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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˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˍ˖˄ 
ˋˎˋˁʶˎ˗˄ ɳκɳΦ 

Åɶ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˃ʹ˔ʰ˄ʽˋ˃˗˄ ɳκɳΦ 

Åɶ ˉʰˊˇˎˋʾʰˋʹ ˉʰˊʰʵʶʽʴ˃ʱˍ˖˄ ɳκɳΦ 
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ɼʰˍʹʴˇˊʾʶˌ ˋˎˋˁʶˎ˗˄ ɳκɳ 
ɺˋ˖ˌ ʹ ˉʽˇ ˉˊˇʲ˂ʹ˃ʰˍʽˁʺ ˉˍˎ˔ʺ ˍʹˌ ˋ˔ʶʵʾʰˋʹˌ ɽΦʅΦ 
ɲˏˋˁˇ˂ʹ ʹ ʶˏˊʶˋʹ ˇ˃ˇʽˈ˃ˇˊ˒˖˄ ˂ˏˋʶ˖˄ ˂ˈʴ˖ ˍˇˎ ʶˏˊˇˎˌ ˍ˖˄ 
ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋˎˋˁʶˎ˗˄ ˁʰʽ ʶ˒ʰˊ˃ˇʴ˗˄Φ 
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ʁʽ ˋˎˋˁʶˎʷˌ ɳκɳ ʷ˔ˇˎ˄  
˃ʶʴʱ˂ʹ ʰ˄ˇ˃ˇʽˇ˃ˇˊ˒ʾʰΦΦΦΦ 

Åʄˎʻ˃ˈˌ ˃ʶˍʰ˒ˇˊʱˌ ʵʶʵˇ˃ʷ˄˖˄ όŘŀǘŀ ǊŀǘŜ). 

Åɳ˒ʰˊ˃ˇʴʺΦ 

Åʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍˇˎ ʶ˂ʷʴ˔ˇˎ ˍˇˎˌΦ 

Åɾˇ˄ʱʵʰ ˃ʶˍʰ˒ˇˊʱˌ ʵʶʵˇ˃ʷ˄˖˄Φ 

Åɮ˄ʰˉʰˊʱˋˍʰˋʹ ʵʶʵˇ˃ʷ˄˖˄Φ 

Åɳʾʵʹ ˋ˒ʰ˂˃ʱˍ˖˄Φ 
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ɳκɳ 

ɶ ɳκɳ ˋˍʰ ˋˏʴ˔ˊˇ˄ʰ 
ˋˎˋˍʺ˃ʰˍʰ 
ˁʰ˂ˏˉˍʶʽ ˉ˂ʺʻˇˌ 
ˍʰ˔ˎˍʺˍ˖˄Φ 
ɮ˄ʰ˒ʷˊˇ˄ˍʰʽ 
ˁʱˉˇʽʶˌ ˍˎˉʽˁʷˌ 
ˍʽ˃ʷˌΦ 
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ɲʽʰ˒ˇˊʷˌΥ ɳ˒ʰˊ˃ˇʴʺ 
Åʁ ˍˊˈˉˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ʾʰ ˋˎˋˁʶˎʺ 
ʶˉʹˊʶʱʸʶʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˍʹˌ ˋˎˋˁʶˎʺˌΣ ˍʽˌ ˉˇ˂ʽˍʽˁʷˌ 
ˍˇˎ ɽΦʅΦ ˋˍʹ ˔ˊʺˋʹ ˍʹˌ ˁʰʽ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ 
ʲˇʹʻʹˍʽˁ˗˄ ˎˉʹˊʶˋʽ˗˄Υ 

ïʁ ʵʾˋˁˇˌ ˔ˊʶʽʱʸʶˍʰʽ ʶʽʵʽˁˈ ˂ˇʴʽˋ˃ʽˁˈ ʵʽʰ˔ʶʾˊʽˋʹˌ 
ʰˊ˔ʶʾ˖˄ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʺ ˍˇˎˌ ˁʰʽ ʶʽʵʽˁˈ 
ˎ˂ʽˁˈ ˁʰʽ ˂ˇʴʽˋ˃ʽˁˈ ʴʽʰ ˎˉˇˋˍʺˊʽ˅ʹ ʽʵʶʰˍʺˌ 
˃˄ʺ˃ʹˌΦ 

ïʆʶˊ˃ʰˍʽˁʷˌ ˇʻˈ˄ʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ 
ʵʽʰ˔ʶʽˊʽˋˍʷˌ ˋˎˋˍʹ˃ʱˍ˖˄ όǎȅǎǘŜƳ ŀŘƳƛƴƛǎǘǊŀǘƻǊǎύ 
ʵˏ˄ʰˍʰʽ ˄ʰ ʷ˔ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˊˇˍʶˊʰʽˈˍʹˍʰΦ 
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ɲʽʰ˒ˇˊʷˌΥ ʃˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 
ʶ˂ʷʴ˔ˇˎ ˋˎˋˁʶˎʺˌ 

Åʁ ʷ˂ʶʴ˔ˇˌ ʶ˄ˈˌ ʶˁˍˎˉ˖ˍʺ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ʰˉ˂ˈˌΦ 

Åʁ ʷ˂ʶʴ˔ˇˌ ʶ˄ˈˌ ʵʾˋˁˇˎ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˉˇ˂ˏˉ˂ˇˁˇˌΦ 

Åʅʶ ˁʱˉˇʽˇ ʲʰʻ˃ˈΣ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˍʹˌ ˁʱʻʶ ˋˎˋˁʶˎʺˌ 
ʰ˄ʰ˂ʰ˃ʲʱ˄ʶʽ ˄ʰ ˔ʶʽˊʽˋˍʶʾ ˃ʷˊˇˌ ʰˎˍʺˌ ˍʹˌ 
ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌΦ 
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ɲʽʰ˒ˇˊʷˌΥ ɾˇ˄ʱʵʰ  
˃ʶˍʰ˒ˇˊʱˌ ʵʶʵˇ˃ʷ˄˖˄ 

Å  ʆʰ ɻʁ ʵˇ˃ʷ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶˍʰ˒ʶˊʻˇˏ˄ ˖ˌΥ 
ς ɮˁˇ˂ˇˎʻʾʰ ˔ʰˊʰˁˍʺˊ˖˄ όˉΦ˔Φ ˍʶˊ˃ʰˍʽˁˈΣ ˉˇ˄ˍʾˁʽύΦ 

ʁʽ ˋˎˋˁʶˎʷˌ ʰˎˍʺˌ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ŎƘŀǊŀŎǘŜǊ 

ŘŜǾƛŎŜǎ όˋˎˋˁʶˎʷˌ ˔ʰˊʰˁˍʺˊ˖˄). 

