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Chapter 9

Big Peak /Little Peak

The Big Peal/Little peak package is designed to analyze a single FID containing a solvent resonance,
the big peak, and a few small resonances. The solvent resonance is treated as a nuisance signal and
marginalized from the problem; the frequencies, decay rate constants and amplitudes of the small
resonances are the primary output from this analysis. The interface to this package is shown in
Fig. 9.1. To use this package, you must do the following:

Select the “Big Peak/Little Peak” package from the Package menu.
Load the spectroscopic Fid you wish to analyze.

Display the trace you wish to analyze. Big Peak/Little peak analyzes a single trace and this trace
must be displayed in the Fid viewer. Consequently, you must select the trace you wish to
analyze by displaying it.

Use a double cursor to bracket the location of the solvent and hit the “Solvent” button. This will
result in the location of the solvent being bracketed by a double set of lines on the display.
Additionally, the solvent frequency and decay rate constant will be displayed in the parameter
list. Clicking on these parameters will cause their associated prior probabilities to be displayed
and you can adjust these values if desired.

Use a double cursor to bracket the locations of each metabolite to be included in the model and hit
the “Metabolite” button. When the metabolite button is activated the frequency and decay
rate constant for this metabolite are added to the list of parameters and as with the solvent
parameters clicking on a parameter will display the parameter prior and you can adjust these
prior probabilities as needed.

If needed a right click on a parameter can be used to remove a frequency and decay rate pair.
Select the server that is to process the analysis.

Check the status of the selected server to determine if the server is busy, change to another server
if the selected server is busy.

Run the the analysis on the selected server by activating the Run button.
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Figure 9.1: The Big Peak/Little Peak Interface
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Figure 9.1: The Big Peak/Little Peak Interface This panel relevant parts of interface to the Big Peak/Little
Peak package. To use the Big Peak/Little Peak package you must specify the frequency of the solvent,

the big peak, and you must mark the locations of all of the small peaks you wish to analyze. The output
from the program includes the estimated frequencies, decay rate constants, and amplitudes of these small
resonances.
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Get the the results of the analysis by activating the Get Job button. If the analysis is running, this
button will return the Accepted report containing the status of the current run. Otherwise, it
will fetch and display the results from the current analysis.

View the results and the model using the Model Viewer.

9.1 The Bayesian Calculation

The Big Peak/Little Peak package analyzes a single Fid that contains a large solvent resonance
or solvent suppression artifact and one or more smaller resonances of interest. In this problem
we will assume these small resonances are of relatively low signal-to-noise and may be modeled as
exponentially decaying sinusoids:

Model of the Interesting Resonances = Z Ay, cos(2m fi[t; + to] + 0) exp {—ayt;} (9.1)
k=1

where m is the number of interesting resonances, Ay, is the amplitude of the kth interesting resonance,
fr is its frequency, «y is its decay rate constant, ty is a time offset and may be thought of as a
frequency dependent phase correction, and € is the constant or zero order phase.

For most purposes this is the model used in the Bayes Analyze package when it is modeling
singlets. Unfortunately, the solvent peak cannot be modeled this way because of its dynamic range.
Exponentially decaying sinusoidal models work very well for low to moderate signal-to-noise levels.
However, when the signal-to-noise levels become larger than a few hundred, this model becomes
inadequate. Inadequate in the sense that the difference between the data and the best fit model,
the residual, contains a systematic artifact. The discrete Fourier transform of this artifact is often
much larger than peaks associated with the resonances of interest. Consequently, programs that fit
exponentially decaying sinusoidal to solvent peaks put more and more resonances in the location
of the solvent and often never see the resonances of interest. Indeed if you run the Bayes Analyze
program on the test data set “Bayes.test.data/BayesWater_test.fid” you will quickly discover that
Bayes Analyze cannot really analyze this FID. It places multiple frequencies in the location of the
solvent, and completely misses the small resonances on the right of the solvent. In order to fix this
problem a better model of the solvent resonances must be used in the analysis.

Because we are using Bayesian probability theory and because we don’t care about the solvent
resonance we are free to model this resonance in any way that will fit it down to the noise level.
The solvent model employed in this calculation is of an exponentially decaying sinusoid having an
amplitude and phase that are slowly varying functions of time. If S(¢;) represents the complex
solvent signal, then the model of the solvent is given by

S(t;) = A(t;) exp {2mifst; — ast; —ig(t;)} (9.2)

where fs and «y are the solvent frequency and decay rate constant and A(t;) and ¢(t;) are the
unknown amplitude and phase modulation. Note that if the solvent frequency and decay rate
constant are set to zero, then this model is just a complex trend.

This solvent model is a complex function and before it may be used in a Bayesian calculation it
must separated into its real and imaginary parts:

S(t;) = [Ac(ti)cos (2mfst;) — As(t;) sin (27 fot;)] exp{—ast;}

—A[AL(t) sin (27 futs) + Ay (£:) cos (27 fot)] exp{—crats } (9-3)



210 THE PACKAGES

where we have written the amplitude, A(¢;), and phase, ¢(t;), as a cosine and sine amplitude, A.(¢;)
and Ag(t;).

The two functions A.(t;) and A4(¢;) must have a few simple properties if they are to be physically
meaningful. First, when the shimming is good or the signal-to-noise is low, the expansion order will
go to 1, and the polynomials reduce to constants. Second, the solvent resonance does not usually
deviate all that much from an exponentially decaying sinusoid, so we do not expect the functions
A(t;) and Ag(t;) to be rapidly varying. Indeed if these two functions were rapidly varying we
would reject their use because they would be able to represent the small resonances of interest. The
simplest functions that have the desired properties are polynomial expansions:

j=1 k=1

where n. and n, are the number of the polynomials in the cosine and sine expansions respectively.
The number of polynomials, n. and ny, and the amplitudes, B; and C};, are unknowns and must be
inferred as part of the Bayesian calculations.

