽ ʰʵʽʷ˅ˇʵˇ. 

Åɮ˄ ̱̌  ˋˏˋˍʹ˃ʰ ʵʶ˄ ʶʾ˄ʰʽ ˋʶ ʰˋ˒ʰ˂ʺ ˁʰˍʱˋˍʰˋʹ 
ˎˉʱˊ˔ʶʽ ˉʽʻʰ˄ˈˍʹˍʰ ʰʵʽʶ˅ˈʵˇˎΦ 

Åɮˉˇ˒ˎʴʺ ʰʵʽʶ˅ˈʵˇˎΥ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˈˍʽ ˍˇ ˋˏˋˍʹ˃ʰ 
ʵʶ˄ ʻʰ ʶʽˋʷ˂ʻʶʽ ˉˇˍʷ ˋʶ ˃ʹ ʰˋ˒ʰ˂ʺ ˁʰˍʱˋˍʰˋʹΦ 
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ɮˋ˒ʰ˂ʺ ˁʰˍʱˋˍʰˋʹΣ  
ɾʹ h̀ ˒ʰ˂ʺ ˁʰʽ ʰʵʽʷ˅ˇʵˇ 
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ʃʰˊʰʵˇ˔ʷˌ ό1/2) 

Åʃˇ˂˂ʰˉ˂ʱ ˋˍʽʴ˃ʽˈˍˎˉʰ ˍ˖˄ ˉˈˊ˖˄Φ 

Åɼʱʻʶ ʵʽʶˊʴʰˋʾʰ ˉˊʷˉʶʽ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ ˄ʰ 
ʵʽʶˁʵʽˁʶʾ ˍʹ ˃ʷʴʽˋˍʹ ˔ˊʺˋʹ ˍ˖˄ ˉˈˊ˖˄Φ 

Åʂˍʰ˄ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʰˉʰʽˍʶʾ ʷ˄ʰ˄ ˉˈˊˇ ʾˋ˖ˌ 
˔ˊʶʽʰˋˍʶʾ ˄ʰ ˉʶˊʽ˃ʷ˄ʶʽΦ 

Åʂˍʰ˄ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ˂ʱʲʶʽ ˈ˂ˇˎˌ ˍˇˎˌ ˉˈˊˇˎˌ ˉˊʷˉʶʽ 
˄ʰ ˍˇˎˌ ʶˉʽˋˍˊʷ˕ʶʽ ˋʶ ˉʶˉʶˊʰˋ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ 
ʵʽʱˋˍʹ˃ʰ. 
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ʃʰˊʰʵˇ˔ʷˌ ό2/2) 
Åɶ ˃̫ ʴʽˋˍʹ ʰˉʰʾˍʹˋʹ ʴʽʰ ˉˈˊˇˎˌ ˉˊʷˉʶʽ ˄ʰ ʵʹ˂˗˄ʶˍʰʽ ʶˁ ˍ˖˄ 
ˉˊˇˍʷˊ˖˄Φ 

Åʁʽ ̀́˃ʰ˄ˍʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˁʰʽ 
ʵʶ˄ ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ ʰˉʰʽˍʺˋʶʽˌ ˋˎʴ˔ˊˇ˄ʽˋ˃ˇˏΦ 

Åʃˊʷˉʶʽ ˄ʰ ˎˉʱˊ˔ʶʽ ʷ˄ʰˌ ˋˍʰʻʶˊˈˌ ʰˊʽʻ˃ˈˌ ˉˈˊ˖˄ ˉˊˇˌ 
ʰ˄ʱʻʶˋʹΦ 

Åɼʰ˃ʽʱ ʵʽʶˊʴʰˋʾʰ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʷ˂ʻʶʽ ˋʶ ˁʰˍʱˋˍʰˋʹ 
ʶ˅ˈʵˇˎ όŜȄƛǘύ ʶ˄˗ ʵʶˋ˃ʶˏʶʽ ˉˈˊˇˎˌΥ 

