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ABSTRACT: 

Although Named Data Network (NDN) has made a bright future in the Internet for high volume of requests by many 

users, how to send a request package (I-Pkt) consciously from the consumer to the producer and returning the data 

package (D-Pkt) inversely is still one of its most important challenges. According to the recent limited researches, 

using service quality parameters beside an optimization algorithm like ant colony to find the optimal path has been an 

appropriate response to solve this problem. Insufficient attention to service quality parameters to find an optimal path 

is a problem to be focused on. In line with this, this study has addressed forwarding using the Intelligent Water Drops 

(IWD) optimization algorithm. In this algorithm, the best possible path based on many parameters related to path 

quality like cost, delay and number of steps taken by the package (I-Pkt) will be selected. In other words, the water 

drop movement tries to find the optimal path through the amount of soil collection in the path or the velocity rate. The 

results of simulating in ndnSIM simulator show that comparing the ant colony, it has been improved in cost parameter 

on average by 23%, in hit ratio parameter by 24% and in hop count parameter by 13%. The general result is increasing 

service level quality in NDNs. 
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1.  INTRODUCTION 

Nowadays, the base of information forwarding and 

receiving by many users is content and disregarding the 

point if they know where to reach the target 

information in the network, they would like to know 

how to access the information they need. This shows 

the necessity of change in the present structure of 

global Internet network in near future. As the best 

possible response to this request, the Named Data 

Networks (NDNs) were proposed and despite IP-based 

networks, no final destination is considered in them [1]. 

In these networks, the content names are used instead 

of source and destination IP addresses [2]. Using the 

phrase “Internet Future” for this type of network shows 

the significance and effect of them in a very near 

future. Although NDN gives the hope to solve some 

problems of current users of Internet network, it faces 

many challenges including naming, saving information 

in caching, mobility, security, applications, routing and 

forwarding [3].  

According to the last issue, the method of Interest I-

Pkt forwarding from consumer to producer and 

returning the Data D-Pkt in the inverse path is one of 

its most significant challenges [4]. In other words, after 

the consumer sent the I-Pkt, the existence of an 

effective method for forwarding it towards the 

destination (producer) consciously will have an 

important effect in the efficiency of data exchange 

method. Not considering the network current 

conditions and using only one path can cause the I-Pkt 

not to reach the producer at the right time. After using 

service quality parameters beside each optimization 

algorithm, we can give it more capability to find the 

shortest optimal path. 

To solve this problem and regarding the fact that the 

subject is new, very limited numbers of algorithms 

have been proposed so far to send the packet in this 

kind of networks. For example, some has used ant 

colony optimization algorithm to send the I-Pkt to the 

producer [5]. Some other researchers have used ant 

colony optimization algorithm accompanying the use of 

service quality parameter to find the optimal path [6, 

7]. Some has used service quality parameter only to 

find the shorter path (not the optimal one) [8]. In 

another method, SDN network concepts and 

combination of its concepts have been used to provide 

a forwarding method [9]. Another method has also used 

Q-learning concept in forwarding the I-Pkt towards the 

producer [10]. One other method tried to use interfaces 

to send the packet through ranking the output interfaces 
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which has been used less before [11]. 

According to these researches, it seems that still no 

effective method that can consider the network current 

conditions based on important and different parameters 

of service quality and also the issue of finding the 

optimal path not necessarily the short one in forwarding 

the I-Pkt has been provided. 

Therefore, this study has tried to consider the most 

important service quality parameters including Delay, 

Hop Count, Hit Ratio and Cost in finding the optimal 

path. Intelligent Water Drops (IWD) algorithm which 

was used in this study is an algorithm which computes 

the probability of different paths through soil parameter 

and calculation of packet movement velocity 

comparing the other optimization algorithms like ant 

colony. In this algorithm, the intelligent water drops 

during their movement firstly have the capability to 

increase or decrease the amount of path soil and 

secondly, they also use a concept called velocity in 

forwarding the packet. The results of the proposed 

method simulation show that comparing the most 

recent provided method (ant colony) related to this 

study, it has improved the cost, hit ratio, delay and hop 

count on average by 20, 23, 24 and 13 percent, 

respectively. 

The rest of this paper is organized as follows. In 

section 2, the related work is discussed in details. 

Section 3 presents the preliminary definitions. Then in 

section 4, the proposed method will be provided. In 

section 5, simulation results are assessed and finally, in 

section 6, the conclusion will be presented. 

