
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/276410158

Directed Diffusion based on weighted Grover’s Quantum Algorithm (DWGQ)

Conference Paper · May 2015

DOI: 10.1109/LISAT.2015.7160216

CITATIONS

4
READS

194

3 authors:

Some of the authors of this publication are also working on these related projects:

Quantum Computing Project View project

Recognition Algorithm View project

Khaled Elleithy

University of Bridgeport

447 PUBLICATIONS   3,759 CITATIONS   

SEE PROFILE

Anas Bushnag

University of Tabuk

17 PUBLICATIONS   59 CITATIONS   

SEE PROFILE

Ali Alessa

Institute of Public Administration

16 PUBLICATIONS   461 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Khaled Elleithy on 17 May 2015.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/276410158_Directed_Diffusion_based_on_weighted_Grover%27s_Quantum_Algorithm_DWGQ?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/276410158_Directed_Diffusion_based_on_weighted_Grover%27s_Quantum_Algorithm_DWGQ?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Quantum-Computing-Project?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Recognition-Algorithm?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Khaled-Elleithy?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Khaled-Elleithy?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Bridgeport?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Khaled-Elleithy?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anas-Bushnag-4?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anas-Bushnag-4?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Tabuk?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anas-Bushnag-4?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Alessa-3?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Alessa-3?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Institute_of_Public_Administration?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ali-Alessa-3?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Khaled-Elleithy?enrichId=rgreq-8a32fc39d08cd9c71a8a236e2e575fe2-XXX&enrichSource=Y292ZXJQYWdlOzI3NjQxMDE1ODtBUzoyMzAyMTk0ODczNzk0NTZAMTQzMTkwMDAxMTQyMg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


LISAT 2015 Conference, May 1st, Long Island, NY, USA. 

 

1 

Directed Diffusion based on weighted Grover’s 

Quantum Algorithm (DWGQ) 

Anas Bushnag, Ali Alessa, Minzhi Li, Khaled ELleithy 

Department of Computer Science and Engineering 

University of Bridgeport 

Bridgeport, CT, United States 

abushnag@my.bridgeport.edu , aalessa@my.bridgeport.edu , minzhili@my.bridgeport.edu , elleithy@bridgeport.edu  

 

Abstract— Wireless sensor networks (WSN) have become 

involved in many different areas such as military, disaster 

management, and many other civic uses. So, improving the 

overall performance of the network is very necessarily to achieve 

the desired aim. One of the most famous protocols that used in 

wireless sensor networks is the Directed Diffusion protocol. Also, 

Quantum computing is a new field in computer science and it 

tries to speed up the process of any computation by parallelizing 

the work using the same hardware. Therefore, in this study a 

comparison is conducted between the classical Directed Diffusion 

Protocol and the proposed protocol that based on the weighted 

Grover’s Quantum Algorithm. An example of the proposed 

solution shows that our protocol is performing much better in 

case of end-to-end delay and power consumption.    

 
Keywords—Directed Diffusion, Grover’s Quantum Algorithm, 

Weighted Grocer’s Algorithm, Wireless Sensor Networks 

I. INTRODUCTION 

Wireless sensor networks have been considered as a sub-

category of ad-hoc networks. However, they differ in case of 

energy and bandwidth limitation. So the current routing 

protocols that are used in ad-hoc networks such as ADOV and 

DSR cannot be applied because of their high power 

consumption. This limitation led to develop many protocols 

that are used especially for wireless sensor networks to 

increase the lifetime of the network by making the energy-

efficient routs as first priority to increase the overall 

performance of the network [1]. These protocols are classified 

into three different types which are data-centric protocols, 

hierarchal protocols, or location based protocols. Data-centric 

protocols are also called flat because all nodes in this kind of 

structure are equal which means they play the same role. 

Whereas, in hierarchal protocols, nodes are divided into 

clusters and each cluster assigns a head cluster that responsible 

for aggregation and data forwarding. Last type is the location 

based protocols, they are utilizing the position information to 

be based on the region rather than the whole network [2]. This 

paper will focus on a data-centric protocol called directed 

diffusion because it is identified as the heart of data-centric.  

The proposed protocol, will modify the original one by 

applying the weighted Grover’s quantum algorithm to select 

the best path back to the sink [3]. Since, the complexity of 

Grover’s quantum algorithm is √N  and the original protocol 

complexity of selecting the best path is N, that will speed up 

the whole process as well as reducing the power consumption 

result in increasing the lifetime of the network .  

