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Abstract-Ant Colony Optimization (ACO) is a problem
solving technique that was inspired by the related research 
on the behavior of real-world ant colony. In the domain of 
Network-on-chip (NoC), ACO-based adaptive routing has 

been applied to achieve load-balancing effectively with 

historical information. However, the cost of the ACO 
network pheromone table is too high, and this overhead 
grows fast with the scaling of NoC. In order to fix this 

problem, it is essential to model the ACO algorithm in more 
careful consideration of the system architecture, available 
hardware resource, and appropriate transformation from 
the ant colony metaphor. In this paper, we analyzed the 

NoC network characteristic and bring about the 
corresponding issues of implementing ACO on NoC. We 
proposed a Regional ACO-based routing (RACO) with static 
and dynamic regional table forming technique to reduce the 

cost of table, share pheromone information, and adopt look
ahead model for further load-balancing. The experimental 
results show that RACO can be implemented with less 
memory, less cost increase on scaling, and better 
performance of load-balancing compared to traditional 

ACO-based routing. 

Keywords- Ant Colony Optimization (ACO); Network-on

Chip (NoC); Adaptive Routing; Load-Balancing. 

I. INTRODUCTION 

With the shrinking size of the deep-sub-micron (DSM) 
technology, the systems-on-chip (SoCs) are designed with higher 
density of on-chip components. The increase number of global 
interconnects causes problems include synchronization errors, 
unpredictable delays, and high power consumption [1]. The 
Network-on-Chip (NoC) communication architecture is then 
proposed to provide flexible, reliable and scalable on-chip 
interconnection [2][3]. However, under various applications, the 
spatial and temporal on-chip traffic load is highly unstable and 
unbalance. Therefore, some channels may suffer from heavy 
traffic load while the others are idle, and these congested 
channels shift from time to time, results in performance 
degradation. The scaling effect of NoC further makes this 
condition more severe and unpredictable. Hence, it is inevitable 
for designing a suitable routing function for NoC load balance. 

For given application, system architecture, source and 
destination routers, routing functions selects an output port 
process can be further separated into channel constraint functions 
and selection functions. First, channel constraint functions 
eliminate some output ports for on-chip placement limitation 
and/or deadlock-free [4][5] concerns. Selection functions then 
decide an output port for transmission base on certain objective 
functions. In adaptive routing, we can make better and more 
reliable decision in the selection functions to balance the traffic 
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load efficiently with network information [6]. In the design of 
adaptive routing algorithm, we have to pay more attention to the 
selection functions that have great impact in performance [8][9]. 

Since the overhead of global wire is unbearable in current 
NoC design, it is almost impossible to acquire global information 
for selection. Therefore, local model are built to determine the 
less congested output port with local information. The Output 
Buffer Length (OBL) selection function chooses the output 
channel with less occupied buffer length on local router [10], 
while the Neighbor-on-Path (NoP) selection function chooses the 
output channel with less occupied buffer length on the possible 
channels of neighbor routers on path [10]. Making routing 
decisions based on the current local information may achieve 
local load-balancing, but cannot guarantee global load-balancing 
[11], especially with the scaling of NoC. 

In the domain of NoC adaptive routing, the Ant Colony 
Optimization (ACO)-based selection function was proposed in 
identilying historical less-congested channel with more 
pheromone and make decision with combining the historical 
pheromone and current local buffer state information [15]. ACO
based adaptive routing can be defined as an adaptive routing 
algorithm with ACO-based selection function. With the current 
and historical information, ACO-based adaptive routing can 
improves the performance on NoC load-balancing. However, to 
store the pheromone information of all source/destination pair on 
the NoC, the cost of the network pheromone table is too high for 
on-chip implementation. The scaling of NoC causes the memory 
cost, table access time, and power consumption of table 
computation to grow significantly [7]. This paper gives a solution 
to the above problem by discussing the NoC system architecture, 
hardware resource, and making an appropriate transform from the 
ant colony metaphor. We propose a Regional ACO-based routing 
(RACO) for load-balancing, which take advantage of the regional 
characteristic of NoC system and ant colony properties. The 
contributions are listed as follows: 

• Region mapping procedure of the ACO-based selection 
flow for preserving the ant colony nature and feasible 
implementation. 

• Static Regional Table Forming Technique for routing 
table entry reduction with food-oriented regional 
network information. 