The polynomials £;(¢;) will be chosen so that they are orthogonal on the discretely sampled

times:
N

D L) Lr(t:) = (9.5)
i=1
where N is the total number of complex data values, and d;;, = 0 if j # k and it is equal to one
if 7 = k. We make this choice for computational reasons because it helps stabilize the numerical
computation.
Having specified the model for the small resonances of interest, Eq. (9.1) and the model for the
solvent, Eq. (9.3), we are now in a position to relate the FID data to the model signal. The model
for the real data will be written as

dgr(t;) = Mg(t;) + Noise in the real data (9.6)
and similarly for the imaginary data
dy(t;) = M;(t;) + Noise in the imaginary data. (9.7)

The model of the real part of the FID data, Mg(t;), will be written as
na
Mpg(t:) =Y A;jR;(t;) (9.8)
j=1
and similarly the model for the quadrature, or imaginary, part of the FID will be written as
nA
Mi(ti) = Ajli(t:) (9.9)
j=1

where the total number of amplitudes, n_4, is given by

nag=m-+ne+ ns. (9.10)
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In these equations we have relabeled the amplitudes, 4;, B; and Cj, as A;:

A={A,...,An,B1,...,B,,,C1,...,Cp.}. (9.11)
The functions R;(t;) and I;(t;) are defined as
cos(2m fi[t; + to] + 0) exp{—a;t;} if1<j<m
R;(t;) = L (j—m) (t;) cos(2m fst;) exp{—ast; } ifm+1<j<m+ne (9.12)
—L(j—m—n)(t:) sin(27 fst;) exp{—at;} if m+n.+1<j<m+ne+n,g
and
—sin(27 f;[t; + to] + 0) exp{—a;t;} if1<j<m
Ii(t;) = 8 —L(j—m)(ts) sin(27 fst;) exp{—ast;} ifm+1<j<m+n, . (9.13)

—L(j—m—ny)(ti) cos(2m fst;) exp{—at;} ifm+n.+1<j<m+ne+ng

The calculation implemented in the Markov chain Monte Carlo simulation is a combined pa-
rameter estimation and model selection calculation. The target distribution of the Monte Carlo
simulation is the joint posterior probability for the nonlinear parameters and the expansion or-
ders, P(fsasfiaq ... fmamtodnengDrDrI). This is a marginal posterior probability where the
amplitudes, A = {A;,..., A, }, and the standard deviation of the noise prior probability, o, were
removed using the rules of probability theory. We could have left these parameters in the joint pos-
terior probability for all of the parameters and then targeted this distribution in the Monte Carlo
simulations. However, we choose not to do this because when the order of one of the expansions is
changed, the amplitudes that maximize the joint posterior probability for the parameters tend to
change rather abruptly. Consequently, sampling them is very difficult; it was easier to remove them
using marginalization. By removing them, we simply allowed probability to determine them for us
automatically.

The joint posterior probability for the nonlinear parameters is computed from the joint posterior
probability for all of the parameters, P(fsasfiaq ... fmamtodnenso A|DrD;I), by application of
Bayes’ theorem and the sum rule,

P(fsasfiaq ... fmamtobnens|DrDyI) o« /d,AdaP(fsasflal oo fmamtodnensg A|DrDrI). (9.14)

By repeatedly applying the product rule, the right-hand side of this equation may be factored to
obtain

P(fsasfiar ... fmamtonens|DrDI) o< PO|I)P(to|I)P(fs|I)P(as|I)

ﬁP(flu)P(alu)]

X P(ne|I)P(ng|I)
1=1
na (9.15)
« / dAdo P(ol1) | T]P(A; 1)
j=1
X P(Dlesasflal .- ~fmamt09ncns-’4])
x  P(Djp|fsasfiaq ... fmamtoOnensAl)
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where P(6|I) is the prior probability for the phase, P(tg|l) is the prior probability for the time
offset, P(fs|I) and P(«as|I) are the prior probabilities for the solvent frequency and decay rate
constant, P(n.|I) and P(ns|I) are the prior probability for the cosine and sine expansion orders
and P(f;]I) and P(oy|l) are the prior probability for the small peak frequencies and decay rate
constants. These prior probabilities do not depend on the amplitudes or the standard deviation
of the noise; consequently, we have removed them from the integral. However, P(c|I), P(A;|I),
P(Dg|fsasfial ... fmamtobdnens AI), and P(Dy|fsasfion ... fmamtodnens Al), do participate in
the integral.

All of the terms in Eq. (9.15) have been simplified to the point that they may now be assigned.
The prior probability for the phase, P(6|I), was assigned a uniform prior probability:

1

— If0 <6 <360,

PO|I) = 360 - (9.16)
0  Otherwise
The prior probability for the delay time, P(to|I), was assigned as a Gaussian:
2\—3 t%

P(to|l) = (2mo;,) "2 exp {— 5 } , (9.17)

20,
where oy, = 3AT and AT is the sampling rate. In words we are saying that at one standard

deviation we think we could miss the first three time points, but we think it would be very unlikely
to miss the first 10.

The prior probability for the frequency of the solvent resonance, P(f,|I), is assigned as a Gaussian
using input from the user. Using a double cursor the user is required to mark the low, f,.,, and high,
fhigh, solvent frequency and the prior then constrains the solvent frequency to be within these marked
values. The mean of this Gaussian is the mean of the low and high, so fs = (fiow+ frign)/2, while the
interval high minus low is taken to be a three standard deviation interval, so 6¢ = (fhigh — fiow)/3-
The prior probability for the solvent resonance is then given by

2
exp{_o: /)
P(f|I) 26§

0 otherwise

} if fiow < fs < fhign (9.18)

Because of its width and because it is centered at the peak in the Fourier transform, this prior
ensures that the Monte Carlo simulations do not wander into a nonphysical region of the parameter
space. Additionally, the user has the option of not specifying a solvent resonance. When this is done
the solvent frequency and decay rate constant, f, and «g, are set equal to zero and the priors are
not used in the calculation. Under these conditions the solvent model reduces to a trend in the real
and imaginary FID data.