ς ʁ˃ʱʵʰ όʺ ˃ˉ˂ˇˁύ ˋˍʰʻʶˊˇˏ ˃ʶʴʷʻˇˎˌ όˉΦ˔Φ ʵʾˋˁˇˌΣ ˍʰʽ˄ʾʰύΦ 

ʁʽ ˋˎˋˁʶˎʷˌ ʰˎˍʺˌ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ block. 

 

 

 

ɲʶ˄ ʶʾ˄ʰʽ ˍʷ˂ʶʽʰ ʹ ˃ʷʻˇʵˇˌ ˍʰ˅ʽ˄ˈ˃ʹˋʹˌΥ ʆʰ ˊˇ˂ˈʴʽʰ ˉˇˎ 

ʰ˄ʺˁˇˎ˄Τ 
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ɲʽʰ˒ˇˊʷˌΥ  
ɮ˄ʰˉʰˊʱˋˍʰˋʹ ʵʶʵˇ˃ʷ˄˖˄ 

Åɲʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎˋˁʶˎʷˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ 
ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˊˈˉˇˎˌ ʰ˄ʰˉʰˊʱˋˍʰˋʹˌ 
ʵʶʵˇ˃ʷ˄˖˄ όˉΦ˔Φ ˁ˖ʵʽˁˇˉˇʾʹˋʹ ˔ʰˊʰˁˍʺˊ˖˄Σ 
ʽˋˇˍʽ˃ʾʰˌύΦ 
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ɲʽʰ˒ˇˊʷˌΥ ɳʾʵʹ ˋ˒ʰ˂˃ʱˍ˖˄ 

Åʆʰ ʶʾʵʹ ˋ˒ʰ˂˃ʱˍ˖˄ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʰˉˈ ˍʹ 
˔ˊʺˋʹ ˍ˖˄ ˋˎˋˁʶˎ˗˄ ʵʽʰ˒ʷˊˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ʰˉˈ ˍˇ 
ʷ˄ʰ ʶʾʵˇˌ ˋˎˋˁʶˎʺˌ ˋˍˇ ʱ˂˂ˇΣ ˋʶ ʻʷ˃ʰˍʰ ˈˉ˖ˌΥ 

ς ʆˊˈˉˇˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽΦ 

ς ɳˉʾˉˍ˖ˋʹ ˉˇˎ ʷ˔ˇˎ˄ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍˇˎˌΦ 

ς ʆˊˈˉˇʽ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʺˌ ˍˇˎˌΦ 
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ɳ˂ʶʴˁˍʷˌ ˋˎˋˁʶˎ˗˄ 

Å  ʁʽ ̀ˎˋˁʶˎʷˌ ɳκɳ ʷ˔ˇˎ˄ ʶ˅ʰˊˍʺ˃ʰˍʰΥ 
Å  ˃ ʹ˔ʰ˄ʽˁʱ ʶ˅ʰˊˍʺ˃ʰˍʰΦ 

Å  ́ ˂ʶˁˍˊˇ˄ʽˁʱ ʶ˅ʰˊˍʺ˃ʰˍʰΦ 

Å  ʆˇ ́˂ʶˁˍˊˇ˄ʽˁˈ ʶ˅ʱˊˍʹ˃ʰ ʶʾ˄ʰʽ ˇ ʶ˂ʶʴˁˍʺˌ ˍʹˌ 
ˋˎˋˁʶˎʺˌ όˉΦ˔Φ ˁʱˊˍʰ ʶˉʷˁˍʰˋʹˌ t/L ʴʽʰ ʵʾˋˁˇ 
SATA). 
Å  ɾˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʽˁʰ˄ˈ ˄ʰ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˉˇ˂˂ʷˌ ˋˎˋˁʶˎʷˌΦ 

Å  ɳˊʴʰˋʾʶˌ ˍˇˎ ʶ˂ʶʴˁˍʺΥ 
Å  ɾʶˍʰˍˊˇˉʺ ˋʶʽˊʽʰˁʺˌ ˊʽˉʺˌ bit ˋʶ ˃ˉ˂ˇˁ ʰˉˈ bytes. 

Å  ɳˁˍʶ˂ʶʾ ʵʽˈˊʻ˖ˋʹ ˋ˒ʰ˂˃ʱˍ˖˄ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ʰ˄ʱʴˁʶˌΦ 

Å  ɳʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇ ˋˍʹ ˁˏˊʽʰ ˃˄ʺ˃ʹΦ 
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ʆʶ˔˄ʽˁʷˌ ʴʽʰ ʶˁˍʷ˂ʶˋʹ ʶ˄ˍˇ˂˗˄ ɳκɳ 

Åʃˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʹ ɳκɳ όtǊƻƎǊŀƳƳŜŘ Lκh). 

Åʋˊʺˋʹ ʵʽʰˁˇˉˍ˗˄ όLƴǘŜǊǊǳǇǘ-driver I/O). 

Åɮˉʶˎʻʶʾʰˌ ˉˊˇˋˉʷ˂ʰˋʹ ˃˄ʺ˃ʹˌ ό5a!). 
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ʃˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʹ ɳκɳ 
(Programmed I/O) 

Åʋˊʺˋʹ ʶʽʵʽˁ˗˄ ʶ˄ˍˇ˂˗˄Φ 

ïin REG,port. 

