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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɯʵʶʽʶˌ ʋˊʺˋʹˌ 

Åʆˇ ˉʰˊˈ˄ ʶˁˉʰʽʵʶˎˍʽˁˈ ˎ˂ʽˁˈ ˎˉˈˁʶʽˍʰʽ ˋʶʱʵʶʽʶˌ 
˔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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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

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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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅˁˇˉˈˌ ˍʹˌ ʶ˄ˈˍʹˍʰˌ

Åɿʰ ʰ˄ʰ˂ˎʻˇˏ˄ ˍʰ ˋˎ˄ʵˎʰˋˍʽˁʱ ˁʰʽ 
ʰˁˇ˂ˇˎʻʽʰˁʱ ˁˎˁ˂˗˃ʰˍʰ ˖ˌ ˉˊˇˌˍʽˌ ʰˊ˔ʷˌ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ˁʰʽ ˍˇ˄ ʽʶˊʰˊ˔ʽˁˈ ˋ˔ʶʵʽʰˋ˃ˈΦ

Åɿʰ ʵʶʽ˔ʻˇˏ˄ ˃ʷʻˇʵˇʽ ˖ˌ ˉˊˇˌ ˍʹ˄ ˋ˔ʶʵʾʰˋʹΦ

Åɿʰ ʵʶʽ˔ʻʶʾ ʹ ˎ˂ˇˉˇʾʹˋʹ ʰʻˊˇʽˋˍ˗˄ ˁʰʽ ʹ˃ʽ-
ʰʻˊˇʽˋˍ˗˄Φ

Åɿʰ ʰ˄ʰ˂ˎʻʶʾ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ CLA.
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʇˉʱˊ˔ˇˎ˄ н ˍˏˉˇʽ ˁˎˁ˂˖˃ʱˍ˖˄

Åʅˎ˄ʵˎʰˋˍʽˁʱ ɼˎˁ˂˗˃ʰˍʰΦ

Åɮˁˇ˂ˇˎʻʽʰˁʱˁˎˁ˂˗˃ʰˍʰΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅˎ˄ʵˎʰˋˍʽˁʱ ɼˎˁ˂˗˃ʰˍʰ όмύ

Åɴ˄ʰ ˋˎ˄ʵˎʰˋˍʽˁˈ ˁˏˁ˂˖˃ʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 
˂ˇʴʽˁʷˌ ˉˏ˂ʶˌ ˍ˖˄ ˇˉˇʾ˖˄ ˇʽ ʷ˅ˇʵˇʽΣ ʰ˄ʱ ˉʱˋʰ 
ˋˍʽʴ˃ʺΣ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˁʱˉˇʽˇ ˂ˇʴʽˁˈ 
ˋˎ˄ʵˎʰˋ˃ˈ ˍ˖˄ ˍʽ˃˗˄ ˋˍʽˌ ʶʽˋˈʵˇˎˌ ˍˇˎ 
ˁˎˁ˂˗˃ʰˍˇˌΦ

Åɱʽʰ ƴ ˃ʶˍʰʲ˂ʹˍʷˌ ʶʽˋˈʵˇˎΣ ˎˉʱˊ˔ˇˎ˄ нnˉʽʻʰ˄ˇʾ ( 
ʵˎʰʵʽˁˇʾ ύ ˋˎ˄ʵˎʰˋ˃ˇʾ ˍʽ˃˗˄ ʶʽˋˈʵˇˎΦ

Åɱʽʰ ˁʱʻʶ ˍʷˍˇʽˇ ˋˎ˄ʵˎʰˋ˃ˈΣ ˎˉʱˊ˔ʶʽ ˃ʽʰ ˉʽʻʰ˄ʺ 
ʵˎʰʵʽˁʺ ˍʽ˃ʺ ˋˍʹ˄ ˁʱʻʶ ʷ˅ˇʵˇΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅˎ˄ʵˎʰˋˍʽˁʱ ɼˎˁ˂˗˃ʰˍʰ όнύ

ɴ˄ʰ ˋˎ˄ʵˎʰˋˍʽˁˈ ˁˏˁ˂˖˃ʰ ˃ʶ n ʁ ʽˋˈʵˇˎˌ ˁʰʽ m ʁ ˅ˈʵˇˎˌΣ 
˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽʴˊʰ˒ʶʾʰˉˈ:

1. ɴ˄ʰ ˉʾ˄ʰˁʰ ʰ˂ʹʻʶʾʰˌ ˉˇˎ ˉʶˊʽʷ˔ʶʽ ˍʽˌ ˍʽ˃ʷˌ ˋˍʽˌ 
ʶ˅ˈʵˇˎˌ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ʴʽʰ ˁʱʻʶ ˉʽʻʰ˄ˈ ˋˎ˄ʵˎʰˋ˃ˈ 
ˋˍʽˌ ʶʽˋˈʵˇˎˌ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌΣ ʺ