In a similar vane the prior probability for the solvent decay rate constant is also assigned as a
Gaussian:

_ 2
exp {—O‘f)} i 0 < oy < g
P(a,|I) 2604

0 otherwise

(9.19)
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where apigh = 10(frigh — fiow), &s = (frigh — fiow)/2 and 0o = frigh — fiow. This prior also serves
little purpose other than to keep the Monte Carlo simulations from wandering into a nonphysical
region of parameter space.

The prior probabilities for the expansion orders, P(n.|I) and P(ns|I), were assigned using an
exponential prior probability:

P(ne|l) < exp{—n.} and P(ng|I) x exp{—ns}. (9.20)

Note that we have indicated that these priors are proportional to an exponential. Normally in model
selection problems one must use fully normalized prior probabilities. However, for this problem, the
normalization constant for these priors cancel so we do not bother deriving it.

The prior probability for the standard deviation of the noise prior probability, P(c|I) will be
assigned as a Jeffreys’ prior:

P(o]I) x % (9.21)

and we will not bound this prior. Normally this is a bad idea because it effectively introduces an
infinity into the Bayesian calculation. We can get away with it here, because that same infinity is
introduced into every model we consider in exactly the same way and so cancels out of the calculation
when the distributions are normalized. However in many cases this cannot be done, and one must
explicitly bound the above Jeffreys’ prior and then integrate only over that bound.

The target distribution of the Monte Carlo simulation is a marginal distribution, Eq. (9.15),
where the amplitudes have been removed by integration. When we assigned the prior probabilities
for these amplitudes we assigned a broad unbounded Gaussian of the form:

92 \ "2 32G ;A2
P(AI) = (5%) exp {—2:2]} (9.22)
23

where o is the standard deviation of the noise prior probability. The quantity G;;, defined in
Eq. (9.34) below, is the squared length of a model signal and serves to ensure that the prior in-
formation about a particular amplitude remains roughly the same. The hyperparameter § was set
at 8 = 0.01, so when the marginalization occurs this prior affects the estimated amplitudes in the
fourth decimal place: this prior stabilizes the matrix inversion that occurs when these amplitudes
are marginalized.

The prior probabilities for the frequencies of the resonances are also generated from the input
low and high frequency range. The interface computes a mean frequency, fl, as the average of the
low and high frequency. And it takes the interval, high-low, as a 3 standard deviation interval. The
prior probability for the frequency of the Ith resonance of interest are then assigned as

- (fl - fz)2
P(filT) o< exp T [ (9.23)

subject to the condition fioy < fi < frigh, where fio and frign are the input low and high parameter
ranges.

Similarly, the prior probability for the decay rate constants are also assigned as Gaussians using
the input linewidth. If we designate this linewidth as [b then the program generates

Play|I) o< exp {_2><C(Y§zz))2} (9.24)
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subject to the condition 0 < ay < 10lb. So this prior keeps the decay rate small, and allows the
program to explore a wide range of decay rate constants, while keeping the rate constants near the
input (b value.

Finally, Gaussian noise prior probabilities were used to assign the two likelihoods. The likelihood
for the real part of the FID data was assigned as

P(Dg|fsasfiaq ... fmamtofnensa Al) = (27r02)77 exp {— Z [dr(t:) — M (t:)] } . (9.25)

4 202
=1

Similarly, the likelihood for the imaginary part of the FID data was assigned as

P(Dy|fsasfiaq ... fmamtofnensa Al) = (27r02)77 exp {— Z (i (t:) — Mi ()] } ) (9.26)

; 202
=1

We have now assigned all of the probabilities appearing in Eq. (9.15), and so are now able to
evaluate the integrals over the amplitudes and the standard deviation of the noise prior probability.
To begin this evaluation we substitute Eqgs. (9.16,9.17,9.18,9.19, 9.20,9.21,9.22,9.23,9.24, 9.25,9.26)
into Eq. (9.15) to obtain

P(fsasflal'~~fmamt00ncns‘DRDII) X ﬁ

X exp {_nc}
X  exp {_ns}

m ~oy— 1 fi—f1)?
sy,

1
ro? | 2 B>Gy; A
X H;ﬁl(ﬁzgcaj) exp{_ et J}
) 12
x (2m0%) ¥ exp {— DY, Maltl o HaCIl L

< (2n0?) ¥ exp {~ D, Mltzhniel )

where each of the prior probabilities have been written on a separate line for easy identification.
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Now in preparation of evaluating the integrals over the amplitudes and standard deviation of
the noise prior probability, we are going to drop all constants that are common to each model, one
obtains

2 ; 2 (a—a)?
P(fsasfiaq ... fmamtobnens|DrDiI) exp{— Yy _(frfs);éas ) —nc—ns}

202
to

X exp{fz;il W}

3 2 A2@7.
X /dAdcra*QN 1H (5;5 > exp{—W}
Ji

y exp{—val [dR<t> M (1) |+ (1) =M () }

)
Now designating the integral as Z and working only on that integral by first substituting Egs. (9.12)
and (9.13) into Z one obtains

E 2 3 Q
7= () /d.AdO'O'_QN 1=na4 exp{ } (9.29)
il B2Gj, 202
where
na na
= 2N -2 Z AT+ 0> AjArgjn. (9.30)
j=1k=1

The mean-square data value, d2, is given by

a2 = 2NZ dR —|—d1 )] (9.31)

The projection of the data onto the Ith model function, 7, is given by

N

Ty = [dr(t:)Ri(t:) + dr(t:) Li(t:)] .- (9.32)

i=1

The matrix g;; is given by
gik = (1 + B*6;5)Gjk (9.33)

where 0, is the Kronecker delta function and

N
P = Z )+ L (t) I (ts)] - (9.34)

The amplitude integrals are multivariate Gaussian integrals and evaluating such integrals is
straight-forward, one obtains

—1 1 Con- 2Nd? — nah?®
= |gjr| 2 H(ﬁQij)z/daa 2N 1exp{—202“4} (9.35)

