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Computational optimality of combined sweeping-jumping algorithm  

for connectivity-based node insertion in Wi-Fi sensor networks 

 

Woo-Yong Choi 

 

The connectivity-based Medium Access Control (MAC) protocol leverages node connectivity in a wireless LAN to derive an 

optimal polling sequence, enabling the Access Point (AP) to utilize wireless bandwidth more efficiently when polling each 

node. However, when the Constraint Satisfaction Problem (CSP) algorithm is applied to generate the optimal sequence, the 

required computation time varies with the connectivity characteristics of the network; in some cases, such as a Wi-Fi sensor 

network with 1,000 sensors, it takes excessively long (over 14 seconds on average). To overcome this limitation, a new 

polling sequence derivation method, called the combined sweeping-jumping algorithm, has been developed. In this paper, we 

theoretically and experimentally demonstrate that the combined sweeping-jumping algorithm is the computationally optimal 

solution for the connectivity-based node insertion method. 
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1 Introduction 

Since the development of Wi-Fi wireless networks 

in 1997, infrastructure-based Wi-Fi networks have 

made remarkable progress, being intensively deployed 

in hotspot areas with large crowds, and have greatly 

contributed to the advancement of an information-

oriented society [1-3]. Furthermore, efforts have 

continued to extend Wi-Fi networks into wireless 

sensor networks in order to develop technologies that 

enable the application of Internet of Things (IoT) 

solutions in society [4-12].  

In [4], an optimal power saving mechanism based 

on the Distributed Coordination Function (DCF) 

protocol was proposed. In [5, 6], a new method was 

proposed to divide nodes connected to an Access Point 

(AP) into multiple groups in order to reduce the 

degradation of wireless transmission efficiency caused 

by transmission collisions when many nodes are 

connected to the AP. In [7, 8], a Medium Access 

Control (MAC) protocol was proposed in which the AP 

efficiently selects pseudo-APs based on connectivity 

information among nodes, thereby allowing nodes with 

insufficient battery energy, which cannot directly 

transmit data to the AP, to transmit data via pseudo-

APs. A new MAC protocol that enhances the DCF 

protocol was proposed to enable IoT-based services in 

[9]. A new Wireless Local Area Network (WLAN) 

MAC protocol was proposed for constructing under-

water wireless sensor networks in [10]. Potential 

application services utilizing wireless sensor networks 

are classified, and the routing protocols, and the energy 

supply methods required for sensor networks were 

comprehensively reviewed in [11]. MAC, routing, and 

security protocols required in wireless sensor networks 

for medical application services were reviewed in [12]. 

In addition, various MAC protocols for wireless sensor 

networks based on Wireless Personal Area Networks 

(WPANs) such as Bluetooth and Zigbee have been 

proposed [13-17]. 

However, in the research on extending Wi-Fi 

networks to wireless sensor networks, relatively little 

work has been done on optimizing the Point 

Coordination Function (PCF) protocol – one of the 

fundamental MAC protocols developed in 1997 – for 

use in wireless sensor networks. The PCF protocol was 

originally developed as a MAC protocol for real-time 

communication. Compared to another fundamental 

MAC protocol, DCF, which was developed in 1997, it 

has the advantage of being unaffected by the hidden 

node problem. Furthermore, while the DCF protocol 

suffers from excessive wireless channel waste due to 

overly long backoff times when many sensors attempt 

to transmit data to the AP, the PCF protocol funda-

mentally prevents unnecessary transmission delays 

even as the number of sensor nodes attempting to 

transmit to the AP increases. Based on these advan-
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tages, research has been conducted on developing new 

MAC protocols based on the PCF protocol suitable for 

Wi-Fi-based wireless sensor networks, utilizing con-

nectivity information between nodes [18-21]. 

According to [21], the combined sweeping-jumping 

algorithm derives a pseudo-optimal polling sequence 

within only a few milliseconds even when up to 1,000 

sensors are connected to an AP and attempting to 

transmit data under the connectivity-based MAC 

protocol, which was developed as an enhancement of 

the conventional PCF protocol. In this paper, we aim to 

theoretically and experimentally demonstrate that the 

combined sweeping-jumping algorithm achieves the 

optimal computational complexity for the connectivity-

based node insertion method in Wi-Fi sensor networks.  

