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The present review paper focuses on the exploration and qualitative evaluation of hybrid optimization methods applied to architectural design, computational morphogenesis and energy consumption problems. After introducing the computational morphogenesis notion and the novel institutional framework of nZEB labeling, we define here computational morphogenesis as a design procedure where the environmental qualities of the envelope and especially thermal storage and load shifting have the potential to guide an automation process of shape creation in the building scale. For this reason we focus on reviewing the well-cited literature on scale that introduced novel hybrid optimization tools especially developed for thermal load, energy consumption optimization and/or computational morphogenesis optimization issues. Different approaches and methods are reported in this review paper, while at the end of the paper an exhaustive list of conclusions and potential perspectives of these approaches is explicitly Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer presented. Inexorably, we seek to review here hybrid optimization tools that are (or could be) applied on computational morphogenesis problems with the aim to optimize, facilitate and encourage a creative architectural design in relation to innovative envelope conception to promote interdisciplinary research coupling the fields of architectural design and building physics.

Introduction and general context

In a context where the building sector is responsible for 42% of final energy consumption, 35% of greenhouse gas emissions and 50% of material resources consumption, the European Union introduced a new label to characterize the energy performance of buildings [START_REF] Ziaei | Effects of financial development indicators on energy consumption and CO2 emission of European, East Asian and Oceania countries[END_REF], [START_REF] Seinre | Quantification of environmental and economic impacts for main categories of building labeling schemes[END_REF], [START_REF] Pikas | Quantification of economic benefits of renovation of apartment buildings as a basis for cost optimal 2030 energy efficiency strategies[END_REF], [START_REF] Kurnitski | Energy and investment intensity of integrated renovation and 2030 cost optimal savings[END_REF], [START_REF] Lepkova | Financial Investments for Zero Energy Houses[END_REF].

More precisely, in the general framework of climate change, the re-cast Energy Performance of Buildings Directive (EPBD) requires that from 2019 onwards "all the new buildings occupied and owned by public authorities are nearly zero-energy buildings" (nZEB) and by the end of 2020 "all new buildings are nearly zero-energy buildings" [START_REF] Pikas | Cost optimal and nearly zero energy building solutions for office buildings[END_REF], [START_REF] Thalfeldt | Facade design principles for nearly zero energy buildings in a cold climate[END_REF], [START_REF] Bourrelle | Zero energy buildings and the rebound effect: A solution to the paradox of energy efficiency?[END_REF], [START_REF] Aelenei | From Solar Building Design to Net Zero Energy Buildings: Performance Insights of an Office Building[END_REF], [START_REF] Szalay | Definition of nearly zero-energy building requirements based on a large building sample[END_REF], [START_REF] Desideri | Design of a multipurpose 'zero energy consumption' building according to European Directive 2010/31/EU: Life cycle assessment[END_REF]. In other words, this European Directive on energy efficiency of buildings (EPBD) requires member states to ensure that on 1 st January 2021, all new buildings have an energy "almost zero" consumption in order to obtain the nZEB label [START_REF] Deng | How to evaluate performance of net zero energy building -A literature research[END_REF], [START_REF] Weibenberger | The convergence of life cycle assessment and nearly zero-energy buildings: The case of Germany[END_REF]. The aim of this directive is to enhance interdisciplinary research on building applications sharing knowledge about products, systems, conceptual methods and innovative techniques that combine low energy consumption, renewable Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer energy and industrialization [START_REF] Ferrara | A simulation-based optimization method for cost-optimal analysis of nearly Zero Energy Buildings[END_REF], [START_REF] Zeiler | Dutch Efforts Towards a Sustainable Built Environment[END_REF], [START_REF] Salvalai | Italian local codes for energy efficiency of buildings: Theoretical definition and experimental application to a residential case study[END_REF], [START_REF] Sun | Sensitivity analysis of macro-parameters in the system design of net zero energy building[END_REF], [START_REF] Song | Towards Net Zero Energy Building: Collaborationbased Sustainable Design and Practice of the Beijing Waterfowl Pavilion[END_REF], [START_REF] Noris | Implications of weighting factors on technology preference in net zero energy buildings[END_REF], [START_REF] Mohamed | Selection of micro-cogeneration for net zero energy buildings (NZEB) using weighted energy matching index[END_REF], [START_REF] Visa | Improving the renewable energy mix in a building toward the nearly zero energy status[END_REF]. Hence, as we understand, the first step, to achieve nZEB levels of energy consumption consists in designing buildings with high thermal storage and load shifting potential. And at this stage we understand that we have to enter in the equation the building form optimization at early design stages in order to achieve high standards of sustainability.

When we deal with a classic building design problem we work simultaneously during two distinct phases : the shape conception and the ex nihilo post conceptual phase where the geometry of the problem is defined in detail and engineering accomplishes the tasks of constructability and sustainability. In general we remark that the shape conception stage remains an integral artistic procedure while energy performance issues are not entered in the equation of form creation. Even if the building research community has been always using building performance simulation tools ( [START_REF] Martins | From solar constraints to urban design opportunities: Optimization of built form typologies in a Brazilian tropical city[END_REF], [START_REF] Papantoniou | Building Optimization and Control algorithms implemented in existing BEMS using a Web based Energy Management and Control System[END_REF], [START_REF] Moldovan | Solar Heating & Cooling Energy Mixes to Transform Low Energy Buildings in Nearly Zero Energy Buildings[END_REF], [START_REF] Attia | Assessing gaps and needs for integrating building performance optimization tools in net zero energy buildings design[END_REF], [START_REF] Li | Building energy consumption on-line forecasting using physics based system identification[END_REF], [START_REF] Mavromatidis | Numerical estimation of air gaps' influence on the insulating performance of multilayer thermal insulation[END_REF], [START_REF] Bykalyuk | Studying the evolution of both thermal and kinetic boundary layers in the vicinity of a vertical conductive gypsum plate under dynamic time-depending conditions at the building scale[END_REF], [START_REF] Vesterstrom | A comparative study of differential evolution, particle swarm optimization, and evolutionary algorithms on numerical benchmark problems[END_REF]), this kind of research is not coupled with the architectural design process at early design stages. As it is well-argued elsewhere, there are many reasons for this delay, starting from the difficulty of using complex sophisticated simulation tools to describe complex physical phenomena ( [START_REF] Bykalyuk | Studying the evolution of both thermal and kinetic boundary layers in the vicinity of a vertical conductive gypsum plate under dynamic time-depending conditions at the building scale[END_REF], [START_REF] Li | Building energy consumption on-line forecasting using physics based system identification[END_REF], [START_REF] Turhan | Comparative study of a building energy performance software (KEP-IYTE-ESS) and ANN-based building heat load estimation[END_REF], [START_REF] Belhadj | Study of the thermal performances of an exterior wall of barley straw sand concrete in an arid environment[END_REF], [START_REF] Mavromatidis | Development of polynomial regression models for composite dynamic envelopes' thermal performance forecasting[END_REF]), the augmented calculation time needed for such operations, the uncertainty in the results and the general impression that the designer is restricted by the limitations of the tools ( [START_REF] Machairas | Algorithms for optimization of building design: A review[END_REF], [START_REF] Evins | A review of computational optimisation methods applied to sustainable building design[END_REF]). Architectural discourse has always included a reflection on providing a high quality and comfortable interior environment via an equilibrated architectural project, albeit the use of computer-aided building energy simulation software in the decision-making process for building form optimisation at early conceptual stages is limited. In architectural design, regarding the sustainability of the created space, intuition played the most important role, and the fact that Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer traditional architecture has always sought to use local materials and adapt building forms, systems and space organization to precise climatic conditions optimizing their thermal storage capacity, reinforced a kind of discourse among architects and designers, which generally concludes that the use of thermal simulation tools at an early design stage is inessential.

