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Structural design optimization is a critical and challenging activity that has received considerable attention in the last two decades (Lee & Geem (2004)). High number of design variables, largeness of the search space and controlling great number of design constraints are major preventive factors in performing optimum design in a reasonable time. Despite these facts, designers and owners have always desired to have optimal structures. Therefore, different methods of structural optimization have been introduced which can be categorized in two general groups: classical methods and heuristic approaches. The drawbacks of classical optimization methods problems consisting of complex derivatives, sensitivity to initial values, and the large amount of enumeration memory required, and advantages of heuristic algorithms have caused a considerable increase in applying heuristic methods such as genetic algorithms (GAs), particle swarm optimizer (PSO), ant colony optimization (ACO) and harmony search (HS), (Lee & Geem (2005)). These methods have attracted a great deal of attention, because of their high potential for modeling engineering problems in environments which have been resistant to solution by classic techniques. Heuristic methods are quite suitable and powerful for obtaining the solution of optimization problems. Although these are approximate methods (i.e. their solution are good, but not provably optimal), however, they do not require the derivatives of the objective function and constraints. Also, they use probabilistic transition rules instead of deterministic rules (Kaveh and Talatahari (2009a)). There are several papers utilizing heuristic methods in structural optimization field, but using an individual heuristic method has often some drawbacks because usually each method is suitable for solving just a specific group of problems and preference for a special method will differ depending on the kind of the problem being studied. One technique to overcome to 
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these problems is hybridizing various methods to reach at a robust approach. Recently, a new hybridized approach based on HS, PSO and ACO is developed (Kaveh and Talatahari (2009b)) which is called heuristic particle swarm ant colony optimization (HPSACO). HPSACO utilizes a particle swarm optimization with passive congregation (PSOPC) algorithm as a global search, and the idea of ant colony approach worked as a local search and updated the positions of the particles by applied pheromone-guided mechanism. This principle is used in the HPSACO as a helping factor to guide the exploration and to increase the controlling in exploitation. In the HPSACO algorithm, fly-back mechanism and the harmony search are used to handle the constraints. Fly-back mechanism handles the problem-specific constraints, and the HS deals with the variable constraints. A particle in the search space may violate either the problem-specific constraints or the limits of the variables. Since the fly-back mechanism is used to handle the problem-specific constraints, the particle will be forced to fly back to its previous position no matter if it violates the problem-specific constraints. If it flies out of the variable boundaries, the solution cannot be used even if the problem-specific constraints are satisfied. Although minimizing the maximum value of the velocity can make fewer particles to violate the variable boundaries, it may also prevent the particles to cross the problemspecific constraints and can cause the reduction in exploration. Using the harmony searchbased handling approach, this problem is dealt with. According to this mechanism, any component of the solution vector violating the variable boundaries can be generated from harmony memory. In optimization problems, particularly in structural optimization, the number of iterations is highly important. The terminating criterion is a part of the search process which can be used to eliminate additional unnecessary iterations. HPSACO utilizes an efficient terminating criterion considering exactitude of the solutions. This terminating criterion is defined in the way that after decreasing the movements of particles, the search process stops. When the variation of a variable is less than a determined exactitude, this criterion deletes it from the virtual list of variables. When this list is emptied, the search process stops. Using this terminating criterion, the number of iterations decreases. In practical applications of structural optimization, a discrete solution is better than a continuous one. In order to reach a discrete version of HPSACO, making some changes is necessary. In the discrete method, agents are allowed to select discrete values from the permissible list of cross sections, and if any one of agents selects another value for a design variable, the discrete HPSACO changes the amount of it with the value of the nearest discrete 2



cross section. Although this change is simple and efficient, it may be reduce exploration of the algorithm. Therefore, the formula of particles' velocity is improved by adding an exploration term. This chapter considers the implementation of the HPSACO methodology to find an optimum design of various structures. We start with truss structures considering a continuous domain as the search space. Then, the efficiency of the HPSACO algorithm is investigated to find optimum design of frame structures. The results indicate that contrary to other heuristic algorithm, the HPSACO algorithm can be successfully applied to determine the solution of structural optimization problems with discrete variables. Domes structures provide costeffective solutions to cover the large areas without intermediate supports. The HPSACO algorithm is utilized to design dome structures. The HPSACO method determines the optimum height of the crown, number of rings and the tubular sections from the available steel pipe section list for members. It will be shown that the HPSACO technique is quite effective in finding the optimum solution of different types of structures.
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