Jj=1
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where the factors involving 27 have canceled,

_ 1 oA R
2 = - T;A;j (9.36)
A
and the Aj are given by the solution to
na )
Z gixAj = T (9.37)
j=1

The amplitudes, A, are the maximum posterior probability estimates given the parameter values.
The integral over the standard deviation of the noise prior probability may be transformed into
a Gamma function and the integral is then easily evaluated. Evaluating the integral, one obtains

7=l ] (FGi)* | (9:38)

, — —q-N
A [2Nd2 —n Alﬂ]
j=1

where a factor of 2I'(IV) was dropped because it cancels when the posterior probability for the
nonlinear parameters is normalized.
Finally inserting Z back into Eq. (9.28), one obtains
2

P(foasfro ... fmamtofnens| DrDiI) o exp {72;—02 _ g e n}

o 203 262

£ 2 A 2
X EXP{_Z?;l L f”zzif’ = }

— —1-N
X Lol I (BGyy) t [2EGnal
(9.39)
as the posterior probability for the nonlinear parameters. It is this posterior probability that is
targeted by the Monte Carlo simulation. For a bit more on this topic, see [18]. There you will find
some examples of this calculation and more on how the various prior probabilities were assigned.

9.2 Outputs From The Big Peak/Little Peak Package

The text outputs files from the Big Peak/Little Peak packages consist of: “Bayes.prob.model,”
“mcmc.values,” “Bayes.params,” “Console.log,” “Bayes.accepted” and a “Bayes.Condensed.File.”
These output files can be viewed using the Text Viewer or they can be viewed using File Viewer
by navigating to the current working directory and then selecting the files. The format of the
mcmc.values report is discussed in Appendix D and the other reports are discussed in Chapter ?7.
Additionally, the “Plot Results Viewer” can be used to view the output probability density functions.
In addition to the standard data, model and residual plots there are probability density functions
for each of the marked frequencies including the solvent frequency. These probability density plots
include plots for the frequency, decay rate constant and the amplitudes. In the case of the solvent,
there are a number of additional plots that help one determine how the water resonance is changing
as a function of time. These plots are shown in Fig. 9.2. Here is a description of these additional
plots:
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e Fig. 9.2 Panel a is a two line plot. The red line is a plot of the logarithm of the estimated
solvent envelope as a function of acquisition time. The solvent envelope is defined in Eq. (9.2)
as the function A(t) exp{—ast}. If a resonance is a pure exponentially decaying sinusoid, this
function should be a straight line whose slope would be estimated to be —ca/,, the blue line,
where o/, is the estimated slope given an exponentially decaying sinusoidal model.

e Fig. 9.2 panel b is the difference between the two lines shown in panel a. The smaller this
difference is, the more exponential the decay is.

e Panel c is the phase of the solvent frequency as a function of the time. The phase of the solvent
is defined in Eq. (9.2) as the function ¢(t;) and this plot starts at zero because the constant
phase has been removed.

e Panel d in Fig. 9.2 is the accumulated phase of the water resonance. If the water frequency is
a constant, this plot would be the water frequency times time.



218 THE PACKAGES

Figure 9.2: The Time Dependent Parameters
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Figure 9.2: Panel a shows the logarithm of the estimated instantaneous decay envelope of the water (blue)
as a function of time. The red line is the logarithm of the best fit decay envelope assuming an exponentially
decaying sinusoid. Note that the instantaneous water frequency starts low, and then gets faster. Eventually
the difference between these two lines goes to a constant. Panel b is the difference between the two curves

shown in Panel a, i.e., the deviation from linear. Panel c is a deviation in the phase from a constant. Panel
d is the accumulated solvent frequency as a function of time. As one can see, this curve is highly linear
indicating that these phase variations are small.
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Fortran/C Models, 341, 343, 353
Model Equation, 343
No Marginalization, 343

With Marginalization, 347
Output Names
Derived, 354
Parameters, 353
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Bayes Accepted, 343, 353
Condensed, 353
Console log, 353
McMC Values, 353
Params File, 353
Prob Model, 353
Using, 343
Viewers
Ascii Data, 341
File, 353
Fortran/C Models, 341
Plot Results, 353
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Text, 353
Widgets
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Files
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Ascii Data, 303 Varian fid, 36

File, 309 Fortran/C Models, 42, 455, 457, 458, 465—
Plot Results, 309 467
Text, 309 Images

Widgets 4dfp, 38
Given Errors In, 303 Binary, 38
Order, 303 Bruker 2dseq, 38

Exponentials Bruker stack, 38
Given Package, 137 DICOM, 38
Inversion Recovery Package, 151 FDF, 38

Magnetization Transfer Package, 267
Unknown Number of Package, 143

Multi-Column Text, 38
Siemens IMA, 38
k-space

Fid Data Viewer, 53
Fid Model Viewer, 68
File Format

Ascii, 436
File Viewer, 80

Text, 36

Varian fid, 36
mcmc.values, 76, 449
Model Listing, 77
prob.model, 76

Reading, 471
Abscissa, 39, 77, 470
ath, 53
ASCII, 35, 36
Ascii, 53, 54, 435

Files procpar, 470
4dfp, 59, 428, 430, 470, 471 Raw, 36
Header, 473 RDA, 36

Statistics, 65
System.err.txt, 469
System.out.txt, 469
Varian fid, 36
WaterViscosityTable, 469

k-space, 437 Fortran/C Model Viewer, 93

AbSCiSS&, 435, 4367 437 Popup :E)dltor7 93

Data, 435 Fortran/C Models, 42, 330, 335, 353, 455
Image, 436 Abscissa, 463

Bayes Analyze, 36
Bayes.accepted, 51, 76
Bayes.params, 76, 79
Bayes.prob.model, 447
BayesManual.pdf, 469
Condensed, 77, 78
Console.log, 76, 79, 465
dir.info, 470

Body, 463

Abscissa, 457
Declarations, 462
Derived Parameters, 457, 459, 463
Edit/Create New Model, 42, 455
I/0, 464
Marginalization, 464

