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Multi and many-core applications are hungry for low on-chip network latency 

which is mainly determined by routing algorithm. For mesh-based topology, routing al-

gorithm appears as a set of prohibited turns. The task of designing routing algorithm is 

to get such a proper set of turns. However, as the network size increases it becomes very 

complex. Researchers have to face a huge set of 12196 candidates for 15×15 mesh net-

work. In this paper, we present a novel methodology of designing routing algorithms 

based on divide-conquer approach. The contribution of this method is twofold. Firstly, 

system performance is significantly improved. The average packet latency of the pro-

posed routing is decreased up to 35% over Odd-Even routing. Secondly, it has good 

scalability and could bring out routing algorithms for large networks within acceptable 

time. Researchers can carry out extensive study on routing algorithm based on them. 

More insight on routing algorithm could be expected in the future.   
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1. INTRODUCTION 
 

With the improving of semiconductor technology, a single chip could integrate more 

and more processing cores. Highly parallel applications are distributed to tens even hun-

dreds of processing units. The inter-processor communication delay becomes more and 

more important for parallel applications. Network-on-Chip (NoC) is presented to improve 

efficiency of the communication architecture [1, 2]. Since then, prototype and/or com-

mercial chips have been continually produced [3, 4, 5]. 

Researchers have made endless efforts to improve performance of NoC since it is 

proposed. Here is a short list of the published researches. Some researchers are interested 

in NoC topology. Various topologies are proposed and evaluated [6, 7, 8, 9]. Routing 

algorithm is another hot research area [10, 11, 12, 13, 14, 15, 16]. Flow control strategy 

also receives many researchers’ attention [17, 18, 19, 20, 21]. 

This paper also aims at designing routing algorithms for two-dimensional (2D) 

mesh-based topology. For 2D mesh-based topology, a set of turns in the network has to 

be prohibited to avoid deadlock. There are eight turns according to their directions, that is, 

ES, SE, EN, NE, WS, SW, WN and NW, where E, W, S, and N indicate East, West, 
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South, and North, respectively. 

XY routing is the simplest routing. It is one of Dimension Order Routing (DOR) 

[10]. In XY routing, four turns of SE, NE, SW and NW are prohibited. Consequently, 

only one path is allowed for every packet. 

Turn model [11, 12] prohibits less turns than XY routing. According to the prohibited 

turns, three routing algorithms are proposed: west-first, north-last, and negative-first. In 

west-first routing, two turns of SW and NW are prohibited. In north-last routing, two 

turns of NW and NE are prohibited. In negative-first routing, two turns of NW and ES are 

prohibited. They have better performance than XY because less turns are prohibited. 

The Odd-Even (OE) [13] turn model prohibits the same number of turns as turn mod-

el. In OE routing, two turns of ES and EN are prohibited in even columns, while two 

turns of SW and NW are prohibited in odd columns. It has better performance than turn 

model because the prohibited turns are more evenly distributed. 

The abacus turn model [16] makes progress in the prohibited turns compared to OE 

routing. In each column, there are a clockwise bead and a counter-clockwise bead. ES 

and SW turns are respectively prohibited above and below clockwise bead. NW and EN 

turns are respectively prohibited above and below counter-clockwise bead. 

Routing algorithm improves performance by distributing prohibited turns more evenly. 

In negative-first routing, ES turn is prohibited in all nodes. In OE routing, ES turn is pro-

hibited only in even columns. In abacus routing, ES turn is prohibited above clockwise 

bead. In this paper, we try to make prohibiting decision in each node independently. Thus 

the prohibited turns can be distributed more evenly and the performance is expected to be 

improved further. 

In this paper, we propose a new routing algorithm designing methodology based on 

divide-conquer approach. The average packet latency is decreased up to 35% compared 

to OE routing. Moreover, it makes rich the family of routing algorithms. Thus researchers 

can carry out extensive study on routing algorithms. 

The rest of the paper is organized as follows: The related work is firstly summarized 

in the next Section. The proposed routing design method is presented in Section 3. The 

performance evaluation is detailed in Section 4. Finally, we conclude our paper in the last 

Section.  

