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1.

Overview TAgen_auto.py

Outline:

« The “TAgen_auto.py” is a simulation tool for generating a “TA” (averaged atomic time scale) with daily prediction and
dynamical Weighting This TA is based on the same principle as the “TAp” explained in [Ref. 1].

* The “TAgen_auto.py” is almost the same as "TAgen_pred.py”, except it adopts a dynamical weighting that is inversely
proportional to the Allan variance for each clock. These Allan variances are updated with every calculation.

* In “TAgen_pred.py’, the weights are fixed so that the automatic optimization function (a major advantage of TA) is
ineffective. In contrast, “TAgen_auto.py" optimizes TA using dynamical weighting.

Aim:
» Let's learn the effectiveness of the weighting depending on the Allan variance updated in each calculation.

2% This program is only a tutorial example of the T4 algorithm, and there is room for improvement depending on the
situation for actual utility.

»¢ Another program “TAgen_basic.py” is recommended to learn the principle of T4. And "TAgen_pred_py” is better for
learning the process of making “TA with prediction”.
Technical comments:

« The program requires the measurement “UTC(k) — clock;" data files, the parameter tables “clock_file_list.txt” and
“param_list.txt” located under the designated directory and folders.

« The frequency stabilities of the clock data and the calculated 74 are evaluated using the Allan Deviation (ADEV), which is
calculated by the free Python library “AllanTools" [Ref. 2].
Reference:

[1] Y. Hanado, "Time scale algorithms ~basics to applications~ Lecture”, BIPM Summer School, September 11, 2025
[2] Web site of “AllanTools” ( https.//allantools.readthedocs.io/en/latest/ )



https://allantools.readthedocs.io/en/latest/

2. Setting of environment TAgen_auto.py

[1] Install “Python” in your computer [2] Construct directories :

« Set the path to the working directory. Make Zlgy:oof_z\\gen}TA Auto”

. : : . ytool TAgen/TAgen_Auto’,
;-SSafr?clle()'WIng Python modules should be installed in “/Pytool_TAgen/TAgen Auto/TA_GEN/", and
i numpy' “/Pytool_TAgen/TAgen_Auto/ TA_RESULT/".
_ Z}[Cgﬁl{ggff » The directory name "Pytool TAgen" can be changed as

you like, but don’t change the names of the directories

B, under ”/PytOOl_TAgen/”.

For example, from the command prompt;

C:\Mywork>python -m pip install numpy L e, .
Pytool_TAgen £

e a E e A A A A A A A A A AR A R A A A A AR R A A A A A A AR AR R R A R A A A A AR KRR R R A A A A A RN R R R R R RS Data_c|ock p .
»¢  Although “Spyder” is not necessary for running the A~ TAgen_Auto )—] A RESULT
tools, it is useful for deb ing and modifying them. J -
15 LseturTor H99ing ying TA_GEN @ clock_file_listtxt
https.//www.spyder-ide.org/ TA_RESULT @ param_listix

TAgen_Basic \_# TAgen_auto.py

TAgen_Pred

.,
..............................................................................................................................



3. Preparation for starting the program

[11 Copy the Python program : “TAgen_auto.py”
[2] Copy or make the necessary files :

e Clock measurement data :
"/Pytool_TAgen/Data_Clock/UTCk-(clock;).dat” (p.30)

» The "UTCk-(clock).dat" are measurement clock data used
for the TAp calculation.

e Clock-data name list file :
“/Pytool TAgen/TAgen Auto/clock file list.txt” (p.28)

* “clock_file_list.txt” provides the conditions of each clock in
the averaging process.

e Parameter list file :
"/Pytool TAgen/TAgen Auto/param list.txt"(p.29)

» Parameters that are fixed within the program but can be
changed on demand are provided in “param_list.txt".

> Details of each file are provided in Appendix A-1.2.

Pytool TAgen

Data_Clock

TAgen_Auto

— TA_RESULT

— TA_GEN

TAgen_auto.py

Don’t change the directories names
and the file names denoted in red.

UTCk-clkl.dat, , ,
56901.0000 +3.857038e-05
56902.0000 +3.858851e-05
56903.0000 +3.860536e-05

56931.0000 +3.909406e-05

Clock file list.txt

param_list.txt

t_intvl = 86400 # interval of time
stamp (for day==>86400,
hour==>1440, second==>1)
x_limit = 1000 # outlier limit

——TAgen_auto.py

# sum of weights is normalized
to 1in the program.

# flg1=1 means the reference
clock of phase comparison.

# filename  : weight : flg1

1 UTCk-clkl.dat: 1 :

2 UTCk-clk2.dat: 1 : 0
3 UTCk-clk3.dat: 1 : 0
4 UTCk-clkd.dat: 1 : 0
#5 UTCk-clk5.dat: 2 : 0
6 UTCk-clk6.dat: 2 : 1
7 UTCk-clk7.dat: 0 : O
8 UTCk-clk8.dat: 4 : 0 7

A



4. Operation of each function TAgen_auto.py

4.1. Run "/TAgen_Auto/TAgen_auto.py”

B Case (1) :via “Spyder”
1. Select the following Python program from the

menu of “File --> open ->
/Pytool TAgen/TAgen_Auto/TAgen_auto.py”. 1

2. CIiCk “> " Or ”Run”. 2 ;,:'-;Egen._“‘,autollp}-':

Simulation tool of timescale generation He 1 Variable Explorer [Plots | Files Find Breakpoints

% The result is shown in the “Console” window. |3

— Input datafiles are read from the list './ O Gonsoke 118 X L]
e . . . ITAV//i - Input clock data are prepared in the '../D
»¢ You can exit the program by clicking “X" on the | 4 - Output of menu 6,1,2 are saved in the /T | Python 3.10.11 (tags/v3.10.11:7ddccSa, Apr 5 2623,
- Output of menu 2 is saved in the './TA_GEN 00:38:17) [MSC v.1929 64 bit (AMDGU)]
ConSOIG. Type "copyright", “"credits" or "license" for more

Created on 5 May, 2025 information.

