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1.1 Introduction 
At present, the development of human society has entered a new era, but in recent years, various natural disasters and safety accidents have occurred frequently, causing huge casualties and serious economic losses to all countries in the world.  Since natural disasters cannot be completely avoided, and the ability of people to transform nature and the economic power used to transform nature are limited, there is no objective inevitability that people can eliminate disasters and overcome them under any circumstances.  But human beings are not powerless in the face of disasters, and disasters can be defended against.  Disasters and the economy are inversely related, and the economy is often threatened and destroyed by disasters.  The greater the disaster, the greater the damage to the economy; the more the economy develops, the greater the losses caused by the disaster.  This has been confirmed by human history.  According to the statistics of the United Nations, the losses caused by disasters in countries around the world are about 20 billion to 30 billion US dollars every year.  The casualties were countless.
   In the face of various disasters and accidents, how to maximize the safety of personnel and conduct reasonable evacuation of personnel has gradually become a hot topic.  The purpose of emergency evacuation is to evacuate the affected personnel from the disaster accident scene to a safe area in the safest and most effective way.  It is the most direct and effective way to reduce casualties and losses after a disaster, and it is also an important part of emergency response to disaster accidents, and its role is indispensable.  Emergency evacuation under major sudden disasters has become the focus of attention from all walks of life. It is an extremely important link for emergency management departments to formulate emergency response plans, which has positive significance for ensuring urban safety.
China is an earthquake-prone country, and the frequent outbreak of earthquake disasters has caused a large number of casualties and property losses, which have greatly endangered the national public safety and property security. Although China has attached great importance to the improvement of building seismic design methods and the improvement of specifications, there are relatively few studies on the emergency behavior of disaster victims in different environments during earthquakes and the evacuation ability of disaster-stricken buildings. Since the "Twelfth Five-Year Plan", the state has begun to vigorously strengthen the science and technology of people's livelihood as the core key technological breakthrough content in key areas, and has clearly listed "strengthening the research and development of group measurement and group prevention technology and equipment for major natural disasters such as earthquakes, landslides, and mudslides; carrying out risk management application research; carrying out the popularization of disaster prevention and reduction science and technology, improving citizens' awareness and skills in disaster prevention and reduction; and organizing the implementation of disaster prevention and reduction science and technology demonstration projects" as the focus of people's livelihood science and technology demonstration. However, in the current "Building Design Fire Code" and other design materials, it is difficult to find the provisions that can be directly applied to the emergency evacuation of personnel inside the building under seismic conditions. How long does it take for people inside buildings to evacuate safely when an earthquake strikes? Which areas are prone to congestion as evacuation hub locations? When building damage occurs at a hub location, how is the building's ability to evacuate affected? In order to solve a large number of doubts in the assessment of the emergency evacuation ability of pedestrians inside the building under seismic conditions such as this, the interaction between the evacuation environment of the building and the movement characteristics of pedestrians in the evacuation process must be fully considered, and the emergency evacuation process when the earthquake occurs must be simulated using appropriate research methods. Although people face different dangerous situations when earthquake disasters occur, there are traces of psychological state, behavior, and choices made at that time. The dynamic characteristics of personnel in the emergency evacuation process in the event of an earthquake are related to many factors such as age, psychology, experience, reaction speed, education level and so on to a certain extent, and there are certain laws and have an important impact on the evacuation results. In recent years, many scholars at home and abroad have conducted a series of studies on the influence of single factors in the emergency evacuation process, emergency evacuation in fire situations, and simulation of evacuation processes in simple spaces, and have also paid attention to the safe evacuation of personnel in large open spaces. However, the research work on emergency evacuation simulation in multi-factor coupled seismic scenarios lags behind engineering applications, which also leads to the lack of relatively complete theoretical basis and practical experimental data for the design and evaluation of evacuation safety in multi-layered crowded places under earthquake scenarios.

1.2 Background and significance of the research question
There are many aspects of personnel evacuation research, which can be broadly divided into macroscopic and microscopic.  Macroscopic personnel evacuation generally refers to large-scale regional evacuation problems, which can be a community, region or city; research issues involve movement trends, path planning, etc.  Microscopic personnel evacuation refers to the research on personnel evacuation in small scenes, including rooms, corridors and other areas. The research issues involve personnel behavior, psychology, and scene obstacle settings.  It can also be classified from several aspects such as evacuation behavior characteristic analysis, evacuation simulation simulation, evacuation strategy optimization, and evacuation plan implementation.
