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







 async_work_group_copy 


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(*) Half Precision FLOPS -  16 FMA/cycle/core  with  CNN co-processor  

      Including PCIe gen3 x8 – DDR4 3200 – Ethernet 4x1Gb 

 

Caffe GoogleNet 

(Frame per second) 

8x 
CNN perf 

per cluster 2x 
Frequency 

and DDR 

bandwidth 

5 
Clusters 
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1 2 

5 6 

3 

7 

4 

8 

9 

B 

A 

When the required channel is busy, 

the hop flow control blocks the trailing 

flits and they stay in flit buffers along 

the established route 

A packet is composed of several flits 

The header flits governs the route 

The payload flits follow the header in 

a pipeline fashion 
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arbiter 

To W To E 

To N 

To S 

To L 

From L From S From E From W 

From N From S From E From W 

From N 

From S 

From L 

From W 

From N 

From S 

From E 

From L 

From N 

From S 

From E 

From L 

From W 
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




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 𝑅𝑖 𝑅𝑗

𝑅𝑖 nd 𝑅𝑗
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Even 

Even 

Odd 

Odd 

Even 

Even 

Odd 

Odd 
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







(𝑓 ⊗ 𝑔)(𝑡) = 𝑖𝑛𝑓0≤𝑠≤𝑡(𝑓 𝑡 − 𝑠 + 𝑔(𝑠))

(𝑓 ⊘ 𝑔)(𝑡) = 𝑠𝑢𝑝𝑠>0(𝑓 𝑡 + 𝑠 − 𝑔(𝑠))
𝑓 ⊘ 𝑔 ≤ ℎ ⇔ 𝑓 ≤ ℎ ⊗ 𝑔

S A A’ 

A ≥ A’ 
A A’ 

data 

time 

backlog(t) 

delay(t) 
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

 ∀𝑡, 𝑑 ≥ 0, 𝐴 𝑡 + 𝑑 − 𝐴 𝑡 ≤ 𝛼(𝑑) 𝐴 ≤ 𝐴 ⊗ α



α 𝑡 = (σ + ρ𝑡)1𝑡>0



α 𝑡 = min(𝑀 + 𝑝𝑡, σ + ρ𝑡)1𝑡>0

σ 

𝑀 

~ρ 

~𝑝 

~ρ 

data 

A 

time 

α 
σ 
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

 𝐴′ ≥ 𝐴 ⊗ β β 0 = 0



𝛽 𝑡 = 𝑅 𝑡 − 𝑇 +





𝐴′ 𝑡 − 𝐴′ 𝑠 ≥ β(𝑡 − 𝑠)

~𝑅 
𝑇 

data 

A 

A’ 

time 
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



α ⊘ β





β1⊗ β2









 

 

delay 

backlog 
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



α2

 β1(𝑡) = [β 𝑡 − α2 𝑡 ]+





α2

𝛽θ
1 𝛽θ

1 t = [β(𝑡) α2(t −  θ)]+ 1{𝑡>𝜃}

 𝛽θ
1

β1 

α2 

α1 

β 
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⊗α α 
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









 ρ

 (σ)

 (σ)






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 𝛾𝜌,𝜎 𝑟 ≥ ρ

 𝑟 𝑙𝑚𝑎𝑥

 𝑟𝜏𝑖 =  s𝑖 + 𝑖𝜏𝑖 ⇔ 𝜏𝑖 = 𝜎𝑖
𝑟−𝜌𝑖

 

 s𝑖 ≥ 𝑙𝑚𝑎𝑥 − 𝑖𝜏𝑖 ⇔ s𝑖 ≥ 𝑙𝑚𝑎𝑥 − 𝑖

𝜎𝑖

𝑟−𝜌𝑖
⇔ s𝑖 ≥ 𝑙𝑚𝑎𝑥 𝑟−𝜌𝑖

𝑟

flits 

shaping curve 

α(t)=σ+ρt 
σ 

flit injection rt 

time 

lmax 

q 
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 𝛽𝑅,𝑇





 𝛽𝑅,𝑇  
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 𝛽𝑅,𝑇

 𝛾𝜌,𝜎



 τ ≤ 𝑇 ⇔ 𝜎 ≤ 𝑟 − 𝜌 𝑇 𝑏 =  𝜎 + 𝜌𝑇 

 𝑏 = 𝑟𝜏 − 𝑅 𝜏 − 𝑇 ⇔ 𝑏 = 𝑟−𝑅

𝑟−𝜌
 𝜎 + 𝑅𝑇

 𝑏 =  𝜎 + 𝜌𝑇

flits α(t)=σ+ρt 

σ 

rt 

time T 

β(t)=R[t-T]+ 

t 

flits α(t)=σ+ρt 

σ 

rt 

time T 

β(t)=R[t-T]+ 

t 
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 𝛽𝑅,𝑇

 𝛾𝜌,𝜎

  

 (σ𝑖 ρ𝑖) → σ𝑖 + ρ𝑖𝑇 , ρ𝑖



 𝛾𝜌′,𝜎′  

 (σ𝑖 ρ𝑖) → (σ𝑖 + ρ𝑖(𝑇 + σ′

𝑅
), ρ𝑖)

flits arrival curve 

α(t)=σ+ρt 

σ 

T 

σ+ρT 

T+σ/R 
service curve 

β(t)=R[t-T]+ 

time 
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

 𝛾𝜌1,𝜎1

𝛼2

𝛽𝑅,𝑇 𝜌2 =
inf𝑡>0 𝛼2/𝑡 

 𝜌1 + 𝜌2 < 𝑅 𝛾𝜌1,𝑏1

 𝑏1 = 𝜎1 + 𝜌1(𝑇 +
𝐵

𝑅
) 𝐵 = sup

𝑡≥0
[𝛼2 𝑡 + 𝜌1𝑡 − 𝑅𝑡]

 𝛼2 𝑡 = min(𝑟𝑡, 𝜌2𝑡 + 𝜎2) τ = 𝜎2
𝑟−𝜌2

 𝐵 = sup( sup
0≤𝑡≤𝜏

𝑟𝑡 + 𝜌1𝑡 − 𝑅𝑡 , sup
𝑡≥𝜏

[𝜌2𝑡 + 𝜎2 + 𝜌1𝑡 − 𝑅𝑡])= 
𝑟+𝜌1−𝑅

𝑟−𝜌2
𝜎2 

 𝑏1 = 𝜎1 + 𝜌1(𝑇 +
𝜎2(𝑟+𝜌1−𝑅)

𝑅(𝑟−𝜌2)
) 

𝜎2(𝑟+𝜌1−𝑅)

𝑅(𝑟−𝜌2)
<

𝜎2

𝑅
𝜌1 + 𝜌2 < 𝑅
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 𝛽𝑅,𝑇

 𝑅 𝑇



 𝜏 𝛿

 𝑟𝜏 = 𝛿 − 𝑇 𝑅 𝜏 = 𝜎

𝑟−𝜌

 𝑑 = 𝛿 − 𝜏 = 𝑇 +
𝜎(𝑟−𝑅)

𝑅(𝑟−𝜌)

flits α(t)=σ+ρt 

σ 

rt 

time T 

β(t)=R[t-T]+ 

t d 
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