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Introduction

« Main object
« Development for PE pipe line for KAGALI

» Code development period
« 25t December, 2017 ~ 07t February 2018

* Result
* Finished for the very simple PE pipe line
« Still exist some bugs



Purpose of the code

* Generate sufficient number of independent samples
distributed as posterior m(6)

7(8) = £(6)P(6)

e Posterior is

Posterior

Likelihood

Physical Prior




Metropolis-Hasting algorithm

« Generate proposed parameter : §*~q(§i — 9:)
« Sample from uniform distribution : u~U(0,1)
w(3.)a(5:5.)
n(8;)a(6.-6;)
+ if w < min(1, H), then 6,,, = 6,
. glse §i+1 = §i
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* Calculate Hasting ratio : H =

=
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* For Gaussian proposal : H =
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Parallel Tempering

 Posterior at Temperature T
. (8) = £(6)"" P(6)

« Swapping ratio
L(ﬁz)T2>(T1T2)
L(ﬁl)Tl

« Swap when u < min(1, SwapR)

'SWClpRz( ) T1<T2



Parameter Estimation with Bayesian
inference(lalsuite)

PTMCMCOutput.#.nn.h5
PTMCMCOutput.#.n5
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Parameter Estimation with Bayesian
inference(kagali)

PTMCMC.output.#.nn.out
PTMCMC.output.#.out

inferenceMCMC
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Likelihood

. £(5) = -3(d = h(8)|d - h(6))

* (hi|lhy) = 4R fj{l::fh%df
* nullLogl = —%<d|d>

 deltalogl = logl —nullLogl = %(d‘h(@) + %(h(é)‘d) _%(h(é)‘h(ﬁ))
* optimal_snr = \/(h(é)‘h(é))

* matched_filter_snr = Z(d‘h(é))/\/(h(é)‘h(é))




Prior

« All physical priors are assumed to be 1 ( a priori we do not know)
* Distance prior comes from volume integration factor

[d37 = [rdrsin0d0d¢ = [ r* drdud¢,u = cos 6

« Mass prior comes from parameter space change [ dm; dm, =

f mim,q

dm.dq = |

(my+my)?

dm,.dn

(my—my)n=3/5

drdud¢ = [r3dInr

(my+my)

mcdqu

=

1—msy)

distance prior

mass prior for mc and g

d¢p
—oadmcdn

mass prior for mc and eta




inferenceMCMC.c

* main
* Initialize MPI environment
Initialize RunState
Initialize PTMCMC
Initialize CBCPrior
Initialize CBCProposal
Initialize Likelihood
Call PTMCMC function(runState->algorithm)
Finalize MPI environment




[kagali-vOrda/kagaliapps/cbc/mpisrc/inferenceMCMC.c main()

Initialize MPI

inferenceMCMC.c

Show command line option
Show KAGRA detector

KGLInferencelnitRunState

runState == NULL and
KGLAbort o
no —help option given

runstate->=MPlsize = MPlsize
runState->id = MPIrank

KGLInferencelnitPTMCMC(status, runState)
KGLInferencelnitCBCPrior{status, runState)
KGLInferencelnitCBCProposal{status, runState)
KGLInferencelnitLikelihood(status, runstate)

KGLShowlInferenceRunState
MPI_Barrier

runState->algorithm(status, runState)

KGLDestroyRunState(status, runState);
KGLDeleteProcessParamsTable(status, cmdLine)
KGLDestroystatus(status)

MPI_Barrier
MPI_Finalize
print elapsed time information
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KGLCommandUtil.c

« KGLParseCommandLine
 For all command line options add option pair to ProcessParamTable



KGLInferenceRunState.c

« Allocate RunState variable
« ReadData for IFOs
* Allocate memories for parameters

 Set PT algorithm function pointer for runState->algorithm
KGLParellelTemperingAlgorithm

 Set PT one step function pointer for runState->onestepFunction
KGLIntferenceMCMCOneStep

* Initialize random number generator
 Set random seed
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KGLInferenceMCMC.c

e Initialize PT MCMC
« Set various option values for PT algorithm
 Set temperature ladder
« Set function pointer for PTAlgorithm and OneStep
« Randomize for each MPI process

e Initialize temperature ladder
* Set T(n) = Ty (AT

e Initialize Likelihood
* Set likelihood function pointer for runState->likelihood