G;(Q,1;), 464

fid, 470, 470 Amplitude Range, 465
ASCII, 36 Example, 465, 466
fth, 56 Model Vectors, 465
Model, 68, 70

procpar, 470

Siemens Raw, 36
Siemens Rda, 36
Spectroscopic, 53

Ordering Amplitudes, 465
Parameter File, 465, 467
Parameter Order, 465

Parameters, 465
Model Files, 455
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Model Selection, 464
No Marginalization, 457
S(t;), 455
Example, 456
Parameter File, 458, 459, 465
Parameters, 463
Signal, 463
Subroutine Interface, 460
Abscissa, 462
Current Set, 460
Derived Parameters, 461
Maximum No Of Data Values, 461
Number Of Abscissa Columns, 461
Number Of Data Columns, 461
Number Of Derived Parameters, 461
Number Of Model Vectors, 461
Number Of Parameters, 460
Parameters, 461
Signal, 462
Total Complex Data Values, 461
Subroutines and Functions, 464
Frequency Estimation, 114, 132

Given Exponential Package, 137
Bayesian Calculations, 140
Files

Ascii, 137

Bayes Analyze, 137

Peak Pick, 137
Model Equation, 139
Number of data sets, 139
Prior Probabilities, 139-141
Reports

Bayes Accepted, 137, 141

Condensed, 141

Console log, 141

McMC Values, 141

Prob Model, 141
Symmetries, 141, 148
Using, 137
Viewers

File, 141

Plot Results, 141

Prior Probabilities, 137, 139

Text, 141
Widgets

Constant, 137, 139
Find Outliers, 137
Given Order, 27
Include Constant, 27
Order, 137, 139

Given Polynomial Order Package, 285

Bayesian Calculations, 288
Files
Ascii, 285
Bayes Analyze, 285
Peak Pick, 285
Gram-Schmidt, 287
Model Equation, 287
Number of data sets, 285
Prior Probabilities, 289
Reports
Bayes Accepted, 285, 291
Condensed, 291
Console log, 291
McMC Values, 291
Prob Model, 291
Scatter Plots, 292
Using, 285
Viewers
File, 290
Plot Results, 291
Text, 290
Widgets
Set Order, 285

Histograms

Binned, 381
Kernel Density, 381

Image Model Selection Package, 415

Abscissa, 415
Fortran/C Models, 415, 417
Reports
Bayes Accepted, 417
Using, 417
Viewers
Fortran/C Models, 415
Image, 415
Widgets
Noise SD, 415
System, 415
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Use Gaussian, 415
User, 415
Image Viewer, 59
Images
Flip
Horizontal, 63
Vertical, 63
Grayscale, 63
ImagelJ, 63
Original, 63
Inversion Recovery Package, 151
Bayesian Calculations, 153
Model Equation, 153
Number of data sets, 153
Prior Probabilities, 153
Reports
Bayes Accepted, 151, 154
Condensed, 154
Console Log, 154
McMC Values, 154
Prob Model, 154
Using, 151
Viewers
Plot Results, 154
Prior Probability, 151
Widgets
Find Outliers, 151

Kernel Density Function Package, 361
Ascii File Format, 361
Bayesian Calculations, 369
Data Requirements, 361
Data, Model And Residuals, 369
Kernels, 369
Biweight, 362
Cosine, 362
Epanechnikov, 362
Exponential, 362
Gaussian, 362, 370
nonnegative, 361
Real Valued, 361
Triangular, 362
Tricube, 362
Triweight, 362
Uniform, 362
Likelihood, 371

Number of data sets, 364
Plots

Expected Density Function, 367, 368
Mean Density Function, 367, 368
Posterior Probability for the Kernel Type,

Posterior Probability for the Number Of

Kernels, 366

Scatter Plots of Model Averaged Density

Function, 368

Standard Deviation of the Mean Density

Function, 367, 368
Prior Probabilities
Kernel Center, 371

Kernel Smoothing Parameter, 371

Kernel Type, 370
Number Of Kernels, 370
Reports
Bayes Accepted, 364
Condensed, 372
McMC Values, 372
Prob Model, 372
Using, 364
Viewers
Ascii, 361
Widgets
Kernel Type, 364
Output Size, 364

Levenberg-Marquardt, 171
Linear Phasing Package, 395, 409
Interface, 397
Model Equation, 398
Widgets
cf, 403
Display, 403
Display Array Element, 403
fn, 403
fnl, 403
Image Type, 402
Load An Image, 402
np, 403
nv, 403
Process, 403
Load Working Directory, 33
Logical Independence, 117
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Magnetization Transfer Kinetics Package, 275

Arrhenius Plot, 281
Bayesian Calculation, 278
Boltzmann’s Constant, 277
Eyring Equation, 275, 276, 277, 280
Model Equation, 277
Plank’s Constant, 277
Prior Probabilities, 279
Reports

Bayes Accepted, 277, 281

Condensed, 281

Console log, 281

McMC Values, 281

Prob Model, 281
Sum and Difference Variables, 280
Transmission coefficient, 277
Universal Gas Constant, 277
Using, 277
van’t Hoff Plot, 281
Viewers

Ascii File, 275

File, 281

Prior Probabilities, 275

Text, 281
Widgets

Load, 275, 281

Set, 275

Uncertainty, 275

Magnetization Transfer Package, 265

Bayesian Calculations, 267
Files

Ascii, 265

Bayes Analyze, 265

Inversion Recovery, 272

Peak Pick, 265
Model Equation, 267
Number of data sets, 265
Prior Probabilities, 265, 270
Reports

Bayes Accepted, 267, 272

Condensed, 272

Console log, 272

McMC Values, 272

Prob Model, 272
Three Column Data, 265
Using, 267
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Viewers
Ascii Data, 265
Fid Data, 272
File, 271
Plot Results, 262, 272, 281
Prior Probabilities, 265
Text, 271
Widgets
Find Outliers, 265