@author: Y. Hanado
wnn IPython 8.13.2 -- An enhanced Interactive Python.

B Case (2) : via command prompt
1. Go to the directory including “TAgen_auto.py" in ¢ matplotlib pyplot as plt o
advance.

2. Run “TAgen_auto.py" --> You can proceed with |5
the program in the command prompt console. 6| [ximase: ~omdts <+ umdsi] | ucoa e - o

le-5

o . . .
#*¢ The graph is shown in another window.| 6 5
e . 7] i 4
>'< You Can eXIt the program by Ctrl+z . C:\Mywork\Python\Pytool_TAgen\TAgen_Auto>TAgen_auto.py E N <
#*x*%%x*% Reading initial clock data 'UTC(k) - Clock' #%x*x 5 2 -é.%
*%x%%* formatting the initial data for processing **i*x % \ 5 1074
*kkkkkkkkkxk Initial status of all clocks *&kkkkkkkikk £ E
11111 UTCk_clk2.txt includes outliers T
-1
**x@%* Read and plot initial clock data and Allan deviation®x*xx reference Chhck
2 eference cloc

57000 57250 57500 57750 58000 58250 58500 10° 100 107
measurement time {MID) ¥: averaging time (sec)



4. Operation of each function

4.1. Run "/TAgen_Pred/TAgen_auto.py”

B Initial processing

IPython 8.13.2 -- An enhanced Interactive Python.

[1] Read the parameters from “param_list.txt" (p.29)

* Parameters that are fixed within the program but can be
changed on demand are provided from this parameter list.

[2] Read the parameter from “clock file_list.txt” (p.2s)
» This parameter list provides the conditions of each clock
in the averaging process.

» The clocks expected to be used in the TAp calculation are
assigned here with some weights.

[3] Read the assigned clock data “UTCk-(clock).dat” (. 30)=

* Clocks with “weight=0" are not ignored in this initial process |1
but excluded in the averaging process of "menu-2".

 Alert of outlier : outlier limit is set in “param_list.txt".

[4] Fix the available MJD range

* The available data range [MJD1, MJD2] is set as wide as possible.
» The MJD with enough number of clocks can be available.

* In all assigned clock data files, the available oldest date is set to be
MJDI and the latest date is set to be MJD2.

Python 3.10.11 (tags/v3.10.11:7d4cc5a, Apr 52023, 00:38:17)
: [MSC v.1929 64 bit (AMD64)]
: Type "copyright",

: runfile('C:/Mywork/Python/Pytool_TAgen/TAgen_Auto/TAgen_auto
: .py', wdir="C:/Mywork/Python/Pytool_TAgen/TAgen_Auto')

..... Reading initial data of 'UTC(k) - Clock'

HHEAEEXXXXXE Initial status of all clocks * ¥ ¥k x k%% %%

11111 UTCk-clk2.dat includes outliers | 1

: **0** Read and plot initial clock data and Allan deV|at|on*****

TAgen_auto.py

................................................................................................................
.....

"credits" or "license" for more information.

Formatting the initial data for processing

®— UTCk-clk4 dat
1 at —o— UTCk-clkG.dat -*

UTCR-clk7 dat
UTCk-clkB dat

5

=
2
k|
=
1}
s
& 1w
g -
o
-1
_g lclk6 = refer clock

57000 57250 57500 57?50 58000 58250 58500 100 100 107
asu; e (MID) : ) e (sec)

.
.
.................................................................................................................



4.

4.1.

Operation of each function

Run "/TAgen_Pred/TAgen_auto.py”

B [nitial processing (Cont.)

[5] Combine the clock data within the assigned range

* The combined data flle is “all_raw_clk.dat". (p.35)
* If data is missing, “nan” is recorded.

[6] Plot all the clock data of “UTC(k) — clock;” (p.40) |*

» From the plots, clock conditions can be confirmed.
-Left fig. : time difference of “UTC(k) — clock;".
-Right fig. : ADEV of "UTC(k) — clock;".

* ADEV is calculated by "AllanTools” [Ref 2], and saved in
“all_adev.dat”. (p.37)

[7] Save the results, if required

/s

« If input “y” for “Save figure (y/n) = 3
four results are saved under the foIIowmg directory:
“/TA_RESULT/(time)/" with a time stamp of data saving.

- log_(time).txt . history of the process (p.39)

- fig _(time).pdf - all figures (p.40)

- all_raw_clk_(time).dat : "UTC(k) — clock;” (p.35)

- all_adev_(time).dat : ADEV of “"UTC(k) — clock;” (p.37)

: 2?7?22 Save figure? (y/n) =y 3

0. Plot the "UTC(k)-Clock" data

© 10, Exit

: ????? Input menu number ? >>

TAgen_auto.py

.......................................................................................................................
. .
. .

