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Abstract- To elucidate the influence of process variation on Network on Chip (NoC) design, all of router, interconnect and 
routing algorithm are implemented as key elements in 2D-Mesh topology. The delay variation is the main motivation to 
crumble the performance of routing algorithms with technology scales down.  To avert the influence of process variation and 
congestion for asynchronous NoC design, a novel routing algorithm is presented. Congestion and process Variation Delay 
aware Routing (CVDR) algorithm is proposed as adaptive approach. At various traffic patterns, the improvement of CVDR 
algorithm as compared to different routing algorithms under process variation conditions is measured. CVDR algorithm 
performs better significantly than different routing algorithms, even under the presence of a process variation.  
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I. INTRODUCTION 
 
Process Variation (PV) highly impacts designing at 
low and high levels. PV is inescapable in 
semiconductor manufacturing processes and it 
reduces the performance of the circuit. In advanced 
technologies, the gate delay decreases while the 
interconnect delay increases. It is impractical to 
neglect NoC interconnects because the delay of 
interconnect increases quadratically with increasing 
the interconnect length. Therefore, it should be 
considered gate delay variation and interconnect 
delay variation []. The delay variation of logic gate 
and interconnects is increased with technology scales 
down [Error! Bookmark not defined.]. The delay 
 under process variation is the main cause to crumble 
the performance of  routing algorithms in NoC 
designs .  
One of the key parameters of NoC design is the 
routing algorithms. A strong routing algorithm is 
required to achieve high performance. Ignoring the 
impact of PV causes to retrograde the performance of 
Routing Algorithm (RA). Therefore, the nominal 
performance of NoC design is degraded by the 
process variation influence. Adaptive routing 
algorithm is presented for NoC design in . However, 
the adaptive routing algorithm based on the 
congestion is provided in this study without taking 
into consideration the calculation of PV. Adaptive 
routing algorithm for many-core NoC architectures is 
presented in . The aim of the algorithm is to reduce 
saturation bandwidth degradation caused by PV. 
Unfortunately, this study focuses on routers without 
considering the remainder pieces of the NoC 
infrastructure such as links.  
In this paper, NoC design is built to determine the 
delay variation under sever process variation for 2D-
Mesh topology.  Subsequently, an unprecedented 
adaptive RA is provided to minify the effect of the 

process variation. The new adaptive routing 
algorithm collects the congestion information and 
process variation to pick out the appropriate output 
port. To the extent of our knowledge, the presented 
work in our paper is the first work to scrutinize an 
adaptive RA which is acquainted with the PV and 
congestion for NoC router designs. The paper is 
organized as follows. In Section II, novel routing 
algorithm is adopted. The procedure of CVDR is 
presented in section III. In section V, results are 
provided. Conclusions are demonstrated in section 
VI. 
 
II. CVDR ALGORITHM 
 
Deterministic routing algorithms. on the contrary to 
the most adaptive routing algorithms, define the path 
from the source to destination irrespective to the 
congestion in the network. Adaptive routing 
algorithms outperform deterministic ones since 
adaptive algorithms aim to select the less congested 
paths to produce load balance in the network, 
especially under realistic traffic loads. However, 
taking the congestion only into consideration is not 
effective methodology since random process 
variation leads to diverse delays for each router and 
interconnect in network topology. Thereby, the 
adaptive routing algorithm that ignores the delay with 
PV can select path with low congestion but with high 
delay which leads to reduction in the overall NoC 
performance. Proceeding from this point, the adaptive 
routing algorithm should be aware of the DPV and 
congestion to determine the most appropriate path. 
Congestion and process Variation Delay aware 
Routing algorithm (CVDR) is introduced as a novel 
routing algorithm for asynchronous NoC routers. 
CVDR gathers information about the congestion and 
delays with PV of the adjacent neighbors to be able to 
make routing decision. DPV can be defined using 
Test Flit (TF) messages. The description of test flit 
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fields is presented in subsection A. CVDR routing 
algorithm has different parameters as defined and 
discussed in subsection B.  
A. Test flit Description 
Globally Asynchronous Locally Synchronous 
(GALS) technique is used by implementing 
asynchronous NoC design to apply a handshake 
protocols between each two adjacent routers and 
provide a synchronous interface with each PE.  The 
local clocks in the PEs are used to determine the 
Timestamp (TS) to measure DPV. Local clocks in the 
 PE are usually much faster than the communication 
speed. The skew in those local clocks of the PEs has 
 minor effect on determining the variation in the 
delay.  
Each test flit carries TS which is stored in PV-Table 
(PVT) on each router in the network. The calculation 
of TS and the description of each entry in PVT are 
presented in this subsection. R set of routers in the 
network and P	set of communication ports are 
assumed. Let P  and P  be the set of input and 
output ports for current router (currR) where 
currR ∈ R. The output direction for each router is 
P ={ N, E, W, S, C} where N, E, W, S, C are North, 
East, West, South, and Core output port direction, 
respectively.  
 Each router needs to retain the values of the 
changing delays under PV of its neighbors (the delay 
between its output ports and the input port of its 
neighbors). TS from current router to each adjacent 
neighbor router is given by 
 
