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' Routing algorithm
" Dead Lock

" Live Lock

¢ Starvation

° Deterministic

1 Adaptive
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if Ix =tx and ly = ty and auxfree(LOCAL)="1" then
Go Core;

elsif Ix <> tx and auxfree(dirx)="1" then
Go X Dimension;

elsif Ix = tx and ly <> ty and auxfree(diry)="1' then

I T o o

Go Y Dimension;
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1. ifIx=txand ly =ty and auxfree(LOCAL)="1" then

2 Go Core;

3 elsif Ix > tx and auxfree(WEST)="1" then

4 Go WEST;

5. elsif Ix < tx and auxfree(EAST)="1" then

6 Go EAST,;

7 elsif (Ix = tx or Ix < tx) and ly < ty and auxfree(NORTH)="1" then
8 Go NORTH;

9. elsif (Ix =tx or Ix < tx) and ly > ty and auxfree(SOUTH)="1" then
10. Go SOUTH,;
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1. ifIx=1txand ly =ty and auxfree(LOCAL)="1" then

2. Go Core;

3. elsif Ix < tx and auxfree(EAST)="1" then

4. Go EAST,;

5. elsif Ix > tx and auxfree(WEST)="1" then

6. elsif ly >ty and auxfree(SOUTH)="1" then

7. Go SOUTH,;

8. elsif Ix =tx and ly < ty and auxfree(NORTH)="1" then
9. Go NORTH;
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1. ifIx=1txand ly =ty and auxfree(LOCAL)="1" then

2. Go Core;

3. elsif Ix > tx and auxfree(WEST)="1" then

4. Go WEST;

5. elsif ly > ty and auxfree(SOUTH)="1" then

6. Go SOUTH,;

7. elsif (ly =ty or ly <ty) and Ix < tx and auxfree(EAST)="1" then

8. Go EAST,

9. elsif (Ix=txor Ix <tx) and ly < ty and auxfree(NORTH)="1" then
10. Go NORTH;
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1. ifIx=txand ly =ty and auxfree(LOCAL)="1" then

2. Go Core;

3. elsif Ix < tx and auxfree(EAST)="1" then

4. Go EAST,;

5. elsif Ix > tx and auxfree(WEST)="1" then

6. Go WEST;

7. elsif (Ix = tx or Ix > tx) and ly < ty and auxfree(NORTH)="1" then
8. Go NORTH;

9. elsif (Ix =tx or Ix > tx) and ly > ty and auxfree(SOUTH)="1" then
10. Go SOUTH,;
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1. ifIx=txand ly =ty and auxfree(LOCAL)="1" then

2. Go Core;

3. elsif Ix < tx and auxfree(EAST)="1" then

4, Go EAST,;

5. elsif Ix > tx and auxfree(WEST)="1" then

6. Go WEST;

7. elsif ly <ty and auxfree(NORTH)="1" then

8. Go NORTH;

9. elsifIx=txand ly >ty and auxfree(SOUTH)="1" then
10. Go SOUTH,;
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Initialize Q(s,a) arbitarily
Repeat(for each episode)

Initialize s

Choose a from s using policy derived from Q(e.g, €-greedy)

Repeat (for each step of episode)

Take a action, observe r, s’
Choose a’ from s’ using policy derived from Q(e.g, €-greedy)

Q(se,ar) « Qs ap) + afrerq + ¥Q(See1, are1) — Qlse ap)].

S«<—s’; a«<a’;

10.  Until s is terminal[4];
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Q(st,a:) + Q(s1,a:) + (e, a:) X | R(s¢) + Y max Q(s¢41,at11) — Q8¢ ar) (*-v)
——— e — S—— ~~ Gt ——

old value learning rate reward discount factor

old value
max future value
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Initialize Q(s,a) arbitarily
Repeat(for each episode)
Initialize s
Repeat (for each step of episode)
Choose a from s using policy derived from Q(e.g, €-greedy)
Take action a, observer, s’

Q(st, ar) < Q(Se41, A1) + alreyq + ymaxg * Q(Seiq, Arr1) — Q(Se ar)]

S<s’;
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Until s is terminal;
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myR=SourceNumber/NumberOfColums;
myC=SourceNumber%NumberOfColums;
dR=DestinitionNumber/NumberOfColums;
dC=DestinitionNumber%NumberOfColums;
if myR=dR then
if myC=dC then
Portl=local;
NextNumberl=SourceNumber ;
elseif myC<dC then
Portl=east;
NextNumberl=SourceNumber+1;
else
Portl=west;
NextNumberl=SourceNumber-1;
Endif