In the following section, we describe the con-

nectivity-based node insertion method for Wi-Fi sensor 

networks and the combined sweeping-jumping algo-

rithm. In Section 3, we theoretically prove that the 

combined sweeping-jumping algorithm is the optimal 

algorithm for the connectivity-based node insertion 

method in terms of computational complexity. Section 

4 presents the simulation results of the number of 

computations required by the combined sweeping-

jumping algorithm as the number of nodes in the Wi-Fi 

sensor network increases, along with experiments rela-

ted to the computational requirements of the combined 

sweeping-jumping algorithm. Finally, in Section 5, we 

draw conclusions and present directions for future 

research. 

 

2 Combined sweeping-jumping algorithm  

   for node insertion method 

In a Wi-Fi sensor network, an AP and a set of sen-

sors are deployed. In accordance with the specifications 

of wireless LAN standards, each sensor is permitted to 

attempt uplink channel access for the transmission of 

data to the AP by adhering to a MAC protocol by 

which the Wi-Fi sensor network governed. Data 

exchange between the AP and the sensors within such 

network may be realized under either contention-based 

or polling-based MAC protocols. In the present study, 

it is assumed that both the AP and the sensors operate 

under a polling-based MAC protocol for data trans-

mission. 

As indicated in the introduction, the DCF protocol is 

subject to a critical limitation: when the number of 

sensors attempting transmission to the AP is large, 

a high frequency of packet collisions occurs, resulting 

in substantial wireless channel inefficiency due to 

repeated backoff processes. Conversely, in the polling-

based MAC protocol, such inefficiency is not incurred, 

even under conditions of heavy transmission demand

from numerous sensors. Moreover, the polling-based 

approach eliminates the wireless channel degradation 

caused by the hidden node problem, which constitutes 

a further drawback inherent to the DCF protocol. 

In polling-based MAC protocols, when the AP 

transmits the next polling frame via the downlink, it 

may either piggyback the corresponding data within the 

polling frame or deliver the downlink data frame 

directly to the target sensor. Each sensor is permitted to 

transmit data to the AP only upon reception of a polling 

frame; thus, sensors that do not receive such a frame 

are denied transmission opportunities. Consequently, 

the efficiency of the AP’s polling frame transmission 

strategy plays a critical role in improving MAC 

performance by ensuring the effective utilization of the 

wireless transmission channel, particularly in environ-

ments where a large number of sensors exist within 

a Wi-Fi sensor network. The transmission of data from 

the AP to individual sensors is characterized by a rela-

tively straightforward operational procedure. Upon the 

termination of an ongoing transmission sequence, data 

may be conveyed, at the discretion of the AP, either by 

being incorporated into a polling frame, as delineated 

previously, or by being delivered through a dedicated 

data frame. Given the inherent simplicity of this 

transmission mechanism, the principal emphasis of the 

present study is placed upon the downlink data trans-

mission procedure. 

In this context, this section introduces the PCF 

protocol, which was the earliest polling-based protocol 

proposed in [3], as well as the connectivity-based MAC 

protocol described in [18-20]. Furthermore, this section 

discusses the underlying mechanisms that enable the 

connectivity-based MAC protocol, including the 

Constraint Satisfaction Problem (CSP), the node 

insertion technique, and the combined sweeping-

jumping algorithm. 