ҐҐҔ ʅˍˇ ˍʷ˂ˇˌ ˍ˖˄ ʵʽʰ˒ʰ˄ʶʽ˗˄ ˎˉʱˊ˔ʶʽ ʱˋˁʹˋʹ ˃ʶ ˍˇ˄ 
ʰ˂ʴˈˊʽʻ˃ˇΦ 
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(3ύ ɮ˄ʾ˔˄ʶˎˋʹ ʰʵʽʶ˅ˈʵˇˎ ό1/3) 
Åʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ˍˇˎ ˍˊʰˉʶʸʾˍʹ ʶʾ˄ʰʽ ʰˉʰʽˋʽˈʵˇ˅ˇˌ Υ ˉʱ˄ˍˇˍʶ ˎˉˇʻʷˍʶʽ 
ˈˍʽ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʵʶ˄ ʻʰ ʰˉʶ˂ʶˎʻʶˊ˗ˋʶʽ ˍˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ˁʰˍʷ˔ʶʽ 
˃ʷ˔ˊʽ ˄ʰ ʰˉˇˁˍʺˋʶʽ ˈ˂ˇˎˌ ˍˇˎˌ ˉˈˊˇˎˌ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽΦ 

Åʅˎ˄ʷˉʶʽʶˌ Υ 

ïɾʽˁˊˈ ˉˇˋˈ ˉʰˊʰ˂˂ʹ˂ʾʰˌΦ 

ïʃˇ˂ˏˉ˂ˇˁˇʽ ʷ˂ʶʴ˔ˇʽ ʴʽʰ ˁʱʻʶ ʰˉʰʾˍʹˋʹ ʶˁ˔˗ˊʹˋʹˌ ˉˈˊˇˎ 
όˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ O(n2))

 
. 

Åʁʽ ˋˍˊʰˍʹʴʽˁʷˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ʰʵʽʶ˅ˈʵˇˎ ʵʶ˄ ˇˊʽˇʻʶˍˇˏ˄ ˍʹ˄ ˉˊˈˋʲʰˋʹ 
ˋʶ ˉˈˊˇˎˌ ˁʰʽ ʵʶ˄ ˉʶˊʽˇˊʾʸˇˎ˄ ˍʽˌ ʶ˄ʷˊʴʶʽʶˌ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄Φ 

Åʁʽ ʰˉʰʽˍˇˏ˃ʶ˄ˇʽ ˉˈˊˇʽ ʶˁ˔˖ˊˇˏ˄ˍʰʽ ˋˍʽˌ  ʵʽʶˊʴʰˋʾʶˌΣ ˈˉˇˍʶ ʰˎˍˈ 
ʶʾ˄ʰʽ ʵˎ˄ʰˍˈΦ 
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(3) ɮ˄ʾ˔˄ʶˎˋʹ ʰʵʽʶ˅ˈʵˇˎ (2/3) 
Åʃʶˊʽˇʵʽˁʱ ˍˇ ɽΦʅΦ ʶ˒ʰˊ˃ˈʸʶʽ ʷ˄ʰ˄ ʰ˂ʴˈˊʽʻ˃ˇ ʰ˄ʾ˔˄ʶˎˋʹˌ 
ʰʵʽʶ˅ˈʵˇˎ ˉˇˎ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ʶ˄ˍˇˉʽˋʻʶʾ ʹ ˋˎ˄ʻʺˁʹ 
ˍʹˌ ˁˎˁ˂ʽˁʺˌ ʰ˄ʰ˃ˇ˄ʺˌΦ 

Åʆˇ ˉˈˍʶ ˁʰʽ ˉˈˋˇ ˋˎ˔˄ʱ ˁʰ˂ʶʾˍʰʽ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ʶ˅ʰˊˍʱˍʰʽ 
ʰˉˈΥ 

ïʃˈˋˇ ˋˎ˔˄ʱ ˋˎ˄ʹʻʾʸʶˍʰʽ ˄ʰ ˋˎ˃ʲʰʾ˄ʶʽ ʰʵʽʷ˅ˇʵˇΦ 

ïʆˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʶˉʽˋˍˊʷ˕ˇˎ˄ ˋʶ 
ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹΦ 

Åɮ˄ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ˁʰ˂ʶʾˍʰʽ ʰˎʻʰʾˊʶˍʰ ʵʶ˄ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ ʹ 
ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ ʵʽʶˊʴʰˋʾʰˌ ˉˇˎ ˉˊˇˁʰ˂ʶʾ ˍˇ ʰʵʽʷ˅ˇʵˇΦ 
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(3) ɮ˄ʾ˔˄ʶˎˋʹ ʰʵʽʶ˅ˈʵˇˎ (3/3) 
Åʅˍʹ˄ ˉˊʱ˅ʹΣ ˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ɽΦʅΦ ʶʻʶ˂ˇˍˎ˒˂ˇˏ˄ ˁʰʽ 
ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇˎ˄ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˃ʶ ˋˎ˄ʵˎʰˋ˃ˈ ˍʶ˔˄ʽˁ˗˄Σ ˈˉ˖ˌΥ 

