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1. Background

01 A real case：

HN：home node

SN：slave node

RN:  request node

R   :  router

Deadlock caused by shared response channel

Due to layout, SN2 is 
connected with R3. The 
communication between 
HN2 and SN2 needs to go 
through the Network-on-
chip.

A large number of requests

Block the physical channel

Responses cannot return

Deadlock



LOGO1. Background

02 Deadlock freedom：

Escape VC: Turn 

restrictions are applied 
on Escape VC while Non-
escape VC not.

Some deadlock resolutions

◆ Deadlock avoidance

• turn restriction

• bubble

◆ Deadlock resolution

• deadlock detection

• deadlock recovery

SWAP: it exchanges 

blocked packet
with a buffered packet 
at the next hop.

SPIN: it reassigns

existing resources to 
resolve deadlock.

Router
Escape VC
Non-escape VC
Synchronized 
movement



LOGO2. Motivation

01 Daily-life examples：

Traffic in the city

When driving through the 

crossroads, there are three 

options available: 

go straight, turn left or right.

Vehicles that turn right are 

blocked by vehicles that go 

straight.

Vehicles that go straight and 

vehicles that turn right may 

share the same lane.



LOGO2. Motivation

02 Traversal packets：

Traffic in the Network-on-Chip

Definition
A unique  k ind of  packets  ins ide the  deadlock cycle .

Feature
The next  requested buffer  is  ful l ,  but  the  subsequent  buffer  

is  avai lable .

Function
This  movement  can break the  channel  dependency chain,  

which can be  used to  resolve  deadlock and congest ion.



LOGO3. Method

01 Router bypass：
Skipping intermediate nodes

Conditions:
◆ The request outport is busy.

◆ The downstream router has a free VC. 

◆ The packet wins arbitration in the next router.



LOGO3. Method

02 Conflict：

How to handle conflicts?

Why:

There may be  more  than one  traversal  packet  

competing for  the  same outport .

Where:

The bypass  unit  is  responsible  for  handling 

conf l icts .

How:

The bypass  unit  wi l l  se lect  a  winner  and ignore 

other requests  based on the  b locked t ime.



LOGO4. Evaluation

01 Latency and throughout：
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Lower or similar latency

Higher saturation throughput

T r a v er sa l p r o v i d e s  l o w e r  o r  a p p r o x i m a t e l y  

e q u a l  l a t en c y .

T r a v er sa l c a n  p r o v i d e  a n  o b v i o u s  

i m p r o v e m e nt  o n  s a t u ra t io n  t h r o u gh p u t .

Average packet latency



LOGO4. Evaluation

02 Positive and negative traversals: 

t r a v er sa l  c a n  p r o v i d e  a n  o b v i o u s  

i m p r o v e m e nt  o n  s a t u ra t io n  t h r o u gh p u t
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The percentage of positive and negative traversals in total traversals

◆B e f o r e  t h e  s a t u rat i o n  p o i n t  i s  r e a c h e d ,  t h e  p e r c e n t ag e  o f  n e g a t iv e  t r a v ers a l  i s  e x t r e m el y  l o w .

◆A f t er  t h e  s a t u rat i o n  p o i n t  i s  r e a c h e d ,  t h e  p e r c e n t ag e  o f  n e g a t i v e  t r a v ersa l s  e x h i b i t s  a  s h a r p  i n c r e m e n t .

◆ I t  i s  s t i l l  l o w  w h e n  c o m p a r e d  w i t h  t h e  p e r c e n t a ge  o f  p o s i t i v e  t r a v e rsa l .



LOGO4. Evaluation

03 Sensitivity Study：

How thresholds affect the performance

◆ I t  i s  t h e  t h r e s h ol d  t i m e  u s e d  t o  d i s t i n g u is h  b e t w e en  c o n g e s t i o n  a n d  d e a d l o ck .

◆T h r e s ho l ds  a r e  s e t  f r o m  3 2  c y c l e s  t o  2 0 4 8  c y c l e s .

◆A v e r a ge  l a t e nc y  i s  s l i g h t ly  a f f e c t ed  b y  d e a d l o c k  t h r e sh ol d s .
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LOGO5. Conclusion

A  lo w - c o st  a n d ea sy - t o-implemen t  b yp a ss  m ec h a nism .

I t  d o e s  n o t  r e q u i r e  e x t r a  b u f f e r  r e s o u r c e s  o r  g l o b a l  c o o r d i n a t i o n ,  

a n d  i s  l o w - c o s t  a n d  s c a l a b l e .

I n c r ease  t h e  a c c u r acy  o f  dea dlo c k  det ec t io n.

S o m e f a l s e  d e a d l o c k  j u d g m e n t s  c a u s e d  b y  c o n g e s t i o n  c a n  

b e  e l i m i n a t e d .

F a st er  dea dlo c k  r ec o ver y

T h e  l e a v i n g  o f  t h e  t r a v e r s a l  p a c k e t s  c a n  q u i c k l y  b r e a k  t h e  

d e a d l o c k  c y c l e ,  t h u s  r e c o v e r i n g  f r o m  t h e  d e a d l o c k .

Hig h er  t h r o ughput .

T h r o u g h p u t  i m p r o v e m e n t  o f  1 5 %  o n  a v e r a g e .

C o n gestion a l lev iat ion.

T r a v e r s a l  p a c k e t s  c a n  b y p a s s  s o m e  c o n g e s t e d  z o n e s ;  

t h u s  i t  i s  h e l p f u l  f o r  b a n d w i d t h  i m p r o v e m e n t .
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