However, the use of procedural, parametric and generative computer-supported techniques in combination with mass customization and automated fabrication is not new in architectural design and consists an alternative way for building form conception. Such tools are the main numerical procedures currently used in contemporary architecture to enable holistic manipulation and the subsequent production of increasingly complex architectural arrangements. In this paper we will try to link the currently employed generative computer-supported techniques and concepts with the sustainable dimension of architecture in order to propose the main elements to reinvent computational morphogenesis in the climate change era.

Definition of computational morphogenesis in architecture

Ιn recent architectural discourses, the approaches to conceive and design original architectural forms from scratch have been described as morphogenesis or more precisely computational or digital morphogenesis. By definition, computational morphogenesis is a process of shape development enabled by computation. Although the concept is applicable in many scientific fields, the term computational morphogenesis was first used in architecture and engineering.

Ergo, in architectural design, computational morphogenesis is a group of methods that employ digital media and numerical techniques to shape the form and adapt it in a specific context rather than simply expressing an individual's inspiration offering an original representation. According to Roudavski, in this inclusive perspective, computational morphogenesis in architecture bears a largely analogous or metaphorical relationship with morphogenetic processes in nature, expressing the dependence of progressive development; nevertheless it not necessarily refers to the adaptation of the current mechanisms of growth [START_REF] Roudavski | Towards Morphogenesis in Architecture[END_REF]. Meanwhile, recent speeches have linked computational morphogenesis in architecture at a number of concepts such as emergence, self-organization and sustainable or ecological design. According to Roudavski [START_REF] Roudavski | Towards Morphogenesis in Architecture[END_REF]: « A better understanding of biological morphogenesis can usefully inform architectural designing because : 1) architectural designing aims to resolve challenges that have often already been resolved by nature; 2) architectural designing increasingly seeks to incorporate concepts and techniques, such as growth or adaptation, that have parallels in nature; 3) architecture and biology share a common language because both attempt to model growth and adaptation (or morphogenesis) in silico. » ( [START_REF] Roudavski | Towards Morphogenesis in Architecture[END_REF], p. 348)

Aims and scopes of the present review article

Auxiliary, since architectural production is nowadays commercialized and industrialized in a general context where climate change consists the major challenge of our era, the research for innovative architectural forms that reach nZEB levels of energy consumption aims to couple optimization techniques with computational morphogenesis. That means that an optimized shape conception could significantly improve thermal storage and load shifting in a given climatic and topographic context. Henceforth, the first question that arises when we deal with a space creation Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer problem is the volumetric characteristics and the materiality of the form. That means that when the architect conceives a building form he deals indirectly with the creation of a building envelope. Every form is conceived on the basis of material choices while the thermophysical properties of these materials will play decisive role on the thermal behavior of the form as well as on thermal storage and load shifting of the future building. Thermal engineering research showed that safe sophisticated no toxic materials, with low energy content and low environmental impact is a very important question that should be investigated at an early design stage, since optimum utilization of such materials could significantly influence on the geometry of the envelope [START_REF] Baldo | The EU Ecolabel scheme and its application to construction and building materials[END_REF], [START_REF] Tatsidjodoung | A review of potential materials for thermal energy storage in building applications[END_REF], [START_REF] Doroudiani | Materials that release toxic fumes during fire[END_REF], [START_REF] Temuujin | Utilization of radioactive high-calcium Mongolian flyash for the Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer preparation of alkali-activated geopolymers for safe use as construction materials[END_REF], [START_REF] Young | Heat insulation solar glass and application on energy efficiency buildings[END_REF], [START_REF] Shoeib | Assessment of natural radiation exposure and radon exhalation rate in various samples of Egyptian building materials[END_REF], [START_REF] Mavromatidis | Numerical estimation of air gaps' influence on the insulating performance of multilayer thermal insulation[END_REF], [START_REF] Mavromatidis | Guidelines to study numerically and experimentally reflective insulation systems as applied to buildings[END_REF].

Besides, numerical thermal engineering studies in building scale showed that the control of building forms at an early design stage could eventually lead to the use of local materials (wood, stone, metal…) and to the building form optimization through the regeneration of a contemporary iconic architecture born from the necessity of the reduction of the environmental impact of buildings [START_REF] Nguyen | A review on simulation-based optimization methods applied to building performance analysis[END_REF], [START_REF] Lamnatou | Review and perspectives on Life Cycle Analysis of solar technologies with emphasis on buildingintegrated solar thermal systems[END_REF], [START_REF] Tsai | Incorporating life cycle assessments into building project decision-making: An energy consumption and CO2 emission perspective[END_REF], [START_REF] Han | Variability of optimal solutions for building components based on comprehensive life cycle cost analysis[END_REF], [START_REF] Stazi | Life cycle assessment approach for the optimization of sustainable building envelopes: An application on solar wall systems[END_REF], [START_REF] Jing | Multi-objective optimization design and operation strategy analysis of BCHP system based on life cycle assessment[END_REF]. However, in the majority of cases, instead of focusing on the above mentioned questions regarding the environmental impact of his conception, the conceptual model of the architect is often based on a simple synthesis of geometrical schemes allowing her/him to move quickly towards a definite geometry that illustrates the overall shape of a building including her/his program's constraints via a simplified sketch and ignoring at the same time to focus on the environmental question. Then thermal engineering accomplishes a posteriori the task of sustainability, trying to provide the best Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer material solution in a given geometrical context through energy consumption calculation under dynamic conditions. However, since the nZEB label is introduced, the nowadays discourse on the shape of the building with all its components, geometrical, topological, functional, structural, aesthetical, energy efficient, and environmental, is at the center of contemporary scientific and architectural interdisciplinary discourse especially in Europe [START_REF] Jin | Feasibility studies on net zero energy building for climate considering: A case of 'All Green House' for Datong, Shanxi, China[END_REF], [START_REF] Fabrizio | Integrated HVAC and DHW production systems for Zero Energy Buildings[END_REF], [START_REF] Gallo | Analysis of Net Zero-energy Building in Spain. Integration of PV, Solar Domestic Hot Water and Airconditioning Systems[END_REF]. In this framework the development of original optimization techniques mainly adapted to computational architectural morphogenesis with the aim to improve thermal storage and load shifting of the conceived building enveloppes became an attractive research field worldwide. Digital representations of architecture have been for several years a creative element for design research. However, this paper aims to review findings in the field of performance-driven architecture, describing hybrid optimization algorithms developed especially for eco-performance and creative architectural design optimization. Hence, our main objective is to review here existing hybrid optimization techniques that can be developed with the objective of reducing the gap between architectural design and current scientific knowledge to optimize the building form through computational morphogenesis in early design stages, reducing the overall energy consumption.

