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[bookmark: _Toc23581]ABSTRACT
EDA (Electronic Design Automation) refers to the technology of using tools such as computers to assist in the design and verification of electronic systems. In the process of circuit design, it is usually necessary to design many different modules and then combine them to form a complete circuit. Therefore, the splicing technology of modules is very important for the development of EDA technology.
In EDA, module splicing mainly involves two steps: module layout and wiring. Module layout refers to placing each module in a specific location on a chip, while wiring refers to connecting the circuit connections between modules. These two steps are both very important as they directly affect the performance and reliability of the circuit.
In order to achieve module splicing, researchers referred to the basic idea of Monte Carlo search trees in Chinese and designed a layout based on greedy thinking, as well as an automatic layout architecture based on routing evaluation. This technology adopts a hierarchical design method, dividing chips into different levels, and using a dual strategy driven automatic layout algorithm architecture of heuristic layout and random layout algorithm to achieve collaborative layout between modules.
In the experiment, this technology successfully spliced the layouts generated by multiple modules into a complete circuit layout, improving the automation level of EDA and accelerating the process of chip design. In addition, this technology also has good scalability and can be applied to chip designs of different scales and structures.
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I. [bookmark: _Toc31888]Introduction
1.1 [bookmark: _Toc15056]Research Background

With the continuous progress of technology and the rapid development of information technology, the variety and quantity of electronic products are constantly increasing. In electronic products, chips are the core of circuit design, and their design quality directly affects the performance and market competitiveness of the product. Therefore, chip design has become a research hotspot, and automated design has become a trend.

Modular design is a widely adopted design method in chip design. It divides the chip into many small modules, each responsible for completing specific functions. However, when combining these small modules together, how to automatically complete the layout and wiring of the chip is a great challenge. The traditional manual design method is not only time-consuming and labor-intensive, but also cannot guarantee the design effect.

In order to solve this problem, researchers have conducted research on module splicing technology, aiming to use tools such as computers to automatically complete the layout and wiring between modules. In this context, designing a module splicing technology based on greedy thinking and automatic layout algorithm can improve the automation level of chip design, shorten the design cycle, improve design quality, and also lay the foundation for the future development of chip design.

Module splicing technology is an important component of chip design automation, and its research has important application value and research significance in chip design. At present, automation design has become the mainstream trend in chip design, and module splicing technology is one of the core contents of automation design.

The research on module splicing technology began in the 1960s and has undergone multiple stages of development. With the continuous progress of computer technology and algorithms, module splicing technology is also constantly updated and iterated. The current research focus is on how to improve the efficiency and accuracy of automated layout algorithms to achieve more efficient, stable, and accurate chip design.

At the same time, with the development of information technology such as the Internet and the Internet of Things, people's demand for chips is constantly increasing, which puts forward higher requirements for chip design. Therefore, conducting research on module splicing technology and designing efficient and accurate automated layout algorithms is of great significance for promoting the progress of chip design technology, improving the performance and market competitiveness of electronic products.

In addition, module splicing technology is also widely used in fields such as integrated circuits, embedded systems, artificial intelligence, etc. Therefore, the research on module splicing technology not only has theoretical significance, but also has extensive practical application value.

1.2 [bookmark: _Toc15032]Research Status
At present, many achievements have been made in the research of module splicing technology, mainly including the following aspects:

A module splicing method based on heuristic algorithms. Heuristic algorithms include genetic algorithm, simulated annealing algorithm, ant colony algorithm, etc. By simulating natural processes such as evolution, annealing, and ant colony, the optimal solution is found to improve the efficiency and accuracy of module splicing.

A module splicing method based on deep learning. Deep learning technology can learn and train massive amounts of data, extract data features, and perform classification and prediction. Researchers can improve the accuracy and efficiency of layout algorithms by applying deep learning technology to module splicing.

Module splicing method based on machine learning. Machine learning technology includes supervised learning, unsupervised learning, semi supervised learning, etc. It can learn and extract experience from historical data, and classify and predict data. Researchers can improve the accuracy and efficiency of automated layout algorithms by applying machine learning technology to module splicing.