 ∀currR ∈ R,		 
      			TS = 	D (currR) + 	D (d)							d ∈
{N, E, W, S}				(1)   
where d is the direction of output pots for current 
router based on its position into Mesh topology.  
D (currR)	 is the DPV for output port of current 
router and  D (d) is the DPV for input port of 
each adjacent neighbor router.   
 For Mesh topology, the number of output ports 
for inside router, border and corner routers  are 
different. Inside routers have five ports, four ports are 
 connected to neighboring routers and one port to PE. 
Border  routers have 4 ports and corner routers have 3 
ports. Each router contains a PVT which consists of 4 
entries. Each entry in the table contains an adjacent 
neighbor  d ∈ P  and the timestamp for each one 
TS ∈ 	DPV. Border and corner routers have less 
number of adjacent neighbors.  "NULL" is used to fill 
the empty entries in their tables.  
 PVTs are determined in the initialization time 
where each router communicates with its neighbors to 
determine the value of DPV. Each router sends one 
TF which carries the take-off time to its neighbor 
routers. When TF is received in the other routers, 
each router calculates the delay. Subsequently, each 
neighbor reply with a new TF including TS value to 
the source router. This process is not required to run 
more than one time since the values of DPV are not 

changed during normal operation of the NoC  and is 
independent of the routing algorithms. Therefore, the 
initialization time is evaluated once. Sending the 
estimated values, uses different methods as defined in 
based on the implementation of NoC router and it is 
out of the scope of this paper. A separate 
communication link is the chosen method for sending 
the estimated values of DPV and the congestion 
information between routers.  
  The calculation of the DPV and congestion 
values are presented in next subsection. 
B. Modeling of DPV and Congestion 
CVDR selects output port based on acquired 
information about DPV and congestion from the 
adjacent neighbor routers. The congestion can be 
determined using the free buffer of the input port of 
the neighbor router. The PV   for each output port is 
DPV of current router plus the timestamp with 
process variation. PV  is given by 
 

PV = D (currR) + TS 																															(2) 
where D (currR) is the delay of current router 
with process variation. 
CVDR selects an output port from the admissible 
output ports that satisfies the lowest congestion and 
DPV. However, there may not be an output port that 
satisfies these two conditions. This means that some 
output ports may have low congestion but high PV or 
vice versa. Thereby, there is a predicament in 
selecting the appropriate output port from the 
perspective of both congestion and DPV. Therefore, 
CVDR depends on two threshold values (PV h  and 
C h ) where PV h  is the DPV threshold and C h  is the 
congestion threshold. The output port at each router is 
chosen to achieve the balance between avoiding the 
congestion regions and avoiding passing through 
output port with a considerable DPV. Thereby, 
CVDR algorithm may prefer an output port with 
lowest congestion and has an acceptable DPV value 
which is less than the specified threshold value, as 
presented in next subsection.  
 The threshold values are determined at each 
router to select the suitable P  to route the message. 
Assume that CVDR compares between two 
admissible output ports (P |   and P | ) to choose 
the suitable  P . If the congestion of one port  C  is 
less than that of the other port C  while the DPV of 
first port PV  is higher than that of the other port PV  
with value  λ  as shown in the following, 

				
C 	≤ C

PV 	≥ PV + 	λ 	 																																			(3) 

