BOTE: My notes 11/24/1999 17:35:28


(c) Praveen Paritosh [paritosh@ils.nwu.edu] 1999





What do we need to do BOTE - a strong grasp of domain, intuition about what part of problem is important, imagination to dream up shortcuts (sometimes completely lateral thinking, applying knowledge from a very different domain, figuring out an analogy (sme?) can be helpful - fermi nuclear bomb yield, bits of paper)





[h] Throw away constants, area of circle r^2, g is 10 m/s^2, dont worry about factors such as 3/5, sin x = x = tan x, and cos x = 1as long as angles are smallish  (x < 15 deg), and x measured in radians. list more of these.





[h] know typical numbers - typical density of materials, specific heats, energy value (calories in food, calorific value of fuels, etc) size of things; and when a new unknown quantity comes up, compare it with other known ones (analogy), and guess! if you know nothing at least you can make the worst assumptions if you know something - if you had to assume density of all liquids in the universe a constant, how much time we wait in the grocery store to pay, etc what will it be? these are the average and reasonable (most frequent - average affected by extremes) numbers for each physical quantity. 





[h] Tinker with geometry - Assume things to be spherical, flattened, or oblong as the case may be. Mountains can be square blocks, or if more precise pyramids. Use average fixed values instead of continuously varying parameters - average value of various funtions in typicla intervals, sin averaged between 0 to pi is _ , etc.Replace smoothly varying functions by discreete functions to make integrals into easier sigmas.





[h] use ratios so that constants, and other irrelevant numbers cancel off. 





use conservation and continuity, the basic principles.  elaborate. 


11/29/99  in - out = accum + dest, balances: Force, Mass, Energy, Momentum





get multiple answers from different sources - keep breakpoints at the important stages in your calculations, so that you can go back to check in case of discrepance as you move ahead in your calculations.





dimension checks - add similar dim quants, product implies product of dimensions of the individ phy quants. in case of less knowledge be able to build up models using dimesional analysis. [also it might be help in thinking of reasonableness, and for doing internal calculations, that you can work with dimensionless forms, refer Bird, Stewart, Lightfoot, Transport Phenomenon]. do not substitute numbers, symbolic forms, and dimesional checks.





for models that are automatically derived (from domain knowledge, dimensional analysis), check for extremes. check for correctness of form - something that should go to zero as the other term in eqn goes to zero shouldnt have a constant hanging by. check whether your method gives a correct solution in the case that you know the answer.





be suspicious of anything which seems completely arbitrary as per common sens (whats that) - reasonable values for different things, and the ideas of what is large, small and normal for different physical quantities comes handy here - maybe store value for some physical quantities for the extremes, normal and the average cases - an example here 





[h] Rules of thumb - eg - Rule of 72 "If you spend a sum of money for y years at r percent interest rate - if r*y = 72, your money'll double. 1000, 6%, 12yrs = 2012  1000, 8%, 9yrs = 1999 ... Useful for any exponetial process - if the bacterial colony grows at  3 percent an hour, it'll double in a day. Ten doublings is a thousand (2^10 = 1024), twenty a million, thirty a billion. 


"Pi seconds is a nanocentury" - 3.1555x10^7 secs a year





The output of these calcs depend severly on input - with bad data/guesses/estimates, even interesting processing might give junk results. Know what you dont know [Vic Vossotsky] on the Tacoma/Brooklyn Bridge - Jon Roebling, who designed the  Brooklyn bridge knew that aerodynamic lift on suspension bridges is crucial (but he didnt know how to model it - which required advanced turbulence principles, not in place then); so he made the stiffness of truss on the Brooklyn bridge broadway about six times what the normal design (a huge safety-factor, overdesign, for ignorance). None of the Roeblings contemporary bridges still stand.





enumerate the obvious rules like total cost is cost per unit into nubmer of units.





Little's law - Consider any system in which things enter and leave. It states that "The average number of things in the system is the product of the average rate at which things leave the system, and the average time each one spends in the system." [Theory of residence times, and flows, steady and unsteady state balances, differential and overall mass balances]. If you are in queue to get in a place, (1) you can reason by figuring out the rate at which people get in (which you'll have to empirically observe), or (2) you say the capacity of the place divided by the time that people stay in (so if 60 people, and the avg guy spends 3 hours, then the rate at which people enter is 20 per hour).





Everything should be made as simple as possible, but no simpler - Einstein.





11/25/99 03:10 





Knowledge should be 


1. robust - degrade gracefully


2. refelective (metacognitive) - awareness of its own boundaries, of limits of applicability


3. operable - can be used to solve real world problems





About different types of estimates -


- worst case >--<


- likely bounds <-->


- best guess   o





Fermi Questions: "The estimation of rough but quantitative answers to (unexpected) questions about many aspects of natural world. Answers draw upon deep understanding of the world, upon everyday experiences, and upon the ability to make rough approximations, inspired guesses and statistical estimates from little data and resources." - Philip Morrison, Letters to Editor, Am. J. Phys., Aug 1963, v31n8, p626-627





"The accumulation of confidence and skill which such answers bring in is a very good approach to resaerch. Indeed, the formation of hypothesis activities which are well simulated by asking and answering good Fermi Questions."





11/29/99 09:00





I think dimensional analysis is very important, in figuring out what variables are important: at times for building up simple models just based on dimensions. Also useful in scaling up - dedimensionalised forms of equations the Fluid Mech concept, or read books on dimensional analysis. Dimensional chains or trees where you know that you can figure out what physical quantities as you have the remaining figured. Basic dimensions, M L T I TH. Important dimensionless quantities - angles (and thus the args of all trigo functions), the arg of exponent, etc. Important physical quantities (Construct examples here, where you can solve different types of problems using only dim anal) - Energy (J), Force (N), Frequency (Hz), Power (W), Charge  (C). The famous dim example F = -2 PI r l (v/R) n, n is the coeff of viscosity.





Usefulness of dimensional analysis -


1. Extracting what is relevant from an overwhelming body of experience.


2. Sifting through large observations and filtering out the bulk in an efficient way. (A fast first level search which can tell us what can be useful.


3. In first level of analysis, Newtons' laws (Any Physical Precise law) may seem sperflous.





Figure out how scale-up is done using dim anal. Maybe we can use this to figure out reasonable values and scales. 





11/29/99 17:11:19 Meeting Ken Sven Tom 





Smart thing about BOE calcs that starting from bits of pieces, come to more impressive levels of analysis, but I cant see where the algorithm can come up with things better than that hardcoded. 





Basically, I dont think it is BOE, (because the key thingsthat make BOE are approx in numericals, and figuring out novel models, etc). Maybe "Automated modelling at different levels of approximation" is a better name.





The problem is multipart - figuring out the what the question means - is it a rate question, or a number question; what domain. Then getting models. Maybe we could define Level 0, Level1, ... models where zero stands for the most approximate, and so on. 





Issue: How do DTE-GIZMO get together. GIZMO as a qual reasoning slave to DTE? [DTE: single state space, as compared to gizmo, getting gizmo fragments into dte, microtheories, cases/scenarios - what is going on?]





Do we want to build domain independent theories of estimation (BOE) or domain theories that support BOE? We have to look at what parts of theories of estimation are domain-dependent. Hopefully, we would like to have as much of it as domain-independent as possible.





conatiner-chamber


the right model


Flows/Fluids/Rates


qualitative ordinal and spatial ideas.