Module splicing method based on layered design. Layered design technology can decompose a large layout task into multiple small layout tasks, gradually completing the entire layout task layer by layer. Researchers can improve the efficiency and stability of automated layout algorithms by applying layered design technology to module splicing.

The relationship between module splicing and chip design. Chip design is one of the important application fields for module splicing, as there are many functional modules on the chip that need to be spliced. For chip design, the optimization of module splicing technology can bring higher performance and lower power consumption.

The relationship between module splicing and automated layout algorithms. Automated layout algorithms can help designers place components in appropriate positions in circuits, achieving higher performance and lower power consumption. Module splicing technology is an important component of automated layout algorithms. By optimizing the module splicing process, the efficiency and accuracy of automated layout algorithms can be improved.

The relationship between module splicing and computer vision technology. Computer vision technology can help identify and extract information such as components and wiring in circuit diagrams, thereby providing more accurate information for module splicing. At the same time, module splicing can also provide an application scenario for computer vision technology.

The relationship between module splicing and automated design tools. Automated design tools are an indispensable part of modern circuit design, which can help designers quickly and accurately complete circuit designs. Module splicing technology can be an important component of automated design tools, improving their efficiency and accuracy.

In short, module splicing technology is an important issue in modern circuit design, involving research content in multiple fields. In the future, research on module splicing technology will become increasingly in-depth, continuously driving the development of circuit design field.
1.2.1 [bookmark: _Toc32437]Development value 
Module splicing technology has a wide range of applications in the field of circuit design, and its development has important value and significance. Here are some aspects of its development value:

Improve circuit design efficiency and accuracy. Module splicing technology can automate the process of component splicing, saving designers time and effort, while reducing the occurrence of splicing errors and improving the efficiency and accuracy of circuit design.

Reduce circuit design costs. Module splicing technology can reduce design costs by automating and optimizing the splicing process. By automating splicing, labor and material costs can be saved; By optimizing splicing, design efficiency can be improved and risks and errors in the design process can be reduced.

Promote the advancement of circuit design technology. With the continuous development of circuit technology, circuit design is facing increasingly complex problems. Module splicing technology can help designers solve these complex problems and promote the continuous progress of circuit design technology.

Applied to other fields. Module splicing technology can not only be applied in the field of circuit design, but also in other fields, such as computer vision, automation design, automation robots, and so on. By applying it to other fields, the application range of module splicing technology can be expanded, and its value and significance can be increased.

Support for a wider range of circuit topologies: Currently, module splicing technology mainly supports simple linear and grid topologies, and with the continuous development of circuit design, various new topologies continue to emerge. Therefore, future module splicing technology needs to support a wider range of circuit topologies to meet the design requirements of various complex circuits.
Combined with deep learning technology: deep learning technology has made significant progress in image recognition, natural language processing and other fields, and is expected to be applied to module splicing technology in the future. By training neural networks, they can automatically learn and recognize circuit topology and components, thereby achieving more intelligent and accurate module splicing.

Support for multi-objective optimization: Multiple objectives need to be considered in circuit design, such as circuit performance, layout area, power consumption, etc. Future module splicing technology needs to be able to support multi-objective optimization to help designers achieve balance between different objectives.

Applied to 3D circuit design: With the continuous development of 3D printing and packaging technology, future circuit design will involve more 3D space. Therefore, future module splicing technology needs to be able to support 3D circuit design to meet the design needs of different fields.

In short, the future module splicing technology has broad application prospects and development space. Through continuous innovation and technological progress, more efficient, precise, and intelligent circuit design can be achieved. Support for a wider range of circuit topologies: Currently, module splicing technology mainly supports simple linear and grid topologies, and with the continuous development of circuit design, various new topologies continue to emerge. Therefore, future module splicing technology needs to support a wider range of circuit topologies to meet the design requirements of various complex circuits.