	 
Therefore, P |   can be acceptable output port to 
route the message when  

λ 	≤ 	PV h 																																				(4) 
From  (3) and (4) 

PV − PV 	≤ 	PV h 																																(5) 
Therefore, the difference value of DPV between two 
admissible output ports λ  should be less than or 
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equal  PV h  to rout the message on this output port. 
The value of  PV h  is calculated based on the average 
of the difference between the process variation delays 
for each pair of ANR and currR. PV h  is given by 

PV h =
abs(PV − PV )

1
2 [n(n− 1)]

	,																										(6) 

where, PV  is the process variation delay between the 
currR and the ANR in the i direction and n is the 
number of ANR of current Router.   
In addition, the value of	C h  is defined as follows, 

C h =
abs(C − C )
1
2 [n(n− 1)]

	,																														(7) 

where, C  is the congestion of the neighbor in the i 
direction. 
The description of CVDR procedure is presented in 
the next section.  
 
III. CVDR PROCEDURE 
 
The proposed algorithm can be divided into two 
procedures; A. Determining Target Node and B. 
Selection Criterion for the output port and C. 
Evaluation metrics for compared CVDR algorithm 
with different routing algorithms. 
A. Determining Target Node 
At source router, a random intermediate router is 
chosen between the source and destination as an 
intermediate station during the message trip. Thereby, 
the message has two phases (ph0and ph1) when it is 
routed from the source to the destination. At ph0, the 
message is routed from the source to the intermediate 
node. ph1 is used when the message is forwarded 
from the intermediate router to the destination router. 
This technique is used to avoid the congestion 
regions.  In CVDR, a uniform random distribution 
function is used to select a random intermediate 
router ID between the source and destination. In 
addition, Phase (ph) and Intermediate (IM) fields are 
added into each message to retain the values of the 
message phase and the intermediate  router ID. Each 
router needs to declare the target node whether it is 
the intermediate or destination router. When each 
router forward the message to the Target Node (TN), 
it applies XY and YX routing algorithms to calculate 
the output port direction (i.e., N=0).  The integer 
value of the output direction is denoted by P  when 
XY routing algorithm is used.  P  denotes the integer 
value of the output direction when YX routing 
algorithm is used to route the message for TN. The 
pseudocode of the target node computation is shown 
in Figure 1. The default value of ph field of the 
message is set to zero. However, ph field of the 
message is assured from [0 to 1] in one of the 
following cases. 
1. If the current router is the intermediate router. 
2. If the currR exists in the same row of the 
destination router (r  ==	d ). 

3. If the currR exists in the same column of the 
destination router (r ==d ). 
where, the coordinates of current router are r for 
X	coordinator and r  for Y coordinator. In addition, d  
is used for	X coordinator of destination node and d is 
used for	Y	coordinator of destination node. If one of 
the three conditions is true, this is sufficient to make 
ph field equals to one and hence the TN is assigned to 
the destination router ID. On the other hand, when 
none of the three conditions is achieved, ph field 
equals to zero and hence the TN is assigned IM field 
of the message. 
 

 
Figure  1. The pseudocode of the target node computation 

 
The last two conditions are used to avoid the packet 
exploiting the same path more than one time during 
arrival trip to the destination. Moreover, CVDR 
guarantees the deadlock-free. Adopting XY and YX 
routing algorithms as sub-algorithms ensures the 
deadlock free condition.    
 
B. Selection Criterion 
After applying XY and YX routing algorithms, 
CVDR distinguishes between these two output 
directions (P , P ) based on the congestion and 
DPV.  At each router, the congestion (C ) of the 
neighbor router and the DPV (xyPV) between the 
currR and the neighbor router (if XY routing 
algorithm is used) are compared with the congestion 
(C ) of the neighbor router and the DPV (yxPV) 
between the currR and the neighbor router (if YX 
routing algorithm is used). Figure 2 contains the 
pseudocode of the selection criterion for the output 
port based on DPV and congestion. By comparing 
two ports using six parameters, there are three main 
scenarios that should be handled. 
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Figure 2. The pseudocode of output port selection based on PV 

