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As the size of the industrial systems increases, more and more topic messages need to be published and subscribed to in industrial scenarios such as microgrids and manufacturing industries. A priority scheduling algorithm based on the hotness of message topics is proposed to address the problem of efficient distribution of messages with different topics in microgrids. It is an algorithm that gives different priority permissions according to the number of topics, so that in the face of a large number of different topic messages, the data messages with a higher number or urgency can be transmitted first, solving the problem of port blocking when the server distributes the messages. At the same time, to prevent low priority data from sending timeout or waiting for a long time, a time period is set up, a low priority transmission mechanism is set up within a specific time period to ensure that the system can send data to customers in a timely and accurate manner. The results show that the priority design in this paper can well solve the power scheduling problem of multi-target data transmission and ensure the transmission efficiency of messages in the microgrid system.
Keywords: published and subscribed, microgrids, priority, time period, multi-target data
INTRODUCTION
The publish-subscribe model is widely used in industrial systems such as microgrids, manufacturing, etc. The microgrid is a small power system consisting of distributed power sources, loads, energy storage, power distribution, and control systems. Compared with the large grid system, the microgrid has less cost and fewer emissions and can achieve the advantages of self-control, self-management, and protection. The microgrid can be connected to and disconnected from the external grid. The microgrid is a kind of mini-grid that collects all kinds of energy facilities and all kinds of electronic power equipment, which solves the problem of grid-connected operation of large-scale power grids from local. Microgrid technology is becoming more and more mature in application engineering (Feng et al., 2011; Qin et al., 2012; Yu et al., 2015), with safe and stable operation, and the microgrid system is gradually commercialized. With the continuous development of the smart grid, the security management of power system data communication becomes more and more important (Ericsson, 2010). Large amounts of renewable energy and smart power devices are connected to the grid, and the growing size of the grid makes the system increasingly complex. And customers’ demand for power quality is gradually increasing. This makes the real-time data and system operability of the smart grid gradually improved.
In the smart grid system, the publish-subscribe system can be well used in the communication between the underlying equipment and the upper-level data and is suitable for large-scale application scenarios. The publish-subscribe model can be applied to Web Services (Hemayati et al., 2010; Sun et al., 2016; Cheng et al., 2018) to improve its proactivity. The publish-subscribe model has great advantages in the decoupling of space and time (Zhai et al., 2008). Publishers and subscribers do not need to be online at the same time, and the publish-subscribe function can be realized at any time. Publishers are responsible for passing messages to the server, and subscribers are only responsible for subscribing to messages of interest to them (Feng et al., 2008). Currently, to solve the problem of publish-subscribe efficiency, many methods have been proposed. Two types of parallel matching algorithms are proposed, and with the increase of threads, the matching time will be greatly reduced (Qian et al., 2011). The word linked list uses the predicate filtering ability, the larger the predicate value range, the higher the priority (Xu et al., 2013). The attributes in the attribute space are combined, and the event matching process is only executed on some relevant units of the index structure, which reduces the number of subscriptions involved in the event matching process (Yang et al., 2016). Searching according to the corresponding id order list is also a way to correspond to a large-scale publish-subscribe system (Xu et al., 2014). QuTREE is a new tree matching structure, combined with the IDAGSM algorithm to divide the interval to reduce the depth of the tree and improve the matching efficiency (Qiao et al., 2015). GEM (Geometric Event Matching) improves the matching performance of events in a manner similar to the triangular index structure (Fan et al., 2016), etc.