   My research question is to study the microscopic evacuation of people under a specific earthquake disaster.  At present, the average number of deaths caused by earthquake disasters in the world every year is 8,000-10,000 people/time, and the average economic loss is several billion US dollars each time.  According to the United Nations statistics, since the beginning of this century, the number of deaths due to earthquakes in the world has reached 2.6 million, accounting for 58% of the total deaths caused by global natural disasters.  In a sense, an earthquake is the first of a group of disasters.  Just a few days ago, earthquakes of magnitude 6.0 and 7.4 occurred off the east coast of Honshu, Japan.

1.3 Research purpose
This research hopes to build an evacuation scene through the establishment of a computer simulation model to truly reflect the earthquake situation, the mind and behavior of pedestrians and the entire evacuation process.  Through the data analysis of the evacuation process and the evacuation completion time, various factors affecting the evacuation efficiency can be obtained, and reasonable evacuation strategies and other intervenable problems can be formulated to optimize the evacuation process, achieve the role of safe and rapid evacuation, and maximize the protection of pedestrians. Most of the previous studies are fire scenes or flood scenes, etc., and there are few studies on the evacuation of earthquake disasters. There may be some similarities in people's minds and behavioral responses, but there are certain differences in disaster impact and secondary issues, so this study has certain research value and innovation.

2.1 Research status and basic model of personnel evacuation
The current research on personnel evacuation is mainly aimed at the discussion and optimization of scene evacuation facilities, the construction of new safe evacuation models, and the improvement of existing safe evacuation models, or the engineering factors, personnel psychological and behavioral factors in evacuation problems. Analytical simulations, new evaluation methods and the application of intelligent systems to safe evacuation issues, and more.  Computer simulation is currently the most important method to study crowd evacuation under emergencies. 
To date, actual observations of crowd evacuations in panic conditions remain scarce. According to the whole process of the stampede of the crowd during the pilgrimage to Mecca, scholars such as Helbing and Johansson observed and recorded some pedestrian dynamics phenomena such as "stop-and-go waves" and "turbulence". According to the monitoring data of the emergency evacuation process during the Wenchuan earthquake and the Ya'an earthquake, the average expected speed of pedestrians in the event of an earthquake can be analyzed and obtained that the average expected speed of pedestrians is about 1.48m/s. However, such actual observations are very small, and it is difficult to be recorded by accident, so the vast majority of experimental studies on the evacuation process are mainly carried out through animal experiments or evacuation drills in simulated emergencies. However, if the escape experiment of animals or people is carried out as close as possible to the real disaster or panic conditions, there are certain difficulties in solving technical problems, scientific ethics problems and legal problems. Therefore, the computer simulation of the emergency evacuation process is generally used as an important means for the study of the evacuation simulation problem at this stage by choosing a reasonable way to replace the real experiment. The emergency evacuation process of pedestrian flow is based on the collection of each of these individual choices, mainly affected by the movement of individual pedestrians, the interaction between individuals or between individuals and the surrounding environment. Studies in recent years have shown that some collective behaviors of human society can be analyzed through statistical physical methods and tools. Some of the models that people are familiar with in statistical physics, so far there are at least 7 representative emergency avoidance statistical physical evacuation models that are theoretically applicable to simulating and reproducing the self-organizing phenomenon in pedestrian flow to varying degrees, which can be used to simulate the avoidance behavior of crowds.