Marginalization, 100

Bayes Analyze Package, 174
Behrens-Fisher, 315

Big Magnetization Transfer, 261

Big Peak/Little Peak, 211

Diffusion Tensors, 252

Enter Ascii Model Package, 331
Errors In Variables, 306

Fortran/C Models, 464

Given Exponential, 139

Inversion Recovery, 153

Linear Phasing, 399

Magnetization Transfer, 269
Magnetization Transfer Kinetics, 278
Metabolic Analysis, 225
Nonexhaustive Hypotheses, 101
Nuisance Hypotheses, 100

Nuisance Parameter, 100

Unknown Number of Exponentials, 146

Markov chain Monte Carlo, 132, 439

Acceptance Rate, 444
Annealing Schedule, 91, 442
Dynamic, 443
Linear, 442
Killing Simulations, 443
Maximum Posterior Probability, 91
Metropolis-Hastings, 439
Mixing, 91
Monte Carlo Integration, 440
Multiple Simulations, 441
Posterior Probability, 440
Random Number Generators, 440
Repeats, 91
Sampling, 91
Simulated Annealing, 442
the Proposal, 444



494 INDEX

MaxEnt Density Function Estimation Package, Siemens IMA, 37, 38
373 Single-Column Text, 38
Data Requirements, 381 Spectroscopic Fid, 35
Plots Test Data, 35, 39
Contour/Scatter, 375, 379 Text k-space, 36
Number Of Multipliers, 375, 378 Text k-space fid, 37
Reports User Manual, 35, 39
Bayes Accepted, 375 Help, 24
Console Log, 375 Packages, 22, 24, 33, 40
Using, 375 Settings, 46
Viewers Add Server, 48
Ascii, 373 Auto Configure Server, 48
Plot, 375, 378 McMC Parameters, 24, 46, 48
Prior Probabilities, 373 Min Annealing Steps, 48, 48
Widgets Port number, 48
Histogram Size, 373 Preferences, 49, 63
Order, 373 Remove Server, 48, 49
Maximum Entropy Method Of Moments, 102, Repetitions, 46, 48
377, 381 Server Name, 48
Advantages, 386 Server Setup, 24, 26, 48
Problems, 386 Set Window Size, 49
Review, 381 Simulations, 46, 48
Maximum Entropy Method Of Moments Package View Server Installation Info, 48, 49
Bayesian Calculations, 387 Spectroscopy fid, 36
Plots Utilities, 24, 50
Data, Model and Residuals, 380 Memory Monitor, 50
Menus Software Updates, 50
Files, 24, 35 System Information, 50
4dfp, 37, 38 WorkDir
Abscissa, 35, 39 Creating, 22, 33, 46
ASCII, 35, 36 Deleting, 22, 33, 46
Binary, 38 List, 24, 46
Bruker, 37 Loading, 46
Bruker 2dseq, 38 Name, 46
Bruker Stack, 38 Popup, 47
DICOM, 37, 38 Model Comparison
FDF, 37, 38 Big Peak/Little Peak Package, 211
fid, 36, 37 model orthonormal definition, 349
General Binary, 37 Mouse
Images, 35 Control-left, 59
Import Working Directories in Batch, 40 Fid Data Viewer
Import Working Directory, 40 Left, 56
Load Images, 36, 37, 59 Right, 56
Load Working Directory, 35 Shift-left, 59
Multi-Column Text, 37, 38 Multiplets

Save Working Directory, 35, 39 J-Coupling
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Center, 159
Primary, 159
Secondary, 159

Newton-Raphson, 171
Noise Standard Deviation, 64
Non-Linear Phasing Package, 405
Calculations, 407
Model Equation, 405, 407
Widgets
Process, 409
Write Ascii images, 409
Write imaginary images, 409
Nuisance Parameter, 100, 115, 135
Nyquist Critical Frequency, 111, 127

orthonormal, 349

Outliers, 475
Mean Parameter, 477
Model, 475
Prob Number of, 476
Proposal, 475
Red dot, 477
Weighted Average, 477

Packages
Analyze Image Pixel Unique, 423
Bayes Analyze, 20, 43, 57, 155, 200
Bayes Find Resonances, 21, 239
Bayes Test Data, 427
Behrens-Fisher, 21, 44, 311
Big Magnetization Transfer, 20, 43, 259
Big Peak/Little Peak, 20, 43, 207
Binned Density Function Estimation, 355
Binned Histograms, 21, 44
Diffusion Tensors, 20, 40, 247
Enter ASCIT Model, 42
Enter Ascii Model, 20, 329
Enter ASCII Model Selection, 42
Enter Ascii Model Selection, 20, 341
Errors In Variables, 21, 44, 303
Find Resonances, 43
Given Exponential, 20, 40, 137
Given Polynomial Order, 285
Image Model Selection, 415
Image Pixel, 21, 45, 411
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Image Pixel Model Selection, 22, 45
Inversion Recovery, 20, 40, 151
Kernel Density Function, 361
Linear Phasing, 21, 44, 395
Magnetization Transfer, 20, 42, 265
Magnetization Transfer Kinetics, 20, 43, 275
Maximum Entropy Method Of Moments, 21,
44, 373
Metabolic Analysis, 21, 43, 219
Non-Linear Image Phasing, 21, 45, 405
Polynomials
of Given Order, 21, 44
of Unknown Order, 21, 44
Test ASCII Model, 42
Test Ascii Model, 20, 337
Unknown Number of Exponentials, 20, 40,
143
Unknown Polynomial Order, 293
Parameter File, 42
Number Of
Abscissa, 458
Data Columns, 458
Model Vectors, 458
Priors, 458
Prior Probability, 459
Amplitude, 460
High, 459
Low, 459
Mean, 459
NonLinear, 460
Ordered, 460
Parameter File, 459
Peak, 459
Prior Type, 460
Standard Deviation, 459
Phase Cycling, 162
Plot Results Viewer, 71
Plots
Data and Model, 81
Data, Model and Residuals, 81
Expected Log Likelihood, 88
Logarithm of the Posterior Probability, 91
Maximum Entropy Histogram, 84
Maximum Entropy Histograms, 83
McMC Samples, 83, 85
Parameter Vs Posterior Probability, 86, 87