ïout port, REG. 

Åʀʶ˔˖ˊʽˋˍʷˌ ʵʽʶˎʻˏ˄ˋʶʽˌ ˃˄ʺ˃ʹˌ κ ʶʽˋˈʵˇˎ ʶ˅ˈʵˇˎΦ 

Åɾˈ˄ˇ ˍˇ ɽʅ ˃ˉˇˊʶʾ ˄ʰ ˍʽˌ ˉˊˇˋˉʶ˂ʱˋʶʽΦ 
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ɳʾˋˇʵˇˌ ˃ʷˋ˖  
˔ʰˊˍˇʴˊʱ˒ʹˋʹˌ ˃˄ʺ˃ʹˌ όмκнύ 
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ɳʾˋˇʵˇˌ ˃ʷˋ˖  
˔ʰˊˍˇʴˊʱ˒ʹˋʹˌ ˃˄ʺ˃ʹˌ όнκнύ 
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ɮˉʶˎʻʶʾʰˌ ˉˊˇˋˉʷ˂ʰˋʹ 
 ̀ ˍʹ ˃˄ʺ˃ʹ ό5a!ύ 
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ʋˊʺˋʹ ˍ˖˄ ʵʽʰˁˇˉ˗˄ 

Åʂˍʰ˄ ˃ʽʰ ˋˎˋˁʶˎʺ ɳκɳ ˇ˂ˇˁ˂ʹˊ˗ˋʶʽ ˍˇ ʷˊʴˇ ˍʹˌ ˉˊˇˁʰ˂ʶʾ 
˃ʽʰ ʵʽʰˁˇˉʺ ˁʰʽ ʰˉʰʽˍʶʾ ʰˉˈ ˍˇ˄ ʶˉʶ˅ʶˊʴʰˋˍʺ ˄ʰ ˍʹ 
˔ʶʽˊʽˋˍʶʾΦ 
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ʅˍˈ˔ˇʽ ˍˇˎ ɽˇʴʽˋ˃ʽˁˇˏ ɳκɳ όмκнύ 

Åɮ˄ʶ˅ʰˊˍʹˋʾʰ ʰˉˈ ˍʹ ˋˎˋˁʶˎʺΦ 

Åʁ˃ˇʽˈ˃ˇˊ˒ʹ ˇ˄ˇ˃ʰˋʾʰΦ 

Åʋʶʽˊʽˋ˃ˈˌ ˋ˒ʰ˂˃ʱˍ˖˄Φ 

Åʅˏʴ˔ˊˇ˄ʶˌ κ ɮˋˏʴ˔ˊˇ˄ʶˌ ˃ʶˍʰ˒ˇˊʷˌΦ 

Åʃˊˇˋ˖ˊʽ˄ʺ ʰˉˇʻʺˁʶˎˋʹΦ 

Åɼˇʽ˄ˈ˔ˊʹˋˍʶˌ ʰˉˇˁ˂ʶʽˋˍʽˁʷˌ ˋˎˋˁʶˎʷˌΦ 

 

20 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 21 

ʄˈ˂ˇˌ ˍˇˎ ɽʅ ˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ 
ˋˎˋˁʶˎ˗˄ ɳκɳΥ ɮˉˇʵˇˍʽˁˈˍʹˍʰ 

Å ʃˊˈʲ˂ʹ˃ʰΥ ʁʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ˋˎˋˁʶˎʷˌ ɳκɳ ʶʾ˄ʰʽ ˉˇ˂ˏ ʰˊʴʷˌ ˋʶ ˋˏʴˁˊʽˋʹ 
ˈ˔ʽ ˃ˈ˄ˇ ˃ʶ ˍʹ˄ ɼɾɳ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ˁˏˊʽʰ ˃˄ʺ˃ʹΦ 

Å ɽˏˋʹΥ ɶ ˔ˊʺˋʹ ˉˇ˂ˎˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʶˉʽˍˊʷˉʶʽ ˋʶ ˁʱˉˇʽʶˌ ʵʽʶˊʴʰˋʾʶˌ 
˄ʰ ʶʾ˄ʰʽ ˎˉˈ ʰ˄ʰˋˍˇ˂ʺ ˉʶˊʽ˃ʷ˄ˇ˄ˍʰˌ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ 
ʶ˄ˍˇ˂˗˄ ɳκɳ ˍʹ˄ ʾʵʽʰ ˗ˊʰ ˉˇˎ ʱ˂˂ʶˌ ʵʽʶˊʴʰˋʾʶˌ ʶˁˍʶ˂ˇˏ˄ˍʰʽΦ 

Å ʂ˃˖ˌ ˉʰˊˈ˂ˇ ˉˇˎ ˋˍʽˌ ˃ʷˊʶˌ ˃ʰˌ ʹ ˁˏˊʽʰ ˃˄ʺ˃ʹ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʹ όˁʰʽ ˁʰˍΩ 
ʶˉʷˁˍʰˋʹ ˇ ʲʰʻ˃ˈˌ ˉˇ˂ˎˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˃ʶʴʱ˂ˇˌύΣ ʻʰ 
ˁʰˍʰ˂ʺ˅ˇˎ˃ʶ ˁʰʽ ˉʱ˂ʽ ˋʶ ˃ʾʰ ˁʰˍʱˋˍʰˋʹ ˉˇˎ ˇʽ ˉʶˊʽˋˋˈˍʶˊʶˌ ʵʽʶˊʴʰˋʾʶˌ 
ˋˍʹ ˃˄ʺ˃ʹ ʻʰ ʶʾ˄ʰʽ ˎˉˈ ʰ˄ʰˋˍˇ˂ʺΦ 