 

2.  RELATED WORK 

One of important classifications in I-Pkt forwarding 

methods in NDNs is comparative packet forwarding 

method. It means that using the current state 

information to send the I-Pkt in the network, the routers 

can compute the output interfaces based on significant 

parameters in delivering the packet like the error rate of 

links, network congestion, using several paths and 

maintaining the current state. The studies which have 

worked in this field are as follows. 

In the article by Xiao et al. [11], a method called 

Rank-Based Routing Strategy (RBRS) was provided 

which ranks each interface for routing selection. In FIB 

and PIT tables, a column called outface was added to 

rank the output interfaces in receiving D-Pkt. The 

higher of interface rank (lower numerical amount) is 

used to send the I-Pkt. This method has not been 

examined in a more complicated scenario with more 

nodes and more I-Pkts. 

In the method used by Li et al. [12], Nack I-Pkt has 

been used as a tool for the first time in response to the 

requested packets of which its corresponding data 

packets will not be opened as of any reasons. Also, 

interface color coding has been used to send the I-Pkt 

towards them. This method emphasizes more on the 

packets which do not reach the destination and no 

specific algorithm in forwarding the packet towards the 

destination has been examined. 

In [6], this point was mentioned that regarding the 

existence of different methods in forwarding the 

packet, most of these methods do not use service 

quality parameters while finding the path toward 

producer. Considering the fact that ant colony 

optimization algorithm is only able to find the shortest 

path, this path is not necessarily optimized, because the 

network current state like links state, network 

congestion and cost are not considered. 

In the method provided by Crooch et al. [7], this 

point was mentioned that NDN uses a symmetrical 

packet routing i.e. the request packets are received from 

a path with determined number of forwarding and its 

related data packets are received from the same path 

but in inverse direction. The original idea in this study 

is that the ANTs which are the packets sent in the 

network can measure service quality parameters and 

then, the desired pheromone amount will be distributed 

in the path based on that. 

In an article presented in 2019 [9], combination of 

SDN1 and NDN network concepts has been used to 

make a better method to save the information in 

caching and faster packet forwarding to the next 

routers. The advantage of this method comparing the 

previous ones is as follows: combining the current 

structures and concepts in SDN and NDN and making a 

new method of placing the data on the data stored in 

caching of routers. This has caused the operation of 

packet forwarding towards next routers become faster 

in addition to more optimized data savings.  

The advantage of this approach to the previous 

methods is that, with the combination of the structure 

and concepts’ existing in SDN aperture, a new method 

of placing the data on the data stored in caching of 

routers is made. In addition, to more efficient storage of 

data, packet transmission is sent to the next routers as 

well. The base of this method is not optimal path 

method i.e. there may be a faster but longer path to 

send the packet. Also, in [13], a packet forwarding 

method combined NDN and VANET2 networks to 

prevent a storm in forwarding high volume and delay in 

reaching the destination.  

To prevent the congestion in forwarding the I-Pkt, 

in [14], a probability method has been used to compute 

interface congestion control and then, forwarding the 

packet through an optimized interface. In [15], a packet 

forwarding method has been used in which through 

sharing the information of a router with a request 
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packet, the same is done for the other request packets. 

This method causes better performance in not having 

unwanted congestion in the network and effective 

packet restore (D-Pkt) from adjacent nodes comparing 

the current methods of packet forwarding in NDNs. 

Q-learning is a concept that has been used in [10] to 

minimize the delay in forwarding the packet from the 

source to the destination. In this method, using Q-

learning and two phases of exploration and exploitation 

in which the first phase is collecting the path 

information and the second phase is forwarding the 

packet towards the next node reduces the amount of 

delay in forwarding the packet. This method has only 

concentrated on one parameter to minimize it and the 

other parameters have not been examined. 

When the I-Pkt is sent from a consumer to the 

producer, usually the size of the D-Pkt in response to 

that is larger. This causes facing the reception of high 

volume of packets (D-Pkt) in case of forwarding 

several packets (I-Pkt) simultaneously. This challenge 

mentioned in [16] aims at assessing the output 

interfaces using fuzzy logic. As a result, by forwarding 

the I-Pkt through the interface, it will have the least 

congestion control and less packet loss rate. 

Cache Storage (CS) table is the same as router’s 

caching, Pending Interest Table (PIT) is devoted to 

keep the belonged request packet and Forwarding 

Information Base (FIB) table is devoted to keep the 

request packets which are waiting to be sent to the 

other routers. When the content of a I-Pkt in CS and 

PIT cannot be found, it is referred to FIB. 