The personnel evacuation model can be divided into four categories according to different functions: the application of the model, the representation method of personnel characteristics, the modeling method of personnel behavior and the representation method of model space.  Common safe evacuation models include cellular automata model, social force model, lattice gas model, etc.[1]
The idea of ​​cellular automata (CA) originated in the 1950s, when famous scientists proposed a self-replicating cellular automata composed of two-dimensional grids.  Cellular automata is a grid dynamics model in which time, space and state are discrete, and space interaction and time causality are local. It has the ability to simulate the space-time evolution process of complex systems.  Unlike general dynamic models, cellular automata are not determined by strictly defined physical equations or functions, but are constructed using a series of model-constructed rules.  Any model that satisfies these rules can be regarded as a cellular automata model.  Therefore, cellular automata is a general term for a class of models, or a method framework.  Its characteristics are that time, space and state are discrete, each variable only takes a finite number of states, and the rules for changing its state are local in time and space.  Cellular automata have been widely used in various fields of society, economy, military and scientific research since its inception.  Application fields involve sociology, biology, ecology, information science, computer science, mathematics, physics, materials science, chemistry, geography, environment, military science, etc.  Generally, the most common one is the two-dimensional cellular automaton. The cellular space is symmetrical. The common ones are regular triangles, squares, and hexagons. They all synchronize states in each time step according to certain local rules renew[2]. A cellular automaton evolves at each discrete time step with the variable values ​​of the cell, which are determined by the variable values ​​of the neighboring cells.  The variables of each cell are updated simultaneously according to the variable values ​​of its neighboring cells at the previous moment and a series of local rules [3].
The social force model is a continuous model, which quantifies the psychological response of people as force, that is, social force, and introduces it into the personnel evacuation model. This model is based on Newtonian mechanics, assuming that pedestrians are affected by social forces, thereby driving pedestrian movement.According to the different motives of pedestrians and the influence he receives in the environment, he is affected by three forces in total, namely driving force, force between people and force between people and obstacles. The resultant force acts on the pedestrian, producing an acceleration. The effects of the expected speed and direction of the expected speed on the evacuation time were studied, and the typical evacuation behaviors such as arch blocking, herd effect and "fast is slow" were successfully reproduced.  The social force model uses mathematical analytical formulas to express the movement process of pedestrians in complex environments. Due to the continuous characteristics of the model, it can accurately describe the forces at various levels, so the virtual results are reliable and close to the real situation.
The lattice gas model is a special form of cellular automata and was popularized by Fredkin and Toffoli and Wolfarm in the 1980s. In the lattice gas model, each pedestrian is treated as an active particle in the cellular lattice.  These models are often used to study the characteristics of large groups of people with the help of probabilistic and statistical methods. Lattice gas models have been used to study the characteristics of crowd flow in different building structures.  A lattice gas model of crowd flow has been used to simulate the evacuation process of crowd flow evacuation halls.  Considering the propensity of a random pedestrian personality model is used to simulate the flow of pedestrians in the pipeline at the bottleneck, which is used to simulate the flow of pedestrians in the channel.  People usually combine the lattice gas model with other methods to study the crowd evacuation process.

2.2 Theoretical model description and variable selection
This study mainly discusses the influence of the earthquake falling object problem on the evacuation time in a specific evacuation scenario, and uses the cellular automata model to carry out the simulation.  In terms of personnel evacuation, cellular automata convert scenes and pedestrians into two-dimensional grids.  Cells, also known as cells, units or primitives, are the most basic components of cellular automata.  Cells are distributed in discrete Euclidean space positions, and each moment has discrete states, such as [1]. Cell space refers to the collection of grid points in Euclidean space where cells are distributed.  Neighborhood means that the evolution rules of cellular automata are local, and only the states of neighboring cells need to be known when updating the state of a specified cell.  The spatial domain to be searched when the state of a cell is updated is called the neighborhood of the cell, of which Moore neighborhood is the most commonly used.
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(a) Moore Neighborhood    (b) Extended Moore Neighborhood
Figure 1 Basic pedestrian transition rules
There will be a certain initial obstacle setting in the scene built in the research. The falling object is different from the initial obstacle and will be generated after a short period of time after the evacuation starts, and it will have a certain scope of influence. Pedestrians within the scope of influence will  Falling objects produce panic and other emotions, keep a certain safe distance from the falling objects, and speed up their movement.  Movement may be blind, it is easier to grab a favorable position in the crowd, and it is more competitive. It may be affected and change the planned evacuation route, or seek other exits for evacuation, stay away from dangerous areas, etc.  There are many research questions, and the aim is to more clearly determine the factors affecting the speed of evacuation of people, so as to take targeted measures.