KGLInferencePrior.c

« KGLInferenceNullPrior(KGLStatus *, KGLInferenceVariable *,
KGLInferenceParams *)

« Return zero value for prior

« KGLInferencelnspiralPrior(KGLStatus *, KGLInferenceVariable *,
KGLInferenceParams *)

« Calculate log prior for distance, declination, masses, Malmquist
correction, spin priors

« KGLInferencelnspiralCubeToPrior(KGLStatus *,
KGLInferenceVariable *, KGLInferenceParams *, double *)

« Convert unit random number to real parameter value



Malmquist bias

e Oxford reference

- A statistical selection effect that arises in astronomical surveys that are complete to some
apparent magnitude limit. At large distances from the observer, only objects that are intrinsically
luminous can be seen. Nearer the observer, objects with average or below-average luminosity
can also be seen. The statistical properties of the sample therefore depend on distance from the
observer in a complicated way. This form of bias, first described in 1924 by the Swedish
astronomer Karl Gunnar Malmquist (1893-1982), can be avoided by forming a more restricted
volume-limited sample.

Nowadays, the term Malmquist bias is often used to describe the systematic bias on a measured
quantity due to random observational errors. For example, random errors in magnitude
measurements will lead to an overestimate of the number of galaxies to a given magnitude limit,
because there are more galaxies fainter than the limit which are scattered into the sample by
measurement errors than there are galaxies brighter than the limit which are scattered out. A
random measurement error thus leads to a systematic bias.

* https://en.wikipedia.org/wiki/Malmquist_bias



Malmquist bias

We need to include selection effect with SNRs,
since GW observation is SNR limited observation.

Distance
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Malmquist bias

Brighter & far

2018-12-06

Observed as the same
apparent luminous

Hence more bright objects than actual will be

Dimmer & near observed in near distances in luminosity

biased.
GW observation is SNR limited observation.

observed in far and mode dim objects than actual

limited observation. Thus number statistics will be
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Malmquist bias

 Typically, when looking at an area of sky filled with stars, only stars that are brighter than a
limiting apparent magnitude can be seen. As discussed above, the very luminous stars that
are farther away will be seen, as well as luminous and faint stars that are closer. There will
appear to be more luminous objects within a certain distance from Earth than faint objects.
However, there are many more faint stars, they simply cannot be seen because they are so
dim. The bias towards luminous stars when observing a patch of sky affects calculations of
the average absolute magnitude and average distance to a group of stars. Because of the
luminous stars that are at a further distance, it will appear as if our sample of stars is farther
away than it actually is, and that each star is intrinsically brighter than it actually is. This effect
is known as the Malmquist bias.

« When studying a sample of luminous objects, whether they be stars or galaxies, it is
important to correct for the bias towards the more luminous objects. There are many
different methods that can be used to correct for the Malmquist bias as discussed below.

« The Malmquist bias is not limited to luminosities. It affects any observational quantity whose
detectability diminishes with distance.


https://en.wikipedia.org/wiki/Apparent_magnitude
https://en.wikipedia.org/wiki/Absolute_magnitude
https://en.wikipedia.org/wiki/Galaxies

Malmquist bias in GW
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Malmquist correction

« Impose selection effects on the prior(within_malmquist)
 Loudest-snr

« Second-loudest-snr

* Network-snr

« if (loudest < Loudest-snr || second-loudest < Second-loudest-
snr || model-snr < Network-snr) -> logPrior = -INFINITY and
CubeToPrior returns O



Prior function

* Distance prior
 Logarithmic
« Uniform
» [r?drdud¢ = [ r3dInr dudg

« Mass prior
* Mc, g
* mc, eta

* [dmydm, = |

mimy (my+m,)?

dm.dq = [

me (m1—mz)77‘3/5

dm,.dn



KGLInferenceProposal.c

* KG
KG
KG

nferenceSingleProposal(KGLStatus *,
nferenceRunState *, KGLInferenceParams * current,
nferenceParams * proposed)

« Generate a Gaussian proposal value for a single parameter

0.14

0.12

0.086 —

=

0.04 -

0.02

0.1

0.06

0

 Return value is ratio of proposal probability, it is zero




Proposal function

« Symmetric Gaussian jump proposal

param->value.double_value += gsl_ran_ugaussian(GSLrandom)*sigma;