UTCk-clicl dat o UTCk-clk4 dat UTCk-clic7 dat UTCk-clicl dat UTCk-clk3 . dat UTCk-clk7 dat
UTCk-clk2 dat  —e— UTCk-clké.dat +— UTCk-clkB.dat UTCk-clk2 dat o= UTCk-clkd dat. o~ UTCk-clk8.dat
UTCk-clic3.dat UTCk-clk2 dat*l  —e— UTCk-clké dat

y: time difference (sec)

1
x: averaging time (sec)

**0** Read and plot initial clock data and Allan deviation*****

Menu of the data processing

1. Assign the MJD range
2. Make TA with daily prediction
and dynamical weighting

‘e o
¥ 8w R R RN RN RN NN R RN RN R N R E R A S AN NN EEEEEAENENEEEAENENEAEAEEEEEAEEEEEEEEEEEEEEEREEEEERS®



4. Operation of each function TAgen_auto.py

4.1. Run "/TAgen_Auto/TAgen_auto.py”

all raw _clk 0818 104212.dat

. . fname UTCk-clkl.dat UTCk-clk2.dat UTCk-clk3.dat UTCk-clk4.dat UTCk-clk6.dat UTCk-clk7.dat UTCk-clk8.dat
Clock file_list.txt (Weight 1.0 1.0 1.0 1.0 2.0 0.0 4.0 A
# sum of weights is normalized f:li?jg (1) (2) g 2 fls (7) g
to 1in the program. _ \ <
# flg1=1 means the reference UTCk Clk"dat /56901 +3.857038e-05 -6.184638e-06 -1.215249e-05 +1.918367e-05 +9.635976e-06 +2.258480e-05 +nan N
#C#I?'Tk of phase comy;arisﬂonl. 56901.0000 +3.857038e-05 56902 +3.858851e-05 -6.197517e-06 -1.215115e-05 +1.919092e-05 +9.617261e-06 +2.258759e-05 +nan
llename - weight : flg 56902.0000 +3.858851e-05 : : : : : : : :
1UTCk-clkl.dat: 1 : 0 ) : 58725 +nan +6.693075e-06 -3.187783e-06 +2.707895e-05 -1.676407e-05 +4.440954e-05 +5.273111e-0¢
%%gtilgggz é : 8 57999.0000 +5.576701€-05 58726 +nan +6.687379¢-06 -3.180825€-06 +2.708426e-05 -1.677650e-05 +4.442301e-05 +5.270004e-0§ 7
2UTCk-clka dat: 1 - 0 58000.0000 +5.578885e-05
(FHUTCk-clkS.dat: 1 : O . all_adev_0818 104212.dat
6 UTCk-clk6.dat: 1 :1
7 UTCk-clk7.dat: 1 : 0 I Tau(s UTCk-clkl.dat UTCk-clk2.dat UTCk-clk2.dat*1 UTCk-clk3.dat UTCk-clk4.dat UTCk-clk6.dat UTCk-clk7.dat UTCk-clk8.dat
8 UTCk-clk8.dat: 1 : 0 «Th bined d fall “UTC(k (MIDspan) 56901-58000 56901-58260 58457-58726 56901-58726 _ 56901-58726 56901-58726  56901-58726 56952-58726
/4 e combined data of a (k)- 86400  +2.585226e-14 +2.559433e-14 +1.914455e-14 +2.255109e-14 +6.289309e-14 +2.989441e-14 +2.887262e-14 +2.576366e-14
clock;” except clk5. 172800 +1.871863e-14 +1.824332e-14 +1.284166e-14 +1.643061e-14 +4.258263e-14 +2.186610e-14 +2.024180e-14 +1.811728e-14
« The weight, flag and cid are the 345500 +1.3141.44e—14 +1.3205_90e-14 +9.326690e-15 +1.116§36e-14 +2.9443.45e—14 +1.5329f51e—14 +1.422_621e-14 +1.27§807e-14
. 7 ol - : : : : : : : : :
copies from “Clock_flie_list.txt”. 22118400 +8.453397e-15 +4.172218e-14 +nan +1.168016e-14 +4.207961e-15 +1.222042e-14 +1.399682e-14 +8.546454e-15
« ADEV:s are calculated from this data. 44236800 +1.668442e-14 +4.249225e-14 +nan +2.068302e-14 +2.484683e-15 +2.016610e-14 +1.872125e-14 +1.418509e-14 p
* MJDspan is the period used in the fig_0818_104212.pdf
ADEYV calculation. UTCk-clkl.dat  —8— UTCk-clkd.dat UTCk-clk7 dat UTCk-clk1 dat UTCk-clic3.dat UTCk-clk7 dat
11 UTCk-clk2 dat UTCk-clk6.dat UTCk-clk8.dat UTCk-clk2 dat o— UTCk-clkd dat #— UTCk-clk8 dat
[09_0818_ 104212'tXt * If there are nOt SUffICIent Sampl?s, UTCk-EIk3 d:t - ‘ ’ ¢ ‘ ’ UTCk-EIkJ.d:t*l —5— UTCk-EIkB.d:t ) ’
ADEV cannot be calculated and is le—s
# Data log at 2025.08.18_10h42m_12s expressed as “nan”
M .
**0** Read and plot initial clock data and Allan deviation***** g UTCk-clk2.dat
220 Input clocklist : clock_file_list.txt 2