2. RELATED WORK 

In OE routing, the routes of packets are dominated by two rules. Firstly, any packet 

is not allowed to take EN turn and ES turn at any nodes located in an even column. Se-

condly, any packet is not allowed to take NW turn and SW turn at any nodes located in an 

odd column. Deadlock is avoided since 180-degree turns are prohibited 

In abacus routing, there are a clockwise bead and a counter-clockwise bead in each 

column. The two beads could be independently placed at any node in a column. For a N

×N 2D mesh, moving the two beads could generate (N×N)
N
 deadlock free routings. If 

both beads are at the bottom node in each column, the abacus routing becomes nega-

tive-first routing. If clockwise bead at even column and counter-clockwise bead at odd 

column are at the bottom node, while clockwise bead at odd column and coun-

ter-clockwise bead at even column are at the top node, then the abacus routing becomes 
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OE routing. 

At runtime, the beads could be moved up or down to adapt to the traffic changing. 

Bead moving depends on the relative eagerness of the nodes above and below bead. 

However, the difficulty of implementing it lies in computing the eagerness of the nodes 

which is difficult to be quantified. Moreover, a threshold is needed when computing the 

eagerness. Currently, there is no theoretical or dynamical way to determine the threshold. 

Segment-Based Routing (SR) [15] is also based on divide-conquer approach. It 

firstly partitions network into a number of segments. Then bidirectional routing restric-

tions are placed on every computed segment independently. Finally, it computes commu-

nication paths for every source-destination pair. 

Implementing SR routing will have to handle four random choices. However, it is 

unknown which choice will lead to high performance routing algorithm. 

The routing algorithm for general purpose application does not make use of applica-

tion information. Actually, specific application information can be fully exploited to de-

sign routing in the specific application domain. The application specific routing algo-

rithms (APSRA) [14] take advantage of such information. It breaks the application spe-

cific cyclic dependency cycles to prevent deadlock. 

3. ROUTING ALGORITHM DESIGN METHOD BASED ON DI-
VIDE-CONQUER APPROACH 

3.1 Motivation 

 

The theorem proposed in [22, 23] is the fundamental principle of designing routing 

algorithm. For self-contained, we briefly introduce it and the related definitions here. 

A directed graph is denoted by G(V, E), where V is the set of vertices, and E is the 

set of edges. 

Definition 1: A Topology Graph TG(Q, C) is a graph, in which each vertex qi indi-

cates a node of the network and each edge cij=(qi, qj) represents a physical channel con-

necting nodes qi and qj. Figure 1 (a) is a simple topology graph with four nodes (0, 1, 2, 

3), they are linked by four bidirectional channels (c0, c1, c2, c3). 

Definition 2: A Routing Function for a node q∈Q is a function R(q):Lin(q)× Q→
ρ (Lout(q)). For a packet coming from the input channel c and going to p∈Q, R(q)(c,p) 

gives the set of output channels of node q for that packet. R(q)(c,p)=Φ , if p is not reach-

able from q. 

Definition 3: Given a topology graph TG(Q, C) and a routing function R, if cj can be 

used immediately after ci by a packet then a direct dependency exists from ci to cj. 

Definition 4: Given a topology graph TG and its routing function R, their Channel 

Dependency Graph CDG(C, D) is a directed graph. The vertices of CDG are the channels 

of TG. There is an edge from one channel ci to another cj if there is a direct dependency 

from ci to cj.  

Theorem 1: A routing function R for a topology graph TG is deadlock free if there 

are no cycles in its channel dependency graph CDG [22, 23]. 

In mesh topology, routing algorithm is gotten by prohibiting appropriate turns. In 

topology of Figure 1 (a), if no turn is restricted, the routing algorithm is fully adaptive. 
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However, there are two cycles in the corresponding CDG, Figure 1 (b) and Figure 1 (c). 

According to Theorem 1, deadlock is not avoided. 

 

 

 

 

 

 

 

 

Figure 1. Turn example. 

Prohibiting one turn in each cycle can avoid deadlock in the routing algorithm such 

as Figure 1 (d). However, two turns such as Figure 1 (e) cannot be prohibited at the same 

time since there will be no path from node 0 to node 3. Consequently, there are 12 com-

binations of restricting two turns, thus 12 routing algorithms for Figure 1 (a) which guar-

antee deadlock free and minimal path between any two nodes. 

Designing routing algorithm is to look for an optimal case in all those combinations. 

However, as network size increases, it becomes a very complex task. For example, in the 

15×15 2D mesh network, there are 12
196

 combinations in total. This huge searching 

space makes designing routing algorithm a very complex task. 