• Dynamic Regional Table Forming Technique for 
routing table entry reduction with path-oriented regional 
network information. 

• RACO with Look Ahead Model for more precise 
network information on load-balancing. 

The rest of this paper is organized as follows: In Section II, 
we introduce the concept of ant colony optimization and review 
the previous works. Section III is the motivation and analysis of 
the ant metaphor on NoC. In Section IV, we describe the 
proposed RACO in detailed. Section V presents the experimental 
results. Finally, the conclusion is given in Section VI. 
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Figure 1. Ant colony approximate to global optimum with aggregated 
local information. 
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TABLE I. ORIGINAL ROUTING TABLE OF ACO-BASED SELECTION. 

II. REVIEW OF PREVIOUS WORKS 

In this section, we review the concept of ant colony 
optimization and the previous work on ACO-based adaptive 
routing on NoC [15]. 

A. Concept 0/ Ant Colony Optimization 
Even though it is unable to obtain global information of the 

network, we can have an approximation with the aggregated 
historical local information. A simple example, as shown in Fig.!, 
is given to show how this is done: consider an ant colony move 
between nest and food, and assume there are paths with different 
lengths, the ants initially choose the paths randomly, laying 
pheromones that slowly evaporate on the paths they pass. Since 
ants travel the shorter path can reach the nest/food faster and start 
a new journey, the pheromone level will grow faster on shorter 
path. Besides, the ants can sense the pheromone and are inclined 
to choose the path with higher level of pheromone. In the long 
run, almost all of the ants will reach to food efficiently by 
choosing the shortest path. In this example, the ant colony 
achieved global optimization without global information of the 
length of different paths. 

This Ant Colony Optimization system is composed of 
cooperating ants that diffuse and sense pheromone [12][13], the 
interaction between distributed ants and pheromone are transform 
into elements and mechanisms to explore the system environment. 
Although the ACO method have been extensively applied in 
routing and load-balancing in computer networking, it is still an 
open problem that how good we can do with ants. Numerous 
approaches that bring about the ant colony characteristic have 
been developed in aid of the algorithm design [14]. 

B. A CO-based Adaptive Routing on NoC 
The flow of ACO-based adaptive routing [15] is shown in 

Fig. 2. There are two types of packets: data packet and ant packet. 
Both carry the payload for data transmission and have similar 
network experience. The only difference between data packet and 
ant packet is the head flit, beside the routing information; the 
head flit of the ant packet (also called ant flit) contains the ant 
index. This ant index starts the pheromone updating of a table 
entry when an ant packet is going to send from a router. 

The ACO routing table for router k, denoted Tko is shown in 
Table I. The rows are the output channel for router k, the 
columns corresponds to the entry of destination routers. The 
probability of sending the packet to destination index d via the 

371 

Figure 2. Flow of ACO-based adaptive routing. 

channel index } (North, East, South and West) is denoted as 
P(j,d). For both data packets and ant packets, they follow this 
probability to decide the next hop. 

P'(j,d) 
P(j, d) + aLj (1) 
l+a(INk l -l) 

The probabilistic pheromone is derived from the current and 
historical local network information and it is called as the state 
transition rule which shown in equation (1), with P(j,d) as 
mentioned above. Lj is the proportional to the inverse of the 
queue length at channel}; Nk is the number of channels of current 
router k, and a is a weighting coefficient of historical and local 
network information. 

ACO-based adaptive routing adopts the historical 
information as an approximation of global information of time
variant statistic traffic distribution. The current information 
prevents the burst of congestion of the local network. With 
appropriate weighting, ACO have more flexibility on selection 
and proved to outperform other congestion-aware selection. 

III. PROBLEM DESCRIPTION AND ANALYSIS 

In this section, we first describe the difference of computer 
and NoC that original ACO-based routing have not considered 
[14]. Then we describe the possible solutions for problems 
mentioned above and analyze on ant metaphor. Finally, we bring 
about the information sharing problem, in solving this problem; a 
region merging technique is discussed. 