0.14
0.12 -
0.1
0.08 -
> .
0.06
0.04 -

0.02 4

0 -
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KGLInferenceSampler.c

« KGLParellelTemperingAlgorithm
« KGLInferenceMCMCOneStep
« KGLInferencePTSwap




Likelihood function

« KGLInferenceZerolLogLikelihood

« Returns zero for test purpose
« KGLInferenceNullLogLikelihood
* Calculate overlap using only strain data
+ nullLogl = ——(d|d)
« KGLInferenceFusedFregDomainLogLikelihood
« Calculate overlap strain data subtracted projected template strain
+ logl = —=(d — h(6)|d — n(6))



Timeshift = SegmentLength — TRIG_LMARGIN + timedelay

Time relations
SegmentLength — TRIG_MARGIN

« --trigtime : This option specifies the trigger time at geocenter,
this time 1s same as injection time in injection table

* ifo->epoch : this time is segment start time TRIG_MARGIN(=2)

—

< a
< >

Segment start time(ifo->epoch)
t=0 point for time series data Trigger time

_..>egmentLength(ifo->seglen) .




Timedelay
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KGLInferenceReadData.c

« Read frame data file
« Resample data file for time series
 Evaluate PSD from frame data using Welch method(MedianMean)

* Inject a template wave form
* Injection file read
* Noise realization



KGLInferencelFOData structure

Frame data CFT
timeData nonWindowedFregData
Apply window
FFT
windowedTimeData freqData

Inverse FFT

whiteFregData Apply 1/psd

whiteTimeData

2018-12-06 Summary of KAGALI PE code, Hyung Won Lee 31



KGLInferencelFOData structure

timeData

nonWindowedFregData

Apply window

Injected FD data

windowedTimeData freqData

Inverse FFT

whiteFregData

whiteTimeData

2018-12-06 Summary of KAGALI PE code, Hyung Won Lee
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Options implemented

« $./inferenceMCMC --help shows all options

#define USAGE "\
==== Options for KGLInferenceReadData related to MCMC

——srate SRATE : sampling rate, we assume all detector has the same wvalue [4096, Hz] \n\

——seglen SEGLEN : segment length, we assume all detector has the same value [16, =] \n\

——ifo H1,Kl1 : comma separated list of IFOs \n\

——flow f1,£f2 : comma separated list of low fregquencies[defaut:10Hz], integration range in FD is flow~fhigh\n\

——fhigh £1,f2 : comma separated list of high frequencies[default:srate/2 - 1/seglen]\n\

——strain filel,file2 : comma separated list of strain frame files names\n\
filel.gwf, file2.gwf for real strain frame files, file should exist in the current directoryin
approxl, approx2 for injection waveforms, usually these are the same\n\

——channel channell,channel2 : comma separated list of channel names when given real strain frame data files\n\
——psd psdl,psd2 : comma separated list of psd options([default: use strain frame files]\n\
siml, sim?2 for simulated PSD dataln\
possible values are SimIniLIGO : initial LIGO analytic function\n\

SimAdvLIGO : advanced LIGO analytic functionin'
SimAdvVIRGO : advanced VIRGO analytic function\n\
SimGEO : ZEO analytic function\n\
SimEGO : EGO analytic function\n\
SimTAMA : TAMA analytic function\n\
SimETB : Einstein B analytic functionin\
DesigniKAGRA : Design sensitivity PSD file for iRAGRA (unknwon)\n\
DesignbRAGRA-vrsed : Design sensitivity PSD file for bRAGRA (BWZ009_VRSED.dat)\n\
DesignbRAGRA-vrseb : Design sensitivity PSD file for bRAGRA (BWZ00S_VRSEB.dat)\n\
DesignalIGO-bhbh : Design sensitivity PSD file for adv. LIGO(AJvLIGO BHBH 20deg.dat)\n\
DesignaLIGO-hf : Design sensitivity PSD file for adv. LIGO(AdvLIGO High freg.dat)\n\
DesignaLIGO-no-srm : Design sensitivity PSD file for adv. LIGO(AdvLIGO NO_SRM.dat) \n\
DesignallGO-nsns : Design sensitivity PSD file for adv. LIGO(AdvLIGO NSNS_Opt.dat)’in\
DesignaLIGOo-zdhp : Design sensitivity PSD file for adv. LIGO(RAVLIGO ZERO DET high_ P.dat)\n\
DesignaLIGO-zdlp : Design sensitivity PSD file for adv. LIGO(AdvLIGO_ZERO DET low P.dat)\n\