The publish-subscribe system is often used in communication systems with a large amount of data, while the capacity of the server to process messages is limited, and the capacity of message queues and the size of bandwidth are fixed. Therefore, it is also important to know how to solve the problem of publish-subscribe network congestion. Reorganizing the queue of filter-covered subscriptions can improve the metric performance of the queue (Yan et al., 2013). The marginal revenue-based scheduling (MRBS) algorithm can prioritize important messages and avoid performance instability when the system is overloaded (Yan et al., 2010). The multi-objective optimization can effectively relieve the tension of the system. For the resource allocation problem in constrained MEC, a double auction (TCDA) mechanism with a dynamic pricing strategy is proposed to effectively implement resource allocation and pricing to achieve authenticity and budget balance (Ma et al., 2021a). An adaptive reference vector reinforcement learning method can be applied to solve multi-objective optimization problems and is effectively used to search for the best recipe for raw materials in the copper smelting process (Ma et al., 2021b). According to the guidance of the reference vector, the adaptive strategy is used to optimize the decision variables, which can effectively solve the problem of large-scale multi-objective optimization (Ma et al., 2021c). Using the user search experience of the two OD engines can optimize the search direction, which has a good role in optimizing complex functions (Ma et al., 2021d).
The heat priority algorithm designed in this paper is a matching algorithm that prioritizes topics based on the number of subscribed topics, and the server gives priority to different topics and distributes topics according to the priority sequence. The maximum number of subscriptions can be processed in the shortest possible time, effectively solving the problem of network message congestion. If the number of subscriptions is large enough, to prevent the low priority from being unable to receive messages for a long time, a time feedback mechanism is set up for the low priority, so that the low priority and the server maintain the echo of the time period. The experimental results demonstrate the superiority of the prioritization and feedback mechanism.
The specific workflow in Figure 1 is as follows:
a) After the basic equipment completes the tasks of data collection, transformation, collection, and processing, it sends the collected data to the MQTT server as the publisher. The MQTT server stores these data in some nodes.
b) If the upper-level database wants to get these data, it needs to subscribe to the MQTT server as a subscriber. After the database receives the data, it needs to compare it with the standard data in the database. At this time, the information obtained from the comparison will be sent to the MQTT server as the publisher. The MQTT server stores the data.
c) The underlying device needs to get the comparison data from the database, needs to subscribe to the MQTT server as a subscriber, and adjust the parameters according to the comparison message in time after receiving the data.
d) The same goes for device-to-device communication. If the data volume is too large for the MQTT server to complete the data distribution task in time, then the subscriber will keep sending subscription requests to the MQTT server until the MQTT server completes the data distribution.
[image: Figure 1]FIGURE 1 | Publish-subscribe framework diagram.
RELATED THEORY
The publish-subscribe system of this article applies the MQTT protocol (MQTT, 2020). The MQTT protocol is very standard. The advantages of the MQTT protocol are that the first is easy to apply, the protocol is relatively complete in all aspects, and communication can be achieved after applying the protocol on both the publishing and subscribing ends. The second protocol has a large open-source program, combined with the existing Internet technology, making it increasingly easy to develop. The third interface presents standardized, third-party customers or devices that want to connect to the platform, only need to combine a standardized set of MQTT protocol interfaces can be, so that the multi-party platform communication becomes simple. MQTT has a wide range of applications (Chi et al., 2020; Ganguly and Chatterjee, 2020; Huang et al., 2021; Yang et al., 2021).
The MQTT protocol comes with a heartbeat mechanism, which does not need to be set up separately, and also includes testamentary messages, asynchronous mechanisms, etc., which can be well used in the Internet of Things, so the MQTT protocol is suitable for many scenarios. For example, some APP smart devices control end applications, network chat, end-to-end communication, etc. The protocol is especially widely used in industrial environments, which can easily make users and IoT connect and interact with information. Currently, the MQTT protocol can provide more flexible and reliable messaging services in IoT systems (Wu and Li, 2018). The combination of the MQTT protocol and the intelligent gateway has a good application prospect (Lima et al., 2019). The MQTT protocol has also been applied to message push (Kumar and Johari, 2015) and remote real-time communication (Ding et al., 2016) on different platforms.