More precisely, the present review paper aims to investigate the question of existing hybrid evolutionary mechanisms developed for energy consumption optimization that can be easily adapted to architectural morphogenesis towards the objective to improve thermal storage and load shifting reaching nZEB levels of energy consumption. Past litterature on computational morphogenesis reveals that bio-inspired design methods played a very important role in the recent history of contemporary architecture, eventually describing the biological inspiration not as a formal or organizational analogy but rather as a procedural analogy. Besides, evolutionary design nomenclature in the field of architectural morphogenesis distinguishes evolutionary optimization and evolutionary creativity without linking creativity to sustainability. Ignoring the question of energy performance, different families of optimization algorithms associated with evolutionary design have been developed especially for computational morphogenesis contexts, while simultaneously these algorithms are divided into different categories currently used for pure building physics optimization problems: genetic algorithms, genetic programming, evolutionary strategies, evolutionary programming, etc.

Howbeit, rigourous optimization studies that focus on environmental and energy issues and building form optimization coupled with a variety of different optimisation methods are very limited. Momentarily, after replacing the passive solar conception in the history of architecture, exemplified by some characteristic achievements, the principles of contemporary passive solar conception have been modified because of the new institutional framework imposed by the introduction of nZEB labelization. Wherefore, in the chapters that follow we will briefly present the particularity of design optimization problems and review available hybrid optimization methods that had already been employed for building energy performance issues and have the potential to be adapted in computational morphogenesis optimization problems. Additionally we will also describe the different calculation assumptions behind these algorithms for overall energy consumption estimation in terms of heat transfer, thermal storage, load shifting and daylight availability. Finally, we will provide a list of the potential inputs and outputs in a typical Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer complex computational morphogenesis problem coupled to real time energy consumption forecasting.

General design optimization problem statement and solution process

Since the potential for delivering a variety of optimized building shape's in less time, compared to manual space creation, makes automated design optimization a very attractive alternative, recently, architects are rapidly adopting automated design optimization technology for digital morphogenesis purposes [START_REF] Roudavski | Towards Morphogenesis in Architecture[END_REF]. However, in comparison to other scientific disciplines, in architectural design, the characteristics of the design space are typically unknown until the entire design space has been explored [START_REF] Roudavski | Towards Morphogenesis in Architecture[END_REF]. That means that we have to deal with a permanent dynamic optimization problem. Beyond the bounds, the design space plays a very important role not only in the numerical thermal performance evaluation, but also in the selection of the appropriate optimization search algorithm since computationnal time is very important, while the primary role of this algorithm is to investigate in a robust way the characteristics of the design space.

Hence, we understand that we have to deal with a typical "chicken and egg" problem.

Besides, selecting the best method to use and then manually or automatically tuning its parameters is a time-consuming process, largely based on trial and error. Therefore, architectural conception is a real time investigation that doesn't offer the possibility to the architect to solve the same optimization problem multiple times in order to identify the best method or settings that yield the optimal solution or a variety of potential solutions. In adition, the complexity of a typical architectural problem and especially the interactive thermal investigation of the conceived space at an early design stage, where thermophysical properties are needed to estimate enveloppe's thermal inertia (an element that is needed in order to constantly feed the optimization algorithm with inputs) makes design evaluations to be computationally expensive and many times we have to perform CPU programming to reduce the calculation time.

As an answer to all the abovementionned specifications, the application of hybrid algorithms that have been developed to rapidly perform in a satisfactory way over a wide range of problems eliminating manual tuning and yielding the desired solution without consuming enormous computational time, significantly reducing manual effort and design time in computational morphogenesis and building thermal performance issues is discussed in the present review paper.

Withal, since to obtain an accurate evaluation employing these algorithms requires several hours or even several days to complete, and having in mind that in a typical architectural design problem a huge number of evaluations are needed to identify an optimized solution, especially when we insert the parameter of nZEB labelisation, then complex CPU programming may be required. As it is revealed in global litterature, the algorithm that best fits to such a problem consists in reducing the total computational time to perform the number of evaluations needed to find one or a variety of optimized solutions (depends on the problem definition and our needs).

In this case the selection of the most adequate algorithm has a large impact on the optimization results via the computational time, since the difference in performance between two algorithms can be translated into hours, days or even weeks even if sophisticated CPU programming is performed.

Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer

Generally the typical optimization problem statement is translated in mathematical terms as follows :

Minimize ! ! f (x 1 ,x 2 ,...,x n ) such that ! ! g i (x 1 ,x 2 ,...,x n ) ≤ 0, i = 1,2,...,p and ! ! h j (x 1 ,x 2 ,...,x n ) = 0, i = 1,2,...,q
where :

! ! f (x 1 ,x 2 ,...,x n ) is the objective function, ! ! g i (x 1 ,x 2 ,...,x n ) are the p inequality constraints, ! ! h j (x 1 ,
x 2 ,...,x n ) are the q equality constraints, ! ! (x 1 ,x 2 ,...,x n ) are the n design variables.

In typical computational morphogenesis problems in architecture, we consider a problem of the following form:

! ! max x f x ( ) subject to ! g j x ( ) ≤ c j for j=1,…,m
, where f and g j are functions of n variables, ! ! x = (x 1 ,x 2 ,...,x n ) and c j for j=1,…,m are constants. The functions f, g i , and h j are responses of the system, while the design variables (x 1 ,x 2 ,...,x n ) are the inputs of the problem.. In general, the responses f, g i , and h j are not known analytical functions. The values of these functions can be calculated at a finite number of trivial distinct points, cloud points or sophisticated hybrid morphogenetic designs (depends on the morphogenetic engine selected prior to the algorithm's development) and could refer to the available direct solar radiation, the wind velocity in precise In this review paper we focus in the objective of a typical optimization problem in computational morphogenesis that is to size the various components of the building proposing 3D geometric forms put in a specific geographical context (in terms of geometry and climate characteristics) in a manner that we obtain not a simple form but an original complex iconic symbol. In the framework of sustainable development and nZEB labelisation the main aim is to optimize Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer thermal storage and load shifting, while meeting high ecological performance characteristics for the entire life cycle of the building starting from construction, maintenance and even deconstruction at the end of the building's lifetime (Figure 1). Since nZEB label is officially introduced the main objective of such optimization problems is not only to minimize building energy consumption, but also to maximize the in situ energy production passing from thermal storage and load shifting optimization. On that account, as we will see in the following chapter, due to the difficult design landscape of the problem a variety of optimization algorithms have been employed in the past for such optimization studies. Finally, the solution process of such a complex general design optimization study is illustrated in Figure 2. The main advantage is that intermediate iteration steps within the dashed box occur automatically. In general, prior to execution of the optimization study one or more than one thermal heat load model(s) should be created to forecast the shape's overall energy consumption in the given geographic and climatic context of the study. The input file(s) regarding the shape and the materiality of the form are associated with these models. These input files are constantly modified by the optimization tool for each new design evaluation during the study. Hereinafter we understand that both analysis model(s) and optimization algorithm(s) play a very important role in order to obtain accurate results since both of them control the type and direction of our research at each iteration step. Denote that the level of optimization algorithm's sensitivity to the initial guesses (or seed parameters) of design variable values varies. So in order to choose the best type of optimization algorithm for our study, we have to investigate in which degree of precision we will provide the initial boundaries of our study.