Divide-Conquer approach is an effective approach to solve such complex problem. 

It is used to design routing algorithm for mesh network [29]. In this paper, we extend this 

approach to design routing algorithm by keeping balance in each subnetwork. 
 

3.2 Keeping Balance in Local Region 
 

From the previous section we know that the searching space of routing algorithm is 

so huge that it is impossible to completely explore it. In order to get routing algorithm in 

acceptable time, some constraints should be added to reduce the searching space and 

guarantee good performance at the same time. 

When congestion takes place in the network, the network is not uniformly congested 

[24]. A local region may firstly be congested, and then other local regions may be con-

gested gradually. Essentially, it is originated from traffic non-uniformity which could be 

caused by a lot of factors, such as topological artifacts, traffic scenario, routing biases, 

long range dependence, etc. Traffic non-uniformity and its impact on NoC design has 

been widely studied [25, 26, 27, 28]. 

In mesh network, the total number of turns is eight, differing at the traveling direc-

tion. A turn is called an ES turn if it changes direction from East to South. The eight types 

of turn are depicted in Figure 2, namely ES, SE, WN, NW, EN, NE, WS and SW turns. 

 

 

 

 

 

 

Figure 2. The eight turns of mesh network. 

ES SE WN 
NW 

EN NE WS SW 

0       1 

2       3 

c0 
c3    c1 

c2 

c0     c1 

c2     c3 

 

c0     c1 

c2     c3 

 

0       1 

2       3 

 

 (a)  (b)  (c)  (d)  (e) 

0       1 

2       3 

 



DESIGNING ROUTING ALGORITHM BASED ON DC 

 

213 

 

The communication in 2D mesh network could be roughly classified into four cate-

gories according to the relative position of the source and destination nodes. The first 

category is the southeast where the destination is at the southeast direction of the source 

node. The second one is the northwest where the destination is at the northwest direction 

of the source node. Similarly, the southwest and northeast communications are defined 

respectively. 

The ES and SE turns are on the path of southeast communication. Prohibiting these 

turns will reduce the number of paths of the southeast communications and consequently 

affect their communication efficiency. Likewise, prohibiting WN and NW turns affects 

the northwest communication. 

If the number of prohibited ES and SE turns equals to that of WN and NW turns, 

then southeast and northwest communication will be affected to the same extent. Like-

wise, in order to make the northeast and southwest communication have the same effi-

ciency, the same number of EN and NE turns and that of WS and SW turns should be 

prohibited. In this way, traffic non-uniformity could be avoided as far as possible. 

In 2D mesh network, the basic element is a 2×2 mesh. There are 12 combinations 

of prohibiting one turn in each cycle in the CDG, which bring out 12 minimal and dead-

lock free routings. 

In this paper, the bidirectional turns of a 2×2 mesh shown in Figure 3 are not pro-

hibited for the following two reasons. Firstly, it could reduce the searching space greatly, 

thus making the searching time acceptable. Secondly, it is needed to apply the balance 

keeping technique of this paper. 

 

 

 

 

 

 

 

 

Figure 3. Four unbalance turn combinations. 

Consequently, there are eight turn combinations in 2×2 mesh, as shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Eight available turn combinations. 

The eight turns shown in Figure 2 are classified into four categories. The first set 

(referred to as es) includes ES and SE turns. The second one (referred to as wn) includes 

(a) (b) (c) 

(e) 

(d) 

(f) (h) (g) 

(a) (b) (c) (d) 

0        1 0        1 0        1 0        1 

2        3 2        3 2        3 2        3 
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WN and NW turns. The third one (referred to as en) includes EN and NE turns. The last 

group (referred to as ws) includes WS and SW turns. 

In a 2×2 mesh, turn number of the four categories are represented by four integers, 

es, wn, en and ws, respectively. For example, in Figure 4 (a), es = 1, wn = 0, en = 0, and 

ws = 1. In each 2×2 mesh, because ES and SE turns cannot be prohibited at the same 

time, shown in Figure 1 (e), we have, 

0  es  1.                                                         (1) 

Similarly, we have, 

0  wn  1.                                                         (2) 

0  en  1.                                                         (3) 

0  ws  1.                                                         (4) 

ES and NW turns cannot be prohibited at the same time either, shown in Figure 3 (a). 

