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1   

1.1  

─ │ ⇔≡⅔╡ ⅛≈≡│≢⅝⌂⅛∫√ ₁⌂ ╩ ⌐ ⅎ╢╟

℮⌐⌂∫≡⅝≡™╢ ⇔⅛⇔ ─◦Ⱶꜙ꜠כ◦ꜛfi⌂≥─™ↄ≈⅛─ ≢│╟╡

⌂ ⅜ ⅎ∏ ≤↕╣≡™╢ ─ ⌂ ╩ √∆ⱪ꜡☿♇◘

⌐│ ⌐ ╩ ℮◖▪≤™℮╙─⅜№╢ ◖▪─ │ ─ ─

≤⇔≡ ⅛╠ ↕╣ ↕╣≡⅝√ ⇔⅛⇔ ◖▪⌐╟╢ │ ◒꜡♇

◒ ─ ∟╛ ─ ⌂≥─ ⌐╟∫≡ ⅜ ≡™╢ ∕─

√╘ │ ─◖▪╩ ⇔√ ⌐╟∫≡ ─ ╩ ∫≡™╢ ╕√

─ ─ ⌐╟╡ ♅♇ⱪ ⌐ ↄ─ IP ◖▪╛ Ⱪ꜡♇◒╩

∆╢↓≤⅜ ≤⌂∫≡™╢ ↕╣≡™╢ ≤⇔≡│ⱪ꜠▬☻♥כ◦ꜛfi 3

─ Cell BE ╛ GeForce8800⌂≥⅜№╢  

ⱪ꜡☿♇◘─ ≢│ intel ⅜ 80 ─◖▪╩ ≈ CPU ╩ ∆╢⌂≥◖▪ ⅜ ⇔

≡⅔╡ ⌐│ ─◖▪╩ ≈ⱷ♬כ◖▪ⱪ꜡☿♇◘⌂≥╙ ↕╣≡™╢ ◖▪

─ ⌐ ™ 1-1─╟℮⌐ ◖▪ ─ ╙ ─╟℮⌂Ᵽ☻ ≢│⌂ↄ ◖

▪╩Ⱡ♇♩꞉כ◒⌐╟∫≡ ∆╢Ⱡ♇♩꞉כ◒○fi♅♇ⱪ(NoC) 1 ⅜ ™╠╣╢╟℮

⌐⌂∫≡⅝≡™╢  

 

╩ ™√ NoC │ IP ╠⅛♃כꜟ≥▪◖ ≈─ PE ⅜ ↕╣ PE ⅜

⌐ ↕╣╢ ⌐⌂∫≡™╢ ⌂ LAN ⌂≥─Ⱡ♇♩꞉כ◒⌂≥≤ ⌂╡ NoC

♃כꜟ│≢ ─ ⅜ ⌐ ™√╘ ─♃כꜟ ⅜ ─ ╩ ╘╢

╕√ ─ ⅜ ↕ↄ ╙ ™√╘ NoC ≢ │♃כꜟ╢╣↕ ≢№╢↓≤

IP ◒PE ꜞfi ♃כꜟ ▪◖  

♅♇ⱪ 

 1- 1Ᵽ☻ ≤Ⱡ♇♩꞉כ◒○fi♅♇ⱪ 

♅♇ⱪ 

(a) Ᵽ☻  

 

(b)Ⱡ♇♩꞉כ◒○fi♅♇ⱪ(NoC) 
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⅜ ╘╠╣╢ ≢ ♅♇ⱪ ≢│♅♇ⱪ ╛ ⌂≥⌐ ⅜№╢√╘ NoC

⌐ │♃כꜟ╢╣↕ ≢№╢≤ ⌐ ≢№╢↓≤╙ ╘╠╣╢  

─♃כꜟ⌐℮╟─1-2 ⌐│ ⱨꜞ♇♩╩ ⌐ ∆╢Ᵽ♇ⱨ□⅜ ╡ ↑╠╣

≡™╢ NoC ─ │ Ᵽ♇ⱨ□⅜ ≢№╢╒≥ ↄ⌂╢ ↓╣│ Ɽ◔♇♩─

⅜Ⱪ꜡♇◒↕╣√≤⅝ ≈─Ɽ◔♇♩⅜╕√←ꜟכ♃ ⅜ ╡ Ɽ◔♇♩ ─

⅜ ╢√╘≢№╢ ⇔⅛⇔⌂⅜╠ Ᵽ♇ⱨ□─ │ ≤ ─ ╩ ↄ

≤™℮ ⅜№╢ ∕─√╘ NoC │≢♃כꜟ ─Ᵽ♇ⱨ□╩ ⌐ ∆╢↓≤⅜

≢№╢  

 

 1- 2 ♃כꜟ⌂  

⌂ NoC │≢♃כꜟ ♅ꜗⱠꜟ⌐ ─Ᵽ♇ⱨ□⅜ ╡ ≡╠╣≡™╢

[1][2][3][4][5][6][7][8] ⇔⅛⇔ ↓─╟℮⌂ ─ ♅ꜗⱠꜟ─ ⌂≥⌐∕─♅

ꜗⱠꜟ⌐ ╡ ≡╠╣√Ᵽ♇ⱨ□⅜ ≢⅝∏ ≢№╢≤™℮ ⅜№╢ ↓─

╩ ∆╢√╘ ⅛╠ ♅ꜗⱠꜟ─Ᵽ♇ⱨ□╩ ∆╢↕╕↨╕⌂ ⅜ ↕╣

≡™╢ ⇔⅛⇔ ─ ꜞfi◒⌐╕√⅜╢Ᵽ♇ⱨ□─ │ ⌐№╕╡ ™

╠╣⌂™ ↓╣│ ─ ꜞfi◒⅛╠ ⌐ ⅜ ╦╣╢√╘ 1ⱳכ♩─ⱷ⸗ꜞ

≢│ ▪◒☿☻─ ⅜ ∂╢√╘≢№╢ ╕√ ↓─ ≤⇔≡ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ

╩ ∆╢ ╙ ⅎ╠╣√⅜ ─ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ│ⱳכ♩ ─ ⌐ ⇔√

Ɫכ♪►▼▪◖☻♩╩ ∆╢√╘ NoC ─ ≢─ │ ≢│⌂⅛∫√ ╕√ Ɫ

╩♩☻◖▪▼►♪כ ⅎ√ ╙™ↄ≈⅛ ↕╣≡™╢⅜ ∕╣╠│ ─

⅛╠Ɽ▬ⱪꜝ▬fi☻♥כ☺⅜ ⇔≡⇔╕℮≤™℮ ⅜№∫√  

Ᵽ♇ⱨ□ 
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1.2 ─  

♃כꜟ ⌐⅔↑╢ ─Ᵽ♇ⱨ□ ≢│ Ɫכ♪►▼▪◖☻♩╛Ɽ▬ⱪꜝ▬fi─

─ ≤™℮ ⅜№╢ ─ LSI │ ⌂◖▪ ⅜ ∆╢ ⌐№╢√╘

↓╣╠─ │╟╡ ⅝⌂╙─≤⌂╢≤ ⅎ╠╣╢ ↓─ ╩ ∆╢√╘ ≢

│ Ɽ▬ⱪꜝ▬fi ─ ⌂⇔⌐ Ɫכ♪►▼▪◖☻♩─ ╩ ⌐ ⅎ√Ᵽ♇ⱨ

□─ ╩ ⇔ ≤Ɫכ♪►▼▪◖☻♩─ ⌐ ∆╢ ⌂≥╩

℮  

 

1.3 ─  

1-3⌐ ─ ╩ ∆ │ ─ ╡⌐ ↕╣╢ ╕∏ 2 ≢│ NoC─

≤ ─ ╩ ∆╢ 3 ≢│ ─ ≤ ─ ╩ ℮

4 ≢ ╛∕─ ⌂≥╩ ⇔ Ɫכ♪►▼▪◖☻♩╩ ∆╢ ∕⇔≡ 5 ≢

╩ ⌐ ∆╢ 6 ≢│ ↕╠⌂╢Ɫכ♪►▼▪◖☻♩ ≤⇔≡ ꜞ

fi◒ ⌐≈™≡ ⇔ ⌐ 7 ≢ ─ ≤ ─ ⌐≈™≡ ═╢  
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 1- 3 ─  

  

─ NoC─ NoC⌐⅔↑╢  

Ɫכ♪►▼▪◖☻♩─ ⌂™ NoCꜟכ♃⌐⅔↑╢Ᵽ♇ⱨ□─ꜞfi◒ ─

 

 

Ɫכ♪►▼▪◖☻♩  Ɽ▬ⱪꜝ▬fi☻♥כ☺─  

◒Ᵽfiה  ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ 

◒♇꜡Ⱪה  

Ҝ3.2  

ה  

Ҝ3.3 , 3.4  

┘╟⅔□Ᵽ♇ⱨה   

Ҝ5.2  

Ɽ▬ⱪꜝ▬fiה  

Ҝ3.3  

♦♇♪
꜡♇◒ 

Ɫכ♪►▼▪◖☻♩─ Ҝ5.4  

─ Ҝ3.5 , 4   

◖☻♩ ─ Ҝ6  

╕≤╘Ҝ7  
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2  Ⱡ♇♩꞉כ◒○fi♅♇ⱪ(NoC) 

2.1 │∂╘⌐ 

Ⱡ♇♩꞉כ◒○fi♅♇ⱪ(NoC)│ ♅♇ⱪ ⌐ ↕╣√ IP ◖▪╛ Ⱪ꜡♇◒⌂≥╩Ⱡ

♇♩꞉כ◒≢ ⇔ Ɽ◔♇♩ ≢ ╩ ℮ ≢№╢ 2-1⌐◖▪ ⅜ 16─

─ NoC ─ (ⱷ♇◦ꜙ )╩ ∆ 2-1─╟℮⌐ ╩ ™√ NoC │

IP◖▪≤ꜟכ♃⅛╠ ≈─PE⅜ ↕╣ PE ⅜ ⌐ ↕╣╢ ⌐⌂∫≡™╢

♅♇ⱪ ─◖▪ ─ ⌐│Ᵽ☻ ⅜ ⌐ ↕╣≡™√ Ᵽ☻⌐│ ⅜

≢ ◖☻♩≢№╢≤™℮ ⅜№╢⅜ ♅♇ⱪ ⌐ ↕╣╢◖▪ ─ ⌐╟╡

─ ╛♃▬Ⱶfi◓ ⌂≥─ ⌂≥─ ⅜ ⅝ↄ⌂∫√ ∕╣⌐ ⇔≡

NoC │◖▪ ⅜ ⇔≡╙ ⅜ ↕ↄ ╙ ⌐▫♥ꜞⱦꜝכ◔☻≢ ╣≡™╢√

╘ Ᵽ☻⌐ ╦╢♅♇ⱪ ─ ≤⇔≡ ↕╣ ₁⌂ ≢ ↕╣╢╟℮⌐

⌂∫≡™╢  

≢│ NoC⌐ ⇔√ ≤ ⌐ ↕╣√Ᵽ♇ⱨ□─ ⌐≈™≡ ∆╢  

 

2.2 ♩ⱳ꜡☺ 

2.2.1 NoC─♩ⱳ꜡☺ 

♩ⱳ꜡☺≤│ IP ◖▪ ⅜≥─╟℮⌐ ↕╣≡™╢⅛╩ ∆ ≢№╢ ♩ⱳ꜡☺

⌐│ ≤ ⅜№╢ │ ╠⅛♃כꜟ≥▪◖ ≈─ PE⅜

↕╣ PE ⅜ ⌐ ↕╣╢ ∕╣⌐ ⇔≡ │◖▪ ⅜™ↄ≈⅛─ꜟכ♃

╩ ⇔≡ ↕╣╢ ≤⌂∫≡™╢ ≢│ ╩ ™√ NoC⌐≈™≡

═╢ ─ NoC≢│ⱷ♇◦ꜙ ☻ꜝכ♩≥ ⅜ ⌐ ↕╣╢ ↓╣│ ♥כꜟ

IP ◖▪ 

 ♃כꜟ

PE 

ꜞfi◒  

♅♇ⱪ 

 2- 1Ⱡ♇♩꞉כ◒○fi♅♇ⱪ─  
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▫fi◓╛꜠▬▪►♩⅜ ≢ ◖▪╩♃▬ꜟ ⌐ ⌐ꜗ♅◒♥◐כ▪ꜟ▬♃╢∆ ⇔

╛∆™√╘≢№╢  

 

2.2.2 ⱷ♇◦ꜙ  

2-1≢ ↕╣≡™╢ ⅜2 ⱷ♇◦ꜙ ≢№╢ ⱷ♇◦ꜙ │ 2-1─╟℮⌐

PE⅜♃▬ꜟ ⌐│™∟↕╣ ─ PE │ ─ 4≈─ PE≤ ↕╣

≤ ≤ ─∕╣∙╣─ PE │ ↕╣⌂™ ╩⇔≡™╢ ♥כꜟ╛♩►▪▬꜠

▫fi◓⅜ ≢ ⅜ ≢ ™√╘ NoC⌐⅔™≡ ↄ ↕╣≡™╢  

 

2.2.3 ☻ꜝכ♩  

2-2⌐ 2 ☻ꜝכ♩ ╩ ⇔√ NoC─ ╩ ∆ 2-2─ ─╟℮⌐ 2 ♩

☻ꜝכ │ 2 ⱷ♇◦ꜙ ─ ≡─ PE ⌐ ↕╣╢ PE ─ ⅜ ⇔ↄ⌂╢╟℮⌐ ─

PE ╩ ⇔√♩ⱳ꜡☺≢№╢ 2 ☻ꜝכ♩ │ ◘▬☼─ⱷ♇◦ꜙ ⌐ ═ 2

─ ╩ ∟ ⱱ♇ⱪ ╙ ⌂™≤™℮ ⅜№╢ ⇔⅛⇔∕─ ╩ꜞfi

◓ ⌐ ∆╢√╘ ⌐╟╡♦♇♪꜡♇◒⅜ ∆╢╒⅛ ⅜ ↄ⌂╢≤™

℮ ╙№╢  

 

2.3  fi◓▪ꜟ◗ꜞ☼ⱶ▫♥כꜟ

2.3.1 NoC─ꜟכ♥▫fi◓▪ꜟ◗ꜞ☼ⱶ 

│≥fi◓▪ꜟ◗ꜞ☼ⱶ▫♥כꜟ ⅎ╠╣√♩ⱳ꜡☺⌐⅔™≡Ɽ◔♇♩╩ ─ PE⌐

╢ ╩ ∆╢ ╕╡≢№╢ │⌐fi◓▪ꜟ◗ꜞ☼ⱶ▫♥כꜟ ─ PE ⅛╠ ─

PE ┼─ ⅜ ≢№╢ ≥◓fi▫♥כꜟ Ⱡ♇♩꞉כ◒─ ⌐╟∫≡ ⌐

 2- ☻ꜝכ♩ 2 ╩ ⇔√ NoC 

 

♅♇ⱪ 

IP ◖▪ 

 ♃כꜟ

PE 

ꜞfi◒  

↕╣√ꜞfi◒  
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╩ ∆╢ ╢№⅜◓fi▫♥כꜟ NoC ≢│ ⅜ ≢ ◖☻♩⅜ ™

⅜◓fi▫♥כꜟ ⌐ ↕╣╢⅜ ╩≤⌂ꜟ♦⸗fiכ♃ ™√ ◓fi▫♥כꜟ ⌐

≈™≡─ ╙⅔↓⌂╦╣≡™╢ ≢│ ─◓fi▫♥כꜟ ≢№╢

╩fi◓[9]▫♥כꜟ ™╢  

 

2.3.2  ◓fi▫♥כꜟ

│◓fi▫♥כꜟ ─◓fi▫♥כꜟ ≢ ⌐Ɽ◔♇♩ ╩ ℮ ≢

№╢ 2 ⱷ♇◦ꜙ ≢─ ╩ 2-3 ⌐ ∆ 2-3 ⌐ ∆╟℮⌐ ( 2-3 ≢│

PE0)≢ ↕╣√Ɽ◔♇♩│ ⌐ X ( ) ╩ ⇔ ( 2-3≢│ PE 14)

≤ ∂ ⌐№╢ PE( 2-3≢│ PE2)╕≢ ∆╢( 2-3 ᵑ) ∕─ Y ( ) ⌐

⇔ ─ PE ⌐ ∆╢( 2-3 ᵒ) X Y ─ │ ─ ╙№╢

⅜ ≢ Ɫכ♪►▼▪ ╙ ⌂™↓≤⅛╠ⱷ♇◦ꜙ ☻ꜝכ♩╛ ╩ ™√ NoC≢ ↄ

↕╣≡™╢ √∞⇔ ☻ꜝכ♩ ⌐⅔™≡│ ⌐ ⅜ ∆╢─≢

♦♇♪꜡♇◒╩ ∆╢√╘⌐ 2 ─ ♅ꜗⱠꜟ╩ ≤∆╢  

 

 

2.4 ♃כ♦  

2.4.1 Ɽ◔♇♩  

Ɽ◔♇♩ │ ℮™≥♩♇◔Ɽ╩♃כ♦ ⌐ ⇔ ╩ ℮ ≢№╢

Ɽ◔♇♩⌐│ ⌂≥─ (Ⱬ♇♄כ)⅜ ↕╣ ─⧵⅜♃כꜟ─ ≤

╩♩♇◔fi◓▪ꜟ◗ꜞ☼ⱶ⌐╟∫≡Ɽ▫♥כꜟ ∆╢↓≤⌐╟╡ Ɽ◔♇♩╩ ⌐

∆╢ ↓─ ≢│ ─Ɽ◔♇♩⅜ ╩ ≢ ≢⅝╢√╘ ─╟℮⌂

⌐ ≢№╢  

ה ─ ⅜ ™ 

ה )☼▬◘─♃כ♦ )⅜ ↕™ 

PEה ⅜ ™ 

0 1 2 3 

4 5 6 7 

8 9 10 11 

12 13 14 15 

 

 

1 

0 

2 

0 

PE 

 2- 3 2 ⱷ♇◦ꜙ ≢─  ◓fi▫♥כꜟ
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ה ⅜ ⌐ ↕╣╢ 

─♃כ♦ ⌐│ Ɽ◔♇♩ ⌂≥─╒⅛⌐ ╩ ℮ⱡכ♪─ ≢ ╩

∆╢ ⌂≥⅜№╢⅜ ─♅♇ⱪ ─╟℮⌐ⱡכ♪ ⅜ ™ ≢│

╛ ─ ≢ │↕╣⌂ↄ⌂∫≡⅝≡™╢  

Ɽ◔♇♩ ⌐│ ⅝ↄ ↑≡ ☻♩▪▪fi♪ⱨ◊꞉כ♪ ꞉כⱶⱱכꜟ

[6] [10] Ᵽכꜟ☻♩♇◌ꜟꜗ♅כ ─ 3 ⅜№╢ NoC ≢│ Ɫכ♪►▼▪◖☻♩

⅜≥↓╢№≢♩♇ⱪכꜟ☻ ╘╠╣╢√╘ ⌐꞉כⱶⱱכꜟ ⅜ ↕╣╢

⌐Ɽ◔♇♩─ ≤ ⌐≈™≡ ═╢  

 

2.4.2 Ɽ◔♇♩─  

Ɽ◔♇♩─ ╩ 2-4⌐ ∆ 2-4─╟℮⌐Ɽ◔♇♩│ ⌐ ∆╢Ⱬ♇♄ ≤

▫♦Ⱳ╢№≢♃כ♦ ⅛╠ ↕╣≡™╢ Ⱬ♇♄⌐│ ─▪♪꜠☻╛

─▪♪꜠☻ Ɽ◔♇♩ ⌂≥⅜ ↕╣╢ ╕√ 2-4─╟℮⌐Ɽ◔♇♩│ ╟╡ ⅛⌂

ⱨꜞ♇♩≤™℮ ⌐ ≢⅝╢ ⱨꜞ♇♩│ 1◘▬◒ꜟ≢ ─♃כ♦⌂

≢ ◘▬☼│ 8bit 256bit ≢№╢  

 

