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In its 60 years history, Computer Simulation has experienced three essential revolutions. The first revolution was brought in 1976 when Seymour Cray developed the Vector computer CRAY 1. Since this genius invention of vector architecture for the so-called supercomputer, simulation develops into a feasible and practical tool to reveal nonlinear and non-equilibrium evolution of an attractive phenomenon based on the fundamental laws governing the nature. Nonlinearity and causality of a natural phenomenon are demonstrated to be consistently explained by simulations based on fundamental laws revealed by the Descartes reductionism. Conversely speaking, the gradual accumulation of those demonstrations has endorsed qualitatively and quantitatively the success of the Descartes reductionism and contributed to maturity of the modern western science. It is quite interesting that the simulation methodology was timely born after the world war when almost all fundamental laws governing the nature had been disclosed. This is because the existing analytical method was not sufficiently powerful to prove the validity of the fundamental laws for naturally occurring phenomena, but simulation could do this. 

 The second revolution was brought by the Earth Simulator appeared in 2002. Conventional supercomputers certainly could contribute to the maturity of modern science. However, the performance was not big enough to go beyond that point, namely, the performance was so small that only a part of the system of interest could be dealt with, or an idealized condition (geometry, initial condition, etc.) must be invoked. In contrast, the Earth Simulator had a power to do an entire simulation of a system of interest. The fact that the entire system could be treated at once means that the future evolution of the system could be predicted based on the fundamental equations governing its evolution, which had never been possible. In the modern science based on the reductionism, only the fundamental laws creating the present universe had been disclosed. However, no practical methodology had been invented to make prediction of the future evolution. This is a natural consequence of the reductionism that reduces the system into elements. The Earth Simulator is the first tool to break this reductionism paradigm of modern science. The future evolution of a system is determined by unlimited interacting forces in the system. Therefore, at least it is invoked to deal with the whole system at once in order to make prediction of the future evolution of a system. The earth simulator has so far produced many important prediction results such as global warming, typhoon prediction and others. So, now the future world becomes the real target of science, I call “science reality”, which used to be a world of science fiction (SF). In this sense, a revolution in science has certainly come around.

 Certainly, the future world becomes a science reality world. However, when one enters deep into the entity of the “entire” simulation, it turns out that only one physics layer (macro-layer), such as the Navier-Stokes equation, is simulated in the entire system, such as the whole globe, but the other physics layer (micro-layer), such as the cloud and rain drops formation, is represented by parameterization, in spite of the fact that the physics of cloud formation (condensation and collisions of cloud particles) is disregarded. This is because the scale range of macroscopic and microscopic processes is unbelievably large, such as 10 to the 10th, which is impossible to handle by any computer which may appear in the future. 

 Thus, the third revolution is invoked in order to make a scientifically reliable prediction. The revolution can not be realized by machine (hardware) innovation. The only possible way is to rely on human’s intelligence. In the Earth simulator Center, a Macro-Micro Interlocked (MMI) Simulation Group is set up to challenge for this formidable task. Several cutting-edge algorithms are already developed to demonstrate that macroscopic processes and microscopic processes are simultaneously and self-consistently simulated. These examples will be presented in this talk.             