filel.dat, file2.dat for known or private PSD data files\n\
filel.gwf, file2.gwf for real strain frame files from which calculate PSD(ex. average, etc.)\n\
——psdchannel channell,channel? : comma separated list of channel names when given real strain frame data files for psdldefault:use channel option]in\
——psdstart gpsl,gps2 : comma separated list of gps times for psd start[default:start of frame file]\n\
—-psdlength lenl,len2 : comma separated list of length in seconds for psd[default:GPSTrig - seglen + TRIG MARGIN - psdStart]in\
——psdresample : use resampled frame data for PSD calculation[default:nc]l\nh

——window hann,rectangular : comma separated list of window function for each IFOs[default:hann]\n\
——trigtime trigger : time in 113847.5747 style in geocenter \n\
——inj inj file : injecticn data file name, this is not zml file it is plain text file similar to *.ini file.\n\
injection file data override --strain option for approximantsin'
——noise nl,n2 : comma separated noise realization for IFOs, —-l:random seed, O:no-noise, #:given seed[defaut:0]\n\
——inj id n : injection id in the given injection file.\n\
——dumptime : dump time series data[default:no]in\
Iy ef) (i dump freguency series datal[default:nol\n\
Zojﬁgg ®:6du.mp psd and asd data[default:no]l\n\ Summary Of KAGAL' PE COde’ Hyung Won Lee
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--1fo option

e --ifo H1,K1
« comma separated list of I[FOs

« Example
« --ifo H1,L1,V1,K1



--strain option

» --strain file1, file2
« comma separated list of strain frame files names

- file1.gwf, file2.gwf for real strain frame files, file should exist in the
current directory or

« approx1, approx2 for injection waveforms, usually these are the same

« Example

e --strain H-H1_HOFT_C00_T1700401_v1-1187005000-4096.gwf,L-
L1_HOFT_CO00_T1700401_v1-1187005000-4096.gwf,V-V10O2Repro1A-
1187005000-5000.gwf, TaylorF2



--channel option

e --channel channel1,channel?2

« comma separated list of channel names when given real
strain frame data files

« Example

e --channel H1:GDS-CALIB_STRAIN T1700401 v1,L1:GDS-
CALIB_STRAIN_T1700401_v1,V1:Hrec_hoft_V10O2Repro1A_1638
4Hz V1:Hrec_hoft_V102Repro1A_16384Hz



--psd option

« --psd psd1,psd?2
« comma separated list of psd options[default: use strain frame files]



Other options

« Other option can be understandable or figure out from help
message



ReadData()

« if --help is given then print help and stop

 Get number of IFOs(--ifo)

* Set trigger time (--trigtime) it iIs mendatory

 Read injection table if option(--inj) given and show

e For each IFO do

 Set IFO epoch as trigger time
» Set |[FO Data
« Update network SNR

* Print network SNR
* Destroy Injection table



SetlFOData()

« Check if the prefix exist

* Set IFO frequency range (--flow, --thigh)

« Set window function for IFO (--window)

« Set strain data (--strain)

 Set PSD data (--psd)

* Apply time shift for IFO

 Set white data for IFO only for real frame data

* Set noise realization for IFO only for injection data
* Dump data



SetlFODataFrequency()

e If --flow is given then set ifo->fLow as that value
* e|se set ifo->fLow as DEFAULT _FLOW(10.0Hz)

« If --fhigh is given then set ifo->fHigh as that value
* else set ifo->fHigh as srate — 1.0/seglen

 fLow and fHigh is actual integration range for snr and
likelihood calculation

2018-12-06 Summar y of KAGALI PE code, Hyung Won Lee
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SetlFODataWindowFunction()

* If --window option is given set ifo->window as that value
 else set DEFAULT _WINDOW(Hann)

* This window function will be used for PSD calculation and
windowedTimeSeries data

2018-12-06 Summar y of KAGALI PE code, Hyung Won Lee
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SetlFOStrainData()