According to the definition of the PCF protocol 

provided in [3], when data transmission between each 

sensor and the AP is conducted under the PCF protocol, 

the AP dispatches polling frames to the sensors 

sequentially, following a round-robin scheduling me-

chanism. Upon reception of a polling frame, each 

sensor is permitted to transmit a response frame. This 

response frame is classified into two categories: a data 

frame, transmitted when the sensor has data to forward 

to the AP, and a null frame, transmitted when the 

sensor possesses no data for transmission. If a sensor 

fails to deliver a response frame to the AP within the 

designated duration of one Short Inter-Frame Space 

(SIFS), the AP assumes that the polling procedure has 

failed. In such an event, the AP proceeds with the error-

recovery process by transmitting a polling frame to the 

subsequent sensor in the polling sequence. 
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According to the connectivity-based MAC protocol 

described in [18, 19], the AP initializes sensor con-

nectivity information through the conventional PCF 

protocol. This information is subsequently updated via 

the connectivity-based MAC protocol to reflect net-

work characteristics. Connectivity information indi-

cates whether a sensor can successfully receive and 

decode another sensor’s transmission.  Based on this 

protocol, the AP optimizes the polling procedure for 

uplink transmission opportunities by employing 

a multi-polling scheme. To implement multi-polling, 

the AP constructs a polling sequence in which each 

sensor, whenever possible, follows another whose 

transmission it can overhear. This design minimizes the 

number of multi-polling frames required to ensure 

transmission opportunities for all sensors. Specifically, 

when a multi-polling frame contains a sequence of 

multiple sensor MAC addresses, and each sensor can 

overhear the transmission of its predecessor, a single 

frame transmission suffices to efficiently grant uplink 

access to all sensors in the sequence. 

To derive the optimal polling sequence for the 

n sensors deployed in a Wi-Fi sensor network, the CSP 

algorithm based on the Traveling Salesman Problem 

(TSP) can be employed. However, depending on the 

characteristics of the connectivity information among 

sensors within the network, the CSP algorithm has the 

drawback that it may require an excessively long 

computation time to obtain the optimal polling 

sequence. As a result, experimental evaluations with 

1,000 sensors demonstrated that the CSP algorithm 

required, on average, more than 14 seconds to 

determine the optimal polling sequence [20]. The 

fundamental cause of this inefficiency lies in the 

reliance on backtracking, a process in which the most 

recently added sensor in the currently constructed 

polling sequence is removed to further refine the 

solution. Since the CSP algorithm constructs a polling 

sequence by considering only the connectivity infor-

mation between the most recently added sensor and the 

unselected sensors at each step of the search, back-

tracking – namely, deleting the most recently added 

sensor to revise the sequence – is an unavoidable step 

in the search process. Therefore, unless this back-

tracking procedure is eliminated, it is inherently 

difficult to resolve the problem efficiently. 

To overcome the limitations of the CSP algorithm, 

a novel node insertion method was proposed that 

utilizes connectivity information between recently 

added sensors in the polling order and the remaining 

nodes during the search phase, together with an 

implementation algorithm [20]. In this method, the 

polling order is constructed by selecting as the next 

node the one that can receive signals from the largest 

number of recently added nodes, thereby eliminating 

the need for backtracking to remove previously selected 

nodes from the polling sequence [20]. 

The node addition process according to the node 

insertion method can be described more precisely as 

follows. Suppose that at the stage of inserting a new 

node, the number of nodes already configured is r, 

denoted as d1, d2, …, dr, and that these nodes have been 

added in the order of d1, d2, …, dr. For any node j not 

yet inserted, the value Dj can be determined as follows. 

If node j can receive the transmission signals from all 

of the nodes d1, d2, …, dr, then Dj = 0. Otherwise, Dj for 

node j is defined as an index i that satisfies the 

following condition: 

 

• Node j is unable to detect the signal from node di, 

while it can successfully receive the signals from 

nodes di+1, di+2, …, dr. 

 

According to the node insertion method, assuming that 

nodes d1, d2, …, dr have been inserted, the next node 

j to be added is selected from the set of nodes not yet 

inserted, such that node j has the minimum value of Dj. 

The new combined sweeping-jumping algorithm, 

which further improves the node insertion method 

proposed in [20], was introduced in [21]. According to 

the proposed combined sweeping-jumping algorithm, 

as illustrated in Fig. 1, the values of Dj for nodes not 

yet inserted are searched, and whenever a new node 

represented by a circle is added, the Dj values are 

continuously updated to reflect the connectivity status 

between recently inserted nodes in the current polling 

sequence and each not-yet-inserted node j. As 

explained earlier, Dj represents the insertion order of 

the most recently added node in the polling sequence 

from which node j cannot receive transmission signals. 