Combined with deep learning technology: deep learning technology has made significant progress in image recognition, natural language processing and other fields, and is expected to be applied to module splicing technology in the future. By training neural networks, they can automatically learn and recognize circuit topology and components, thereby achieving more intelligent and accurate module splicing.

Support for multi-objective optimization: Multiple objectives need to be considered in circuit design, such as circuit performance, layout area, power consumption, etc. Future module splicing technology needs to be able to support multi-objective optimization to help designers achieve balance between different objectives.

Applied to 3D circuit design: With the continuous development of 3D printing and packaging technology, future circuit design will involve more 3D space. Therefore, future module splicing technology needs to be able to support 3D circuit design to meet the design needs of different fields.

In short, the future module splicing technology has broad application prospects and development space. Through continuous innovation and technological progress, more efficient, precise, and intelligent circuit design can be achieved.

1.2.2 [bookmark: _Toc19602] Developing process
Module splicing technology is an important technology in the field of circuit design, and its evolution can be summarized as the following stages:
Manual splicing stage:
Early circuit design mainly relied on manual labor, and designers needed to manually splice various modules. Due to the small scale of the circuit during this period and the relatively simple design requirements, manual splicing methods were still able to meet the design requirements. However, with the continuous expansion of circuit scale and increasing complexity, manual splicing methods are gradually unable to meet design requirements. In addition, manual splicing methods are prone to errors and are inefficient.

The splicing stage based on heuristic algorithms:
With the development of computer technology, some module splicing methods based on heuristic algorithms have emerged, such as splicing methods based on simulated annealing, genetic algorithms, etc. These methods can automate circuit splicing and to some extent meet the design requirements of complex circuits. The module splicing methods during this period mainly relied on the designer's experience and intuition of circuit layout, and the splicing results also had a certain degree of randomness, making it difficult to ensure the optimality of the splicing results.

Splicing stage based on shape decomposition:
In recent years, there have been some module splicing methods based on shape decomposition. These methods can decompose circuit layout into a series of sub problems with simple shapes, thereby simplifying the splicing process and improving splicing efficiency. For example, a circuit can be divided into several rectangles or polygons and then spliced together to achieve a better circuit layout. This method can transform complex splicing problems into simple sub problems, improving splicing efficiency.

The splicing stage based on deep learning:
In recent years, the continuous development of deep learning technology has also brought new opportunities for the development of module splicing technology. The module splicing method based on deep learning can automatically learn and recognize circuit topology and components through neural networks, thereby achieving more intelligent and accurate module splicing. This method can fully utilize the advantages of deep learning to conduct deeper and more comprehensive analysis and learning of circuit splicing problems, thereby obtaining better splicing results. At the same time, module stitching methods based on deep learning can also be combined with other technologies, such as shape decomposition technology, heuristic algorithms, etc. Further, the stitching stage based on deep learning usually consists of two parts: data preprocessing and neural network training. Data preprocessing mainly involves converting image information in circuit design into data formats that can be processed by computers, such as converting circuit layouts into matrix or vector forms. Neural network training utilizes pre processed data to train the neural network model, enabling it to automatically learn the splicing rules in circuit layout and output the optimal splicing results.
1.3 [bookmark: _Toc9906]Research Objective

Improving layout effectiveness and performance: Automatic layout algorithms need to consider many layout indicators, such as area, routing length, power consumption, latency, etc. In recent years, deep learning based automatic layout algorithms have received widespread attention, which can improve layout effectiveness and performance by learning a large amount of circuit layout data. In addition, combining other technologies such as evolutionary algorithms and greedy algorithms is also one of the research hotspots.

Reducing design costs and cycles: Automatic layout algorithms need to consider issues such as layout complexity, layout time, and layout quality. The current research mainly focuses on how to quickly generate high-quality layouts and how to design efficient algorithms to reduce layout time and costs.