In today’s Internet age, QoS (Quality of Server) (Behnel et al., 2006) plays a vital role. QoS can set up different quality of service for users in need so that the main performance indicators such as data throughput, delay, and packet loss rate during network transmission are well improved. There are three levels of QoS, and different load devices applying different QoS levels can build a good network environment (Lee et al., 2013). The application of Qos can improve the reliability of the system and the timeliness of achieving user requirements (Zhang et al., 2015). MQTT itself has a reliable mechanism to ensure message transmission. It not only designs message response, data storage, and data retransmission but also has three levels of QoS to ensure reliable message transmission. The QoS used in MQTT of this system is Qos0, and the connection performance between the publish-subscribe system is stable. The subscription side can be accessed several times to achieve the stability of the system reception. MQTT Server is the key to the priority design of this paper. MQTT Server can be well used in publish-subscribe systems and carries the task of data distribution very well.
The design of this paper has the following improvements from the traditional priority. First, the traditional priority service is a fixed first-come-first-served model. The priority of this paper can be changed on the server-side according to the subscription topic, which can be well adapted to different environments and is more flexible than the traditional priority. Second, the traditional priority for the low-priority processing method is usually priority adjustment, this paper set up a time period, every period of time for low-priority sexual information interaction, the time period can be changed according to the needs of subscribers. Third, to ensure the stability of the system, the server will adjust the publish-subscribe of messages and the frequency of data distribution. Fourth, the server-side can set the level of the subject sequence, and in the case of the same priority, the successive publish-subscribe can be adjusted according to the depth of the data topic.
PUBLISH-SUBSCRIBE SYSTEM FRAMEWORK AND PRIORITY DESIGN
Publish-subscribe system framework
In the microgrid system environment, the underlying equipment often needs to exchange information in time with the upper-level database. The proxy server connects the upper-level database and many underlying devices and is an important part of the publish-subscribe system framework. Treating the presence of the underlying device and the upper layer database as multiple communication devices. These communicating devices can act as both publishers and subscribers so that devices can communicate with each other as long as there is the same communication protocol. The device can be connected to the server by IP and port. The server acts as the data-carrying part of the whole architecture and takes on the task of data publishing and message matching. The topics that publishers want to publish and the topics that subscribers need to subscribe to are matched one by one on the server. Therefore, the communication between devices or the communication between devices and databases needs to use a server to ensure data matching and distribution.
The publish-subscribe priority design process is as follows
a) When the underlying devices communicate too much data with the upper layer data, which exceeds the distribution capacity of the server, the communication between devices will be hindered, and the time of publishing and subscribing will be delayed, which has a great impact on the intelligent grid.
b) At this point, the server will establish a priority level for a period of time-based on the frequency of information exchange topics between devices, and the data represented by the topic messages with high priority can be prioritized for the execution of publish-subscribe tasks, while the data with a low priority level has to wait for the completion of the transmission with a high priority level before execution.
c) High priority enjoys all resources, which ensures transmission efficiency. The server processes node information and processes it according to the priority list. Handling message data in a priority list solves the problem of port congestion.
d) If the amount of high-priority data is too large or the priority list is too long, some low-priority messages will time out because the messages cannot receive messages for a long time. Setting time period feedback adjustment for this situation. If an individual message times out, the message will be distributed within the time period.
e) The adjustment of the feedback time period will not have much effect on high-priority messages. If the lower priority needs to communicate with database data in real-time, it can be done by setting the corresponding time period. The messages are distributed in an orderly manner according to the timeout of the low priority level.
f) If an individual device needs to communicate with other devices due to an emergency, it needs to be fed back to the server, and the server will adjust the message to a high priority to ensure the transmission efficiency of the microgrid system.
PUBLISH-SUBSCRIBE STAGE PROCESS
In the publish-subscribe phase, each client can both publish and subscribe to messages. The establishment of each client first needs to be initialized, and then connect to the server through IP and port number, and authenticate with the server through authentication. Turn on listening mode after the connection is completed to detect messages published and subscribed by the server.