2.4.3 ☻♩▪▪fi♪ⱨ◊꞉כ♪  

2-5⌐☻♩▪▪fi♪ⱨ◊꞉כ♪ ─ ╩ ∆ 2-5─╟℮⌐ ☻♩▪▪fi♪ⱨ◊

꞉כ♪ ≢│ ♩♇◔Ɽ⅜♃כꜟ ╩ ≢⅝╢Ᵽ♇ⱨ□╩ ∟ ◔Ɽ│♃כꜟ

♇♩ ╩ ∆╢╕≢ ─ⱡכ♪┼─ ╩ ╦∏( 2-5(2) (4)) ≡─Ɽ◔♇♩╩

⇔≡⅛╠ ╩ ℮ ( 2-5(5))  

Ᵽ♇ⱨ□─◘▬☼⅜ ⅝™√╘Ɫכ♪►▼▪◖☻♩⅜ ⅝ↄ⌂╡ ╙ ⅝™↓≤

⅛╠ NoC≢│╒≤╪≥ ↕╣⌂™ ≢№╢ ⇔⅛⇔ Ɽ◔♇♩ ╩ ≢⅝╢√

╘ ╡ ⌂≥─ ╛ ─ ⅜ ⌂╢ ┼─ ⌂≥⅜ ≢№╢√

╘ ▬fi♃כⱠ♇♩⌂≥≢│ ↄ ↕╣≡™╢  

 

Ν 

Ⱳ♦▫ 
 (♃כ♦)

Ⱬ♇♄ 

ⱨꜞ♇♩ 

 2- 4 Ɽ◔♇♩─  
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2.4.4 ꞉כⱶⱱכꜟ  

꞉כⱶⱱכꜟ ─ ╩ 2-6⌐ ∆ 2-6─╟℮⌐ ꞉כⱶⱱכꜟ │ ⱡכ♪

⅜Ɽ◔♇♩ ╟╡╙ ↕⌂Ᵽ♇ⱨ□╩╙∟ ⱨꜞ♇♩╩ ∆╢√┘⌐∕─ⱨꜞ♇♩╩

─ⱡכ♪⌐ ∆╢  

Ɽ◔♇♩ ╩ ∆╢Ᵽ♇ⱨ□⅜ ⌂™√╘ ─ ⌐ ═ ⌂™Ɫכ♪►▼▪◖

☻♩≢ ≢⅝ Ɽ◔♇♩ ⅜ ⌐ ↑╣┌ ⅜ⱡכ♪ ⌐ ↕╣∏ ≢№

╢√╘ NoC≢│ ⌐↓─ ⅜ ↕╣╢  

√∞⇔ Ɽ◔♇♩⅜ ─ⱡכ♪⌐╕√⅜∫≡ ∆╢√╘ Ɽ◔♇♩ ─ ⅜ ⅝

╛∆ↄ ∆╢♦♇♪꜡♇◒╛Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓ ⅜ ⅝╛™≤™℮

╙№╢  

 

ⱡכ♪ Ɽ◔♇♩  ⱨꜞ♇♩ Ᵽ♇ⱨ□ 

(1) 

(2) 

(3) 

(4) 

(5) 

 2-5 ☻♩▪▪fi♪ⱨ◊꞉כ♪ ─  
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2.4.5 Ᵽכꜟ☻♩♇◌ꜟꜗ♅כ  

꞉כⱶⱱכꜟ ≤ ⌐ ⱨꜞ♇♩╩ ∆╢√┘⌐∕─ⱨꜞ♇♩╩≢⅝ ☻♩▪▪fi

♪ⱨ◊꞉כ♪ ≤ ∂ↄ Ɽ◔♇♩ ╩ ∆╢Ᵽ♇ⱨ□╩ ≈ ≢№╢ כꜟ

♃⅜Ɽ◔♇♩ ╩ ∆╢Ᵽ♇ⱨ□╩ ≈√╘ Ɽ◔♇♩─ ⅜Ⱪ꜡♇◒↕╣√

≢╙ ⱨꜞ♇♩⅜ ⱨꜞ♇♩─№╢ꜟכ♃─Ᵽ♇ⱨ□⌐∆═≡ ≢⅝╢ ↓╣⌐

╟╡ ꞉כⱶⱱכꜟ ─╟℮⌐ ─Ⱪ꜡♇◒ ⌐ ╩□Ᵽ♇ⱨ≢™√╕╩♃כꜟ─

∆╢↓≤⅜⌂ↄ⌂╡ Ɽ◔♇♩ ─ ╩ ∆╢↓≤⅜≢⅝╢ ☻♩▪▪fi♪ⱨ

◊꞉כ♪≤ ⌐Ᵽ♇ⱨ□─ ⅜ ⌐⌂╢√╘ NoC≢ ↕╣╢↓≤│╒≤╪≥⌂

™ ≢№╢ ⇔⅛⇔ ⅜ ↕™√╘ Ɫכ♪►▼▪◖☻♩─ ⅜ ↕™ ⌂≥

≢ ↕╣╢  

 

2.5 ♦♇♪꜡♇◒≤Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓ 

2.5.1 ♦♇♪꜡♇◒ 

Ɽ◔♇♩ ⌐⅔™≡ Ɽ◔♇♩│ꜞ♁כ☻( )≤⇔≡Ᵽ♇ⱨ□≤♅ꜗⱠꜟ╩

⇔ ∆╢ ↓─ №╢Ɽ◔♇♩ 1⅜ ♩♇◔Ɽ─⅛╒⅜☻כ♁ꜞ√⇔≥℮╟⇔ 2

⌐ ↕╣≡™√ ╩☻כ♁ꜞ─⧵ ⇔≡™╢Ɽ◔♇♩ 2 ⅜∕╣╩ ∆╢╕≢Ɽ

(1) 

(2) 

(3) 

(4) 

(5) 

 2- 6 ꞉כⱶⱱכꜟ ─  

 

ⱡכ♪ Ɽ◔♇♩  ⱨꜞ♇♩ Ᵽ♇ⱨ□ 
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◔♇♩ 1│ ∆╢ ♦♇♪꜡♇◒[11]≤│ ↓─ ⅜ ─Ɽ◔♇♩≢ ∆╢╟℮⌐

⅔⅝ ∕╣ ╩ ℮↓≤⅜≢⅝⌂ↄ⌂╢ ≢№╢ 2-7⌐♦♇♪꜡♇◒─ ╩

∆ 2-7≢│ Ɽ◔♇♩ 1⅜Ɽ◔♇♩ 2─ ╩☻כ♁ꜞ╢™≡⇔ ∟ Ɽ◔♇♩ 2⅜

Ɽ◔♇♩ 3─ ╩☻כ♁ꜞ╢™≡⇔ ∟ Ɽ◔♇♩ 3⅜Ɽ◔♇♩ 1 ─ ⇔≡™╢ꜞ♁

╩☻כ ∫≡⅔╡ ↓╣ ⅜ ⅎ⌂ↄ⌂∫≡™╢  

 

 

 

2.5.2 ♦♇♪꜡♇◒─  

Ɽ◔♇♩ ⌐⅔↑╢♦♇♪꜡♇◒─ ⌐│ ⌐ ─ 2≈⅜№╢  

≈│ ♦♇♪꜡♇◒─ ╩ ⇔ ♦♇♪꜡♇◒╩ ↓⇔√Ɽ◔♇♩╩ ↕

∑╢ №╢™│ Ɽ◔♇♩╩ ∑∏⌐ ╩☻כ♁ꜞ ╡ ≡⌂⅔∆ ≢№╢ ♦♇♪

꜡♇◒─ ⌐│ ♃▬ⱶ▪►♩ ⌂≥⅜ ↕╣╢ ♦♇♪꜡♇◒─ ⅜ ™≤

⅝│ ≢№╢⅜ ™ ⌐│ ⅜ ⅝ↄ ∆╢≤™℮ ⅜№╢ ∕─√╘

♦♇♪꜡♇◒─ ⅜ ™꞉כⱶⱱכꜟ ╩ ™╢↓≤⅜ ↄ ⌐ ∆╢ ⅜

⇔™ NoC≢│╒≤╪≥ ↕╣⌂™  

2 ≈ │ ♦♇♪꜡♇◒─ ≢№╢ 2-7 ─╟℮⌂ ( )╩ ─◓fi▫♥כꜟ

(□Ⱡꜟ╛Ᵽ♇ⱨꜗ♅)☻כ♁ꜞ╛ ⌐╟∫≡ ∟⅝╢ ≢№╢ ─◓fi▫♥כꜟ

⌐╟╢ ⌐│ turn ⸗♦ꜟ⌂≥⅜№╢ 2-8 ⌐ turn ⸗♦ꜟ─ ╩ ∆ 2-8(1)

─╟℮⌂ ⅜ ⌐ ∆╢ ♦♇♪꜡♇◒⅜ ∆╢√╘ turn ⸗♦ꜟ≢

│ 2-8(2)─ ─╟℮⌐ ┼─ ⅜╡╩ ∆╢↓≤≢ ⅜ ↓╠⌂™╟

℮⌐⇔≡™╢ ╩☻כ♁ꜞ ∆╢ ≢│ ⱡכ♪⅜ ≈♅ꜗⱠꜟ≤Ᵽ♇ⱨ□╩ ╛

⇔ ∕╣╠╩℮╕ↄ ∆╢↓≤⌐╟∫≡♦♇♪꜡♇◒╩ ≢⅝╢ ╩☻כ♁ꜞ⌐2-9

⇔√ ─♦♇♪꜡♇◒ ─ ╩ ∆ 2-9≢│ ⱡכ♪⅜ ≈♅ꜗⱠꜟ─ ╩

≈ ╛⇔ │ ─♅ꜗⱠꜟ╩ ─ⱡכ♪╩ ∫√Ɽ◔♇♩│ ─♅ꜗⱠꜟ╩

∆╢↓≤≢ ⅜ ↓╠⌂™╟℮⌐⇔≡™╢  

 

Ɽ◔♇♩ 1 

Ɽ◔♇♩ 2 

Ɽ◔♇♩ 3 

 2- 7 ♦♇♪꜡♇◒─  

 

ⱡכ♪ 
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2.5.3 ♅ꜗⱠꜟ ◓ꜝⱨ 

♅ꜗⱠꜟ ◓ꜝⱨ│ Ⱡ♇♩꞉כ◒ ─ ♅ꜗⱠꜟ ─ ╩ ⇔√◓ꜝⱨ≢ ♦♇♪

꜡♇◒─ ╛ ─√╘⌐ ↕╣╢ ↓─◓ꜝⱨ │ ╕∏ ♅ꜗⱠꜟ⌐ ↑

╩ ™ⱡכ♪≤∆╢ ∕⇔≡ ♅ꜗⱠꜟ─ ⌐ ┌╣╢ №╢♅ꜗⱠꜟ⌐

╩≈⌂™≢™ↄ↓≤≢ ≢⅝╢ ≤⇔≡ 2-10⌐ ☻כ♁ꜞ─2-9 ≤

─Ⱡ♇♩꞉כ◒─♅ꜗⱠꜟ ◓ꜝⱨ╩ ∆ 2-10╟╡ ☻כ♁ꜞ ─♅ꜗⱠꜟ

◓ꜝⱨ( 2-10(1))⌐│ ⅜ ⇔ ♦♇♪꜡♇◒⅜ ∆╢↓≤⅜ ⅛╢ ⇔

≡ ☻כ♁ꜞ ─♅ꜗⱠꜟ ◓ꜝⱨ( 2-10(2))⌐│ ⅜ ⇔≡⅔╠∏

♦♇♪꜡♇◒⅜ ⇔⌂™↓≤⅜ ╢  

Ᵽ♇ⱨ□ 

 2- 9 ♦♇♪꜡♇◒  

 

ⱡכ♪ 

(1) (2) 

 2- 8 turn ⸗♦ꜟ 

 

× 
× 
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2.5.4 Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓ 

Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓─ ╩ 2-11⌐ ∆ 2-11≢│ Ɽ◔♇♩ 1⌐╟∫≡

Ɽ◔♇♩ 2─ ⅜Ⱪ꜡♇◒↕╣ Ɽ◔♇♩ 3│ ⅜ⱡכ♪ D ≢№╢⌐╙⅛⅛╦╠∏

Ɽ◔♇♩ 1─ ⅜ ⇔ ∕─ ─Ɽ◔♇♩ 2⅜ⱡכ♪ C⌐ ↕╣╢╕≢ ╩ ⅎ

⌂™ ⌐⌂∫≡™╢ ↓─╟℮⌐ Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓≤│ №╢Ɽ◔♇♩(

2-11 Ɽ◔♇♩ 1)⅜Ⱪ꜡♇◒↕╣╢↓≤⌐╟∫≡ ─╒⅛─Ɽ◔♇♩( 2-11 Ɽ◔♇♩

2)╙Ⱪ꜡♇◒↕╣≡⇔╕™ ⌂╠┌ ⌐ ⇔√Ɽ◔♇♩╩ √⌂ↄ≡╙╟™Ɽ◔♇

♩( 2-11Ɽ◔♇♩ 3)╙ √⌂↑╣┌⌂╠⌂ↄ⌂╢ ≢№╢ ↓─ │ Ɽ◔♇♩

─ ─ ™꞉כⱶⱱכꜟ ≢ ⌐⅔↓╡╛∆ↄ ╩ ↕∑╢ ≤⌂∫≡™

╢  

Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓⌐╟╢ ╩ ∆╢⌐│ ♦♇♪꜡♇◒ ≢ ═

─☻כ♁ꜞ√ ⅜ ≢№╢ 2-12⌐ 2-11─ⱡכ♪ B ╩☻כ♁ꜞ─ 2≈⌐⇔√

╩ ∆ 2-12≢│ Ɽ◔♇♩ 2─ ⅜Ⱪ꜡♇◒↕╣≡™╢↓≤⌐ │⌂™⅜ ⱡכ

♪ B ⅜☻כ♁ꜞ─ ≈№╢√╘ Ɽ◔♇♩ 3 │Ɽ◔♇♩ 2─ ╩ √∏ ⱡכ♪ D

⌐ ≢⅝╢  

Ᵽ♇ⱨ□ 

 2- 10 ♅ꜗⱠꜟ ◓ꜝⱨ─  

 

ⱡכ♪ 

Ch1 Ch2 

Ch3 

Ch1 Ch2 

Ch3 

Ch4 

Ch1 

Ch2 Ch3 

Ch1 

Ch2 

Ch3 

Ch4 

(1) 

(2) 
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2.5.5 ♅ꜗⱠꜟ 

♦♇♪꜡♇◒─ ╛Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓─ ⌂≥≢ ─☻כ♁ꜞ√⇔

⌐⅔™≡ ⌐♅ꜗⱠꜟ(ꜞfi◒≤Ᵽ♇ⱨ□─ )─ ╩ ╛∆↓≤│Ɫכ♪►▼▪

─ ╩ ↄ↓≤≤⌂╢ ∕─√╘ ⌐│ ≈─ꜞfi◒⌐ ─Ᵽ♇ⱨ□╩ ∆╢

↓≤≢ ⌐ ─♅ꜗⱠꜟ⅜№╢╟℮⌐ ∑⅛↑╢ ♅ꜗⱠꜟ⅜ ↕╣╢[12]

♅ꜗⱠꜟ─ ╩ 2-13 ⌐ ∆ 2-13 ─♦ⱴꜟ♅ⱪ꜠◒◘│ ≈─ ≤ ─

╩ ∟ ⌐╟∫≡ ╩ ∆╢ ≢№╢ ∕⇔≡ ⱴꜟ♅ⱪ꜠◒◘│

─ ≤ ≈─ ╩ ∟ ⌐╟∫≡ ╩ ∆╢ ≢№╢ ♅ꜗⱠ

ꜟ│≥─ ⌐╙ ≢⅝╢⅜ ♅ꜗⱠꜟ↔≤⌐Ᵽ♇ⱨ□╩ ⇔⌂↑╣┌⌂╠⌂™

√╘ ♅ꜗⱠꜟ⌐ ∆╢Ᵽ♇ⱨ□─ ⅜ ─ ⌐ ═ ⌂™꞉כⱶⱱכꜟ

⌐ ⌂ ≢№╢  

⌐ ♅ꜗⱠꜟ─ ⅜ ™╒≥Ɽ◔♇♩ ─ ⅜ ⌂ↄ⌂╡ ꜞfi◒─

│ ∆╢ ⇔⅛⇔ ≈─ꜞfi◒╩ ≢ ∆╢√╘ ♅ꜗⱠꜟ⅜

™╒≥꜠▬♥fi◦⅜ ⅜╢ ⅜№╡ ╙№╢ ♅ꜗⱠꜟ⅜ ⅎ╢≤

⅜╡⌐ↄↄ⌂╢  

⅝Ᵽ♇ⱨ□ 

 2- 12 Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓─  

 

ⱡכ♪ A 

ⱡכ♪ C 

ⱡכ♪ D 

Ɽ◔♇♩ 1 

Ɽ◔♇♩ 2 

Ɽ◔♇♩ 3 

Ɽ◔♇♩ 2─ │ ⱡכ♪ C 

Ɽ◔♇♩ 3─ │ ⱡכ♪ D 

ⱡכ♪ B 

⅝Ᵽ♇ⱨ□ 

 2- 11 Ⱬ♇♪○Ⱪꜝ▬fiⱩ꜡♇◐fi◓─  

 

ⱡכ♪ A ⱡכ♪ B ⱡכ♪ C 

ⱡכ♪ D 

Ɽ◔♇♩ 1 

Ɽ◔♇♩ 2 

Ɽ◔♇♩ 3 

Ɽ◔♇♩ 2─ │ ⱡכ♪ C 

Ɽ◔♇♩ 3─ │ ⱡכ♪ D 
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2.6 ♃כꜟ  

2.6.1 NoC─ꜟכ♃  

♃כꜟ │ ⌐ ∆╢ ╩ ℮ ≢ ⱳכ♩⌐ ↕╣√Ɽ◔♇♩(ⱨꜞ

♇♩)╩Ⱬ♇♄─ ⌐fi◓▪ꜟ◗ꜞ☼ⱶ▫♥כꜟ≥ ∫≡ ⌂ ⱳכ♩⌐ ∆╢

NoC ⌐⅔™≡ ─♃כꜟ │◦☻♥ⱶ ─ ⌐ ⅝ↄ ∆╢ ↓╣│ ♃כꜟ

─ ⅜ ⌐ ™√╘ ─♃כꜟ╢↑⅔⌐ ─ ⅜ ⅝™√╘≢№╢

╕√ ♅♇ⱪ ─ ≢│ ─ ⅜ ↕ↄ ╙ ™↓≤⅛╠ NoC ╟│♃כꜟ─

╡ ≢№╢↓≤⅜ ╘╠╣╢ ≢ ♅♇ⱪ ≢│♅♇ⱪ ╛ ⌂≥⌐

⅜№╢√╘ NoC ⌐ │♃כꜟ╢╣↕ ≢№╢≤ ⌐ ≢№╢

↓≤╙ ╘╠╣╢ ↓╣╠─ ─√╘ NoC≢│ ⇔√≤⅔╡ ⅜☼▬◘─♃כꜟ ↕

ↄ ⌂꞉כⱶⱱכꜟ ⅜ ↕╣╢  

 

2.6.2 ꞉כⱶⱱכꜟꜟכ♃ 

2-14 ⌐ ⌂꞉כⱶⱱכ▪─♃כꜟꜟכ◐♥◒♅ꜗ╩ ∆ ╕√ ♅ꜗⱠꜟ╩

∆╢ ─ ꜞfi◒─ ╩ 2-15 ⌐ ∆ 2-14 ─ ⌐│ ╩ ∆

╢꜡☺♇◒╛◒꜡☻Ᵽ☻▬♇♅╩ ♃ⱦכ▪╢∆ ♅ꜗⱠꜟ╩ ∆╢ │

♅ꜗⱠꜟ╩ ╡ ⅜≤⌂♃כ◔꜡▪╢≡ ╕╣╢  

≤⇔≡ ╕∏ ⱳכ♩⅛╠ ↕╣√ⱨꜞ♇♩│ ─Ᵽ♇ⱨ□⌐ ↕╣╢

∕⇔≡ ♩כꜟ ⌂≥─ ⌐ ⌂ ♅ꜗⱠꜟ⌐ ↕╣╢  

2-14 ≢│ ─ ⌐Ᵽ♇ⱨ□⅜ ↕╣≡™╢⅜ ─ ⌐Ᵽ♇ⱨ

□╩ ∆╢ ╙№╢  

 

 

 

 2- 13 ♅ꜗⱠꜟ 

 