A. Problem o/migrating A CO-based routingfrom computer 
network to NoC 
The routing problem in computer network can be basically 

divided into two goals: (1) search for shortest path in a greed 
style, and (2) maintain the former goal in adapting to the 
topology change of the network. To achieve these two goals, 
traditional routing algorithms have to transmit the routing table or 
flood link-state-packet at regular intervals and update the entire 
routing table from time to time [14]. ACO-based routing was 
then proposed in order to reduce the overhead of transmission 
and update cost of traditional routing algorithms in computer 
network. Compare with the routing table, the size of transmitted 
ants is relatively small in ACO-based routing. To the aspect of 
routing table updating, ACO algorithms need only to update an 
entry in a pheromone table independently. Although ACO-base 
routing has given a solution in computer network, when it is 
adopted to solve the routing problem on NoC, it is necessary to 
consider how the ant colony metaphor should change to fit into 
NoC architecture and characteristics. The comparisons are listed 
as follows: 



• Available memory : 
For storing the network pheromone, the routing table 

in computer network can be storing in cache memory 
(e.g. content-addressable memory), while the memory 
resource in NoC is very limited. 

• Topology : 
The topology of computer network changes when 

clients get connect and disconnect to the network, while 
in general the topology of NoC does not vary with time. 

• Queuing delay : 
The cost function of routing problem of computer 

network and NoC is shown by (2) and (3). In 
minimizing the average latency, the average queuing 
delay of computer network is generally negligible 
compared to average transmission delay. Thus in the 
computer network, the routing problem becomes many 
shortest path problem between each source/destination 
pair. In NoC, the average queuing delay is often the 
same or higher level compared to the average 
transmission delay. 

• Router dependency: 
Since the architecture of NoC is regular (e.g., mesh), 

and the queuing relationship between adjacent tiles are 
highly related. That is to say, NoC routers are more 
dependent to near routers then computer network. Due 
to the high dependency, the congestion of some 
channels can affect the global traffic significantly. 

arg min{Average Latency}, (2) 
Average Latency = Average Transmission Delay 

+ Average Queuing Delay. 

The major problem of migrating ACO-based routing from 
computer network to NoC is that the routing table entries 
increases rapidly with the scaling of an NxN mesh NoC, the 
resulting problem is twofold: 

1) Memory cost increase: 
The number of the table entries in a router is e(N2), and since 

eveIJ router has a table, so the memory cost of the entire NoC is 
erN xN2)= e(N'). The memory cost grows significantly as N 
increases. 

2) Time and power on table accessing 
Along with the above problem, when updating and retrieve 

pheromone, the timing cost and power consumption grows 
rapidly for searching certain entry in a larger table. 

In order to design the ACO-based adaptive routing more 
suitable for NoC implementation, these difference between 
computer network and NoC system will be further analyzed, and 
the results will provide hint in amending the ACO algorithm to fit 
in the NoC environment. 

B. Possible Solution and Ant Metaphor 
In solving the problem, there are two possible of solutions. The 

first method is having only part of routers hold the routing table, 
routers may depend on adjacent routers for the historical 
information. However, with this solution, the routers with table 
still suffer from scaling memory, timing and power. Moreover, 
the sharing of table information needs huge transmission on 
transferring the table information. Thus, this method is not 
feasible on implementation. The second method is by reducing 
the table entries in each router. The memory cost of each router 
and the total network can be reduced at the same time, and the 
timing and power problems on each router can also be alleviated. 
Therefore, this method is more feasible to implement on ACO
based routing. 

(3) 

372 

TABLE II. COMPARISON OF THE ANT COLONY METAPHOR 

Real-World ACO-based routing on ACO-based 
Ant Colony Computer Network routing on NOC 

Ant Ant unit Ant packet 

Path Links NoC channel 

Food Destination router Destination router 

Increase on Links with 
Increase on less 
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shortest delay 

congested NoC 
channel 
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Figure 3. (a) Single entry in computer network. (b) Original ACO 
routing table can be separate into subproblems. 
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Figure 4. (a) Network router relation in computer network, and (b) in 
NoC. 

In order to reduce the table entries, we first review how the 
original ACO-based adaptive routing on NoC has adopted the ant 
colony metaphor from ACO on computer network. The 
comparison is shown in Table II; the similarity is due to the 
direct problem migration of original ACO on NoC. In the path 
and/ood row, the computer network generally has more links to 
certain destination than NoC channel, as shown in fig. 3(a), while 
for a mesh NoC, there are at most four output channels. In Fig. 
3(b), we may find out that each column of the table are actually 
independent to other column, in other words, the each column is 
now a subproblem and with less link complexity compared to 
computer network subproblem. However, as discussed in section 
II-A, there exist dependency issue due to the topology and 
queuing delay in NoC. 