and congestion 
 
First, if the output direction P  equals the output 
direction	P , then the proposed CVDR routes to the 
decided direction.  
Second, with different output port directions, if the 
congestion C  equals	C , the DPV is used to choose 
the next hop. The output direction with the lowest 
DPV is always chosen as a route direction. 
Consequently, if the xyPV of the next router is less 
than yxPV, then the message is routed in direct XY 
and vice versa. When the xyPVequals	yxPV, then 
CVDR chooses the next hop direction randomly 
between P  and P using a uniform random 
distribution function. 
Third, with dissimilar output port directions and 
congestion values (C  and	C ), CVDR chooses to 
route the message to the P  direction, if the C  is 
less than Cyx and xyPV satisfies one of the following 
criteria  
1. The xyPV is less than or equal to yxPV. 
2. The xyPV is greater than	yxPV with acceptable 
value PVthr. 
The opposite conditions occur if the P  direction is 
chosen by CVDR. If no output satisfies the previous 
criteria, the following conditions are applied. The P  
direction is chosen to route the message to the 
TN	when the xyPV is less than yxPV and the C  
satisfies one of the following criteria  

I. 	C  is less than C . 
II. C  is greater than C  with acceptable value of 
	C h . 
If both congestion (C  and C ) are not equal and the 
last two conditions do not produce an output 
direction, the chosen route is selected randomly 
between Pxy and Pyx. The opposite conditions occur 
if P  direction is chosen by CVDR. To evaluate 
CVDR algorithm as compared to different routing 
algorithm, two evaluation metrics are presented in the 
next section. 
 
C. Evaluation Metrics 
Average message delay and saturation throughput are 
the two metrics which are used to evaluate the 
performance of routing algorithms [Error! 
Bookmark not defined.-. The saturation throughput 
occurs when no additional messages can be injected 
successfully to the network. It can be measured at the 

injection rate where the average message delay 
reaches twice the average zero-load (the lower bound 
on the average message delay) [. The average 
message delay [Error! Bookmark not defined.] is 
determined at an Injection Rate of Non-saturated 
Traffic (IRNT) (below the saturation throughput 
point) [Error! Bookmark not defined.]. After the 
saturation point, the average message delay increases 
exponentially as shown in Figure 3. 
The message delay is determined using a timestamp 
assigned to each generated message from the source 
node till it is received at the destination node. The 
average message delay D  is given by 

																													D

=
1
k D 	,																																											(8) 

where k is the total number of received messages at 
the destination nodes and D  is the delay of the 
message i. 
Standard deviation of average message delay σ  
represents the deviation from average message delay. 
Through different values of average message delay, it 
is misleading to compare the average message delay 
variation of routing algorithms using the standard 
deviation since it expresses an absolute measurement 
value. The mean value plays an important role to 
judge on the average message delay variation. 
Therefore, AMD 	represents the variation as a 
percentage of the mean value of message delay for 
different routing algorithms as presented in Section 
V.  AMD  is given by 

AMD =
σ
µ 																																											(9) 

 
where, 	AMD  is a variation of the average message 
delay, σ  is  the  standard  deviation of average 
message delay  and  µ  is the mean value of 
message delay. 
The impact of PV on the circuit implementation of 
asynchronous router is demonstrated in the next 
section. In Section V, the influence of PV on the 
performance of different routing algorithms and 
CVDR is presented. 
To evaluate the performance of routing algorithms, 
Average Message Delay (AMD) and Saturation 
Throughput (ST) are used as performance metrics 
[Error! Bookmark not defined.,. The average 
message delay and saturation throughput relation 
curve is shown in Figure 3. Zero-load is defined as 
the lower bound on the AMD. AMD is measured at 
the injection rate of non-saturated traffic (below the 
saturation throughput point). ST is defined at the 
injection rate point which satisfied that AMD reaches 
twice the time the average zero-load [Error! 
Bookmark not defined.,. AMD increases 
exponentially, when the injection rate reaches the ST 
as shown in Figure 3. 
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Figure 3. Performance metrics relation curve 