─☻כ♁ꜞ(1) ⌂⇔ (2) ⌐♅ꜗⱠꜟ╩  (3) ♅ꜗⱠꜟ 

♦ⱴꜟ♅ⱪ꜠◒◘ ⱴꜟ♅ⱪ꜠◒◘ Ᵽ♇ⱨ□ ꜞfi◒  
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2.6.3 Ᵽ♇ⱨ□ 

2-14 ─♃כꜟ⌐℮╟─ ⌐│ Ᵽ♇ⱨ□⅜ ╡ ↑╠╣≡™╢ ↓╣│ ♩כꜟ

⌂≥─ ╛ ─Ⱪ꜡♇◒ ⌐ⱨꜞ♇♩╩ ⌐ ⇔⌂↑╣┌⌂╠⌂™√╘≢№

╢ ♃כꜟ ─Ᵽ♇ⱨ□│ FIFO ≢ ↕╣≡⅔╡ ⌐ ↕╣√ⱨꜞ♇♩⅜ ⌐

↕╣╢╟℮⌐⌂∫≡™╢  

NoC ─ │ Ᵽ♇ⱨ□⅜ ≢№╢╒≥ ↄ⌂╢ ↓╣│ Ɽ◔♇♩─ ⅜Ⱪ

꜡♇◒↕╣√≤⅝ ≈─Ɽ◔♇♩⅜╕√←ꜟכ♃ ⅜ ╡ Ɽ◔♇♩ ─ ⅜ ╢

√╘≢№╢ ⇔⅛⇔⌂⅜╠ Ᵽ♇ⱨ□─ │ ≤ ─ ╩ ↄ≤™℮

⅜№╢ ∕─√╘ NoCꜟכ♃≢│ ─Ᵽ♇ⱨ□╩ ⌐ ∆╢↓≤⅜ ≢№╢  

 

(1) ♅ꜗⱠꜟ⌂⇔ (2) ♅ꜗⱠꜟ  

♦ⱴꜟ♅ⱪ꜠◒◘ ⱴꜟ♅ⱪ꜠◒◘ Ᵽ♇ⱨ□ ꜞfi◒  

 

ꜞfi◒ 

 2- 15 ♅ꜗⱠꜟ ─ꜞfi◒  

 

◒꜡☻Ᵽ
☻▬♇♅   

 

 
 ♃כꜟ

 
 ♃כꜟ

IP  
◖▪ 

 2- 14 ꞉כⱶⱱכ▪─♃כꜟꜟכ◐♥◒♅ꜗ 

 

Ᵽ♇ⱨ□ ꜞfi◒  ꜞfi◒  

 ♃כꜟ

  

ⱳכ♩ ⱳכ♩ 
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2.6.4 ꜞfi◓Ᵽ♇ⱨ□ FIFO 

⌐□Ᵽ♇ⱨ─♃כꜟ ↕╣╢ FIFO │ ꜞfi◓Ᵽ♇ⱨ□ ≤™℮ ≢№╢ ꜞfi◓Ᵽ

♇ⱨ□ ─ FIFO ≤│ ╩♃כ♦ ∆╢ RAM ─ ⅜ꜞfi◓Ᵽ♇ⱨ□≢ ↕╣≡™╢

FIFO ─↓≤≢№╢ ꜞfi◓Ᵽ♇ⱨ□≤│ 2-16(a)─╟℮⌐ꜞfi◓ ⌐ ↕╣√Ᵽ♇

ⱨ□≢№╢ √∞⇔ ⌐Ᵽ♇ⱨ□╩ꜞfi◓ ⌐ ∆╢ │≢⅝⌂™─≢ ⌐│

2-16(b)─╟℮⌐ ⌐ ⇔√Ᵽ♇ⱨ□─ ╩ ⌐≈⌂→╢ ⌐╟∫≡ꜞfi◓

Ᵽ♇ⱨ□╩ ⇔≡™╢  

FIFO ╩ ∆╢⌐│Ᵽ♇ⱨ□ ≢№╢ RAM ≤ ╩ ∆ edp≤ ╩ ∆

stp≤™℮ 2 ─ⱳ▬fi♃ ⅝─№╢⌂⇔╩ ∆ⱦ♇♩ empty full ⅜ ⌐⌂╢ FIFO

⌐⅛⅛╢ⱦ♇♩ ╩ 2-17⌐ FIFO ─ ⌐≈™≡ 2-18⌐ ∆  

FIFO ─◘▬☼╩ S RAM ─ └≤≈─꞉כ♪ ╩ W(bits)≤∆╢≤ 2-17 ─╟

℮⌐ RAM │(S×W)bit edp stp │ RAM ─ ─ ╩ ∆╣┌╟™─≢

(log(S))bits ≤⌂╢ empty full │∕╣∙╣₈ ⅛∕℮≢⌂™⅛₉₈ ♃fi⅛∕℮≢⌂™

⅛₉╩ ≢⅝╣┌╟™√╘ 1bit ≤⌂╢  

2-18(1)│ ─ ╩ ⇔≡⅔╡ ⌐│⌂™⅜ full=0 empty=1 ≤⌂∫≡™╢ 2-18(1)

─ ⅜♃כ♦≢ ↕╣╢≤ edp ⅜ ⇔≡™╢ RAM ─ ⅜♃כ♦⌐ ↕╣╢ ∕

─ edp⅜+1 ↕╣ ≢⌂ↄ⌂╢√╘ empty ⅜ 0≤⌂╢( 2-18(2)) ↓─ edp─

⅜RAM ─ ─▪♪꜠☻( 2-18─RAM ⌐⅔↑╢ ─▪♪꜠☻)╩ ⅎ≡™√

│ RAM ─ ─▪♪꜠☻( 2-18─ RAM ⌐⅔↑╢ ─▪♪꜠☻)╩ ∆╟℮⌐∆

╢ 2-18(2) ╙ ⅜ ⅝ 2-18(3)─╟℮⌐ edp = stp ⌐⌂∫√ ⌐ ⅜ ╦╣

╢≤ RAM │ ♃fi⌐⌂╡ full ⅜ 1≤⌂╢( 2-18(4)) 2-18(4)─ ≢ ⅜ ╦

╣╢≤ stp ⅜ 1↕╣ ⅝⅜≢⅝╢√╘ full ⅜ 0≤⌂╢ ∕─ stp ⅜ ⇔≡™╢ RAM

─ ⅜♃כ♦─ ↕╣ 2-18(5)─ ⌐⌂╢ ↓─ stp ─ ⅜ RAM ─

─▪♪꜠☻╩ ⅎ≡™√ RAM ─ ─▪♪꜠☻╩ ∆╟℮⌐∆╢ 2-18(5)

╙ ⅜ ⅝ 2-18(6)─╟℮⌐ stp = edp 2⌐⌂∫√ ⅜ ╦╣╢≤ RAM │

≤⌂╡ empty ⅜ 1⌐⌂╢( 2-18(1))  

  

Ᵽ♇ⱨ□ 

 2- 16 ꜞfi◓Ᵽ♇ⱨ□ 

 

Ᵽ♇ⱨ□ 

(b) ꜞfi◓Ᵽ♇ⱨ□ (a) ─ꜞfi◓Ᵽ♇ⱨ□ 
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2.6.5 ◒꜡☻Ᵽ☻▬♇♅ 

2-19⌐◒꜡☻Ᵽ☻▬♇♅─ ╩ ∆ 2-19─╟℮⌐◒꜡☻Ᵽ☻▬♇♅≤│

≤ ─ ╩ ⇔ ∕╣╩ ⌐ ⇔√╙─≢№╢ ∕─ ⌐│◒꜡☻ⱳ

▬fi♩≤™℮☻▬♇♅⅜ ╡ ↑╠╣≡⅔╡ ∕╣╩ ∆╢↓≤⌐╟∫≡ ─

╩ ⌐ ∆╢  

◒꜡☻Ᵽ☻▬♇♅│ ⅜ ≈≢ ↕╣ ─ ⅜ ⌐ ∂ ⌐▪◒

☿☻⇔⌂↑╣┌ ⅜ ↓╠⌂™√╘╢√╘ ⅜ ↕™≤™℮ ⅜№╢ ⇔⅛⇔

╩ n ╩ m ≤∆╢≤◘▬☼⅜ m×n ≤⌂╡ ─ ⅜ ™ │Ɫכ♪►

▼▪◖☻♩⅜ ⅝ↄ⌂╢≤™℮ ╙№╢  

  2- 19 ◒꜡☻Ᵽ☻▬♇♅ 

 

◒꜡☻ⱳ▬fi♩ 

0 

1 

n-1 

 

0 

 

1 

 

m-1 

 

Ν 

RAM  

edp 

 
stp 

 

 ⇔⌂♃כ♦

 ╡№♃כ♦

 

RAM  

edp 

stp 

RAM  

edp stp 

RAM  

edp 
stp 

(1) (2) (3) (4) 

RAM  

edp stp 

(5) 

RAM  

edp 

stp 

(6) 

 2- 18 FIFO─  

 

Ν 

S(FIFO ◘▬☼)  

W(꞉כ♪ ) 
 bits  

 2- 17 FIFO─ ⱦ♇♩  

 

log(S) bits  

edp 

log(S) bits  

stp 

1 bits  

empty  RAM  

1 bits  

full  
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2.7  

2.7.1 NoCꜟכ♃─   

⇔√≤⅔╡ NoC │♃כꜟ ™ ╩ ⇔ ⌂™ ≢

≢№╢↓≤⅜ ╘╠╣╢ ╩ ™√ NoC │ IP ≢♃כꜟ≥▪◖ ≈─ PE

╩ ∆╢√╘ IP ◖▪ ⅜ ─♃כꜟ⌐╙≥≥╢∆ ╙ ∆╢ ∕─√╘

↕╣╢ IP ◖▪ ─ ⌐╟╡ ⌐♃כꜟ ╘╠╣╢ │╟╡ ⇔™╙─⌐⌂╢≤

ⅎ╠╣╢ ↓─╟℮⌂ ⅛╠ NoC │♃כꜟ ₁⌂ ⅜ ↕╣≡™╢ √≤ⅎ┌

─ ≢│ ◒כꜞ ╩ ⅎ╢√╘⌐ ⇔≡™⌂™ ─ ╩ ∆

╢ ⌂≥⅜ ↕╣≡™╢ ─ ≤⇔≡│ ♃כꜟ ≢ ╩ ™

╩ ∆╢↓≤≢ ╩ ∆╢ ╛Ᵽ♇ⱨ□─ ⌂≥⌐╟╡ ⌂™Ᵽ♇ⱨ□

≢ ↄ─ⱨꜞ♇♩─ ╩ ⌐∆╢ [13] [14][15]⌂≥⅜ ↕╣≡™╢

│ ≤ ⇔√ ≤⇔≡ ─ ╩ ∆╢  

 

2.7.2 ♅ꜗⱠꜟ ─  

2-20 ⌐ ─ ♅ꜗⱠꜟ╩ ™√ꜞfi◒≤♅ꜗⱠꜟ ─ ╩ ∫√ ─ꜞfi

◒─ ╩ ∆ ⇔√╟℮⌐ ꜞfi◒⌐│♦♇♪꜡♇◒─ ╛Ⱬ♇♪○Ⱪꜝ▬fi

Ⱪ꜡♇◐fi◓─ ⌂≥─√╘⌐ ♅ꜗⱠꜟ⅜ ™╠╣╢↓≤⅜ ™ ↓─╟℮⌂

≢│ 2-20(a)─╟℮⌐ ♅ꜗⱠꜟ⌐ ─Ᵽ♇ⱨ□╩ ╡ ↑╢↓≤⅜ ≢№

╢ ⇔⅛⇔↓─╟℮⌂ │ ♅ꜗⱠꜟ⅜ ↕╣≡™⌂™ ⌐∕─♅ꜗⱠꜟ⌐ ╡

≡╠╣√Ᵽ♇ⱨ□⅜ ↕╣⌂™≤™℮ ⅜№╢ ∕─↓≤⅛╠ Ᵽ♇ⱨ□╩ ⌐

∆╢√╘ ꜞfi◒⌐⅔↑╢ ─ ♅ꜗⱠꜟ≢ 1 ─Ᵽ♇ⱨ□╩ ⇔≡

∆╢ ⅜ ↕╣≡™╢[13][14][15]  ( 2-20(b)) ↓─ ≢│ ⱨꜞ♇♩ ⌐

ꜞfi◒↔≤⌐ ↑╠╣√ ⱷ⸗ꜞ⅛╠ 1 ⱨꜞ♇♩ ─ⱷ⸗ꜞ ╩ ⌐ ╡ ≡

∕─ ╡ ≡╠╣√ ⌐ⱨꜞ♇♩╩ ∆╢ ∕─  2-20(b)⌐№╢╟℮⌐ ╡ ≡

╠╣√ⱷ⸗ꜞ─ ╩ ℮√╘ ꜞfi◒⌐◖fi♩꜡כꜝ⅜ ⌐⌂╢  

2-21⌐ ─ ╩ ∆ 2-21─╟℮⌐↓─ ≢│Ᵽ♇ⱨ□─ ╩ ╛⇔

√ ≤ ⌐ Ɽ◔♇♩─ ⅜Ⱪ꜡♇◒↕╣√ ⌐ ≈─Ɽ◔♇♩⅜╕√←ꜟכ♃⅜

╢↓≤≢Ɽ◔♇♩ ─ ⅜ ⅜╡ ⅜ ∆╢ 2-21(a)≢│ Ɽ◔♇

♩ 1⅜ PE1 ≢Ⱪ꜡♇◒↕╣ PE1 ≤ PE2 ⌐╕√⅜∫≡ ⇔≡™╢ ↓╣⌐╟╡ PE2

─ ─♅ꜗⱠꜟ╩ ⇔╟℮≤⇔√Ɽ◔♇♩ 2⅜ √↕╣≡™╢ ⇔≡ 2-21(b)≢│

Ᵽ♇ⱨ□─ ⌐╟╡╙℮ ─♅ꜗⱠꜟ ─Ᵽ♇ⱨ□╩ ≢⅝╢√╘ PE1 ─╖⌐Ɽ

◔♇♩ 1⅜ ⇔≡™╢ ↓╣⌐╟╡ Ɽ◔♇♩ 2│ PE2 ─ ─♅ꜗⱠꜟ╩ ≢⅝

╩ ↑╢↓≤⅜≢⅝╢  
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2-20(b)⌐№╢╟℮⌐ ↓─ ≢│ ⱷ⸗ꜞ╩ ∆╢√╘ ꜞfi◒⌐◖fi♩꜡כ

ꜝ⅜ ⌐⌂╢ ─ ≤ ╩ 2-22 2-23⌐ ∆ 2-23─ Free_Pool│

≥─♅ꜗⱠꜟ⌐╙ ↕╣≡™⌂™ ⅝ⱷ⸗ꜞ ─ⱳ▬fi♃╩ ∆╢ FIFO ≢№╢

Block_Info │ Ɽ◔♇♩⅜ ⇔√ⱷ⸗ꜞ ─ⱳ▬fi♃╩ ∆╢╙─≢№╢   

≢│ ╩ ⌐∆╢√╘ ─╟℮⌂ ꜞfi◒ ─ ♅ꜗⱠꜟ≢

≈─Ᵽ♇ⱨ□╩ ∆╢ ╩₈♅ꜗⱠꜟ ₉ ⱨꜞ♇♩ ⌐ⱨꜞ♇♩ ≈ ─ⱷ

⸗ꜞ ╩ ╡ ≡╢ ╩₈ⱨꜞ♇♩ ₉ ╩ ℮╙─╩₈ ₉≤ ┬↓

≤≤∆╢ ╕√ Block_Info ≤ Free_Pool╩ ╦∑≡₈ FIFO₉≤ ┬↓≤≤∆╢  

 

PE1 PE2 

P
E

3
 

PE1 PE2 

P
E

3
 

(a)  (b)♅ꜗⱠꜟ  

 2- 21 Ᵽ♇ⱨ□ ─  

 

Ɽ◔♇♩ 1 

Ɽ◔♇♩ 2 

Ɽ◔♇♩ 1 

Ɽ◔♇♩ 2 

 2- 20 ♅ꜗⱠꜟ ─ꜞfi◒  

 

(a)  (b)♅ꜗⱠꜟ  

◖fi♩꜡כꜝ 
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2.7.3 CBDA(centrally-buffed,dynamically-Allocated)  

≤ ⌐ ꜞfi◒ ≢Ᵽ♇ⱨ□╩ ∆╢ ⌐ CBDA [15]⅜№╢ ↓─

│ ╩ ∆ ≤⇔≡ ↕╣√⅜ ⅝≢│⌂™√╘↓╣╕≢ ™╠╣

╢↓≤│№╕╡⌂⅛∫√ ∕╣│ ─ ⌐╟╢  

1ה ─ ꜞfi◒ ─ ─ ♅ꜗⱠꜟ⌐╕√⅜╢ ≢│ ⌐ ⅜ ╦

╣╢ⱨꜞ♇♩─ │ 1 ∏≈≢№╢√╘ ⱳכ♩─ⱷ⸗ꜞ 1 ╩ ─♅ꜗⱠꜟ≢

 2- 23 ─  

 

 2- 22 ─  
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∆╢↓≤⅜≢⅝╢ ↓╣⌐ ⇔≡ ─ ꜞfi◒⌐╕√⅜╢ ╩ ℮

ꜞfi◒⅜ ⌐ⱨꜞ♇♩─ ╩ ℮√╘ ⱳכ♩─ⱷ⸗ꜞ≢│ ▪◒

☿☻─ ⅜ ∂╢  

ה ─ ─ ─√╘⌐ ⱴꜟ♅ⱳכ♩─ⱷ⸗ꜞ╩ ™╢ ⅜ ⅎ╠╣╢⅜

─ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ╩ ⇔√ ⱳכ♩ ─ ⌐ ⇔√Ɫכ♪►▼▪

◖☻♩╩ ∆╢√╘ Ɫכ♪►▼▪◖☻♩⅜ ⌂╙─≤⌂╢  

 

2.7.4 Distributed Shared-Buffer Router 

2-24⌐ DSB ─♃כꜟ ╩ ∆[16] 2-24(a)⌐№╢╟℮⌐ DSB │♃כꜟ Ᵽ♇ⱨ

□⅜ ≈─◒꜡☻Ᵽ☻▬♇♅─ ⌐ ↕╣╢ ≤⌂∫≡™╢ ↓╣⌐╟╡ Ᵽ♇ⱨ□

─ ⅜ ⇔ ╩♩♇ⱪכꜟ☻ ∆╢↓≤⌐ ⇔≡™╢ ≢ 2-24(b)⌐№

╢╟℮⌐ ─ ⌐╟╡Ɽ▬ⱪꜝ▬fi☻♥כ☺⅜ ⇔≡⇔╕™ ꜠▬♥fi◦

│ ⇔≡⇔╕℮≤™℮ ╙№╢  

 

 

2.7.5 ꜞfi◓Ᵽ♇ⱨ□╩ ™√  

≤ ⇔√ ⌐ꜞfi◓Ᵽ♇ⱨ□╩ ™√╙─⅜№╢[17] 2-25⌐ꜞfi◓Ᵽ♇

ⱨ□╩ ™√ ─ ╩ ∆ ↓─ ╙ DSB ≥♃כꜟ ⌐ Ᵽ♇ⱨ□─ ╩

⇔ ╩♩♇ⱪכꜟ☻ ∆╢↓≤⌐ ⇔≡™╢ ⇔⅛⇔ Ɫכ♪►▼▪◖☻♩≤꜠

▬♥fi◦ ⅜ ≤⌂╢  

◖fi♩꜡כꜝ 

Cycle 

TS VR 

XB1+ 

MM_

WR 

RC 

1 

CR 

2 

MM_

RD+ 

XB2 

LT  

3 4 5 

(a) (b) 

 2- 24 DSBꜟ ─♃כ ≤Ɽ▬ⱪꜝ▬fi  
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2.8 ╕≤╘ 