In [17], a Forwarding strategy based on 

Recommendation Algorithm (FRA) has been presented 

in which packet forwarding (I-Pkt) from FIB to other 

routers is done based on Forwarding Algorithm based 

on Packet Recommendation (FAPR) or Forwarding 

Algorithm based on Node Recommendation (FANR). 

In the first method, receiving an I-Pkt in the node FIB 

and saving the information, all the request packets 

similar to this one will receive a similar suggestion to 

be sent. In the second method, saving the forwarding 

information of side nodes, it is tried to recommend 

these nodes to make the request packets pass them. 

According to the examination of the 

aforementioned methods, the challenge of current 

methods in packet forwarding in NDNs can be 

categorized as follows. The issue of service quality 

parameters in packet forwarding is a challenge which 

has not been considered in recent studies. This is an 

important point because of packet movement in this 

kind of networks and the current network state in 

packet forwarding. Using an optimization algorithm 

does not find the optimal path necessarily as packet 

forwarding in a network follows other parameters like 

congestion, traffic, etc.; therefore, the necessity of 

combining these algorithms with service quality 

parameters is still important and inevitable. 

 

3.  PROPOSED METHOD 

3.1.  Basic Concepts of the Proposed Method based 

on the IWD Algorithm 

The water drops in the river always move from the 

top (source) to the bottom (destination) according to the 

law of gravity and they move in this path from the 

shortest possible path. Every water drop moving in this 

path carries an amount of river soil with it and this 

amount is removed from the river soil and added to the 

water drop. The velocity has a significant role in soil 

transfer by the water drop in the river. Assume that two 

water drops are moving from a source towards a 

destination. When the water drop with higher velocity 

reaches the destination, it carries more soil comparing 

the water drop with lower velocity. However, the water 

drop velocity also changes by the river in a way that 

water drop velocity in a path with less soil is higher. 

How to select an optimal path among several ones by 

the intelligent water drops depends on the amount of 

soil in the path i.e. a path with more amount of soil is 

less probable to be selected by the intelligent water 

drop. 

The pseudocode of intelligent water drops 

algorithm has been shown in “Fig. 1”. In this algorithm, 

first the parameters are set. They are grouped in two 

categories: 1) static parameters like the number of 

population, maximum number of iterations and the 

parameters and coefficients used in the equations, 2) 

dynamic parameters that are given values per iteration 

like initial velocity and initial soil for each intelligent 

water drop will be set to zero. Then, the initial 

population including water drops is given values in the 

problem atmosphere. 

Table 1 shows the description of all symbols. If an 

intelligent water drop is in node i and wants to move 

towards node j and the amount of soil between these 

two nodes is (soil (i,j)), to update the velocity of 

intelligent water drop (𝑣𝑒𝑙𝐼𝑊𝐷(𝑡)), equation (1) is used:  

 

𝑣𝑒𝑙𝐼𝑊𝐷(𝑡 + 1) = 𝑣𝑒𝑙𝐼𝑊𝐷(𝑡) + 
𝑎𝑣

𝑏𝑣 + 𝑐𝑣 ∗ 𝑠𝑜𝑖𝑙
2(𝑖, 𝑗)

 (1) 

 

Where, (𝑣𝑒𝑙𝐼𝑊𝐷(𝑡 + 1)) is the updated velocity of 

intelligent water drop in node j and av, bv and cv are the 

velocity constants which are given in the problem. The 

time that the intelligent water drop has had to move 

from node i to node j with the velocity of (𝑣𝑒𝑙𝐼𝑊𝐷(𝑡 +
1)) is computed by equation (2) : 

 

𝑡𝑖𝑚𝑒(𝑖, 𝑗;  𝑣𝑒𝑙𝐼𝑊𝐷) =  
𝐻𝑈𝐷(𝑖, 𝑗)

𝑣𝑒𝑙𝐼𝑊𝐷
 

(2) 

 

Where, 𝐻𝑈𝐷(𝑖, 𝑗) is the problem heuristic 

information in the movement of water drop from node i 
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to node j:      
𝑣𝑒𝑙𝐼𝑊𝐷(𝑡 + 1) = 

           𝑣𝑒𝑙𝐼𝑊𝐷(𝑡 + 1) + {휀      𝑖𝑓 
|𝑣𝑒𝑙𝐼𝑊𝐷(𝑡 + 1)| < 휀

0                            𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 

(3) 

     

Table 1. Symbols description. 