 
IV. SIMULATION RESULTS 
 
 Heterogeneous Network-on-Chip Simulator 
(HNOCS) [ is used to implement CVDR algorithm 
and all different routing algorithms. HNOCS is 
constructed based on OMNeT++ [ which supports 
modeling of asynchronous NoC routers. 2D-Mesh 
topology 8x8 network is built using HNOCS. To 
perform a fair comparison between different 
algorithms, different traffic patterns (Uniform, 
Transpose, Bit Reverse and Bit Complement) are 
adopted. Traffic sources generate 8-flit packets. In 
addition, each FIFO buffer has a capacity of four flits. 
The simulation at each injection rate has been 
repeated 100 times with different traffic scenarios 
(generated randomly based on a uniform distribution) 
to assure the accuracy of results. To evaluate the 
CVDR algorithm performance, its average message 
delay and saturation throughput are compared with 
four other well-known routing algorithms, namely, 
Odd-Even (OE) [, Romm [Error! Bookmark not 
defined.], MAXY [ and DyAD [].  The performance 
of CVDR compared with different routing algorithms 
with PV under various traffic patterns such as 
Uniform, Transpose, Bit Complement and Bit 
Reverse. To evaluate the performance of CVDR and 
different routing algorithms with PV, AMD and ST 
are the two metrics which are used [Error! 
Bookmark not defined.].  The saturation 
throughput and average message delay of CVDR 
under various traffic patterns are listed in Table 1. 
Moreover, the percentage improvement for CVDR 
compared to the other routing algorithms under PV 
conditions is also reported. AMD of CVDR is 
determined at Injection Rate (IR) as mentioned in the 
previous section. 0.46, 0.261, 0.372 and 0.34 are the 
IR points for Uniform, Transpose, Bit complement 
and Bit reverse, respectively. 
As reported in Table 1, ST under Uniform traffic 
pattern overruns that of Romm, MAXY, OE and 
DyAD by 40%, 20%, 60%, and 30%, respectively. In 
addition, CVDR reduces the AMD by upto 31% as 
compared to OE.  For Transpose traffic pattern, 
CVDR continues to perform better in ST and AMD 
than other routing algorithms expect for MAXY.  
MAXY performs better than CVDR in Transpose 
traffic pattern by 9% and 10.8% in ST and AMD, 
respectively. MAXY depends on the minimum 
distance and congestion to reach to the destination. 

Transpose traffic concentrates the load on individual 
source-destination pairs. Transpose traffic, according 
to its traffic formula, targets to  select the destination 
on the diagonal of the source node.  Then, the absolute 
differences between source and the  destination on the 
X and Y coordinates are the same. This  status is more 
suitable with MAXY routing algorithm.  Because, 
MAXY routing algorithm depends on congestion to 
 select the next node in the previous status whether 
that was  chosen in X direction or Y direction as a 
result of congestion  arbitration. Consequently, the 
next step of MAXY algorithm always towards the 
other direction to reduce the absolute difference of 
the other coordinate. In that case, MAXY  algorithm 
tends to create "zigzag" path between each pair of 
 source and destination nodes.   Therefore, MAXY can 
reach to its destination readily with minimum average 
delay. Unlike CVDR, MAXY has a considerable 
instability issues with other traffic patterns such as 
Bit Complement traffic pattern. For Bit Complement 
traffic pattern, CVDR outperforms the other routing 
strategies. The ST increases between 12.5% and 25% 
and CVDR gives an improvement ranging from 6% 
to 39% in AMD as listed in Table 1. Furthermore, 
CVDR approach has a higher ST and lower AMD 
than other adaptive routing schemes under Bit 
Reverse traffic pattern. The ST increases between 
16% and 83% and achieve an improvement in AMD 
by 28.3% as compared to OE. On the average, CVDR 
increases the ST up to 44%, 13%, 82% and 54% as 
compared to Romm, MAXY, OE and DYAD, 
respectively. Moreover, CVDR algorithm reduces the 
AMD on the average up to 24% as compared to 
Romm, 13% as compared to MAXY, 32% as 
compared to OE and 15% as compared to DYAD. 
CVDR algorithm outperforms the other routing 
algorithms and achieves an improvement in both the 
AMD and ST.  