≢│ NoC╛ꜟכ♃ ⌐ ∆╢ ╛ ╛♃כꜟ ⌐≈™≡ ⇔√

│⌐♃כꜟ⌂ ◒꜡☻Ᵽ☻▬♇♅─ ─ ♅ꜗⱠꜟ⌐ ─Ᵽ♇ⱨ□⅜ ╡

↑╠╣≡⅔╡ Ᵽ♇ⱨ□─ ⅜ ⅝™╒≥Ⱡ♇♩꞉כ◒⅜ ⌐ ↄ⌂╢↓≤╩ ═√

╕√ NoC ╩□Ᵽ♇ⱨ│≢♃כꜟ ⌐ ∆╢↓≤⅜ ≢ ♇Ᵽ│≢♃כꜟ

ⱨ□─ ⅜ ↄ⌂™↓≤╙ ⇔√  

♃כꜟ ─Ᵽ♇ⱨ□╩ ⌐ ∆╢√╘⌐ ⌐ ↕╣≡™√ ⌐≈™≡

⇔√ ∕⇔≡ ─ ≤ ⌐≈™≡ ⌐ ⇔√  

3 ≢│ ↓╣╠─ ╩ ⌐ ₁⅜ ∆╢ꜞfi◒ ⌐≈™≡ ∆╢  

 

  

 

◖fi♩꜡כꜝ 

 

 2- 25 DSBꜟ ─♃כ ≤Ɽ▬ⱪꜝ▬fi  
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3  ꜞfi◒  

3.1 │∂╘⌐ 

2 ≢ ═√≤⅔╡ NoCꜟכ♃⌐⅔™≡ ─Ᵽ♇ⱨ□╩ ⌐ ∆╢↓≤│ ™

≤ Ɫכ♪►▼▪◖☻♩╩ ∆╢℮ⅎ≢ ≢№╢ Ᵽ♇ⱨ□╩ ∆╢

√╘ ⁸ ꜞfi◒ ─ ♅ꜗⱠꜟ ╛ ꜞfi◒ ≢Ᵽ♇ⱨ□╩ ∆╢ ⅜

↕╣≡™╢⁹∕─ ╩ 3-1⌐ ∆⁹ 3-1(a)│ ╩ ╦⌂™ ⌂ ⁸(b)

│ ꜞfi◒ ≢ ╩ ℮ ⁸∕⇔≡(c)⅜ꜞfi◒ ≢ ╩ ℮ ≢№╢⁹(c)─╟

℮⌂ │ ⌐ [15]⌐⅔™≡ CBDA(centrally -buffed, dynamically -Allocated)

≤⇔≡ ╩ ∆ ≤⇔≡ ↕╣╢↓≤│№∫√⅜↓╣╕≢ ™╠╣╢↓≤│

№╕╡⌂⅛∫√ ↓╣│ ꜞfi◒⌐╟╢ ┼─ ⅜ ⌂√╘≢№╢

♅ꜗⱠꜟ│ ≢ 1 ─ ꜞfi◒╩ ∆╢√╘ ⌐ ꜞfi◒ ─ ♅

ꜗⱠꜟ⌐ ∆╢Ɽ◔♇♩─ ⅜ ∂⌂™ ∕─√╘ (b)─ ⌐⅔↑╢ⱷ⸗ꜞ─ ╡

≡╛ ⌂≥─ │ꜞfi◒↔≤⌐ ⅎ┌╟ↄ ⱷ⸗ꜞ┼─▪◒☿☻╙ ≈─♅

ꜗⱠꜟ⅛╠─╖ ╦╣╢ ∕╣⌐ ⇔≡(c)─ ≢│⁸ ─ꜞfi◒⅛╠ ⌐

⇔⌂↑╣┌⌂╠⌂™√╘ ⱷ⸗ꜞ ╡ ≡⌐ ⌂≥─ ⅜ ⌐⌂╡⁸ ⱷ⸗ꜞ

⌐╙ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ╩ ∆╢ ⅜№╢ ⇔⅛⇔ ⌂ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ≢

№╢ⱴꜟ♅ⱳכ♩☿ꜟ ─ⱷ⸗ꜞ│ ⱳכ♩ ─ ⌐ ⇔≡Ɫכ♪►▼▪◖☻♩⅜

∆╢√╘ Ɫכ♪►▼▪◖☻♩┼─ ⅜ ⇔™ NoC ≢─ │ ≢№╢ ⅎ≡

ⱷ⸗ꜞ─ ⌐│ ╡ ≡ ─ ─√╘⌐ ─ⱷ⸗ꜞ ╩ ∆╢⅜ ꜞfi

◒ ─ ⌐╟╡ ≤⌂╢ⱷ⸗ꜞ ⅜ (b)─ ─ L (L │ꜞfi◒ )≤⌂╡

⅜ ⌐ ⇔≡⇔╕℮≤™℮ ╙№╢ ╕√⁸(c)─ ⌐│ ⌐╙⁸ ─

⌐╟╢Ɽ▬ⱪꜝ▬fi ─ ╛ ─♦♇♪꜡♇◒⌂≥─ ╙№╢⁹ 

∕↓≢ ₁│⁸(c)─╟℮⌐ ─ ꜞfi◒⌐╟╡ 1 ─ⱷ⸗ꜞ╩ ⇔ ─ ╩

⇔√ ╩ ∆╢[18][19][20][21][22][23]⁹ ♃כꜟ─ ╩ 3-2 ⌐ ∆⁹

3-2 ─╟℮⌐ │♃כꜟ─ ≡─ ꜞfi◒≢ 1 ─ ⱷ⸗ꜞ(Shared 

Memory)╩ ∟ ─╠⅛♃כꜟ ⱳכ♩≤ ♅ꜗⱠꜟ ─Ᵽ♇ⱨ□≢№╢

(Private Buffer) ─ ⌐ ∆╢⁹ 

≢│ ─ ╩ ⇔⁸ ⌐≈™≡ ∆╢⁹2 ≢│⁸ ⱷ⸗ꜞ⌐

≈™≡ ⇔⁸3 ≢Ɽ▬ⱪꜝ▬fi⌐≈™≡ ∆╢⁹∕⇔≡⁸4 ≢♦♇♪꜡♇◒⌐≈™

≡ ⇔⁸ ⌐ ─ ⌐≈™≡ ═╢⁹ 
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3.2 ⱷ⸗ꜞ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ 

3.2.1 ⱴꜟ♅ⱳכ♩☿ꜟ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ 

3-3 ⌐ ⌂ 6 ♩ꜝfi☺☻♃ ≤ⱴꜟ♅ⱳכ♩☿ꜟ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ SRAM

☿ꜟ╩ ∆ 3-3 ─ D ─♃כ♦│ ⌐ ♃כ♦╢╣╦ WL │ ╖ ⅝─

╩ ∆꞉כ♪ P│ⱳכ♩ ≢№╢ 3-3(a)⌐№╢╟℮⌐ 6♩ꜝfi☺☻♃ SRAM

☿ꜟ│ ≢№╢ ≈─▬fiⱣכ♃( ≈─♩ꜝfi☺☻♃⅛╠ ↕╣╢)≤ ╖ ⅝╩

∆╢ ≈─♩ꜝfi☺☻♃⅛╠ ↕╣≡™╢ │ ≈─ ⅜№╡ ∕

╣╩ 0 1⌐ ↕∑≡ ╩ ∆╢  

3-3(b)⌐№╢╟℮⌐ ⱴꜟ♅ⱳכ♩☿ꜟ ─ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ│ ⱷ⸗ꜞ☿ꜟ╩ⱴ

ꜟ♅ⱳכ♩ ∆╢ ≢№╢ ↓─ ⌐│ ─ ⱳכ♩⅛╠ ☿ꜟ⌐▪◒☿☻⅜

⌂™ ╡ ⅜ ⅝⌂™≤™℮ ⅜№╢ ⇔⅛⇔ ♅♇ⱪ ⅜ⱳכ♩ ─ 2 ⌐

⇔≡ ∆╢√╘ ⌂™ⱳכ♩ ≢№∫≡╙Ɫכ♪►▼▪◖☻♩⅜ ⅝ↄ ⇔≡⇔╕

℮≤™℮ ⅜№╢ ↓─↓≤⅛╠ Ɫכ♪►▼▪◖☻♩┼─ ⅜ ⇔™ NoC≢─

│ ≢№╢  

 

3.2.2 Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ 

ꜞfi◒ ─ ⱷ⸗ꜞ⌐│ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ╩ ∆╢⅜ ─╟℮⌐ ─

ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ╩ ⇔√ Ɫכ♪►▼▪◖☻♩⅜ ⌂╙─≤⌂╢√╘ Ᵽfi

◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ[24][25][26][27][28]╩ ∆╢↓≤⌐╟╡Ɫכ♪►▼▪◖☻♩─

╩ ⅎ╢⁹Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ ╩ 3-4⌐ ∆⁹Ᵽfi◒ ⱴꜟ♅ⱳכ♩

ⱷ⸗ꜞ│ 3-4 ⌐ ⇔√ ╡ ⱳכ♩≤ 1 ⱳכ♩ⱷ⸗ꜞ≢№╢Ᵽfi◒ⱷ⸗ꜞ╩◒꜡

☻Ᵽ☻▬♇♅ ─ ⌐╟∫≡ ∆╢↓≤≢ ↕╣╢ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ≢№╢

ⱴꜟ♅ⱳכ♩☿ꜟ ≤ ⌂╡ ⱷ⸗ꜞ☿ꜟ╩ⱴꜟ♅ⱳכ♩⌐⇔⌂™─≢ ⌂™

Ɫכ♪►▼▪◖☻♩≢ ≢⅝╢ ⅎ┌ ⱳכ♩ Ᵽfi◒─Ᵽfi◒ ⱴꜟ♅ⱳכ♩

 3- 3ⱴꜟ♅ⱳכ♩☿ꜟ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ SRAM☿ꜟ 

WL  

D D 

(a)1ⱳכ♩ SRAM ☿ꜟ (b)Pⱳכ♩ SRAM ☿ꜟ 

DP 

WL P   

Ν Ν 

WL 2 

WL 1 

D2 D1 DP D2 D1 
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ⱷ⸗ꜞ⌐⅔™≡ ─♃כ♦ ⌐ ∆╢ ─Ɫכ♪►▼▪◖☻♩⅜ ⱷ⸗ꜞ☿ꜟ

⌐ ∆╢◖☻♩≤ ≢№╢↓≤⅜ ╠╣≡⅔╡[26] ─ ꜞfi◒⌐╕√

⅜╢ ─ ⌂ ─ ⅜ ≤⌂╢⁹⇔⅛⇔ ─ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ≤

⌂╡ Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ│ ∂Ᵽfi◒─ⱷ⸗ꜞ ⌐ ⇔≡ ⌐▪◒☿☻

∆╢↓≤⅜≢⅝⌂™≤™℮ ⅜№╢⁹∕─√╘⁸ ─╟℮⌂ⱨꜞ♇♩ ─ⱷ⸗ꜞ

╩ ≈∏≈ ╡ ≡╢ ≢│ ▪◒☿☻─ ⅜ ∆╢⁹↓╣⌐≈™≡ 3-5⌐

∆ 3-5─Ᵽfi◒ ─ │∕─ ╩ ⇔√ⱳכ♩ ≤∆╢⁹ 3-5≢│ ⱳכ♩

0≤ 1⅜∕╣∙╣Ᵽfi◒ 0─ⱷ⸗ꜞ ⌐▪◒☿☻∆╢↓≤⌐╟╡ ⅜ ⅝≡™╢ ↓

─╟℮⌂ ⌂◒꜡☻Ᵽ☻▬♇♅≢│ ╩ ™ ≥∟╠⅛─ ╩ ∆

╢ ⇔⅛⇔ ↓─╟℮⌂ ♃כꜟ╩ ─Ᵽ♇ⱨ□≢ ∫≡⇔╕℮≤ ─ ╩

ↄ ╣⅜№╢  

╕√ ⱴꜟ♅Ᵽfi◒ ⌐│ ◒꜡☻Ᵽ☻▬♇♅─╟℮⌂ ⌐ ╩ ™╢

╙№╢ ╩ ™√ │Ɫכ♪►▼▪◖☻♩⅜ ⌂™≤™℮ ╙№╢⅜

≤∟⅜™ ─ⱳכ♩⅜ ⌂╢Ᵽfi◒⌐▪◒☿☻∆╢ ⌐╙ ≢

⅝╢√╘ ♃כꜟ ─Ᵽ♇ⱨ□⌐ ∆╢≤ ─ ╩ ↄ ╣⅜№╢  

 

 

 

 3- 5Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ ▪◒☿☻  
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1  0 

◒꜡☻ⱳ▬fi♩ 

 

▪◒☿☻ 

▪◒☿☻ 

 

◒꜡☻Ᵽ

☻▬♇♅ 

Ᵽfi◒ 

 

 ♃ⱦכ▪

 3- 4 Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─  
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3.2.3 Ⱪ꜡♇◒  

Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ ▪◒☿☻ ╩ ∆╢√╘ ≢│Ⱪ꜡♇◒

╩ ⇔≡™╢ ↓─ │ Ᵽfi◒╩Ⱪ꜡♇◒≤™℮ ≤⇔ ∕─ ≢Ⱪ

꜡♇◒─ ╡ ≡╛ ╩ ℮╙─≢№╢ 3-6⌐ ⌂≥≢ ↕╣≡™√ⱨꜞ♇♩

─ ≤Ⱪ꜡♇◒ ─ ™╩ ∆ 3-6≢│ ─ⱷ⸗ꜞ ╡ ≡ ─

⌐≈™≡ ⇔√╙─≢№╢ 3-6(a)─╟℮⌐ ⱨꜞ♇♩ ≢│ ⱨꜞ♇♩

⌐ⱨꜞ♇♩ ≈ ─ⱷ⸗ꜞ ╩ ⇔ ⇔√ⱷ⸗ꜞ ⌐ⱨꜞ♇♩╩ ∆╢

⇔≡Ⱪ꜡♇◒ │ 3-6(b)─╟℮⌐ ⱨꜞ♇♩ ⌐ ∆╢Ⱪ꜡♇◒⌐ ╕╣

╢ ≡─ⱷ⸗ꜞ ╩ ⇔ ∕─ ⌐ⱨꜞ♇♩╩ ∆╢ ↓℮∆╢↓≤⌐╟╡

Ᵽfi◒┼─ ⅜∕─Ᵽfi◒(Ⱪ꜡♇◒)╩ ⇔√♅ꜗⱠꜟ⅛╠─╖ ╦╣╢╟℮⌐⌂

╡ ▪◒☿☻─ ⅜ ↕╣╢ ╕√↓─ ≢│ Ᵽfi◒┼─ ▪◒☿☻⅜

↓╠⌂™√╘ Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ ─◒꜡☻Ᵽ☻▬♇♅⌐ ╩ ℮▪

╩♃ⱦכ ↑╢ ⅜⌂™≤™℮ ╙№╢  

 
 3- 6 ⱨꜞ♇♩ ≤Ⱪ꜡♇◒  

Ν 
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Ᵽfi◒ 1 
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♩
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◒꜡☻ⱳ▬fi♩ 
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Ᵽfi◒ 1 

ⱳ

♩

 

ⱳ

♩

 

0 

Ν 

 

Ⱪ꜡♇◒ 0 

(Ᵽfi◒ 0) 

 
Ⱪ꜡♇◒ 1 

ⱳ

♩

 

ⱳ

♩

 

0 0 0 

(a)ⱨꜞ♇♩  (b)Ⱪ꜡♇◒  

Ⱪ꜡♇◒ 
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3.2.4 FIFO─ ≤Ⱪ꜡♇◒  

⌐│ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ ⌐╙ FIFO ─ ≤™℮ ⅝⌂ ⅜

№╢ ≢│ ⱷ⸗ꜞ╩ ∆╢√╘ ≢ ↕╣√ Block_Info ⌂≥─

FIFO ╩ ∆╢⅜ ⌐ⱨꜞ♇♩ ╩ ℮≤∕─ (ⱨꜞ♇♩ ─

ⱷ⸗ꜞ )─ │ ─ L (L │ꜞfi◒ )≤⌂╡ FIFO ─ ⅜ ⌐⌂

╢ ∕╣⌐ ⇔≡Ⱪ꜡♇◒ ≢│ ⅜Ⱪ꜡♇◒ ≢╟™√╘ ∕─ │

ⱨꜞ♇♩ ─ 1/B(B │Ⱪ꜡♇◒◘▬☼≤∆╢)≤⌂╢  

⌐⅔↑╢ ─ ≤⇔≡ 3-7 ⌐ꜞfi◒ 4 ꜞfi◒↔≤─♅ꜗⱠꜟ 2

Ᵽ♇ⱨ□ 32 Ⱪ꜡♇◒ 8─≤⅝─ FIFO (RAM)─ ╩ ∆ 3-7(a)

─╟℮⌐ │ ⅜ꜞfi◒↔≤⌐ ╡ ┤╠╣√ⱷ⸗ꜞ─ ⌂─≢ ◘▬

☼⅜ 8 ꞉כ♪ ⅜ log(8)bits ─ FIFO ╩ ™╢ ∕⇔≡ ♅ꜗⱠꜟ ≢│

FIFO ⅜ ≢ 12 (Free_Pool:4 Block_Info:8)≤⌂╢─≢ ⱦ♇♩ │ 288bits ≤

⌂╢ ™≡ 3-7(b)⌐№╢╟℮⌐ ⱨꜞ♇♩ ╩ ™≡─ꜞfi◒ ( ⁸₈ⱨ

ꜞ♇♩ ꜞfi◒ ₉≤∆╢) │ ⅜ ꜞfi◒─ ⱷ⸗ꜞ ⌂─≢ ◘

▬☼⅜ 32 ꞉כ♪ ⅜ log(32) ─ FIFO ╩ ∆╢ ⅜№╢ ∕⇔≡ ꜞfi◒ ≢

│ FIFO ⅜ 9 (Free_Pool:1 Block_Info:8) ≤⌂╢─≢ ⱦ♇♩ │

1440bits ≤⌂╢ ⌐Ⱪ꜡♇◒ │ ⅜Ⱪ꜡♇◒ ≢№╢√╘ 3-7(c)

─╟℮⌐◘▬☼⅜ 8 ꞉כ♪ ⅜ log(8)bits ─ FIFO ╩ ™╢ ∕⇔≡ ꜞfi◒ ⌂─

≢ FIFO ─ │ 9 ≤⌂╡ ⱦ♇♩ │ 216bits ≤⌂╢ ↓─ ╩ ≡╖╢

 3- 7 FIFO ─  
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5 6 7
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5 6 7
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1  

 

Ν 
log(8) 
bits  

8 

×12 

FIFO  

ꜞfi◒ ꜞfi◒ ꜞfi◒ 

Ν 
log(32) 

bits  

32 

×9 

FIFO  

Ν 
log(8) 
bits  

8 

×9 

FIFO  

(a)  (b)ⱨꜞ♇♩  

ꜞfi◒  

(c)Ⱪ꜡♇◒  

ꜞfi◒  
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≤ ⱨꜞ♇♩ ꜞfi◒ │ FIFO ─ ⅜ ─ 5 ≤⌂∫≡

⅔╡ ∕─ ⅜ ≢⌂™↓≤⅜ ╢ ⇔≡Ⱪ꜡♇◒ │ ⅜

Ⱪ꜡♇◒─√╘ ⱦ♇♩ ⅜ ↄ ⅎ╠╣≡⅔╡ ↓─ ≢│ ╟╡╙ ⌂™ⱦ♇

♩ ≢ FIFO ╩ ≢⅝╢↓≤⅜ ⅛╢ ╕√ FIFO ⌐│ ⇔√≤⅔╡ ╖

⅝─√╘╙ⱳ▬fi♃⌂≥╙№╡ ∕─ ╙↓─ ⌐╟∫≡ ≢⅝╢√╘ │╟

╡ ⅝™╙─≤⌂╢ ↓↓≢ ™√ │ ≢№╡ ╟╡ ⇔™ ≤∕─ │

∆╢₈4.1 Ɫכ♪►▼▪◖☻♩─ ₉≢ ∆╢  

 