2. m ɻ ˎʰʵʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌΣ м ʴʽʰ ˁʱʻʶ ˃ʶˍʰʲ˂ʹˍʺ 
ʶ˅ˈʵˇˎΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɮˁˇ˂ˇˎʻʽʰˁʱɼˎˁ˂˗˃ʰˍʰ
Åʆʰ ˋˎ˄ʵˎʰˋˍʽˁʱ ˁˎˁ˂˗˃ʰˍʰ ʵʶ˄ ʷ˔ˇˎ˄ ˃˄ʺ˃ʹ.
ʁʽ ˍʽ˃ʷˌ ˋˍʽˌ ʶ˅ˈʵˇˎˌ ˍˇˎˌ ʶ˅ʰˊˍ˗˄ˍʰʽ ɾʁɿʁ ʰˉˈ 
ˍʽˌ ˍˊʷ˔ˇˎˋʶˌ ˍʽ˃ʷˌ ˋˍʽˌ ʶʽˋˈʵˇˎˌΦ
Åʆʰ ʰˁˇ˂ˇˎʻʽʰˁʱ ˁˎˁ˂˗˃ʰˍʰ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ 
ˋˎ˄ʵˎʰˋˍʽˁʺ ˂ˇʴʽˁʺ ˁʰʽ ʰˉˈ ˋˍˇʽ˔ʶʾʰ ˃˄ʺ˃ʹˌ ό 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ʰˉˇʻʺˁʶˎˋʹ ˁʱˉˇʽ˖˄ 
ˁʰˍʰˋˍʱˋʶ˖˄ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ύΦ

Ąʁʽ ˍʽ˃ʷˌ ˋˍʽˌ ʶ˅ˈʵˇˎˌ 
ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʽˌ ˍˊʷ˔ˇˎˋʶˌ ˍʽ˃ʷˌ ˋˍʽˌ ʶʽˋˈʵˇˎˌ 
ˁʰʽ ˍʽˌ ˍʽ˃ʷˌ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ʶʽˋˈʵ˖˄ ό ˉˇˎ ʷ˔ˇˎ˄ 
ʰˉˇʻʹˁʶˎˍʶʾ ˋˍʰ ˋˍˇʽ˔ʶʾʰ ˃˄ʺ˃ʹˌ ύΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʅˎ˄ʵˎʰˋˍʽˁʱ vs.ɮˁˇ˂ˇˎʻʽʰˁʱɼˎˁ˂˗˃ʰˍʰ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɮˊ˔ʷˌ ʅ˔ʶʵʽʰˋ˃ˇˏ
Åʁ ˋˏʴ˔ˊˇ˄ˇˌ ˕ʹ˒ʽʰˁˈˌ ˋ˔ʶʵʽʰˋ˃ˈˌ ʰˋ˔ˇ˂ʶʾˍʰʽ ˃ʶ 
ʵʽʱ˒ˇˊʶˌ ˃ʶʻˈʵˇˎˌˁʰʽ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 
ʴʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ Σ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ ˍʹ˄ 
ʶˉʰ˂ʺʻʶˎˋʹ ˉˇ˂ˏˉ˂ˇˁ˖˄ ˁˎˁ˂˖˃ʱˍ˖˄ ˁʰʽ ˋˎˋˍʹ˃ʱˍ˖˄Φ

Åʅʹ˃ʰ˄ˍʽˁʷˌ ɮˊ˔ʷˌ ʅ˔ʶʵʽʰˋ˃ˇˏ
ïɹʶˊʰˊ˔ʽˁˈˌ ˋ˔ʶʵʽʰˋ˃ˈˌΦ

ïʅ˔ʶʵʽʰˋ˃ˈˌ ʰˉˈ ˉʱ˄˖ ˉˊˇˌ ˍʰ ˁʱˍ˖ ό Top-Down).

ïʅ˔ʶʵʽʰˋ˃ˈˌ ˃ʶ ˍʹ˄ ʲˇʺʻʶʽʰ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʺ ό CAD).

ïɱ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ κ ˉʶˊʽʴˊʰ˒ʺˌ ˎ˂ʽˁˇˏ ό VHDL, 
Verilog).