« If --strain option is not given abort the program

* If approximant name is given
Check exist injection table
Set ifo->srate as --srate option value or default value(4096Hz)
Set ifo->seglen as --seglen option value or default value(16s)
Set appropriate frequency range
Call template function
Set response and time shift
 Set type as Injected data
* else *.gwf is given
« Read frame data(next slide)
* else abort the prorgam



Read frame data

* Check channel name is given (--channel)

« Check trigger time is within the frame data
* Set srate and seglen

« Resample frame data

» Set time data

« Set frequency data

« Set windowed time data

 Set windowed frequency data

* Set type as frame data



SetlIFOPsdData()

* If --psd option is given
 Set psd data
* else if --strain option is given
* If frame file is given
 Estimate psd using frame data
* else if approximant is not gven
« Set psd using "aLIGO-anl”

. else
« Abort the program

. else
« Abort the program



SetlIFOWhiteData()

* If type is inject data, then return
» Calculate white frequency data from frequency data
» Calculate reverse FFT to get white time data



ApplylFOTimeShift()

« Apply time shift in frequency domain
e Calculate SNR for this IFO



SetIFONoiseDatal()

e If type is frame data, then return

e If --noise option is not given or -1 then
e Set noise seed as random

* else if option is zero
* No noise case return

e else
 Set noise seed as the given value

« Add Gaussian noise in frequency data



Dump data

e If --dumptime option is given
« Dump time data (file : IFO_time_series_check.dat, IFO is H1, K1)
* If --dumpfreq option is given
« Dump frequency data (file : IFO_freq_series_check.dat, IFO is H1, K1)
e If --dumppsd option is given
« Dump power spectral data (file : IFO_psdasd_series_check.dat, IFO is H1, K1)



Post Processing(/kagali/inference/postproc/src)

e KGLParseCommandLineFromFile()
« Read command line option from ini style file

« KGLReadInferencePostProcTable()
« Read MCMC output file

« KGLMakeBinPostProc()

« Make 1D bins for posterior samples

« KGLSaveBinAllPostProc()

« Save 1D bins for all listed variable

* KGLSaveBinPostProc()

« Save 1D bin for a specific variable



Directory structure

main repository — ka g a | |
kagali-vOr5ag

m kagaliapps

WO rk —  build result directory master
build_mpi.sh B build _
Build script

— Mmcmc

m test run

inference.sh
Run script
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Preparing source

« Make a working directory, like work

* Clone kagal

* $cd work

» $git clone https://vt001.resceu.s.u-tokyo.ac.jp/git/kagali-vOr5a

« Check out mcmc branch
« $git fetch origin
» $git checkout —-b mcmc origin/mcmc

2018-12-06 Summar y of KAGALI PE code, Hyung Won Lee
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Build application

« $cd work

$nohup ./build_mpi.sh &
« $tail —f nohup.out

« Sample build result

rm -f config.h stamp-h1

rm -f libtool config.lt

rm -f TAGS ID GTAGS GRTAGS GS5YMS GPATH tags

rm -f cscope.out cscope.in.out cscope.po.out cscope.files

This command is intended for maintainers to use

it deletes files that may require special tools to rebuild.

make[1]: Leaving directory 'Yfhome/hwlee/projects/KGL/kagali/kagali-vOrd4a/kagaliapps'
rm -f config.status config.cache config.log configure.lineno config.status.lineno

rm -rf ./autom4te.cache

rm -f Makefile

__________ R T e

built for branch mcmc
Do command source /home/hwlee/projects/KGL/kagali/build/mcmc/etc/kagali-user-env.[c]sh to use this software
2018.101045. (&) 11:41:29 KST Summary of KAGALI PE code, Hyung Won Lee
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Run application

$Cd test_run xArm Altitude - 3.141400e-03[rad]
xArm Azimuth : 1.054113e+00[rad]

: yArm Altitude : -3.627000e-03[rad]
$/| nfe renceSh yArm Azimuth : -5.166798e-01[rad]

xArm Midpoint 1.513254e+03[m]

yArm Midpoint 1.511611e+03[m]

ifoData = 0x14ade20
cmdLline = Ox14aa610

RunState = Ox14a6fb0

RunState = Ox14a6fb0

RunState = 0x14a6fb0

==== This is thread 0 of 1 ====

======= run MCMC sampler ======= for thread 0 of 1

KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called
KGLInferenceOneStep called