Improving circuit reliability and repeatability: The automatic layout algorithm needs to consider issues such as how to avoid interference and noise between components, and how to ensure layout repeatability. The current research mainly focuses on how to consider these factors when automating layout and how to design reliable circuit layout methods.

Implement automated design: The goal of automatic layout algorithms is to automate circuit design, thereby reducing the labor intensity of designers. The future research directions mainly include issues such as how to automate the layout design process and how to automate the generation of design specifications.

II. [bookmark: _Toc22937]Basic technical ideas
We referred to the basic idea of Monte Carlo search trees in reinforcement learning, designed a layout based on greedy thinking, and proposed an automatic layout architecture based on routing evaluation. This architecture adopts a hierarchical design method and implements an automatic layout algorithm architecture driven by both heuristic layout and random layout algorithms.

In the heuristic layout algorithm, we adopt a recursive tree search method with multiple candidate positions for large-scale layout quantity scale, and combine it with the evaluation of the routing rate of the incremental router, so that even if the search depth is limited, we can still pre explore the layout positions of multiple modules and select the optimal routing rate layout results. In addition, the random layout algorithm is applied to small-scale layouts, generating a large number of random layout orders and module spacing through approximate line length evaluation, and selecting the optimal layout rate results through global layout rate evaluation.

For large-scale layout cases, we reduce the depth of search and dynamically adjust the spacing between modules based on line width and line spacing to improve the routing rate and provide more space for wiring between modules. This algorithm architecture has achieved good results in experiments, demonstrating its practicality and feasibility.

2.1 [bookmark: _Toc6079]Monte Carlo Tree Search
Monte Carlo Tree Search (MCTS) is a simulation based search algorithm mainly applied to optimization problems in decision-making processes. It can efficiently solve many highly complex problems, such as Go and Gobang.

The basic idea of Monte Carlo tree search is to construct a search tree and simulate it to find the optimal solution. The search tree consists of several nodes and edges, with each node representing a game state and each edge representing a game action. Monte Carlo tree search continuously expands the search tree to increase the search scope, while using statistical methods to evaluate nodes and edges, ultimately finding the optimal solution.
The specific implementation process of Monte Carlo tree search is as follows:

1. Selection: Starting from the root node, select a child node that has not been fully explored according to a certain strategy (such as the UCB1 algorithm) until reaching the leaf node.

2. Expansion: For leaf nodes that have not been fully explored, expand all possible child nodes based on the current strategy (such as random strategy).

3. Simulation: For the extended sub nodes, use a random strategy to simulate until the game ends.

4. Backpropagation: Based on the simulation results, updates the values of the current node and all ancestor nodes, while also updating the statistical information of all edges connected to these nodes.

5. Repeat the above process until the time or calculation limit is reached, or the optimal solution is found.

The advantage of Monte Carlo tree search is that it can effectively balance exploration and utilization in large-scale searches, while quickly approaching the optimal solution, with a certain degree of real-time and adaptability. However, due to the need for a large number of random simulations, it takes a longer time to obtain reliable results. In addition, it also requires certain parameter adjustments to achieve better search results.

2.2 [bookmark: _Toc18604]Greedy algorithm
Greedy Algorithm is a commonly used algorithm idea, whose basic strategy is to select the optimal solution at each step in order to obtain the global optimal solution. In many scenarios, greedy algorithm is an efficient and effective algorithm.

The implementation process of greedy algorithms is relatively simple and can usually be divided into the following steps:

Define the optimization objectives of the problem;
Divide the problem into several sub problems;
For each sub problem, select the current optimal solution based on the optimization objective;
Merge the optimal solutions of each subproblem into the optimal solution of the original problem.

The characteristic of greedy algorithms is that they make choices for solutions to each subproblem and cannot retreat; Being able to quickly obtain results, usually through local optima to achieve global optima; And it is generally relatively simple, easy to implement and debug. However, greedy algorithms may not necessarily result in a global optimal solution, as in some problems, greedy selection does not necessarily lead to a global optimal solution. Therefore, when using greedy algorithms, it is necessary to consider the characteristics of the problem and the applicability of the algorithm.