ïɽˇʴʽˁʺ ʅˏ˄ʻʶˋʹΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɹʶˊʰˊ˔ʽˁˈ ʅ˔ʶʵʽʰˋ˃ˈˌ
Åɶ ˍʶ˔˄ʽˁʺ άɲʽʰʾˊʶʽ ˁʰʽ ɰʰˋʾ˂ʶˎʶέ̝ ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ 
ˍʹ˄ ʶˉʽˍˎ˔ʺ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍ˖˄ ʰˎ˅ʰ˄ˈ˃ʶ˄˖˄ 
ʰˉʰʽˍʺˋʶ˖˄ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˉˇ˂ˏˉ˂ˇˁ˖˄ 
ˋˎˋˍʹ˃ʱˍ˖˄Φ

ό ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˍʹˌ ˍʱ˅ʶ˖ˌ ˍ˖˄ ʶˁʰˍˇ˃˃ˎˊʾ˖˄ ˉˎ˂˗˄ ύΦ

Åʆˇ ˁˏˁ˂˖˃ʰ ˍʶ˃ʰ˔ʾʸʶˍʰʽ ˋʶ ˁˇ˃˃ʱˍʽʰ ό blocks),
ʶˉʰ˄ʰ˂ʹˉˍʽˁʱ Σ ˃ʷ˔ˊʽ ˉˇˎ ˁʰˍʰ˂ʺʴʶʽ ˋʶ ˉˊ˖ˍʰˊ˔ʽˁʱ κ 
ʲʰˋʽˁʱ ό primitive / common) ̀ ˍˇʽ˔ʶʾʰΦ

Åʃˊˈˁ˂ʹˋʹ: ɳˉʽʲʶʲʰʾ˖ˋʹ ˈˍʽ ˍˇ ˁˏˁ˂˖˃ʰ ˂ʶʽˍˇˎˊʴʶʾ 
ˇˊʻʱ ˋʶ ˁʱʻʶ ʶˉʾˉʶʵˇ ˍʹˌ ʽʶˊʰˊ˔ʾʰˌΗ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɹʶˊʰˊ˔ʽˁˈˌ ʅ˔ʶʵʽʰˋ˃ˈˌ ςʃʰˊʱʵʶʽʴ˃ʰ όмύ

ʃʰˊʱʵʶʽʴ˃ʰΥ ʃʶˊʽˍˍʺ ˋˎ˄ʱˊˍʹˋʹ фʶʽˋˈʵ˖˄

Å ɮ˄˗ˍʰˍˇ ɳˉʾˉʶʵˇ:

9 ʁ ʾˋˇʵˇʽΣ м ʷ˅ˇʵˇˌΦ

Å 2ˇɳˉʾˉʶʵˇ:

4 ̍ ˃ˇʽʰ ˋˎ˄ʽˋˍ˗ˋʰ ˉʶˊʽˍˍ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˍ˖˄ о˖ b˄it, ̀ ʶ ʵˏˇ ʶˉʾˉʶʵʰΦ

Å 3ˇɳˉʾˉʶʵˇ:

ʅˎ˄ʱˊˍʹˋʹ XOR 3̟ b˄it, ɹ ʽʰ ˁʱʻʶ ˋˎ˄ʽˋˍ˗ˋʰ ˍˇˎ нˇˎʁ ˉʽˉʷʵˇˎΦ

Å 4ˇɳˉʾˉʶʵˇ ό ˍʶ˂ʶˎˍʰʾˇ ύ:

ʇ˂ˇˉˇʾʹˋʹ XOR ˃ ʶ п NAND 2-ʶʽˋˈʵ˖˄Σ ʴʽʰ ˁʱʻʶ XOR ̱ ˇˎ оˇˎʁ ˉʽˉʷʵˇˎΦ

Å ʃˊ˖ˍʰˊ˔ʽˁˈ ˋˍˇʽ˔ʶʾˇ:

NAND

Å O ̀ ˔ʶʵʽʰˋ˃ˈˌ ʰˉʰʽˍʶʾ п x 2 xп Ґ он ˉˏ˂ʶˌ NAND 2-ʶʽˋˈʵ˖˄Φ 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɹʶˊʰˊ˔ʽˁˈˌ ʅ˔ʶʵʽʰˋ˃ˈˌ ςʃʰˊʱʵʶʽʴ˃ʰ όнύ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɹʶˊʰˊ˔ʽˁˈˌ ʅ˔ʶʵʽʰˋ˃ˈˌ ςʃʰˊʱʵʶʽʴ˃ʰ όоύ

Åʃʰˊʱʵʶʽʴ˃ʰΥ ʃʶˊʽˍˍʺ ˋˎ˄ʱˊˍʹˋʹ 9ʶʽˋˈʵ˖˄
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ Logisim(1)
Åɼʰˍʰˋˁʶˎʱʸˇˎ˃ʶ ʷ˄ʰ ˁˏˁ˂˖˃ʰ ˉʶˊʽˍˍʺˌ ʽˋˇˍʽ˃ʾʰˌ ˍ˖˄ 7 bit
ˁʰʽ ˍˇ ʰˉˇʻʹˁʶˏˇˎ˃ʶ ˖ˌ XOR
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ Logisim(2)

Åɮˉˈ ˍˇ menuProjectĄ Add circuit 
ˉˊˇˋʻʷˍˇˎ˃ʶ ˍˇ main.

