
KDISTRIBUTIONversion 1.0.5User Manual
July 22, 2010V. Eymet, LAboratoire PLAsmas et Conversion de l'Energie, (LAPLACE),UMR 5213, bat. 3R1, Université Paul Sabatier, 31062 Toulouse, Fran
e

Contents1 Des
ription of the 
ode 31.1 Produ
tion of k-distribution data sets . . . . . . . . . . . . . . 31.2 Hypothesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41.3 Parallel 
omputing . . . . . . . . . . . . . . . . . . . . . . . . 52 Installation and prerequisites 62.1 First thing to do . . . . . . . . . . . . . . . . . . . . . . . . . 62.2 Tweaking the �Make�le� . . . . . . . . . . . . . . . . . . . . . 62.3 Compilation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72.4 Installation of MPICH . . . . . . . . . . . . . . . . . . . . . . 73 Using the 
ode 93.1 User input �les . . . . . . . . . . . . . . . . . . . . . . . . . . 93.1.1 The �data.in� �le . . . . . . . . . . . . . . . . . . . . . 93.1.2 The �options.in� �le . . . . . . . . . . . . . . . . . . . . 91



23.2 Other input �les . . . . . . . . . . . . . . . . . . . . . . . . . . 103.2.1 Atmospheri
 model . . . . . . . . . . . . . . . . . . . . 103.2.2 Narrowband intervals . . . . . . . . . . . . . . . . . . . 113.3 Running KDISTRIBUTION using MPICH . . . . . . . . . . . 114 Results 124.1 Results �les . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124.2 More output �les . . . . . . . . . . . . . . . . . . . . . . . . . 125 The fun stu� 135.1 Code li
ense . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135.2 Questions and Answers . . . . . . . . . . . . . . . . . . . . . . 13



31 Des
ription of the 
ode1.1 Produ
tion of k-distribution data setsKDISTRIBUTION is a 
omputer 
ode that will produ
e k-distribution datasets from high-resolution spe
trum. A high-resolution spe
tra 
onsists in alist of absorption 
oe�
ients (preferably in m−1) and their asso
iated valuesof wavenumber (in cm−1).The idea of using k-distribution data sets is to 
onsider the statisti
al dis-tribution of the absorption 
oe�
ient within a narrowband spe
tral interval.Within an homogeneous media, only the absorption 
oe�
ient will dependon frequen
y within a narrowband interval [1℄. It is therefore possible, withinea
h narrowband interval [ν1, ν2], to repla
e the dependen
y in frequen
y (orwavenumber ν) by a dependen
e in absorption 
oe�
ient ka,ν :
1

ν2 − ν1

∫ ν2

ν1

A(ν)dν =

∫

∞

0

A(ka)f(ka)dka (1)with A any radiative quantity, and f the distribution fun
tion of absorp-tion 
oe�
ients. Integrals over frequen
y 
an be reformulated as integralsover ka. Let us take the example of the average transmittivity over a nar-rowband interval [ν1, ν2]:
τ̄(l) =

1

ν2 − ν1

∫ ν2

ν1

exp(−ka,ν l)dν =

∫

∞

0

f(ka)exp(−kal)dka (2)In other words, τ̄ (l) is the Lapla
e transform of fun
tion f :
τ̄ (l) = L

(

f(ka)
) (3)One way of 
hoosing fun
tion f is to use a statisti
al model of aver-age transmittivity. Domoto used the Malkmus model [2℄ that uses a two-parameters statisti
al model of the average transmittivity. Fun
tion f(ka) =

L−1
(

τ̄ (l)
), also 
alled the inverse transmittivity fun
tion, 
an then be for-mulated analyti
ally when using the Malkmus model. It was shown [3℄ thatin this 
ase, fun
tion f(ka) is an inverse Gaussian fun
tion, whi
h allowed anoptimized sampling of absorption 
oe�
ients in a Monte-Carlo algorithm.Another way to 
hoosing fun
tion f is to de�ne the 
umulated fun
tion

g as:



4
g(ka) =

∫ ka

0

f(k)dk (4)This fun
tion is de�ned over the [0, 1] interval, and it is monotonous andin
reasing. It is then possible to inverse it. The integral of any quantity A
an then be reformulated as:
1

ν2 − ν1

∫ ν2

ν1

A(ν)dν =

∫

∞

0

A(ka)f(ka)dka =

∫ 1

0

A
(

ka(g)
)

dg (5)Be
ause fun
tion ka(g) is an in
reasing fun
tion, it is possible to use aquadrature to approximate the result of any frequential integral:
1

ν2 − ν1

∫ ν2

ν1

A(ν)dν =

∫ 1

0

A
(

ka(g)
)

dg ≈

Nq
∑

i=0

A
(

k(gi)
)

ωi (6)where Nq is the quadrature order. Gauss quadratures are generally used,sin
e they represent well the distribution fun
tion ka(g) in the limit g → 1.The k-distribution spe
tral model (formulated in terms of dis
rete valuesof k) is therefore giving a possibility to 
ompute any integral over frequen
yas the pondered sum of Nq gray 
omputation results.The purpose of the present 
ode is to 
ompute the values of k(gi) andpondering weights ωi, for a given value of the quadrature order Nq.1.2 HypothesisKDISTRIBUTION will take as input the dis
retized absorption spe
tra ofa gas mixture: it 
onsists in N values of wavenumber νi and absorption
oe�
ient ka(νi), as shown in �gure 1.
ka(ν) spe
trum may be 
omputed, for instan
e, by a tool su
h as theKSPECTRUM 
omputer 
ode. See relevant do
umentation �le for moreinformation.The main hypothesis that is performed by KDISTRIBUTION is that theabsorption 
oe�
ient is linear between two 
onse
utive values of ka(νi) (see�g. 1). KSPECTRUM ensures that the relative di�eren
e between the realpro�le ka(ν) and the linearly interpolated pro�le k∗

a(ν) never ex
eeds a user-de�ned value ǫ2. KSPECTRUM also ensures that the relative error over ea
h
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Figure 1: S
hemati
 representation of the input ka(νi) spe
trumvalue of ka(νi) never ex
eeds a user-de�ned value ǫ1. Values of ǫ1 and ǫ2 areused by KDISTRIBUTION in order to 
ompute un
ertainties over the valuesof k(gi).1.3 Parallel 
omputingKDISTRIBUTION 
an 
ompute full k-distribution data sets. This meansthe 
omputation of k(gi) and ωi 
oe�
ients, for every narrowband spe
tralinterval of the IR range, for several atmospheri
 levels. Although this isfeasible on any average PC, the 
omputation is faster on a 
luster of PCs.This 
ode uses MPICH instru
tions for running on multipro
essor ma-
hines / 
luster of ma
hines. The total 
omputation time will be divided bythe number of physi
al pro
essors the 
ode is running on.You will need MPICH installed before using this 
ode. Refer to se
tion 2.4for instru
tions about installing MPICH and 
reating a 
luster of ma
hines.



62 Installation and prerequisites2.1 First thing to dois to use s
ript �install.bash� that is provided with the ar
hive. This s
riptshould be pla
ed in the same dire
tory than the provided zipped ar
hive.Use 
ommand �./install.bash� in order to run it. This s
ript will:
• Untar the ar
hive, if the 
orresponding version of KDISTRIBUTION isnot already installed
• Go into the �data� dire
tory, and make links to KSPECTRUM input�les �
omposition.in� and �narrowbands.in� and also a link to KSPEC-TRUM output dire
tory as �data/hires_spe
trum� (see se
tion 3.2).
• Erase the zipped ar
hive, and erase itself.Then you 
an go into the newly 
reated dire
tory (named �kdistributionX.X.X�with �X.X.X� the version number) to 
ontinue the installation.2.2 Tweaking the �Make�le�Before 
ompiling, you will have to �nd out what 
ompilation options are rightfor your 
ompiler, and your ma
hine. Open the �Make�le� �le, and look atvariables �FOR�, �ARCH� and �OPTI�. Variable �FOR� is used to spe
ifyyour fortran 77 
ompiler. As KDISTRIBUTION uses MPICH, you will mostlikely use the �mpif77� 
ompilation 
ommand, that has been installed alongwith MPICH.Variable �ARCH� is used to spe
ify ma
hine ar
hite
ture. �-m486� isprobably a good 
hoi
e for a PC running a 32bits linux. Use the do
umen-tation of your fortran 
ompiler to �nd out what ar
hite
ture option you 
anuse.Variable �OPTI� is used to spe
ify 
ode optimization options. The defaultoptions should be enough. Please note that you de�nitely must use option�-Wno-globals� for 
ompiling parallel 
ode. Please note also that the resultsmay depend on optimization options that are used. You will have to 
he
kthe validity of your results (see se
tion 4).You might also want to set variable �DEBUG� (look for its de�nition inthe �le). You 
an expe
t faster exe
ution times if you leave it empty.