;220 Input clock file : ['UTCk-clkl1.dat', 'UTCk-clk2.dat', 'UTCk-clk3.dat’,
'UTCk-clk4.dat', 'UTCk-clk6.dat', 'UTCk-clk7.dat', 'UTCk-clk8.dat']

;.20 data time interval (t_intval): 86400(sec)

;22 Outlier limit (x_limit))  : 1000.0

UTCk-clk2.dat*1

1071

. _ * “UTCk-clk2.dat” includes anomalies
* Operated menu processes are serially added to the log file. on MJD 58261 ~58456, and they are

y: time difference (sec)
y: allan deviation

UTCk-clk2.dat

treated as missing data. 0
* The data are divided into two blocks : \ |UTCk-c/k2-dat*1

before/after the anomalies. o loKe=releencechbek L L L ; .
57000 57250 57500 57750 58000 58250 58500 107 100 107
* ADEVs are calculated for each block. x: measurement time (MJD) x: averaging time (sec) 8




4. Operation of each function TAgen_auto.py

.......................................................................................................................
. .
. .

4.2. Select the menu of data processing | ENE TRID RN CEND DREE SR
B Input the menu number: : \
0. Plot the "UTC(k) — Clock;" data L
» Read all the data assigned in “clock_file_list.txt” (p.28), \ N
and plot the time differences vs “UTC(k)" and their N _
ADEVS. *: measurement ¢ ime (MD) "’ x-aifraginql\metsa{] b
* This operation initializes all the processing to date. **0** Read and plot initial clock data and Allan deviation*****
1 ASSiqn the MJD range ????? Save figure? (y/n) =y
. The'specified range will be used for all subsequent ! 1 save logfile = /TA_RESULT/0818_104212/log_0818_104212.txt
i " 0" i : i save figfile = ./TA_RESULT/0818_104212/fig_0818_104212.pdf
processing unless “menu-0" is selected. : i save alldata = ./TA_RESULT/0818_104212/all_raw_clk_0818_104212.dat
::::: save ADEVdat = ./TA_RESULT/0818_104212/all_adev_0818_104212.dat

2. Make TA with daily prediction and
dynamical weighting
 Calculate the T4 using daily prediction and dynamical

Menu of the data processing

daily weighting «<1/Allan variance. : 0. Plot the "UTC(k)-Clock" data
: 1. Assign the MID range
. : 2. Make TA with daily prediction
10' m and dynamical weighting
* Exit the program. { 10. Exit
"1 See Tdp~in [Ref. 1]. ????? Input menu number ? >> 1

g
.
........................................................................................................................



4. Operation of each function

4.21. If “menu-0"is selected:

B Plot the "UTC(k) — Clock;" data

* Function is the same as for the “Initial processing [1]-[7]". (pp.6-7)
 Selecting this menu during operation will reset the results of

the previous operation.

1

TAgen_auto.py

.......................................................................................................................
. .
. .

Menu of the data processing

(0. Plot the "UTC(k)-Clock" data )
1. Assign the MID range
2. Make TA with daily prediction
and dynamical weighting

10. Exit
???2?? Input menu number ? >>0 1
I
11111 UTCk-clk2.dat includes outliers
UTCk-clk1.dat - UTCk-clkd dat UTCk-clk7.dat UTCk-clk1.dat UTCk-clk3 dat UTCk-clk7.dat
UTCk-clk2.dat =& UTCk-clké.dat #— UTCk-clk8.dat UTCk-clk2.dat o= UTCk-clkd dat o UTCk-clk8.dat
UTCk-clk3.dat UTCk-clk2.dat*1 —&— UTCk-clké.dat
le-5
5
4
3
@ g s
2 2
: s
B & 1071
2 H .
: ™~
-1
-2
57000 57250 57500 57750 58000 58250 58500 10° 100 107
x: measuremen it time (M]D) x: averaging time (sec)

**0** Read and plot initial clock data and Allan deviation*****

g
.
........................................................................................................................



4. Operation of each function TAgen_auto.py

......................................................................................................................
. .
. .

**0** Read and plot initial clock data and Allan deviation*****
????7? Save figure? (y/n) = 5

4 2 2 |f "menu_1" iS Selected. 1 Menu of the data processing
C 0. Plot the "UTC(k)-Clock" data

. 1. Assign the MID range

B Assign the MJD range 2 Wfake TA with daly prediction
) ) and dynamical weighting

» The data range is defined as [MJD1, MJD2]. : 10. Exit
 Enter "MJD1" and "MJD2" separated by a space. |2 . 22222 Input menu number ? >51_| 1

; : : PRk Rk Assign the MJD range for calculation in [56901,58726].

* If the input values are outside the available range, |3 o _ _

. L . i **1** Selected rangeis : [ 56910 - 58800 |

* If the input values are within the available range, . . 11111MJD2 should be equal or smaller than 58726 . 11111 | 3
the data processing range Is updated. **1** Assign the MJD range for calculation in [56901,58726].

#¢ This new data range is adopted in any subsequent : 2?1?22 Input MJD1 and MID2 with spacing = 57000 58000 | 4
processes unless the initialization is done using “menu-0". . %1%+ Selected range is : [ 57000 - 58000 ]

* Save the results, if required. [ E e o eaa [man e o e

% 2":_ :mel

57000 57200 . meS::uDrDemem ?ﬁg?wm 57800 58000 10° . ave:azsmgﬂmﬂsac] 107 ;

g
.
........................................................................................................................



4. Operation of each function

4.2.3.

