History of Computer Simulation
Introduction
sim·u·la·tion /sɪmyəˈleɪʃən/ –noun

5.  The representation of the behavior or characteristics of one system through the use of another system, esp. a computer program designed for the purpose.

I remember when I was 6 years old (no, it wasn’t THAT long ago), my Dad brought home a funny looking machine. It was shaped a little like the old cassette player and it had two wires coming out, each connecting to a little box with a knob. Ignoring my curious stares and endless questions, Dad hooked it up to the TV, flipped the switch and the static was replaced by two strange looking vertical bars on each side of the screen. He told me to grab the soapbox and turn the knob. As soon as I did that, a dot shot out from the left rectangle. It darted across the screen, just as it was about to fly off, the bar at the end raced toward it followed by a crisp “pong” sound. The dot bounced back toward the left and flew off the screen as I stared in complete amazement, soapbox in hand, agape and frozen.
Dad 1 vs. Me 0

That was my very first encounter with electronic gaming – a simulation of tennis. True, it was a crude simulation, but it captures the essence of the game: a ball bouncing back and forth. It opened the door to the world of simulations for me and I fell in love.
I loved the Earth-Moon-Sun simulator in school that showed the different phases of the moon. I loved the computer simulation of Newtonian mechanics. I loved the Daytona 500 racing simulator in our local arcade. And of course, I loved PONG.
The more I fell in love with simulators, the more I appreciate their power. I started to see more and more of them: weather simulations, traffic simulations, physics simulations, etc. Their contribution to our everyday life is beyond words. I wanted to understand and build them. In doing so, I felt I had become the master of universes because each one of them is a breathing microcosm of an entire world.

Non-Mechanical Simulations

Computer simulations aren’t the only fun or useful simulations, nor were they the first. So let’s start from the beginning.

Early in the history of man, we learned how to simulate what we cannot manipulate directly. Ancient Chinese built small scale models in dirt patches to simulate irrigation systems and dams. Generals simulated large scale battles tactics using few flag carrying servants. Moving pebbles simulated food allocation and logistics.
Even today, we see boys running around playing cowboys and Indians, girls sitting together playing tea party and doll house. They are all simulating and having fun doing it. Modern day war games by the Pentagon do involve computers, but on the field, soldiers do the marching and “fighting” while casualties are calculated by observers carrying random cards. And in school, when teaching the importance of safe-sex, students are often asked to each shake hands with 3 other people, all to simulate and emphasize the contagiousness of AIDS.
A modern scientific field that relies heavily on non-mechanical simulation is the field of psychology. Almost all experiments are done in a simulated environment and most stimuli can be simulated as well.

Mechanical Simulations

As technology advanced, more and more mechanical simulators were invented. The earliest mechanical simulators were simpler and smaller replicas or models of bigger devices or structures. Typical candidates would be bridges, buildings, pyramids and aqueducts. It would be disastrous for these early large scale engineering projects to proceed without a clear blue print and successful proof of concept.
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One famous usage of static model in building design is the reverse hanging model. Strings are knotted together to form a frame representing the skeletal structure of the building. Then a weight is attached to each connection or junction in the frame. Lastly, the entire model is hanged in reverse. The gravity pulls on the weight and the string frame assumes its most natural form. This simulates the total force distribution of the entire structure. 

Figure 1. Antonia Gaudi’s reverse hanging model of the famous Sagrada Familia in Barcelona.
The first moving mechanical simulators were likely models of carts and war chariots, followed by war machines such as ballistas, catapults, trebuchets and other offensive and defensive contraptions. Models of weights and pulleys were also made to simulate and demonstrate the viability of larger and more complex constructs.
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   Figure 2. A model of a trebuchet.
After the Renaissance, more complicated mechanical simulators started to appear. Representatives of them were models that simulate planetary motion, which were obviously infeasible to build to their true scale.
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Figure 3. (left) The beloved Sun-Earth-Moon simulator.  (right) A Japanese-built astronomical device that simulates the movement of closer planets with respect to the Earth.
Following the industrial revolution, engineers started to simulate railroad systems, sewage systems as those systems become more and more complex. Scientists began to conduct experiments under simulated environments as science advanced into more and more theoretical territories, where it is difficult or infeasible to be in the real environments.
Computer Simulations

The invention of computers completely changed the world of simulation. Not only are the same mechanical simulations cheaper to model and reproduce on a computer, they are often more accurate and precise. Moreover, they made feasible a vast number of simulations that were infeasible to do mechanically, such as climate simulation.
Generally speaking, computer simulations offer the following advantages over mechanical simulations:

· Cheaper to build, maintain and operate.