Å ɳˉˇ˃ʷ˄˖ˌ ˎˉʱˊ˔ʶʽ ʹ ʰ˄ʱʴˁʹ ˃ʶˍʰ˒ˇˊʱˌ ʵʽʶˊʴʰˋʽ˗˄ ˃ʶˍʰ˅ˏ ˁˏˊʽʰˌ ˁʰʽ 
ˉʶˊʽ˒ʶˊʶʽʰˁʺˌ ˃˄ʺ˃ʹˌΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˉˊʱ˅ʹ ɳκɳΦ 

Å ɼʰˍΩ ʶˉʷˁˍʰˋʹ ʹ ʲʶ˂ˍʾ˖ˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ʶˁˍʷ˂ʶˋʹˌ ʶ˄ˍˇ˂˗˄ ɳκɳ ʶʾ˄ʰʽ 
˃ʶʴʱ˂ʹˌ ˋʹ˃ʰˋʾʰˌ ʴʽʰ ˍʹ˄ ˋˎ˄ˇ˂ʽˁʺ ʰˉˈʵˇˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ˁˎˊʾ˖ˌ 
ˈˍʰ˄ ʶ˃ˉ˂ʷˁʶˍʰʽ ˇ ˋˁ˂ʹˊˈˌ ʵʾˋˁˇˌΦ 
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ʄˈ˂ˇˌ ˍˇˎ ɽʅ ˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ 
ˋˎˋˁʶˎ˗˄ ɳκɳΥ ʁ˃ˇʽˇ˃ˇˊ˒ʾʰ 

Åɱʽʰ ˂ˈʴˇˎˌ ʶˏˁˇ˂ʹˌ ˔ˊʺˋʹˌ ˁʰʽ ʰˉˇ˒ˎʴʺˌ ˋ˒ʰ˂˃ʱˍ˖˄ ʶʾ˄ʰʽ 
ʶˉʽʻˎ˃ʹˍˈ ˄ʰ ˔ʶʽˊʽʸˈ˃ʰˋˍʶ ˈ˂ʶˌ ˍʽˌ ˋˎˋˁʶˎʷˌ ɳκɳ ˇ˃ˇʽˈ˃ˇˊ˒ʰΦ 

ς ɮˎˍˈ ʽˋ˔ˏʶʽ ˁʰʽ ˋˍˇ˄ ˍˊˈˉˇ ˉˇˎ ʲ˂ʷˉˇˎ˄ ˇʽ ʵʽʶˊʴʰˋʾʶˌ ˍʽˌ 
ˋˎˋˁʶˎʷˌ ˁʰʽ ˋˍˇ˄ ˍˊˈˉˇ ˉˇˎ ˍˇ ɽΦʅΦ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˍʽˌ ˋˎˋˁʶˎʷˌ 
ˁʰʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎˌΦ 

Åɮˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʰˉˈˁˊˎ˕ʹ ˍ˖˄ ʽʵʽʰʽˍʶˊˇˍʺˍ˖˄ ˍʹˌ ˁʱʻʶ 
ˋˎˋˁʶˎʺˌ ˋʶ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ ˊˇˎˍʾ˄ʶˌΦ 

Åɮ˄ ˁʰʽ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇ ˄ʰ ˎˉʱˊ˅ʶʽ ʰˉˈ˂ˎˍʹ ʴʶ˄ʾˁʶˎˋʹ ˋʶ ʰˎˍˈ˄ ˍˇ˄ 
ˍˇ˃ʷʰΣ ˇ ˋˍˈ˔ˇˌ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˋʶ ʴʶ˄ʽˁʷˌ ʴˊʰ˃˃ʷˌ ˃ʶ ˍʹ ˔ˊʺˋʹ 
˂ˇʴʽˁ˗˄ ˋˍˊ˖˃ʱˍ˖˄ ˁʰʽ ʰˊʻˊ˖ˍˇˏ ˋ˔ʶʵʽʰˋ˃ˇˏ ˈˉˇˎ ˇʽ ˔ʰ˃ʹ˂ˇˏ 
ʶˉʽˉʷʵˇˎ ˂ʶˉˍˇ˃ʷˊʶʽʶˌ ˉˇˎ ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʴʽʰ ˁʱʻʶ ˋˎˋˁʶˎʺ 
ʰˉˇ˃ˇ˄˗˄ˇ˄ˍʰʽ ˋˍʰ ˔ʰ˃ʹ˂ʱ ˋˍˊ˗˃ʰˍʰΣ ʶ˄˗ ˍʰ ˎ˕ʹ˂ˈˍʶˊʰ 
ˉʰˊʷ˔ˇˎ˄ ʴʶ˄ʽˁʷˌ ˁʰʽ ˇ˃ˇʽˇʴʶ˄ʶʾˌ ˂ˇʴʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˈˉ˖ˌ 
ʱ˄ˇʽʴ˃ʰκˁ˂ʶʾˋʽ˃ˇ ˋˎˋˁʶˎʺˌΣ ʵʽʱʲʰˋ˃ʰκʴˊʱ˕ʽ˃ˇΣ ˁ˂ˉΦ 
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ɮˊ˔ʷˌ ˂ˇʴʽˋ˃ʽˁˇˏ ɳκɳ 
ʅˍˈ˔ˇʽ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ɳκɳ 

Åɮ˄ʶ˅ʰˊˍʹˋʾʰ ˋˎˋˁʶˎʺˌΥ 

Å ʆʰ ̄́ ˇʴˊʱ˃˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʷ˔ˇˎ˄ ˉˊˈˋʲʰˋʹ ˋʶ ˁʱʻʶ 
ˋˎˋˁʶˎʺ ɳκɳΦ 

Å ʋ˖ˊʾˌ ˄ʰ ʵʽʶˎˁˊʽ˄ʾʸʶˍʰʽ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ ʹ ʵʽʱˍʰ˅ʹΦ 

ï (floppy, hard drive, or CD-ROM). 