 
Table 1.    ST  and  AMD  for CVDR and different routing 

algorithm and  the improvement of CVDR  algorithm 

 
 
From another point of view, standard deviation of 
AMD represents the deviation from average message 
delay. Through different values of AMD, it is 
ambiguous to compare the variation of AMD for 
routing algorithms using the standard deviation since 
it expresses an absolute measurement value.   The 
mean value plays an important role to judge on the 
average message delay variation. Therefore, 
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AMD 	represents the variation as a percentage of 
the mean value of message delay for different routing 
algorithms. AMD  is evaluated by the  standard  
deviation of AMD divided by  the mean value of 
message delay. The variation of AMD for CVDR and 
different routing algorithms under various traffic 
patterns is reported in Table 2.  OE algorithm has 
higher AMD  since it relies on a deterministic 
minimal paths between the source and destination 
pairs which leads to increase the AMD . 
Conversely, the adaptive algorithms select the paths 
between the source and destination pairs based on the 
status of network which decreases the variation of 
AMD . As a consequence of designing CVDR as an 
adaptive routing algorithm, CVDR outperforms the 
other algorithms under various traffic patterns except 
MAXY algorithm under Transpose traffic as 
mentioned in the previous paragraph. As listed in 
Table 2, the variation of AMD for CVDR under 
different traffic patterns is almost less than or equal 
5%. 

Table 2.  ܦ ௩�� (%) for CVDR and different routing 
algorithms with PV under various traffic patterns 

 
 
CONCLUSIONS 
 
The delay of logic gates in addition to the delay of 
interconnects are representing the total delay of NoC 
design. Delay variation in logic gates and 
interconnect is produced as a result of process 
variation which impacts NoC design. The delay 
variation of interconnect and logic is becoming more 
significant as feature size decreases. The delay 
variation is a major reason to deteriorate the 
performance of  routing algorithms.  Process variation 
leads to early saturate throughput and increase the 
average message delay relative to nominal. A novel 
routing algorithm (CVDR) is implemented based on 
delay with PV and congestion. CVDR algorithm is 
able to enhance the ST by up to  44% compare with 
Romm, 13% compared with MAXY, 82% compared 
with OE and 54% compared with DyAD. In addition, 
CVDR has the ability to reduce the AMD by up to 
24%, 13%, 32%, and 15% compared with Romm, 
MAXY, OE, and DyAD, respectively. The variation 
of AMD for CVDR under different traffic patterns is 
almost less than or equal 5%. CVDR routing 
algorithm is adaptive and scalable asynchronous NoC 
design. 
 
REFERENCES 
 
[1]. Rabab Ezz-Eldin, Magdy A. El-Moursy, Hesham F. A. 

Hamed, "High Throughput Asynchronous NoC Design under 

High Process Variation," Integration, the VLSI Journal, vol. 
49, pp. 1-13, December 2014. 

[2]. Rabab Ezz-Eldin, Magdy A. El-Moursy, Hesham F. A. 
Hamed, "Process Variation Delay and Congestion Aware 
Routing Algorithm for Asynchronous NoC Design," IEEE 
Transactions on VLSI Systems,  vol. 24,  no. 3, pp. 909 – 919, 
March 2016. 

[3]. An-Yeu Wu, Shu-Yen Lin, et. al., "Regional ACO-Based 
Cascaded Adaptive Routing for Load Balancing in Mesh-
Based Network-on-Chip Systems," IEEE Transactions on 
Computers, no. 1, pp. 1, March 2014. 

[4]. Y. Markovsky, Y. Patel, and J. Wawrzynek, "Using Adaptive 
Routing to Compensate for Performance Heterogeneity," The 
Proceedings of the ACM/IEEE International Symposium on 
Networks-on-Chip, pp.12–21,  May 2009. 

[5]. W. Dally and B. Towles, "Principles and Practices of 
Interconnection Networks," San Mateo, CA: Morgan 
Kaufmann, 2004. 

[6]. Navaneeth R., Anurag Biyani, M.S. Gaur, Vijay 
Laxmi, M. Ahmed, "QoS Aware Minimally Adaptive 
XY routing for NoC," The Proceedings of the 
International Conference on Advanced Computing and 
Communications, 2009. 

[7]. Jingcao Hu, Radu Marculescu, "DyAD: Smart Routing for 
Networks-on-Chip," The proceedings of the Annual Design 
Automation Conference, pp. 260-263, July 2004. 