Therefore, a smaller value of Dj indicates that 

node j has stronger connectivity with recently inserted 

nodes in the current polling sequence. In particular, if 

Dj = 0, it implies that node j can receive signals from 

all nodes already included in the current polling 

sequence. 
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Fig. 1. Flow of sweeping algorithm 

 

According to the combined sweeping-jumping 

algorithm, all nodes with Dj = 0 are sequentially added 

to the polling order, followed by all remaining nodes 

with Dj = 1, 2, …, which are also sequentially included 

in the order as the value of Dj increases by one. Each 

time a node is added to the polling order, the Dj values 

of all nodes j that have not yet been included must be 

continuously updated. Based on the updated Dj values, 

new nodes are subsequently added to the polling order. 

This process of iteratively adding nodes is referred to as 

the sweeping process. To further accelerate node 

insertion during this sweeping process, the jumping 

process was proposed in [21]. However, whether the 

algorithm incorporates the jumping process does not 

affect the optimality of the combined sweeping-

jumping algorithm, as its optimality is guaranteed 

solely by the sweeping process. 

 

3 Optimality of combined sweeping-jumping 

   algorithm 

In this section, we aim to prove that the combined 

sweeping-jumping algorithm, introduced as an imple-

mentation approach for the node insertion method 

described in Section 2, constitutes the optimal algo-

rithm for the node insertion method. 

Consider a Wi-Fi sensor network consisting of 

n  nodes, where an AP is responsible for collecting the 

connectivity information among the nodes. Based on 

the acquired connectivity data, the AP seeks to execute 

the node insertion method by employing a designated 

algorithm. The only assumption imposed in this model 

is that each node and the AP remain within each other’s 

transmission range to ensure mutual connectivity. No 

additional constraints are presumed; for example, it is 

not assumed that the AP is located at the geometric 

center of the service region, nor is any specific spatial 

distribution of nodes within the service area required. 

Accordingly, the connectivity information among the 

nodes is regarded as being obtained under highly 

general conditions. 

In applying the proposed algorithm to perform the 

node insertion method for n nodes, the procedure 

begins by inserting the first node into the multipolling 

sequence. Subsequently, nodes d1, d2, …, dm1 are 

sequentially inserted up to the m1-th node, where each 

newly inserted node is assumed to be capable of 

receiving the transmission signals from all previously 

inserted nodes. Beyond this point, none of the 

remaining uninserted nodes can receive the complete 

set of transmission signals from the already inserted 

m1 nodes. In the special case where m1 = 1, this 

condition indicates that, after insertion of the first node, 

there exists no other node that can receive its 

transmission signal. Accordingly, the minimum number 

of operations, denoted as p1, required by the algorithm 

up to the insertion of the m1 nodes is given by 

 

p1 = 1 + 2 + …+ (m1 – 1).                   (1) 

 

This is because each newly added node is required to 

perform the operations that verify the connectivity 

information between itself and all previously added 

nodes. 

After the insertion of m1 nodes, the remaining nodes 

that have not yet been inserted cannot receive the 

transmission signals from all of the already inserted m1 

nodes. In order to verify this situation by means of the 

node insertion method, each of the remaining n − m1 

nodes must at least perform a connectivity check with 
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the m1-th inserted node. Therefore, the minimum 

number of operations required to insert the (m1+1)-th 

node using the given algorithm via the node insertion 

method is n − m1. 

Furthermore, let us assume that, under the given 

algorithm, up to the point when the m2-th node is 

inserted, each inserted node can receive the trans-

mission signals from the (m1+1)-th node as well as 

from all subsequently inserted nodes that precede it. 