· Increased precision and accuracy.

· Repeatability.

· Large scale or microscopic scale.

· Time compression: ability to fast-forward, rewind, pause, save state.

· Better visualization and data recording.
From here on, unless stated otherwise, “simulation” will mean computer simulation.

Types of Simulations
While computer simulations today are used in almost every discipline and for all sorts of purposes, the usage can be divided into three main categories: scientific research, practical application, education and recreation. Each has somewhat different requirements and usage patterns though overlaps do exist.
Scientific Research
Simulations used in academia are generally the most complex of the three. They require the most development effort to build and the most computing power to run. In the majority of cases, the simulation involves a tremendous amount of number crunch, but very little human interaction. One would input the starting parameters, tweak a few runtime variables and hit “run”. Hours, days or even weeks later, the result will be produced and all the data generated during the simulation will be analyzed.

One primary usage in this field is modeling. 
Given a set of real world observations and data, scientists would try to find a model that will explain these physical observations in a consistent manner. This model must also be able to explain future observations. In effect, the model will be the theory that explains the real world experiment or phenomenon.
For Newtonian physics, the model will be Newton’s three laws of motion plus the universal law of gravitation. For mathematics, the model may be equations or algorithms defining fractals and cellular automatons. For economics, the model may involve game theory and optimization.
Since simulations are still only approximations, the models used may never be 100% accurate. But nevertheless, they help scientists gain insight as to what the true underlying laws are like and what the critical variables may be. Simulations also have the added benefit of generating whole new sets of “observations” that may take a long time to generate in the real world, thereby providing researchers with more data to work with.
An example is the NEC Earth Simulator.
 It was the fastest super computer from 2002-2004. Its purpose is to run global climate models to evaluate the effects of global warming.

The flip side of this is verification.
If the scientists have already figured out the model through theoretical work, or educated guess (it’s what they do a lot of the time), they can use proven simulations to verify that their theories are indeed correct or at least has merit.
Take for instance, the various theories of planet formation in the solar system. Which one of these competing theories are correct, or at least more correct than the others? Well, it is well established that planet motion obeys the laws of Newtonian physics and the great master has already given us a set of clear mathematical equations to model that. Scientists can put their theories through a physics simulator and run it for “4 billion years”. Whichever simulation produced the virtual solar system that most resembles our real one is the winner.
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Figure 4, simulation of the formation of planetary systems.
Sometimes the end goal is to just produce a reasonable simulator. 

There may not even be any basis for the model. As long as the simulation closely reflects actual observations and approximates the real world, the simulator will prove useful. It may be used as tools in other researches or as basis for better and more accurate simulators.
NASA rocket trajectory simulator.

Practical Application
Simulations wouldn’t have been this popular and widely accepted if they didn’t have practical usage. As pointed out in the introduction, simulators are already in every facet of our lives and are intricately woven into our modern society.

One of the most obvious benefits of simulation is in engineering.

The skyscrapers, channel-crossing bridges and mega-structures we build nowadays are so large and complex, any physical simulation using mechanical methods may not capture all the details. Computer simulations, however, are easier, cheaper and faster to implement. Every bridge, every building nowadays can be designed on a computer directly. The model can then be fed to various simulators for important tests such as structural integrity, earthquake and fire damage.
Simulators can help detect design defects months before construction even began. It can also help look for potential problems in existing structures and systems.
Another common usage of simulators is training.
Helicopter pilots can start their training in a flight simulator. Race car drivers can practice on any circuit in a racing simulator. Doctors can use medical simulator to rehearse surgery. Simulation can provide critical training needs with zero risk. While it can never replace the real deal, it certainly helps maximize the amount of practice. And as the saying goes, practice makes perfect.
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Figure 5, Microsoft Flight Simulator 2002

The other critical feature a simulation can provide is prediction.