II. RELATED WORK 

A. Directed Diffusion Protocol 

It is a data-centric protocol that developed to avoid 

unnecessary operations leading to less power consumption. An 

interest is created by the sink and flooded to neighbors. Once, 

in between nodes receive an interest, they cache the interest 

and broadcast it. This process will be repeated until the 

interest message is received by the source (Fig. 1). Then, the 

source replay by a gradient message using the same routes 

back to the sink (Fig. 2). Last step, the source will choose the 

route with shortest path (Fig. 3). An interest message contains 

object name, data rate, duration and geographical area. In 

return the gradient message will contain object name, data 

rate, duration, timestamp and many other parameters that 

related to object type. If a path failure occurs, an alternative 

path will be chosen. In this case it could be the second best 

[4]. 

 

 
Fig. 1: Interest Propagation 

 
Fig. 2: Gradients setup 



LISAT 2015 Conference, May 1st, Long Island, NY, USA. 

 

2 

 
Fig. 3; Data Delivery along Slected Path. 

B. Grover’s Searching Algorithm 

Quantum Grover’s search algorithm minimizes the 

complexity of searching to √ N  in order to find a specific 

element in an array of (N) elements. This is a great 

enhancement comparing to the classical linear search 

algorithm which requires N steps in worst case and N/2 in 

average case [5]. 

 When the input is a binary string, then N value equals to2𝑛. 

This leads to that the classical linear search algorithm requires 

2𝑛 in worst case and 2𝑛−1 in average case, but by using 

quantum Grover’s search algorithm, it requires only√ 2𝑛   (Fig 

4). 

  

 
Fig. 4. Grover’s Searching Algorithm 

Steps of Grover’s search Algorithm: 

1- Start with state |0> 

2- Using Hadmard matrix , we apply  𝐻⊗𝑛  

3- Applying phase inversion operation: (Uf (I⊗H)) 

4- Applying the inversion about the mean  operation:  

 (- I + 2 A) 

Step 3 and 4 need to be repeated √ 𝑁  times, where m= 

2𝑛 

5- Measure the qubit [6].  

 

C. The Grover’s Algorithm based on Weighted Targets  

 Panchi Li and Shiyong Li proposed an improved Grover’s 

algorithm based on weighted targets. Since Grover’s algorithm 

treats all search targets equally, the algorithm is not adequate 

in some situation that search targets have different weights. 

The algorithm starts form constructing the quantum 

superposition state of the weighted targets [7]. In Grover’s 

algorithm, the targets set is S= {0, 1,2...,q1,q2,…qM,…,N} 

where N=2
n
. After Hadamard transformation, those states are 

in superposition. And the respective amplitude ω𝑖 =
1

√𝑁
  

satisfies the condition∑ ω𝑖
2 = 1𝑁

𝑖=0 . However, in this 

improved algorithm, the marked targets become a subset Ω of 

S, and Ω = {q1, q2, … qM}.  There exists a serial of real 

number ωq1, wq2,…wqM as a group of weight coefficients 

where ∑ ω𝑖 = 1𝑀
𝑖=1 . Therefore, the quantum superposition 

states can be constructed as follow 

 

|q>=∑ 𝑏𝑖
𝑁
𝑖=0 Ii > = {

∑ √ω𝑖 |𝑖 >         𝑖 ∈ Ω 

0|1 >                     𝑖 ∉ Ω
             (1) 

 

The most important steps in Grover’s algorithm would be 

phase inversion and inversion about mean. They are repeated 

√𝑁 times.  In this algorithm, the phase inversion, which is 

called Oracle operation, will be taken place on all marked 

state. Using O denotes this operation, 𝑂 = 𝐼 − 2|𝑞 >< 𝑞|. 

The Hadamard transformation will be the same, which is 𝐻⊕𝑛 . 
Denote the number of iteration as t.  After the two sub-step 

of iteration, the superposition becomes as 

 

∑ 2 < 𝑎𝑖
(𝑡) − 2 < 𝑞|Ø >(𝑡) 𝑏𝑖 > −𝑎𝑖

(𝑡) + 2 < 𝑞|Ø >(𝑡) 𝑏𝑖
𝑀
𝑖=0 |𝑖 > (2) 

 

After one iteration, the probability amplitude of each basis 

states is 

 