Åɳ˄ʽʰʾʰ ˇ˄ˇ˃ʰˋʾʰΥ 

Å ʁ˄ˇ˃ʰˋʾʰ ʶ˄ˈˌ ˒ʰˁʷ˂ˇˎ ʺ ˋˎˋˁʶˎʺˌ ˃ʶ ʷ˄ʰ ʰ˂˒ʰˊʽʻ˃ʹˍʽˁˈ ʺ 
ʰˁʷˊʰʽˇ ʰˊʽʻ˃ˈΦ 

Å ɲʶ˄ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˃ʹ˔ʱ˄ʹ˃ʰΦ 

Åɲʽʰ˔ʶʾˊʽˋʹ ˋ˒ʰ˂˃ʱˍ˖˄Υ 

Å ɲʽʰ˔ʶʾˊʽˋʹ ˈˋˇ ʴʾ˄ʶˍʰʽ ˁˇ˄ˍʱ ˋˍˇ ˎ˂ʽˁˈΦ 
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ʅˍˈ˔ˇʽ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ɳκɳ όнκнύ 
Åʅˏʴ˔ˊˇ˄ʹ ǾǎΦ ɮˋˏʴ˔ˊˇ˄ʹ ˃ʶˍʰ˒ˇˊʱΦ 

ïɾˉ˂ˇˁʰˊʽˋ˃ʷ˄ʶˌ ˃ʶˍʰ˒ˇˊʷˌ ǾǎΦ ʁʵʹʴˇˏ˃ʶ˄ʶˌ 
ʰˉˈ ʵʽʰˁˇˉʷˌΦ 

Åɮˉˇʻʺˁʶˎˋʹ ˋʶ ˉˊˇˋ˖ˊʽ˄ʺ ˃˄ʺ˃ʹΦ 

ïɲʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˃ʽʰ ˋˎˋˁʶˎʺ ʵʶ˄ 
˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇʻʹˁʶˎˍˇˏ˄ ˋˍˇ˄ ˍʶ˂ʽˁˈ 
ˉˊˇˇˊʽˋ˃ˈΦ 

Å ɲʽʰ˃ˇʽˊʰʸˈ˃ʶ˄ˇ ǾǎΦ ɮˉˇˁ˂ʶʽˋˍʽˁʷˌ ˋˎˋˁʶˎʷˌΦ 

ïʁʽ ɻʾˋˁˇʽ ʶʾ˄ʰʽ ʵʽʰ˃ˇʽˊʰʸˈ˃ʶ˄ˇʽΦ 

ïʁʽ ˃̌˄ʱʵʶˌ ˍʰʽ˄ʾʰˌ ʵʶ˄ ʶʾ˄ʰʽΦ 
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ɮˁˊʽʲʶʾˌ ˁʰʽ  
ɮ˄ʰˁˊʽʲʶʾˌ ʵʽʰˁˇˉʷˌ (1/2) 

Åɹʵʽˈˍʹˍʶˌ ˃ʽʰˌ ʵʽʰˁˇˉʺˌ ˃ʶ ʰˁˊʾʲʶʽʰΦ 
ïʁ t/ όtǊƻƎǊŀƳ /ƻǳƴǘŜǊύ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋʶ ʷ˄ʰ 
ʴ˄˖ˋˍˈ ˃ʷˊˇˌΦ 
ïʂ˂ʶˌ ˇʽ ʶ˄ˍˇ˂ʷˌ ˉˊʽ˄ ʰˉˈ ʰˎˍʺ˄ ˉˇˎ 
ˎˉˇʵʶʽˁ˄ˏʶˍʰʽ ʰˉˈ ˍˇ˄ t/ ʷ˔ˇˎ˄ ʶˁˍʶ˂ʶˋˍʶʾ 
ˉ˂ʺˊ˖ˌΦ 
ïɼʰ˃ʾʰ ʶ˄ˍˇ˂ʺ ˉʷˊʰ ʰˉˈ ʶˁʶʾ˄ʹ ˉˇˎ 
ˎˉˇʵʶʽˁ˄ˏʶˍʰʽ ʰˉˈ ˍˇ˄ t/ ʵʶ˄ ʷ˔ʶʽ ʶˁˍʶ˂ʶˋˍʶʾΦ 
ïɶ ˁh ˍʱˋˍʰˋʹ ʶˁˍʷ˂ʶˋʹˌ ˍʹˌ ʶ˄ˍˇ˂ʺˌ ˉˇˎ 
ˎˉˇʵʶʽˁ˄ˏʶˍʰʽ ʰˉˈ ˍˇ˄ PC ʁ ʾ˄ʰʽ ʴ˄˖ˋˍʺΦ 
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ɮˁˊʽʲʶʾˌ ˁʰʽ  
ɮ˄ʰˁˊʽʲʶʾˌ ʵʽʰˁˇˉʷˌ (2/2) 

όʰύ ɾʾʰ ʰˁˊʽʲʺˌ ʵʽʰˁˇˉʺ 
(b) ɾʽʰ ʰ˄ʰˁˊʽʲʺˌ ʵʽʰˁˇˉʺΦ 
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ɳκɳ ˃ʶ о ˍˊˈˉˇˎˌ 

Åʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ʷ˄ʹ ɳκɳΦ 

Åɳκɳ ˇʵʹʴˇˏ˃ʶ˄ʹ ʰˉˈ ʵʽʰˁˇˉʷˌΦ 

Åɳκɳ ˃ʶ ˔ˊʺˋʹ DMA. 
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ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ʷ˄ʹ ɳκɳ ό1/2) 

ɰʺ˃ʰˍʰ ʴʽʰ ˍʹ˄ ˍˏˉ˖ˋʹ ʶ˄ˈˌ ʰ˂˒ʰˊʽʻ˃ʹˍʽˁˇˏ: 

ʰ˄ˍʽʴˊʰ˒ʺ ˍˇˎ ǳǎŜǊ ōǳŦŦŜǊ ˋˍˇ ƪŜǊƴŜƭ ǎǇŀŎŜ ˁʰʽ 

˃ʶˍʰ˒ˇˊʱ ˋˍʹ˄ ɳκɳΦ 
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ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ʷ˄ʹ ɳκɳ ό2/2) 
copy_from_user(buffer, p, count);  

for(i=0;i<count;i++){  

 while (*printer_status_reg!=READY);