We have mentioned the characteristic of NoC on network 
dependency. This phenomenon is shown in Fig. 4, when 
transferring packet from source router (Src) to destination router 
(Dst), with negligible queuing delay and the time-variant 
topology. The Dst and other routers are actually independent in 
Fig. 4(a). However, in Fig. 4(b), when the Dst router happens to 
be the traffic hotspot, the nearby routers also suffer from a severe 
congestion. From the above discussion, we can conclude that this 
NoC characteristic should be added to original ACO table. 

C. lriformation Sharing Problem and Analysis 

Referring to Fig. 5(a), which illustrates the information 
sharing problem of original table, assume there are two adjacent 
routers A and B that are possible destination of the current 
source router, and share similar traffic information. In the origin 
table, the optimization problems of A and B are separated in two 
different entries. Suppose it happens to be a local congestion 
cause by traffic hotspot of the north channel in the current router. 
Since the paths that lead to A and B are much the same, the ant 
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Figure 5. (a) The information sharing problem of original table. (b) 
Router A and B are merged into one entry on the routing table. 

packet shall have very similar network experience reaching these 
two destinations. Suppose that the ant packets have already 
moved to A for many times but have not yet ever set B as 
destination. Thus, the pheromone information in A's entry is 
well aware of the historical congestion status of the north channel, 
and have the higher probability to choose the east router as the 
next hop to reach A. 

However, when the ant packet is now start move to B, since 
the information of different entries cannot share with one another, 
the ant packet may accidently choose the north channel, and the 
following flits will also pass the north charmel due to wormhole 
switching [11], and cause severe congestion. 

In order to make B aware of the network status, we can 
merge the nearby routers as shown in fig. 5(b), for example, 
merging entries A and B in to one column. In other words, 
merged region share the pheromone information and get updated 
whenever the ant packet is travel to A or B. Therefore, the ant 
packets can acquire the historical information of the nearby nodes, 
and make a better decision even have never reached some 
destination and improves the load-balancing. We describe the 
merit of this method to NoC, following the analysis of table I: 

1) Memory cost: 
Due to the merge of table, the table entries reduction is 

achieved and makes ACO-based routing more feasible on NoC 
implementation. 

2) Topology : 
Due to the fixed topology of NoC, once some routers are 

merged into an entry, these routers do not get detached and no 
new routers will join the network. The regularity of the NoC 
makes the merging areas more ordered, thus the merging process 
can based on simpler rules. 

3) QueUing Delay and Router Dependency 
The merged tables take advantage of the path sharing 

characteristic in nearby routers of NoC. Moreover, the congestion 
status and historical information of mutual- dependent routers 
can be acquired. 

To summarize, the problem cause from the original table is 
two-fold: (1) the memory, timing, power, and scaling problems, 
(2) information sharing problem, these results in high cost on 
implementation and cause negative effect on the load-balancing 
ability. With considering the NoC characteristics and benefiting 
from NoC topology, router merging technique can form a 
regional awareness table that is potential to solve these problems. 

IV. PROPOSED REGIONAL ANT COLONY OPTIMIZATION

BASED ROUTING 

The merging process is the combination of NoC routers into 
regions, a region then becomes a table entry. In this section, we 
first formulate the region problem. Next, the static and dynamic 
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Figure 6. Region settings of different size, shape and location. 

RACO are proposed to reduce the entry number of routing table. 
Finally, by using part of the reduced cost obtained from RACO, 
we can adopt more efficient look-ahead model. With the 
proposed method, we reduce the implementation cost while 
achieve an improvement in load-balancing performance. 

A. Formulation of Region 
The region problem can be complicate since we can form 

multiple regions in different size (Le., the number of routers in a 
region), different shape, and different location in a table, as 
shown in Fig. 6, and these setting can varies on the 8(N2) tables 
of an NxN mesh NoC. To simplify this problem, we first limit the 
number of entries (Le., number of regions) to be the same in 
different routing table for regularity, and define NE to be the 
number of entries and equation (6) is the routing table cost 
reduction. For an NxN mesh, since the entries of all table are set 
to the same. Thus the Total Cost Reduction (TCR) will equal to 
the Single Table Cost Reduction (STCR). 