Subscriber Subscription Section
a) The subscriber is responsible for sending the subscribed topic messages to the server. The server is responsible for counting the number of subscription topics and integrating them and then giving the subscription topic a priority. Subscribers can generate subscription messages within a certain time interval, and set their timeout period according to their own needs. The specific steps are as follows:
a. When subscribers subscribe to a topic, first determine whether there is already a subscription for them. If there are duplicate subscriptions, jump out of the subscription collection directly.
b. Join the subscription collection, Create a subscription list.
c. Traverse the subscription collection and add the subscription element to the subscription list if the element appears for the first time.
d. Package and send subscription information.
b) After the subscribed topic message arrives at the server, the server matches and distributes the message topic according to the priority sequence. If the match is successful, the server will package the topic message that the subscriber wants and send it to the subscriber. When the subscriber receives the message, the subscription part is also completed.
The publisher publishes the topic section:
In the message topic publishing stage, the publisher will publish the topic messages that need to be published to the server, and then these messages will enter the server. The server will match these messages with the topic messages subscribed by the desired subscribers and complete the distribution. The specific process is as follows:
a) The publisher judges the QoS level and discards it if it does not meet the requirements of this system, and then configures the payload, messageid, and QoS. After finishing, it is packaged and sent to the server.
b) The publisher will generate a time interval to publish the desired topic and content to the server. These topic messages will be stored in the cluster nodes in the server. If there are subscribers subscribed to the message, the topic messages will be matched with the subscriber’s subscription topic content one by one. If the matching content meets the requirements for publishing, the server will arrange the priority sequence to complete the publishing of these topic messages.
c) If the content of all messages published by publishers in a stage reaches the subscribers, the task of this publishing stage is completed.
MQTT SERVER PART AND ALGORITHM
MQTT server part
The MQTT server uses TCP/IP to connect to the client, and the main functions include message publishing and subscribing, disconnection and reconnection, message monitoring, logging, etc. When the MQTT server starts to work, it will continuously listen for messages from all clients, and it will continue to perform matching and distribution tasks after listening to the messages. If the client is disconnected, the message listening for this message will fail, and the MQTT server will stop the distribution task of the message. The MQTT server is mainly responsible for data connection and data forwarding. The MQTT server protocol is responsible for the message communication between the device and the server. The API interface function module of the MQTT server is responsible for calling different programs. The MQTT server is also accompanied by heartbeat packets to maintain continuous connection capabilities. Different users need authentication when connecting to the MQTT server, which adds multiple guarantees to the security of the server. The MQTT server has a good effect in the application scenarios of large-scale data packets (Yue et al., 2017).
The MQTT server is the core part of the publish-subscribe, and the part that is particularly vulnerable to message publish-subscribe hindrance. Therefore, the design of priorities in this section is particularly important. This part is connected with many devices for IP and port, and the connection is safe and reliable to ensure the stability of data transmission. The MQTT server carries the task of matching and distributing a large amount of data. The server connects to various devices through ports and listens to messages from various subscribers. Prioritizing all topic messages can solve the problem of time delay very well, which is also the focus of this paper. Setting up a priority service for the MQTT server not only subscribes topic messages to the subscriber but also effectively distributes the messages published by the publisher, to alleviate port congestion to the greatest extent.
If there are N levels of priority messages on the server within a certain period of time, the N topic messages are regarded as 1, 2, ..., n respectively. The priority of N topic messages is remembered as [image: image], [image: image], ..., [image: image], the larger the number, the higher the priority. The server distributes the priority sequence in order from largest to smallest. The weight of the message is denoted as W, [image: image] represents the weight of the i-th topic message. A topic message with a high priority will have a higher weight than other topic messages. If an urgent message occurs, it is marked as U, indicating that the message needs urgent processing. The average publication and subscription delay of each message is denoted as D, [image: image] represents the message delay of message topic i. [image: image] represents the topic depth of message x. The waiting time WT for the server to distribute the message, [image: image] represents the distribution waiting time of the i-th topic message, The delay time DT for the subscriber to receive the message, [image: image] represents the delay time for the subscriber to receive the message of the i-th topic without blocking.