ES and WN turns do not need to be prohibited at the same time because they belong to 

the same cycle. Similarly, SE and WN cannot be prohibited at the same time, SE and NW 

will not be prohibited at the same time. Consequently, the two equations es = 1 and wn = 

1 cannot hold at the same time. From inequalities (1) and (2), we have, 

0  es + wn  1.                                                     (5) 

Actually, equation es + wn = 0 cannot hold. If so, disallowed combinations of prohi-

biting turns of Figure 3 (c) or Figure 3 (d) must occur. Consequently, we have, 

es + wn = 1.                                                        (6) 

Similarly, we have, 

en + ws = 1.                                                        (7) 

Equations (6) and (7) hold in every 2×2 meshes of Figure 4. 

A large size network may include a number of subnetworks. In this paper, a symme-

trical n×n subnetwork is referred to as a template of size n. The considered template size 

is three in this paper. 

A size three template consists of four 2×2 meshes, depicted in Figure 5. The four 

elements are labeled as 1, 2, 3 and 4 respectively. In the ith element, number of turns of 

the four categories is respectively termed as esi, wni, eni, wsi. 

 

 

 

 

 

 

 

 

 

Figure 5. Size three template. 

From equation (6), in the ith element,  

esi + wni = 1, i = 1 … 4                                             (8) 

Sum the four equations, we have, 

es1 + wn1 + es2 + wn2 + es3 + wn3 + es4 + wn4 = 4                        (9) 

We have, 

es1 + es2 + es3 + es4 + wn1 + wn2 + wn3 + wn4 = 4                        (10) 

The absolute value of difference between es1 + es2 + es3 + es4 and wn1 + wn2 + wn3 

1 

es1 wn1 

en1 ws1 

2 

es2 wn2 

en2 ws2 

 
3 

es3 wn3 

en3 ws3 

 

4 

es4 wn4 

en4 ws4 
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+ wn4 may be zero, two or four. 

In this paper, we require that: 

es1 + es2 + es3 + es4 = wn1 + wn2 + wn3 + wn4. That is, difference between them is 

zero. Consequently, southeast and northwest communication will be affected at the same 

extent. 

Similarly, from equation (7), in the ith element,  

eni + wsi = 1, i = 1 … 4                                              (11) 

Sum the four equations, we have, 

en1 + ws1 + en2 + ws2 + en3 + ws3 + en4 + ws4 = 4                         (12) 

We have, 

en1 + en2 + en3 + en4 + ws1 + ws2 + ws3 + ws4 = 4                         (13) 

The absolute value of difference between en1 + en2 + en3 + en4 and ws1 + ws2 + ws3 

+ ws4 may also be zero, two or four. 

In this paper, we also require that: 

en1 + en2 + en3 + en4 = ws1 + ws2 + ws3 + ws4. That is, difference between them is 

zero. Consequently, northeast and southwest communication will also be affected at the 

same extent. 

Totally, in this paper, to keep payload balance in each 3×3 subnetwork, the follow-

ing two equations should be held: 

es1 + es2 + es3 + es4 = wn1 + wn2 + wn3 + wn4                                           (14) 

en1 + en2 + en3 + en4 = ws1 + ws2 + ws3 + ws4                                           (15) 

 

3.3 Designing Routing Algorithm Based on Divide-Conquer Approach 

 

Designing routing algorithm is so complex that it is impossible to be solved 

straightforwardly. Divide-conquer approach is effective to solve it [29]. Three steps are 

involved using divide-conquer approach. Firstly, in the divide step, a large network is 

divided into two small networks. The divide step may recursively proceed several times. 

Secondly, in the conquer step, routing algorithms for the divided small networks are 

solved. Finally, in the combine step, routing algorithms for the large network are 

achieved by merging routings of the small networks. 

The method in [29] does not apply any balance technique. It is difficult to design 

routing algorithm for large size network. 

In order to apply the proposed balance technique, we advance the divide-conquer 

approach in this paper. Specifically, the following three cases are considered. 

Firstly, if network size is m×n (mn) Figure 6 (a), then it is vertically divided. The 

upper part is a subnetwork of size m×(n-2) Figure 6 (b). The size of lower one is m×3 

Figure 6 (c). 

Secondly, if network size is p×q (p>q) Figure 7 (a), then it is horizontally divided. 