TCR = STCR = NE / N2 ;'S; 1 (6) 

We can refer to Fig.2 for discussion of process modification 
of RACO. The maximum table entries number is predetermine in 
the hardware fabrication. In the initial stage of the system, we 
have to decide the mapping relation of the regions and routers; 
this relation can be a predetermined hardware setting or be 
reconfigurable based on the maximum available entries. In the 
ant stage, for a destination router, this mapping relation can be 
used in searching the table for corresponding region entry, while 
the timing and power cost reduction of searching a table entry is 
basically the same with TCR. It is worth to mention, with the 
same ratio of the ant packets, the updating rate (UR) of a table 
entry is increased in the inverse of TCR in (7). 

B. Static Regional Table Forming Technique 
The definition of a Static Regional Table Forming Technique 

(SRTFT) is the region location does not change with the different 
source router position (i.e., the shift of the nest), which can refer 
to Fig. 7. If the packets on different source routers have to travel 
with the Manhattan distance on the NoC axis, it may happens that 
different routers shall choose different path (i,e, channels) to 
reach the same region. Since the region (food) stay still on the 
NoC, we can also consider this technique a food-oriented style 
since this system has the food to be an unchanged factor. 

For simplicity, we consider all the regions have the same size 
and shape, with this characteristic. For an NxN NoC, we define 
the constant size to be S, (8) is the relationship between total 
routers, entry number NE and size S. 

Number of Routers = N2 = N ExS (8) 
For an 8x8 mesh NoC, we set the shape to be square and size 

S to be 4 and 16, the location set to be in order on the NoC as 
shown in Fig. 8. Since there are 64 routers in the network, the 
table entry number NE can be calculated as 16, and 4 from (8). 



Figure 7. Destination region location is unchanged in SRTFT. 

Figure S. SRTFT with NE=16 and 4 on SxS mesh. 

OOl��.' - ,- - :�� �� } 011f01lO , DID 0 

l o1� - �:H} 
111rrrP 110 1 

lllJ1 111 
" 

Figure 9. Mapping relation with different size of region. 

For the region relation mapping, pheromone updating, and 
pheromone sensing in SRTFT, we need to build a relation 
between each router and table entry for table accessing. The 
mapping of the full table of an 8x8 NoC is with coordinate of x
axis and y-axis is denoted 0 to 7 in decimal, while is 000 to III 
in binary. We can use different number of bits for the table 
accessing, for example, as shown in Fig. 9, the SRTFT uses 
different digit of bits in the mapping of routers to regions. 

C. Dynamic Regional Table Forming Technique 
The Dynamic Regional Table Forming Technique (DRTFT) 

is defined as the location of regions changes with the different 
source router position, which can refer to Fig. 10. We consider 
the source router as the origin of the coordinate axis and extend 
the four channels to divide the NoC into four regions, which is 
like the four quadrant. No matter where the source routers are 
located on the NoC, for sending packets toward certain quadrant, 
the charmels they use are identical for traveling with the 
Manhattan distance on the NoC axis; therefore we consider the 
DRTFT to be in a path-oriented style. Actually, for further 
division in the angles, we can separate the region number NE 
from 4 to 8, 12, and 16 ... , which is the multiple of 4, thus the 
size and shape varies in different regions. Fig. 11 shows DFTFT 
with NE = 4 and 8, the routers on the boundary will be arbitrary 
assign to adjacent regions. However, for a certain size of NoC, 
too much division is meaningless since the maximum router 
number is limited. 

We then define Rj to RNE to represent the NE regions, For 
generosity, R is a function of size, shape and location, the relation 
is shown in equation (9). 

For an 8x8 mesh NoC, we set the shape to be fan-shape with 
different angle, and choose NE to have the value 4 and 8. 
H?wever, due to the mesh structure of NoC, the resulting shapes 
Will be square or triangle depending on the division in angle. 

NE 
Number of Routers = N2 = L Size(R,) 

i=1 
For an 8x8 mesh NoC, we set the shape to be fan-shape with 

different angle, and choose NE to have the value 4 and 8. 

(9) 
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Figure 10. Destination region location is related to source router in 
DRTFT. 