72.3 CompilationOn
e you 
he
ked 
ompilation options and array size de�nitions, you 
an usethe following 
ommand in order to 
ompile the exe
utable �le:> make allIf 
ompilation fails, use the 
ompiler error message to determine whatwent wrong. The most probable error 
auses are: a bad de�nition of ar
hi-te
ture 
ompilation option, or an inappropriate value in 
ode optimizationoptions.If you ever need to modify the sour
e �les (in dire
tory �sour
e�), you 
anqui
kly re
ompile the 
ode using �make all� again. This will only re
ompilethe modi�ed sour
e �les, and link obje
ts �les in order to produ
e the newexe
utable �le.If you have to modify the value of any variable de�ned in in
ludes �les(dire
tory �in
ludes�), you will have to re
ompile the whole 
ode from s
rat
h.Use the following 
ommand to erase all obje
ts �les, and then re
ompile themproperly:> make 
lean allOdd errors may happen if you 
hange an in
lude �le and then re
ompileusing only the �make all� 
ommand (old value of the modi�ed variable willremain in the un
hanged obje
t �les).2.4 Installation of MPICHIf you do not already have MPICH installed on the ma
hine / group of ma-
hines you want to run KDISTRIBUTION on, you will �rst have to downloadmpi
h2 from http://www.m
s.anl.gov/resear
h/proje
ts/mpi
h2 ; make sureyou download version 1.0.7. Next, untar the downloaded ar
hive, and installit on every system that will be part of your 
luster:> ./
on�gure �pre�x=/path/to/installation/dire
tory> make> make installBefore running the MPD daemon, you must 
reate a �.mpd.
onf� �le inyour home folder:> e
ho se
retword=[se
retword℄ � /.mpd.
onf> 
hmod 600 .mpd.
onfusing any �se
retword�.



8Next, you will need to be able to 
onne
t via ssh to every other ma
hineof your 
luster, with no password request. For this, you must �rst 
reate aDSA key:> ssh-keygen -t dsaleaving all �elds blank (use the �enter� key to answer ea
h question).Then you will have to add this DSA key to the list of authorized keys:> 
d .ssh> 
at id_dsa.pub � authorized_keysFinally, 
reate the list of ma
hines that belong to your 
luster. This listmust reside within the �mpd.host� �le on your home folder. Ea
h line must
ontain the name of the ma
hine, by order of availability:[host1℄.[domain℄[host2℄.[domain℄[host3℄.[domain℄et
You 
an then try to run the MPD daemon:> mpdboot -n [#℄with [#℄ the number of hosts you want to run MPD on (typi
ally, thenumber of ma
hines in your 
luster). If you en
ounter no error, you 
anuse 
ommand �mpdtra
e� to 
he
k the number of hosts the MPD daemon isrunning on. This should give you the list of ma
hines in your 
luster.