If “menu-2" is selected: |1

B Make T4 with daily prediction and dynamical weighting

» This menu calculates the time series of “x;(t;)” day by day.

k‘i(tk) = X;i(tg—1) + ¥i(te—1) - (& — ty—1) |Eq-(10)”

L

X oxi(ty)
>< xs(tk)
>< tk—l .
>:< Xis(tk) .
K Xi(ty)
K yi(te-1):

Xs(ty) =

—

Xi(tr) = xs(tg) + Xis(ty)

Eqg. (9) ™!

|
wi(ti){ X (E) — Xis (i)}

Eq. (11) ™

: time difference of clock; vs TAp, is the value to obtain T4p

m“_n

. the clock with a suffix “s” means the Refclk.

one day before ¢
measurement time difference of clockivs Refclk.
(calculated from the "UTC(k) — clock;" data)

. prediction of x;(t)

rate of clock; (calculated from the past values of x;) ™

. weight of clock; (calculated from the ADEV of past x;) ™

TAgen_auto.py

Od e

Menu of the data processing

0. Plot the "UTC(k)-Clock" data
1. Assign the MJD range

2. Make TA with daily prediction
and dynamical weighting

10. Exit

.....................................................................................................

*1 : Refer to [Ref 1]

IR _ xi(tg) = xi (& — Trgee)
yity) = T
rate

*T, .. IS given by the input value from the

console. (p.16)
72T,y Zi wi=1

*0,(T,,q) (s ADEV calculated from the past x;.
* T, (s given by the input value from the

B wih) =

console. (pp.16-17)

12



4. Operation of each function TAgen_auto.py

2 TAx clkl.dat,, ,

4.2.3. If “/menu-2"is selected: Calculated
"""""""""" x; = clock;=TAp

/
\
|

“[No.]” are shown in

B Outline of the process e ol fonine osEes
#1 Preparation

TETTS
Y]
Q
(%)
~
R
-t
~

Xt —1
Xl — 1D

i w Clock,—TAp

- Calculate the “clock; — Refclk” from "UTC(k) — clock;”
- Copy the past “clock; — UTC(k)" into the data file of x; :

#2 Calculation of daily TA4p

* Iterative daily calculation => [8] (pp.20-21)
- Set the normalized weights
- Calculate the prediction x; of each clock

Start making TA

 Take over the parameters and clock data from A ) :
the results of Initial processing => [11[21[31[4] (pp.14-15) i ngt{,) ;
- Obtain the contents of “param_list.txt" | \ A
- Obtain the contents of “clock file list.txt" me%?sﬁ);etr,;i ﬁf;fj o i i
- Obtain the contents of “UTCk_(clock).dat” 1 clock. —TA3 = i i
- Obtain the range [MJD1, MJD2] clock,~UTC(k) = ! !
« Set the parameters for rate & weight =» [6] (pp.16-18) (=D *{UTC(k) —clock;} i T i
* Prepare the necessary data set => [51[7] (p.15,19) A i Clock,-Refelk i

o T ol -

U4

/4

1

1

1

1

1

1

1
t

1

1

1

1

1

1

-—_*—
d
/4
1
e

1

1
'.S"

\

- Calculate the daily x; and accumulate it to "TAx_(clock,).dat" 2 ¢ N L 3
. . VR |/ Xur (o — D, Xur(to)] Xur(t), ), |
#3 Plotting & saving the results UTC(H) - clock, \PIRPICEDB OO ﬂJ
« Calculate "UTC(k) — TAp" for evaluation > [9] (p.21) ' — F— :
» Plot and save "UTC(k) — TAp" and its ADEV = [10][11] (0.22) 1] UTCk clic.dat, ,,

- The Result files are saved under “/TA_RESULT/".



4. Operation of each function

4.2.3. If “menu-2" is selected:

B #1 Preparation

[1] Read the parameters from “param_list.txt"
€ Initial Processing [1] (.6

[2] Read the parameter from “clock_file list.txt” |t
€ Initial Processing [2] (.6

[3] Read the assigned clock data “UTCk-(clock,.dat”
€ Initial Processing [3] (.6

/TAgen_Auto

+—— Clock file_list.txt

TAgen_auto.py

* Clock table

# filename : weight : flgl
(1 UTCk-clkl.dat: 1 : 0 )
2 UTCk-clk2.dat: 1 : 0
3 UTCk-clk3.dat: 0 : 0
4 UTCk-clk4.dat: 1 : 0
£5 UTCk-clk5.dat: 1 : 0

6 UTCk-clk6.dat: 1

Al
7 UTCk-clk7.dat: 1 : 0
(8 UTCk-clk8.dat: 1 : 0

J

# sum of weights is normalized to 1 in the program.
# flg1=1 means the reference clock of phase comparison.

* “clk5” is ignored
by “#” at the top.

* “clk6” isto be
the “Refclk”
(reference clock).

/Data_Clock S 2

—— UTCk-clkl.dat, , ,

* Measurement data

56901.0000 +3.857038e-05
56902.0000 +3.858851e-05
56903.0000 +3.860536e-05
56904.0000 +3.862265e-05
56905.0000 +3.864137e-05
56906.0000 +3.865722e-05
56907.0000 +3.867585e-05
56908.0000 +3.869336e-05
56909.0000 +3.871406e-05
56910.0000 +3.872944e-05
56911.0000 +3.874483e-05

!

- of “UTC(k) - clock;”
* Origin of the TAp.

o : % :

I

!