For the determination of network blockage, the i-th topic message is used to represent (Ying-Ying, 2014).
[image: image]
This situation means that the waiting time for the server to distribute the queue message exceeds half of the delay of the subscription message, which means that the server cannot distribute the data packets in time, and there is a situation of network congestion. A larger ratio means more severe network congestion. If the distribution and subscription of messages are carried out in the case of a large ratio, the efficiency of the entire system will be greatly affected. At this time, a good scheduling mechanism is required to match and schedule the subscription messages of the server.
In the case of network congestion, for any given i, j
[image: image]
Prove that the priority of topic message i is higher than that of topic message j, then the weights of topic message i and topic message j will be arranged according to the priority. The delay of topic message i will be smaller than that of topic message j, and the topic message i will preferentially preempt resources to publish and subscribe messages.
[image: image]
If the topic message that appears is an urgent message U, the server will adjust the priority of the topic message upwards. The emergency message U can determine the sequence of priorities without calculating the number by the counting method, and can directly distribute the topic message in priority, which ensures the distribution efficiency of the emergency message.
If topic message i and topic message j have the same priority, a judgment is made according to the following:
[image: image]
If there are two topic messages with the same priority, it proves that the number of subscriptions to these two topic messages is the same, and then the weights of the two topic messages are the same. At this time, if the two topic messages need to be prioritized, the priority level can be determined according to the depth of the topic. The complexity of matching data with the server is also higher for topics with higher depth, which can be prioritized with topics with shallow depth. In this way, the server can complete the data matching at the fastest speed and distribute the data to the desired customers in time.
Matching algorithm
The MQTT server integrates the received subscription topics and content. Then, the subscribed QoS service, topic level, and data content are recorded separately, and the required data is sent to the subscriber according to the path of the IP and port of both parties. For the topic messages that need to be published to be recorded. The server extracts the required data for matching. If it is detected that there are other subscribers subscribed to the topic message, the information is matched one by one. Subvalidator has a subscription validation function. Topicfilter has a filter function.
Subscription Matching:
Void Subprocess(message) {// Calibrate-Subscribe
For mqttSub: message.payload().topicSubscriptions() {If (Subvalidator == NULL && topicfilter) {GrantQosList.add(mqttSubQos); SubTopicList.add(mqttSubTopic); SessionManage.addsub (mttSubTopic, cilentId, mqttSubQos.value());}}}
If the validator is working correctly and the filter has filtered out the useless messages, the remaining messages are validated. All subscription information is recorded.
Prioritization algorithm
In a certain period of time, the server will integrate different topics subscribed by subscribers, and sort them according to the number of different topics. Using a count to calculate the number of topics, the larger number will get higher priority and can enjoy the right of priority distribution, while the smaller number of subscription information will get the lower priority sorting level. For urgent messages, processing can be given a high priority sequence without sorting. Topic_info indicates the information on the topic. Period is set to a period.
When receive subscribe topic set
For each topicif receive topic_info, count++; Sort count list; If count has a maximum value Mqttserver(topic_info);Count = 0; If Period == 0, return; //If the time runs out, the operation ends within the time period
The period begins when the server receives data and continues until the end of the running period when it reaches 0, indicating the end of a period. If the server receives additional multiple subscriptions again, the Period is retimed and the server collects and prioritizes the information again.
Get the priority algorithm according to the number of different topics calculated by count, and give the corresponding priority level. The server will assign the order of publish-subscribe according to the priority level. The time for high priority to perform data distribution is set to T. The server will determine if there is a low priority that needs to publish-subscribe to the message due to timeout within T time.
Void Mqttserver (topic_info)
When publish-subscribe topics while time ∈ T, continue; If ∃ timeout //Determine if there is a low-priority message with a timeout, Time period setting; publish-subscribe (topic_info); //Publish and subscribe information if T == 0, return;
The server gives priority to high-priority messages and timeout messages during T time. If T equals 0 it means that the high priority messages are finished running and then the other priority messages are executed.