93 Using the 
ode3.1 User input �lesThere are two �les in the main KDISTRIBUTION folder: �data.in� and�options.in�. The �options.in� �le is where the user 
an 
hose between severaloptions, for ea
h algorithm. The �data.in� �le is where the user 
an spe
ifythe numeri
al values of a number of variables the 
ode will use. Below is ades
ription of these two �les.3.1.1 The �data.in� �leThe user has to spe
ify indexes of the �rst and the last atmospheri
 levelsthe k-distribution data set has to be 
omputed for. Input data �les have tobe found in the �data/hires_spe
trum� folder, and have to be named �k***�a

ording on the atmospheri
 level. For instan
e, �k001� must 
ontain thehigh-resolution spe
tra for the �rst atmospheri
 level (nearest to the ground).3.1.2 The �options.in� �le
• Quadrature type: the user should spe
ify what quadrature will be usedin order to generate the k-distribution data set. The default valueis a Legendre quadrature. Gaussian quadratures (Legendre, Legendre-Radau and Legendre-Lobatto) only have been tested, and may thereforebe used.
• Quadrature order: 
ommon quadrature orders are 8 and 16-pointsquadratures. But you 
an use any other value.
• First g abs
issa imposed: in the 
ase a Radau or Lobatto quadratureis required, the user has to provide the value of g1, the �rst gi abs
issa.It is 
ommonly a value very 
lose to zero.
• Se
ond g abs
issa: in the 
ase a Lobatto quadrature is required, thelast abs
issa gNq

has to be provided. It is 
ommonly a value very 
loseto 1.
• Number of intervals for a

eleration arrays: an a

eleration method isused for inversion of 
umulative fun
tion g(ka). The size of arrays used



10by this method should be spe
i�ed. A typi
al value of 1000 should be�ne.
• Maximum relative error over g: the user 
an 
hose the maximum rela-tive error over values of gi; this error is indu
ed by the inversion pro-
edure of the 
umulative fun
tion. The default value is 10−3 (0.1%).
• Type of spline used for interpolation: the user must 
hoose whethera linear or a 
ubi
 spline interpolation will be performed between dis-
rete values of k(ν). Both will provide the same k-distribution datasets when the spe
tral dis
retization is very a

urate. Using a 
ubi
spline interpolation gives the possibility to use 
oarser spe
tral grids,but remember errors may happen, sin
e performing a 
ubi
 spline inter-polation requires to solve a tridiagonal linear system, and then invertingea
h spline fun
tion (third-degree polynomia, whi
h is not error-proof).3.2 Other input �lesThe program will take as input the high-resolution absorption spe
tra pro-du
ed by KSPECTRUM. These �les have to be found under the �data/hires_spe
trum�dire
tory. A symboli
 link to any dire
tory that 
ontains result �les fromKSPECTRUM, and named �hires_spe
trum� under the �data� dire
tory isenough. Files within the �data/hires_spe
trum� dire
tory should be nameda

ording to KSPECTRUM nomen
lature: �le �k001� must 
ontain the high-resolution spe
tra of the �rst atmospheri
 level, with KSPECTRUM outputformat (3-
olumn �le, ν in cm−1, σ in cm2/molecule and ka in m−1). KDIS-TRIBUTION will also look for �le �
al
ulation_info.txt� �le in dire
tory�data/hires_spe
trum�. This is an output �le from KSPECTRUM, that
ontains values of ǫ1 and ǫ2 (used for produ
ing un
ertainties over values ofk). If this �le is not found, un
ertainties will be set to zero.3.2.1 Atmospheri
 modelThe program will need the number of atmospheri
 levels input high-resolutionspe
trum are provided for. It will read the �
omposition.in� �le that was usedby KSPECTRUM. A link to the �
omposition.in� �le of KSPECTRUM intothe �data� dire
tory is enough.