Figure 11. DRTFT with NE=4 and S on SxS mesh. 
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Figure 12. (a) Mapping relation of DRTFT with NE =4. (b) Mapping 
relation of DRTFT with NE =S. 

However, due to the mesh structure of NoC, the resulting 
shapes will be square or triangle depending on the division in 
angle. 

Next, we discuss the relation between each router and table 
entry for table accessing in DRTFT. Set the coordinate of source 
router and destination router to be (Xsr" Ysrc) and (Xdst, Y dst). 
There are two steps in decide the region, first is decision of the 
quadrant, which is done by the comparison between the 
destination router and current router. For example, as shown in 
Fig 12(a), the destination router is in the first quadrant if (10) is 
satisfied. And the second step varies with the division of angle. 
Example is given for NE equals to 4, 8 and 12. With NE =4, the 
second step can be omit. For NE =8, the angle is 45 degree, thus 
second step done by compare the difference of the 
destination router to the two coordinate axis form from the 
extended channels, for accessing R1 in Fig 12(b), besides the 
calculation in the first step, we also need (11). Finally, the case 
for NE = 12 is much similar to the case of NE =8, since the angle is 
30 degree, for accessing R1 in Fig 14(c), we may use (12) to 
replace (11). Since tan(3(f') is irrational number, thus we try to 
prevent complex calculation and choose to use smaller NE as 
possible. 

if [eXsrc < X ds, ) n O-:rc > Yds,) ] is ture 

if [(Xds, -XsrJ > (1',rc - Yds,) ] is ture 

if { (X ds' -Xsrc ) > [(l"rc - Yds, )x tan(30° )]} is ture 

D. Regional ACO-based Routing with Look-Ahead 
LocalModel 
Consider the state transition function of equation (3), the L 

term is inversely proportional to the queue length of charmel J 
which is much similar to OBL selection function, thus for higher 

(10) 

(11) 

(12) 
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Figure 13. The average latency versus packet injection rate of the 
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Figure 14. The average latency versus packet injection rate of the ACO 
with full table and RACO-SRTFT with NE =4 

perfonnance on load-balancing, we can replace this function with 
more efficient look-ahead selection function. 

Look-ahead selection functions adopt a local model that can 
trace forward than current router, for example, Neighbor-on-Path 
(NoP) selection function [to], it first checks the channels of 

neighbor routers whether pennit or not by the channel constraint 
function for the current destination. Then score these pennitted 
channels under reserve status and occupied buffer length. With 
more detailed infonnation of the congestion in the network, NoP 
outperfonns other selection function while the energy overhead is 
analyzed to be negligible in comparison. Due to the area saving 
in RACO, the adoption of look-ahead local model becomes more 
feasible and can help to improve the perfonnance on load
balancing. 

V. PERFOMANCE EVALUATION 

In Case 1 and Cased 2, we analyze the perfonnance of 
RACO-SRTFT and RACO-DRTFT is compared with the 
different selection functions, such as random, OBL, NoP and 
original ACO-based routing with coupling with the same channel 
constraint function. Case 3, we give a test of scalability of 
RACO-DRTFT for NE• Finally, the perfonnance of RACO with 
look-ahead local model is showed in Case 4. 

The evaluate of the experiment is by the NoC simulator 
Noxim [16]. A 8x8 network topology is adopted under wormhole 
switching mechanism [II], round-robin arbitration, and the odd
even routing function [6]. While packet length is set to 8 tilts and 
queuing buffer on each channels of a router have buffer depth of 
4 flits. And the time distribution of traffic is Poisson distribution. 
For the traffic distribution, we use the uniform distribution and 
transposel distribution to evaluate the perfonnance. In 
transpose I distribution, router (x,y) sends packet to router (N-I
y,N-I-x) in NxN mesh. The maximum channel load of transpose I 
distribution is much more serious than uniform distribution [11]. 
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Figure 15. The average latency versus packet injection rate of the 
random, OBL, NoP and RACO-DRTFT with NE =4 and 8 
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Figure 16. The average latency versus packet injection rate of the ACO 
with full table and RACO-DRTFT with NE =4 and 8 

Therefore, the simulation result is shown with transposel 
distribution in the experiment, and in uniform distribution, the 
results that confonned the expected perfonnance. The simulation 
cycles is 52,000 cycles and the first 2,000 cycles is warm-up time 
of NoC system. The average latency under different packet 
injection rate is the perfonnance index of the experiments. We 
also adopted the saturation throughput [17], which is the 
throughput when average latency is equals to the double of zero
load latency, as the evaluation metric. 