The left part is a subnetwork of size (p-2)×q Figure 7 (b). The size of right one is 3×q 

Figure 7 (c). 

Finally, if network size is 3×3, it is not necessary to divide it. Applying method in 

paper [29] and the balance requirement, all algorithms for 3×3 network could be got. 

We use an example to show how the divide-conquer approach works. For example, 

if we want to design routing algorithm for 5×5 network. In the divide step, it is vertically 

divided into two networks of size 5×3. Then the 5×3 network is horizontally divided 
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into two 3×3 networks.  

In the conquer step, it is easy to get all the routings for 3×3 network [29]. 

In the combine step, combing two routings for 3×3 network will achieve a routing 

for 5×3 network. After visiting all combinations of 3×3 network routings, all routings 

for 5×3 network could be found. Later, in the same way, all routings for 5×5 network 

are achieved by merging 5×3 network routings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Up-down division. 
 

 

 

 

 

 

 

 

 

Figure 7. Left-right division. 
 

3.3 Implementing Issues 

 

From the above analysis, the most time-consuming operation of the divide-conquer 

approach lies in the third step, the combine step. Consequently, we analyze its time com-

plexity in this section. The combine process is depicted in Figure 8.  

(a) 7×7 

(b) 7×5 

(c) 7×3 

(a) 7×5 (b) 5×5 (c) 3×5 
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Figure 8. Combine process. 

After a large network has been divided into two small networks and their routings 

have been solved, the combine process is used to compute routings for the large network. 

The routings for the two small networks are stored in routingset1 and routingset2 respec-

tively (line 1). It takes one routing from each of the two routing sets (line 3 and line 4) 

and merges them into a routing for the large network (line 6). Then it checks if the 

merged routing satisfies balance requirements (line 7), that is, to check if both equations 

(14) and (15) are met. If so, we then check whether the merged routing can avoid dead-

lock or not (line 9). If so, then the new routing is saved (line 11). 

All divide-conquer operations run off-line. The combineProcess needs to call three 

processes: combine, balanceCheck and deadlockCheck. The combine process combines 

the prohibited turns of the two sub networks. It needs to visit every prohibited turns only 

once. Its time complexity is O(n), where n is the number of prohibited turns. 

The balanceCheck process needs to check if balance requirement is satisfied in 

every 3×3 sub-network in the merged network. Figure 9 is an example of a p×q net-

work which is combined from a (p-2)×q network and a 3×q network. Because both the 

two small networks satisfy the balance requirements, we only need to check the new gen-

erated 3×3 sub-networks, shown as dashed line in Figure 9. The total number of 

sub-networks needed to be checked is q-2. The time complexity of balanceCheck process 

is O(q). 

 

 

 

 

 

 

 

Figure 9. Balance check example of p×q network. 
The deadlockCheck process is called to check if deadlock can be avoided in the 

combined routing for the large network. According to the theorem in [22, 23], if there is 

no cycle in the CDG, then the routing is deadlock free.  

1  combineProcess(in: routingset1, routingset2) 

2  { 

3  for each route1 in routingset1 

4   for each route2 in routingset2 

5   { 

6    newroute = combine (route1, route2); 

7    blan = balanceCheck (newroute); 

8    if( blan is true ) 

9      efct = deadlockCheck (newroute); 

10   if( efct is true ) 

11     store(newroute); 

12   } 

13  } 
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Under the divide-conquer approach, the routing is combined from two small network 

routings. Since the two small network routings are deadlock free, their CDGs do not con-

tain any cycle. Consequently, for the combined large network, if its CDG has any cycle, 

the cycle must contain the channel dependency which is introduced due to combining. 

As shown in Figure 10, Figure 10 (c) is a 3×2 network combined from two 2×2 

networks, Figure 10 (a) and Figure 10 (b), routings depicted as prohibited turns. The 

routings for Figure 10 (a) and Figure 10 (b) are free from deadlock and their CDGs have 

no cycle. Apart from containing the CDGs of routings for Figure 10 (a) and Figure 10 (b), 

the CDG for the large network routing contains extra channel dependencies introduced by 

combining. These extra channel dependencies include c0→c1, c1→c0, c5→c3, c3→c5 

which do not exist in the CDGs of the small networks. If there is any cycle in CDG of the 

large network routing, it must contain at least one of those extra channel dependencies. 

