Using the stand-alone emulator

This document describes the method of using the emulator (after it has been built by running GEM-SA) independently. We use the executable file emulator.exe for this.

Use of this code will allow much more varied applications of the emulator than the analyses built into GEM-SA. A typical example would be a Monte Carlo based uncertainty analysis using the emulator as a surrogate for the complex code, in which the input parameters are correlated and have much more interesting distributions than those allowed within GEM-SA.

The code is set up to read a file of prediction input points and write the emulator outputs to an output file. The following sections have some suggested modifications for more interesting uses, together with the fortran90 source code. Files required for the basic code are:

1. A set of plain text files produced by GEM-SA (each with filenames beginning emulator_)

emulator_ainv.txt

emulator_training_inputs.txt

emulator_mu_out.dat

emulator_precision_out.dat

emulator_ainvh.txt

emulator_rough_out.dat

emulator_g.txt

emulator_inv_hainvh.txt

emulator_minmax.txt

emulator_scale.txt

These contain all the internal parameters and matrix constants used to fit the emulator.

2. A plain text file emulator_inputs.txt containing a set of input points at which to predict. The first line of this file has the number of points to predict at. Each remaining line in the file corresponds to a single point. So if you want to predict at 4 points for a 3-input emulator the emulator_inputs.txt file might look something like

4

254.0   6.304346   7.913044

330.0   8.739128   8.173912

326.0   8.30435    5.56522

245.0   5.521742   5.043478
Points outside the range of the training data are permitted, but not recommended. Standard deviations at such points will be large.

The output file is emulator_outputs.txt. This contains 3 columns (point no., estimate, standard deviation). Large standard deviations probably mean that you need to include more points in the training data (input design), or that the smoothness assumptions required to build the emulator are not realistic.

Using the Fortran90 source

If you want to embed the emulator into a larger code you can optimise/modify the code along the following lines:

1. Call the initialise routine once to initialise the arrays using the files in 1 above.

2. If you are happy that the emulator is sufficiently accurate, you could decide to leave out the calculation of standard deviation. The following files/arrays can then be left out

emulator_inv_hainvh.txt

emulator_ainvh.txt

ainvh, tainvh, ainvt, inv_hainvh, hdiff

3. Instead of reading xpred(i),(i=1, ninputs) from a file, the vector prediction point xpred will probably be set some other way.
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MODULE EMULATOR

real, allocatable :: xmod(:,:), ainv(:,:), g(:), ainvh(:,:), inv_hainvh(:,:)

real, allocatable :: h(:), betahat(:), roughness(:), min(:), max(:), t(:), ainvt(:)

real, allocatable :: tainvh(:), hdiff(:), xpred(:)

real prec, scalemean, scalesd

integer nmod, nreg, ninputs

END MODULE EMULATOR

PROGRAM MAIN_EMULATOR

implicit none

integer i, npred

real x, sd

!open file for emulator prediction inputs

OPEN(UNIT=22, FILE='emulator_inputs.txt', status='old')

read(22,*)npred

!open file for emulator prediction outputs

OPEN(UNIT=23, FILE='emulator_outputs.txt', status='replace')

CALL INIT()  ! reads emulator information from files

!write header on outputs file

write(23,*)'   point   ','   estimate   ','   std.deviation   '

x = 0.

DO i = 1, npred

  CALL NEXTPOINT(x,sd) ! read next prediction point from file and evaluate emulator at that point.

  write(*,*) x, sd

  write(23, *) i, x, sd

ENDDO

DO i=20,31

  CLOSE(i)

ENDDO

END

!--------------------------------------------------------------**

SUBROUTINE INIT()

! open files, read data

USE EMULATOR

implicit none

integer i, j

!open emulator setup files

OPEN(UNIT=20, FILE='emulator_ainv.txt', status='old')  ! inverse correlation matrix

OPEN(UNIT=21, FILE='emulator_training_inputs.txt', status='old') ! training data inputs

OPEN(UNIT=24, FILE='emulator_mu_out.dat', status='old') ! estimated regression parameters

OPEN(UNIT=25, FILE='emulator_precision_out.dat', status='old') ! estimated GP prec = 1/variance

OPEN(UNIT=26, FILE='emulator_ainvh.txt', status='old') ! ainv.H

OPEN(UNIT=27, FILE='emulator_rough_out.dat', status='old') ! estimated function roughnesses

OPEN(UNIT=28, FILE='emulator_g.txt', status='old') ! ainv.(y-Hb)

OPEN(UNIT=29, FILE='emulator_inv_hainvh.txt', status='old') ! (H'.ainv.H)^{-1}

OPEN(UNIT=30, FILE='emulator_minmax.txt', status='old') ! maxs and mins of each input

OPEN(UNIT=31, FILE='emulator_scale.txt', status='old') ! mean and sd of output scaling

read(21,*)nmod, ninputs, nreg

ALLOCATE(h(nreg), t(nmod), min(ninputs), max(ninputs), ainv(nmod,nmod), xmod(nmod,ninputs), &

     ainvh(nmod,nreg), betahat(nreg), roughness(ninputs), g(nmod), inv_hainvh(nreg,nreg), &

     ainvt(nmod),tainvh(nreg), hdiff(nreg), xpred(ninputs))

read(30,*)(min(i), i=1, ninputs)

read(30,*)(max(i), i=1, ninputs)

read(31,*)scalemean, scalesd

DO i = 1, nmod

  read(20,*)(ainv(i,j), j = 1, nmod)

  read(21,*)(xmod(i,j), j = 1, ninputs)

  read(26,*)(ainvh(i,j), j = 1, nreg)

ENDDO

read(24,*)(betahat(i), i=1, nreg)

read(25,*)prec

read(27,*)(roughness(i), i=1, ninputs)

read(28,*)(g(i), i=1, nmod)

DO i = 1, nreg

  read(29,*)(inv_hainvh(i, j), j = 1, nreg)

ENDDO

RETURN

END

!-------------------------------------------------------------------

SUBROUTINE NEXTPOINT(x, sd)

! reads next emulator prediction input and evaluates the emulator at that point

! mean and standard deviation returned through x and sd

USE EMULATOR

implicit none

integer i

real x, sd, aux

! read next point into xpred

read(22,*)(xpred(i), i=1, ninputs)

! rescale inputs exactly as in the emulator building code

xpred = (xpred - min)/(max-min)

h(1) = 1.

IF (nreg.gt.1) THEN

  DO i=1, ninputs

    h(i+1) = xpred(i)  ! assumes linear regression terms only

  ENDDO

ENDIF

! compute t vector of correlations between xpred and training data inputs

DO i=1, nmod

  t(i) = exp(-SUM(roughness*(xpred-xmod(i,:))*(xpred-xmod(i,:))))

ENDDO

! compute mean

x = scalemean + scalesd*(DOT_PRODUCT(h, betahat) + DOT_PRODUCT(t, g))

! compute standard deviation

ainvt = MATMUL(ainv, t)

tainvh = MATMUL(t, ainvh)

hdiff = h - tainvh

aux = (1.0 - DOT_PRODUCT(t, ainvt) &

                  + DOT_PRODUCT(hdiff, MATMUL(inv_hainvh, hdiff)))/prec

IF (aux .le. 0.) THEN

  sd = 0.

ELSE

  sd = scalesd*SQRT(aux)

ENDIF

RETURN

END

!-------------------------------------------------------------------