A. Casel: Static Regional Table Forming Technique (SRTFT) 
The perfonnance of RACO-SRTFT with NE = 4 is compared 
with the random, OBL and NoP selection functions with coupling 
the odd-even channel constraint function. We also compare the 
RACO-SRTFT and ACO selection function with full routing 
table to analyze the perfonnance improvement. Fig. 13 and 14 
shows the average latency of different selection functions under 
transposel traffic. Fig. RACO-SRTFT has lower average latency 
and higher saturation throughput compared to other selection 
functions. The improvements to the random, OBL, NoP, and 
ACO with full table are 35.92%, 26.25%, 9.38% and 6.78% in 
tenns of saturation throughput respectively. While the total cost 
reduction (TCR) of RACO-SRTFT with NE = 4 is 93.75% 
compared to the full table. Case2: Dynamic Regional Table 
Fonning Technique (DRTFT) 

We choose the perfonnance of RACO-DRTFT with NE = 4 
and 8 to do the similar comparison of Casel under transposel 
traffic, as shown in Fig. 15 and 16. With the simulation results, 
the RACO-SRTFT also has lower average latency and higher 
saturation throughput compared to other selection functions. The 
improvements of NE = 4 to the random, OBL, NoP, and ACO 
with full table are 32.04%, 22.65%, 6.25% and 3.73% in tenns of 
saturation throughput. While for NE = 8, the improvements are 
37.32%, 27.56%, to.50% and 7.88% respectively. While the total 
cost reduction (TCR) of RACO-SRTFT is 93.75% and 87.5% 
with NE = 4 and 8 compared to the full table. 
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Figure 17. The average latpacket unjection rate of the random, OBL, 
NoP and RACO-DRTFT with NE =4 and 8 
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Figure 18. The average latency versus packet injection rate of the ACO 
with full table, RACO-DRTFT, and Look-Ahead RACO-DRTFT 

B. Case3: Regional ACO under NoC Scaling 
For analyze whether RACO can have better ability on load
balancing compare to other selection functions when the NoC 

scales. In Fig. 17, for NoC mesh size range from 4x4 to 
16x16, we analyze the saturation throughput of 
different selection functions. Since DRTFT can use the same 
region mapping relation described in equation (10) and (11), we 
choose RACO-DRTFT with NE = 4 and 8 to compare with OBL, 
NoP, and ACO with full table. The results show on different 
scale of NoC, the RACO-DRTFT has higher saturation 
throughput. In another word, RACO-DRTFT holds the highest 
load-balancing and can resist to scaling. From the experimental 
result, the total cost reduction (TCR) of RACO-SRTFT is 
98.44% and 96.88% with NE = 4 and 8 compared to the full table 
under16x16 mesh NoC. 

C. Case4 Look-Ahead Regional ACO 
We adopted the look-ahead local model the RACO-DRTFT 

with NE = 8 and evaluate the performance compared to other 
selection under transposel traffic in Fig. 18. For tidiness, the 
results that already shown in Casel and Case2 of random, OBL 
and NoP selection functions is not shown again. From the figure, 
the RACO with look-ahead model outperforms ACO and RACO 
without model. The improvements of the Look-Ahead RACO to 
the random, OBL, NoP, and ACO with full table are 42.83%, 
32.67%, 15.02%, and 12.29% in terms of saturation throughput 
respectively, which conforms to previous discussion. 

VI. CONCLUSION 

In this paper, we propose Regional ACO-based routing 
(RACO) for a better transform for the ant metaphor to NoC. 
Compared to traditional ACO-based adaptive routing, RACO 
with SRTFTIDRTFT can increase the feasibility for on-chip 
implementation and have better performance, and the routing 
table cost of the 8x8 NoC can be reduced to 93.75% and 87.5% 
by proposed method. The RACO can also preserve the ability on 
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load-balancing under NoC scaling, with higher saturation 
throughput; RACO can reduce the routing table cost to 98.44% 
and 96.88% of 16x16 NoC. With combining a more efficient 
local model, the Look-Ahead RACO can further improve the 
saturation throughput from 12.29% to 42.83% compared to the 
other four selection functions. 
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