Åɳˉʽ˂ʷʴˇˎ˃ʶ ˍˇ main ˁ ʰʽ ʰˉˈ ˍˇ menuProject
Ą Set as main circuit.

Åʅˏˊˇˎ˃ʶ ʰˉˈ ˍˇ ʰˊʽˋˍʶˊˈ ˉʱ˄ʶ˂ ˍˇ ˁˏˁ˂˖˃ʰ 
xorˁʰʽ ˍˇ ˍˇˉˇʻʶˍˇˏ˃ʶ ˋˍˇ ˉʰˊʱʻˎˊˇ main.

16



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʱʵʶʽʴ˃ʰ ˃ʶ Logisim(3)
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɱʽʰˍʾ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ʹ ʽʶˊʱˊ˔ʹˋʹ όмύ
Åɳˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ό reuse) ̋ ʵʹ ˋ˔ʶʵʽʰˋ˃ʷ˄˖˄ 
˃ˉ˂ˇˁΦ
ïʃʰ˄ˇ˃ˇʽˈˍˎˉʰ ˁˇ˃˃ʱˍʽʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋʶ ʵʽʱ˒ˇˊʰ 
ˋʹ˃ʶʾʰ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ʺ ˁʰʽ ʰˁˈ˃ʹ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˋ˔ʶʵʽʰˋ˃ˇˏˌΦ

ïʂˉˇˎ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄Σ ˉˊˇˋˉʰʻˇˏ˃ʶ ˄ʰ ʰˉˇˋˎ˄ʻʷˋˇˎ˃ʶ ό decompose) 
ʷ˄ʰ˄ ˉˇ˂ˏˉ˂ˇˁˇ ˋ˔ʶʵʽʰˋ˃ˈ ˋʶ ʲʰˋʽˁʱ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʺˋʽ˃ʰ ˃ˉ˂ˇˁ 
( reusable blocks).

ïɳˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʺˋʽ˃ʰ ˃ˉ˂ˇˁ:
Åɴ˔ˇˎ˄ ʺʵʹ ʶˉʰ˂ʹʻʶˎˍʶʾ ˁʰʽ ˍʶˁ˃ʹˊʽ˖ʻʶʾΦ
Åɮˉˇʻʹˁʶˏˇ˄ˍʰʽ ˋʶ ʲʽʲ˂ʽˇʻʺˁʶˌ ʴʽʰ ʴʶ˄ʽˁʺ ˔ˊʺˋʹΦ

Ąɾʶʽ˗˄ʶʽ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˁʰʽ ˍʹˌ 
ʰ˄ˍʽˉˊˇˋ˗ˉʶˎˋʹˌ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˋ˔ʶʵʾˇˎ ό schematic) ̱ ˇˎ 
ˁˎˁ˂˗˃ʰˍˇˌΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɱʽʰˍʾ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ʹ ʽʶˊʱˊ˔ʹˋʹ όнύ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɱʽʰˍʾ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʹ ʹ ʽʶˊʱˊ˔ʹˋʹ (3)
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʋʱˊˍʹˌ ʇ

21

ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ

ɮ˂ʴˇˊʽʻ˃ʽˁˈ

ɽʶʽˍˇˎˊʴʽˁˈ ˃ˉ˂ˈˁ

ɽˇʴʽˁʺ

ɼˎˁ˂˗˃ʰˍʰ

ʊˎˋʽˁʺ/
ɱʶ˖˃ʶˍˊʽˁʺ ʂ˕ʹ

ʂ˕ʹ ʅˎ˃ˉʶˊʽ˒ˇˊʱˌ
ʂ˕ʹ ɲˇ˃ʺˌ

ʅˎˋˍʺ˃ʰˍʰ

ɮ˂ʴˈˊʽʻ˃ˇʽ

ɾʶˍʰ˒ˇˊʱ ʰˉˈ/ˋʶ ɼʰˍʰ˔˖ˊʹˍʷˌ

ɽˇʴʽˁʺ

ʅˎ˄ʰˊˍʺˋʶʽˌ ɾʶˍʰ˒ˇˊʱˌ
ʆˊʰ˄ʸʾˋˍˇˊ

ʃˏ˂ʶˌ

ALU, ɼʰˍʰ˔˖ˊʹˍʷˌ

ɾˇ˄ʱʵʶˌ ˎ˂ʽˁˇˏ

ɳˉʶ˅ʶˊʴʰˋˍʺˌ

ʁˊʻˇʴ˗˄ʽʰ (Rectangles)