 *printer_data_register = p[i];  

}  

Return_to_user();  

 
 
 
 
 
 
 
ɳʴʴˊʰ˒ʺ ʶ˄ˈˌ ʰ˂˒ʰˊʽʻ˃ʹˍʽˁˇˏ ˋˍˇ˄ ʶˁˍˎˉ˖ˍʺ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ʷ˄ʹ 
ɳκɳΦ 
 
 

         

Ǉ ʶʾ˄ʰʽ ʹ ˉˊˇˋ˖ˊʽ˄ʺ ˃˄ʺ˃ʹ ˍˇˎ ˉˎˊʺ˄ʰ 
ʲˊˈ˔ˇˌ ˋʶ ˁʱʻʶ ˔ʰˊʰˁˍʺˊʰ ʲˊˈ˔ˇˌ ˃ʷ˔ˊʽ 
˄ʰ ʶʾ˄ʰʽ ʷˍˇʽ˃ˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶ˄ˈˌ 
˔ʰˊʰˁˍʺˊʰΦ 
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E/E ̌ ʵʹʴˇˏ˃ʶ˄ʹ ʰˉˈ ʵʽʰˁˇˉʷˌ 

ɳʴʴˊʰ˒ʺ ʶ˄ˈˌ ʰ˂˒ʰˊʽʻ˃ʹˍʽˁˇˏ ˋˍˇ˄ ʶˁˍˎˉ˖ˍʺ ˃ʶ ɳκɳ ˇʵʹʴˇˏ˃ʶ˄ʹ ʰˉˈ 

ʵʽʰˁˇˉʺΦ 

(aύ ɼ˗ʵʽˁʰˌ ˉˇˎ ʶˁˍʶ˂ʶʾˍʰʽ ˍʹ˄ ˋˍʽʴ˃ʺ ˉˇˎ ʴʾ˄ʶˍʰʽ ʹ ˁ˂ʾˋʹ ˍʹˌ ʶˁˍˏˉ˖ˋʹˌΦ 

(b) ɲʽʰʵʽˁʰˋʾʰ ʵʽʰˁˇˉʺˌ ˎˉʹˊʶˋʽ˗˄ ʴʽʰ ˍˇ˄ ʶˁˍˎˉ˖ˍʺΦ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

E/E ˃ ʶ ˔ˊʺˋʹ DMA 

ɳˁˍˏˉ˖ˋʹ ʁ ˄ˈˌ h ˂˒ʰˊʽʻ˃ʹˍʽˁˇˏ ˃  ʁ̝ ˊʺˋʹ ̱ ˇˎ DMA. 

(a) ɼ˗ʵʽˁʰ ̄ ˇˎ ʁ ˁˍʶ˂ʶʾˍʰʽ ̍ ˍʰ˄ ˁ ʰ˂ʶʾˍʰʽ ́  ʁ ˁˍˏˉ˖ˋʹ. 

(b) ɲʽʰʵʽˁʰˋʾʰ ʁ ˅ˎˉʹˊʷˍʹˋʹˌ ɻ ʽʰˁˇˉʺˌ. 
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ɹʶˊʰˊ˔ʽˁˈˌ ˋ˔ʶʵʽʰˋ˃ˈˌ 
ˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ɳκɳ 

Åɶ ˔ˊʺˋʹ ˃ʾʰˌ ʽʶˊʰˊ˔ʽˁʺˌ ˒ʽ˂ˇˋˇ˒ʾʰˌ ˋˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ ɽΦʅΦ 
ˇʵʹʴʶʾ ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ɽΦʅΦ ˇˊʴʰ˄˖˃ʷ˄˖˄ ˋʶ ˋˍˊ˗˃ʰˍʰ ˁʰʽ ˋˍˇ 
ʵʽʰ˔˖ˊʽˋ˃ˈ ˍ˖˄ ˂ʶʽˍˇˎˊʴʽ˗˄ ʶ˄ˈˌ ɽΦʅΦ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌΣ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʱ ˍˇˎˌ ˁʰʽ ˍˇ ʶˉʾˉʶʵˇ 
ʰ˒ʰʽˊʶˍʽˁˈˍʹˍʰˌΦ 

Åʆˇ ˁʱʻʶ ˋˍˊ˗˃ʰ ˎ˂ˇˉˇʽʶʾ ʷ˄ʰ ˃ʷˊˇˌ ˍ˖˄ ˂ʶʽˍˇˎˊʴʽ˗˄ ˉˇˎ ˉˊʷˉʶʽ 
˄ʰ ˎˉˇˋˍʹˊʾʸʶʽ ʷ˄ʰ ɽΦʅΦ 

Åɰʰˋʾʸʶˍʰʽ ˋˍˇ ʶˉˈ˃ʶ˄ˇ ˔ʰ˃ʹ˂ˈˍʶˊˇ ʶˉʾˉʶʵˇ ʴʽʰ ˄ʰ ˎ˂ˇˉˇʽʺˋʶʽ ˉʽˇ 
ʲʰˋʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˁʰʽ ˄ʰ ʰˉˇˁˊˏ˕ʶʽ ˍʽˌ ˂ʶˉˍˇ˃ʷˊʶʽʷˌ ˍˇˎˌΦ 

Åʃʰˊʷ˔ʶʽ ˎˉʹˊʶˋʾʶˌ ˋˍˇ ʶˉˈ˃ʶ˄ˇ ˎ˕ʹ˂ˈˍʶˊˇ ʶˉʾˉʶʵˇΦ 

Åɹʵʰ˄ʽˁʱΣ ʰ˂˂ʰʴʷˌ ˋʶ ˁʱˉˇʽˇ ʶˉʾˉʶʵˇ ʵʶ˄ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶˉʹˊʶʱʸˇˎ˄ 
ʱ˂˂ʰ ʶˉʾˉʶʵʰΦ 

 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɳˉʾˉʶʵʰ ˂ˇʴʽˋ˃ʽˁˇˏ ɳκɳ 

ɳˉʾˉʶʵʰ ɳκɳ ˂ ˇʴʽˋ˃ʽˁˇˏ ̀ ˎˋˍʺ˃ʰˍˇˌ. 