[




4. Operation of each function TAgen_auto.py

4.2.3. If “menu-2" is selected:

B #1 Preparation (Cont) /Data_Clock
[4] Fix the available MJD range <€ Initial Processing [4] T Sieksetkrdat
(p 6‘) 56901.0000 +9.635976e-06 ! 56901.0000 +3.857038e-05)
) ] ) ’ 56902.0000 +9.617261e-06 / 56902.0000 +3.858851e-05
K Nf [MJDI, MJD2] is defined by “menu-1"in advance, that range 569040000 105754426.06 | | | 569040000 138622656.03
is adopted as a priority. 56905.0000 +9.555420e-06 56905.0000 +3.864137e-05
X Mathematically, T4p can be calculated al least one clock. ' ' —— '
However, concentrating the weight on a single clock reduces T
the advantages of TAp.
X To avoid this problem, actual algorithms usually impose
restrictions on the maximum weights and minimum number of [ /TAgen_Auto
3 | | “clock; — Refclk”

clocks.
— all_clk-clké.dat

[5] Prepare the measurement data set of Xis(tk) #vuD (akicke ) ¥ clkz-clké ... ck7-cké  clks-clk6

. . ( 56901 -2.893440e-05)+1.582061e-05 ...... -1.294882e-05 +nan
. Calculate the measurement time d|fference of ”CIOCki — Refclk” 3 56902 -2.897125e-05 +1.581478e-05 ...... -1.297033e-05 +nan
from “UTCk-(clock).dat”.

56903 -2.900803e-05 +1.580182e-05 ...... -1.299410e-05 +nan

[MJD1, MJD2]

. o ; 58724 +nan -2.345233e-05 ...... -6.114480e-05 -2.203147e-05
* Results are saved in the file “all_clk-(Refclk).dat” (p.31) 58725 +nan -2.345714e-05 ......-6.117361e-05 -2.203718e-05
- 58726 +nan -2.346388e-05 ... -6.119951e-05 -2.204650e-05

* Data file of all "X;4(ty) = clock,— clock6” except for
the clock; with the mark “#” in “clock_file_list.txt”

15



4. Operation of each function

4.2.3. If “menu-2" is selected:

B #1 Preparation (Cont)
[6] Set the parameters for rate and weight

[6.1] EnterT,,,, as the span for calculating the rate |4
 Clock rate is calculated from the slope of the latest T,.,,, days.
i(ty) —xi(t, — T
S'i(tk) _ xl( k) Txl( k )
rate
 Any value for T, ,,, is permitted within the assigned MJD span.

»¢ The most suitable value is the one that gives the lowest ADEV.
( For a typical commercial Cesium clock, this may be around 30~60 days. )

rate

Eq. (12)| (p.12)

[6.2] Enter T, as the span for calculating weights |s
» The clock weight is inversely proportional to the Allan Variance

0,,%(T,,), and is updated daily.
1
wi(ty) < m Herezi w,=1 (p.12)

n

. GKI(T o) is calculated from the past latest x; values within the

Tvgvgt range using the Python library “AllanTools” [Ref. 2]. (Cont.)

TAgen_auto.py

..........................................................................................................

Menu of the data processing

0. Plot the "UTC(k)-Clock" data

1 i D

2. Make TA with daily prediction
and fixed clock weights

10. Exit

*2** Set the span for clock rate calculation.
??2?? Span in days (try 10 or 30 or 90) = 40 4
**2** The rate span = 40

**2** Set the ADEV_tau for setting the clock weight.
??22?? Span in days (16 or 32 or 64 or 128) = =30
**2** The ADEV tau = 30

...........................................................................................................

Span for weight calculation

NTT
& '/ \ \
L1 I | .| |
! 3 “—f"\\ !
MJD1 Trae TA, TA, TA, *++ MID2
Span for rate  TAp Starting
calculation

16



4. Operation of each function TAgen_auto.py

4.2.3. If "menu-2”is selected: E E " oo
o 16(days
B #1 Preparation \\ s 6
ays
[6] Set the parameters for rate and weight .;_j\ oldoys

y: allan deviation

..‘“‘ex\ \"‘m /
“"». '\,\.. .,_\__‘
H“‘\ \'
1

[6-2] Enter T, , as the span for calculating weights (Cont.)

&
.
A
A

() 1 H Z 1
wi(ty) X ————< ere w; = e
l o.yZ(ngJ i \
»¢ As for the appropriate setting of Twgt N : | 10 N N 10
A clock can join the TAp calculation if its rate and weight |
values can be prepared. This means that the clock’s % As for the determination way of T,,,
participation date (here T,) must satisfy the conditions of + Any value for T,,, within the assigned MJD |5
n n ' n A 7 t
Ty>T,q" and "Tp>N+T,," span is allowed 1n the program.

« To improve the accuracy of ADEV, extending the range of

° . " ” 6
"N=T,," is desirable. For that, a substantial amount of In this program, “/6, 32, 64, 128 days” are

data stock is required, particularly for large T, . In that suggested 'for Tge .

case, the start date of T4p (named as T4, here) will be later, * The ADEV is calculated in Octave; the |

so that the time series OprAp becomes shorter. available  for o, (7) are "1, 2, 4,,, days".
 Due to these conflicting conditions (improving the * If the input T,, . value does not correspond | s

precision of ADEV and realizing the longest time series of with the available above "t“s, the 7, (7) by

TAp), the N value must be carefully determined. the closest T to T, is used for the weight

* Nis given as Twgt N in “param_list.txt". (p.29) calculation. 17



4. Operation of each function TAgen_auto.py

.........................................................................................................