ʅ˔ʷʵʽʰ ɾˇ˄ʱʵ˖˄ (Cell, Module Plans)

ʅ˔ʷʵʽʰ ɲʰˉʷʵˇˎ (Floor Plans)

ʅˎ˃ˉ˂ʷʴ˃ʰˍʰ (Clusters)

ʊˎˋʽˁˈˌ ɲʽʰ˔˖ˊʽˋ˃ˈˌ
(Physical Partitions)

Bottom-Up

Top-Down



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

Top-Down vs Bottom-Up
ÅTop-Down: ʃˊˇ˔˖ˊʱ ʰˉˈ ˃ʽʰ ˉʶˊʽʴˊʰ˒ʺ ˎ˕ʹ˂ˇˏ 
ʶˉʽˉʷʵˇˎ ˉˊˇˌ ˃ʽʰ ˉʽˇ ˂ʶˉˍˇ˃ʶˊʺ ˉʶˊʽʴˊʰ˒ʺΣ ˃ʶ 
ˁʰˍʱ˂˂ʹ˂ʹ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ʰˉˇˋˏ˄ʻʶˋʹˌΦ

ÅBottom-Up: ʀʶˁʽ˄ʱ ʰˉˈ ʲʰˋʽˁʱ/ ˉˊ˖ˍʰˊ˔ʽˁʱ ˃ˉ˂ˇˁ ˁʰʽ ˍʰ 
ˋˎ˄ʵˎʱʸʶʽ ʴʽʰ ˄ʰ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ˃ʶʴʰ˂ˏˍʶˊʰ ˁʰʽ ˉʽˇ 
ˉˇ˂ˏˉ˂ˇˁʰ ˃ˉ˂ˇˁΦ

Åʁ ˋ˔ʶʵʽʰˋ˃ˈˌ ˉˇ˂ˏˉ˂ˇˁ˖˄ ˁˎˁ˂˖˃ʱˍ˖˄ ʴʾ˄ʶˍʰʽ ˋˎ˄ʺʻ˖ˌ 
ˁʰʽ ˃ʶ ˍˇˎˌ ʵˎˇ ˍˊˈˉˇˎˌΣ ˋˎʴ˔ˊˈ˄˖ˌ:
ïTop-Down: ʁ ˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍˇ ζʆʽ ˋ˔ʶʵʽʱʸˇˎ˃ʶ;η
Ąɳ˂ʷʴ˔ʶʽ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰΦ
ïBottom-Up: ʁ ˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍˇ ζʃ˖ˌ ˍˇ ˋ˔ʶʵʽʱʸˇˎ˃ʶ;η
Ąʅˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʽˌ ˂ʶˉˍˇ˃ʷˊʶʽʶˌΦ

22



ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

Computer Aided Designό ʅ˔ʶʵʽʰˋ˃ˈˌ 
˃ʶ ˍʹ˄ ʲˇʺʻʶʽʰ ʇκʺ ύ

Åɳˉʽˍˊʷˉʶʽ ˍʹ˄ ʰˎˍˇ˃ʰˍˇˉˇʾʹˋʹ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ 
ˉˇ˂ˏˉ˂ˇˁ˖˄ ˁˎˁ˂˖˃ʱˍ˖˄ ˁʰʽ ˋˎˋˍʹ˃ʱˍ˖˄Φ
Åʃʰˊʰʵʶʾʴ˃ʰˍʰ ʶˊʴʰ˂ʶʾ˖˄ CAD:
ïɱˊʰ˒ʽˁˇʾ ʶˉʶ˅ʶˊʴʰˋˍʷˌ όGraphic / Schematic Editors )
ïʃˊˇˋˇ˃ˇʽ˖ˍʷˌ ˂ˇʴʽˁʺˌ ό Logic simulators )
ïʃˊˇˋˇ˃ˇʽ˖ˍʷˌ ˔ˊˇ˄ʽˋ˃ˇˏ όTiming simulators )
ïʅˏ˄ʻʶˍʶˌ ˂ˇʴʽˁʺˌ όLogic synthesizers ): ̡ʁ ˂ˍʽˋˍˇˉˇʾʹˋʹ 
˔˗ˊˇˎΣ ˁʰʻˎˋˍʷˊʹˋʹˌΣ ʽˋ˔ˏˇˌΣ ˁˍ˂Φ
ïɱ˂˗ˋˋʶˌ ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʇ˂ʽˁˇˏ όHardware Description 