LOW-PRIORITY FEEDBACK ADJUSTMENT MECHANISM
This paper is designed in an industrial intelligent environment. The information exchange between devices and devices and between devices and databases is often frequent, and the amount of data is relatively large. Priority can solve the problem of port congestion well, but the distribution of low-priority messages may be hindered. Therefore, a feedback mechanism for low priority is designed. Feedback adjustment is an adjustment mechanism designed for individual low-priority subscribers who cannot receive messages for a long time. Usually, to prevent this from happening, considering weight conversion, priority readjustment, which will increase additional traffic needs, or allocating other resources is also an effective solution (Merayo et al., 2017). In this paper, using the time period to regularly send low-priority messages within limited resources and without a timeout. A low-priority subscriber will send a request to the server after a long period of time without a subscribed message, and the server will give that low-priority message a time period to guarantee the transmission of its message. WT means the message waits for the time. DT represents the delay time for the subscriber to receive the message. High-Low priority (High priority, Low priority).
For Low priority subscribers
If WT == DT //When the wait time is approaching the timeout Time period adjust //Different time periods and subscription frequencies can be set publish(Low priority); If High priority ends publishAll(Low priority); continue;
For timeout messages adjust the time period and distribution frequency to ensure that the message will not time out. If the distribution of high priority messages is complete, all remaining low priority messages will be distributed until the distribution of low priority messages is complete.
Adjust the distribution frequency, [image: image] represents the distribution frequency of topic message i
[image: image]
[image: image]
If there is a long queue of high-priority messages and a large number of messages, it is difficult for low-priority messages to be distributed in time. At this time the server can adjust the distribution frequency for low priority in the time period, by changing the distribution frequency of messages can complete the distribution of messages for low priority messages in a timely manner. The change in distribution frequency does not affect the priority sequence, but it changes the weight of the distribution frequency messages, and the change in weight makes some low-priority messages available with faster distribution. Similarly, the change in distribution frequency causes the delay of the message to change as well.
The distribution frequency can be adjusted accordingly to the needs of the subscribers. If the subscriber wants a more time-sensitive message, it can be distributed with an increased frequency of messages. If the subscriber requires high transmission quality and message delivery rate, then the server can set a low frequency for message distribution. Just make sure the message doesn’t time out. The server sets up the different frequencies of message distribution for low-priority messages according to the requirements of different subscribers. In this paper, the system can save the data in the server node, and match the subscribed topic messages according to the priority sequence, which ensures the transmission quality of the messages. For subscribers with different needs, different distribution frequencies can be set to ensure distribution efficiency.
EXPERIMENTAL ENVIRONMENT
The programming environment of this paper is in the IEDA compiler of the Windows system, and a computer is configured for experimental analysis.
EXPERIMENTAL DESIGN
The system experiment is divided into the comparison of messages with or without priority, the comparison of feedback time periods, and the corresponding conclusions drawn through the comparison before and after the priority design. Comparing its data packet delay and data packet interaction time can know the performance of the priority design, and the feedback adjustment can get the impact of the time period established on the priority performance. At the same time, according to the comparison, the requirements for the stable operation of the system are also obtained. Finally, the distribution frequency of the time period was tested, and the system’s steady- state can be adjusted by changing the distribution frequency.
Experiment 1 Comparison of data before and after the priority of several subscribers when the port is blocked. Experiments were set up with multiple subscribers subscribing to their respective topic messages at the same time. The server distributes multiple numbers of subscription topics without setting topic ordering, and the distribution time increases as the number of distributions increases due to the limited distribution capacity of the port. Then, the server distributes multiple subscription topics in the set topic priority order. Observe the interaction time of higher priority topics in different experimental settings. Also, classification algorithms are involved in the comparison, taxonomy is a classification of subscription content with different attributes. In this paper, subscription content will be classified into several hierarchical classes based on their importance. The subscription classes with a high importance level are filtered out and can be distributed first.