The independent variables are set to the initial number of people in the scene, the size of the area affected by the falling object, the shape of the falling object, the size of the falling object, the time of the falling object, etc., and the dependent variable is the evacuation completion time, the number of people who completed the evacuation at each moment, etc.  Referring to the literature related to personnel evacuation in the past, the study plans to set the actual representative length of each cell to be 0.4m×0.4m, and each cell can only be occupied by one unit, which can be an initial obstacle, a wall, or an earthquake drop.  or pedestrians.  The model adopts Moore neighborhood and extended Moore neighborhood as the basic transition rules of pedestrian movement, and determines the probability matrix of pedestrian movement.  The extended Moore neighborhood means that a layer of cells is added outward on the basis of Moore neighborhood, and the personnel have a larger moving range area.  The number of cells moving at the same time is different to simulate the different moving speeds of pedestrians.  Different types of people, such as normal pedestrians, panic pedestrians, etc., will be distinguished according to their moving speed and behavioral performance.  Panic pedestrians will also have stronger competitiveness. When different pedestrians compete for the same cell, pedestrians with stronger competitiveness will be more likely to grab a favorable position.  Set different values ​​for pedestrians and obstacles to classify them to ensure that obstacles do not move and pedestrians only move between cells without obstacles and pedestrians.  The quantification of the attraction to pedestrians based on the exit position and the distance of the person is called the static field. The static field calculates the attraction between the position of each cell and the exit, and it also becomes the basis for pedestrians moving in the scene.  After the simulation scene is initialized, the density value of pedestrians in the scene is set. Before each simulation starts, pedestrians will be randomly distributed in the scene and start to move, and they are all normal moving pedestrians in the initial stage.  The cellular automaton sets every 0.25 seconds as a time step, that is, the normal pedestrian moving speed per second is about 1.6 m/s, which is in line with the normal moving speed of pedestrians.  The falling object will occur at a certain time step, set an area of ​​influence around the falling object, the people in the area will panic because of the falling object, and use the extended Moore neighborhood to start moving, and the competitiveness conflicts in the movement of people is enhanced to preferentially move to conflicting cells. The behavioral response is to retreat, or to evacuate in the direction away from the falling object in priority, and then continue to evacuate.  Subsequent crowds will not enter the affected area for safety reasons. Pedestrian movement will move according to the established formula for the probability of movement. The scene considers setting up double exits to observe whether pedestrians consider changing the selected evacuation exit after falling objects. By observing pedestrian movements and movement process phenomena, the factors affecting the evacuation efficiency are analyzed to provide reference for evacuation problems in earthquake scenarios.
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Figure 2 The direction of movement of the affected area of the person leaving the falling object(Blue is the preferred area, gold is the secondary area)

3. A review of the evacuation problem of cellular automata model
Scholars have done a lot of research on the evacuation of cellular automata.  In terms of the arrangement and type of obstacles, Xu Fushun [4] et al. found that in the actual evacuation process, pedestrians will take detours a certain distance before the obstacle.  Build an improved field model with decision points.  The model introduces the concept of decision point, when the point touches the obstacle, it will guide the pedestrians behind to turn, so as to reproduce the phenomenon of pedestrians detouring.  The simulation results can restore the phenomena of "avoidance triangle" and "convergence triangle" generated in the real experiment.  However, its model is complicated to calculate and assign when initializing the scene distribution, and it is only suitable for the evacuation problem of small scenes, and there is still a lot of room for development. Zhai Yue [5] et al. conducted indoor evacuation simulations considering multiple factors in both cases with obstacles and without obstacles, compared the simulation results with the traditional evacuation simulation software Pathfinder, and proposed an improved method based on the analysis results.  Algorithms for Human Exit Selection in Cellular Automata.  By setting the critical number of people around the exit, the algorithm of personnel exit selection is improved, which can effectively eliminate the phenomenon of repeated reentry during personnel evacuation without destroying the randomness of the original program, and improve the authenticity of cellular automata simulation.  In the simulation process, there will be unreasonable repeated return of personnel. During the simulation, how to affect the evacuation of personnel when the obstacles are proposed should be changed, and how to arrange the obstacles to minimize the impact, so as to optimize the personnel evacuation strategy. Song Yinghua [6] and others established a cellular automata model for personnel evacuation considering the behavior of crossing obstacles.  Through 2 different neighborhoods, pedestrians' behavior of crossing obstacles is realized; an evacuation scene after an earthquake is established, and the evacuation process of different initial pedestrian densities and pedestrian proportions crossing obstacles is simulated, and the initial pedestrian density and obstacle crossing behavior are analyzed.  And the effect of the proportion of pedestrians crossing obstacles on the evacuation process.  This model introduces a new mechanism for cellular automata, which enables personnel to have a new movement selection method, which has great reference significance for later research.  Learn from the earthquake falling object spanning in this paper to carry out research.