ïɲʽʰˁˇˉʺ ˁʰˍˇ˔ʺˌ ˁʰʽ ʰ˄ʰ˃ˇ˄ʺˌΥ 

Åʂˍʰ˄ ˃ʽʰ ʵʽʶˊʴʰˋʾʰ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˁˍʺˋʶʽ ʷ˄ʰ˄ 
ˉˈˊˇΣ ˍˈˍʶ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˁʰʽ 
ʰˉˇˍˎʴ˔ʱ˄ʶʽΦ 

Åʂˊʽʰ όvǳƻǘŀǎύ
 

. 

Åʇ˕ʹ˂ʺˌ ʰˉˈʵˇˋʹˌ ˍʶ˔˄ʽˁʷˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΥ 

ïɮˉʰʾˍʹˋʹ ˔ˊʺˋʹˌ ˋʹ˃ʰ˒ˈˊ˖˄ ˃ʶ ˁʰʻˇˊʽˋ˃ʷ˄ʹ 
ˉˊˇˍʶˊʰʽˈˍʹˍʰΦ 
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ʅˍˊʰˍʹʴʽˁʷˌ ˈˍʰ˄  
ʰ˄ʽ˔˄ʶˎʻʶʾ ʰʵʽʷ˅ˇʵˇ 

Åʆʶˊ˃ʰˍʽˋ˃ˈˌ ʵʽʶˊʴʰˋʾʰˌ ϧ ˉˊˇʶˁ˔˗ˊʹˋʹ ˉˈˊ˖˄Υ 

ïɲʽʰˁˇˉʺ ˈ˂˖˄ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ˉʶˊʽʺ˂ʻʰ˄ ˋʶ 
ʰʵʽʷ˅ˇʵˇΦ 

ïɲʹ˃ʽˇˎˊʴʾʰ ʰ˄ˍʽʴˊʱ˒ˇˎ ʰˋ˒ʰ˂ʶʾʰˌ ˁʱʻʶ ʵʽʶˊʴʰˋʾʰˌ ˉˇˎ 
ʲˊʾˋˁʶˍʰʽ ˋʶ ʰʵʽʷ˅ˇʵˇΣ ˋʶ ˁʱˉˇʽˇ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˋʹ˃ʶʾˇ 
ʶ˂ʷʴ˔ˇˎ ˁʰʽ ʶˉʰ˄ʶˁˁʾ˄ʹˋʹ ˈ˂˖˄ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄Φ 

ïʆˇ ʰˊ˔ʽˁˈ ʰʵʽʷ˅ˇʵˇ ˃ˉˇˊʶʾ ˄ʰ ˅ʰ˄ʰˋˎ˃ʲʶʾΦ 

ïɲʽʰʵˇ˔ʽˁʺ ʵʽʰˁˇˉʺ ˈ˂˖˄ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ 
ˋʶ ʰʵʽʷ˅ˇʵˇ ˗ˋˍʶ ˄ʰ ˃ʹ˄ ˎˉʱˊ˔ʶʽ ˉ˂ʷˇ˄ ʰʵʽʷ˅ˇʵˇΦ 

ïɲʽʰʵˇ˔ʽˁʺ ˉˊˇʶˁ˔˗ˊʹˋʹ ˉˈˊ˖˄ ʷ˖ˌ ˈˍˇˎ ʵʶ˄ ʻʰ ˎˉʱˊ˔ʶʽ 
ʰʵʽʷ˅ˇʵˇΦ 
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ɼˊʽˍʺˊʽʰ ʶˉʽ˂ˇʴʺˌ ˍ˖˄  
ʵʽʶˊʴʰˋʽ˗˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʰʵʽʷ˅ˇʵˇ 

Åɳˉʽ˂ʷʴʶˍʰʽ ʹ ʵʽʶˊʴʰˋʾʰ ˉˇˎ ʷ˔ʶʽ Υ 

ïɼh ˍʰ˄ʰ˂˗ˋʶʽ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˉˇˋˈ ˔ˊˈ˄ˇˎ 
ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˃ʷ˔ˊʽ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˋˍʽʴ˃ʺΦ 