Then, similar to Eqn. (1), the minimum number of 

operations required to insert the m2-th node, starting 

from the (m1+1)-th node, can be computed as follows: 

 

p2 = (n – m1) + 1 + 2 + …+ (m2 – m1 – 1)       (2) 

 

Let the added nodes up to the m1-th node be grouped 

as the first cluster, and the added nodes from the 

(m1+1)-th node to the m2-th node be grouped as the 

second cluster. In this manner, by performing the node 

insertion method using the given algorithm until all 

n nodes are added, assume that a total of c clusters can 

be formed. The minimum number of operations 

required to construct the i-th cluster can then be derived 

as follows: 

 

pi = (n – mi-1) + 1 + 2 + …+ (mi – mi-1– 1).      (3) 

 

The minimum number of operations required to add 

all n nodes can thus be derived in a modified form as 

follows: 

 

p = p1 + p2 + …+ pc = 1 + 2 + …+ (m1 – 1) + 1 + 2 

+ ...+ (m2 - m1) + 2 + 3 + ...+ (m3 – m2 + 1) + 3 + 4 

+ ...+ (m4 - m3 + 2) + ...+ (c – 1) + c + (c + 1) + … 

+ (c + mc – mc-1 – 2)                       (4) 

 

For example, when the algorithm is applied to 18 

nodes, the first cluster consists of 5 nodes, the second 

cluster consists of 6 nodes, and the third cluster consists 

of 7 nodes. Accordingly, we have m1=5, m2=11, 

and  m3 = 18. By applying Eqns. (1), (2), and (3), the 

values of p1, p2, p3, and p = p1 + p2 + p3  are obtained 

as follows: 

 

p1 = 1 + 2 + 3 + 4 = 10, 

p2 = (18 – 5) + 1 + 2 + …+ 5 = 28, 

p3 = (18 – 11) + 1 + 2 + …+ 6 = 28, 

p = 10 + 28 + 28 = 66. 

 

However, even if the minimum number of 

operations required to add all 18 nodes is obtained 

through Eqn. (4), the same value can also be derived as 

follows: 

 

p = 1 + 2 + 3 + 4 + 1 + 2 + 3 + … 

+ 6 + 2 + 3 + …+ 8 = 66 

 

When dividing n nodes into c clusters, how many 

nodes should be included in each cluster in order to 

minimize the minimum number of operations p defined 

in Eqn. (4)? The motivation for this consideration is to 

determine the minimum number of operations required 

when inserting n nodes into the multipolling sequence 

using the node insertion method. For example, in the 

case of 18 nodes, p1 = 1 + 2 + 3 + 4 represents the 

minimum number of operations needed to form the first 

cluster, p2= 1 + 2 + 3 + ⋯+ 6 represents the minimum 

number of operations for the second cluster, and p3 = 2 

+ 3 + 4 + ⋯+ 8 represents the minimum number of 

operations for the third cluster. To minimize the total 

minimum number of operations, p = p1 + p2 + p3, it is 

advantageous to make the final terms in the 

calculations of p1, p2, and p3 as close as possible. 

Accordingly, assigning 7 nodes to the first cluster, 6 

nodes to the second cluster, and 5 nodes to the third 

cluster achieves this goal. A graphical representation of 

this clustering for the 18 nodes is shown in Fig. 2, 

where each circle denotes an inserted node; the first 

number inside the circle indicates the order of 

occurrence of the node, and the second number 

represents the minimum number of operations required 

to add that node. 
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Fig. 2. Minimized clustering of 18 nodes into three clusters 

 

Accordingly, m1 = 7, m2 = 13, and m3 = 18. Thus, by 

applying Eqn. (4), the required minimum number of 

operations pmin is recalculated as follows: 

 

pmin = p1 + p2 + p3 = 1 + 2 + …+ 6 + 1 + 2 + …+ 6 + 2 

+ 3 + …+ 6 = 0 + (2 – 1)2 + (3 – 1)3 + (3)3 + (3 + 1)3 

+ (3 + 2)3 + (3 + 3)3 = 62. 