In terms of combining optimization of different models, Liu Tianyu [7] established a pedestrian dynamics model based on the microscopic cellular automata model, combined with fuzzy logic theory, Logit model, and Gaussian mixture model, and provided effective suggestions for pedestrian evacuation.  He synthesized the advantages and disadvantages of various models, combined with considering the output variables of fuzzy logic, exit width and herd behavior to determine the target exit.  Logit model to resolve location conflicts between pedestrians.  It provides a good demonstration for reference between different models in the future, but the pedestrian movement mechanism can continue to be improved. Li Qiaoru [8] and others combined cellular automata and social force model to study the co-evolution of evacuation system dynamics and "cooperative behavior".  The simulation verifies that cooperative behavior can promote the overall evacuation efficiency, and the evacuation efficiency of cooperators is higher than that of defectors.  At the same time, there is a game gain coefficient "threshold" that can lead to a "step" in the stable cooperation rate, indicating that this mechanism alleviates the "public tragedy" to a certain extent.  This study explores the interaction of cooperative behavior evolution and evacuation dynamics, expanding the intersection of disciplines. Li Jianyu [9] introduced a SIR model to simulate the spread of panic in real evacuation scenarios, and combined with the conclusions of the structural equation model, different evacuation decision-making behaviors were formulated to simulate the decision-making of evacuating pedestrians in different emotional states. Through the analysis of simulation experimental results, the population evacuation model with emotional contagion constructed in this paper can truly reflect the emotional contagion and behavior characteristics of crowd evacuation, and the model has a strong realistic description ability, which can reproduce and explain the actual evacuation situation.
In terms of the mechanism of human behavior, Huo Feizhou [10] et al. established a cellular automaton model that considered the active avoidance of vulnerable groups, and analyzed the influence of the proportion of vulnerable groups, the density of pedestrians, and the location distribution of vulnerable groups on the overall evacuation results under different avoidance methods. In this model, the personnel are classified in detail, which provides a new research direction and classification method for future research, but the avoidance method is not comprehensive, and the avoidance in other scenarios is not universal. Liu Qiumei [11] established a basic simulation model of stampede behavior. Based on the cellular automaton model of spatial subdivision, the rigid body part and elastic part of pedestrians are defined to realize the elastic treatment of pedestrians, the mechanism of action of fusion force and the mechanism of crowding and pedaling, and the basic simulation model and evolution rules are constructed. Analyze the mechanism of force in crowded stampede. Based on the macro and microscopic characteristics of crowded pedestrian flow, the starting conditions and occurrence scenarios of crowding force and friction force are explored, the panic coefficient is introduced to describe the panic degree of pedestrians, and the interrelationship between panic coefficient and congestion force is analyzed; and the interrelationship of force among crowded and evacuated pedestrians is analyzed by establishing the rules of absorption, decomposition, transmission and injury of crowded and evacuated force. Finally, based on the internal mechanism of crowded stampede and combined with the analysis of the causal factors of crowded stampede, three preventive measures are proposed from the perspective of evacuation space design. Han Yanzhe [12] Based on the theory of cellular automata, constructed a pedestrian evacuation model for urban rail transit station platforms using Netlogo programmable simulation platform, designed two pedestrian evacuation modes, developed a simulator test system for pedestrian evacuation, and compared with the real-life experimental data and simulation test data of existing companion pedestrians to verify the effectiveness of the model. Then, the urban rail transit station platform pedestrian evacuation model was applied, and the influence of pedestrian evacuation under different factors was obtained by analyzing the initial position distribution of pedestrians, the total number of evacuations, the proportion of accompanying pedestrians, the allowable spacing of accompanying pedestrians, and the evacuation exit layout mode, and the variation law of pedestrian evacuation under different factors was obtained by analyzing the evacuation time, the average evacuation speed of pedestrians, and the average waiting time of pedestrians.