𝑎𝑖
(𝑡+1) = 2 < ∅ >(𝑡)− 4|Ø >(𝑡)< 𝑞 > −𝑎𝑖

(𝑡) + 2 <

𝑞|Ø >(𝑡) 𝑏𝑖                   (3) 

 

Using some techniques from algebra, we get < 𝑞|∅ >(𝑡)=
𝐴𝑠𝑖𝑛(𝑤𝑡 + 𝜑) 

 Using trigonometry, the author get three parameters as  

𝐴 = 1  

𝜔 = arcsin(< 𝑞|𝛷 >)             (4) 

𝜑 = 𝑎𝑟𝑐𝑠𝑖𝑛(< 𝑞|𝛷 >)             (5) 

Suppose 𝑎𝑖
(𝑡) = 𝐴𝑖sin (𝑤𝑡 + 𝛿𝑖), the two parameter 𝐴𝑖 and 

𝛿𝑖 can be derived as 

𝐴𝑖 = √
𝑏𝑖

2−2𝑏𝑖<𝑞>+1
𝑁⁄

1−𝑁<𝑞>2              (6) 

𝛿𝑖 = arcsin(
𝑏𝑖−<𝑞>

√𝑏𝑖
2−2𝑏𝑖<𝑞>+1

𝑁⁄

)        (7) 

As for iteration, 

𝑡0 = 𝐶𝐼(
𝑎𝑟𝑐𝑐𝑜𝑠√𝜆

2𝑎𝑟𝑐𝑠𝑖𝑛√𝜆
)              (8) 

And where 𝜆 = (< 𝑞|𝛷 >)2                                           (9) 

 

At last, the author proved that the original Grover’s 

algorithm is just one particular case when all weight 

coefficients are equal in the improved algorithm [8].  

III. PROPOSED SOLUTION AND MATHEMATICAL MODEL   

The first two steps are very similar to the classical directed 
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diffusion protocol. First sink will broadcast a service request, 

this request is going to be flooded between sensor nodes until 

it reaches the desired node which in this case is the source 

node. Second, source will replay back if it is able to satisfy the 

required service by sending replay message using the same 

routes back to the sender or sink. Once the connection 

established between source and sink, the source will have 

different paths to choice from. In the original protocol the best 

path is picked based on how short is it. However, the best path 

in the proposed protocol is based on four different factors 

which are source power consumption, distance between source 

node and candidate node for next hop, remaining energy in 

candidate node and buffer size available in candidate node.  

A. Power consumption 

This factor can be defined as how much energy the source 

node will lose during the transmission process. It is related to 

the distance which means longer distance is leading to more 

power consumption. Also, noise is involved because if noise is 

high, the power consumption will be increased.  

B. Distance 

It is about how far is the source node from the targeted 

node. This is a very important aspect because it will provide 

the actual power consumption between two nodes. 

C. Energy remaining  

This factor is going to take the highest weight in the 

proposed technique because it indicates if the desired node can 

handle the incoming traffic or not. So, the proposed technique 

will avoid all routes that have a node or more with dying 

battery. And this will provide some kind of reliability as well 

as increasing the lifetime of the network. Therefore, all 

candidate nodes that are communicating with source node 

should provide information about battery level they have. 

D. Buffer size available 

It is about how many packets can be received by a node 

without dropping any of them. Also, all candidate nodes 

should provide information about how much space they have 

in their own buffer to the source node. 

Finally, these four factors will be combined to decide what 

the next sensor node is on the path back to the sink. By using 

this model the overall performance will be increased and the 

lifetime of the network stands longer. Moreover, this model 

provides more reliability than the classical protocol that 

ignores energy reaming and buffer size availability in route 

nodes. It only cares about the shortest path back to the sink 

forcing all traffic to go through a specific path all the time. 

Therefore, this path will be down very soon because of the 

high traffic on it. The equation that used to calculate the total 

weight for each node will be as follow: 

 

Wi,j =   

𝐴

𝑑𝑖,𝑗 𝑝𝑐

∑
1

𝑑𝑖,𝑗 𝑝𝑐

𝑛
𝑗=1

+ 
𝐵 .  𝐸𝑟

𝐸𝑡
+  

𝐶 .  𝑆𝑎

𝑆𝑡
                                      (10) 

 

Where A, B and C are the weighted metrics that will decide 

how important is the factor so, the total of them should be one. 

 

A + B + C = 1                   (11) 

 

i: Sender node. 

j: Candidate node. 

𝑑𝑖,𝑗: The distance between sender node and candidate node. 