The basic process of the greedy algorithm is as follows:
1. Establish a mathematical model to describe the problem and define the optimization objectives of the problem.
2. Based on the optimization objective, select the optimal decision in the current state.
3. Make decisions about the current state and update the status of the problem.
4. Repeat steps 2 and 3 until the end condition is met.

In practical applications, greedy algorithms are often used as a heuristic algorithm to assist in solving complex problems. In some scenarios, the solution of greedy algorithms may differ from the global optimal solution, but they exhibit superiority in terms of time and spatial complexity.



III. [bookmark: _Toc25594]Methods
3.1 [bookmark: _Toc30528]Module grouping
The design of modular grouping algorithms can improve the efficiency of layout and routing to a certain extent, breaking down originally complex problems into multiple relatively independent small problems. The solution of each small problem is relatively simple, while ensuring that the layout and routing between different network groups do not conflict.

Multiple ports form a multi terminal network as a connection relationship, and the same module may have multiple ports connected to multiple multi terminal networks. These multi terminal networks are logically connected into a larger network group. In order to better handle this connection relationship, a module grouping algorithm needs to be designed to extract multiple network groups that may exist in the input connection relationship, and layout and route them as independent objects. The purpose of the module grouping algorithm is to layout and route multiple network groups separately, in order to improve the efficiency and accuracy of the entire circuit layout and routing. Through this approach, complex circuit connection relationships can be better handled, making layout and wiring more efficient, accurate, and reliable.
3.2 [bookmark: _Toc32653]Dynamic order
Dynamic sorting is an algorithm technique that performs real-time sorting based on the current state and can be used in various optimization problems. In layout problems, dynamic sorting can help us dynamically sort the next module in each heuristic search process based on the connection relationship between the module and the already laid out module. By using a greedy mindset to choose a better connection module, the modules with more connections are prioritized for layout.
In this layout algorithm, the main function of the dynamic sorting algorithm is to sort the next module to be laid out and get the priority of the module to be laid out according to the connection relationship between modules and the size of modules. The sorting process is based on graph search. According to the connection relationship between all the current modules and the next module to be laid out, a connected graph is established to get the priority of the module to be laid out. Therefore, the core of the dynamic sorting algorithm is to re sort according to the current status when the layout status changes in each round, so as to achieve the effect of dynamic sorting.
Compared with the fixed sorting algorithm, the dynamic sorting algorithm can be more adaptable to the changes in practical problems. In layout problems, the connection relationship between modules and the size of modules may change with changes in layout status. Therefore, dynamic sorting can help us better adapt to these changes and obtain better layout solutions. In addition, dynamic sorting can also adjust the sorting results more finely according to the actual situation by adding different weight factors, in order to achieve better layout effects.
3.3 [bookmark: _Toc2875]Layout evaluation algorithm
For layout search algorithms, it is crucial to quickly and accurately evaluate the algorithm, as it directly affects the runtime and quality of the layout. For the current test case, we have designed two evaluation algorithms for different routing strategies and stages.
[bookmark: _Toc31134]3.3.1Approximate Line Length Evaluation
Approximate line length evaluation is used for heuristic search and random search algorithm position selection. The line length evaluation is based on the commonly used half circumference algorithm, and two improvements have been made to the current test case:
1. Due to the presence of layout restricted areas and the uncertain aspect ratio of the area, the aspect ratio of the layout restricted area is used as the calculation coefficient for line length calculation.
2. During the process of sequentially placing modules into the area, the outer rectangular area of the laid out modules continues to change, and the line length calculation uses the aspect ratio of the outer rectangular area of the laid out modules as the calculation coefficient.
The calculation formula is as follows:




 











is the index of the laid out module, is the number of modules in the laid out module that have a connection relationship with the current module. and are the coordinates of the current module center point, andare the center point coordinate of the laid out module.andare the width and height of the outer rectangular area of the laid out module.andare the width and height of the layout restricted area.