. elseif myC=dC then

if myR<dR then
Portl=south;
NextNumberl=SourceNumber+NumberOfColums;
else
Portl=north;
NextNumberl=SourceNumber-NumberOfColums;
Endif

. else

if myR>dR and myC>dC then
Portl=north;
NextNumberl=SourceNumber-NumberOfColums;

Port2=west;

¥




29. NextNumber2=SourceNumber-1;

30. Endif

31. if myR>dR and myC<dC then

32. Portl=north;

33. NextNumberl=SourceNumber-NumberOfColums;
34. Port2=east;

35. NextNumber2=SourceNumber+1;

36. Endif

37. if myR<dR and myC>dC then

38. Portl=south;

39. NextNumberl=SourceNumber+NumberOfColums;
40. Port2=west;

41. NextNumber2=SourceNumber-1;

42. Endif

43. if myR<dR and myC<dC then

44. Portl=south;

45, NextNumberl=SourceNumber+NumberOfColums;
46. Port2=east;

47. NextNumber2=SourceNumber+1;

48. Endif

49. Endif
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1. function calculate(float myOld_value, float learning_rate,float discount_factor, float
nextNew_value, int wait_delay, int transmission_delay)

2. |

3. sum=myOld_value+learning_rate*((discount_factor*nextNew_value)+wait_delay+
transmission_delay- myOld_value);

4, return sum;

5.}

o8l o a8 solpring o, oNl o Slee o) ] (Sloyjg,4 0,50 mesgs g Jgaz ol 5l e
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1. function routingAlgorithmRLBased(int destinationld){
2 vector directions;

3 value=getLowestLatency(Latencyl(),Latency2(), Latency3(),Latency4());
4 if Latencyl() = value then

5. directions+=Port1();

6 elseif Latency2() = value then

7 directions+=Port2();

8 elseif Latency3() = value then

9 directions+=Port3();

10. elseif Latency4() =value then

11. Directions+=Port4() ;

12. Endif

13. return directions;

14. }
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10.
11,
12,
13,
14,
15.
16.
17.
18.
19.}

. Function getLowestLatency(float Latencyl,float Latency2,float Latency3,float Latency4){

float outputl, output2, output;

if Latencyl<=Latency2 and Latencyl!=-1 then
outputl=Latencyl;

else if Latency2!=-1
outputl=Latency?2;

Endif

if Latency3<=Latency4 and Latency3!=-1 then
output2=Latency3;

elseif Latency4l=-1
output2=Latency4;

Endif

if outputl<=output2 and outputl!=-1 then
output=outputl;

elseif output2!=-1
output=output2;

Endif

return output;
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Abstract

Networks on chip can be considered as an alternative to bus technology in chips with a large
number of cores. In these chips, the cores are connected by wire or wireless. The main reason
for using wireless communication is to reduce latency and power consumption in the network.
In networks on chip, as other conventional networks, the issue of routing is important. An
appropriate routing algorithm in these networks is an algorithm that while avoiding latency and
increasing efficiency, also avoids deadlock. It is clear that as wireless links are added to the
network, the complexity of the routing algorithm will also increase. It is worth mentioning that
by using routing algorithms based on machine learning methods, routing can be done better and

with less congestion.

In previous works, a learning algorithm for a on-chip wired network has been proposed.
Because of the high demand for wireless links in a wireless network, the learning algorithm can
greatly reduce network congestion. On the other hand, the basis of networks on a wireless chip
is different from wired networks, which will lead to differences in the implementation of the
reinforcement learning algorithm. Therefore, in this thesis, an attempt is made to provide a
routing algorithm for wireless chip networks with the help of reinforcement learning. Since the
proposed reinforcement learning algorithm has the ability to detect congestive path and change
the path, it can make a better decision when sending the packet from the source node to the

destination node. Also, the results of the proposed method have been compared with previous

routing algorithms, and in the proposed algorithm, at least 8% improvement has been made.

Keywords: Network On Chip (NOC), Q-Learning Algorithm, Reinforcement Learning (RL),
Routing Algorithm, Deadlock, Wireless Network On Chip, Noxim
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