3.2.5 ─Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ 

3-8⌐ ∆╢ ⌐ ↕╣╢Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ╩ ∆ 3-8─╟

℮⌐ ⌐⅔↑╢Ᵽfi◒│ ⅜ ⌐ ⅎ╢ 2 ⱳכ♩─ FIFO ≢ ↕╣≡⅔

╡ ◒꜡☻Ᵽ☻▬♇♅╙ ≤ ─ ≈⅜ ⌐⌂╢ ◒꜡☻Ᵽ☻▬♇♅│

ꜞfi◒≤ Ⱪ꜡♇◒╩ ∆╢√╘ L×B ─◘▬☼╩╙∟ ≤⇔≡₈ ≥₉♃כ♦

₈ Ⱪ꜡♇◒ ₉╩ ≈ ₈ │₉♃כ♦ ꜞfi◒⅛╠ ↕╣╢ ⱨ)♃כ♦─

ꜞ♇♩)≢ꜞfi◒ ↕╣╢ ₈ Ⱪ꜡♇◒ ₉│ ꜞfi◒⅜ⱨꜞ♇♩╩ ∆╢

Ⱪ꜡♇◒╩ ⇔≡⅔╡ ↓─ ⌐╟╡ ◒꜡☻Ᵽ☻▬♇♅│ ₈ ≥₉♃כ♦ Ᵽ

fi◒╩ ⌐ ∆╢ ∕⇔≡ ◒꜡☻Ᵽ☻▬♇♅│ Ⱪ꜡♇◒≤ ꜞfi◒╩

∆╢√╘ B×L ─◘▬☼╩╙∟ ≤⇔≡₈ ₉♃כ♦ ≤⇔≡₈ Ⱪ꜡♇◒

₉╩ ≈ ₈ │₉♃כ♦ ꜞfi◒┼ ↕╣╢ ◒fiꜞ≢♃כ♦─ ↕╣

╢ ₈ Ⱪ꜡♇◒ ₉│ ꜞfi◒┼ⱨꜞ♇♩╩ ∆╢Ⱪ꜡♇◒╩ ⇔≡⅔╡ ↓─

⌐╟╡ ◒꜡☻Ᵽ☻▬♇♅│ Ᵽfi◒╩ ⌂₈ ⌐₉♃כ♦ ∆╢  

 

 

 

 

L×B 

 

◒꜡☻Ᵽ
☻▬♇♅ 

Ⱪ꜡♇◒ 
(Ᵽfi◒) 

 

 3- 8 ─Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─  

 

 ♃כ♦
0 ~ L -1 

L ꜞfi◒  

B Ⱪ꜡♇◒  

L×B 

 

◒꜡☻Ᵽ
☻▬♇♅ 

Ⱪ꜡♇◒  
0 ~ L -1 

Ⱪ꜡♇◒  
0 ~ L -1 

 ♃כ♦
0 ~ L -1 
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3.3 Ɽ▬ⱪꜝ▬fi    

⌐ ╩Ɽ▬ⱪꜝ▬fi─♃כꜟ╢™≡╣↕ 3-9⌐ ∆[31]⁹ 3-9─╟℮⌐

⌂Ɽ▬ⱪꜝ▬fi│ ≢☺כ♥☻─≈3 ↕╣ ─ 4≈─ ╩ 3 ─Ɽ▬ⱪꜝ▬fi⌐

╟╡ ∆╢[31]⁹ 

1) Routing Computation(RC)  

Ⱬ♇♄ⱨꜞ♇♩─ ⅛╠ ꜞfi◒╩ ∆╢⁹ 

2) Virtual  Channel Allocation(VA)  

∆╢ ♅ꜗⱠꜟ╩ ╡ ≡╢⁹ 

3) Switch Allocation(SA)  

◒꜡☻Ᵽ☻▬♇♅─▪כⱦ♩꜠כ◦ꜛfi≤ ╩ ℮⁹ 

4) Switch Traversal(ST)  

ⱨꜞ♇♩⅜◒꜡☻Ᵽ☻▬♇♅╩ ∆╢⁹ 

 

™≡ ─Ɽ▬ⱪꜝ▬fi╩ ∆╢⁹ ⇔√≤⅔╡ ⌐⅔™≡ כꜟ

♃⌐ ↕╣√ⱨꜞ♇♩│ ⌐╟∫≡ ─ ≈─ ─™∏╣⅛╩ ╢⁹ 

ה 1 ⱳכ♩Ҝ Ҝ ⱳכ♩ 

ה 2 ⱳכ♩Ҝ ⱷ⸗ꜞҜ Ҝ ⱳכ♩ 

1 │ ─Ⱪ꜡♇◒⅜ ∑∏ ─╖≢ ⅜ ≢№╢ ⌐ ╢

≢№╢⁹ 1─Ɽ▬ⱪꜝ▬fi╩ 3-10⌐ ∆⁹ 1│ ≥♃כꜟ⌂ ⌐ 3☻

╠⅛Ɽ▬ⱪꜝ▬fi─☺כ♥ ↕╣╢⁹√∞⇔ 3-10 ⌐№╢╟℮⌐ 1 ☺כ♥☻ ≢

In -jugde(IJ)☻♥♇ⱪ╩ ℮⁹IJ │ ₈ ⱷ⸗ꜞ╩ ∆╢⅛ ⅛₉≤₈ √⌐Ⱪ꜡♇◒

╩ ∆╢⅛ ⅛₉─ ╩ ℮☻♥♇ⱪ≢№╢⁹Ɽ◔♇♩─ ꜞfi◒│ ⱷ⸗ꜞ

╩ ∆╢⅛ ⅛≤│ ⌐ ╕╢─≢ RC≤ IJ │ ⌐ ≢⅝╢⁹ 

 3- Ɽ▬ⱪꜝ▬fi─♃כꜟ 9  
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2 │ ─Ⱪ꜡♇◒⅜ ⇔ IJ ☻♥♇ⱪ≢ ⱷ⸗ꜞ╩ ∆╢ ⅜№╢≤

↕╣√ ⌐ ╢ ≢№╢⁹ 2─Ɽ▬ⱪꜝ▬fi╩ 3-11⌐ ∆⁹ ⌐⅔™

≡ ⱷ⸗ꜞ╩ ∆╢ ⌐ ⌐⌂╢☻♥♇ⱪ│ ─╟℮⌐⌂╢⁹ 

1) IJ(In -Judge) 

ⱨꜞ♇♩⅜ ⱷ⸗ꜞ╩ ∆╢ ⅜№╢⅛╩ ∆╢⁹↓─ │ ♅ꜗ

Ⱡꜟ─ ─ full ⱦ♇♩≤ Block Info ─ empty ⱦ♇♩╩ ™≡ ╦╣╢⁹ ⌐

ⱷ⸗ꜞ╩ ∆╢ ♅ꜗⱠꜟ⅜ √⌐Ⱪ꜡♇◒╩ ∆╢ ⅜№╢⅛

⅛─ ╩ ℮⁹ 

2) SiA(Switch -i  Allocation)  

Block Info Free Pool─ ╩ ℮≤ ⌐ Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─

◒꜡☻Ᵽ☻▬♇♅─ ╩ ℮⁹ 

3) SiT(Switch -i  Traversal)  

SiA ☻♥♇ⱪ⌐ ⇔√ ⱨꜞ♇♩╩Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ ◒꜡

☻Ᵽ☻▬♇♅╩ ↕∑≡ ⱷ⸗ꜞ⌐ ∆╢⁹ 

4) SoA(Switch -o Allocation)  

Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ ◒꜡☻Ᵽ☻▬♇♅─ ⅔╟┘Ⱪ꜡♇◒

╩ ⌐ ℮⁹ 

5) SoT(Switch -o Traversal)  

SoA☻♥♇ⱪ⌐ ⇔√ Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ ◒꜡☻Ᵽ☻▬♇

♅⌐ⱨꜞ♇♩╩ ↕∑ ⌐ ∆╢⁹ 

 

3-11─╟℮⌐ 2│ 1⌐ ═≡Ɽ▬ⱪꜝ▬fi⅜ ☺כ♥☻2 ∆╢⁹⇔⅛⇔

─ ⌐╟╡ 2─Ɽ▬ⱪꜝ▬fi⌐╟╢ │ ║™↕╣╢⁹ 

⅜◒כⱠ♇♩꞉ה ⇔≡⅔╠∏ ⌐ ⅝⅜№╢ 3 Ɽ▬ⱪꜝ▬fi⌐ ∫

 3- 11 2─Ɽ▬ⱪꜝ▬fi  

SoA SoT 

IJ  

1 

SiT 

ST 

2 3 

SiA 

5 

SA 

4 

Cycle 

RC SA 
ST 

IJ  

 3- 10 1─Ɽ▬ⱪꜝ▬fi 

1 2 3 

VA 

Cycle 
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≡ ↕╣╢√╘ ≤ ∂ ─ ≤⌂╢⁹ 

⅜◒כⱠ♇♩꞉ה ∆╢⌐ ∫≡ ⌐ ⅝⅜ ⌂ↄ⌂╢≤ ⅜ ↕╣

╢⁹ ⅛╠◒꜡☻Ᵽ☻▬♇♅⌐ ╠╣╢Ɽ◔♇♩⅜Ⱪ꜡♇◐fi◓↕╣╢↓≤⌐╟

╡ ─ⱨꜞ♇♩⅜ ⅎ╢↓≤⌐⌂╢⅜ ∕─╟℮⌂Ⱪ꜡♇◐fi◓╩ 1 ╕≢

≢⅝╢╟℮⌐ ╩ ∆╣┌( ─ⱨꜞ♇♩ ╩ 2 ⌐∆╣┌)

╩ ⇔√ⱨꜞ♇♩─Ɽ▬ⱪꜝ▬fi⅜☻ⱶכ☼⌐ ∆╢⁹ 

∆╢Ɽ▬ⱪꜝ▬fi─ ╩ 3-12⌐ ∆⁹ 3-12≢│ ─ⱨꜞ♇♩⅜Ⱪ꜡♇

◒↕╣√↓≤⌐╟╡ 3≈ ⌐ ↕╣√ⱨꜞ♇♩⅜ 2╩ ∆╢ ≢№╢⁹ 

↓╣╠─℮∟ [13]♃כꜟ─ -[15]≤ ⅝ↄ ⌂╢ │ IJ ≤ SoA⌐⅔↑╢Ⱪ꜡♇

◒ ─ ≤⌂╢⁹℮∟ IJ │ ₈ ⱷ⸗ꜞ╩ ∆╢⅛ ⅛─ ₉≤₈ √⌐Ⱪ꜡♇

◒╩ ∆╢⅛ ⅛─ ₉≤⌂╢⁹IJ ─ 2≈─ │ ∕╣∙╣ 4.2.3 ≢ ∆╢

⌐╟∫≡ ╦╣╢⁹↓╣╠─℮∟ ╙ ↄ─◕כ♩╩ ╢Ɽ☻│ 4ꜞfi◒ 2 ♅ꜗfi

Ⱡꜟ─ꜟכ♃⌐⅔™≡│ 2 ─ⱴꜟ♅ⱪ꜠◒◘ ≈≤ ─ ╩♩כ◕ ╢─╖≢№

╢√╘ Ɽ▬ⱪꜝ▬fi ⌐⅔↑╢◒꜡♇◒ ─ ⌐│≈⌂⅜╡⌐ↄ™≤ ⅎ╠╣

╢⁹ 

 

3.4 ♦♇♪꜡♇◒─     

3.4.1 ♅ꜗⱠꜟ ─♦♇♪꜡♇◒ⱨꜞכ 

⌐⅔™≡♦♇♪꜡♇◒│ ⅝⌂ ≢№╢⁹∕↓≢♦♇♪꜡♇◒╩ ∆╢√╘

↕╕↨╕⌂ ⅜ ↕╣≡™╢[9][10][11 ][29][30]⁹ ≢│ k-ary h -cube⌐⅔™≡

╙Ɫכ♪►▼▪◖☻♩⅜ ⌂™ ≢№╢ ╩fi◓[9]▫♥כꜟ ⇔≡ ∆╢⁹

ꜞfi◒ ≢ ╩ ℮♅ꜗⱠꜟ ≢│⁸ ∂ ꜞfi◒ ─ ♅ꜗⱠꜟ╩ ⇔≡

™╢ ─Ɽ◔♇♩⅜ ≡ ∂ ♅ꜗⱠꜟ╩ ⇔ ∕─ ♅ꜗⱠꜟ╩ ⇔≡™╢

Ɽ◔♇♩ ─Ɽ◔♇♩⅜ ⇔≡™╢ ♅ꜗⱠꜟ⅜ ≡─Ᵽ♇ⱨ□╩ ⇔≡⇔╕∫

√ ⌐♦♇♪꜡♇◒⅜ ∆╢ 3-13 ⌐∕─ ╩ ∆ 3-13 ≢│ Ɽ◔♇♩ 1 ⅜

IP ◖▪⌐ ⅛℮♅ꜗⱠꜟ≤ PE2 ─♅ꜗⱠꜟ 1 ─ ch1 PE1─ ch1╩ ⇔≡™╢

 3- 12 ─Ɽ▬ⱪꜝ▬fi  
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∕⇔≡ Ɽ◔♇♩ 2⅜ PE2 ─ ch2╩ ⇔≡⅔╡ ◖▪⌐ ⅛℮♅ꜗⱠꜟ─ ╩ ∫≡

™╢ 3-13≢│↓─╟℮⌂ ≢Ɽ◔♇♩ 2⅜ ⇔≡™╢ PE2─ ch2⅜ PE2 ─

ⱷ⸗ꜞ╩ ⇔≡⇔╕∫√√╘⌐ Ɽ◔♇♩ 1│ PE3 ⌐№╢ ⱨꜞ♇♩╩ ∟ PE1

─ ⱨꜞ♇♩│ PE2─ ch2⅜ⱷ⸗ꜞ╩ ∆╢─╩ ∟ PE2─ ch2╩ ⇔≡™╢

Ɽ◔♇♩ 2│ Ɽ◔♇♩ 1⅜◖▪⌐ ⅛℮♅ꜗⱠꜟ╩ ∆╢─╩ ∫≡™╢ ≤⌂╡

♦♇♪꜡♇◒╩ ↓⇔≡™╢  

♅ꜗⱠꜟ ≢│Ᵽ♇ⱨ□─ ⌐╟╢♦♇♪꜡♇◒╩ ∆╢√╘ ♅ꜗⱠꜟ╩

⇔√ Ɽ◔♇♩─ ─ⱨꜞ♇♩⅜ ♅ꜗⱠꜟ╩ ∆╢╕≢ ≢╙ 1 ⱨꜞ♇♩

─ⱷ⸗ꜞ ╩ ⇔ ↑╢╟℮⌐⌂∫≡™╢ ♅ꜗⱠꜟ ≢│↓℮∆╢↓≤≢

♅ꜗⱠꜟ╩ ⇔√ Ɽ◔♇♩⅜♅ꜗⱠꜟ╩ ∆╢╕≢ ∕─♅ꜗⱠꜟ⌐Ᵽ♇ⱨ□⅜⌂

ↄ⌂╢↓≤╩ ⅞ ♦♇♪꜡♇◒╩ ⇔≡™╢  

 

 

 

3.4.2 ꜞfi◒ ─ ⌐⅔↑╢♦♇♪꜡♇◒ 

ꜞfi◒ ─ ≢│ ⱷ⸗ꜞ─ ⅜ ↕╣ ⅝ⱷ⸗ꜞ ⅜⌂ↄ⌂╢↓≤⌐

╟∫≡ⱷ⸗ꜞ╩ ≢⅝⌂™ꜞfi◒⅜ ∆╢ ⅜№╢ ╙⇔ ∕─╟℮⌂ꜞfi◒╩

∆╢Ɽ◔♇♩⅜ ⇔√ ∕─Ɽ◔♇♩│ ─ꜞfi◒⅜ ⱷ⸗ꜞ╩ ∆╢╕

≢ ⅜Ⱪ꜡♇◒↕╣╢↓≤⌐⌂╢ ↓╣⌐╟╡ │ ⇔⌂⅛∫√ ⅜

↕╣ ♦♇♪꜡♇◒⅜ ∆╢╟℮⌐⌂╢ ♦♇♪꜡♇◒─ ╩ 3-14⌐ ∆⁹ 3-14

─╟℮⌐ ─Ᵽ♇ⱨ□╩ ─ꜞfi◒≢ ∆╢ ≢│ Ᵽ♇ⱨ□ ⅜ 1 ─Ɽ

◔♇♩≢ √↕╣╢≤ ⅜ ╩ ∆╢₈♦♇♪꜡♇◒₉⅜ ∆╢⁹ ─╟

℮⌂♅ꜗⱠꜟ ≢╙ ⱷ⸗ꜞ ⌐╟╢ ─Ⱪ꜡♇◒│ ꜞfi◒ ─

 3- 13 ♅ꜗⱠꜟ ─♦♇♪꜡♇◒ 
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♅ꜗⱠꜟ ≢ ∆╢ ⇔⅛⇔ ꜞfi◒ ≢№╢√╘∕╣╠─ ⌐ ⅜ ∑

∏ ♦♇♪꜡♇◒│ ↓╠⌂™ √∞⇔ ☻ꜝכ♩ ⌂≥─╟℮⌐ ♅ꜗⱠꜟ╩ ™≡

♦♇♪꜡♇◒╩ ← ≢│ ♅ꜗⱠꜟ⌐Ᵽ♇ⱨ□⅜ ⇔⌂ↄ⌂╢∞↑≢

⅜ ∆╢√╘ ♅ꜗⱠꜟ ≢№∫≡╙♦♇♪꜡♇◒⅜ ∆╢ ╕√ ↓─♦♇

♪꜡♇◒│♅ꜗⱠꜟ ⌐ ↓╢√╘ ♅ꜗⱠꜟ─ ⅛╠ ╕≢─ ╩ ∆

╢ ─♦♇♪꜡♇◒ⱨꜞכ ≢│ ←↓≤⅜≢⅝⌂™  

 

3.4.3 ╩ ™√♦♇♪꜡♇◒ⱨꜞכ 

ꜞfi◒ ⌐╟╢♦♇♪꜡♇◒│ ♅ꜗⱠꜟ╛ꜞfi◒⌐Ᵽ♇ⱨ□⅜ ⇔⌂ↄ⌂╢↓≤

⅜ ≤⌂∫≡™╢ ∕─√╘ ≢│ ♅ꜗⱠꜟ⌐ ≤™℮ Ᵽ♇ⱨ□

╩ ↑╢↓≤≢∕╣╩ ™≢™╢ │⁸FIFO ≢ ↕╣ Ⱬ♇♄ⱨꜞ♇♩╩ ↑

╣╢ ─ ⅜ ╡ ╠╣≡™╢ ↓╣⌐╟╡ ♅ꜗⱠꜟ│ ⱷ⸗ꜞ─ ⅜

⌂ ≢╙ ─Ᵽ♇ⱨ□╩ ≈↓≤≤⌂╡ ⱷ⸗ꜞ ⌐╟╢ ─Ⱪ꜡♇

◒⅜ ↓╠⌂ↄ⌂╢ │ 3-2─╟℮⌐ ─ ⌐ ⱷ⸗ꜞ╩ ╗

≤⌂∫≡™╢√╘ ⱷ⸗ꜞ╩ ⌐ ╣∏ ╩♅ꜗⱠꜟⱣ♇ⱨ□ ≤ ∑

Router  N 

South  

Router  

North  

Router  

Packet 1 Packet 2 

Crossbar  

Switch  

LinkN  

Shared 

Memory  

Link S 

Crossbar 

Switch  

Router  S 

LinkN  

Shared 

Memory  

Link S 

North  

Router  

South  

Router  

Packet-2 is waiting  
for release of  
Router N-Link S. 

Packet-1 is waiting  
for release of  
Router S -LinkN.  