[8]. Rabab Ezz-Eldin, Magdy A. El-Moursy, Hesham F. A. 
Hamed,  "Novel Routing Algorithm for minimum on Delay 
 with Process Variation and Congestion in  Asynchronous 
NoC", Proceedings of the IEEE International Conference on 
High Performance and Communications, under submission. 

[9]. Krishan Kumar Paliwal, et. al., "Contemporary 
Computing," Communications in Computer and 
Information Science, vol. 40,  pp. 370-380,  August  
2009.  

[10]. Ted Nesson and S. Lennart Johnsson, "ROMM Routing on 
Mesh and Torus Networks," Proceedings of the ACM 
symposium on Parallel Algorithms and Architectures, pp. 
275-287, 1995. 

[11]. L. G. Valiant. "A Scheme for Fast Parallel Communication," 
SIAM Journal on Computin, vol. 11, no. 2,  pp. 350-361,  
1982. 

[12]. Dehyadgari, M. , et al., "Evaluation of Pseudo Adaptive XY 
Routing using an Object Oriented Model for NoC," The 
proceedings of the IEEE International Conference on 
Microelectronics, pp. 13-15, December  2005.  

[13]. Chiu, G.M., "The Odd-Even Turn Model for Adaptive 
Routing," IEEE Transactions on Parallel and 
Distributed Systems, vol. 1,  no. 7, July 2002. 

[14]. Nan Jiang, Daniel U. Becker, et al., "A Detailed and Flexible 
Cycle-Accurate Network-on-Chip Simulator",  The 
proceedings of the IEEE International Symposium on 
Performance Analysis of Systems and Software,  pp. 86 - 96,  
April 2013. 

[15]. Hsien-Kai Hsin, En-Jui Chang,  An-Yeu Wu, 
"Implementation of ACO-Based Selection with 
Backward-Ant Mechanism for Adaptive Routing in 
Network-on-Chip Systems," IEEE Embedded Systems 
Letters, vol. 5,  no. 3, pp.46-49, September 2013.  

[16]. L. Shang, L.-S. Peh, and N. K. Jha, "Powerherd: A 
Distributed Scheme for Dynamically Satisfying Peak-Power 
Constraints in Interconnection Networks," IEEE Transaction 
Computer-Aided Design Integrated Circuits and Systems, vol. 
25, no. 1, pp. 92–110, Jane 2006. 

[17]. Giuseppe Ascia, Vincenzo Catania, Maurizio Palesi, Davide 
Patti, "Implementation and Analysis of a New Selection 
Strategy for Adaptive Routing in Networks-on-Chip," IEEE 
Transactions on Computers, vol. 57, no. 6, pp. 809-820,  June 
2008. 

[18]. L. Shang, L.-S. Peh, and N. K. Jha, "Powerherd: A 
Distributed Scheme for Dynamically Satisfying Peak-Power 
Constraints in Interconnection Networks," IEEE Transaction 
Computer-Aided Design Integrated Circuits and Systems, vol. 
25, no. 1, pp. 92–110, Jane 2006. 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-4, Issue-10, Oct.-2016 

CVDR Algorithm For Asynchronous Network on Chip Design 
 

31 

[19]. Y. Ben-Itzhak,  E Zahavi, I. Cidon, A. Kolodny,  "HNOCS: 
Modular Open-Source Simulator for Heterogeneous NoCs," 
The Proceedings of the International Conference on 
Embedded Computer Systems,  pp. 51 -57,  July  2012. 

[20]. A. Varga  et al., "The OMNeT++ Discrete Event Simulation 
System," The Proceedings of the European Simulation 
Multiconference , pp. 319–324, January  2001. 

[21]. Chiu, G.M., "The Odd-Even Turn Model for Adaptive 
Routing," IEEE Transactions on Parallel and Distributed 
Systems, vol. 1,  no. 7, July 2002. 

[22]. Navaneeth R., Anurag Biyani, M.S. Gaur, Vijay Laxmi, M. 
Ahmed," QoS Aware Minimally Adaptive XY routing for 
NoC," The Proceedings of the International Conference on 
Advanced Computing and Communications, 2009. 

[23]. Jingcao Hu, Radu Marculescu, "DyAD: Smart Routing for 
Networks-on-Chip," The Proceedings of the Annual Design 
Automation Conference, pp. 260-263 , July 2004. 

 
 

 