 

 

 

 

 

 

 

 

Figure 10. Extra channel dependency due to combining. 
Consequently, the deadlockCheck process works as follows. Using breadth-first 

searching strategy, it starts from one of those extra channel dependencies each time and 

traverses the CDG of the large network routing. If one cycle is found then it stops 

searching and asserts that the large network routing is not deadlock free. On the other 

hand, after visiting all the extra channel dependencies and no cycle is found then it asserts 

that the large network routing is deadlock free. Consequently, its time complexity is 

O(|E(G)|
2
), where E(G) is the number of edges in the CDG of the large network routing. 

The routing algorithms designed by the divide-conquer approach are a set of routing 

restrictions. There are two main ways that could be used to implement the routings into 

the router. The first one is by using a routing table. The second one is by means of the 

LBDR logic [30]. If routing table is used, it will have significant impact on the area of the 

router since its size will increase with network dimensions. Fortunately, for mesh based 

topologies, the routing table area consumption could be reduced by using the routing ta-

ble compression technique [31]. If LBDR logic is used, any minimal routing algorithm 

could be implemented by using configuration registers and simple logic. Consequently, 

implementing issues of the proposed method are confirmed since no particular routing 

logic is needed. Actually, the routing algorithm produced by the divide-conquer approach 

could be supported by any router implementing routing function based on the turn model. 

4. PERFORMANCE EVALUATION 

The routing algorithm produced by the proposed methodology is termed as DC 

routing in this paper. Before evaluating the performance of DC routing algorithm, we 

show the detail of the three routing algorithms: SR, OE and DC. Figure 11 depicts the 

three routing algorithms by the prohibited turns for 5×5 mesh network. 
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In SR routing, Figure 11 (a), two bidirectional turns are prohibited at a node. In OE 

routing, Figure 11 (b), only one turn is prohibited at a node. The same prohibiting turn 

rules are applied in odd column nodes and even column nodes respectively. 

In this paper, in order to make prohibited turns evenly distributed, we attempt to 

break the identical style of prohibiting turns in OE routing. One of the obtained DC 

routing is shown in Figure 11 (c). The prohibited turns are no longer identically distri-

buted along the odd or even columns. However, the searching space is so huge that the 

Divide-Conquer approach and balance keeping technique have to be used. 

 

 

 

 

 

 

 

 

 

Figure 11. Examples of SR, OE and DC routing. 

When the Divide-Conquer approach stops, a group of several hundred f routing al-

gorithms will be obtained. If the traffic is specified, the best performance routing for it 

could be found through simulation. 

However, if traffic is not specified, it is quite perplexing to choose the best perfor-

mance routing from a group of routings because routing performance will vary with traf-

fic pattern. There is not a routing that has better performance than any other routing in all 

traffic patterns. However, we found that if a routing performs well in not only transpose1 

traffic but transpose2 traffic as well, it will perform well too in a number of traffics (not 

all of cause). Consequently, among the group of obtained routings, we choose the routing 

which has best performance in both transpose1 and transopse2 traffic patterns.  

In the next, we compare DC’s performance with OE and SR routing through simula-

tion. The simulation configurations are listed in Table 1. The network payload is regu-

lated by the packet injection rate (referred to as pir). For example, every node under pir 

of 0.1 injects one packet into the network every 10 cycles, on average. The simulation 

runs 20000 cycles after 1000 initialization. 

Table 1. Simulation configuration. 

Simulator Noxim 

Topology 2D Mesh 

Network size 15×15 

Port buffer Four flits 

Switch technique Wormhole switching 

Routing algorithm OE, SR, DC 

Arbitration round-robin 

Selection strategy Random 

Traffic scenario Transpose1, Transpose2 

Packet size Eight flits 

Traffic distribution Poisson 

   (a) SR routing              (b) OE routing             (c) DC routing 
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The simulations are conducted with the Noxim [32] simulator, which is an open 

source simulator based on SystemC. 

Considering traffic scenario, we take into consideration the transpose, hotspot and 

realistic traffics. For a symmetrical network of size N×N, two transpose traffics are con-

sidered. Node (i, j) only sends message to node (N-1-j, N-1-i) in the transpose1 traffic 

scenario. In the transpose2 traffic, node (i, j) only generates packets to node (j, i). 

