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Abstract: Summary of discussion yesterday. Mainly on the comparison of punctual and interval estimations.  
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---- "Sometimes I found I think totally wrong perhaps."
---- "Say, the world can be separate in two parts: the mathematical one and the physical one, the spiritual one and the real one, the one we work on and the one we're  observing." (some philosophy for doing this work)

1. Two sorts of notions

Let's return to the first: what we want to do? Comparing these two notions: Estimation is an approximate calculation of something, and simulation is an imitation of some real device or state of affairs.  In another word, we build and use models in these two activities, but the procedure of using could be differently diverse.

(1)

In estimation, usually we should first decide the model physics (or say to fix the model structure) according to the nature of problems, then by approximate calculation (here for example, numerical expansions for approximate ordinary differential equation solution) and comparing the result to real data, we could adjust the possible errors in the previous model, or even abandon it and find new structures. This backward manipulation on models is called model validation. 

Sometimes the pre-setup model contains yet unknown parameters (what we call a grey model), thus we'll do parameter identification for them. This is related to inverse problem or indirect measurement (that we cannot directly handle the parameter ().

So in estimation, the goal is to set up a mathematical environment that works almost the same as in the physical conterpart; the emphasis is on the mathematical side. 

---- Always keep in mind that we are only working on the virtual things, an image from the reality. And we want this image as true as possible.

(2)

In simulation, I guess the emphasis in on – well, we cannot say that it's on the physical part since we're always on this side, -- but the objective might be slightly different than in estimation, if the readers really probe a more elaborated thought. We shed a sight on that side and we want to mimic the real environment, for certain goals such as aides in training. – In estimation we work over independently: this is our own system.  

2. Two sorts of estimation: punctual and intervals

Again, they are from different motivations. 

(1)

In punctual estimation, we use quadratic minimization (or say least square) for finding one solution that is  intuitively the most "close" to the actual function. Formally, we're looking for ( s.t. min J((), where 

J(() = ( || y(t) – y(t) ||^2, here y is in the model and y is measured value.

So always we get an optimal solution to certain pre-fixed model structure. Sometimes model ambiguity should also be in consideration, that there might exist several groups of (model structure, minimized estimation).

(2)

In interval estimation, the measured value is no longer a point but rather, a point together with its bound of errors, which can be described as an interval [y]. Thus, what we want is to find an "interval function" s.t. at each measured point it contains the y and it's inside each [y]. Formally, to find the set of parameters, 

S = {( | for all i, yi(t) ( [yi]}, this can be solved by set inversion. (cf. set projection)

If no such set can be found, i.e. for all (, not exist i s.t. yi(t) ( [yi]; it then means there's no matched solution and certain things should be modified, either the model either the error requirement. -- So that's why interval estimation, though aiming at different objective, is deemed more powerful than punctual one, because it's guaranteed in such a sense that either a solution within predefined error bounds is found, either it can be proved that there's no solution existed within this bound.

The bound brings also a notion of precision. This can be seen in the following section of time steps.

3. Two sorts of models

(1) Algebraic relation, or say discreet problems, "explicit"

y(t) = algebraic f ((,u)

f is the model, u the input, y the output, and ( the uncertain parameter (vector).

(2) Alge-differential relation, or say continuous problems, "implicit"

y'(t) = f(y(t), u(t), () ; ODE

to calculate y(ti), we use the numerical resolution such as Taylor expansion.

4. About time steps in estimation

Instability: constant time step and variable time step.

For punctual estimation, often the constant time step (tiny as though) is enough;  but for intervals, it's more complicated due to some instability nature of problems (such as the overflow of predator-prey model using constant enclosure). An alternative is to change error bounds after each step, suiting to the real situation. 

There is a grand result in applied math that explicit ODE can use small time steps while implicit ODE can use large time steps. IHO (interval Hermit-Obreschkoff) can operate with both. 