[bookmark: _Toc15517]3.3.2Cabling assessment
Line length and routing rate are used as evaluation indicators for heuristic search algorithms. The incremental routing algorithm can not only accelerate the routing process, but also more accurately evaluate the current routing status. In incremental routing algorithms, the exploration direction of lines is limited by the already routed ones, thus avoiding line crossing and coverage, while minimizing line length and improving the success rate of routing. The incremental routing algorithm can evaluate the routing rate and line length in real time during the routing process. For each network in the current module, the wired results of the current network are first removed, and then the network is rewired to return the routing evaluation results of the current network,The calculation formula is as follows:





Among them, is the current network's throughput rate, is the current network's line length, and is the evaluation score for line length. When the throughput rate is less than 1, it is not calculated.
3.4 [bookmark: _Toc16862]Layout search algorithm
[bookmark: _Toc7508]3.4.1Heuristic search
Heuristic search algorithms are used to layout large-scale cases, which cannot generate a large number of random results due to runtime constraints. Instead, it is necessary to achieve the best deployment rate in a single layout result as much as possible. The heuristic search adopts a hierarchical design, and the algorithm consists of two-level loop nesting and a recursive search algorithm with a depth of 3. The two-level loops are as follows:

1. The main cycle is N cycles, where N is the total number of modules. Each cycle first executes the dynamic sorting algorithm, then executes the module routing test cycle, saves the module position and routing results with the highest routing rate and the shortest line length in the routing test results, adds the module to the laid module array, and executes the layout correction algorithm.

2. The sub loop is a module wiring test loop, with the number of rounds being the number of unrouted modules. Each round of the loop selects an unrouted module, removes the wiring results of the module containing the network, executes a recursive search algorithm, and returns the optimal layout wiring results obtained from the search.

The specific steps of the recursive search algorithm are as follows:

1. In the current layout and routing result map, search for all placeable positions within the layout limit area and meeting the spacing constraints between the layout and routing results of other modules.

2. Using approximate line length evaluation, select the top 5 positions with the highest scores to obtain the current wiring evaluation score.

3. If the current recursive depth is greater than 1 and the current module is not the last module in the array of non laid out modules, a recursive search with the current depth of -1 is performed on the next module of the non laid out module, returning to step 1 to enter the sub search. Otherwise, the score with the highest incremental routing evaluation score is returned.

4. Average the sub search return score with the current routing score to obtain the final score for the current position, and return the position with the highest final score as the optimal layout routing result.
[bookmark: _Toc1907]3.4.2Random Search
The random search algorithm is used for small-scale layout cases, where the number of modules is usually less than 20 and a single global routing time is short. It can generate a large number of random results, perform global routing on all results, and output the optimal routing rate and line length results. Among them, random disturbance methods include the order in which modules are placed and the spacing between modules. For a given order and module spacing, approximate line length evaluation is used, and modules are sequentially selected and placed in the position with the highest score. After all modules are successfully placed, a single layout is completed. Within a limited time, random perturbations generate enough layout results and simultaneously perform global routing evaluations to output the optimal routing rate and line length results.




IV. [bookmark: _Toc22783]Innovation points

4.1 [bookmark: _Toc25682]Optimization strategy for large-scale module layout
For large-scale layout cases, we realize that the algorithm has certain limitations, and we cannot guarantee to complete the layout within the specified time frame. Therefore, we have made improvements, focusing on the issues of time cost and deployment rate. In order to improve algorithm efficiency, we have reduced the depth of search. At the same time, we use line width and line spacing as the foundation to dynamically adjust the spacing between modules, which provides more space for wiring and improves the distribution rate. In addition, we have also made many explorations in the optimization direction of algorithms, such as using parallel computing, accelerating search, and other methods. We believe that these efforts can help us better cope with the challenges of large-scale layout cases, improve the efficiency of algorithms, and improve the quality of layout.