 3- 14 ♦♇♪꜡♇◒─  
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┌ ─♃כꜟ─ ≤ ≤⌂╢⁹ ∫≡ ⌐╟∫≡ ↕╣√

┌╣№≢כꜞⱨה◒♇꜡♪♇♦⅜ ─ ⌐╟╡ ⱷ⸗ꜞ╩ ∫╟⌐♃כꜟ╗

≡ ↕╣√ ─↓⁹╢⌂≥כꜞⱨה◒♇꜡♪♇♦╙ │ ⱷ⸗ꜞ─

⌐╟╡♅ꜗⱠꜟ⅜ ⌐⌂╢↓≤⅜⌂™─≢ ♅ꜗⱠꜟ─ ⌐╟╢♩

☻ꜝכ ⌂≥─♦♇♪꜡♇◒╙ ←↓≤⅜≢⅝ ⱷ♇◦ꜙ ⌂≥⌐⅔™≡╙Ⱬ♇♪○Ⱪꜝ

▬fiⱩ꜡♇◐fi◓─ ╩ ≢⅝╢ ⅜№╢  

♅ꜗⱠꜟ ◓ꜝⱨ[30]─ ⅎ ⌐ ℮≤ ⅛╠ ─♃כꜟ ⌐ Ɽ

◔♇♩⅜ ╠╣╢ ╩₈ ₉ ⅛╠ ⱷ⸗ꜞ╩ ⇔≡ ─♃כꜟ

⌐Ɽ◔♇♩⅜ ╠╣╢ ╩₈ ₉≤ ⅎ╢↓≤⅜≢⅝╢⁹↓─╟℮⌂

╩ 3-15⌐ ∆⁹ ─ ≢│ ⱷ⸗ꜞ│ ─ ⌐─╖ ∆╢√╘ ∂

╖ ╦∑─♅ꜗⱠꜟ( ─ ⅜♅ꜗⱠꜟ⌐ ∆╢) ⌐ ⇔≡

≤ ─ ⅜ ∆╢⁹↓─╟℮⌂ ╩ ≤⇔ ♅ꜗⱠꜟ╩ⱡכ♪≤⇔

√ ◓ꜝⱨ╩ ⇔ ◓ꜝⱨ⅜ ╩ ⅜כꜞⱨה◒♇꜡♪♇♦┌╣↑⌂√ ↕╣╢

[30] 

≤⇔≡ 3×3 ⱷ♇◦ꜙ ⌐⅔™≡ X-Y ╩◓fi▫♥כꜟ ℮ ─♅ꜗⱠꜟ ◓ꜝⱨ

╩ 3-16 ⌐ ∆⁹ 3-16 ─ ─ ⅝⌂ ♃כꜟ⅜ ↕⌂ ⅜ ⅜ꜞ

fi◒╩ ⇔≡™╢⁹╕√ ─ ⅜ⱡכ♪(♅ꜗⱠꜟ) ™ ⅜ ╩ ⇔≡™

≡ ∂ⱡכ♪ ⌐ ⇔≡ ≤ ─ ⅜ ∆╢⁹ 3-16─◓ꜝ

ⱨ│ ╩ √⌂™↓≤⅛╠ ⅜כꜞⱨה◒♇꜡♪♇♦ ↕╣╢⁹ 

 

 

Channel  Dir ec

t  

Indire

ct 

 3- 15 ≤  

Shared 
Memory  

C
ro

s
s
b
a
r S

w
itc

h
 

 

Shared 
Memory  



[40] 

 

 

3.4.4 ╩ ™√ ─  

╩ ╘√ⱷ⸗ꜞ─ ╩ ℮ │∂╘⌐ ⌐ ∆╢Ɽ◔♇♩─ ╩

⇔ ⅜ ⌐⌂∫√ ⌐ ⱷ⸗ꜞ ─ ╩ ℮⁹∆⌂╦∟ ⌐

⅔™≡♅ꜗⱠꜟ⌐ ⇔≡ⱨꜞ♇♩─ ⅜ ╦╣╢ ⌐│ ≢ꜟכꜟ─ ⅜ ┌

╣╢⁹ 

ה ⌐ ⅝⅜№╡ ⅛≈ ⱷ⸗ꜞ⌐ⱨꜞ♇♩⅜⌂™≤⅝⌐│ ⌐ ⇔≡

ⱨꜞ♇♩⅜ ↕╣╢⁹ 

ה ─≤⅝⌐│ ⱷ⸗ꜞ⅛╠ ♅ꜗⱠꜟ⌐ ╡ ≡╠╣√ ─Ⱪ꜡

♇◒⌐ ⇔≡ⱨꜞ♇♩⅜ ↕╣╢⁹ 

─♩♇ꜞⱨה │ ⅛╠─╖ ╦╣╢⁹ 

♅ꜗⱠꜟ⅜ ⱷ⸗ꜞ⅛╠Ⱪ꜡♇◒╩ ⇔≡™╢ ≢ ⅛╠ⱨꜞ♇♩⅜ ↕

╣≡ ⌐ ⅝⅜≢⅝√ ⌐│ ─ Ⱪ꜡♇◒( ↕╣√ ⱷ⸗ꜞ─ ─

Ⱪ꜡♇◒)⅛╠ ⱨꜞ♇♩╩ ⌐ ∆╢⁹ ─Ⱪ꜡♇◒⅜ⱨꜞ♇♩≢ ⌐⌂∫

≡™╢ ─ ⌐ ♅ꜗⱠꜟ⌐ⱨꜞ♇♩⅜ ↕╣╢≤ Ⱪ꜡♇◒ ─ ⅜ ╦╣

╢⁹╕√ ⱨꜞ♇♩─ ⌐╟╡Ⱪ꜡♇◒⅜ ⌐⌂╢≤ Ⱪ꜡♇◒ ─ ⅜ ╦╣╢⁹ 

≢│ ч)Ᵽ♇ⱨ□ ≤ ─╒⅛⌐ш)Ᵽ♇ⱨ□ ╩ ∆╢ⱷ⸗

ꜞ щ)Ⱪ꜡♇◒ ─ ╩ ≤∆╢⁹ 

 3- 16 3×3ⱷ♇◦ꜙ ⌐ ╩◓fi▫♥כꜟ ™√ ─ 

♅ꜗⱠꜟ ◓ꜝⱨ 
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3.5  

⌐⅔↑╢ ╩♁ⱨ♩►▼▪◦Ⱶꜙ꜠כ♃⌐╟∫≡ ⇔ ∆╢⁹

↓─◦Ⱶꜙ꜠כ◦ꜛfi│ PE ≢ 1◘▬◒ꜟ↔≤⌐ ↕╣√ ≢Ɽ◔♇♩╩ ⇔

ꜝfi♄ⱶ⌐ ⇔√ ─ PE ⌐ ∆╢⁹↓╣╠─ ╩ 200000◘▬◒ꜟ ™

≤ ╩♩♇ⱪכꜟ☻ ∆╢⁹∕⇔≡ ⌐≡↓─╟℮⌂◦Ⱶꜙ꜠כ◦ꜛfi╩ 10

∫√ ╩◓ꜝⱨ⌐ⱪ꜡♇♩∆╢⁹↓╣╠─ ╩Ɽ◔♇♩─ ╩ ↕∑

≡ ⇔ ◓ꜝⱨ╩ ∆╢⁹↓─◓ꜝⱨ│ ⅜ ♩♇ⱪכꜟ☻ ⅜

≤⇔≡™╢⁹ 

≤Ɽꜝⱷכ♃╩∕╣∙╣ 3-1⁸3-2 ⌐ ∆⁹↓─≤⅝ ₈By-block and 

channel -sharing₉─Ⱪ꜡♇◒ │ ꜞfi◒↔≤⌐ 2 ₈By-block and link -sharing₉─Ⱪ

꜡♇◒ │ ꜞfi◒≢ 8≤⇔≡™╢⁹ 

◦Ⱶꜙ꜠כ◦ꜛfi─ ╩ 3-17⅛╠ 3-22⌐ ∆⁹ ╟╡ ꜞfi◒ ≢ ─♅

ꜗⱠꜟ⌐╟╢ⱷ⸗ꜞ ╩ ∫√ ╟╡ ⌐╟╡ ꜞfi◒⌐╟╢ⱷ⸗ꜞ

╩ ∫√╒℮⅜ ⅜ ∆╢↓≤⅜ ≢⅝√⁹╕√ ⌐ ╠∏ⱨꜞ♇♩

─ ≤ Ⱪ꜡♇◒ ─ ≢ ⌐ ⅝⌂ ⅜⌂™↓≤⅜ ⅛∫√⁹ ─ ≢

│ ╩ꜝfi♄ⱶ≤⇔√₈ ⌂₉ ╩ ∫≡™╢╙── ⌐│ ꜝ♇ⱪ▪ꜝ

►fi♪♅ꜗⱠꜟ≤∕─ ─♅ꜗⱠꜟ≢│♅ꜗⱠꜟ─ ⅜ ⌂╢⁹╕√ ꜝכ♩

☻ ≢│ Ɽ◔♇♩⅜♅ꜗⱠꜟ╩ ∆╢ ⅜+ ♅ꜗⱠꜟ≤- ♅ꜗⱠꜟ≢ ⌂╢

⅜№╢⁹∕─√╘ ⅜♩♇◔fi◓⌐⅔™≡│♅ꜗⱠꜟ⌐╟∫≡Ɽ▫♥כꜟ ∆

╢ ⅜ ⌂╢⁹∕─ ≤⇔≡ ─♅ꜗⱠꜟ⅜ⱷ⸗ꜞ╩ ∆╢↓≤⅜ ↄ⌂╢√

╘ ♅ꜗⱠꜟ⅜╕≤╘≡ⱷ⸗ꜞ╩ ∆╢₈Ⱪ꜡♇◒ ₉≤ ♅ꜗⱠꜟ⅜ ⇔∏≈

ⱷ⸗ꜞ╩ ∆╢₈ⱨꜞ♇♩ ₉≢ ⌐ ⅝⌂ ⅜ ╦╣⌂™╙─≤ ⅎ╠

╣╢⁹ 

⌐♩♇ⱪכꜟ☻ ∆╢ ⱷ⸗ꜞ─ ╩ 3-23⌐ ∆⁹ 3-23─ │

3-17⅛╠ 3-22─ ≤ ∂ ⌐╟╡ ↕╣√ ⱪ♇♩≢№╢⁹כꜟ☻ │ ∕╣

∙╣─ ⌐⅔™≡ ⌐♃כꜟ ─Ɽ◔♇♩⅜ ⱷ⸗ꜞ╩ ∆╢ ╩ ⇔≡™

╢⁹⌂⅔ ─ │ 3-22≤ ≤⇔≡™╢⁹ 

⅜♩♇ⱪכꜟ☻ ™ Ⱡ♇♩꞉כ◒⅜ ⇔≡™⌂™ ─╖╩

⇔√ ⅜ ™√╘ ≤ ─┤╢╕™⌐ ⅝⌂ ⅜ ╠╣⌂™⁹ ☻ꜟ

⅜♩♇ⱪכ ↄ⌂╢ Ⱡ♇♩꞉כ◒⅜ ∆╢ ⌐ ∫≡ ╩ ™√ ─ ⅜

╝╢╛⅛⌐ ⇔ ⅜♩♇ⱪכꜟ☻ 0.2 flit/Cycle ╩PEה ⅎ≡ ≤ ─ ™⅜

╦╣╢№√╡≢ ─ ─ ⅜ ⇔ↄ⌂╢⁹√∞⇔∕─ ╙ 3.3 ⌐⅔™≡

═√╟℮⌐ ─ ⌐ ℮ │╒╓ ↕╣╢ ─ⱨꜞ♇♩─Ⱪ꜡♇◐fi

◓⌐╟∫≡ ↕╣╢ √╘ ─ ⌐╟╢ ─꜡☻│ √⌂™⁹ 
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 3- 17 ◦Ⱶꜙ꜠כ◦ꜛfi  

PE No:16  total buffer:64 packet size:16  

 3- 2 ◦Ⱶꜙ꜠כ◦ꜛfi─Ɽꜝⱷכ♃ 

Topology torus 

Communication method wormhole routing 

Routing algorithm Dimension- order  routing  

Number of PE  16  64 

Number of physical link  4 

Number of virtual channel 2 

Total buffer 64 

Packet size 16  32  64 

 

 3- 1 ∆╢  

  Sharing unit Sharing Range 

No- sharing t sharing 

By- flit and channel- sharing by flit  channel 

By- block and channel- sharing by block channel 

By- flit and link- sharing by flit  link 

By- block and link- sharing by block link 
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 3- 20  ◦Ⱶꜙ꜠כ◦ꜛfi  

PE No:64  total buffer:64 packet size:16  

 3- 19◦Ⱶꜙ꜠כ◦ꜛfi  

PE No:16  total buffer:64 packet size:64  

 

 

 3- 18 ◦Ⱶꜙ꜠כ◦ꜛfi  

PE No:16  total buffer:64 packet size:32  
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 3- 23 ⱷ⸗ꜞ─  

PE No:64 total buffer:64 packet size:64  

 

 

 3- 22◦Ⱶꜙ꜠כ◦ꜛfi  

PE No:64  total buffer:64 packet size:64  

 

 3- 21 ◦Ⱶꜙ꜠כ◦ꜛfi  

PE No:64  total buffer:64 packet size:32  
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3.6 ╕≤╘ 

≢│ ─ ╩ ⇔⁸ ⌐≈™≡ ⇔√⁹2 ≢│⁸ ─

⌐≈™≡ ═⁸Ɫכ♪►▼▪◖☻♩╩ ∆╢ ⌐≈™≡ ⌐ ⇔√⁹3 ≢│⁸

│ⱨꜞ♇♩⅜ ╢ ⅜ ≈№╡⁸∕╣∙╣ 3⁸5 ─Ɽ▬ⱪꜝ▬fi⌐⌂╢↓≤╩

═√⁹∕⇔≡⁸ ─ │ ║™ ≢№╢↓≤╩ ═√⁹4 ≢│⁸ ⌐⅔

↑╢♦♇♪꜡♇◒⌐≈™≡ ⇔⁸ ♅ꜗⱠꜟ ─Ᵽ♇ⱨ□≢№╢ ╩ ↑╢↓≤

≢∕╣╩ ←↓≤⅜≢⅝╢↓≤╩ ⇔√⁹ ⌐ 5 ≢⅜ ─ ╩ ™⁸

╩ ™╢↓≤≢ ⅜ ⅝ↄ ∆╢↓≤╩ ═√⁹ 
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4  ─  

4.1 │∂╘⌐ 

≢│ ─ ╩ ∆╢ │♁ⱨ♩►▼▪◦Ⱶꜙ꜠כ♃╩ ™≡

™ ↓╣⌐╟∫≡ ─ ╩ ∆╢ ╕∏ 1 ≢│Ⱪ꜡♇◒ ⌐╟╢

─ ─ ╩ ⇔ ≤⌂╢Ⱪ꜡♇◒ ╩ ∆╢ 2 ≢│ ₁⌂

╩ ⇔ ─ ╩ ⌐ ∆╢  

─ │ ╠⌐╟╡ ↕╣√♁ⱨ♩►▼▪◦Ⱶꜙ꜠[33]♃כ [34]⌐╟∫≡

℮ ↓─◦Ⱶꜙ꜠כ♃│ C ≢ ↕╣≡⅔╡⁸ꜟ ♃כ ─ ╩Ⱪ꜡♇◒ ≢

⇔√╙─≢⁸ ↄ─ ≢ ™╠╣≡™╢[35]-[40] ◦Ⱶꜙ꜠כ♃≢│ ◘▬◒ꜟ

≢ ≡─ PE ⅜ ↕╣√ ≢Ɽ◔♇♩╩ ⇔ ꜝfi♄ⱶ⌐ ┌╣√╒⅛─ PE⌐Ɽ◔

♇♩╩ ╢ ↓╣╠─ ╩ 20000 ◘▬◒ꜟ ⇔ ≤ ╩♩♇ⱪכꜟ☻

∆╢ ∕⇔≡ ⌐≡↓─╟℮⌂◦Ⱶꜙ꜠כ◦ꜛfi╩ 10 ∫√ ╩◓ꜝⱨ

⌐ⱪ꜡♇♩∆╢ ↓╣╠─◓ꜝⱨ│ ⅜ ♩♇ⱪכꜟ☻ ⅜ ≤⌂

∫≡™╢ ◦Ⱶꜙ꜠כ◦ꜛfi─ │ 4-1 ─╟℮⌐⌂╢ ─Ᵽ♇ⱨ□ ≤Ɽ◔

♇♩ ─⅛∫↓│ ≢№╢  

 

4.2 1 Ⱪ꜡♇◒ ≤ ─  

1≢│ Ⱪ꜡♇◒ ⌐╟∫≡ ─ ⌐≥─╟℮⌂ ╩ ⅎ╢⅛╩ ∆╢

≢│ Ⱪ꜡♇◒ ⅜ ⌂™╒≥Ɫכ♪►▼▪◖☻♩│ ⌐ ↕ↄ⌂╢ ↓╣│

Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ ─☻▬♇♅╛ ⱷ⸗ꜞ╩ ∆╢ⱷ⸗ꜞ ─◘▬☼

⌂≥⅜Ⱪ꜡♇◒ ⌐╟∫≡ ∆╢√╘≢№╢ ⇔⅛⇔ Ⱪ꜡♇◒ ⅜ ⌂™╒≥ⱷ⸗ꜞ

─ │ ∟╢√╘ │ ∟╢ ⅜№╢ 4-1 ☻ꜝכ♩⌐4-12 ≤ⱷ

♇◦ꜙ ─◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆ ─ ─◓ꜝⱨ│♩כꜝ☻ ─◓ꜝⱨ│

 4- 1 ◦Ⱶꜙ꜠כ◦ꜛfi─Ɽꜝⱷכ♃ 

♩ⱳ꜡☺ 2 2  

  

 ◓fi▫♥כꜟ 

PE  16(4×4)  64(8×8) 

 4 

/  2 

( / ) 32 64 

( / ) 16  32  64 

 



[47] 

 

ⱷ♇◦ꜙ ─ ≢№╢ ↓─ ⌐⅔™≡ ₁│ ─ ╩ ™≡ ╩ ℮  

no-sharingה    ╩ ╦⌂™  

by-flitה -link Ⱪ꜡♇◒ ╩ ⇔⌂™ꜞfi◒  

B2, B4, B8ה    Ⱪ꜡♇◒ │∕╣∙╣ 2 (B2), 4 (B4), 8 (B8)≤⌂∫≡

™╢  

╟╡Ⱪ꜡♇◒ ⅜ 2(B2) 4(B4) ─ │ by-flit -link ╟╡ ⅜ ∆╢ ⅜

™↓≤⅜╦⅛╢ ≢Ⱪ꜡♇◒ ⅜ 8(B8)─ │ by-flit -link ≤ ⇔≡╙ ⌐

⅝⌂ ™⅜⌂™↓≤⅜╦⅛╢ ↓─ ╟╡ 2Dⱷ♇◦ꜙ⅔╟┘♩כꜝ☻⌐⅔™≡

─ Ⱪ꜡♇◒ │ 8 ≢№╢↓≤⅜╦⅛╢ Ⱪ꜡♇◒ 8 ╩ ─

≤⇔≡ ℮╙─≤∆╢  
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 4- 3 1─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 32 Buffer, and 64 Flits/Packet )  
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 4- 2 1─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 32 Buffer, and 32 Flits/Packet )  
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 4- 4 1─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 64 Buffer, and 16 Flits/Packet )  
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 4- 6 1─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 64 Buffer, and 64 Flits/Packet )  
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4.3 2 ♩ⱳ꜡☺ PE Ᵽ♇ⱨ□ Ɽ◔♇♩ ≤

─   

⌐⅔™≡ ₁│ ♩ⱳ꜡☺ PE Ᵽ♇ⱨ□ Ɽ◔♇♩ ⌂≥─ ₁⌂ ╩

™≡◦Ⱶꜙ꜠כ◦ꜛfi╩ ™ ─ ╩ ⌐ ⇔ ⌐≈™≡ ∆

╢ ↓─ ⌐⅔™≡ ₁│ ─ ╩ ™≡ ╩ ℮  

no-sharingה    ╩ ╦⌂™  

by-flitה -link Ⱪ꜡♇◒ ╩ ⇔⌂™ꜞfi◒  

channelה -sharing ꜞfi◒ ─ ♅ꜗⱠꜟ ≢ⱷ⸗ꜞ╩ ∆╢  

proposed methodsה 1─ ╟╡Ⱪ꜡♇◒ ╩ 8 ≤⇔√  

4-13⅛╠ ☻ꜝכ♩⌐4-24 ≤ⱷ♇◦ꜙ ─◦Ⱶꜙ꜠כ◦ꜛfi ╩ ∆ ↓─◓ꜝⱨ

│ ─◓ꜝⱨ⅜♩כꜝ☻ ⅜ⱷ♇◦ꜙ ─ ≤⌂∫≡™╢ ╟╡ ─

│ ╛♅ꜗⱠꜟ ⌐ ═≡ ↄ⌂╢↓≤⅜╦⅛╢ ╕√ 1 ≤ ⌐

≤ⱨꜞ♇♩ ⌐ ⅝⌂ ⅜⌂™↓≤╙ ≢⅝╢  

⌐ ∆╢ ─ ╩ 4-2⌐ ∆ 4-2╟╡ Ᵽ♇ⱨ□(ⱨꜞ♇

♩♇◔Ɽ≥(♃כꜟ/♩ (ⱨꜞ♇♩/Ɽ◔♇♩)⅜ ™≤⅝ ⅜ ⅜╢ ⌐№╢↓≤⅜

⅛╢ ≢Ɽ◔♇♩ ⅜ Ᵽ♇ⱨ□╟╡ ⌐ ⅝™ №╢™│Ɽ◔♇♩ ⅜ Ᵽ
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♇ⱨ□╟╡ ⌐ ↕™ ─ │ ↕™ ⌐№╢↓≤╙ ≢⅝╢