 

If the number of nodes n that exist in a Wi-Fi sensor 

network increases continuously according to the 

following equation, 

 

n = 1 + 2 + 3 + 4 + …+ c + c + c + c + …      (5) 

 

we can always match the final number for the calcu-

lation of the minimum number of operations pi for 

c clusters, and accordingly, the required minimum 

number of operations pmin can be derived as follows: 

 

pmin = 0 + (2 - 1)2 + (3 – 1)3 + (4 – 1)4 + ... 

+ (c - 1)c + (c)c + (c + 1)c + (c + 2)c + ....      (6) 

 

According to Eqns. (5) and (6), for example, when 

the number of clusters is c = 5 and n = 1 + 2 + 3 + 4 + 5 

+ 5 + 5 + 5 = 30, the minimum required number of 

operations is given by 

 

pmin = 0 + (2−1)2 + (3−1)3 + (4−1)4 + (5−1)5 + (5)5 

+ (5+1)5 + (5+2)5 = 130. 

 

Starting from the (c+1)-th term in Eqns. (5) and (6), 

as n increses, the minimum required number of ope-

rations  pmin also increases. It can be observed that for 

some natural number k, when n increases by n+ = k⋅c 

from the (c+1)-th term according to Eqn. (5), the 

corresponding increment in pmin is given by 

pmin
+ = k⋅c⋅c + c⋅k(k + 1) / 2 = c⋅n+  

+ (n+⋅ n+ + c⋅n+) / (2c) = 0.5 n+ + c⋅n+  

+ 0.5(n+⋅ n+) / c                           (7) 

 

which represents the growth pattern of pmin. It can be 

observed that for a finite number of clusters c, 

pmin = O(n2). As discussed in [21], the combined 

sweeping-jumping algorithm has a computational com-

plexity of O(n2). Therefore, the combined sweeping-

jumping algorithm is the optimal algorithm for the node 

insertion method. 

In this section, assuming that in a Wi-Fi sensor 

network with n nodes, regardless of how efficiently the 

node insertion method proposed in [20] is implemented, 

the number of required clusters c generated by the node 

insertion method increases only up to a finite upper 

bound as n grows and does not increase further, it is 

proven that the required minimum computational cost 

becomes O(n2). Furthermore, as discussed in [21], since 

the computational complexity of the combined 

sweeping-jumping algorithm for implementing the 

node insertion method is O(n2), it is thereby proven that 

when the number of required clusters c remains finite 

even as the number of nodes n increases, the combined 

sweeping-jumping algorithm constitutes the optimal 

algorithm for implementing the node insertion method. 

If the number of required clusters c for the node 

insertion method diverges to infinity as the number of 

nodes n increases, then the combined sweeping-

jumping algorithm cannot be regarded as a proven 

optimal algorithm for implementing the node insertion 

method, and therefore further research is necessary. 

However, since the problem that the node insertion 

method aims to solve also includes Wi-Fi networks in 

which the number of required clusters c remains finite 

even as the number of nodes increases, the combined 

sweeping-jumping algorithm can be considered the 

optimal algorithm for implementing the node insertion 

method from the perspective of solving all such 

problems. 

 



Journal of Electrical Engineering, Vol. 77, No. 1, 2026                                 103 

The concept of a cluster defined in this section 

differs from that of the connected polling sequence 

defined in [18, 19]. A single multipolling sequence can 

be divided into multiple clusters and connected polling 

sequences. Within a cluster, any newly added node 

must be able to receive the transmission signals of all 

previously added nodes in the cluster, whereas within a 

connected polling sequence, a newly added node is 

only required to receive the transmission signal from 

the immediately preceding node. Therefore, for n nodes, 

the number of clusters derived using the node insertion 

method is greater than the number of connected polling 

sequences derived. 