2016-12:06 Thread O s L1 effectue, sampeles: SIoRDI:: o




Run script

JI!Ibinfbash

masterdir=/home/hwlee/projects/KcL/kagali/build/mcme

#masterdir=/home/hwlee/projects/KGL/kagali/build/mcme_tmp

|source Smasterdir/etc/kagali-user—env.sh

export EKGL NOISEDIR=/home/hwlee/projects/RKGL/kagali/test run/noisedata

export EKGL INJECTIONDIR=/home/hwlee/projects/EGL/kagali/test run/injection

export KGL CACHEDIR=/home/hwlee/projects/KGL/kagali/frames

#export MALLOC CHECK =1

mpirun -np 1 Smasterdir/bin/inferenceMCMC —--zeroLogLike --proposal uniform —--approximant Taylor

F2 ——f start 25.0 —--ifo HI1,Ll1 —--trigtime 1126259%4€2 --seglen 1€.0 —--strain H-H1 LOSC 1le V2-1126

257414-40%6.gwf,L-L1 LOSC 1l& V2-1126257414-40%¢6.gwf ——-channel H1:LOSC-STRAIN,L1:LOSC-STRAIN —-d

umptime —-dumpfreq ——dumppsd —--window hann,hann ——psdstart 1126257414,112¢257414 —--psdresample

——psd H-H1 LOSC 16 V2-1126257414-4096.gwf,L-L1 LOSC 16 v2-1126257414-4096.gwf ——inj sample inje

ction.inj —--inj id 1 --noise -1,0 --nsteps 5000 --nskip 100 --randomseed 20180209 —--burnin 1000
00

fmpirun -np 1 Smasterdir/bin/inferenceMCMC —--approximant TaylorF2Z --f start 10.0 --ifeo H1,L1,EK1l
——trigtime 1126259462 —-seglen 16.0 —-strain H-H1 LOSC 16 V2-1126257414-4096.gwf,L-L1 LOSC 16

V2-1126257414-40%6.gwf, TaylorF2 ——channel H1:LOSC-STRAIN,L1:LOSC-STRAIN,L1:LOSC-STRAIN ——dumpti

me ——dumpfreq ——dumppsd —--window hann,hann,hann ——psdstart 1126257414,1126257414,1126257414 ——p
sdresample —-psd H-H1 LOSC 16 V2-112€257414-40%c.gwf,L-L1 LOSC 1€ V2-112€257414-4096.gwf,Design

bEAGRA-vrsed --1nj sample injection.inj --inj id 1 --noise -1,0,3546579 --nsteps 5000 —--nskip 1
00 ——-randomseed -1 —--burnin 100000
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Run Post process

» $cd test run
« $./postprocess.sh

#!/bin/bash

masterdir=/home/hwlee/projects/KGL/kagali/build/mcmc
|fmasterdir=/home/hwlee/projects/KGL/kagali/build/mcmc_tmp

source Smasterdir/etc/kagali-user—-env.sh

|lexport EGL NOISEDIER=/home/hwlee/projects/KGL/kagali/test run/noisedata
export EGL INJECTIONDIR=/home/hwlee/projects/EGL/kagali/test run/injection

export EGL CACHEDIR=/home/hwlee/projects/EGL/kagali/frames
#export MALLOC CHECEK =1

Stmasterdir/bin/postProc option.ini
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Option for post process

W A e He e e o

TABLE NAME should

[MCMC output file name]
outputFile

[1D output]

1Doutput
# lDoutput

[Physical parameters]
solar mass unit
solar mass unit

ml = 36
mz = 25
spinlx =
spinly =
spinlz =
spin2x =
spinly =
spin2z =

2018-12-06

o s [ s e B

[
H

s

= S e S S S O

dimensiconless
dimensionless
dimensicnless
dimensicnless
dimensionless
dimensicnless

spin
spin
spin
spin
spin
spin

This is a sampe option input file for EAGALI, created by hwlee
sharp started line is a comment line

after sharp in a line 1s comment

blank line ignored
[Section] line will be ignored
table name
each injection data start from
injection file should be under

occur once in the file, if exist more accept only the first one
injection id = nnn til next injection start line
directory KGL INJECTIONDIR or current directory