Languages ςHDLs )
ïVHDL, Verilog, ABEL
ïˁh ʽ ˉˇ˂˂ʱ ʱ˂˂ʰΧ 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɱ˂˗ˋˋʶˌ ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʇ˂ʽˁˇˏ
Å ɱ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˉˇˎ ʷ˔ˇˎ˄ ˖ˌ ˁˏˊʽˇ ˋˍˈ˔ˇ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ 
ˋˎ˃ˉʶˊʽ˒ˇˊʱˌˁʰʽ ˍʹˌ ʵˇ˃ʺˌˎ˂ʽˁˇˏΦ

Å ɳˉʽˍˊʷˉˇˎ˄ ˁʰʽ ˉʰˊʱ˂˂ʹ˂ʹʶˁˍʷ˂ʶˋʹ ʶ˄˗ ˇʽ ʴ˂˗ˋˋʶˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˎ˕ʹ˂ˇˏ 
ʶˉʽˉʷʵˇˎ ( .̄ .̝ C, C++ ) ʁ ˉʽˍˊʷˉˇˎ˄ ˃ˈ˄ˇ ˋʶʽˊʽʰˁʺʶˁˍʷ˂ʶˋʹΦ

Å VHDL, Verilog

Å X́ ʺˋʹ:

Åɳ˄ʰ˂˂ʰˁˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʰˉˈ ʰˎˍʺ ˍ˖˄ ʴˊʰ˒ʽˁ˗˄/ ˋ˔ʹ˃ʰˍʽˁ˗˄ 
ˉʶˊʽʴˊʰ˒˗˄ (ˉʶˊʽʴˊʰ˒ʺ ʵˇ˃ʺˌ).

Åʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʵˎʰʵʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄Σ ˉʽ˄ʱˁ˖˄ 
ʰ˂ʹʻʶʾʰˌΣ k-˔ʱˊˍʶˌΣ ˁˍ˂. (ˉʶˊʽʴˊʰ˒ʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ).

Åɲʽʶˎˁˇ˂ˏ˄ʶʽ ˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˂ˇʴʽˁʺˌ ˋˏ˄ʻʶˋʹˌΦ

Åɾˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʰˉˈ ʵʽʱ˒ˇˊʰ ʶˊʴʰ˂ʶʾʰ CAD ( ̀ ʶ h˄ˍʾʻʶˋʹ ˃ʶ ˍʰ 
ˋ˔ʹ˃ʰˍʽˁʱ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ʵʽʰˍʾʻʶ˄ˍʰʽ ʰˉˈ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˁʰˍʰˋˁʶˎʰˋˍʷˌ). 
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɽˇʴʽˁʺ ʅˏ˄ʻʶˋʹ ( Logic Design )

Åɽˇʴʽˁˈˌ ˋˎ˄ʻʷˍʹˌΥ

Åɾʶˍʰˍˊʷˉʶʽ ˃ʽʰ w¢[ ( Register- Transfer Logic) 
ˉʶˊʽʴˊʰ˒ʺ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌ ˋʶ ˃ʽʰ 
ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ʹ ˉʶˊʽʴˊʰ˒ʺ ˉˎ˂˗˄ ( netlist = 
ˉʶˊʽʴˊʰ˒ʺ ˁˎˁ˂˗˃ʰˍˇˌ ˋʶ ʶˉʾˉʶʵˇ-ˉˏ˂ʹˌ).

Åɴ˄ʰ netlist ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰˍˊʰˉʶʾ ˋʶ ˃ʽʰ ʵʽʱˍʰ˅ʹ 
ˇ˂ˇˁ˂ʹˊ˗˃ʶ˄ˇˎ ό L/ ƭŀȅƻǳǘ ύΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 
ʶʽʵʽˁʱ ʶˊʴʰ˂ʶʾʰ ˋ˔ʶʵʽʰˋ˃ˇˏΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɳˊʴʰ˂ʶʾʰ ɽˇʴʽˁʺˌ ʅˏ˄ʻʶˋʹˌ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ɮ˄ʱ˂ˎˋʹ ʅˎ˄ʵˎʰˋˍʽˁ˗˄ ɼˎˁ˂˖˃ʱˍ˖˄

Åɮ˄ʱ˂ˎˋʹ Ґ ˇ ˁʰʻˇˊʽˋ˃ˈˌ ˁʰʽ ʹ ʶˉʰ˂ʺʻʶˎˋʹ 
ˍ˖˄ ˂ˇʴʽˁ˗˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˉˇˎ ˎ˂ˇˉˇʽʶʾ ˍˇ 
ˁˏˁ˂˖˃ʰΦ

