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Abstract: In the era of cloud computing and big data, distributed block storage system has 

become more and more important with its unique advantages. Load balancing (LB) is an 

important feature of distributed block storage systems, and it is also one of the hotspots of 

current distributed block storage research. Based on the existing LB algorithms, 

researching new and more effective LB techniques is very effective in improving the 

stability of the system. The main purpose of this paper is to study the LB strategy in the 

distributed system (DS) of converged workstations. Based on the traditional LB strategy, 

this paper selects multiple evaluation indicators and establishes a corresponding evaluation 

function to improve the accuracy of judging the actual load of the node server. According 

to the situation of different hardware parts, the hierarchical standard of the load state is 

formulated, and the instantaneous stress test of the improved LB algorithm and the 

weighted minimum connection algorithm is carried out. The complexity of a LB algorithm. 

Experiments show that with the increase of the number of request connections, the 

response time of the system under the two algorithms is longer, but the response time of 

the improved LB scheduling algorithm has a smaller increase. That is to say, the improved 

LB algorithm is better than the weighted least connection algorithm in handling the 

instantaneous pressure of the system. 

1. Introduction 

Many DSs mainly rely on algorithms related to data distribution to evenly distribute data on each 

node to achieve a certain LB effect. The performance of the DS LB algorithm depends to a large 

extent on the selection of evaluation indicators. A good evaluation index can enable each node to 

work under normal load status, without making some nodes overloaded or too low, so that the 

system's operating status and file processing performance can be optimized. Improper selection of 
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evaluation indicators will cause system load imbalance [1-2]. 

In their research on LB, Alam et al. proposed a Resource-Aware LB (REAL) model [3] for a 

batch of independent tasks with a centralized load balancer to make the solution suitable for 

practical applications with migration costs. Heterogeneous distributed environment to maximize 

load level balancing considering bandwidth requirements of migration tasks. To facilitate LB, Aktas 

et al. store data in a redundant manner in DSs [4]. We evaluate the LB performance of the storage 

scheme, where the loads served to objects are uniformly sampled at random from all load vectors 

with fixed cumulative values. The LB of the system is represented by the maximum spacing 

between ordered statistics of uniform random variables or the maximum value of consecutive 

spacings. 

Traditional dynamic LB algorithms use a single load evaluation index [5-6]. The advantage of a 

single evaluation index system is that it is easy to code and implement, but there are certain defects. 

For example, when there are data blocks on a node server that are allocated for hotspot access, but 

its own disk space usage is relatively low, the load situation obtained by using only the disk space 

usage will be very different from the actual situation [7-8]. Through the above analysis, a single 

evaluation index cannot truly reflect the real load of each node in the DS. Based on the traditional 

LB strategy, this system will select multiple evaluation indicators and establish corresponding 

evaluation functions to improve the accuracy of judging the actual load of the node server. 

2. Design Research 

2.1. Defects of Traditional Algorithms 

Traditional algorithms have the following problems: 

(1) The evaluation index of node load is single. Different DSs deal with different scenarios 

[9-10]. Therefore, the factors affecting the load of distributed nodes in the cluster are also different, 

and it is difficult to directly evaluate the load of nodes through a certain index. Therefore, the single 

evaluation index system of the traditional LB algorithm has certain problems when applied to the 

actual DS. 

(2) The LB threshold is single, which causes the state of each distributed node in the cluster to 

change in a short time, resulting in system instability. 

(3) The load situation of all nodes in the DS is completely collected by the scheduling node at 

regular intervals. In addition, it is responsible for the scheduling and distribution of tasks, and the 

burden is heavy. 

2.2. Algorithm Improvement Content 

A well-designed LB scheduling algorithm should satisfy the following three conditions: 

(1) Establish a reasonable node load evaluation index and evaluation method, which can truly 

reflect the real-time load of each distributed node in the cluster; 

(2) Each distributed node actively calculates its own real-time load, and reports the load 

information to the scheduling node at an appropriate time to reduce the processing burden of the 

scheduling node. 

(3) Minimize the complexity of the algorithm. 