In terms of the development and spread of disasters,Huang Cong [13] proposed a new method based on the simultaneous analysis of flood spread and personnel evacuation based on cellular automata, established an analysis model of personnel evacuation under flood spread, and studied the dynamic process of flood spread and personnel evacuation through numerical simulation. The impact of different inlet locations and inlet flows on the efficiency of emergency evacuation at subway stations is analyzed in detail. Most of the articles only consider the changes and movements of personnel during the evacuation process, and this article integrates the scene changes into it, and the severity of the disaster will change over time, which is more realistic, but the model still needs to continue to be improved, and the scene changes and personnel changes need to be reflected at the same time and the impact on people also needs to be considered. Chen Changkun [14] et al. expanded on the existing field model, and proposed a field evacuation model that considered the coupling of multiple exit attraction, crowd behavior and fire source threat in combination with the cellular automata. This model comprehensively considers psychological and environmental factors, quantitatively describes the interaction between people and between people and the environment, normalizes the three elements that affect pedestrian evacuation decisions: exit attraction, herd psychology and fire source threat, and takes the transfer probability determined by the coupling of static field and dynamic field as the criterion for pedestrian movement. Using this model, the impact of the location of the fire source and the spread speed of the threat range of the fire source on the evacuation was simulated.
In terms of changes and effects of personnel emotions, Li Jiayang [15] et al. introduced emotional perception and infection mechanism into pedestrian movement strategy for the dynamic evacuation behavior of personnel in emergency evacuation, constructed the emotional update function of personnel based on the SIS model, proposed the definition of emotional perception domain, and improved the dynamic field of cellular automata. The results show that the individual emotional intensity threshold determines the individual final state of the system, while the infection coefficient and calm coefficient affect the state change rate, which in turn affects the evacuation time. This study provides a theoretical basis for the management of evacuated populations, and has certain reference significance in the emotional changes and transmission of researchers. Luo Changkun [16] Constructed an emotional dynamic field according to the radius of emotional infection and the emotional infection area, constructed a density dynamic field with fuzzy rules, defined the corresponding update rules, improved the transfer probability of the cellular automaton, and optimized the simulation model of safe evacuation. It is also applied to the crowd evacuation problem of an underground supermarket in Tangshan, combined with the fixed physical environment to put forward reasonable suggestions for the total width of safe exits and the position of double exits. In this paper, the problem of emotional infection is studied in depth, but it is still necessary to improve the influence of emotional problems on the mechanism of pedestrian movement.
By learning from the above literature, the development of disasters will disrupt the original evacuation plan of the population to a certain extent, but few studies have been studied on the impact of falling objects in earthquake situations on the evacuation process, and their impact on scenes and pedestrians has been linked. The occurrence of falling objects during the evacuation process not only disrupts the local evacuation order, but also makes people prefer to evacuate from a safer exit. Therefore, it is of great significance to comprehensively consider the distribution of obstacles in the scene, other secondary problems that occur in the disaster situation, and the corresponding psychological and behavioral reflections of personnel to simulate the evacuation process more realistically.

4. Model research methods and evaluation
This study aims to use the cellular automation simulation method to simulate the evacuation of personnel at the moment of earthquake falling. The study uses Matlab software for coding and model building, through the two-dimensional visualization grid to simulate the pedestrian evacuation process, this method can clearly observe the movement process of each person, the way of movement, and some evacuation phenomena are easy to observe, can be simulated many times, low cost of research, high efficiency. If the experiment is taken to study, first of all, it is impossible to simulate the scene realistically, and secondly, the simulation cost and time-consuming are extremely high, and it may not be able to get the desired effect, and the simulation personnel will produce fatigue and resistance psychology for many times, which has a great impact on the experimental results, and in the process of experimentation, the psychology and behavior of the personnel cannot reach the high level of tension when the disaster occurs, and the results are very uncontrollable. Using the simulation method, you can add a personnel movement mechanism at any time, you can build different scenes indefinitely, set the number of evacuations, which is convenient and more accurate to achieve the goal, so the simulation method is used to study. Finally, the simulation results will obtain the best evacuation time by calculating the average data, variance, elimination of the pole difference, etc., and put forward targeted suggestions for various behaviors and impacts, so as to effectively ensure the safety of personnel when disasters occur, and provide reference guidance.
The specific research summary, research model, various variables used in the research, and theory have been given in the introduction of theoretical models, so they will not be repeated. The model still has a certain need to improve the place, in the simulation scenario of more than three exits may not be able to get the same simulation results, still need to enrich and improve the theory, in more complex scenarios can get universal results, but in the basic dual-exit simple scenario has a strong applicability.
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