Modeling & Simulation
Products of Modeling

Categories. 

A simulation contains many different models of an object and its relationships with other objects. We use Phil Kiviat's definitions of the categories of models that must be created to completely capture the state and behavior of a system.  

Formal Model Structure. 

Many people create models are ad hoc representations of the real world. However, some formalism can help to design models that cover all of the bases. This section introduces Bernard Zeigler's concepts of a modeling formalism.
Physical Model. 

· Top of Form 4
A computer simulation, a computer model or a computational model is a computer program, or network of computers, that attempts to simulate an abstract model of a particular system. Computer simulations have become a useful part of mathematical modeling of many natural systems in physics (computational physics), chemistry and biology, human systems in economics, psychology, and social science and in the process of engineering new technology, to gain insight into the operation of those systems, or to observe their behavior. 
forecast models

River forecast models estimate the amount of runoff a rain event will generate. It also computes how the water will move downstream from one forecast point to another and predicts the water flow at a given forecast point through the forecast period.
scientific explanations Models
Observations, experiments, and theory used to construct and refine computer models and develop scientific explanations lead to better understanding of the linkages between the atmosphere-ocean system and how it relates to the overall climate system's behavior. As a result, more reliable projections of future climate changes will develop over time. 101:9 101:13 end 

Process of Modeling
Problem Statement. 

The most important step in creating a model is defining a clear problem statement. This is the basis from which most modeling decisions spering.  

Ordered Creation of Products. 

This section provides an ordered process for creating the products described in the previous section.  

Computer modelling
 A theory has only the alternative of being right or wrong. A model has a third possibility; it may be right, but irrelevant.
Manfred Egan 

If you put tomfoolery into a computer, nothing comes out of it but tomfoolery. But this tomfoolery, having passed through a very expensive machine, is somehow ennobled and no-one dares criticize it.
Pierre Gallois
 This is one of the most powerful tools available to science and engineering and, like all powerful tools, it brings dangers as well as benefits. Andrew Donald Booth said “Every system is its own best analogue”. As a scientist he should, of course, have said in what sense he means best. The statement is true in terms of accuracy but not in terms of utility. If you want to determine the optimum shape for the members of a bridge structure, for example, you cannot build half a dozen bridges and test them to destruction, but you can try large numbers of variations in a computer model. Computers allow us to optimize designs in ways that were unavailable in times past. Nevertheless, the very flexibility of a computer program, the ease with which a glib algorithm can be implemented with a few lines of code and the difficulty of fully understanding its implications can pave the path to Cloud Cuckoo Land.

The main hazards of computer modeling can be summarized under a few headings:
1. Assumptions
2. Auditability
3. Omissions
4. Sophistication
5. Testability
6. Chaos
Assumptions

At almost every stage in the development of a model it is necessary to make assumptions, perhaps hundreds of them. These might or might not be considered reasonable by others in the field, but they rapidly become hidden. Some of the larger models of recent times deal with the interactions of variables whose very nature is virtually unknown to science.

Auditability

In olden times, if a scientist published a theory, all the stages of reasoning that led to it could be critically examined by other scientists. With a computer model, it is possible, within a few days of development, for it to become so complex that it is a virtual impossibility for an outsider to understand it fully. Indeed, where it is the result of a team effort, it becomes unlikely that any individual understands it.

Omissions

Often vital elements can be left out of a model and the effect of the omissions is only realized if and when it is tested against reality. A notorious example is the Millennium Bridge in London. It was only after it was built and people started to walk on it that the engineers realized that they had created a resonant structure. This could have been modelled dynamically if they had thought about it. Some models that produce profound political and economic consequences have never faced such a challenge.

Subconscious 

The human subconscious is a powerful force. Even in relatively simple physical measurements it has been shown that the results can be affected by the desires and expectations of the experimenter. In a large computer model this effect can be multiplied a thousandfold. Naturally, we discount the possibility of deliberate fraud.

Sophistication

This word, which literally means falsification or adulteration, has come to mean advanced and efficient. In large computer models, however, the literal meaning is often more applicable. The structure simply becomes too large and complex for the inputs that support it.

Testability

When we were pioneering the applications of computer modelling about forty years ago, we soon came to the conclusion that a model is useless unless it can be tested against reality. If a model gives a reasonably accurate prediction on a simple system then we have reasonable, but not irrefutable, grounds for believing it to be accurate in other circumstances. Unfortunately, this is one of the truisms that have been lost in the enthusiasms of the new age.

Chaos

Large models are often chaotic, which means that very small changes in the input variables produce very large changes in the output variables. Some very simple processes can amplify errors, taking the difference between numbers of a similar magnitude for example. The errors (or noise) are then propagated through the system. If there are feedback mechanisms present, it is quite possible for systems to operate on the noise alone.