Aiming at the shortcomings of the traditional LB scheduling algorithm, combined with the 

characteristics of the management system of transmission and transformation projects [11-12], the 

algorithm is improved from the following aspects. 
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(1) Improve the calculation method of distributed node load. Different from the single evaluation 

index of the traditional algorithm, the evaluation function of the distributed node load is established; 

(2) The LB threshold strategy is improved, and two thresholds are set to avoid the problem of 

frequent node state changes under the original single threshold strategy, so as to improve the system 

stability; 

(3) Design the corresponding load migration strategy [13-14]. 

2.3. Selection of Load Evaluation Indicators 

The performance of the DS LB algorithm depends to a large extent on the selection of evaluation 

indicators [15-16]. A good evaluation index can enable each node to work under normal load status, 

without making some nodes overloaded or too low, so that the system's operating status and file 

processing performance can be optimized. Improper selection of evaluation indicators will cause 

system load imbalance. 

Through the research of multiple traditional LB algorithms, the evaluation indicators of each 

algorithm are summarized and analyzed, and it is found that the following indicators can be used as 

candidates [17-18]. 

(1) CPU utilization 

(2) Memory usage 

(3) CPU temperature 

(4) Network speed 

(5) System response time 

(6) Number of running tasks 

(7) Disk I/O rate 

2.4. Quantitative Description of Load 

It can be determined that the file access load is positively related to the number of accesses and 

the access size, and for the chronological order of file access, the load of the more recent access is 

higher. That is, the load of the file at a certain time is related to the previous access, so introduce: 
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where f represents the accessed file; Li(f) represents the load value of the file after the ith access, 

and the 0th access is naturally 0; Si represents the file access size; Δti represents the file load from 

zero to the ith access interval time; and its calculated λ is used to represent the impact of file access 

time sequence. 

Considering the time the file is occupied, and considering the system performance problem, it is 

impossible to update the load value all the time, so a certain detection time is selected to update the 

load value, so the formula is revised as: 
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The corresponding meanings of some variables also need to be changed. At this time, i represents 

the ith monitoring rather than the ith visit. T represents the monitoring time, Sm and Um represent 

the m-th access size and access time respectively within the monitoring time, and n represents the 
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number of file accesses within the monitoring time. The average value of the loads obtained during 

this period is the load at the end of time T. 

3. Experimental Study 

3.1. Selection of load evaluation function 

After the evaluation index is determined, the corresponding evaluation function needs to be 

constructed. The function of the evaluation function is to calculate the load of each node in the 

distributed cluster. The idea of determining the evaluation function is to first select several 

indicators for evaluation, then assign a certain weight coefficient to each indicator, and finally 

combine the indicators and their corresponding weights in a certain form. The evaluation function 

usually has the following forms. 

(1) Index addition 

Each evaluation index has a certain influence on the total evaluation value, but there is no 

essential difference in the degree of influence. Because the value ranges of each indicator are 

independent of each other, the effect of mutual compensation can be achieved. The general form of 

the index addition evaluation function is as follows. 

 jijij XXF )(               (4) 

(2) Multiplication of indicators 

Similar to the addition of indicators, in the evaluation function form of multiplication of 

indicators, the evaluation indicators can also compensate each other, but the compensation effect is 

generally weak. Its general form is as follows. 
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(3) Index substitution 

It is applicable to the situation where each evaluation index compensates each other. Its general 

form is as follows. 
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In the previous research on the load calculation model of DSs, the linear weighting method has 

been widely studied and has been widely used in the actual file system. It can be seen that the 

calculation model established by the linear weighting method can be more Accurately describe the 

load on the file server. Therefore, on the basis of the linear weighting method, it is improved to 

establish the calculation model of the load. 

The basic idea of linear weighting is that a set of non-negative numbers ωi (i=1,...,m) 

corresponding to each influencing factor is given to represent the importance of the corresponding 

influencing factor to the final goal. First multiply each weight coefficient with each corresponding 

target to get ωifi(i=1,...,m), and then sum it up to get the following expression, which is the required 

evaluation function: 
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From this, it can be concluded that the load evaluation function of each distributed node in the 

distributed cluster is: 
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L(cpu) is the CPU usage, L(mem) is the memory usage, and L(io) is the disk I/O rate. K1 is the 

weight coefficient of CPU utilization, K2 is the weight coefficient of memory utilization, and K3 is 

the weight coefficient of disk I/O rate. 