ʅˎ˄ʺʻ˖ˌ ˎ ˉʱˊ˔ˇˎ˄ 4 ʁ ˉʾˉʶʵʰ. 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʋʶʽˊʽˋˍʷˌ ʵʽʰˁˇˉ˗˄ ό1/3) 

Åʁʽ ̝ʁʽˊʽˋˍʷˌ ʵʽʰˁˇˉ˗˄ ʶʾ˄ʰʽ ˁʰ˂ˏˍʶˊʰ ˁˊˎ˃˃ʷ˄ˇʽΦ 

ïɴ˔ˇˎ˄ ˇʵʹʴˈ ˉˇˎ ʶˁˁʽ˄ʶʾ ʷ˄ʰ ˃ˉ˂ˇˁ ˂ʶʽˍˇˎˊʴʾʰˌ 
ɳκɳ ˃ʷ˔ˊʽ ʹ ʵʽʰˁˇˉʺ ˄ʰ ʰ˄ʰˁˇʽ˄˗ˋʶʽ ˍʹ˄ 
ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌΦ 

Åɶ ɻʽʰʵʽˁʰˋʾʰ ʵʽʰˁˇˉʺˌ ˁʱ˄ʶʽ ˍʹ˄ ʵˇˎ˂ʶʽʱ ˍʹˌΦ 

ïɾʶˍʱ ˅ʶ˃ˉ˂ˇˁʱˊʶʽ ˍˇ˄ ˇʵʹʴˈ ˉˇˎ ˍʹ˄ ʶˁʾ˄ʹˋʶΦ 

Åʆʰ ̡̋ ˃ʰˍʰ ˉˊʷˉʶʽ ˄ʰ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ 
ʰ˒ˇˏ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʹ ɻ̔ ʰˁˇˉʺΦ 

ï(ɳ̄ ˈ˃ʶ˄ʹ ʵʽʰ˒ʱ˄ʶʽʰ). 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʋʶʽˊʽˋˍʷˌ ʵʽʰˁˇˉ˗˄ ό2/3) 
Åɮˉˇʻʺˁʶˎˋʹ ˁʰˍʰ˔˖ˊʹˍ˗˄ ˉˇˎ ʵʶ˄ ʷ˔ˇˎ˄ ʺʵʹ ʰˉˇʻʹˁʶˎˍʶʾ 
ʰˉˈ ˍʹ ʵʽʰˁˇˉʺ ˍˇˎ ˎ˂ʽˁˇˏ. 

Åɲʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˉ˂ʰʽˋʾˇˎ ʴʽʰ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ʵʽʰˁˇˉʺˌ 
ʶ˅ˎˉʹˊʷˍʹˋʹˌ. 

Åʄˏʻ˃ʽˋʹ ˃ʽʰˌ ˋˍˇʾʲʰˌ ʴʽʰ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ʵʽʰˁˇˉʺˌ 
ʶ˅ˎˉʹˊʷˍʹˋʹˌ. 

Åɳˉʽʲʶʲʰʾ˖ˋʹ ˋˍˇ˄ ʶ˂ʶʴˁˍʺ ʵʽʰˁˇˉ˗˄. ɮ˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ 
ˁʶ˄ˍˊʽˁˈˌ ʶ˂ʶʴˁˍʺˌ ʵʽʰˁˇˉ˗˄Σ ʶ˄ʶˊʴˇˉˇʽˇˏ˄ˍʰʽ ˅ʰ˄ʱ ˇʽ 
ʵʽʰˁˇˉʷˌ. 

Åɮ˄ˍʽʴˊʰ˒ʺ ˍ˖˄ ˁʰˍʰ˔˖ˊʹˍ˗˄ ʰˉˈ ʶˁʶʾ ˉˇˎ ʶʾ˔ʰ˄ 
ʰˉˇʻʹˁʶˎˍʶʾ ˋˍˇ˄ ˉʾ˄ʰˁʰ ʵʽʶˊʴʰˋʽ˗˄. 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʋʶʽˊʽˋˍʷˌ ʵʽʰˁˇˉ˗˄ ό3/3) 

Åɳˁˍʷ˂ʶˋʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ʵʽʰˁˇˉʺˌ. 

Åɳˉʽ˂ˇʴʺ ˍʹˌ ʶˉˈ˃ʶ˄ʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˉˊˇˌ ʶˁˍʷ˂ʶˋʹ. 

Åʄˏʻ˃ʽˋʹ ˍˇˎ ˉ˂ʰʽˋʾˇˎ MMU ɹ ʽʰ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ ˉˊˇˌ 
ʶˁˍʷ˂ʶˋʹ ʶ˄ˍˇ˂ʺ. 

Åʊˈˊˍ˖ˋʹ ˍ˖˄ ˁʰˍʰ˔˖ˊʹˍ˗˄ ˍʹˌ ˄ʷʰˌ ʵʽʰʵʽˁʰˋʾʰˌΣ 
˃ʰʸʾ ˃ʶ ˍˇ PSW (program status word). 