Types, categorization and general overview of main optimization algorithms used for computational morphogenesis and building thermal performance optimization

Optimization algorithms can be classified in the following two big categories: § Monolithic algorithms: are called those algorithms in which only a single scheme is used. building energy performance and computational morphogenesis optimization problems can be found on the literature and are based on web-based parallel genetic algorithms [START_REF] Yang | High throughput computing based distributed genetic algorithm for building energy consumption optimization[END_REF], modified simulated annealing algorithms [START_REF] Junghans | Hybrid single objective genetic algorithm coupled with the simulated annealing optimization method for building optimization[END_REF], genetic algorithms coupled with artificial neural networks [START_REF] Asadi | Multi-objective optimization for building retrofit: A model using genetic algorithm and artificial neural network and an application[END_REF] or multi-linear regression meta-models [START_REF] Asadi | On the development of multi-linear regression analysis to assess energy consumption in the early stages of building design[END_REF], etc.

In addition to the above definitions, algorithms should be also categorized as static or adaptive.

This classification is an indirect index of the sensitivity of the optimization algorithm to the input fixed boundaries of the problem. A static algorithm contains tuning inputs that must be set prior to execution of an optimization study, and these parameters remain fixed throughout a given run.

For example, in a genetic algorithm, the user must specify the population size, the crossover type and rate, the mutation type, etc. Hence, the performance of a static algorithm on a given problem is a function of the definition of its parameters. Furthermore, an experimented user should tune a static optimization algorithm in order to provide accurate results. This procedure may be time consuming and in order to be achieved with high precision an experts knowledge should be mobilized. On the other hand, an adaptive algorithm automatically adjusts itself during a run based on statistics, heuristics, or other feedback in relation to the problem solution process.

Adaptive algorithms eliminate the need for a user to tune the solution process. As a consequence an adaptive algorithm is a more dynamic optimizing technique, which provides better results

Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer during the first search process if the automated adaptation process works in a robust way.

In the following subchapters we proceed to a brief description of the different optimization methods currently used for building energy consumption and computational morphogenesis problems in architecture.

In recent years it has become evident that a skilled combination of an optimization algorithm with other optimization techniques, the so called hybrid algorithm (or metaheuristic), may provide a more efficient behavior and a higher flexibility. This is because hybrid algorithms have the potential to combine their advantages with the complementary strengths of, for example, more classical optimization techniques such as branch and bound, regression modeling and/or dynamic programming. For this reason, in the recent past, hybrid metaheuristics (such as for example complex genetic algorithms) have been developed to solve a wide range of optimization problems in various fields of engineering and especially in the field of computational morphogenesis. Their potential to solve many hard and extremely complex optimization problems effectively establishing at the same time powerful search capabilities for solving such kind of problems in a reasonable calculation time is in the center of interest of the research work that is reviewed in this paper. On the other hand, in spite of the above-mentioned advantages, these kinds of hybrid optimization methods still encounter challenges when solving complex scale optimization problems, forcing the development of new solution procedures whose efficiency is measured by their ability to find acceptable solutions within a reasonable computational time.
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Since hybrid intelligence is recognized as an integration of different metaheuristic approaches and concepts to overcome individual limitations and achieve synergistic effects, the interest for reviewing such optimization methods is the fruit of the will to create links between computational morphogenesis and thermal energy consumption optimization in a synergistic way. Such hybridizations can be used to take the advantage of strengths from different intelligent techniques of each discipline (building physics and architecture) and overcome the difficulties when we try to solve the problems individually.

Hence, the aim of this review paper and especially of the following sub-chapters is to archive the innovative advancements and mathematical modeling of hybrid intelligence for building physics and computational morphogenesis optimization problems, which may depend largely on methods from computational intelligence and operations research. Thus, since space is limited here, the detailed mathematical formulation of the methods mentioned below is left to the references cited for each presented research work.

Response Surface Methods

In this simple approach, the design space is sampled at a number of locations using a Latin-Hypercube (LHC) sampling scheme. Based on the solution at selected points located in the extremities of the investigated domain, an approximate response surface is independently fit for each objective and constraint, and the resulting analytical surfaces are simultaneously searched to find an optimal solution [START_REF] Myers | Response surface methodology: process and product optimization using designed experiments[END_REF]. As we will see in the next sub-chapter, in building energy consumption optimization problems and/or computational morphogenesis optimization problems response surface methods are systematically coupled to hybrid genetic algorithm schemes in order to accelerate in a synergistic way optimization process and provide more consistent and robust results. The effectiveness of this method depends on having a sufficient number of welllocated sampling points, in order to obtain a critical response surface that accurately represents the entire design domain and constraints. Generally it is an effective method for searching the approximate surfaces [START_REF] Myers | Response surface methodology: process and product optimization using designed experiments[END_REF]. However if this method is used as a monolithic optimization scheme Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer for several computational morphogenesis and thermal consumption optimization problems this method was found to be very inaccurate, yielding results that were generally much poorer than those provided by other methods [START_REF] Eisenhower | A methodology for meta-model based optimization in building energy models[END_REF], [START_REF] Malatji | A multiple objective optimisation model for building energy efficiency investment decision[END_REF], [START_REF] Attia | Assessing gaps and needs for integrating building performance optimization tools in net zero energy buildings design[END_REF], [START_REF] Quaglia | Balancing energy efficiency and structural performance through multi-objective shape optimization: Case study of a rapidly deployable origami-inspired shelter[END_REF], [START_REF] Li | Building energy consumption on-line forecasting using physics based system identification[END_REF].