Åɶ ʰ˄ʱ˂ˎˋʹ ˅ʶˁʽ˄ʱ ʵʶʵˇ˃ʷ˄ˇˎ ʶ˄ˈˌ 
ʵʽʰʴˊʱ˃˃ʰˍˇˌ ˂ˇʴʽˁˇˏ ˁˎˁ˂˗˃ʰˍˇˌ ʺ 
ˉʶˊʽʴˊʰ˒ʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΣ ˁʰʽ ˍʶ˂ʶʽ˗˄ʶʽ ˃ʶΥ

Åɴ˄ʰ ˋˏ˄ˇ˂ˇ ʰˉˈ ˂ˇʴʽˁʷˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ʺ

Å̫ ˄ʰ˄ ˉʾ˄ʰˁʰ ʰ˂ʹʻʶʾʰˌΦ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʱʵʶʽʴ˃ʰ ɮ˄ʱ˂ˎˋʹˌ
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ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ

ʃʰˊʰʴ˖ʴʺ ˋˎ˄ʰˊˍʺˋʶ˖˄ -ʃʰˊʱʵʶʽʴ˃ʰ

Åʀʶˁʽ˄ˇˏ˃ʶ ʰˉˈ ˍʽˌ ʶʽˋˈʵˇˎˌ ˁʰʽ ˉˊˇ˔˖ˊˇˏ˃ʶ ˉˊˇˌ ˍʽˌ 
ʶ˅ˈʵˇˎˌ ό ˋˎˋˍʹ˃ʰˍʽˁʱΣ ʰˉˈ ʶˉʾˉʶʵˇ-ˋ-ʁʶˉʾˉʶʵˇ ύΦ

Åʁ˄ˇ˃ʱʸˇˎ˃ʶ ˍʽˌ ʶ˄ʵʽʱ˃ʶˋʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌΦ
Åɳ˂ʷʴ˔ˇˎ˃ʶ ˅ʰ˄ʱ ˍʽˌ ʰ˄ˍʽˋˍˊˇ˒ʷˌΦ
Åɮˉ˂ˇˉˇʽˇˏ˃ʶ ό ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ʻʶ˗ˊʹ˃ʰ DeMorgan ), 
ˈˉˇˎ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄Φ
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ʃʰˊʰʴ˖ʴʺ ʃʾ˄ʰˁʰ ɮ˂ʹʻʶʾʰˌ όмύ
Åɼʰʻˇˊʾʸˇˎ˃ʶ ˍˇ˄ І ˍ˖˄ ʴˊʰ˃˃˗˄ ( 2nˈˉˇˎ n ʁ ʾ˄ʰʽ ˇ 
ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶʽˋˈʵ˖˄ ύ ˁʰʽ ˍˇˉˇʻʶˍˇˏ˃ʶ ˍˇˎˌ ʵˎʰʵʽˁˇˏˌ 
ʰˊʽʻ˃ˇˏˌ лΦΦ2n -м ˋˍˇ˄ ˉʾ˄ʰˁʰΦ

Åʅˉʱʸˇˎ˃ʶ ˍˇ ˁˏˁ˂˖˃ʰ ˋʶ ˁˎˁ˂˗˃ʰˍʰ ˃ʽʰˌ ʶ˅ˈʵˇˎ ˁʰʽ ˍʰ 
ˇ˄ˇ˃ʱʸˇˎ˃ʶΦ

Åɰˊʾˋˁˇˎ˃ʶ ˍˇ˄ ˉʾ˄ʰˁʰ ʰ˂ʹʻʶʾʰˌ ʴʽʰ ˁˇ˃˃ʱˍʽʰ ˉˇˎ 
ˁʰʻˇʵʹʴˇˏ˄ˍʰʽ ɾʁɿʁ ʰˉˈ ʶʽˋˈʵˇˎˌ ό ʺ ˃ʽˁˊʱ κ ʰˉ˂ʱ 
ˁˇ˃˃ʱˍʽʰ ύ.

