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Scientific and Technical Data in Wolfram|Alpha

Diverse data sets

ʻObjectʼ data

Real-time data

Physical law data

Mathematical data

…
Data characteristics:

 Ë all data are curated

 Ë all data are properly structured

 Ë interconnection of data

 Ë all data are soon fully 'sliceable'
 
 Ë potentially large in size (TB of data)  
  
  … 
 
 Ë virtually all data are measured in units
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ʻObjectʼ data
 Ë chemicals (melting points, densities, …)
  
 Ë materials (conductivities, hardness, …)
  
 Ë food (calories, vitamin contents, …)
  
 Ë astronomical objects (distance, mass, …)
  
 Ë species (sizes, ages, …)
  
 Ë genetic data (sequences)

  …
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Real-time data
 Ë weather (temperatures, air pressures, …)
  
 Ë earthquakes (magnitudes, wave characteristics, …)
  
 Ë UV radiation (UV indices, forecasts, …)
  …
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Physical              law       data
 Ë effects, principles, laws, paradoxa, formulas, … 
  
 Ë formulas, … 

Example: Pendulum

ó  
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Mathematical                      data
 Ë named polyhedra, curves, knots, graphs, curves, surfaces, lamina, … (areas, volumes, invariant polynomials, …)
  
 Ë mathematical identities (values, representations of special functions 
   @JnHzL, Pn

m(x), 2F1Ha, b, c; zL,…] and mathematical constants [p, e, g, …])
  
 Ë mathematical conjectures, theorems, axioms

Even mathematical data need sometimes units, e.g. geometrical data
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Use Data for (Real-Time) Computations

Why        not       just       store          everything?
Ë time-dependent data

Ë combinatorial explosion of product sets

Ë free parameters in applications

Calculating with data í calculating with units
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Real-time computed data
Ë astronomical objects 
  
Ë geo-distances  
  …
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Data        analysis
Ë averages, distributions
  
Ë correlations
    
Ë genetic data look-ups
  
  …
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Units, Units, Units, …, Measures, …

All that can be measured must be measured in reference to some agreed-on yardstick.

Calculations with data require calculations with units.

Ê length, time, area, volume

Ê pressure, force, energy, electric current, …

Ê since 1790: International System of Units

   Ë seven base units: meter, second, kilogram, kelvin, ampere, candela, mole (radian, steradian)

Most countries use the SI system today.

Exceptions:    

To deal with diverse data, one needs to handle units well!

Wolfram|Alpha knows tens of thousands of units

Knowing a unit means:
  Ë numerical values and precision  (c is exact, trusted digits of —)
  Ë relations to other units
  Ë typical uses
  Ë names, abbreviations, …
  Ë formatting 
   …
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Unit Conversions and Orders of Magnitude

Ë default conversions

Ë default comparisons

Ë country-specific preferred units 
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Physical Quantities

Length, time, area, volume, pressure, force, energy, …
Wolfram|Alpha knows thousands of physical quantities

   Ë typical units (N·m as  torque vs energy; eV versus BTU)
   
   Ë relation between physical quantities
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Birdʼs-eye view on the space of physical quantity dimensions

Physical quantities of given dimensions

plot dimensions 2 3

base units
HdimensionsL

meter HmL

second HsL

kilogram HkgL

ampere HAL

kelvin HKL

candela HcdL

moles HmolL

radian HradL

steradian HsterL

show only
nonvanishing
exponents

show exponents
near origin
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Dimensional                    analysis
Taylorʼs estimation of the energy released in the first detonated atomic bomb
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Generalized Units

Real world data contain often more than just units that can be 

reduced to the seven (nine) SI units. They also contain:

Currencies

Counting units

Commodities

Substances

Scales and Industrial measures
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Currencies
Ë $, , ¥, …  (e.g. $/kg) 
   
Ë time-dependent conversion factors
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Counting               units
Ë people, women, men, marriages, boys, girls, children, teenagers, …  (e.g. marriages per year)
   
Ë samples, pages, … 
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Commodities
Ë bushels, …
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Substances
Ë CO2, CH4, …  (e.g. MtC02/MWh)   [noncommutative conversions]
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Scales           and        Industrial                measures
Ë Beaufort scale, earthquake magnitudes, screw sizes, …
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Unit and Physical Quantity Uses

Overall            unit       uses
Often users have their own unit preferences. (country specific)

approximate Zipf law
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Overall            physical               quantity              uses

physical
quantity

percentage

length 30.00
time 27.00
volume 11.00
speed 8.80
temperature 6.10
frequency 3.50
plane angle 3.40
area 3.10
electric current 1.30
amount 0.88
acceleration 0.71
molarity 0.66
electric charge 0.56
voltage 0.52
slowness 0.46
flow 0.42
angular velocity 0.28
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Scale          dependence                     of     length           unit       uses
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distribution of length units
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Speed           units

Anthropological values

speed value percentage
75miles per hour 5.1
340.3meters per second 4.4
10meters per second 4.0
88miles per hour 3.1
1meters per second 2.7
10 centimeters per second 2.5
4miles per hour 2.2
150meters per minute 2.1
45miles per hour 2.0
30miles per hour 2.0
72miles per hour 1.7
46 kilometers per hour 1.4
5meters per second 1.2

3.µ107meters per second 1.2

340.29meters per second 1.2
2.5meters per second 1.0
1.25meters per second 1.0
70miles per hour 1.0
60miles per hour 0.9
15miles per hour 0.9
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Unit       conversions
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Future (of units in Wolfram|Alpha) 

Ê International units

   Ë Japanese, Portuguese, … 

Ê Historical units (what is their “exact” value?)

   Ë Babylonian, Egyptian, … 
   
   Ë Medieval European units 

      (in 1790 about 40,000 different volume, mass, and length measures were used in France œ)
      
   Ë realization changes over time; soon all quantum-based (1m in 1791 = 0.9998 m in 2010)

Ê Generalized conversions

   Ë cm Ø eV, kg Ø eV  (multiply by —a c b Gg …)
   
   Ë pint Ø kg (for sugar, milk, …)

Ê Unit system

   Ë cgs, cgs-esu, cgs-emu
   
   Ë Atomic, Planck, Stoney, Astronomical, …
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