Monolithic and Hybrid Genetic algorithms (GA) employed on building energy consumption optimization and computational morphogenesis

The Genetic Algorithms are a multi-point, evolutionary optimization method that performs global exploration of the design space while searching for an optimal solution. In, 1986 Goldberg [START_REF] Goldberg | Genetic algorithms in search, optimization, and machine learning[END_REF] bring together in an explicit manner the computer techniques, mathematical tools, and research results that help us to understand how to apply genetic algorithms to problems in many fields. The main advantage of this method is that it does not require the calculation of solution gradients and for this reason this optimization technique became very popular among researchers that focus on computational morphogenesis optimization. As we will see, the genetic algorithms is an optimization technique that has been used coupled with other optimization methods such as regression analysis and regression models, hierarchical adaptive network-based fuzzy inference system (HANFIS), etc. So, in order to provide to the reader a clear image on how this coupling could help us to extrapolate very important data and optimize the responses into our domain of investigation, we focus here in a limited selection of several characteristic and well-cited studies that consist our main references regarding the application of such hybrid algorithms on computational morphogenesis and building energy consumption optimization problems.
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Let's start with the work of Siddharth et al. who worked on a pure energy consumption problem [START_REF] Siddharth | Automatic generation of energy conservation measures in buildings using genetic algorithms[END_REF]. Initially, they identified the building system variables that are critically correlated with the building energy consumption (geometry, materiality, occupancy, etc) and their algorithm provided huge populations on the basis of a large number of combinations of the identified parameters. Then for each of such combinations, Siddharth et al. performed building energy simulations for location-specific weather data to determine the system configuration that would result in the facility's reported annual energy consumption. Their genetic algorithms have been utilized to generate such database. Then employing this database, a nonlinear regression fit between the system variables and the annual energy consumption was formulated. Using the regression fit, system configuration for the target energy efficiency is determined, with corresponding energy conservation measures. Finally they also carried out a cost analysis, to prescribe cost effective energy conservation measures. The competency of their tool has been successfully demonstrated in their paper through selected case studies on three different locations with distinct climate conditions.

Additionnally, research has been made to improve reliability of optimization models. Junghans

and Darde [START_REF] Junghans | Hybrid single objective genetic algorithm coupled with the simulated annealing optimization method for building optimization[END_REF] published a method for improving the reliability of optimization results of genetic algorithms especially developped for building optimization problems. Their methodology consists in combining the genetic algorithm with a modified simulated annealing to verify the calculation results of the algorithm. They tested the prosed hybrid algorithm on a façade optimization problem in different climates, as well as they verified the robustness of the optimization process by a large number of optimization runs and compared to the results of a classic enumerative search method. Likewise, Asadi et al [START_REF] Asadi | Multi-objective optimization for building retrofit: A model using genetic algorithm and artificial neural network and an application[END_REF] developped from scratch a multi- 

Hybrid optimization models especially developed for computational morphogenesis

In contrast, regarding hybrid optimization models especially developed for computational morphogenesis, there is a tiny literature, since this scientific domain of research is novel. Jin and Jeong [START_REF] Jin | Optimization of a free-form building shape to minimize external thermal load using genetic algorithm[END_REF] published a serie of free-form building shape optimizations on the basis of an original genetic algorithm developed from scratch in the framework of their study. They coupled the algorithm to an established envelope thermal load prediction model that is used as the objective function. They discovered that the variation of thermal load characteristics caused by changing Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer the building shape could be rapidly predicted and optimized in the early design phase by architects using Rhino and Grasshopper software for computational morphogenesis. The originality of their work consists on the use of sophisticated weighting factors that made the shape optimization to reflect local climate characteristics, even in the same climate zone. They also calculated the impact of their Genetic Algorithm-based shape optimization on the enhancement of thermal performance of a free-form building and they discovered that this impact was more significant in low latitude regions than in high latitude regions. However the main argument of their work consists in underlining that in the early design phase of a free-form building, the decision of a designer (or architect) is critical, while the building shape plays a key role in the improvement of the final global thermal performance, thermal storage and load shifting. In addition, Wright et al [START_REF] Wright | Optimization of building thermal design and control by multi-criterion genetic algorithm[END_REF] found that the application of a multi-criterion genetic algorithm in the search for a non-dominated (Pareto) set of solutions to pay-off between energy cost and occupant discomfort and architectural form has a very important potential. Their results indicate that the multi-criterion genetic algorithm is able to identify the pay-off characteristic between daily energy cost and zone thermal discomfort exhibiting fast progress towards the Pareto optimal solutions, being able to find feasible solutions within a very few trail solutions.

Finally, Marsault [START_REF] Marsault | A multiobjective and interactive genetic algorithm to optimize the building form in early design stages[END_REF], Marin et al [START_REF] Marin | Ec-Co-Gen: An Evolutionary Simulation Assisted design Tool for Energy Rating of Buildings in Early Design Stage to Optimize the Building Form[END_REF] and Mavromatidis et al [START_REF] Mavromatidis | Development of polynomial regression models for composite dynamic envelopes' thermal performance forecasting[END_REF], [START_REF] Mavromatidis | Daylight factor estimation at an early design stage to reduce buildings' energy consumption due to artificial lighting: A numerical approach based on Doehlert and Box-Behnken designs[END_REF], developed EcCoGen, which is a kind of software that belongs to the family of tools based on interactive generative genetic algorithm optimization. The software generates solutions evaluated according to certain criteria, including mainly energy performance and daylight issues. The energy evaluation included in the software features is performed employing sophisticated regression models. The polynomial models incorporated in the optimization software resulted from simple factorial and Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer fractional factorial simulation plans, and are conceived in order to forecast a composite dynamic envelope's thermal performance in terms of thermal resistance and daylight availability through the concept of daylight factor. At a first stage, the polynomial regression models link the thermal performance of a composite wall to the inclination angle, the thermal conductivity and the thickness of each envelope's layer [START_REF] Mavromatidis | Development of polynomial regression models for composite dynamic envelopes' thermal performance forecasting[END_REF]. In addition, the authors aimed to enhance software's applicability including energy reduction due to lighting issues via visual comfort optimization.

Based on this objective, they also developed a simple methodology to optimize the daylight potential of an architectural form at an early design stage. For this reason Doehlert and Box-Behnken simulation designs have been developed in order to classify and discover the most influent parameters to study. Hence, if an architect knows the environment type, the centered opening ratios, the distance the high and the length of all possible shadow masks she/he can estimate with accuracy the daylight potential of different possible solutions (for example solutions with different centered opening ratios) [START_REF] Mavromatidis | Daylight factor estimation at an early design stage to reduce buildings' energy consumption due to artificial lighting: A numerical approach based on Doehlert and Box-Behnken designs[END_REF]. Since the main aim of their work consists to obtain a calculation software that works in an interactive way, to perform real-time calculations in the framework of the development of EcCoGen software they incorporated these energy consumption thermal models to an originally developed multi-objective and interactive genetic algorithm which meets important requirements: diversity, performance and adaptation to an architect's subjective choices in the sketching or design stages. Finally they tested and validated this algorithm in a precise case study that was based on three fitness related to the minimization of energy consumption [START_REF] Marsault | A multiobjective and interactive genetic algorithm to optimize the building form in early design stages[END_REF], [START_REF] Marin | Ec-Co-Gen: An Evolutionary Simulation Assisted design Tool for Energy Rating of Buildings in Early Design Stage to Optimize the Building Form[END_REF].

Discussion of results: key points and most important aspects on coupling building physics and computational morphogenesis optimization problems

Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer

The formulation and the priorities of the optimization problem that deals with original morphogenesis in relation to nZEB labelisation, thermal heat storage and low shifting plays the most important role and has a very strong influence on the resulting optimal design as previous studies revealed. After reviewing the literature figure 3 groups all the potential input and output parameters needed by a hybrid optimization system coupled to an external analysis model. optimization methods applied on building physics we resume here the following key points that have been emphasized in several previous studies and must be considered in every attempt that aims to couple computational morphogenesis with interactive energy consumption optimization.