Åɰˊʾˋˁˇˎ˃ʶ ˍˇ˄ ˉʾ˄ʰˁʰ ʰ˂ʹʻʶʾʰˌ ʴʽʰ ˁˇ˃˃ʱˍʽʰ ˉˇˎ 
ˁʰʻˇʵʹʴˇˏ˄ˍʰʽ ʰˉˈ ʶʽˋˈʵˇˎˌ ʺ ˁ̌ ˃˃ʱˍʽʰ ˉˇˎ ˇ ˉʾ˄ʰˁʰˌ 
ʰ˂ʹʻʶʾʰˌ ˍˇˎˌ ʷ˔ʶʽ ʺʵʹ ˎˉˇ˂ˇʴʽˋˍʶʾΦ
ɳʃɮɿɮɽɮɾɰɮɿʁʇɾɳ ˃ʷ˔ˊʽ ˄ʰ ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ˇʽ ˉʾ˄ʰˁʶˌ 
ʰ˂ʹʻʶʾʰˌ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ʶ˅ˈʵˇˎˌΦ
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ʃʰˊʰʴ˖ʴʺ ʃʾ˄ʰˁʰ ɮ˂ʹʻʶʾʰˌ όнύ
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ʃˊˇˋˇ˃ˇʾ˖ˋʹ όмύ

Åʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰˁˊʽʲʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ 
ʶˉʰ˂ʺʻʶˎˋʹ ʶ˄ˈˌ ˁˎˁ˂˗˃ʰˍˇˌΦ ɲʶ˄ ˉʰˊʱʴʶʽ 
ˋˎ˄ʰˊˍʺˋʶʽˌ.

Åʆˇ ˁˏˁ˂˖˃ʰ ˉˊʷˉʶʽ ˄ʰ ˉʶˊʽʴˊʱ˒ʶʽ ˃ʶ ˍʷˍˇʽˇ ˍˊˈˉˇ ʷˍˋʽ 
˗ˋˍʶ ˇ ˉˊˇˋˇ˃ˇʽ˖ˍʺˌ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ˍˇ άʵʽʰʲʱˋʶʽέΥ

ÅNetlist: ̄ ʶˊʽʴˊʰ˒ʺ ˁˎˁ˂˗˃ʰˍˇˌ ˋʶ ʶˉʾˉʶʵˇ ˉˎ˂˗˄ ό ˋʶ 
˃ˇˊ˒ʺ ˁʶʽ˃ʷ˄ˇˎ ύΦ

ÅHDL ̄ ʶˊʽʴˊʰ˒ʺΦ

Åʅ˔ʹ˃ʰˍʽˁʱ ( Schematic ) ̄ ʰˊʱʴʶˍʰʽ ʰˉˈ ʷ˄ʰ ˋ˔ʹ˃ʰˍʽˁˈ 
ʶˊʴʰ˂ʶʾˇ ό ˉ˔. GraphicEditor ̱ ˇˎ MaxҌ tƭǳǎ ɹɹ ύΦ
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ʃˊˇˋˇ˃ˇʾ˖ˋʹ όнύ
Åɱʽʰ ˄ʰ ʴʾ˄ʶʽ ˃ʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˉˊʷˉʶʽ ˇ ˔ˊʺˋˍʹˌ ˄ʰ 
ʵ˗ˋʶʽ ˍʽ˃ʷˌ ˋˍʽˌ ʶʽˋˈʵˇˎˌ ˍˇˎ ˁˎˁ˂˗˃ʰˍˇˌΥ

Åɾʷˋ˖ ˍˇˎ ˉ˂ʹˁˍˊˇ˂ˇʴʾˇˎ ( Interactivelyςɻ ʽʰʵˊʰˋˍʽˁʱ).

Åɾʷˋ˖ ʶ˄ˈˌ ʰˊ˔ʶʾˇˎ ό ˇʽ ˍʽ˃ʷˌ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇ ʰˊ˔ʶʾˇ ύΦ

Åɱʽʰ ˉ˂ʺˊʹ ʶˉʰ˂ʺʻʶˎˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ʶ˄ˈˌ 
ˁˎˁ˂˗˃ʰˍˇˌ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ˉˊˇˋˇ˃ˇʽ˗ˋˇˎ˃ʶ ˈ˂ˇˎˌ ˍˇˎˌ 
ˉʽʻʰ˄ˇˏˌ ˋˎ˄ʵˎʰˋ˃ˇˏˌ ˋˍʽˌ ʶʽˋˈʵˇˎˌΦ ɮˎˍˈ ʰˉʰʽˍʶʾ 
ˉˇ˂ˏ ˔ˊˈ˄ˇ ʴʽʰ ˁˎˁ˂˗˃ʰˍʰ ˉʷˊʰ ˍ˖˄ нл ό ˉʶˊʾˉˇˎ ύ 
ʶʽˋˈʵ˖˄Φ
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ʃ˂ʺˊʹ ʃˊˇˋˇ˃ˇʾ˖ˋʹ  -ʃʰˊʱʵʶʽʴ˃ʰ ɲˎʰʵʽˁˇˏ ɮʻˊˇʽˋˍʺ
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