In a Wi-Fi sensor network, it is straightforward to 

construct an example where the number of nodes n 

diverges to infinity while the number of clusters c, 

derived through the node insertion method, remains 

finite. For instance, assume that a finite number of 

fixed positions are designated within a given service 

area, and nodes are continuously placed at these fixed 

positions so that the total number of nodes n grows 

without bound. Furthermore, suppose that all nodes 

share the same data transmission radius. When the node 

insertion method is applied to such a Wi-Fi sensor 

network, the number of induced clusters can be shown 

to remain less than or equal to the number of fixed 

positions, regardless of the growth of n. This is because, 

according to the node insertion method, when adding 

a node to the multipolling sequence, although nodes 

located at different fixed positions within the same 

cluster may be inserted, the method first prioritizes 

nodes that fall within the transmission range of 

previously inserted nodes. Consequently, once a node 

from a given fixed position is included in a cluster, all 

nodes at that position will inevitably be incorporated 

into the same cluster. Moreover, as long as the number 

of possible locations remains constant, the number of 

clusters induced by the node insertion method will not 

exceed the number of fixed positions, regardless of how 

nodes are added or whether their exact occurrence 

positions shift among those fixed positions. 

 

4 Simulation results 

In this section, we present simulation results for the 

number of iterations required, the number of derived 

connected polling sequences, and the number of 

resulting clusters when applying the connectivity-based 

MAC protocol proposed in [18, 19], to a Wi-Fi sensor 

network, under the assumption that the combined 

sweeping-jumping algorithm is employed to derive the 

necessary multipolling sequence. To this end, we 

consider a Wi-Fi sensor network with a circular service 

area of radius r, where the AP is located at the center of 

the area and the number of nodes is given as n = 100, 

200, 300, …, 1000. As in [21], each node is assumed to 

have a circular transmission range, with its trans-

mission radius set to one of the six values r, r + 0.1r, r 

+ 0.2r, r + 0.3r, r + 0.4r, or r + 0.5r. These six 

transmission ranges are uniformly assigned to the nodes. 

Furthermore, each node is assumed to be randomly 

located within the Wi-Fi sensor network. 

For each case of n = 100, 200, 300, …, 1000, one 

hundred random networks were generated. For each 

network, a near-optimal multipolling sequence was 

derived using the combined sweeping-jumping algo-

rithm. During this process, the number of operations 

required to obtain the multipolling sequence was 

recorded, and the resulting multipolling sequence was 

decomposed into the corresponding connected polling 

sequences and clusters. Figures 3 and 4 illustrate, for a 

representative Wi-Fi sensor network, the average 

number of required operations, the average number of 

induced connected polling sequences, and the average 

number of induced clusters across different values of n. 

 

 
Fig. 3. Average number of connected polling 

sequences and clusters 

 

 
Fig. 4. Average number of computations 

 

Examining Fig. 3, it can be observed that the num-

ber of induced clusters increases slightly as n increases. 

However, the number of clusters does not increase 

indefinitely with larger n, but rather converges to 

a certain limit beyond which no further growth occurs. 

Furthermore, as discussed in Section 3, for a given 

multipolling sequence, the number of induced clusters 

is greater than or equal to that of the connected polling 

sequence. Turning to Fig. 4, it is shown that as n in-

creases, the number of operations required by the 

combined sweeping-jumping algorithm grows in the 
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form of the function f(n) = a⋅n2 for a certain constant a. 

This result provides experimental support for the 

discussion in [21], which established that the compu-

tational complexity of the combined sweeping-jumping 

algorithm is O(n2). 

 

5 Conclusions 

The connectivity-based MAC protocol is a multi-

polling-based MAC protocol designed to minimize the 

polling overhead of the access point (AP) in Wi-Fi 

sensor networks while efficiently granting uplink 

transmission opportunities to each sensor. However, as 

the number of sensors in a Wi-Fi sensor network 

increases, optimizing the multipolling sequence 

becomes a time-consuming and challenging problem. 

To address this issue effectively, the node insertion 

method has been proposed, and the combined 

sweeping-jumping algorithm has been introduced as an 

implementation of the node insertion method. 

In this paper, we prove that for a Wi-Fi sensor 

network with n sensors, any algorithm implementing 

the node insertion method must have at least 

O(n2) computational complexity. Based on this result, 

we show that the combined sweeping-jumping 

algorithm, which has O(n2) computational complexity, 

is the optimal algorithm for implementing the node 

insertion method. Furthermore, we present simulation 

results to support this claim. 
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