The following synthesis aims to propose a framework of guidelines as follow:

1. Reduce the problem's complexity: creation of simplified energy consumption models coupled with hybrid optimizers § Many studies typically couple an optimizer with a building energy model, which tends to be time consuming and often leads to suboptimal results because of the mathematical properties of the energy model [START_REF] Eisenhower | A methodology for meta-model based optimization in building energy models[END_REF]. To anticipate this, robust simplified energy consumption modeling should/could be performed. § In order to simplify energy consumption modeling, the alternative to evolutionary algorithms optimization path consists on using polynomial regression models that result from statistical reduction of complex physical modeling on the basis of numerous simulation scenarios that cover the entire domain of the optimization problem. Quadratic polynomial response surfaces constructed using finite element model simulation data and employed as objective functions or design constraints, seem to be a very interesting path that differs from the traditional sensitivity-based optimization, since once the response surface is constructed, there is no need to perform any finite element calculation in each optimization iteration [START_REF] Liu | Computational morphogenesis of free form shell structures by optimization[END_REF]. Furthermore, these kind of meta-models are easily coupled with Non-Uniform Rational Basis Spline (NURBS) modeling that is a mathematical model commonly used in computer graphics for generating and representing curves and surfaces, offering great flexibility and precision for handling both analytic (surfaces Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer defined by common mathematical formulae) and modeled shapes [START_REF] Liu | Computational morphogenesis of free form shell structures by optimization[END_REF]. Likewise the Response Surface Methods (RSM) for optimization, may preserve a constant interaction between architects and engineers in an interdisciplinary manner. However, before generalizing such an optimization technique we have to evaluate in detail the response surface method for computational morphogenesis of complex morphogenesis problems where the relation between the design variables and the response quantities of interest is more complex [START_REF] Liu | Computational morphogenesis of free form shell structures by optimization[END_REF]. § The parameters examined through Design of Experiments Methods (or Response Surface Methods) for sensitivity analysis can vary and depend on the problem definition and the aim of the architectural program [START_REF] Martins | From solar constraints to urban design opportunities: Optimization of built form typologies in a Brazilian tropical city[END_REF]. Once these parameters have been defined the problem's complexity is significantly reduced and then we should choose the most relevant design factors of the problem in order to perform multi-objective optimization.

At this stage in order to reach nZEB performance levels we should focus on many parameters that influence envelope solar potential for energy production, and potential solar gains inserting also in the final equation daylight availability and all these factors should be classified in relation to the given climatic conditions of our problem. For example for hot climates we may have the aim to maximize solar potential for energy production and minimize potential solar gains, while keeping appropriate indoor daylight levels. The employed optimization method can then focus only on the computational morphogenis dimension of the problem and should provide us all the necessary information regarding building regulation and daylight thresholds, which are considered as design constraints, while a variety of potential solutions should be spread on the design space.

Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer § Studies that had as an objective to develop an optimization path for a free-form computational morphogenesis in relation to the shape's thermal load characteristic at an early design stage focus on Genetic Algorithm techniques since this kind of optimization method can provide a huge variety of potential optimal solutions [START_REF] Jin | Optimization of a free-form building shape to minimize external thermal load using genetic algorithm[END_REF], [START_REF] Adamski | Optimization of the form of a building on an oval base[END_REF], [START_REF] Nguyen | A review on simulation-based optimization methods applied to building performance analysis[END_REF], [START_REF] Kämpf | Optimisation of building form for solar energy utilisation using constrained evolutionary algorithms[END_REF].

Parametric design methods are currently employed for geometric modeling while generally a potential mesh is generated by the 3D division of the space into finite elements for computational morphogenesis. Then geometric information can be extracted from each finite element and is used to estimate the heat gain and loss characteristics of the whole architectural shape as well as thermal storage and load shifting qualities of the envelope. Past research achieved to couple the above mentioned computational morphogenesis process with genetic algorithm (GA) free-form building shape optimization for a variety of climate zones [START_REF] Jin | Optimization of a free-form building shape to minimize external thermal load using genetic algorithm[END_REF], [START_REF] Wright | Optimization of building thermal design and control by multi-criterion genetic algorithm[END_REF], [START_REF] Yamaguchi | Proposal of a modeling approach considering urban form for evaluation of city level energy management[END_REF], [START_REF] Mavromatidis | Development of polynomial regression models for composite dynamic envelopes' thermal performance forecasting[END_REF], [START_REF] Mavromatidis | Daylight factor estimation at an early design stage to reduce buildings' energy consumption due to artificial lighting: A numerical approach based on Doehlert and Box-Behnken designs[END_REF]. The optimization process is based on a variety of established and sufficiently validated-evaluated reduced models that returned the thermal characteristics of free shapes in an interactive way.