Symbol Description 

Soil (i,j) The amount of  the soil 

between node i and node j 

velIWD(t)  The current velocity of the 

IWD 

velIWD(t+1) The updated velocity of  the 

IWD  at the next  node j 

av,bv, and cv Constant velocity parameters 

𝑡𝑖𝑚𝑒(𝑖, 𝑗;  𝑣𝑒𝑙𝐼𝑊𝐷) The time taken for an IWD 

having the velocity 𝑣𝑒𝑙𝐼𝑊𝐷to 

move from the current node i to 

its next node j 

휀, 휀𝑠 Constant parameter with a 

small positive value 

𝐻𝑈𝐷(𝑖, 𝑗) The heuristic undesirability of 

moving from node i to node j 

𝜌 A positive numbers 

𝑓(𝑠𝑜𝑖𝑙(𝑖, 𝑗)) The inverse of the soil between 

node i and node j 

𝑔(𝑠𝑜𝑖𝑙(𝑖, 𝑗)) To shift the soil(i,j) on the path 

joining nodes i and j toward 

positive values 

min(.)   Returning the minimum value 

of  its  arguments 

𝑣𝑐 (𝐼𝑊𝐷)  The nodes that the IWD should 

not visit to keep satisfied the 

constraints of the problem 

l Node l 

TM A solution 

TB Global best solution 

𝑁𝐼𝑊𝐷 Number of IWDs 

∆𝑠𝑜𝑖𝑙(𝑖, 𝑗)   The amount of soil carried by 

IWD from node i to node j 

𝛼, 𝛽 , 𝛾 and 𝛿 Constant values where 𝛼 + 𝛽 +

𝛾 + 𝛿 = 1 

P A prefix  

K An interface  

 

The 𝑣𝑒𝑙𝐼𝑊𝐷  value is obtained from the value of 

𝑣𝑒𝑙𝐼𝑊𝐷(𝑡 + 1) that causes the 𝑣𝑒𝑙𝐼𝑊𝐷  value not to be 

zero by determining the value of ε = 0.001. 

The amount of soil that moves in the path by the 

intelligent water drop from node i to node j is obtained 

by equation (4): 

                    

△ 𝑠𝑜𝑖𝑙(𝑖, 𝑗) =
𝑎𝑠

𝑏𝑠+𝑐𝑠∗𝑡𝑖𝑚𝑒
2(𝑖,𝑗;𝑣𝑒𝑙𝐼𝑊𝐷)

 ,    (4) 

                                                 

as, bs and cs are the soil constants which are given in 

the problem. 

After the intelligent water drop moved from node i 

to node j, the amount of soil removed in the path 

between these two nodes is computed by equation (5): 

 
𝑠𝑜𝑖𝑙(𝑖, 𝑗) = (1 − 𝜌) ∗ 𝑠𝑜𝑖𝑙(𝑖, 𝑗) − 𝜌 ∗ ∆𝑠𝑜𝑖𝑙(𝑖, 𝑗) (5) 

 

The amount of soil carried by the intelligent water 

drop from node i to node j and was added to the 

intelligent water drop is computed by equation (6): 

 
𝑠𝑜𝑖𝑙𝐼𝑊𝐷 = 𝑠𝑜𝑖𝑙𝐼𝑊𝐷 + ∆𝑠𝑜𝑖𝑙(𝑖, 𝑗)    (6) 

                                                                                                                                              
Therefore, the movement of intelligent water drop 

in a path causes path soil reduction and increasing the 

amount of soil that the intelligent water drop carries. 

 

Pseudo-code of IWD Algorithm 

1. Output: Global best solution ( TB ) 

2. Problem formulation as a graph 

3. Initialize the static parameters  

4. Repeat 

5. Initialize dynamic parameters 

6. Create IWDs and distribute them on the 

problem’s graph 

7. Update the list of visited node  

8. For each IWD do 

8.1 Select the next path of the IWD 

8.2 Update the velocity of the IWD 

8.3 Compute Δsoil (Eq. 4) 

8.4 Remove Δsoil from the path (Eq. 5) 

and adds it to the IWD (Eq. 6) 

9 End For 

10 Select the best solution in the iteration (TM) 

11 Update the soil value of all edges (Eq. 10) 

12 Update the global best solution (TB) If TM is 

better than TB As: TB = TM 

13 Until termination condition is satisfied 

14 return (TB) 

Fig.1. The Intelligent Water Drops Algorithm [18]. 