113.2.2 Narrowband intervalshave to be provided in the �data/narrowbands.in� �le. This �le must 
ontainthe number of narrowband intervals, and, for ea
h interval, its lower and up-per limits, in terms of wavenumber (in cm−1). A link to the �narrowbands.in��le of KSPECTRUM into the �data� dire
tory is �ne.3.3 Running KDISTRIBUTION using MPICHOn
e everything is installed and the exe
utable �le �kspe
trum.exe� �le hasbeen 
ompiled, you 
an try to run a 
omputation.Use the following 
ommand to run the 
ode:> mpirun -np [#℄ kdistribution.exewith [#℄ the number of pro
esses that have to run.Be
ause 
ommuni
ation times are small 
ompared to 
omputation timesin KDISTRIBUTION , it is a good idea to 
hose a number of pro
essesequal to the number of (physi
al) pro
essors of your 
luster, plus one. Onepro
ess, the master pro
ess, is dispat
hing 
omputational loads to every otherpro
esses (slave pro
esses), and gathering results from them. It does notrequire any signi�
ant CPU time, therefore it is OK to have a number ofslave pro
esses equal to the number of pro
essors, so that ea
h slave pro
ess
an use a pro
essor (or ea
h pro
essor will have only one slave pro
ess runningon it).In pra
ti
e, if your 
luster is 
omposed of n pro
essors, you 
an use:> mpirun -np n+1 kspe
trum.exe



124 Results4.1 Results �lesKDISTRIBUTION will produ
e results �les in the �results� dire
tory. Thereare two main output �les, named �kdist.txt� and �delta_kdist.txt�.
• �results/kdist.txt� 
ontains the a
tual k-distribution data set. First,quadrature weights ωi are given. Then, for ea
h atmospheri
 level, thequadrature points k(gi) are given for ea
h narrowband spe
tral interval,along with the relative error between the transmittivity of a 1 metergas 
olumn, 
omputed using the input high-resolution spe
trum andusing the output k-distribution k(gi) and ωi 
oe�
ients.
• �results/delta_kdist.txt� 
ontains the values of the Nq quadrature weights

ωi, and for ea
h atmospheri
 level, the absolute un
ertainties ∆k(gi)over the Nq k(gi) 
oe�
ients, for ea
h narrowband interval.4.2 More output �lesAdditionally, the user 
an 
he
k the information gathered by the 
ode into�le �results/quadrature_results.txt�. It 
ontains values of gi abs
issas and ωipondering weights. The sum of pondering weights is also given: ∑Nq

i=1 ωi = 1.If it is not the 
ase, something went wrong. If pondering weights are notsymmetri
al (i.e. if ω1 6= ωNq
, ω2 6= ωNq−1

, et
. then the k-distribution resultsare not 
oherent. This is probably due to wrong optimization options at
ompilation time (see se
tion 2). Finally, this �le 
ontains values of ∑Nq

i=1 ωig
n
ifor n ∈ [1, 2 ∗ Nq]. This sum should be equal to 1

1+n
. Values of the sum andof 1

1+n
are given, along with the relative di�eren
e between those values.Relative di�eren
es should be small (< 10−6), otherwise the k-distributiondata is not valid.



135 The fun stu�5.1 Code li
enseKDISTRIBUTION is distributed under the General Publi
 Li
ense. See theCOPYING �le within the main dire
tory. This means that you 
an use /redistribute part of all the sour
e 
ode in your own sour
e 
ode, providedthat your sour
e 
ode is also distributed under the GPL. However, sin
eKDISTRIBUTION is a very basi
 
ode that everybody is able to write, Iwill not sue you if you manage to 
ompile it under windows and sell it.5.2 Questions and AnswersI 
an't manage to 
ompile the sour
e 
ode / I don't understand
ompilation error messages.There should be not problems using the gnu fortran 77 
ompiler (g77) andmpi
h2. Send me an email with a des
ription of the tools you are using, onwhat hardware/system, and what error messages you get: v.eymet�gmail.
omCompilation was su

essful, but the 
ode 
rashes.A real 
rash ? It does not run at all ? Are you sure you did not modifythe sour
e 
ode or in
lude �les ? Well, then maybe I did an error. Probably
ompilation options are wrong for your system. Tell me what error messageyou get.The sum of pondering weights is not 1That should not o

ur. This is interesting. Please send me an email tolet me know.Quadrature results are in
oherentwhen I look into the �results/quadrature_results.txt��le.While the sum of quadrature weights is 1, these weights 
an be non-symmetri
al. This is most probably due to bad 
ompilation options (op-timization options). Tell me what options you used, on what system, and



14maybe I will be able to help.
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