These simplified models have been used as objective functions, which are the critical required information for a robust GA optimization process, reducing at the same time the complexity of the problem. The results of many researches showed that the coupling of Genetic Algorithms with such simplified established models could rapidly predict and optimize the variation of the heat gain and loss characteristics that was caused by the modification of the overall shape [START_REF] Mavromatidis | Development of polynomial regression models for composite dynamic envelopes' thermal performance forecasting[END_REF], [START_REF] Jin | Optimization of a free-form building shape to minimize external thermal load using genetic algorithm[END_REF], [START_REF] Adamski | Optimization of the form of a building on an oval base[END_REF], [START_REF] Kämpf | Optimisation of building form for solar energy utilisation using constrained evolutionary algorithms[END_REF], [START_REF] Yamaguchi | Proposal of a modeling approach considering urban form for evaluation of city level energy management[END_REF], [START_REF] Mavromatidis | Daylight factor estimation at an early design stage to reduce buildings' energy consumption due to artificial lighting: A numerical approach based on Doehlert and Box-Behnken designs[END_REF]. final solution in a multi-scale procedure of post-evaluation (from the building to the city scale) § In thermal performance optimization problems, the design parameters, have significant influence on the final architectural form; so a variety of optimal forms is obtained by changing these design parameters during the project design phase [START_REF] Cui | A morphogenesis method for shape optimization of framed structures subject to spatial constraints[END_REF]. That means that what is interesting in computational morphogenesis problems, is that we are not looking for THE best solution but for a space of a variety of optimal solutions. § A building is a part of the whole built environment and to achieve global sustainability, it is necessary to integrate energy and environmental impacts at the highest scope of analysis extending the optimization problem to the urban scale. Furthermore, thermal storage and load shifting are influenced from the topography of each case study. Hence the definition of a holistic indicator for architectural computational morphogenesis is necessary [START_REF] Yi | An integrated energy-emergy approach to building form optimization: Use of EnergyPlus, emergy analysis and Taguchi-regression method[END_REF]. future research should work towards the direction to improve such optimization tools [START_REF] Attia | Assessing gaps and needs for integrating building performance optimization tools in net zero energy buildings design[END_REF]. § Simulation based energy consumption optimization problems of complicated building, solved by stochastic algorithms, are generally time-consuming especially when we have to conduct large-scale buildings energy consumption optimizations [START_REF] Yang | High throughput computing based distributed genetic algorithm for building energy consumption optimization[END_REF]. However, to anticipate to this reality and reduce the computation time of complex building energy optimization applications web-based parallel GA optimization algorithms based on highthroughput distributed computation environment can be developed [START_REF] Yang | High throughput computing based distributed genetic algorithm for building energy consumption optimization[END_REF]. § It has been demonstrated that the Genetic Algorithms do not always provide solutions close to the global optimum and the results of these algorithms can differ significantly from each other because of random search [START_REF] Junghans | Hybrid single objective genetic algorithm coupled with the simulated annealing optimization method for building optimization[END_REF]. Nevertheless, evolutionary genetic optimization algorithms (GA) have been massively used for thermal building optimization in the past since they provide a variety of potential optimal solutions even if the optimal solution is close to the global optimum. Hence, in order to improve the robustness of such evolutionary algorithms and assure the optimality of the proposed solutions as well as a higher reliability than what the GA alone can provide by using a relatively short computation time, hybrid single objective building optimization algorithms have been developed to combine evolutionary genetic algorithm schemes with modified simulated annealing algorithms [START_REF] Junghans | Hybrid single objective genetic algorithm coupled with the simulated annealing optimization method for building optimization[END_REF]. [START_REF] Lin | Evolutionary energy performance feedback for design: Multidisciplinary design optimization and performance boundaries for design decision support[END_REF]. Furthermore it has been underlined that the influence of energy performance feedback on the early design stage is very important information that can significantly influence the energy performance and the environmental impact of the architectural form. Hence the use of performance boundaries for conceptual energy performance design exploration should be explored and evaluated in detail in order to discover the level of retrofit information that should circulate between morphogenetic engines and optimization algorithms at an early design stage. In addition the introduction of performance boundaries reduces the overall calculation time for the study, since the algorithm obtain reference values that serve as the main thresholds that limit the space of the proposed/accepted solutions. § Alternatively, multi-objective optimization models coupling genetic algorithm (GA) with artificial neural network (ANN) could assist us to quantitatively assess technology choices in a computational morphogenesis retrofit project with the aim to reduce calculation time through synergetic interaction. To reduce the computation time of Genetic Algorithms preserving at the same time their optimization power, past research tried to couple Artificial Neural Networks with Genetic Algorithms [START_REF] Asadi | Multi-objective optimization for building retrofit: A model using genetic algorithm and artificial neural network and an application[END_REF]. Evidently, this kind of optimization takes place in two steps. Firstly an individual optimization of objective functions focusing on shape's characteristics and performance such as energy consumption, retrofit cost, and thermal discomfort hours is conducted. Then a multiobjective optimization model is developed to study the interaction between the above-Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer mentioned conflicting objectives and assess their trade-offs [START_REF] Asadi | Multi-objective optimization for building retrofit: A model using genetic algorithm and artificial neural network and an application[END_REF].

5. Evaluate the environmental performances of the proposed form in every stage of their life cycle and for a variety of climatic types through intelligent optimizers § The environmental performances of architectural forms should be evaluated in every stage of their life cycle, since the production phase of used materials and building components can significantly contribute to the total energy consumption and environmental loads. Hence when we deal with computational morphogenesis issues an integrated approach for the optimization of energy and environmental performances of complex geometrical envelopes should be conducted with the aim to combine life cycle assessment, energy simulation and optimization analysis with a variety of techniques [START_REF] Stazi | Life cycle assessment approach for the optimization of sustainable building envelopes: An application on solar wall systems[END_REF], [START_REF] Jing | Multi-objective optimization design and operation strategy analysis of BCHP system based on life cycle assessment[END_REF]. § Since, the thermal overload in several climatic types could be irreversible especially when radiation is not controlled and the free supply of heat indoors is mismanaged the development of different types of multi-objective analysis (for example coupling Genetic Algorithms with Artificial Neural Networks [START_REF] Asadi | Multi-objective optimization for building retrofit: A model using genetic algorithm and artificial neural network and an application[END_REF]) could become a key element to obtaining several types of high energetic efficiency geometrical forms, through the combination of various materials focusing also on summer cooling loads and optimizing thermal storage and load shifting [START_REF] Baglivo | Multi-objective optimization analysis for high efficiency external walls of zero energy buildings (ZEB) in the Mediterranean climate[END_REF].

Conclusions

After briefly presenting the newly introduced nZEB label regarding buildings' energy Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer consumption, this review paper has considered the main existing hybrid optimization methods found in the literature on scale, which are especially developed for energy consumption optimization in building applications and less for computational morphogenesis in architectural design. The comparison between the different evolutionary optimization methods and the respective modes of computational morphogenesis in selected well-cited case-studies demonstrated that this scientific domain is characterized by complex and flexible mechanisms that can suggest interesting directions for the development of procedural techniques in the architectural domain. Furthermore we can observe that the research domain of computational morphogenesis in relation to thermal storage and load shifting optimization is novel and there are only a few works that explicitly treat this complex optimization problem. This is the main reason that we are interested on this field and the present review paper aims to establish the guidelines for computational morphogenesis coupling with interactive optimization of the environmental impact of the architectural form. Thus, amongst the directions of further future research on this interesting subject, we retain here the following three: § research on the development of multi-level hierarchies reflecting energy consumption, geometry and materiality of an architectural arrangement; § research on the development of complex energy consumption model to rapidly exchange information between geometrical form and thermal performance forecasting; § development of sophisticated hybrid evolutionary optimization algorithms in architectural design software coupled with sophisticated and/or reduced heat transfer models for multiscale building applications.

Finally, selected examples of evolutionary computational optimization models have been presented and discussed explicitly, while the main conclusions of past literature on the subject have been cited in detail. Additionally the main aspects that have been emphasized in several previous studies and must be considered in every attempt that aims to couple computational morphogenesis with interactive energy consumption optimization are resumed on the basis of a synthesis of past case studies findings. Hence, the main aim of the present review paper was to introduce the notion of computational morphogenesis in the building physics audience presenting at the same time the dominating optimization methods currently used on both scientific domains with the perspective to clearly present the guidelines for further development of this innovative and original research field. Withal, we observed that research on hybrid optimization methods especially developed for computational morphogenesis with the aim to improve heat storage and load shifting is limited. The main objective of this review paper was to revisit existing hybrid optimization techniques that can be developed (or coupled each other) with the objective of reducing the gap between architectural design and current scientific knowledge to optimize the building form through computational morphogenesis in early design stage, reducing its energy consumption. Thus, as we understand the main future challenge in computational morphogenesis remains to couple classic morphogenesis problems to classic thermal storage and load shifting problems in order to regenerate the iconic dimension of contemporary architecture in the framework of "climate change" reducing the energy impact of the building sector.