Many of the computer models that receive great media coverage and political endorsement fail under some of these headings; and , indeed, some fail under all of them. Yet they are used as the excuse for profound, and often extremely damaging, policies that affect everyone.

That is why computer models are dangerous tools.


Simulation
Live Rehearsal

Field Drills. 
Simulation was originally just a series of weapon and tactics drills conducted by soldiers to familiarize them with the basics of combat. Centuries ago such training was reserved for the noblemen and was not "wasted" on common soldiers. However, as weapons became more complex, the necessity for training with them grew.  

Live Training. 
Today we expect world class performance from our armed forces. One of the method used to achieve this is training, exercises, and live simulation. These exercises are conducted with real equipmetn that has been modified to perform non-lethal engagements against mock opposing forces.  
Virtual Reality

Immersive Worlds. 
Digital recreations of the battlefield provide the terrain over which vitrual combat is fought. VR was originally one of the fantasy toys of the entertainment industry. It has become an essential tool for training combat pilots, vehicle crews, and individual soldiers.  

Virtual Simulators. 
The flight simulator dome is the most common image of this form of simulation. However, similar and more advanced technologies are used to train tank crews, helicopter pilots, infantrymen, and remotely piloted reconnaissance drones. The physical shells, image generators, optics, and computer used in these systems use the latest technologies available and push the state-of-the-art to its limits.  
Wargames 

· Wargaming.  
Military schools and colleges have used board wargames for centuries to instill the lessons of command and control into their leaders. These cardboard tools have evolved into advanced computer simulations that create a digital combat environment at a higher level of abstraction than virtual simulators.  

Constructive Simulation. 
Simulations appropriate for command and staff training must view the objects and events on the battlefield from a different level of fidelity. Commanders are concerned with the movement of large units over periods of hours and days. Constructive simulation create aggregate representations of military units, events, and the environment. 

Systems Analysis

Operations Research. 
During World War II British scientists created a new discipline known as Operations Research (OR). The military applications of this were used to design new weapons, counter the effects of enemy weapons, and evaluate the effectiveness of combat tactics. The Allied and Axis powers used these techniques to gain an advantage over the other. Today OR is still used extensively to direct decisions on system design and force structure.  

The New Math. 
Traditional OR is accompanied by techniques like Game Theory, Monte Carlo Theory, Lanchester Theory, Mathematical Programming, and a host of others that aid in analyzing problems of a military nature.  
Interoperability

Distributed Simulation. 
As simulations have proliferated it has been desirable and essential to join them into a consistent virtual environment. Distributed simulation allows multiple systems from around the world to participate in a single analytical or training event.  

Standardization. 
Simulations were initially joined by ad hoc methods, creating a terrible NxN problem. Standard methods of interoperability have been developed under acronyms like DIS, GDS, ALSP, and HLA. These standards allow diverse simulations to communicate by learning a common language, rather than any systems specific language.  

C4I Connectivity. 
Simulations are just one of the digital systems in the military arsenal. As the military becomes more "digitized" we find the opportunity for connecting simulations directly to the tools used to command nd control real warfare. Interfaces between simulations and C4I systems during training are able to stimulate soldiers in must more realistic ways than could be done before.  
Discrete Event Simulation

Manufacturing. 
Though discrete event simulation is a generic label for an mechanism of operating simulation, it is also the general rubric for a family of techniques and tools used to represent manufacturing and communications problems. The techniques developed by the "DES community" have been at the heart of systems analysis since its inception. These are becoming more prominent in all forms of military simulation.  

Parallel Simulation.
The DES community was the first to study the problems of synchronizing multiple simulation executables running in a paralle computer or across a distributed network. Time and event management techniques from this research have become an essential part of simulation interoperability in recent years.  
Entertainment 

Boardgames. 
In 1958 Charles Roberts invented the first board wargame and set a pattern for an entire industry that was to follow. These games infiilitrated military colleges in addition to spawning a vibrant commercial industry. The techniques used to simplify for the gaming environment are also used in serious analytical and training simulations. 

Arcade Games. 
These beeping, blinking, money machines sprung up all over the country. They indoctrinated an entire generation into the social power of the computer. Games like Battlezone were also the inspiration for networked tank trainers. But more importantly, they were the forerunners of PC computer games.  

Computer Games. 
The arrival of the PC and its installation into million sof households created the inevitable billion dollar industry of computer games. Many of these embody the concept of warfare. Infact, some directly incorporate military technology. Today computer games rival military simulations in their level of detail and richness of experience.  