In the system, memory usage, disk I/O rate, and CPU utilization have different effects on the 

load of each distributed node in the cluster. According to the degree of influence of each factor on 

the load, a certain weight coefficient is respectively assigned, and the evaluation function of the 

node load is obtained according to formula 8. 

3.2. LB Subsystem 

The cluster of the system includes three types of nodes, one is the scheduling node, which is 

responsible for the collection and task scheduling of the load status of other nodes in the cluster, the 

other is the processing node, which is specifically responsible for the processing of files, and the 

other is the storage node. Node, responsible for the storage of project data and files. The structure of 

the LB subsystem is shown in Figure 1, which mainly includes load migration, location query, node 

communication, and load information storage modules. 

Load migration

positioning query

node communication

load information storage

Load migration

positioning query

node communication

load information storage

��

Node 1 Node 2

Manage Nodes

Node load information 

collection and calculation
Communications

Node load linear table 

generation

 

Figure 1. LB subsystem block diagram 

Load collection module: responsible for collecting real-time load reported from cluster 

distributed processing nodes. 

Positioning query module: When the load needs to be migrated, the linear load table is searched 

by the polling strategy to find the migration target node. 

Task migration module: When the load of a node is not good, it is responsible for the migration 

of the node load. 

Load information storage module: establish a load linear table to store the load information of 

each distributed node in the cluster. 

Communication module: responsible for issuing instructions, receiving instructions, and parsing 

instructions for each distributed node in the cluster. 
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3.3. Overview of the Integrated Program 

In view of the problems faced by the system, combined with the design process of several stages 

and comprehensively considering the advantages of each stage, the relationship between each 

module in the comprehensive scheme as shown in Figure 2 can be obtained. 

data distribution

load status load migration

Unbalanced trigger

bring balance  

Figure 2. Interrelationships between modules 

According to the above-mentioned scheme design, the data is firstly distributed among the nodes 

as evenly as possible, then according to the real-time load determination scheme, the real-time 

access load of the nodes is counted, the load status of the nodes is determined, and corresponding 

records are made for future use. stage is used. Finally, according to the load status and data recorded 

by statistics, the load is adjusted according to the load migration scheme, so that the system can 

reach a state of load balance. The previous scheme chose to describe the data migration scheme first, 

and then the LB scheme, in order to highlight the criticality of load determination. 

The relationship between the three key modules is shown in Figure 2, which clearly shows the 

interaction and influence between the various modules. The data distribution scheme will affect the 

load state (the load is mainly related to the access to the stored data), and the unbalanced load state 

will trigger the load migration process. The load migration process in turn makes the load more 

balanced. At the same time, the load migration process actually affects the storage of data on the 

node. This is the case with the interaction between the entire scheme and the internal modules. 

Finally, the redundant storage copy can be used for further LB. When the read request arrives, 

the read request selects the replica based on the node with the lowest load among the three replicas 

as the node that responds to the read request, which can avoid further increase in the load of the 

high-load node and further balance the system load. Because the data consistency required by 

different systems is different, in order to avoid data consistency problems, write requests are not 

differentiated. 

4. Experiment Analysis 

4.1. LB Threshold Policy Design 

If at a certain moment, a node in the cluster is overloaded, the scheduling node migrates the tasks 

on the node to other lightly loaded nodes, so that the state of the node changes and is divided into 

lightly loaded nodes. point queue. However, if a new task is assigned to the node at this moment, 
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the state of the node may change again and become overloaded. The task needs to be migrated again 

according to the scheduling strategy, which will affect the stability of the system. 

According to the situation of different hardware parts, the hierarchical standard of load state is 

formulated, as shown in Table 1. The data in the table are all measured in percentage. 