 

As it was mentioned, the intelligent water drop 

selects the path with less soil comparing other paths 

and the probability of selecting all paths is computed 

by equation (7):  

 

𝑝𝑖
𝐼𝑊𝐷(𝑗) =

𝑓(𝑠𝑜𝑖𝑙(𝑖, 𝑗))

∑ 𝑓(𝑠𝑜𝑖𝑙(𝑖, 𝑘))𝑘∉𝑣𝑐(𝐼𝑊𝐷)
 

(7) 

 

Where the function 𝑓(𝑠𝑜𝑖𝑙(𝑖, 𝑗)) computes the 

inverse amount of soil between node i and node j in 
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equation (8):  

 

𝑓(𝑠𝑜𝑖𝑙(𝑖, 𝑗)) =
1

휀𝑠 + 𝑔(𝑠𝑜𝑖𝑙(𝑖, 𝑗))
 

(8) 

 

The constant   휀𝑠 is considered a little positive value 

(0.01) to prevent the denominator to be zero. The 

function 𝑔(𝑠𝑜𝑖𝑙(𝑖, 𝑗)) causes the change of numerical 

value of the soil between node i and node j to a positive 

value and prevent this value to become negative 

through equation (9): 

 

𝑔(𝑠𝑜𝑖𝑙(𝑖, 𝑗))

=

{
 
 

 
 

 

𝑠𝑜𝑖𝑙(𝑖, 𝑗)                                    
if  𝑚𝑖𝑛 (𝑠𝑜𝑖𝑙(𝑖, 𝑙)) ≥ 0

𝑙 ∉ 𝑣𝑐(𝐼𝑊𝐷)
                

 
𝑠𝑜𝑖𝑙(𝑖, 𝑗) − 𝑚𝑖𝑛(𝑠𝑜𝑖𝑙(𝑖, 𝑙))

𝑙 ∉ 𝑣𝑐 (𝐼𝑊𝐷)
                           𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

 

(9) 
 

𝑔(𝑠𝑜𝑖𝑙(𝑖, 𝑗)) is used to shift the soil(i,j) on the path 

joining nodes i and j toward positive values. The 

function min(.) returns the minimum value of its 

arguments. The 𝑣𝑐 (𝐼𝑊𝐷) shows the nodes that the 

IWD should not visit to keep satisfied the constraints of 

the problem.  

Each intelligent water drop moves from the node in 

which it is placed to the next node to complete its 

movement path to all nodes. An IWD algorithm 

iteration finishes when all the intelligent water drops 

complete their path (TM), the best solution is selected 

among them and based on the best solution, the soil of 

the current path is updated based on equation (10): 

 
𝑠𝑜𝑖𝑙(𝑖, 𝑗) = (1 − 𝜌)𝑠𝑜𝑖𝑙(𝑖, 𝑗)

+ 𝜌
2 ∗ 𝑠𝑜𝑖𝑙𝐼𝑊𝐷

𝑁𝐼𝑊𝐷(𝑁𝐼𝑊𝐷−1)
  ∀(𝑖, 𝑗) 𝜖 𝑇𝑀 

(10) 

 

If TM is better than the best total found path (TB), TB 

will be updated. 

 

3.2.  Proposed Method in Details 

As packet forwarding in the network must follow 

the current network state, service quality parameters 

accompanying an optimization algorithm can be used 

in selecting an optimal path for I-Pkt forwarding when 

selecting a forwarding packet. In order to do this, in the 

proposed method, intelligent water drops have been 

used. To equalize the proposed method with NDNs, 

intelligent water drop has been considered as (data, 

request) packet. The beginning of movement from the 

source is equal to packet requester. The end of path is 

equal to the producer and also, the nodes between the 

paths equal the routers and the passing paths are 

considered equal to the links. In Table 2, equalization 

of intelligent water drops algorithm parameters with 

NDNs have been shown. 

Table 2. Adaptation of intelligent water drops 

algorithm with NDNs. 

IWD Algorithm NDNs 

Intelligent water drop Packet (request-data) 

Starting to move from 

the source 

Packet requester 

End of the path Producer or router with 

caching capability 

Nodes between the paths Routers 

Passing paths links 

 

Fig. 2 shows the flowchart of proposed method after 

receiving the request I-Pkt by the router. According to 

this Figure, the algorithm stages after receiving the I-

Pkt are as follows: 

3-2-1-When the I-Pkt reaches the router, search 

operation is done to find the name prefix in the D-Pkt 

in CS. 