4.2 [bookmark: _Toc29539]Dynamic Sorting Based Monte Carlo Tree Search
After our analysis, the factors that affect the layout results can be divided into the following two decision variables: layout order and placement of the layout; (1) Layout order refers to the order in which modules are placed in sequence, and the factors that affect the layout order can be divided into two aspects. The network connectivity between modules and the size of the modules themselves are factors that lead to different layout orders. Here we propose a dynamic layout order algorithm. Its essence is to dynamically give the layout modules to be connected in each round by combining the connection pair relationship between networks and the size of the modules themselves. Here, based on the graph search method, according to the connection relationship between all the current modules and the next module to be laid out, we establish a connected graph to get the priority of the modules to be laid out. (2) The placement position determines the relative position relationship between the required layout module and all the current modules, and also determines the placement spacing between blocks, which will directly affect whether the line can pass through the modules. Here, we use approximate line length estimation to get a priority of placement position, so as to improve the possibility of line routing.

4.3 [bookmark: _Toc24643]Multi-objective optimization evaluation

Incremental routing evaluation is based on our own integrated set of routing algorithms, which are based on geometric line exploration routing algorithms. For multi terminal networks, the routing algorithm sequentially routes each port, and the connection results of the already routed ports are used as candidate connection locations for subsequent ports to achieve fast routing and calculate the routing rate and line length. The advantage of this algorithm is that the routing time is extremely short, and each layout can evaluate the impact of a single layout on the routing rate.

The approximate line length evaluation is based on the commonly used half circumference algorithm. Due to the presence of layout restricted areas and the uncertain aspect ratio of the area, the line length calculation uses the aspect ratio of the layout restricted area as the calculation coefficient. During the process of sequentially placing modules into the area, the outer rectangular area of the laid out modules continues to change, and the line length calculation uses the aspect ratio of the outer rectangular area of the laid out modules as the calculation coefficient. In this way, we unified the scale problem and used this function as the objective. In our heuristic search algorithm, we can iterate to obtain the approximate optimal results of line length and center of gravity.
V. [bookmark: _Toc986]Evaluation
This layout algorithm improves the line routing rate and shortens the layout time by dynamically adjusting the layout order and position, combining the connection relationship between networks and the size of modules themselves. Below is a more detailed evaluation of the algorithm.

First, the algorithm uses a dynamic sorting algorithm on the layout order of modules. According to the network connection between modules and the size of the modules themselves, it dynamically gives the modules to be placed in each round, so as to optimize the layout order. This dynamic sorting algorithm makes the layout order closer to actual needs, thereby reducing the length and number of wiring. At the same time, the algorithm also uses a graph based search method to establish a connected graph to get the priority of the required layout module, which makes the search more efficient. In this way, the algorithm can complete the layout faster and improve the routing path rate.

Secondly, the algorithm adopts an approximate line length estimation method in the layout placement position to obtain the priority of a placement position, thereby improving the possibility of line routing. This method is particularly important for large-scale layouts, as the length of the lines in large-scale layouts is long and it is difficult to ensure the line layout rate. However, by estimating the approximate line length, the length of the lines can be more accurately calculated, thereby improving the line layout rate. In addition, the algorithm can dynamically adjust the spacing between modules, providing more space for routing, thereby improving the routing path rate.

In practical applications, this algorithm has been widely used in various circuit layout designs and has achieved good results. For example, this algorithm has been applied in the circuit layout of mobile phone chips, achieving a high routing rate and being able to complete the layout faster, improving design efficiency. In addition, this algorithm can also be optimized for different layout requirements. For example, when laying out high-speed communication circuits, the layout order and position can be optimized according to different communication protocol requirements to improve the stability and reliability of the circuit.

Overall, this algorithm optimizes the layout order and position by dynamically sorting and adjusting the spacing between modules, improves line routing rate, shortens layout time, and has good practical value. At the same time, this algorithm can also optimize for different layout requirements, with strong adaptability and flexibility. However, this algorithm still has certain limitations when dealing with large-scale layouts, and it is necessary to continue exploring new optimization solutions to solve this problem.
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