496 INDEX

Posterior Probability, 82 Standard Deviations, 453
Posterior Probability Vs Parameter Value, Restoring An Analysis, 22, 35, 40
86 ROI
Residuals, 81 Expanding, 63
Scatter, 88, 91 Pixels, 63
png graphics, 59 Point, 62
Posterior Probability Vs Parameter Value, 86 Polygon, 62
Power Spectrum, 112, 123, 124 Square, 62
Prior Probabilities
Bayes Phase, 399 Saving An Analysis, 35, 39
Big Magnetization Transfer, 261 Schuster Periodogram, 112, 123
Big Peak/Little Peak, 212 Screen Captures, 49
Diffusion Tensor, 253 Settings
Enter Ascii Model, 331, 333 httpd server, 19
Errors In Variables, 306 Software
Magnetization Transfer, 269 Bayes Account, 29
Magnetization Transfer Kinetics, 279 CC, 29
Non-Linear Phasing Package Fortran, 29
A, 408 Installation, 29
0, 408 javaws, 29
Prior Probability, 42, 65, 65 OS requirements, 29
Exponential, 67, 459 root requirements, 30
Gaussian, 67, 104, 106, 459 Start Up Window, 22, 33
Jeffreys’, 118 Steepest Descents, 173
Normalization Constant, 67 Subdirectories, 469
Parameter, 68, 459 Bayes, 39
Positive, 68, 460 Bayes.model.fid, 470
Uniform, 67, 103, 118, 459 Bayes.Predefined.Spec, 469
Prior Viewer, 65, 93 Bayes.test.data, 39
Probabilities BayesAnalyzeFiles, 470
Expected Log Likelihood, 453 BayesAsciiModels, 93, 469
Likelihood, 453 BayesOtherAnalysis, 35, 73, 470
Posterior, 453 fid, 36, 53
Prior, 453 images, 36, 38, 39, 59, 470
Product Rule, 99, 119, 344, 439 model.compile, 470
plugins, 470
Referencing Properties, 470
Setting, 59 Resources, 470
Reports Spectroscopic
Accepted File, 76 fid, 470
McMC Values File Working Directories, 470
General Description, 449 Subroutine Names, 464
Maximum Posterior Probability Simula- Sufficient Statistics, 122
tions, 451 Definition, 105
Mean Values, 452 Location Parameter, 108

Prior, 450 Sum Rule, 100, 119, 344, 440
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Test Ascii Model Package, 337
Reports
Bayes Accepted, 339
Mcmece Values, 339
Using, 339, 428
Viewers
Ascii Data, 337
Fortran/C Models, 337
Prior Probabilities, 337
Widgets
Build, 337
Find Outliers, 339
System, 337
User, 337
Thermodynamic Integration, 445, 449

Uninstall, 49
Unknown Number of Exponentials Package, 143
Bayesian Calculations, 145
Model Equation, 145
Reports
Bayes Accepted, 143, 148
Condensed, 148
Console Log, 148, 149
McMC Values, 148
Prob Model, 148
Using, 143
Viewers
File, 148
Plot Results, 149, 150
Prior, 143
Text, 148
Widgets
Constant, 143
Find Outliers, 143
Order, 143
Unknown Polynomial Order Package, 293
Bayesian Calculations, 295
Files
Ascii, 293
Bayes Analyze, 293
Peak Pick, 293
Model Equation, 295
Number of data sets, 293
Reports
Bayes Accepted, 293, 299

Condensed, 299
Console Log, 298, 299
McMC Values, 299

Polynomial Order Plot , 301

Prob Model, 299
Using, 293
Viewers

File, 299

Text, 299
Widgets

Set Order, 293, 294

Unknown Order, 293, 294

Viewers, 27, 52
ASCII Data, 36
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Ascii Data, 27, 53, 56, 63, 137, 265, 275,

285, 293, 311, 329, 337, 341

Expanding Plot, 53
Printing, 53
Right click, 53
Bayes Model, 160
Fid Data, 27, 265
fid Data, 53, 53, 285, 293
Auto Range, 59
Autoscale, 56
Clear Cursors, 56
Clear Data, 57
Copy, 59
Cursor, 56
Data Info, 57
Expand, 56
fn, 57
Full, 56
Get Peak, 56
Phase Popup, 57
Print, 59
Properties, 59
Referencing, 59
Save As, 57, 59
Set, Preference, 57
Units, 59
Zoom, 59
Fid Model, 27
fid Model, 68, 186
Build BA Model, 70, 159
Data, 71
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Horizontal, 71
Model, 71
Overlay, 71
Report, 71
Residual, 71
Stacked, 71
Trace, 71
Vertical, 71
File, 28, 80
Fortran/C Models, 93, 330
Image, 27, 59, 415
Autoset Grayscale, 61
Copy Selected, 62
Delete All, 61
Delete Selected, 61
Display Full, 61
Element Selection, 60
Export, 62
Get Statistics, 64, 65
Get Threshold Statistics, 65
Grayscale, 63
Image Selection, 60
List, 59
Load Selected Pixels, 61
Max, 64
Mean, 64
Min, 64
Right Click, 61
RMS, 64
Save Displayed, 62
Save Statistics, 65
Sdev, 64
Set Image Area, 62
Show Histogram, 61
Show Info, 62
Slice, 62
Slice Selection, 60
Statistics, 60
Value, 64
View Selected Pixels, 61
Viewer Settings, 62
Viewing, 62
X Pos, 64
Y Pos, 64
Plot Results, 28, 71
Prior, 27, 65
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Prior Probabilities, 138, 312