In the hotspot traffic, some nodes are designated as hotspot nodes. Suppose the 

hotspot percentage is h, every node sends a part of h percent packets to the hotspot nodes. 

The remaining messages are randomly sent to other nodes in the network. It is set to 0.2 

in this paper. Two hotspot traffics are considered in this paper. In the hs-c traffic, nine 

nodes (nodes 96, 97, 98, 111, 112, 113, 126, 127, 128) which locate at the center of the 

network are specified as hotspot nodes. In the hs-tr traffic, nine hotspot nodes (nodes, 12, 

13, 14, 27, 28, 29, 42, 43, 44) locate at the top-right corner of the network. 

A generic multimedia system (MMS) [33] is considered in this paper. Its communi-

cation graph is shown in Figure 12. It includes an H.263 video encoder, an H.263 video 

decoder, an mp3 audio encoder and an mp3 audio decoder. The application is firstly par-

titioned into 40 different tasks. The tasks are then assigned and scheduled across 25 IPs. 

The IPs are then mapped into a 5×5 mesh NoC architecture by the method in [33]. 

Self-similar packet injection distribution is simulated in this traffic. In typical MPEG-2 

video applications [34], self-similar traffic is observed between on-chip modules. For 

each pir the simulation is iterated a number of times to guarantee 95 percent confidence 

intervals within 2 percent of the means.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Communication graph of an MMS. 

The performance metrics are average packet latency and throughput which are de-

fined as follows respectively: 

 

 

 

where K refers to the total number of packets that reach their destinations and lati is 

the latency of the ith packet. 
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where total received flits stand for the number of flits which are received by all des-

tinations, number of nodes is the number of network nodes, and total cycles is the simula-

tion cycles. 

Figure 13 depicts latency and throughput variations when transpose1 traffic is in-

jected into network. Because the prohibited turns are evenly distributed in the network, 

congestion is greatly reduced. Packets could reach their destinations faster than ever. In 

the most case, average packet delay under DC is 27% lower than that of OE Figure 13 (a). 

OE and SR routings nearly have the same performance. 

 

 

 

 

 

 

 

 

 

 

 

 

The results for transpose2 traffic are shown in Figure 14. DC routing improves 23% 

performance over OE routing. SR routing has better performance than OE routing. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 shows the results when hs-c traffic is injected into the network. Compared 

with OE routing, packet latency could be decreased up to 28% by DC routing. SR routing 

has poorer performance than OE routing. 

When the hs-tr traffic is taken by the network, DC routing can decrease packet la-

tency up to 20% over OE routing, Figure 16. Under this traffic, SR routing has better 

performance than DC routing. In this traffic, the hotspot packet’s destinations are at the 

northeast direction. Their latency will only be affected by prohibiting NE and EN turns. 

However, in SR routing, no NE turn is prohibited and EN turns are only prohibited at part 

nodes. Consequently, SR routing has best performance in this traffic. 

)(*)( cyclestotalnodesofnumber

flitsreceivedtotal
throughput 

                                                                      
Figure 13. (a) Latency and (b) throughput variation under transpose1 traffic scenario. 

                                                                        
Figure 14. (a) Latency and (b) throughput variation under transpose2 traffic scenario. 
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Average latency and throughput variations for the MMS realistic traffic are shown in 

Figure 17. Compared with OE routing, packet latency could be decreased up to 35% by 

DC routing. OE routing has better performance than SR routing. 

 

 

 

 

 

 

 

 

 

 

 

 

5. CONCLUSIONS 

A number of researchers dedicate themselves to NoC routing algorithm research. 

Designing routing algorithm is so complex that the proposed routings is not rich enough 

for extensive studying. Among them, OE and SR routings are considered excellent can-

didates. 

                                                                        
Figure 15. (a) Latency and (b) throughput variations under hs-c traffic scenario. 

                                                                        
Figure 16. (a) Latency and (b) throughput variations under hs-tr traffic scenario. 

                                                                        
Figure 17. (a) Latency and (b) throughput variations under MMS traffic scenario. 
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In this paper, we propose a methodology based on divide-conquer strategy to design 

routing algorithms for mesh NoC. The obtained routing keeps balance in every subnet-

work. It outperforms OE routing both in synthetic and realistic traffic. The routings in-

crease the available research material of routing objects. The new routing algorithm can 

decrease average packet delay up to 35% than Odd-Even turn model. 
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