Aknowledgements

I would like to gratefully and sincerely thank the colleagues and great scholars Pascal Maillard, Jacques Haiesch, and Michaël Gutnic for their guidance, optimism, support, understanding,

Dr

  Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer points, overall mean time lag, overall mean decrement factor, mean U factor etc, based on the strategy embedded in every different optimization algorithm. However the level of difficulty of the problem is increased, since the evaluation of each response corresponding to a potential global shape design must be performed using an analysis model (such as a finite element model, a control volume model, CFD models, dynamic simulations, or on the other hand any other simplified predictive model). The role of an optimization algorithm is to solve the abovementionned problem using as few design evaluations as possible in less computational time with the aim to provide -in the measure of possible-interactive evaluations (real time). So, from this point of view research on building physics to optimize thermal storage and load shifting is developed towards the following two parallel axes: i) development of original, robust and sufficiently sophisticated optimization algorithms that can browse a huge design space in order to propose the best family of morphological solutions, ii) development of original, simplified, robust enough and validated thermal analysis models that can provide a real time forecast regarding the environmental impact of the building form through the entire life cycle of the building.
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 1 Figure 1: Objectives, input and output parameters of a typical optimization problem in
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 2 Figure 2: General automated design optimization process flowchart for computational

  Furthermore, the present paper has as main objective to review and disseminate quality research on hybrid optimization techniques with emphasis on the application of such techniques in the context of computational morphogenesis and building thermal performance optimization. So the following results section is developed in the four following axes : § Present in synthetic way available hybrid optimization techniques that focus on the optimization of energy consumption and distribution on defined building geometries § Explore theoretical and technological advancements in mathematical methods for the development from scratch of hybrid optimization techniques, for computational morphogenesis coupled with interactive energy consumption forecasting/estimation § Review the potential improvements regarding the application of such hybrid optimization Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer techniques for real-world and large-scale optimization architectural problems with the aim to reduce calculation time and achieve high standards of robustness even if the complexity of each singular problem remains in high levels. § Propose a framework of guidelines regarding the definition and the methodology to deal with computational morphogenesis coupled with interactive energy consumption modeling.
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  Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer objective optimization model coupling Genetic Algorithm to an Artificial Neural Network applied to a school building case study. However in order to get the exhaustive search results for the predefined problem 75 days would be required since the Artificial Neural Network was time consuming.Consequently, many researchers worked on the reduction of computational time of such problems, since their complexity significantly increases the time needed to perform a holistic investigation. For example, Yang et al,[START_REF] Yang | High throughput computing based distributed genetic algorithm for building energy consumption optimization[END_REF] developed a web-based distributed high-through computation framework with parallel Genetic Algorithm modeling to reduce the computation time of simulation-based building energy optimization problems.On the other hand, Li and Su[START_REF] Li | Forecasting building energy consumption with hybrid genetic algorithm-hierarchical adaptive network-based fuzzy inference system[END_REF] developed from scratch a novel hybrid Genetic Algorithm-Hierarchical Adaptive Network-Based Fuzzy Inference System model in which the GA optimizes the structure and number of fuzzy if-then rules in Hierarchical Adaptive Network-Based Fuzzy Inference System by finding the best parameter values of a subtractive clustering method. In their model, hierarchical structure helps to arrange low-dimensional rule bases and Adaptive Network-Based Fuzzy Inference System is used to optimize the Fuzzy Inference Systems constructed based on the clustering parameter values generated by the Genetic Algorithm. Then they used their hybrid optimization algorithm to predict a hotel's daily air conditioning consumption, while they confronted their calculated results to results obtained using a Neural Network and concluded that their algorithm is more robust in terms of prediction accuracy. Furthermore, Ooka et al[START_REF] Ooka | Optimal design method for building energy systems using genetic algorithms[END_REF] instead of employing neural networks, proposed a new optimal design method based on genetic algorithms for energy systems. The originality in their Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer work is that they can simultaneously optimize both equipment capacity and operation planning using genetic algorithms. They started their research by conducting a trial analysis, including two optimization stages for one season. In addition, Xu and Wang[START_REF] Xu | Optimal simplified thermal models of building envelope based on frequency domain regression using genetic algorithm[END_REF] proposed a methodology for parameter optimization of a 3R2C thermal network model of building envelopes (composed of three resistances and two capacitances) coupling frequency domain regression and genetic algorithms (GA). They initially calculated the theoretical frequency characteristics of heat transfer through the building envelope using detailed physical description within the frequency range of concern. Then, the frequency characteristics of their simplified 3R2C model were estimated with random values of individual resistances and capacitances, which constrain to total thermal resistance and capacitance. Once, the errors between the theoretical frequency characteristics and the frequency characteristics of their simplified model were calculated they developed a Genetic Algorithm estimator to optimize the parameters of the simplified model, allowing the frequency responses of the simplified model match the actual heat transfer through building envelope the best, providing real time information.
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 3 Figure 3: Input and output parameters needed in order to couple a hybrid optimization system
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 2 Perform a multiscale optimization: the optimizer should not provide a unique optimum solution but a family of different optimum solutions in order to have the flexibility to adjust the Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer
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 3 Invent techniques to reduce the overall calculation time to provide interactive optimization overcoming model uncertainties § To improve building performance stability we need to improve the efficiency of search techniques and approximation methods (surrogate models) for large-scale building optimization problems, quantifying a posteriori the robustness in optimal solutions to significantly reduce computational time[START_REF] Nguyen | A review on simulation-based optimization methods applied to building performance analysis[END_REF]. § Even if evolutionary algorithms are a very interesting solution in solving highly constrained envelope, HVAC and renewable optimization problems, allowing to estimate the improvement in the optimality of potential solutions, limitations including model uncertainty, computation time, difficulty of use and steep learning curve exist and so Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer

  to take advantage of the strengths of several strategies during a single optimization study. Past research that focus on computational morphogenesis optimization methods provided us with many interesting hybrid algorithms in which many different methods have been combined to obtain the best optimum solution reducing the computational time. Examples of hybrid algorithms especially developed for

That means that monolithic algorithms typically use a single strategy in order to provide optimum designs, and repeat the same actions at each cycle. Examples of monolithic algorithms used on building energy performance and computational morphogenesis optimization problems, are response surface methods, genetic algorithms, gradient-based hill-climbing schemes or simplex schemes, etc. § Hybrid algorithms: are those optimization algorithms in which multiple methods or strategies are employed within a cycle, or during each cycle. The goal of a hybrid algorithm is

  4. Introduce performance boundaries and couple different optimization techniques to achieve high levels of robustness in less computational time § Research on multidisciplinary design optimization and performance boundaries for Dr Lazaros MAVROMATIDIS, PhD & HDR Architect-Engineer design decision supports measured the performance boundaries and concluded that it is the best practice in the context where architects must gauge multiple design concepts with varying complexity coupled with performance objectives through Evolutionary Energy Performance Feedback for Design (EEPFD)

patience, and most importantly, their friendship during the recent difficult period when the present work has been realized. Furthermore the two anonymous reviewers are acknowledged here for their very constructive remarks and