𝑝𝑐: Power consumption in sender node. 

𝐸𝑟: The remaining energy in the candidate node. 

𝐸𝑡: The total energy in the candidate node. 

𝑆𝑎: The buffer size available in the candidate node. 

𝑆𝑡: The total buffer size in the candidate node. 

n: Number of candidates node. 

 

 

Since Grover’s algorithm based on weight requires that  

 

∑ 𝜔𝑖 = 1𝑛
𝑖=1 . 

 

Normalize the Wi of each node will get the corresponding 

𝜔𝑖 by using the equation. 

 

𝜔𝑖 =  
𝑊𝑖

∑ 𝑊𝑖
𝑛
𝑖=1

                (12) 

 

Where n is the number of candidate nodes. 

The set S= {0, 1,2...,q1,q2,…qM,…,N} where N=2
n 

is the 

whole set, and Ω = {q1, q2, … qM}.  

 

  
Fig. 5. Proposed Solution 

For a single node, which is the source particularly, the 

parameter i is a fixed number which is the ID of this node. 

Normalize the w𝑖𝑗  where the value of j is from 1 to M, the 

following equation can be  ∑ 𝜔𝑖𝑗 = 1𝑀
𝑗=1 .  

The target that is going to be found should be the node that 

has the highest weight. If using a traditional search algorithm, 

the complexity is linear. However, the Grover’s search 

algorithm based on weight will yield a better complexity. 

At the function perspective, there exists a function f ∶
{0,1}𝑛 → {0,1} and only the node with highest weight will 

map to 1. 

 

𝑓(𝑥)  = {
1          𝑖𝑓 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑠𝑏𝑜𝑛𝑑𝑖𝑛𝑔 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑠 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑒𝑠𝑡
0  𝑖𝑓 𝑡ℎ𝑒 𝑐𝑜𝑟𝑟𝑒𝑠𝑏𝑜𝑛𝑑𝑖𝑛𝑔 𝑤𝑒𝑖𝑔ℎ𝑡 𝑖𝑠 𝑛𝑜𝑡 𝑡ℎ𝑒 ℎ𝑖𝑔ℎ𝑒𝑠𝑡

 

 

There might be a situation that two or more nodes have the 

same weight, which is rarely happen. In this case, the next 
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node will be chosen randomly. 

The steps of implementing this algorithm will be as follow. 

Step 1: Start with a state |0> |𝜑0 >= |𝟎, 0 >  

Step 2: Apply 𝐻⊗𝑛. The Hadamard transformation will put 

all searching targets into superposition. After this step, all 

elements of set S will be placed into superposition at upper 

input.   

 

|𝜑1 > = [|
∑ |𝒙𝒙∈{𝟎,𝟏}𝒏

√𝟐𝒏 ] |0 >            (13) 

 

The upper qubits can be also expressed as vector V =
1

√𝟐𝒏
[1,1, … … 1]𝑇 

 

Step 3: Base on the calculated weights for each node; apply 

those modified weights for each target node. The calculated 

weights can be expressed as a vector  

Y = [0,0, … 𝑤1, 𝑤2, … 𝑤𝑀 … 0,0]𝑇 .  W is the corresponding 

weight for each element in the set S. Apply operation V −
1

√𝟐𝒏

𝑛
+ √|𝑌[𝑖, 𝑗]|, the modified weight vector can be found 

and denoted as W. The quantum states can be also expressed 

as  

 

W=∑ 𝑏𝑖
𝑁
𝑖=0 Ii > = {

∑ √ω𝑖 |𝑖 >         𝑖 ∈ Ω 

0|1 >                     𝑖 ∉ Ω
      (14) 

 

Step 4. Repeat 𝑡0 times 

 

Before getting the value of 𝑡0, calculate the transition 

amplitude  λ = < 𝑊|𝑉 > .  

𝑡0 is calculated using the equation below. 

 

𝑡0 = 𝐶𝐼(
𝑎𝑟𝑐𝑐𝑜𝑠√𝜆

2𝑎𝑟𝑐𝑠𝑖𝑛√𝜆
)              (15) 

 

And function  CI(x) is to get an integer which is closest to 

x. 

 

Step 4a: apply phase inversion operation 𝑈𝑓(𝐼 ⊗ 𝐻). The 

difference between traditional Grover’s algorithm and 

improved Grover’s algorithm is the element that inverted. In 

traditional Grover’s algorithm, the phase inversion will be 

applied on desired targets since the value is known. However, 

all the element of set Ω should be inverted, so a different 𝑈𝑓 

should be generated. 