Text, 141, 271, 281, 290, 309, 322, 335, 353

Text Results, 26, 28, 52, 74
Bayes Analyze, 176

Widgets

Analyze Image Pixel Package
Build, 411
Find Outliers, 411
Get Statistics, 413
System, 411
User, 411
Analyze Image Pixel Unique Package
Build, 423
Find Outliers, 423
Get Statistics, 425
System, 423
User, 423
Ascii Data Viewer
Delete, 53
Left-mouse, 53
Right-mouse, 53
Bayes Analyze Package
By, 158, 176
First Point, 163
From, 158, 176
Imag Offset, 163
Mark, 159
Max New Res, 157
New, 159
Noise, 158
Phase, 157
Primary, 158
Real Offset, 163
Remove, 159
Remove All; 159
Reset, 159, 193
Restore, 159
Save, 159
Secondary, 159
Shim Order, 157, 163
Signal, 158
To, 158, 176
Bayes Find Resonances Package
Build FID Model, 240, 241, 246
Constant, 239, 242



INDEX 499

First Trace, 239 Enter Ascii Model Selection Package
Last Trace, 239 Find Outliers, 341
Model Fid Number, 241 System, 341
Phase Model, 239, 242 User, 341
Bayes Metabolite Package Errors In Variables Package
Fid Model, 221 Given Errors In, 303
Fid Model Viewer, 221 Order, 303
Load System Metabolite File, 219 Fid Data Viewer
Load System Resonance File, 221 Autoscale, 56
Load User Metabolite File, 219 Clear Cursors, 56
Load User Resonance File, 221 Cursor A, 56
Shift Left, 221, 222 Cursor B, 56
Shift Right, 221, 222 Delta, 56
Bayes Test Data Package Display Type, 56
# Images, 427 Expand, 56
# Slices, 427 Full, 56
Abscissa, 427 Get Peak, 56
ArrayDim, 427 Left-mouse, 56
Build, 427 Options, 57, 59
Get Job, 428 Right-mouse, 56
Max Value, 427 Trace, 70
Noise SD, 427 Fortran/C Model Viewer
Pe, 427 Abscissa Spinner, 93
Ro, 427 Add Prior, 96
Run, 428 Allow /Disallow Editing, 97
Set (server), 428 Cancel and Exit, 96
Status, 428 Changing Models, 94
System, 427 Code, 93, 94
User, 427 Compile Results, 97
Big Magnetization Transfer Package Compiling, 96
Find Outliers, 259 Create/Edit Model, 93
Big Peak/Little Peak Package Data Columns Spinner, 93
Metabolite, 207 Derived, 96
Solvent, 207 Edit/Create New Model, 93, 94
Diffusion Tensor Package High, 97
Abscissa Options, 248 Low, 97
Find Outliers, 247 Mean, 97
Include Constant, 247, 248, 255 Model, 96
Tensor Number, 247, 248, 255 Model Vectors, 93
Use b Matrix, 255 Name (parameter), 97
Use b Vectors, 254, 255 Order, 97
Use g Vectors, 254 Parameter Type, 97
Enter Ascii Model Package Parameters button, 93, 94, 96
Find Outliers, 329 Prior Type, 97
System, 329 Priors, 96

User, 329 Remove All (priors), 96
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Remove Prior, 96
Remove Selected Model, 93
Save and Load, 96
Standard Deviation, 97
Given Exponential Package
Constant, 137, 139
Find Outliers, 137
Order, 137, 139
Given Polynomial Order Package
Set Order, 285
Global
Bayes Find Outliers, 27
Cancel, 26, 51
Edit Servers, 26
Get Job, 26, 51, 137, 143, 151, 155, 209,
221, 241, 247, 259, 267, 277, 285, 293,
305, 311, 331, 339, 343, 357, 364, 375,
413, 417, 425, 428
Reset, 27
Restore Analysis, 22
Run, 26, 51, 137, 143, 151, 155, 207, 221,
241, 247, 248, 259, 267, 277, 285, 293,
305, 311, 329, 337, 343, 357, 364, 373,
413, 415, 425, 428
Save, 27
Set (server), 26, 52, 137, 143, 151, 155,
207, 221, 239, 247, 259, 265, 277, 285,
293, 305, 311, 329, 337, 343, 355, 364,
373, 413, 415, 425, 428
Status, 26, 52, 137, 143, 151, 155, 207,
221, 241, 247, 259, 267, 277, 285, 293,
305, 311, 329, 337, 343, 355, 364, 373,
413, 415, 425, 428
Image Model Selection Package
System, 415
User, 415
Image Viewer
Element Number, 62
Get Statistics, 64
Get Threshold Statistics, 65
Grayscale, 63
Save Statistics, 65
Slice Number, 62
Value, 64
X Pos, 64
Y Pos, 64
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Inversion Recovery Package
Find Outliers, 151
Kernel Density Function Package
Kernel Type, 364
Output Size, 364
Linear Phasing Package
cf, 403
Display, 403
Display Array Element, 403
fn, 403
fnl, 403
Image Type, 402
Load An Image, 402
np, 403
nv, 403
Process, 403
Magnetization Transfer Kinetics Package
Load, 275, 281
Set, 275
Uncertainty, 275
Magnetization Transfer Package
Find Outliers, 265
MaxEnt Density Function Estimation Pack-
age
Histogram Size, 373
Order, 373
Non-Linear Phasing Package
Process, 409
Write Ascii images, 409
Write imaginary images, 409
Prior Viewer
High, 65
Low, 65
Mean, 65
Prior Type, 67
Server
Edit, 52
Name, 26, 52, 52
Set (server), 48
Setup, 48, 52
Test Ascii Model Package
Find Outliers, 339
System, 337
User, 337
Text Results Viewer
Copy, 74
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Down arrow, 74
Enable Editing, 74
Print, 74
Save (a copy), 74
Save As, 74
Settings, 74
Up arrow, 74
Unknown Number of Exponentials Package
Constant, 143
Find Outliers, 143
Order, 143
Unknown Polynomial Order Package
Set Order, 293, 294
Unknown Order, 293, 294
WorkDir
Creating, 22, 33, 46
Deleting, 22, 33, 46
List, 24, 46
Loading, 46
Name, 46
Popup, 47
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