Åɴ˄ʰˊ˅ʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˄ʷʰˌ ʵʽʰʵʽˁʰˋʾʰˌ. 
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ʁʵʹʴˇʾ ̀ ˎˋˁʶˎ˗˄ 
Åɳ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇ ˂ˇʴʽˋ˃ʽˁˈ 
ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ɳκɳ 
ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ɽʅΦ 

Åɽˇʴʽˁʺ ˍˇˉˇʻʷˍʹˋʹ ˍ˖˄ 
ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˇʵʺʴʹˋʹˌ 
ˋˎˋˁʶˎ˗˄Φ 

Åʅˍʹ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΣ ˈ˂ʹ ʹ 
ʶˉʽˁˇʽ˄˖˄ʾʰ ˃ʶˍʰ˅ˏ ˇʵʹʴ˗˄ 
ˁʰʽ ʶ˂ʶʴˁˍ˗˄ ˋˎˋˁʶˎ˗˄ 
ʴʾ˄ʶˍʰʽ ˃ʷˋ˖ ˍˇˎ ʵʽʰˏ˂ˇˎΦ 
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ɽˇʴʽˋ˃ʽˁˈ ɳκɳ  
ʰ˄ʶ˅ʰˊˍʺˍˇˎ ˋˎˋˁʶˎʺˌ 

Åɽʶʽˍˇˎˊʴʾʶˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ ɳκɳ ʰ˄ʶ˅ʰˊˍʺˍˇˎ ˋˎˋˁʶˎʺˌΦ 

 
38 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʁ˃ˇʽˈ˃ˇˊ˒ʹ ʵʽʰˋˏ˄ʵʶˋʹ  
ʴʽʰ ˍˇˎˌ ˇʵʹʴˇˏˌ ˋˎˋˁʶˎ˗˄ 

(a) ʋ˖ˊʾˌ ̱ ˎˉʽˁʺ ɻ ʽʶˉʰ˒ʺ ̌ ʵʹʴˇˏ. 

(b) ɾ  ʁ̱ ˎˉʽˁʺ ɻ ʽʶˉʰ˒ʺ ̌ ʵʹʴˇˏ. 
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ʃˊˇˋ˖ˊʽ˄ʺ ˃˄ʺ˃ʹ ό1/2) 

(a) ɳʾˋˇʵˇˌ ˃ʹ ʰˉˇʻʹˁʶˎ˃ʷ˄ʹ ˋʶ ˉˊˇˋ˖ˊʽ˄ʺ ˃˄ʺ˃ʹ. 

(b) ʃˊˇˋ˖ˊʽ˄ʺ ˃˄ʺ˃ʹ ˋˍˇ˄ ˔˗ˊˇ ˍˇˎ ˔ˊʺˋˍʹ. 

(c) ʃˊˇˋ˖ˊʽ˄ʺ ˃˄ʺ˃ʹ  ̀ ˍˇ˄ ˉˎˊʺ˄ʰ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʰˉˈ ˍʹ˄ 
ʰ˄ˍʽʴˊʰ˒ʺ ˋˍˇ ˔˗ˊˇ ˍˇˎ ˔ˊʺˋˍʹΦ 

(d) ɲʽˉ˂ʺ ˉˊˇˋ˖ˊʽ˄ʺ ˃˄ʺ˃ʹ ˋˍˇ˄ ˉˎˊʺ˄ʰ. 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ʃˊˇˋ˖ˊʽ˄ʺ ˃˄ʺ˃ʹ ό2/2) 

ɶ ɻ̔ ˁˍˏ˖ˋʹ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉˇ˂˂ʷˌ ʰ˄ˍʽʴˊʰ˒ʷˌ ʶ˄ˈˌ 
ˉʰˁʷˍˇˎ ʰˉˈ ʶˉʾˉʶʵˇ ˋʶ ʶˉʾˉʶʵˇΦ 
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 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɽˇʴʽˋ˃ʽˁˈ ɳκɳ ʋ˗ˊˇˎ ς ̝ ˊʺˋˍʹ 

ɳˉʾˉʶʵʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ɳκɳ ˁʰʽ ˇʽ 
ˁˏˊʽʶˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˁʱʻʶ ʶˉʽˉʷʵˇˎΦ 

 

ʅˎ˄ʰˊˍʺˋʶʽˌ ɳκɳ 
Å ɼ˂ʺˋʹ ɳκɳΣ ˃ˇˊ˒ˇˉˇʾʹˋʹ ɳκɳΣ 

spooling. 
Å ʁ˄ˇ˃ʰˋʾʰΣ ˉˊˇˋˍʰˋʾʰΣ ˃ˉ˂ˇˁΣ 
ˉˊˇˋ˖ˊʽ˄ʺ ʰˉˇʻʺˁʶˎˋʹΣ 
ˁʰˍʰ˄ˇ˃ʺΦ  

Å ʄˏʻ˃ʽˋʹ ˁʰˍʰ˔˖ˊʹˍ˗˄ ˋˎˋˁʶˎʺˌΣ 
ʷ˂ʶʴ˔ˇˌ ˁʰˍʱˋˍʰˋʹˌΦ  

Å ɮ˒ˏˉ˄ʽˋʹ ˇʵʹʴˇˏ ˈˍʰ˄ 
ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʹ ɳκɳΦ 

Å ɳˁˍʷ˂ʶˋʹ ˂ʶʽˍˇˎˊʴʽ˗˄ ɳκɳΦ 
Å ˉΦ˔. 

count=write(fd,&buffer,nbytes) 
      printfόάbŀƳŜΥ ҈млǎέΣƴŀƳŜ); 

 
ɯ˂˂ˇ ˉʰˊʱʵʶʽʴ˃ʰΥ spooling 

 

42 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 43 

ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʅˎˋˁʶˎ˗˄ ɳκɳ 
 



 ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɾʰʴ˄ʹˍʽˁˇʾ ʵʾˋˁˇʽ ό1/2) 

ʃʰˊʱ˃ʶˍˊˇʽ ʵʾˋˁˇˎ ʴʽʰ ˍʹ ʵʽˋˁʷˍʰ ˍˇˎ ˉˊ˖ˍˈˍˎˉˇˎ IBM PC όʹ ˇˉˇʾʰ 
˔˖ˊˇˏˋʶ 360 KBύ ˁʰʽ ʴʽʰ ˍˇ˄ ˋˁ˂ʹˊˈ ʵʾˋˁˇ Western Digital WD 18300. 
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