PTMCMC . coutput.20180209.ocut

all # save all wvariables
ml,mZ2,mc,eta,distance, ra,dec,deltalogl

value
value
value
value
value
value
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Some graphs(using gnuplot)

'LHO 4k psdasd series check dat using ($1):(52) —_—
 PSDs -
1=x10 L .
110 N L
|
w0 MLk
1x10 * L
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Some @

 PSDs
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1x10

1x10 ~

1=10
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1=10

1x10
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-48

raphs(using gnuplot)

KAGRA psdasd_series_check dat’ using ($1):(52) ' —
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1x10

Some graphs(using gnuplot)
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Some

 PSDs

2018-12-06

1x10 °

1x10 ~

1x10 ~

1x10 ~

1x10

1x10 ~

1x10 ™

graphs(using gnuplot)

] 'LHO_4k_freq series_check dat using ($1):(sqrt(($2)*($2)+($3)*(83))) —_—
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Some graphs(usmg gnuplot)

 PSDs

2018-12-06
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1=10
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'LHO 4k freq series_check.dat using ($1):(sqrt{($2)*(52r+$3)*($30)
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1x10-14

1x10-13

1x10-18

1x10°17

1x10-18

1x10°13

1x10-20

1x10-2!

T,

"LHO_4k_freq_series_check.dat’ using [$1):{sqrt{[$2)*[$2)+(33)*($3))) ——
"LHO_4k_freq_series_check.dat' using ($1):{sqri{(3d)*[$d)+ (25250
F_,_i—'__'_'_'_q-\-\_\-"\-\_i-'_'-
-
=06 ﬂ'] Sarrtnary UI@/—\U/—\Ll PEtodr, nyurl%_é(ﬁun ree ll:}lIII{I

63



1x10-18

1x1p-10

1x10-18

1x10-20

1x10%2

J7

"LHO 4k _freq_series_check.dat' using [$1):{sqrt{($2)*($2)+(13)*($3
'LHﬂ_ﬂ-k_frEl:]_EEl‘iEEﬁrl'lECk.dH‘t' using (21 ):(sgrif(2d)* 24+ (25)%"[2D

0O_4k psdasd_series_check.dat' using ($1):(%3

1
1

b —
 R—
)

-Ub g1
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1x10-1d

1x10-14

1x10°1 |

1x10°1°

1x10Y |

1x10718 |

1x1017 |

1x1040 |

1x104! |

\f \\f

'LLO 4k _freq series_check.dat’ using (1) ({sqrili$2)*($
'LLO” 4k _freq_series_check.dat’ using ($1):(s rﬂ[$ a3

2)+(%3)
4)+(%3)

NEEITTD
*(330

1x10-%2
2018-12- O@ 1
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2 ) 'LLO_4k_freq_series_check.dat' using ($1):(sqrt(($2)*($2)+($3)*(33))) ——
'LLO_4k_freq_series_check.dat’' using ($1):(sgrt{($4)*($4)+($5)*($5)))
LLO_4k_psdasd_series_check.dat' using ($1):($3)
1x10°4 : :
-10
1x10 F
1x10% b \\/\[\,
1x10-2°,{
1x10'22!-
]
(]
I
36197 0tes ) . :
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Outputs with zerolike

e Likelihood function is analytical function returning zero.
« £(5) = e-g(d —h(6)|d — h(6)) _ )

+d—h(6)=0
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120

100

B0
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'm1_10.dat' using [$1):(52) ——=
‘m2_1D0.dat' using [$1):(52) ——
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'mc_1D.dat' using ($1):($2) C——

'q_1D.d
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usin_t‘; ($1):(32) —
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‘coal_phase_1D.dat' using ($1):($2) ——

T T
‘costheta_jn_1D.dat' using ($1):($2) ——
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Ilssues

* Dead lock for parallel tempering -> resolved
» zeroLoglikelihood seems to work correctly
* Real likelihood seems not to work correctly

* Debugging is necessary



Future works

« Debugging to get correct result

« Implement features
« Malmquist correction (on going)
« ACL calculation and check convergence (on going)
» Check swap operation (implemented)

* Plan
1. Check time evolution
2. Injection study test
3. Comparison to lalsuite result