It can be seen from the Figure 2 that the publish-subscribe priority designed in this paper can play a good role in the case of port congestion. The figure uses the comparison of data delay with and without priority to conclude that the design of priority can effectively reduce the delay time of data transmission in the case of port congestion. And it can be seen from the figure that as the amount of data increases, the delay time of high-priority data transmission and reception increases relatively smoothly, while in the case of no priority setting, the delay time increases by a multiple. From this, it is inferred that in the case of port congestion, the more data the better the role of the priority. In the industrial intelligent environment, it has a good auxiliary effect for the communication between the underlying devices and the upper-level data and can handle important and urgent messages. In addition, the topic prioritization designed in this paper allows for faster information interaction at higher priority levels and reduced packet loss at lower priority levels compared to traditional taxonomies.
[image: Figure 2]FIGURE 2 | Experiment results—comparison before and after priority design.
Experiment 2 In the case of message congestion, high-priority messages get published and subscribed first and get transmission resources, which effectively reduces the transmission time and obtains information communication guarantee, but the transmission of low-priority messages will be affected. To prevent the situation that low priority cannot communicate with each other for a long time, feedback for low priority messages is designed. If the low priority message has not been transmitted after a certain period of time, the server will design the time period for the message to ensure the transmission of the message.
Figure 3 shows that the impact of different time periods on the priority is different. Publish and subscribe several times for low-priority messages in each time period. It can be seen from the figure that the longer the time period is designed, the more conducive to the communication of high-priority messages. However, the time period should not be too long to cause timeouts, and different time periods should be set up according to the needs of publishers and subscribers. Set up time periods that meet the requirements of low-priority subscribers without affecting the transmission of high-priority messages. Find an equilibrium point to ensure the equilibrium stability of the system.
[image: Figure 3]FIGURE 3 | Experimental results ii effect of time period on priority.
Experiment 3 Low-priority subscribers request subscription packets from the server with different subscription frequencies. The server sets different time periods for low-priority messages. The message transmission delays for different distribution frequency states are derived in different time periods, and conclusions are drawn by comparing the delay ratios for different time periods.
The comparison of the Figure 4 and Figure 5 shows that the extension of the feedback time period brings the low priority message delay ratio to a steady-state. At this time, the distribution frequency of low priority is fixed within the time period. By appropriately changing the server’s distribution frequency of low-priority data, the transmission delay of low-priority messages can be reduced, and low-priority messages can be distributed faster. When the time delay ratio is 1, the state is the non-blocking state. The distribution frequency designed in this paper can make the delay ratio as close to 1 as possible, reducing the steady-state of low-priority delay and achieving faster low-priority message distribution. The design of the distribution frequency needs to comprehensively consider the impact of high and low priorities. Designing an appropriate distribution frequency can better serve priority messages. The distribution frequency of different requirements can be designed for subscribers with different requirements.
[image: Figure 4]FIGURE 4 | Test of distribution frequency over the time period.
[image: Figure 5]FIGURE 5 | Test of distribution frequency over the time period.
CONCLUSION ANALYSIS
In the microgrid environment, for the situation that many underlying devices interact with the upper cloud data for information and generate message congestion. This paper completes the design of topic message priority for the publish-subscribe system, which can solve the problem of message congestion well in the case of port congestion. The experimental results also show that the message transmission delay can be reduced in actual situations, and the priority messages can be transmitted in a timely and stable manner. For some low-priority messages that cannot be transmitted for a long time, the server designed a personalized time period, subscriber requirements are different, and time periods are different. During the time period, the server can adjust the publish-subscribe frequency of low-priority messages to achieve faster message distribution. The next task is to further improve the feedback adjustment, and integrate and send data on the feedback priority, to achieve a faster distribution of messages.
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