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Many-core Platforms and NoCs
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System Model - NoC

●2D-mesh based NoC
Wormhole-switching
Round-robin based
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System Model - Flow

●Real-time Flows
Periodic or sporadic
𝐿𝐿𝑖𝑖 - Packet size
𝑇𝑇𝑖𝑖 - Minimum Inter-arrival Time (MIT)
𝐷𝐷𝑖𝑖 - relative deadline (𝐷𝐷𝑖𝑖 ≤ 𝑇𝑇𝑖𝑖)
𝑅𝑅𝑖𝑖 - fixed route/path

𝑊𝑊𝑖𝑖 - Worst-Case Traversal Time of 𝑓𝑓𝑖𝑖

5

A B C D

𝑓𝑓2
𝑓𝑓3

𝑓𝑓1

𝑓𝑓4

●Best-effort Flows
𝑅𝑅𝑖𝑖 - fixed route/path



Motivation (1/2)
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●Timeliness is important for real-time applications
Each packet should be delivered within its deadline (i.e. 
𝑊𝑊𝑖𝑖 ≤ 𝐷𝐷𝑖𝑖)
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●Timeliness is important for real-time applications
Each packet should be delivered within its deadline (i.e. 
𝑊𝑊𝑖𝑖 ≤ 𝐷𝐷𝑖𝑖)

If the timing analysis shows a result of 
Unschedulable, what shall we do to 

remove deadline misses?



Motivation (2/2)

●How can we prevent a real-time flow from missing its deadline?
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𝑓𝑓𝑖𝑖 (𝑆𝑆𝑆𝑆𝑖𝑖𝐷𝐷𝐷𝐷𝑖𝑖) • 𝑓𝑓1 may get direct blocking from 𝑓𝑓2, 𝑓𝑓3 and 𝑓𝑓5

• 𝑓𝑓1 may get indirect blocking from 𝑓𝑓4 through 𝑓𝑓2

• The WCTT of 𝑓𝑓1 consists of its basic 
transmission time and the blocking delay
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Contributions

●A segmentation approach to improve schedulability of real-time traffic
Segmentation – dividing a NoC packet into a number of smaller packets

●An algorithm for selecting proper segment sizes of best-effort traffic 
such that timeliness of real-time traffic is still guaranteed

16



Segmentation Approach (1/2)

●Why segmentation?

17

A B C D

A B C D

𝑓𝑓3 (B  C)

𝑓𝑓5 (A  C)

𝑓𝑓1 (A  C)
𝑓𝑓𝑖𝑖 (𝑆𝑆𝑆𝑆𝑖𝑖𝐷𝐷𝐷𝐷𝑖𝑖)

• 𝑓𝑓1 can get blocking from 𝑓𝑓3 for at most TWO time
 𝑓𝑓3 blocks 𝑓𝑓5, which further blocks 𝑓𝑓1
 𝑓𝑓3 directly blocks 𝑓𝑓1



Segmentation Approach (1/2)

●Why segmentation?
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●Why segmentation?
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Segmentation Approach (1/2)
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Solution Principle:
• Bandwidth is a fixed shared resource
• We cannot decrease latency of all the flows at the same time
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increase latency of some flows while keeping them schedulable
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●Why segmentation?
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increase latency of some flows while keeping them schedulable

. .𝑓𝑓1 𝑓𝑓3
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Segmentation Approach (2/2)
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Software Level

Hardware Level

Packet Generation



Segmentation Approach (2/2)
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Software Level

Hardware Level

Segmentation Middleware
• Segmenting packets
• Assembling packets

Packet Generation



Segmentation Alg. Outline (1/2)
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Flow Set

Schedulability Test
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Flow Set

Schedulability Test

𝑓𝑓1 𝑓𝑓3
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Segmentation Alg. Outline (1/2)
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Flow Set

Schedulability Test

𝑓𝑓1 𝑓𝑓3

Segmentation 
Algorithm

Try to save 
unschedulable
flows one by one



Segmentation Alg. Outline (2/2)
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●𝑓𝑓𝑖𝑖 is the flow to be saved
●𝑆𝑆𝑖𝑖𝐼𝐼𝐼𝐼 consists of flows which can actually affect current 𝑊𝑊𝑖𝑖
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●𝑓𝑓𝑖𝑖 is the flow to be saved
●𝑆𝑆𝑖𝑖𝐼𝐼𝐼𝐼 consists of flows which can actually affect current 𝑊𝑊𝑖𝑖

●Apply segmentation on the flows in 𝑆𝑆𝑖𝑖𝐼𝐼𝐼𝐼

Gradually decrease segment size of 𝑓𝑓𝑗𝑗 (𝑓𝑓𝑗𝑗 ∈ 𝑆𝑆𝑖𝑖𝐼𝐼𝐼𝐼), so that blocking on 𝑓𝑓𝑖𝑖 can 
be reduced
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have shorter WCTT
 Increase segment size of each BE packet as much as possible 

while still guaranteeing the timeliness of real-time traffic
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Evaluation (1/4)

●8 × 8 2D-meshed NoC

●Randomly generated flows
Following uniform distribution
Packet size – [5, 25], [5, 50], [5, 100] flits
Utilization – [0.003, 0.1], [0.01, 0.2]

●Results are presented by schedulability ratio
Percentage of schedulable flow sets among 

all the generated flow sets (100 samples for 
each data point)
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Evaluation (2/4)
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●Packet size – [5, 25]

Nr. Of Flows

Sc
he

du
la

bi
lit

y
Ra

tio

0

1

2

3

4

5

6

0%

20%

40%

60%

80%

100%

5 15 25 35 45 55 65

NoSeg WithSeg MaxU

M
ax

. T
ot

al
 U

til
iza

tio
n

Nr. Of Flows

Sc
he

du
la

bi
lit

y
Ra

tio
0

3

6

9

0%

20%

40%

60%

80%

100%

5 15 25 35 45

NoSeg WithSeg MaxU

M
ax

. T
ot

al
 U

til
iza

tio
n

Utilization – [0.003, 0.1] Utilization – [0.01, 0.2]



Evaluation (2/4)

43

●Packet size – [5, 25]
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●Packet size – [5, 25]
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●Packet size – [5, 25]
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 We present a segmentation-based approach to improve schedulability

of real-time traffic in RRA-based NoCs.

 The solution also considers how to add best-effort traffic in the same 

NoC while guaranteeing the timeliness of real-time traffic

− Combining with the task mapping

 Further improve schedulability of real-time traffic

 Further reduce latency of best-effort traffic



Thank you for the 
attention!
Questions?
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