Table 1. Load status tiering criteria 

STATE CPU MEM I/O 

Light 0~14 0~16 0~19 

Moderate 14~37 16~40 19~38 

Heavy 37~100 40~100 38~100 

 

 

 

Figure 3. Load state hierarchical standard analysis 

The upper bound of CPU utilization is 37%, and the lower bound is 14%; the upper bound of 

memory utilization is 40%, and the lower bound is 16%; the upper bound of hard disk I/O rate is 

38%, and the lower bound is 19%. Then, according to the previously calculated weight coefficients 

of CPU utilization, memory utilization, and disk I/O rate, the upper and lower boundary values of 

the node server load can be obtained. Since the data in the table is a unified standard formulated by 

the industry, the LB threshold derived from this should have sufficient accuracy, and the load status 

of the distributed nodes in the cluster can be reasonably judged and divided. 
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4.2. Test Results and Analysis 

(1) Test results 

The instantaneous stress test results of the improved LB algorithm and the weighted least 

connection algorithm are shown in the table, and the instantaneous stress test results under the two 

scheduling algorithms are also shown. 

Table 2. Test results 

 40 80 120 160 200 240 280 320 360 400 440 480 

Improved 

scheduling 

algorithm 

245 436 694 812 1026 1264 1485 1692 1814 2102 2368 2500 

Weighted Least 

Connections 

Algorithm 

226 419 694 825 1086 1314 1583 1786 2174 2500 2766 3345 

 

 

Figure 4. Analysis of test results 

From the instantaneous stress test results, when the number of connections requested by the 

client is small, the response time of the weighted least connection algorithm is shorter than that of 

the improved LB scheduling algorithm. This is because the improved LB algorithm combines the 

characteristics of power transmission and transformation project management and takes into 

account many practical situations, so it is logically more complex and requires more system 

resources. When the number of requested connections is small, the improved LB algorithm cannot 

give full play to its advantages, so the response time is longer than the traditional algorithm. 

However, as the number of subsequent request connections increases, the improved algorithm 

gradually shows its own advantages. It can be seen from the test result graph that when the number 

of requested connections is 160, the response time of the improved algorithm begins to be lower 

than the weighted minimum connection method. With the increase of the number of requested 
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connections, the response time of the system under the two algorithms is longer, but the response 

time of the improved LB scheduling algorithm has a smaller increase. 

Through the comparative test, the improved LB algorithm is better than the weighted minimum 

connection algorithm in handling the instantaneous pressure of the system. 

(2) Analysis of simulation results 

The complexity of the LB scheme based on round-robin, the LB scheme based on the minimum 

active number and the LB scheme based on resource prediction proposed in this paper under 

different number of tasks is compared. The total time taken to execute indicates the complexity of 

each LB algorithm. The comparison results are shown in Table 3. 

Table 3. Complexity analysis of different LB algorithms 

Number of tasks (pieces) / LB scheme 500 1000 1500 2000 

Round-robin based LB scheme 7.1 13.6 20.1 26.4 

LB Scheme Based on Minimum Active Number 10.3 20.3 29.0 38.6 

LB Scheme Based on Resource Prediction 15.8 23.9 28.4 32.4 

 

 

Figure 5. Complexity analysis diagram of different LB algorithms 

As can be seen from the figure, as the number of tasks increases, the complexity of all three 

schemes increases. The LB scheme based on round-robin has a simple algorithm and a low degree 

of sensitivity to the number of tasks, so the complexity is linearly related to the number. The LB 

scheme based on the minimum active number needs to update the active number list of each fog 

server for the start and end of each task, so it is time-consuming. The scheme proposed in this paper 

is based on resource prediction. With the increase of the number of tasks, the enrichment of samples 

improves the accuracy of prediction, which greatly reduces the total execution time of the algorithm. 

Generally speaking, the complexity of the algorithm proposed in this paper is between the LB 

scheme based on round-robin and the LB scheme based on the minimum active number. 
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5. Conclusion 

In the era of big data and the tide of cloud storage, many directions related to data are worthy of 

continuous research, and distributed storage still has a huge space for development. Research on 

various issues related to distributed storage will continue to deepen, and the LB problem of 

distributed storage still has great theoretical and research significance. Many distributed storage 

systems mainly rely on algorithms related to data distribution to evenly distribute data on each node 

for storage, so as to achieve a certain LB effect. Dynamic adjustments are made based on the 

specific load results of the nodes collected after running, and the load tends to be balanced 

eventually. The dynamic LB method can flexibly deal with the unbalanced problems that may occur 

in the system, but the implementation is more complicated, and sometimes it may affect the system 

performance. This paper combines the strategies and comprehensively considers the LB methods 

used to further improve the balancing ability of the system. 
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