ïʃh ˊʱʴʶʽ ˍˇ ˃ʽˁˊˈˍʶˊˇ ˉ˂ʺʻˇˌ ʴˊʰ˃˃˗˄ ʶ˅ˈʵˇˎ 
ˉˇˋˈ ˃ʷ˔ˊʽ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˋˍʽʴ˃ʺΦ 

ïʆ̌ ˄ ˃ʁʴʰ˂ˏˍʶˊˇ ʶˁˍʽ˃˗˃ʶ˄ˇ ˔ˊˈ˄ˇΦ 

ïʆˇ ˃ʽˁˊˈˍʶˊˇ ˉ˂ʺʻˇˌ ˉˈˊ˖˄ ˉˇˎ ˍʹˌ ʷ˔ˇˎ˄ 
ʶˁ˔˖ˊʹʻʶʾΦ 

ïʆʹ ˃ʽˁˊˈˍʶˊʹ ˉˊˇˍʶˊʰʽˈˍʹˍʰΦ 
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ʅˎ˄ʵˎʰˋ˃ʷ˄ʹ ˉˊˇˋʷʴʴʽˋʹ  
ʰ˄ʾ˔˄ʶˎˋʹˌ ʰʵʽʶ˅ˈʵˇˎ 

Åʁ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ˍˊʽ˗˄ ˉˊˇˋʶʴʴʾˋʶ˖˄Υ 
ïʃˊˈ˂ʹ˕ʹˌΦ 

ïɮˉˇ˒ˎʴʺˌΦ 

ïɮ˄ʾ˔˄ʶˎˋʹˌΥ 

Åʁ ˉʽˍˊʷˉʶʽ ˍʹ ˔ˊʺˋʹ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ʴʽʰ ˁʱʻʶ 
ˉˈˊˇ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ 

Åɾʽʰ ˁʰˍʱ ˍˇ ʵˎ˄ʰˍˈ˄ ʲʷ˂ˍʽˋˍʹ ˉˊˇˋʷʴʴʽˋʹ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽΦ 

Åɲʽʰ˃ˇʾˊʰˋʹ ˍ˖˄ ˉˈˊ˖˄ ˋʶ ʽʶˊʰˊ˔ʽˁʱ ʵʽʰˍʶˍʰʴ˃ʷ˄ʶˌ 
ˁ˂ʱˋʶʽˌΦ 

Åʋˊʺˋʹ ˍ˖˄ ˉ˂ʷˇ˄ ˁʰˍʱ˂˂ʹ˂˖˄ ˍʶ˔˄ʽˁ˗˄ ʴʽʰ ˍʹ 
ʵʽʰ˔ʶʾˊʽˋʹ ʰʵʽʶ˅ˈʵ˖˄ ˃ʷˋʰ ˋʶ ˁʱʻʶ ˁ˂ʱˋʹΦ 
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ɯˋˁʹˋʹ ʴʽʰ ˍˇ ˋˉʾˍʽ ό1/2) 
Å ɸʶ˖ˊʶʾˋˍʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˃ʶ 4 ɻ ʽʶˊʴʰˋʾʶˌ όɮΣ ɰΣ /Σ 5ύ ˁʰʽ 5 
ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʺˋʽ˃ˇˎˌ ˉˈˊˇˎˌ όw0, R1, R2, R3, R4ύΦ ɶ ˍˊʷ˔ˇˎˋʰ ʰ˄ʱʻʶˋʹ 
ˉˈˊ˖˄ όˍˊʷ˔ˇˎˋʰ ˁʰˍʱˋˍʰˋʹύ ˋˍʽˌ ʵʽʶˊʴʰˋʾʶˌ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ˉʰˊʰˁʱˍ˖ 
ˉʾ˄ʰˁʰΥ 

 
ɳˁ˔˗ˊʹˋʹ 
 

R0 
 

R1 
 

R2 
 

R3 
 

R4 
 

A 1 0 2 1 1 

B 2 0 1 1 0 

C 1 1 0 1 0 

D 1 1 1 1 0 
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ɯˋˁʹˋʹ ʴʽʰ ˍˇ ˋˉʾˍʽ ό2/2) 
ɸʶ˖ˊʶʾˋˍʶ ʶˉʾˋʹˌ ˈˍʽ ˇʽ ˃ʷʴʽˋˍʶˌ ʰˉʰʽˍʺˋʶʽˌ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ʵʾ˄ˇ˄ˍʰʽ ʰˉˈ 
ˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ: 

 

 

 

 

 

 

 

 

ʁʽ ɻ̔ʰʻʷˋʽ˃ˇʽ ˉˊˇˌ ʶˁ˔˗ˊʹˋʹ ˉˈˊˇʽ ʶʾ˄ʰʽ Υ 0 0 x 1 1. 