3-2-2- When the corresponding D-Pkt of this request 

was found in CS, it moves in the inverse path that the I-

Pkt entered until it reaches the consumer and the 

operation ends at this stage. 

3-2-3- If the I-Pkt was not found, the inputs of PIT 

router (that is the place for saving the request packets’ 

information which are waiting for their corresponding 

data packets) will be searched for it. 

3-2-4- In case that the information of the I-Pkt is in 

one of the inputs of PIT, it means that similar packets 

have reached this router by other routers before. 

Therefore, the number of interface from which this 

packet came is saved in the input field of PIT and the 

response of this packet will be received. In case the 

corresponding D-Pkt reaches, it will be sent through all 

the interfaces from which this I-Pkt came. 

3-2-5- If the I-Pkt is not in the PIT input, it means 

that no other routers have requested for the packet. 

Therefore, the search operation will be done in all FIB 

table inputs to find the corresponding D-Pkt. 

3-2-6- If the I-Pkt is not found in FIB table, it will 

be sent through all router output interfaces to all the 

adjacent routers or it will be omitted according to the 

current policies of the router. 

3-2-7- In case the I-Pkt is in the FIB table inputs, it 

means that other routers have requested the response of 

this packet from this router and therefore, making a 

new input in PIT table, the packet will be sent towards 

the adjacent routers to receive the corresponding 

response. 

3-2-1-For all the current interfaces in FIB table, the 

next path selection probability will be done based on 

equation (7). 

3-2-2-Updating the velocity of intelligent water drop 

in the path between node i and node j is computed 

based on equation (1). 

3-2-3-The amount of moved soil by the intelligent 

water drop in the path between node i and node j for 
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prefix P is computed by output interface K based on 

service quality parameters and equation (4) with 

equation (11). 

 
△ 𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝑖,𝑗

=  
𝑎𝑠

𝑏𝑠 + 𝑐𝑠 ∗ 𝑡𝑖𝑚𝑒
2(𝑖, 𝑗; 𝑣𝑒𝑙𝐼𝑊𝐷)(𝛼 ∗ 𝑐𝑜𝑠𝑡 + 𝛽 ∗ 𝑑𝑒𝑙𝑎𝑦 + 𝛾 ∗ ℎ𝑜𝑝 𝑐𝑜𝑢𝑛𝑡 +

ℎ𝑖𝑡 𝑟𝑎𝑡𝑖𝑜
𝛿

)
 

(11) 

 

In equation (11), the coefficients 𝛼, 𝛽 , 𝛾 and 𝛿 are 

the constants and 𝛼 + 𝛽 + 𝛾 + 𝛿 = 1 i.e. the 

significance of each service quality parameter in 

computing the amount of moved soil by the intelligent 

water drop is the same. 

 

 
Fig. 2. The flowchart of proposed method after receiving the I-Pkt. 
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3-2-4- The amount of soil removed from the 

intelligent water drop from the path is computed using 

equation (5) for prefix P by interface K through 

equation (12). 

 
𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝑖,𝑗 = (1 − 𝜌) ∗ 𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝑖,𝑗 − 𝜌 ∗ ∆𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝑖,𝑗 

(12) 

 

Also, the amount of soil that is added to intelligent 

water drop can be computed using equation (6) for 

prefix P by interface K through equation (13). 

 
𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝐼𝑊𝐷 = 𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝐼𝑊𝐷 + ∆𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝑖,𝑗  (13) 

 

3-2-5-If all intelligent water drops complete their 

path, we enter the next stage for computing the 

completed optimal path by the intelligent water drops; 

otherwise, we return to step 9 in the flowchart to 

compute the probability of all output interfaces. 

3-2-6-At this stage, the obtained solutions by the 

intelligent water drops have been examined and the 

shortest completed path by the intelligent water drop 

(TM) is obtained. 

3-2-7-The soil of the path obtained at step 9 of the 

flowchart is updated by equation (14). 

 

𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝑖,𝑗 = (1 − 𝜌)𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝑖,𝑗 + 𝜌
2 ∗ 𝑠𝑜𝑖𝑙(𝑃, 𝐾)𝐼𝑊𝐷

𝑁𝐼𝑊𝐷(𝑁𝐼𝑊𝐷−1)
  

 ∀(𝑖, 𝑗) 𝜖 𝑇𝑀   
(14) 

 

3-2-8- In case TM is better than the obtained global 

solution (TB), it will replace the solution. 

