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Accuracy and Precision

Accuracy refers to the closeness of a measured value to a standard or known value. For example, 
if in lab you obtain a weight measurement of 3.2 kg for a given substance, but the actual or 
known weight is 10 kg, then your measurement is not accurate. In this case, your measurement 
is not close to the known value. 

Precision refers to the closeness of two or more measurements to each other. Using the example 
above, if you weigh a given substance five times, and get 3.2 kg each time, then your 
measurement is very precise. Precision is independent of accuracy. You can be very precise but 
inaccurate, as described above. You can also be accurate but imprecise.

For example, if on average, your measurements for a given substance are close to the known 
value, but the measurements are far from each other, then you have accuracy without precision.
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Independent electrons in an effective potential



Hohenberg and Kohn theorem

The GS density can be uses as basic variable to describe 
the status of a quantum many-body system.

All properties of the system are therefore functionals of 
the GS density.



Hohenberg and Kohn theorem

In QM potential V(r) determines the GS density n(r)



Hohenberg and Kohn theorem

In QM potential V(r) determines the GS density n(r)

Performing a Legendre transform we obtain

The GS density n(r) determines the potential V(r)



Density Functional Theory

        depends on the GS density         (a 3D function) 
and                      satisfies the variational principle 
[Hohenberg and Kohn, 1964]

 

HK:



It is useful to introduce a ficticious system 
             of non-interacting electrons

HK:

This defines Exc 
 

KS:

The energy becomes



Self-consistent equations [Kohn-Sham, 1965]

It is as simple as a Mean-field approach but it is exact !

is not known exactly → approximations



F[n] is a very non trivial functional of n(r) ...



… still simple approximations are possibles



 Local Density Approximation

The simplest approximation  is LDA that exploits 
nearsightedness of the electronic matter
                                                  W. Kohn, PRL 76,3168 (1996) 

Analogous to the Thomas-Fermi approximation for the
Kinetic Energy term but applied to the much smaller
Exchange-Correlation  term

In many cases it works 
very nicely  



Kieron Burke, “Perspective on density functional theory” JCP 136 (2012) 150901



Jacob's ladder of Density Functional Theory

® John P. Perdew 







Accuracy and Precision

Accuracy refers to the closeness of a measured value to a standard or known value. For example, 
if in lab you obtain a weight measurement of 3.2 kg for a given substance, but the actual or 
known weight is 10 kg, then your measurement is not accurate. In this case, your measurement 
is not close to the known value. 

Precision refers to the closeness of two or more measurements to each other. Using the example 
above, if you weigh a given substance five times, and get 3.2 kg each time, then your 
measurement is very precise. Precision is independent of accuracy. You can be very precise but 
inaccurate, as described above. You can also be accurate but imprecise.

For example, if on average, your measurements for a given substance are close to the known 
value, but the measurements are far from each other, then you have accuracy without precision.

Is the DFT description accurate ?

Is the DFT implementation precise ?



Accuracy and Precision

Accuracy refers to the closeness of a measured value to a standard or known value. For example, 
if in lab you obtain a weight measurement of 3.2 kg for a given substance, but the actual or 
known weight is 10 kg, then your measurement is not accurate. In this case, your measurement 
is not close to the known value. 

Precision refers to the closeness of two or more measurements to each other. Using the example 
above, if you weigh a given substance five times, and get 3.2 kg each time, then your 
measurement is very precise. Precision is independent of accuracy. You can be very precise but 
inaccurate, as described above. You can also be accurate but imprecise.

For example, if on average, your measurements for a given substance are close to the known 
value, but the measurements are far from each other, then you have accuracy without precision.

Is the DFT description accurate ?           (validation)

Is the DFT implementation precise ?    (verification)











Is the DFT implementation precise ?



Science 351, 6280 (2016)























Is the DFT description accurate ?



Jacob's ladder of Density Functional Theory



Jacob's ladder of Density Functional Theory

LDA and LSDA

GGA  : PW91, PBE, revPBE, RPBE, BLYP

META-GGA: PKZB, TPSS, 

SIC, DFT+U, Hybrids

Van der Waals functionals

...

exact DFT











van der Waals interaction is relatively weak 
but widespread in nature. 
An important source of stability for molecular 
solids and physisorption of molecules on 
surfaces.

van der Waals 

It is due to truly non-local correlation effects.
It is contained in the true XC functional but 
LDA/GGA/MetaGGA and Hybrids do not describe it properly. 



LDA and LSDA
     simple and well defined. good geometries, overbinding

GGA  : PW91, PBE, revPBE, RPBE, BLYP
     many options, improved energetics, good geometries

META-GGA: PKZB, TPSS,
    more complicated, not very much used, with potential 

SIC, DFT+U, Hybrids
    address the self-interaction error with some drawback

Van der Waals functionals
     truly non local, very active field

Jacob's ladder of Density Functional Theory



Science 355, 49 (2017)



Medvedev, et al.    Science 355, 49 (2017)

Is density functional theory straying from the path toward 
the exact functional ?







SUMMARY

- DFT as implemented in a number of popular codes
is reproducible and precise, at least for the most basic
properties. More and continuous work is needed to verify 
the correct implementation of more properties on more 
systems..

- The accuracy of DFT approximations has improved over
time thanks to the incorporation in the functionals of 
physically motivated ingredients and extensive testing.
More and continuous work is needed to validate proposed 
functionals on as diverse physical situations and known 
constraints as possible...
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