ɿʰ ʲˊʶʻʶʾ ʹ ˃ʽˁˊˈˍʶˊʹ ˍʽ˃ʺ Ȅ  ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ˍˇ ˋˏˋˍʹ˃ʰ ʻʰ ˇʵʹʴʹʻʶʾ ˋʶ 
ʰˋ˒ʰ˂ʺ ˁʰˍʱˋˍʰˋʹ. 

ɾʷʴʽˋˍʹ 
ʰˉʰʾˍʹˋʹ 

R0 
 

R1 
 

R2 
 

R3 
 

R4 

A 1 1 2 1 2 

B 2 2 2 1 0 

C 2 1 3 1 0 

D 1 1 2 2 1 
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ɯˋˁʹˋʹ ʴʽʰ ˍˇ ˋˉʾˍʽ 
ɸʶ˖ˊʶʾˋˍʶ ˍʽˌ ʵʽʶˊʴʰˋʾʶˌ t ˁʰʽ v ˁʰʽ ˍˇˎˌ ˋʹ˃ʰ˒ˈˊˇˎˌ ǎ ˁʰʽ ǘ 
˃ʶ ʰˊ˔ʽˁʷˌ ˍʽ˃ʷˌ ʾˋʶˌ ˃ʶ 1Φ ʁʽ ʵˏˇ ʵʽʶˊʴʰˋʾʶˌ ʶˁˍʶ˂ˇˏ˄ ˍʰ 
ʲʺ˃ʰˍʰ ˉˇˎ ˒ʰʾ˄ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ ɿʰ ʲˊʶʾˍʶ ˃ʽʰ ʰˁˇ˂ˇˎʻʾʰ 
ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʲʹ˃ʱˍ˖˄ ˍ˖˄ ʵˏˇ ʵʽʶˊʴʰˋʽ˗˄  ˉˇˎ ˇʵʹʴʶʾ ˋʶ 
ʰʵʽʷ˅ˇʵˇΦ ɿʰ ʴˊʱ˕ʶˍʶ ˍʽˌ ʵʽʰʵˇ˔ʽˁʷˌ ˍʽ˃ʷˌ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˇʽ 
ˋʹ˃ʰ˒ˈˊˇʽΦ 
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ɼ˂ʰˋˋʽˁʱ ʃˊˇʲ˂ʺ˃ʰˍʰ 
ɾˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ɮʵʽʶ˅ˈʵ˖˄ 

Åʁʽ ̀ˎ˄ʵʰʽˍˎ˃ˈ˄ʶˌ ˒ʽ˂ˈˋˇ˒ˇʽΦ 

Åʁʽ h˄ʰʴ˄˗ˋˍʶˌ ˁʰʽ ˋˎʴʴˊʰ˒ʶʾˌΦ 

Åʁ ˁˇʽ˃˗˃ʶ˄ˇˌ ˁˇˎˊʷʰˌΦ 
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ʁʽ ˋˎ˄ʵʰʽˍˎ˃ˈ˄ʶˌ ˒ʽ˂ˈˋˇ˒ˇʽ 
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ʁʽ ˋˎ˄ʵʰʽˍˎ˃ˈ˄ʶˌ ˒ʽ˂ˈˋˇ˒ˇʽ  
Åʁʽ ˒ʽ˂ˈˋˇ˒ˇʽ ˋˁʷ˒ˍˇ˄ˍʰʽ ʺ 
ˍˊ˗˄ʶΦ 

Åʆˇ ˒ʰʴʹˍˈ ˉˊˇːˉˇʻʷˍʶʽ 2 
ˉʽˊˇˏ˄ʽʰΦ 

Åʁ ˒ʽ˂ˈˋˇ˒ˇˌ ˋʹˁ˗˄ʶʽ ˍˇ 
ʵʶ˅ʾ ˉʽˊˇˏ˄ʽ ˉˊ˗ˍʰ ˁʰʽ 
˃ʶˍʱ ˍˇ ʰˊʽˋˍʶˊˈΦ 

Åɳˉʽʵʽ˗ˁˇˎ˃ʶ ˍʹ ʲʷ˂ˍʽˋˍʹ 
ˎ˂ˇˉˇʾʹˋʹΦ 
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