4.2.3. If “menu-2" is selected:

Menu of the data processing

. 0. Plot the "UTC(k)-Clock" data
B #1 Preparation L 1 Assi D
2. Make TA with daily prediction
[6] Set the parameters for rate and weight (Cont.) L N fixed clock weights
[6.3] Select whether to set the weight limit or not|7| @ ??2inputmenu number?>>2
»* Maximum weight limit is given in the “param_list.txt" (p.29). . I UTCk-clk2.dat includes outliers
o "o 11 ; ; i _ *2** Set the span for clock rate calculation.
If “n”, the We|ghts ailre_sw.nply caIcuIatgd as.sh.own in [6.2]. (pp.16-17) 27222 Span in tays (try 10 or 30 or 90) = 40
* If "y”, each weight is limited by the given limit. . **2%* The rate span = 40
limit OFF limit ON ) **2** Set the ADEV_tau for setting the clock weight.
. e - e T : ??2?? Spanin days (16 or 32 or 64 or 128) = 30
dk2  —— dk4 dk7 N ok2  —— ckd dk7 *¥*¥2** The ADEV tau = 30
. « — Saturation {22277 Set the weight_limit? (y/n)= y | 8
08 = at the L **2** weight limit= 0.4 [ g —
30 maximum :
e s limit =04 | 8 Pt

¥ weight

tJ"L\;f«‘J‘uﬂ

Y y .H‘M 10 1
o0 “\: el N - M“ ¥ Both are the results under the following condition:

0o 4= . .l
57400 57600 57800 58000 56200 58400 58600 57400 57600 57800 58000 58200 58400 58600 rate Span=40, ADEV tau=30, Welght limit =0.4.

x: time (M]D) ®: time (M]D)

(/0818_104350) (/0818_104417)

Clock weights behavior during the TA calculation. 1 8




4. Operation of each function

4.2.3. If “menu-2" is selected:

B #1 Preparation

[7]1 Prepare the initial data set of x; in the file
“TAx_(clock;).dat” to start the TAp calculation

* As shown in Eq.(10) (p.12), the data set of past x; and y;
values are required to start the TAp calculation.

* In particular, ; needs the x; over the latest T, days, and
w; needs the x; over the latest "N« T, " days. (pp.76-17)

* As no past x; are at the beginning, “UTC(k) — clock;" is used | 9
as a substitute for the initial x;.
clock(t) — UTC(k)(t) — clock(t) — TAp(t) = x;(t) (t < startdate)
* This past “clock; — UTC(k)” data over the necessary range™ | 10
are copied in "TAx_(clock,.dat".

*1: This range is determined by the longer one of T, or "N +T,,". |11

TAgen_auto.py

..........................................................................................................
Y L

Menu of the data processing

0. Plot the "UTC(k)-Clock" data

2. Make TA with daily prediction
( and fixed clock weights )

10. Exit

*2** Set the span for clock rate calculation.
??27?7? Span in days (try 10 or 30 or 90) =
**2** The rate span = 40

40 ¢— T, =40

= *
**2** Set the ADEV_tau for setting the clock weight. (N * ngt =10 30)

??27?7? Span in days (16 or 32 or 64 or 128) =
**2** The ADEV tau = 30

..........................................................................................................

| /Data_Clock |
UTCk-clkl.dat, , ,

56901.0000 +3.857038e-05
56902.0000 +3.858851e-05
56903.0000 +3.860536e-05

57201.0000 +4.366582e-05

9

30 :
Past data of
300 days| 44
|/TAgen_Auto |
/TA_GEN

300 days

/MMDD_hhmmss |

— TAx clkl.dat, ,,

#10  x(t0)

!1 Attention to the sign !!

(56901 -3.857038e-05
R 56902 -3.858851e-05
> 56903 -3.860536e-05

10 ||57201 -4.366582¢-05

19



4. Operation of each function

TAgen_auto.py

/TAgen_Auto J

4.2.3.

/TA_GEN

If “menu-2" is selected:

B #2 Calculation of daily 74p

[8] Calculate x;(t,) for “TA, <t, < MJD2"

» The TAp calculation start date is "TA,= MJDI+T+1". |12

(T is the longer of T,.,,, or NxT

rate wgt')

[8.1] Set the weights for the available clocks
* The weights are calculated as shown in [6.2][6.3]. (pp.76-18)

* If the measurement data for a clock is not normal (missing
or an outlier), the weight of this clock becomes zero for
that date.

[8.2] Calculate the prediction x;(t;)
* X;(ty) is calculated by Eq.(70) (p.12) using the past x;.
* "y:(t)_1)" is calculated as denoted in [6.1]. (p.76) | 13

» The calculated daily results are saved in the files

“(MJD)_TAxhat.dat. (p.32) 14

/MMDD_hhmmss

 Data file of x;(t) for each

(TAp start)

clock over the available MJD

e Data without “*” at the bottom :

TAx_clkl.dat copies of the past “UTC(k) — clock,”

#t0  x(t0)

56901 -3.857038e-05 VT = 300 (da
TA,-1day : : vt (day)

~T,aee | (57161 -4.298897e-05 T, ace = 40 (day)

TA,-1day : :
2| (57201 -4.366582e-05

{TA0= MJDI + N*Twgt + 1} 12 {

xi(ty) — x;(ty —

T
yi(tk) — T rate) Eq. (12)
rate

2i(t) = xi(tee1) + Filtie1) - (b — tiq)