Weather forecast is the most common example. Every day, the meteorologist at every major TV station and weather center around the world turns on their weather simulator and tells us if it’s going to be rain or shine. Truth be told, it’s not a simple task. They have to analyzes and interpret the data produced by their simulators and make a judgment call. If simulators were 100% accurate, they’d be out of a job. But without simulators, it would take days and a lot more people to extrapolate the current weather condition to tomorrow and the day after, not to mention the 5 day forecast we are so used to now.
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Figure 6, Simulation of cloud coverage over the continental US.

Lastly, simulators provide essential virtualization or emulation.

This is most commonly seen in the software and hardware industry itself, but applies also to other fields where simulation or reference devices are useful. For instance, it is more productive to emulate a slower device on a faster system to speed up development. Such as developing mobile software on a PC that emulates the mobile device. Another useful scenario is to use software to emulate hardware that does not exist, as in the case of virtual machines. Running on an emulated device also makes debugging easier.
Education and Recreation
For most young people (like myself (), they probably encountered simulations first either in the classroom or in the arcade. After all, computers are not just for work, they are for play as well.

In the classroom, simulations are an important learning tool.

If a picture is worth a thousand words, then a simulation is worth a whole lecture (sometimes). Seeing how things work with your own eyes can just be the final push needed to understanding an entire idea. Without computer simulations, it will be difficult to teach astronomy to kids, say, in Seattle where a starry night is as rare as a dancing frog. Simulators are also a great visualization tool, especially for topics like physics and chemistry.
Last, but not the least, is my favorite: gaming.

One can argue that all computer games are essentially simulations of one thing or another: driving, flying, shooting (guns or hoops) among a thousand other things. I think this is a valid statement. So let’s concentrate on the ones that focus more on the simulation side than the gaming side.
It all started with Conway’s Game of Life, which has tremendous academic value as well as entertainment value.  

SimCity was another revolutionary game that essentially started a whole new genre. Story has it that Will Wright, the creator of SimCity, was working on another game when he realized that he was increasing addicted to a feature of the game where he was simply creating maps and putting down houses. He soon realized that is fun in itself and SimCity was born and the rest is history.

[image: image7.png]T T s e L i
S[T THERESUILLE Oct 1974 354,869





Figure 7. The original version of SimCity.

Then there was Creatures, a game simulating a bunch of gizmo-like virtual creatures roaming in a virtual world. They eat, grow, interact with the environment and each other, reproduce and die. It’s like a sophisticated virtual ant farm and is fun to play and watch.

Other popular simulation based games include the Theme series (e.g. Theme Park), the Tycoon series (e.g. Rollercoaster Tycoon), the Sim series (SimCity, The Sims, Sims 2).
Problems with Simulators
Despite the myriad benefits of computer simulation, it is not a panacea. For one, it does not truly represent the physical world. No matter how good your simulator is, a piece of rock rolling down the hill is the best simulation for a piece of rock rolling down the hill. Secondly, since computer simulation is mostly dependent on number crunching, numeric precision becomes a limiting factor in the significance of the result. It is only as precise as the input with the least precision. Lastly, the simulation is only as good as the model. If the model didn’t take into account some critical factor, it will not be accurate.

Final Word

If imitation is the sincerest form of flattery, then computer simulation is truly the humblest servant to mankind. The simulations have become more and more complex over the years, supported by ever increasing hardware and software sophistication. Every field and discipline is discovering new ways to utilize simulations to produce greater results. This trend is definitely going to continue and accelerate. The next step is to find a common way for simulators to talk to each other, integrate them and combine them into greater wholes when needed. A lot of redundant effort can be eliminated while computing power can be shared and more fully utilized. 

Perhaps we can’t simulate the future, but the future can is in simulation!
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