3-2-9- If the iteration number is less than the 

maximum number of iteration, we return to step 17 in 

the flowchart to re-compute the probability of output 

interfaces. 

3-2-10-At the end, the best output interface is 

selected at this stage for packet forwarding (I-Pkt). 

3-2-11-At this stage, if the time of simulation is not 

over, it returns to step 1 in the flowchart and these 

stages are repeated; otherwise, it ends. 

 

It is assumed that the round trip of the packet is in 

one direction but inversely. If in the path forward, an 

optimal path is found for a packet, the packet returns in 

the same path but inversely to reach the user. 

 

4.  SIMULATION RESULTS 

4.1.  Simulation Environment and Tools: 

ndnSIM3 software and the NDNs simulator have 

been used to do simulation tests. ndnSIM software [19] 

 
3 Named data networking SIMulator 

has been implemented based on NS34 software 

framework [20, 21] (simulator of computer networks 

and the upgraded version of NS2 software [22]) in 

which all modules of NS3 can be run in this software. 

ndnSIM [23] software has the following specifications: 

4-1-1- Using common protocols: protocols like P2P 

(Peer-to-Peer) was implemented in this software and it 

can easily be used in different scenarios and examples 

by calling its library functions. 

4-1-2- Using graphic environment: tracking the 

happenings in a graphic environment using a module or 

capability called visualizer. 

4-1-3- Development capability: as this simulator 

was written in two languages of C++ and Python and 

using the concept of object-oriented in this software, 

the flexibility of the software is very high and having 

object-oriented and programming knowledge, we can 

easily write our library and call it. 

4-1-4- The following parameters were considered to 

assess and compare the methods. 

4-1-5- Cost: it is the number of request packets 

which came out of the router to reach the other router 

[7]. Here the mean of the sum of output request packets 

from the routers divided by the number of routers is 

considered to be equal the cost parameter. 

4-1-6- Delay: the better the operation of finding an 

optimal path from the consumer to producer, it means 

the delay in packet forwarding (I-Pkt) until packet 

receiving (D-Pkt) is lower and this means that a more 

optimal path comparing the previous methods was 

found. Here the delay parameter is equal the sum of the 

packets that reached the destination in the real time that 

is subtracted from the time that the packet reaches the 

destination in the equation and their mean will be 

computed. 

4-1-7- Hit Ratio: the mean of responded packets in 

each router proportional to the total number of passing 

request packets from the routers for all network routers. 

4-1-8- Hop count: the number of steps equals the 

mean of passed edges by request packets to reach the 

destination. The better the performance in two 

aforementioned parameters, the lower will be the 

number of steps that a packet must pass the routers to 

reach its D-Pkt and this means the reduction of network 

traffic and congestion. 

For simulation and its related parameters, the base 

article has been followed in a way that the number of 

nodes was considered as 64 and in a 20 second 

simulation time with three amounts of packet request 

by the consumer and the mentioned Zipf’s law 

coefficient, the amounts of this simulation output have 

been examined in Table 3: simulation model and 

parameters. Each router is attached to one repository. 

 
4 Network Simulator v3 
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We also used 10000 contents with three replicas 

randomly allocated to different repositories. 

 

Table 3. Simulation parameters. 
Parameter Values Description 

Topology 
type 

Abilene 
Topology 

The used topology based on the 
basic article consisted of 

determined number of users and 

producers and is an 8*8 topology. 

Number of 
nodes 

64 20 consumers, 12 producers and 
32 routers 

Number of  

I-Pkts 

10, 20, 30 Number of I-Pkts in every 20 

seconds 

Zipf’s law 
Coefficient 

0.8, 1, 1.2 This simulation is done with one 
of Zipf’s law parameters in each 

simulation period. 

Traffic type Zipf’s law Constant bit rate and Zipf’s law 
traffic are done. Here Zipf’s law 

has been used. 

 

4.2.  Mean Cost Evaluation 

As observed in Table 3, Zipf’s law coefficient for 

the number of request packets by the user is the three 

values of 10, 20 and 30. Fig. 3 shows the Mean Cost in 

ACO and the IWO. The Mean Cost in both ant colony 

optimization algorithm and the proposed method 

increases by I-Pkt number increase forwarded by the 

consumers. Having velocity parameter with constant 

value has caused the increase of packet hit ratio in the 

router’s caching and decrease of packets coming out of 

the router comparing ant colony optimization method. 