 

Step 4b:  apply the inversion about the mean operation: 

−I + 2A  The matrix A means to calculate the average and it 

is equal to [

1

𝑁
⋯

1

𝑁

⋮ ⋱ ⋮
1

𝑁
⋯

1

𝑁

]  N is the number of element in set S 

and is equal to 2𝑛. 

 

Step 5. Measure the qubits. 

 

After repeating  𝑡0 times, the superposition state would 

collapse to the node with highest weight.   

 

Correctness Prove: 

 

As Panchi Li & and Shiyong Li discussed, the correctness 

of this algorithm could be measured as successful probability 

of algorithm. Use |𝜑 > to denote the state 
1

√𝟐𝒏
[1,1, … … 1]𝑇, and |𝑞 >is the state after some Grover 

iterations. The transition amplitude < 𝑞|𝜑 > is a value 

between 0 and 1. If it 0, two states are orthogonal to each 

other, and if it is 1, two stats are the same. The author studied 

the relationship between P (probability that found the right 

result) and < 𝑞|𝜑 >, and then proposed a theorem 𝑃(𝑡) ≥ (<

𝑞|𝜑 >)2 which is also proved. ( < 𝑞|𝜑 >)(𝑡)2 can be 

interpreted as 𝑠𝑖𝑛2(𝑤𝑡 + 𝜑) because of the characteristics of 

transition amplitude. This can be shown in following figure. 

 

 
Fig. 6. The probability curve [8]. 

 The worst scenario is when < 𝑞|𝜑 > is equal to 0.5, the 

probability is relatively small but still bigger then 0.5. Since 

quantum algorithm is always related with probability, if the 

final probability when measuring is close to 1, it will be 

considered as correct [8].       

IV. EXAMPLE OF PROPOSED SOLUTION    

Number of candidate nodes in this scenario is three. So, 

source node needs to calculate the weight for each node to 

decide which next hop is, and this can be done by using the 

equation no. 10. In this example, 0.2, 0.6 and 0.2 are the 

assumed weighs for each node respectively. Also, all three 

nodes are marked as |100>, |101>, and |110>. 

Therefore, the start state should be: 

 

|∅> = 
1

√8
  (|000>,|001>,|010>,|011>,

|100>,|101>,|110>,|111>
)        (16) 

 

By applying superposition: 

 

|q> = √0.2|100> + √0.6|101> + √0.2|110>         (17) 

 

Now, iteration steps is calculated as follow: 
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𝑡0 = 𝐶𝐼(
arccos (√𝑀/𝑁)

2 arcsin(√𝑀/𝑁)
)           (18) 

 

𝑡0 = 𝐶𝐼(
arccos (√3/8)

2 arcsin(√3/8)
) = 1          (19) 

 

Where M is the number of candidate nodes and N is number 

of maximum nodes that can be considered as candidates.  

Since 𝑡0  is 1 that means the whole process will be repeated 

only once. The highest weighted node is the most likely to be 

the next hop back to the sink which in this scenario is node 

|101>. Also, using this technique will decrease the time 

needed to choose the nodes along the path back to the sink 

from n to√𝑛. Reducing the time will improve the overall 

performance of the network by decreasing the end-to-end 

delay as well as power consumption. 

V. CONCLUSION 

Studies show that the quantum computing techniques can 

enhance the performance of many algorithms due to the 

provided parallelism. For that reason, those techniques are 

applied to different areas such as Wireless Sensors Networks 

(WSN) which has become core of many critical applications. 

In this study demonstrated an improvement to Directed 

Diffusion Protocol by using quantum Weighted Grover’s 

search algorithm (DWGQ). The parallelism provided by this 

algorithm will decrease the complexity of searching from N to 

√N.  In order to enhance the Directed Diffusion Protocol a 

modification to the original protocol is conducted by applying 

the weighted Grover’s search algorithm to select the best path 

from the source to the sink based on four different proposed 

factors. The proposed solution also helps to reduce end-to-end 

delay and power consumption of the WSN due to the speed up 

of finding the best path. 

In this study, the sensor remaining energy, buffer size, 

power consumption and the distance between the source and 

candidate nodes for selecting the best path are used. In the 

future work the following can be done: 

 Selecting the factors will be based on a known 

benchmark. 

 Using different factors such as transmission rate. 

 Increase the number of candidate nodes. 
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