│ Ɽ◔♇♩⅜ ⅝∆⅞╢√╘⌐ ⌐ ⱷ⸗ꜞ⅜ ™ ╠╣≡⇔╕™ ⱷ⸗ꜞ⅜ ⌂

♅ꜗⱠꜟ⌐ ⱷ⸗ꜞ╩ ╡ ╢↓≤⅜≢⅝⌂™↓≤⅜ ™√╘∞≤ ⅎ╠╣╢ │

Ɽ◔♇♩⅜ ↕™√╘ ⱷ⸗ꜞ⅜ ↕╣╢ ⅜ ↕ↄ ─ ≤ ╦╠⌂™

↓≤⅜ ™√╘≢№╢≤ ⅎ╠╣╢  

  ╕√ PE ─ ™╒≥ⱷ♇◦ꜙ ─ ☻ꜝכ♩⅜ ⌐ ═≡ ↕™↓≤╙╦⅛╢

ⱷ♇◦ꜙ ≢│ ⱷ♇◦ꜙ ─ ─ PE⌐ ↕╣≡™⌂™ꜞfi◒⅜№╡ ∕↓⌐ ╡ ≡

╠╣≡™╢Ᵽ♇ⱨ□⅜ ⌐ ↕╣≡™⌂™ ∕─√╘ PE─ ⌂™ⱷ♇◦ꜙ │

⌐╟∫≡ ⅜ ⇔╛∆™ √™⇔≡ ╟╡ ↄ─ PE ╩ ≈ⱷ♇◦ꜙⱠ♇♩꞉כ◒≢

│  ─ PE ─ ⅜ ⌐ ⇔≡ ⌂™√╘ ⅜ ↕™≤ ⅎ╠╣╢ כ♩⌐╠↕

ꜝ☻ ≤ ⌂╡ ⱷ♇◦ꜙ │♦♇♪꜡♇◒─ ╩♅ꜗⱠꜟ└≤≈≢ ⅎ╢√╘ ≈

─♅ꜗⱠꜟ╩ ⌐ ℮↓≤⅜≢⅝╢ ↓─√╘ ≤ ≢ ↕™≤

ⅎ╠╣╢  

 

 

 

 4- 13 2─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 32 Buffer, and 16 Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 

A
v
e

ra
g

e
 T

ra
n

s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

no-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 0.6 

A
v
e

ra
g

e
 T

ra
n

s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 



[55] 

 

 

 

 

 

 4- 15 2─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 32 Buffer, and 64 Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 

A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

no-sharing Channel Sharing By-Flit-Sharing Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 

 

 

 4- 14 2─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 32 Buffer, and 32 Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 

A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

no-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 0.6 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of mesh 



[56] 

 

 

 

 

 

 4- 17 2─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 64 Buffer, and 32 Flit s/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 0.6 A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

no-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 0.6 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 

 

 

 4- 16 2─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 64 Buffer, and 16 Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

no-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 0.6 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 



[57] 

 

 

 

 

 

 4- 19 2─◦Ⱶꜙ꜠כ◦ꜛfi (64 PE, 32 Buffer, and 16Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 

A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

No-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 

 

 

 4- 18 2─◦Ⱶꜙ꜠כ◦ꜛfi ( 16 PE, 64 Buffer, and 64 Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 0.6 A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

No-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.1 0.2 0.3 0.4 0.5 0.6 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 



[58] 

 

 

 

 

 

 4- 21 2─◦Ⱶꜙ꜠כ◦ꜛfi (64 PE, 32 Buffer, and 64Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

No-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 

 

 

 4- 20 2─◦Ⱶꜙ꜠כ◦ꜛfi (64 PE, 32 Buffer, and 32Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

No-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 



[59] 

 

 

 

 

 

 4- 23 2─◦Ⱶꜙ꜠כ◦ꜛfi (64 PE, 64 Buffer, and 32Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

No-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 

 

 

 4- 22 2─◦Ⱶꜙ꜠כ◦ꜛfi (64 PE, 64 Buffer, and 16Flits/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 

A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

No-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 



[60] 

 

 

 

 

 4- 24 2─◦Ⱶꜙ꜠כ◦ꜛfi (64 PE, 64 Buffer, and 64 Fl its/Packet )  

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 

A
v
e

ra
g
e

 T
ra

n
s
re

r 
T

im
e

C
y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Torus 

No-sharing Channel Sharing By-Flit-Link Proposed Method 

0 

200 

400 

600 

800 

1000 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 

A
v
e

ra
g
e

 T
ra

n
s
re

r 

T
im

e
C

y
c
le

) 

Accepted Throughput(Flits/PE/Cycle) 

The Simulation Results of Mesh 



[61] 

 

 

4.4 ╕≤╘ 

↓─ ≢│ ─ ╩♁ⱨ♩►▼▪─◦Ⱶꜙ꜠כ♃╩ ⇔≡ ⇔√ ∕

⇔≡Ⱪ꜡♇◒ ⌐ ∆╢ ╩ ∫√ 2 ⱷ♇◦ꜙ ─☻ꜝכ♩ Ⱪ꜡♇◒

⅜ 8 ≢№╣┌Ⱪ꜡♇◒ ╩ ╦⌂⅛∫√ ≤ ─ ╩ ≈↓≤╩ ⇔

√ ₁⌂ ╩ ™√ ⌂ ≢│ ╛♅ꜗⱠꜟ ⌐ ═≡ ⅜ ↄ

 4- 2 ─  

Topology Number of PE Total Buffer Packet Length Progress Ratio (%) 

Torus 

16 

32 

16 11.5 

32 9.5 

64 2 

64 

16 9.7 

32 12.4 

64 18.6 

64 

32 

16 17.9 

32 16.4 

64 9 

64 

16 7.5 

32 16.4 

64 21.5 

Mesh 

16 

32 

16 9.5 

32 8.6 

64 6 

64 

16 4.9 

32 8 

64 9.6 

64 

32 

16 2.5 

32 1.1 

64 4.2 

64 

16 1.1 

32 6.9 

64 7.1 
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⌂╢↓≤⅜ ≢⅝√ ╕√ ─╟℮⌂ ⅜№╢↓≤╙ ≢⅝√  

│ Ᵽ♇ⱨ□(ⱨꜞ♇♩/ꜟכ♃)≤Ɽ◔♇♩ (ⱨꜞ♇♩/Ɽ◔♇♩)⅜ ™≤⅝

⅜ ⅜╢ ⌐№╢ ≢Ɽ◔♇♩ ⅜ Ᵽ♇ⱨ□╟╡ ⌐ ⅝™ №╢™│

Ɽ◔♇♩ ⅜ Ᵽ♇ⱨ□╟╡ ⌐ ↕™ ─ │ ↕™ ⌐№╢ ╕

√ PE ─ ™╒≥ⱷ♇◦ꜙ ─ ☻ꜝכ♩⅜ ⌐ ═≡ ↕™↓≤╙ ≢⅝√  
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5  Ɫכ♪►▼▪ ≤◖☻♩ 

5.1 │∂╘⌐ 

↓─ ≢│╕∏ 2 ≢ ─Ɫכ♪►▼▪ ⌐≈™≡ ∆╢ ∕⇔≡ 3 ≢

♩ꜝfi☺☻♃ ─ ⇔ Ɫכ♪►▼▪◖☻♩─ ╩ ℮ ╕√ 4 ≢│ ─

≢№╢ FreePool ─ ⌐≈™≡ ∆╢  

5.2 ─  

5.2.1 Ᵽ♇ⱨ□ ⅔╟┘  

ꜞfi◒ ⅜ 4 Ⱪ꜡♇◒ ⅜ 8─ ─ꜞfi◒ ⌐⅔↑╢Ᵽfi◒ ⱴꜟ♅ⱳכ

♩ⱷ⸗ꜞ─ ╩ 5-1⌐ ∆ 5-1─╟℮⌐ Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ│ ⱷ⸗ꜞ

≢№╢Ⱪ꜡♇◒(Ᵽfi◒)≤ 2 ≈─◒꜡☻Ᵽ☻▬♇♅⅛╠ ↕╣≡™╢ Ⱪ꜡♇◒│

≤ ⅜ ⌐ ⅎ╢ FIFO ≢ ↕╣≡™╢ 5-1─ ─◒꜡☻Ᵽ☻▬♇♅│

╢№≢♃כ♦ In -data ╩ ♅ꜗⱠꜟ─ Ⱪ꜡♇◒╩ ∆ In -block ⌐ ↕╣√Ⱪ꜡♇◒

≤ ∆╢ ⇔≡ ─◒꜡☻Ᵽ☻▬♇♅│ Ⱪ꜡♇◒─ ╩∕╣∙╣─ Out -block

⌐ ↕╣√ ⱳכ♩ Out -data ≤ ∆╢ Out -block ≤ Out -data │∕╣∙╣ ♅

ꜗⱠꜟ─ Ⱪ꜡♇◒ ⱨꜞ♇♩─ ≤⌂∫≡™╢  

 

5.2.2 ╩ ∆╢ⱷ⸗ꜞ  

ꜞfi◒ ⅜ 4 ꜞfi◒↔≤─ ♅ꜗⱠꜟ ⅜ 2─ ─ ⌐⅔↑╢ ⱷ

⸗ꜞ─ ⌐ ⌂ ╩ ∆╢◖fi♩꜡כꜝ ─ⱳ▬fi♃ ─ ╩ 5-2⌐ ∆

─◖fi♩꜡כꜝ│ⱷ⸗ꜞⱩ꜡♇◒─ ╛ ╩ ∆╢ ≢ 5-2─╟℮⌐

In -data 

N 

In -data 

S 

C
ro

s
s
b
a
r S

w
itc

h
 

 

In -data 

E 

In -data 

W 

In -block S  

In -block E  

In -block W 

Block 

(Bank) 0 

Block 

(Bank) 1 

 

Block 

(Bank) 7 

C
ro

s
s
b
a
r S

w
itc

h
 

 Out -data 

N 
Out -data 

S 

Out -data 

E 

Out -data 

W 

 5- 1 Ᵽfi◒ ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─  

 

 

In -block 

N 

Block -edp×

8 Block -stp ×

8 Block -full ×

8 

Out -block S  

Out -block E  

Out -block W 

Out -block 

N 
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ꜞfi◒≢ ⇔√ ≈─ Free Pool≤ ♅ꜗⱠꜟ↔≤⌐ ↕╣√ Block Info ∕⇔

≡ ꜞfi◒↔≤⌐ ↕╣√ In -req Control ≤Out -req Control ⌐╟∫≡ ↕╣≡™╢  

5-2─ ─ │ ─╟℮⌐⌂╢ Ⱪ꜡♇◒⅜ ↕╣╢ │ ╕∏ In-req Control

⌐ⱷ⸗ꜞ (In-req)≤ ꜞfi◒⌐⅔↑╢ ◘▬◒ꜟ─ ♅ꜗⱠꜟ

(Ctrl -channel)⅜ ↕╣ ꜞ⸗ⱷ⌐כꜙ◐ ─√╘─ ⅜ ↕╣╢ ∕╣⌐╟∫

≡ Free Pool│ ⌐ ↕╣≡™╢ⱳ▬fi♃╩ ♅ꜗⱠꜟ─ Block Info ⌐ ⇔

♅ꜗⱠꜟ─ Block  Info │∕─ⱳ▬fi♃╩ ⌐ ∆╢ ⌐ⱷ⸗ꜞ ─ │

Out -req Control ⌐ⱷ⸗ꜞ (Out -req)≤ Ctrl -channel ⅜ ↕╣ ⸗ⱷ⌐כꜙ◐

ꜞ ─√╘─ ⅜ ↕╣╢ ∕╣⌐╟∫≡ ♅ꜗⱠꜟ─ Block  Info │ ⌐

↕╣≡™╢ⱳ▬fi♃╩ ⇔ Free Pool │∕─ⱳ▬fi♃╩ ⌐ ∆╢ ╕√ Ⱪ꜡

♇◒ ─√╘ Block Info ─ ≤ ─Ⱪ꜡♇◒╩ ∆ Out -block Tail ≤

ꜞfi◒≢ ⌐ ↕╣╢ⱷ⸗ꜞ╩ ∆ In -address ∕⇔≡ ♅ꜗⱠꜟ⅜Ⱪ꜡♇◒

╩ ∆╢⅛≥℮⅛╩ ∆ BI -empty ╩ ∆╢  

ꜞfi◒ ⌐│ ∆╢ ꜞfi◒ ─ ⌐ ∫≡ ∆╢ⱷ⸗ꜞ─◘▬☼╙

∆╢√╘ Free Pool╛ Block  Info⌐ ∆╢Ɫכ♪►▼▪◖☻♩⅜ ∆╢≤™℮ ╙

№╢ ⇔⅛⇔⌂⅜╠ ↓─ ⌐⅔↑╢Ɫכ♪►▼▪◖☻♩─ │ ⇔√Ⱪ꜡♇◒

⌐╟╢ⱷ⸗ꜞ ╩ ℮↓≤≢ ⅎ╢↓≤⅜≢⅝╢ ↓╣│  Free Pool╛ Block  Info

⌐ ꜞ♩fi◄─כꜙ◐╢∆ ╩ⱨꜞ♇♩◘▬☼─ⱷ⸗ꜞ ⅛╠Ⱪ꜡♇◒ ╕≢ ∆╢↓

≤⅜ ⌐⌂╢√╘≢№╢  

I n-Req 
 0 

Control  

M
u

x
 

Tail 

0_0 

Tail S_1 

In-address S 

Out -req 
S 

Control  

Block -Info 

1 

BI -empty S_1 

In-req 
 N 

Control  
Ctrl - 

channel  
N 

In-req N 

Block  
I nfo 0 

Out - 

block 

 N 

Tail N_0 

Tail N_1 

In-address N 

Out -req 
N 

Control  

Out -req N 

Block  
I nfo 1 

Free Pool 

ꜞfi◒ N 

BI -empty N _0 

BI -empty N _1 

M
u

x
 

 5- 2 ⌐⅔↑╢◖fi♩꜡כꜝ─  
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5.2.3 Ⱪ꜡♇◒ ─  

5-3⌐ ꜞfi◒ 1≈ ╡( 5-3≢│ꜞfi◒ N)─ IJ ☺כ♥☻ ╩ ∆ IJ ☻♥

│☺כ ⱨꜞ♇♩⅜ ⱷ⸗ꜞ╩ ∆╢ ⅜№╢⅛ ⅛╩ ∆╢ ⱨꜞ♇

♩⅜ ⱷ⸗ꜞ⌐ ↕╣╢─│ ⌐ ⅝⅜№╡ ⅛≈ ♅ꜗⱠꜟ⅜Ⱪ꜡♇◒╩

⇔≡™⌂™≤⅝ ≢№╢ ↓─ ⌐│ ⌐ ⅝⅜№╢⅛╩ ∆ PB-full ≤

♅ꜗⱠꜟ⅜Ⱪ꜡♇◒╩ ⇔≡™╢⅛╩ ∆ Block Info ─ empty ⱦ♇♩(BI -empty)╩

™╢ 5-3─ ≢│ ♅ꜗⱠꜟ─ PB-full ≤ BI -empty ╩ ꜞfi◒⌐⅔™≡↓─◘

▬◒ꜟ⌐ ∆╢ ♅ꜗⱠꜟ╩ ∆ Ctrl -channel ≢ ⇔ ╩ ℮ ↓─ ≢│

PB-full ⅜ 0 BI -empty ⅜ 1─≤⅝( ⌐ ↄ )─╖ 0⅜ ↕╣ ∕╣ ─≤⅝

( ⱷ⸗ꜞ⌐ ↕╣╢ )│ 1⅜ ↕╣╢  

 

 

ꜞfi◒ ≈ ╡─Ⱪ꜡♇◒┼─ⱨꜞ♇♩ ─ ╩ 5-4⌐ ∆ 5-4─

│ ⱨꜞ♇♩─ ⌐ ⇔ Ⱪ꜡♇◒─ ╩ ℮⅛ ╕√│Ⱪ꜡♇◒ ⌐∕─╕╕ⱨ

ꜞ♇♩╩ ∆╢⅛╩ ∆╢√╘╙─≢№╢  

5-4─ ─ⱴꜟ♅ⱪ꜠◒◘│ ╩ ℮ ♅ꜗⱠꜟ⅜ ⇔≡™╢ ─

Ⱪ꜡♇◒╩ ∆╢╙─≢№╢ ≤⇔≡│ ꜞfi◒⌐ ╕╣╢ ♅ꜗⱠꜟ─

Ⱪ꜡♇◒╩ ∆ Tail ╩  Ctrl -channel ⌐╟∫≡ ⇔ ↕╣√ Tail ⅜ ∆Ⱪ

꜡♇◒╩ ∆ Tail -block ╩ ∆╢  

─ⱴꜟ♅ⱪ꜠◒◘│ ↕╣√Ⱪ꜡♇◒⌐ ⅝⅜№╢⅛≥℮⅛╩ ∆╢╙─≢№

╢ ≤⇔≡│ Ⱪ꜡♇◒⌐ ⅝⅜№╢⅛╩ ∆ Block -full ╩ ─ⱴꜟ♅ⱪ꜠

◒◘─ Tail -block ⌐╟∫≡ ⇔ Tail -block ⅜ ∆Ⱪ꜡♇◒⌐ ⅝⅜№╢⅛╩ ∆

Tail -full ╩ ∆╢ ↓─ ─Ⱪ꜡♇◒⌐ ⅝⅜⌂↑╣┌ Tail -full ╩Ⱪ꜡♇◒

In -req ≤⇔≡ 5-2─ ⌐ ╢  

─ⱴꜟ♅ⱪ꜠◒◘│ ⱨꜞ♇♩╩ ∆╢Ⱪ꜡♇◒╩ ∆╢ ≢№╢ ≤⇔

≡│ ─ Tail -full ⌐╟∫≡ ⅛╩ ⇔ Tail -block №╢™│ Free Pool

⅛╠ ↕╣╢ In -address⌐ ↕╣√Ⱪ꜡♇◒┼─▪♪꜠☻╩ ⇔ In -block ≤∆╢

In -address│↓─◘▬◒ꜟ ⌐Ⱪ꜡♇◒⅜ ↕╣√ ─ Ⱪ꜡♇◒╩ ⇔≡™╢  

 5- 3 IJ ─  

M
u
x

 
IJ -sig 

N 

BI -empty 

N_0 

 

BI -empty 

N_1 

 

M
u
x

 

PB-full N_0  

 PB-full N_1  

 Ctrl_cha nnel 

N 
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ꜞfi◒ 1≈ ╡─Ⱪ꜡♇◒ ─ ╩ 5-5⌐ ∆ 5-5─ │ ♅

ꜗⱠꜟ⅜ ⇔≡™╢ Ⱪ꜡♇◒⅜ ◘▬◒ꜟ≢ ⌐⌂╢⅛╩ ∆╢ ≢№╢ Ⱪ

꜡♇◒─╟℮⌂ FIFO ⅜ ⌐⌂╢ │ ─╟℮⌂╙─⌐⌂╢  

1)Ⱪ꜡♇◒ ─ⱨꜞ♇♩⅜ ╡ ≈≢№╢  

2) ⅜ ╦╣╢  

3) ⅜ ╦╣⌂™  

⌐⅔™≡ 1)─ │ Ⱪ꜡♇◒ ─ ▪♪꜠☻╩ ∆ⱳ▬fi♃(Block -edp)