 

 
Fig. 3. Mean cost comparison between ACO and the 

proposed method. 

 

4.3.  Mean Delay Evaluation 

In Fig. 4, I-Pkt mean delay in reaching the producer 

has been shown in ant colony optimization algorithm 

and the proposed method. As shown in this Figure, 

reducing the network congestion and traffic through 

cost parameter optimization in the previous part, we 

can decrease I-Pkt delay in reaching the producer. 

Increasing the I-Pkt number does not change this 

parameter significantly comparing ant colony 

optimization algorithm. 

 

 
Fig.4. Mean Delay Comparison between ACO and the 

proposed method. 

 

4.4.  Mean Hit Ratio Evaluation 

As observed in Fig. 5, the mean hit ratio in ant 

colony optimization algorithm and the proposed 

method have been shown. By increasing the number of 

request packets, hit ratio in both methods will increase; 

however, as the proposed method performs better in 

saving data packets in the routers’ caching regarding 

the given time, it causes the request packets in the 

routers reach the D-Pkt faster through searching the 

caching and this means hit ratio increase.  

 

 
Fig. 5. Hit ratio mean in receiving the D-Pkt by the I-

Pkt in the router’s caching between ACO and the 

proposed method. 

 

4.5.  Mean Hop Count Evaluation 

As shown in Fig. 6, by improving the quality 

parameters in the previous parts which were related to 

each other, they in turn performed better than ant 

colony optimization algorithm and caused the I-Pkt to 

reach the given D-Pkt after lower number of hops. The 

factor which causes the proposed method perform 

better than ant colony optimization algorithm is its 
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structure which causes the D-Pkt to be saved in the 

router’s caching in the return path and therefore, there 

will be no need to pass many routers by the I-Pkt to 

reach its D-Pkt. 

 

 
Fig. 6. The mean of number of steps in reaching the I-

Pkt from the source to the destination. 

 

In Table 4, the percentages of the proposed method 

improvement comparing ant colony optimization 

algorithm have been shown for the parameters of cost, 

delay, hit ratio and hop count. 

 

Table 4. Percentages Improvement by the proposed 

method in Comparison with ACO. 
Zipf’s law 

coefficient 

I-Pkt 

Rate 

Cost Delay Hit 

Ratio 

Hop 

Count 

10 20 30 

0.8 *   15% 21% 32% 7% 

1 *   18% 27% 30% 12% 

1.2 *   22% 31% 30% 18% 

0.8  *  17% 18% 31% 10% 

1  *  23% 26% 20% 17% 

1.2  *  24% 25% 20% 12% 

0.8   * 21% 23% 15% 15% 

1   * 24% 28% 16% 21% 

1.2   * 23% 22% 15% 10% 

 

5.  CONCLUSION AND FUTURE WORK 

Each network needs a packet forwarding method for 

information transfer. Different methods are used for 

packet forwarding in an optimized way. In this study, 

intelligent water drop algorithm has been used. In 

simulation part, the results of the proposed method of 

this study have been compared in different scenarios 

and in terms of different assessment criteria (cost, 

delay, hit ratio and hop count) with ant colony 

optimization algorithm. Furthermore, the service 

quality parameters have also been used in affecting the 

results output as the optimal path in a network that is 

not only the shortest one and cases like network 

congestion and traffic must also be considered. 

According to the tables, the results show that the 

considered parameters in the simulation have improved 

under the effect of service quality parameters 

comparing ant colony optimization algorithm. Finding 

an optimal path in a network which depends on 

significant service quality parameters can be used and 

examined in the next implementations and simulations. 

As an example, one of service quality parameters 

which has not been examined in the simulation is the 

mean of request packet waiting time in the router to 

determine the next path to forward to the next router. 

For future research, the following guidelines are 

suggested for improving the proposed method: 

• Predicting future internet interest requests for 

more accurate routing and storing the data in 

the return path, 

• Combining the proposed method with other 

meta-heuristic algorithms to optimize the 

coefficients of fitness function, 

• Combining the proposed method with cache 

storage methods to improve routing. 

Finally, stationary routers in a wired network are 

considered in this study. As a weakness point, it is 

better to consider mobile routers in a wireless 

environment to measure the efficiently of the proposed 

algorithm more precisely and completely. Moreover, it 

is possible to improve the effectiveness of the selection 

phase in IWD algorithm using linear or exponential 

ranking. 
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