≤ ▪♪꜠☻╩ ∆ⱳ▬fi♃(Block -stp)─ ⌐╟∫≡ ↕╣╢ 5-5⌐⅔™≡

↓─ │ ─ ≢ ℮ ↓─ │ ≢№╢ Ⱪ꜡♇◒─Block -edp≤ Block -stp

╩ Ⱪ꜡♇◒╩ ∆ Out -block ╩ ™≡ ⇔ ↕╣√ ⌐╟╡ Ⱪ꜡♇

◒ ─ⱨꜞ♇♩ ⅜ 1≢№╢⅛╩ ∆╢  

Ⱪ꜡♇◒⅛╠─ⱨꜞ♇♩─ │ ⌐ ⅝⅜№╢ ⌐ ╦╣╢√╘ 2)─

│ Ⱪ꜡♇◒╩ ⇔≡™╢♅ꜗⱠꜟ─ ⌐ ⅝⅜№╢ ⌐ √↕╣╢ 5-5

⌐⅔™≡↓─ │ ─ⱴꜟ♅ⱪ꜠◒◘≢ ╦╣╢ ↓─ⱴꜟ♅ⱪ꜠◒◘│ ♅ꜗⱠ

ꜟ─ ⌐ ⅝⅜⌂™⅛╩ ∆ PB-full ╩ Ctrl -channel ╩ ™≡ ⇔ ∆╢╙─

≢№╢  

Ⱪ꜡♇◒┼─ⱨꜞ♇♩─ │ Ⱪ꜡♇◒⅜ ─Ⱪ꜡♇◒≢№╡ ⅛≈

ⱷ⸗ꜞ┼─ ⅜№╢ ⌐ ╦╣╢ ─ │ Ⱪ꜡♇◒╩ ∆ Out - block ≤

Ⱪ꜡♇◒╩ ∆ Tail ─ ╩ ∆╢↓≤⌐╟∫≡ ≢⅝╢ ─ │  IJ

☻♥♇ⱪ╩ ℮ ( 5-3)─ IJ -sig ╩ ∆╢↓≤≢ ≢⅝╢ 3)─ │ ⇔√

≢№╣┌ √∆↓≤⅜≢⅝╢ 5-5⌐⅔™≡↓─ │ ─ⱴꜟ♅ⱪ꜠◒◘

≤ XNOR NAND ≢♩כ◕ ╦╣╢ ↓╣╠─ │ Ctrl -channel ⌐╟∫≡ Ⱪ꜡

♇◒╩ ∆ Tail ╩ ⇔ XNOR ⌐╟∫≡ ⇔√ Tail ≤ Ⱪ꜡♇◒╩ ∆ Out -block

⅜ ≢№╢⅛╩ ∆╢ ∕⇔≡ ∕─ ≤ ⱷ⸗ꜞ┼─ ≢№╢ IJ -sig

╩ NAND ⌐ ∆╢↓≤≢ 3)─ ╩ ⇔≡™╢  

5-5─ ≢│ ⇔√ 3≈─ ─ ╩ AND ╩♩כ◕ ∆↓≤≢Ⱪ꜡♇◒

Block -full  1 

Block -full  0 

Bloc-full  7 

 

Tail N_1 

Tail N_0 

I n-address N 

Tail -full  

I n-req N 

I n-block N 

Tail -block 

Ctr l-channel 

N 

M
u
x

 

M
u
x

 

M
u
x

 
 5- 4 ⱨꜞ♇♩ ─  
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╩ ∆╢⅛≥℮⅛╩ ⇔ 5-2─ ⌐ Out -req ≤⇔≡ ∆╢  

 

 

5.3 Ɽ▬ⱪꜝ▬fi ╩ ⅎ√Ɫכ♪►▼▪  

Ɽ▬ⱪꜝ▬fi ╩ ⅎ√ ─Ⱪ꜡♇◒ ╩ 5-6⌐ ∆ 5-6⌐ ⇔√╟℮⌐

│ 5 ─Ɽ▬ⱪꜝ▬fi☻♥כ☺╩ ≈ │☺כ♥☻ ⌐ ╕╣√◄ꜞ▪≢∆

Block -stp 0 

Block -stp 7 

 

M
u
x

 

Out -req N 

Tail N_0 

 Tail N_1 

1 

M
u
x

 

PB-full N_0  

 PB-full N_1  

 

Out -block N  

Block -edp 0 

Block -edp 7 

 

IJ -sig N  

 

Ctrl -channel N  

RC 

Uni

t  

IJ  

Uni

t  

SiA 

Uni

t  

SoA 

Uni

t  

 

Crossbar 

Switch ( XBo) 

VA 

Uni

t  

SA 

Uni

t  

Crossbar 

Switch  

RC 

IJ  
SiA 

SiT 
SoA 

SoT 
SA 
VA 

ST 

 5- 6 ─Ⱪ꜡♇◒  

Input  

Port  

Output  

Port  

Output  

Data  

Crossbar 

Switch (XBi)  

Multi - 

plexer  

De-Multiplex

er 

Private  

Buffer  

Shared 

Memor

y 

Pipeline  

Register  

Pipeline  

Register  

Bank  

Input  

Dat a 

 5- 5 ⱨꜞ♇♩ ─  
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│☺כ♥☻ ─ ≢ ↕╣╢Ɽ▬ⱪꜝ▬fi꜠☺☻♃╛ ⱷ⸗ꜞ≤ ─╟

℮⌂Ᵽ♇ⱨ□⌐╟∫≡ ╠╣≡™╢ . 2│ 5-6 ─ ╩☺כ♥☻─≡ ∆╢ ∕

⇔≡ 1╩ ╢Ɽ◔♇♩│ 2 3 ╩☺כ♥☻─ ™√ ╩☺כ♥☻─≈3 ∆╢  

─ ─ ╩ 5-7⌐ ∆ ↓─ ≢│ ⱷ⸗ꜞ│ⱨꜞכⱪכꜟ≤Ⱪ꜡

♇◒▬fiⱨ◊─ 2 ≡∫╟⌐כꜙ◐─ ↕╣≡™╢ ⱨꜞכⱪכꜟ│♅ꜗⱠꜟ⌐

↕╣≡™⌂™Ⱪ꜡♇◒─ⱳ▬fi♃╩ ∆≢כꜙ◐╢∆ Ⱪ꜡♇◒▬fiⱨ◊│ ♅ꜗⱠꜟ

⌐ ↕╣╕∆ ↓╣│ ♅ꜗⱠꜟ⌐ ↕╣√ⱷ⸗ꜞ─ⱳ▬fi♃╩ ≢כꜙ◐╢∆

∆ ♅ꜗⱠꜟ⅜ⱷ⸗ꜞ╩ ⇔√≤⅝ ⱨꜞכⱪכꜟ─ ⌐ ↕╣√ⱳ▬fi♃⅜∕─

╢─Ⱪ꜡♇◒▬fiⱨ◊─≡™╢⌐ ↕╣╢ ♅ꜗⱠꜟ⅜ⱷ⸗ꜞ╩ ⇔√≤⅝

Block info ─ ⌐ ↕╣≡™╢ⱳ▬fi♃⅜ Free Pool─ ⌐ ↕╣╢  

 

 

5.4 Ɫכ♪►▼▪◖☻♩─ ≤  

⌐ ─ ⌐ ∆╢Ɫכ♪►▼▪◖☻♩╩ ♩ꜝfi☺☻♃ ╩ ≤⇔√

≢ ╙╢ ⌐⅔™≡│ ◒꜡☻Ᵽ☻▬♇♅╛ꜟכ♥▫fi◓─ ╩ ™√

ꜞfi◒ ⌐ ∆╢Ɫכ♪►▼▪─ ⅜ 

a)  Ᵽ♇ⱨ□  

≤⌂╢ ╕√ ꜞfi◒ ─ ♅ꜗⱠꜟ≢ⱷ⸗ꜞ╩ ∆╢ ( ↓╣╩

≤∆╢)≤ ─ ≢ ⌐⌂╢╙─≤⇔≡  

b)  ⌐ ⌂ ╩ ∆╢ⱷ⸗ꜞ  

⅜ ⅎ╠╣╢ ─ b)│ ≤ ─ ≢ ≤⌂╢⅜ ─

≢ ⌐ ∆╢↓≤⅜ ⅎ╠╣╢ ↕╠⌐ ⌐ ⅎ ⌐╟╡ ≢

⌐⌂╢╙─│  

c)  Ⱪ꜡♇◒ ─  

d)  ⱴꜟ♅ⱳכ♩ⱷ⸗ꜞ─ⱳכ♩ ─  

≤⌂╢ a) d)⌐╟╡ ꜞfi◒ ─Ɫכ♪►▼▪◖☻♩╩ ⅔⅔╕⅛⌐ ╙

╢↓≤⅜≢⅝╢ ↓╣╠─℮∟ a) d)│₄3 3 1₅ ⌐⅔↑╢₈Ᵽ♇ⱨ□ ⅔╟┘-

₉ b)│₄3 3 2₅ ⌐⅔↑╢₈ ╩ ∆╢ⱷ⸗ꜞ ₉ c)│₄3 3 3₅ ⌐

⅔↑╢₈Ⱪ꜡♇◒ ─ ₉⌐ ∆╢ ↓╣╠⌐≈™≡ ⌐ ⅔⅔╕⅛

 5- 7 ◖fi♩꜡כꜝ─  

L0VC1 Block_Info  

L0VC0 Block_Info  
   

Free_Pool 

 

L1VC1 B lock_Info  

L1VC0 Block_Info  
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⌂ ╙╡╩ ═╢  

⌂⅔ ⌐⅔™≡ B  C  L  F  W╩∕╣∙╣ ─╟℮⌐ ∆╢  

ï B: ꜞfi◒─ⱷ⸗ꜞⱩ꜡♇◒─   

ï C: ꜞfi◒─♅ꜗⱠꜟ─     

ï L:  ꜞfi◒   

ï F: Ⱪ꜡♇◒№√╡⌐ ╢ⱨꜞ♇♩─   

ï W: ⱨꜞ♇♩ ♩♇ⱦ─♃כ♦─╡  

↓─╟℮⌐∆╢≤ ꜞfi◒№√╡─♅ꜗⱠꜟ │ C/L ꜞfi◒ ( )⌐⅔

↑╢ ꜞfi◒№√╡─ⱷ⸗ꜞⱩ꜡♇◒─ │ B/L ≤⌂╢ ╕√ ⱨꜞ♇♩ ─

⌐⅔↑╢ ╙╡╩ ℮ F=1 ≤∆╢ Ɫכ♪►▼▪◖☻♩─ ⌐ ⇔≡│

⌐ ∆╢♩ꜝfi☺☻♃ ╩ ⇔ ⱷ⸗ꜞ │ SRAM ╩ ⇔≡ 6 n

NAND(NOR) │♩כ◕ 2n ▬fiⱣכ♃│ 2 ◒꜡☻ⱳ▬fi♩─☻▬♇♅│♩ꜝ▬☻♥כ♩

▬fiⱣכ♃╩ ⇔≡ 6 ─♩ꜝfi☺☻♃╩ ™╢≤ ⇔√  

 

5.4.1 Ᵽ♇ⱨ□  

a)─Ᵽ♇ⱨ□ ⌐ ∆╢Ɫכ♪►▼▪◖☻♩│ ≤╙⌐ ∂≢  

 WFBMbuf ³³=  (1)  

bit≤⌂╢  

 

5.4.2 ─ⱷ⸗ꜞ    

b)─ ─ⱷ⸗ꜞ─Ɫכ♪►▼▪◖☻♩│ ─╟℮⌐⌂╢  

(ч)    │ Free Pool≤ Block  Info ≤™℮ ≥כꜙ◐─ ⱨꜞ♇♩╩

∆╢ⱷ⸗ꜞⱩ꜡♇◒⌐ ─כꜙ◐╢╣↕ 3 ╠⅛כꜙ◐─ ↕╣╢  

Free Pool⌐│ ≤ ⌐ ⌂ edp  stp empty ⱦ♇♩⅜ ⌐⌂╢

│ 1ꜞfi◒ √╡─Ⱪ꜡♇◒ ≢№╢ B/L Ⱪ꜡♇◒╩ ⇔ B/L ─◄fi♩

ꜞ╩ ≈√╘ Free Pool⌐ ⌂ⱷ⸗ꜞ ─ │ 

 1log2log, ++=
L

B

L

B

L

B
M FPtr

 (2)  

bit ≤⌂╢ ⅛╠ ∕╣∙╣ edp≤ stp empty ⱦ♇♩⌐ ∆╢

ⱷ⸗ꜞ ─ ≢№╢  

Block  Info│ Free Pool≤ ⌐ ≢⅝╢ 1ꜞfi◒ √╡⌐♅ꜗⱠꜟ (C/L )

⌐⌂╢√╘ ⱷ⸗ꜞ ─ │ ─╟℮⌐⌂╢  

 
L

C

L

B

L

B

L

B
M tr,BI ö

÷

õ
æ
ç

å
++= 1log2log  (3)  
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ⱷ⸗ꜞⱩ꜡♇◒⌐│ ╩ ∆ⱳ▬fi♃≢№╢ edp  stp ≤Ⱪ꜡♇◒⌐ ⅝⅜№

╢⅛≥℮⅛╩ ∆╢ full ⱦ♇♩⅜ ⌐⌂╢ edp  stp │Ⱪ꜡♇◒─◄fi♩ꜞ ≢№╢

1Ⱪ꜡♇◒ ╡─ⱨꜞ♇♩─ ╩ ∆╢√╘ ∕╣∙╣ÌÏÇὊⱦ♇♩≤⌂╡ full ⱦ♇♩│

1ⱦ♇♩≤⌂╢ 1ꜞfi◒ √╡⌐ B/L ─Ⱪ꜡♇◒⅜ ⌐⌂╢√╘ ∆╢≤ ─╟

℮⌐⌂╢  

 ( )1log2 += F
L

B
M tr,MB

 (4)  

╟╡ ─ Ᵽ♇ⱨ□─ │ ⇔≡ ─╟℮⌐⌂╢  

 

( )

( )

L

 F + 
L

B

L

C

L

B

L

B

L

B

L

B

L

B

L

B

LMMMM tr,MBtr,BItr,FPtr

³

î
î
î

ý

î
î
î

ü

û

î
î
î

í

î
î
î

ì

ë

+

ö
÷

õ
æ
ç

å
+++

++

=

++=

1log2

1log2log

1log2log

( ) LCBFB
L

B
CL

L

B
+++++ö

÷

õ
æ
ç

å
+= log2log2  

(5)  

√∞⇔ ─ ≢№╢Ὂ ρ─≤⅝⌐│ⱷ⸗ꜞⱩ꜡♇◒⌐ ∆╢ⱳ▬fi♃╩ ≤

⇔⌂™√╘ │  

 
( )

LCBFB'

L

B
CL

L

B
M tr

++¡++

+ö
÷

õ
æ
ç

å
+=

log2

log2
 (6)  

≤⌂╢ √∞⇔  

( )
( )í

ì
ë

¸

=
=¡

1

10

FB

F
B

 

≤∆╢ ≢│Ὂ ρ⌂─≢ ὄᴂ π≤⌂╢  

(ш)    ≢│ ≤ ⌐ Free Pool Block  Info ⱷ⸗ꜞⱩ꜡♇◒

─ 3 ⅜כꜙ◐─ ⌐⌂╢  

Free Pool─ │ ≤ ∞⅜ B ─Ⱪ꜡♇◒╩ ⅜כꜙ◐╢∆ ꜞ

fi◒⌐ ⇔≡ 1 ∞↑ ≤⌂╢─≢ Free Pool⌐ ⌂ⱷ⸗ꜞ ─ │ ─╟℮⌐

⌂╢  

 1log2log ++= BBBM pr,FP

 
(7)  

Block Info╙ ≢№╡ ꜞfi◒─♅ꜗⱠꜟ ─ ⌐⌂╢√╘ Block Info

⌐ ⌂ⱷ⸗ꜞ ─ │ ─╟℮⌐⌂╢  

 ( )CBBBM pr,BI 1log2log ++=  (8)  

⌐ ⱷ⸗ꜞⱩ꜡♇◒⌐ ⌂ⱷ⸗ꜞ ─ │ ─╟℮⌐⌂╢  
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 ( )1log2 += FBM pr,MB  (9)  

(7)-(9)╩ ∆╢≤ ⌐ ⌂ⱷ⸗ꜞ ─ │ ─╟℮⌐⌂╢  

 ( ) ( )
( )( ) 1log2log12

1log21log2log1log2log

++++++=

+++++++=

++=

CBFBBCB

BFCBBBBBB

MMMM pr,MBpr,BIpr,FPpr

 (10)  

(i)─◔כ☻≤ Bõ╩ ™≡ │  

 
( )( )

1log'2

log12

++¡++

++=

CBFB

BCBM pr
 (11)  

≤⌂╢  

 

5.4.3 Ⱪ꜡♇◒ ─  

c)─Ⱪ꜡♇◒ ─ │ ─╟℮⌐⌂╢  

1) Flit -Input Circuit( 5-4) 

2) Flit -Output Circuit( 5-5) 

3) IJ Circuit( 5-3) 

4)Free Pool ─◒꜡☻Ᵽ☻▬♇♅( 5-1) 

≤⌂╢ ─ ⌐⅔™≡ ─↓≤╩ ∆╢  

2ה ⱴꜟ♅ⱪ꜠◒◘│ 2 ─ NAND3 ≤▬fiⱣכ♃⌐╟∫≡ ↕╣╢ ↓

↓≢│ ─√╘ 2 ⱴꜟ♅ⱪ꜠◒◘╩ ╖ ╦∑≡ ⱴꜟ♅ⱪ꜠◒◘╩

∆╢  

│♩כ◕AND(OR)ה NAND(NOR) ≡∫╟⌐♃כfiⱣ▬≥♩כ◕ ∆╢  

│XOR(XNOR)ה 2 ─ NAND3 ≤▬fiⱣכ♃ 2 ⌐╟∫≡ ⇔ b ⱦ♇♩

XOR(XNOR)│ b ─2 XOR(XNOR)≤ b ─AND ≡∫╟⌐♩כ◕ ∆╢  

─♩ꜝfi☺☻♃ │ ─╟℮⌐⌂╢  

1) Flit -Input Circuit ⌐ ⌂ ≤♩ꜝfi☺☻♃ ─ │∕╣∙╣ ─╟℮⌐⌂╢  

ὄה 1ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 

C/Lה log B ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 

2ה log B ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 

 

( ) BB
L

C
BTFI log14log114114 +ö

÷

õ
æ
ç

å
-+-=

( )
ý
ü
û

í
ì
ë

+-= B
L

C
B log114

 

(12)  

─ (12)⌐⅔↑╢ 1 │₈ὄ 1ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘₉ 2 │₈C/L

log B ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘₉ 3 │₈2 log B ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘₉╩ ⇔≡™

╢  
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2) Flit-Output Circuit⌐ ⌂ │ ─╟℮⌐⌂╢  

◒♇꜡Ⱪה ─ ╡ⱨꜞ♇♩⅜ 1⅛≥℮⅛ ∆╢  

B logFⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 2  

2 logFⱦ♇♩ XNOR◕כ♩ 3  

2 1ⱦ♇♩ XOR◕כ♩ logF ï 1  

logF ï 1 logF - 2 Ν 0 ─ AND ⅜♩כ◕ 1  

▬fiⱣכ♃⅜ 1  

2 AND  ♩כ◕

2 OR◕כ♩ 

C/Lה logBⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 1  

2ה logBⱦ♇♩ XNOR◕כ♩ 1  

2ה NAND ♩כ◕ 1  

C/Lה 1ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 1  

3ה AND ♩כ◕ 1  

⇔√⅜∫≡ ⌂♩ꜝfi☺☻♃ ─ │ ─╟℮⌐⌂╢  
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(13)  

─ (13)─ 1 │₈B logF ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 2 ₉ 2 3 │₈2

logF ⱦ♇♩ XNOR ♩כ◕ 3 ₉ 4 5 │₈2 1ⱦ♇♩ XOR◕כ♩ logF ð 1

₉ 6 │₈logF ð 1 logF - 2 Ν 0 ─ AND ⅜♩כ◕ 1 ₉ 7 │₈▬fiⱣ

₉♃כ 8 │₈2 AND ≥♩כ◕ 2 OR◕₉♩כ 9 │₈C/L logB ⱦ

♇♩ⱴꜟ♅ⱪ꜠◒◘ 1 ₉ 10 11 │₈2 logB ⱦ♇♩ XNOR ♩כ◕ 1 ₉ 12

│₈2 NAND ♩כ◕ 1 ₉ 13 │₈C/L 1ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 1 ₉

14 │₈3 AND ♩כ◕ 1 ₉╩ ⇔≡™╢ √∞⇔ 6 │ F֔4─≤⅝│

⇔⌂™√╘ ⅛╠ ∆╢  

3) IJ Circuit⌐ ⌂ ≤♩ꜝfi☺☻♃ ─ │∕╣∙╣ ─╟℮⌐⌂╢  

C/Lה 1ⱦ♇♩ⱴꜟ♅ⱪ꜠◒◘ 2  






