=56901 +300 + 1

th xift-) &il(tk_ﬂ a"ciﬁtla 57202_TAxhat.dat | 14

#tO clock x{tB 1dav) rate(40davs) xhat{tO) ADEV(32days) weight flgl cid
TA 9| 57202)clk1| -4.366582e-05) -1.958478e-13 )\-4.368274e-05) +4.422391e-15 0.25 0 1
57202 clk2 +8.886396e-06 +1.124881e-13 +8.896115e-06 +3.686685e-15 0.36
57202 clk3 +1.158789e-05 -1.958333e-14 +1.158620e-05 +nan 0.00
57202 clk4 -2.045711e-05 -4.758681e-14 -2.046122e-05 +1.598723e-14 0.02
57202 clk6 -3.931355e-06 +2.088255e-13 -3.913312e-06 +4.716883e-15 0.22
57202 clk7 -2.458272e-05 -9.361111e-14 -2.459081e-05 +5.479469e-15 0.16
57202 clk8 -1.689176e-05 +1.232841e-13 -1.688111e-05 +nan 0.00

oOor oo
OO DhWN

* Data file of x;(t;) and key parameters
for all clocks on each MJD

20



4. Operation of each function

4.2.3. If “menu-2”is selected:
B #2 Calculation of daily T4p (Cont.)
[8] Calculate x;(t,) for “TA, <t, < MJD2"
[8.3] Calculate the daily x;(t;)

 Calculate x;(t;) of each clock by Eq. (9)(117). (p.12). |15

* The calculated time series of x;(t;) are accumulated in the
files “TAx_(clock;).dat with the star mark “ * " at the end of |16

the line.

B #3 Plotting & saving the results

[9] Calculate “UTC(k)-TAp" for evaluation

» TAp can be compared with other timescales or clocks via

common reference, for example UTC(k).

» "UTC(k) — TAp" is obtained as follows (Refer to [Ref. 2]).

UTC(k) — TAp = [UTC(k) — h;] + [h; — TAp]
"UTCk-(clock).dat” Calculated x;

TAgen_auto.py

/TAgen_Auto

Eq. (13)

/TA_GEN

* Weights are inversely proportional

%

}> /MMDD_hhmmss

to AVAR and updated daily .

—— 57202 TAxhat.dat 57203 TAxhat.dat

l #10 clock x(t0-1day) rate(40days) xhat(t0) ADEV(32days) weight flgl cid
57202 |clkl -4.366582e-05 -1.958478e-13 (-4.368274e-05 |+4.422391e-15 | 0.25| 0 1
57202 |clk2 +8.886396e-06 +1.124881e-13|+8.896115e-06 +3.686685e-15 |0.36
57202 |clk3 +1.158789e-05 -1.958333e-14 |+1.158620e-05 +nan 0.00
57202 |clk4 -2.045711e-05 -4.758681e-14 -2.046122e-05 |+1.598723e-14 | 0.02
57202 |clk6 -3.931355e-06 +2.088255e-13 |-3.913312e-06 +4.716883e-15 |0.22
57202 |clk7 -2.458272e-05 -9.361111e-14 -2.459081e-05 |+5.479469e-15 | 0.16

| 57202 |clk8 -1.689176e-05 +1.232841e-13 (-1.688111e-05 /+nan 0.00

OolHoOO
OO A~WN

15
“clock, - Refelk”  x:(ti) = Z Wit Zi(ti) — Xis(t))

Eq. (9)

— TAx clkl.dat TAx_clk6.dat
#t0  x(t0) #t0  x(t0)
56901 -3.857038e-05 15 56901 -9.635976e-06
56902 -3.858851e-05 x;(ty) = 56902 -9.617261e-06

26303 -3.860536e-05 x(ty) + Xis(ty) | 56903 -9.597332e-06

: : 16 : : 16
57201 -4.366582e-05__ l Eq.(11) 57201 -3.931355e-06
TA, = | 57202 -4.368172e-05 @ {57202 -3.913825e-06 * |
TAp b=
start \—— — J

Y
 Data file for x;(t) for each

clock over the available MJD

» Data without “*” at the end of the line
is the copy of the past “UTC(k) — clock;”.

21



4. Operation of each function TAgen_auto.py

..................................................................................................................................
. *e

© ??2?? Span in days (recommended 10 or 30 or 90) = 30

0
0

4.2.3. If “menu-2”is selected:

***%* Calculating a timescale for 57202

B #3 Plotting & saving the results (Cont.) 115876 kL ARy Imeate jor 58726
: 111158726 clk2 ADEV impossible

[10] Plot the results *2 58726 clké adev(a2daye 5907734015
- Left  :time difference vs UTC(k) (p.40) 33730 clke adevi32daye- 58302876 1¢
- Middle : ADEVs of left data (p.40) . 1111 UTCK-clk2.dat includes outliers
- Right : clock weights (p.47) : IIUTCk-clk2.dat includes outliers

[11] Save the results, if required 13 Tmmn SwIh SetT pms Thom el Bom o o
« Results are saved at “/TA_RESULT/(time)/". (pp.35-417) -
- Log_(time).txt  : history of the process i

: time difference

- fl? _(time).pdf  : figure of "UTC(k) — clock;” & ADEV
[ raw clk TA_ (ttme) dat : time difference vs UTC(k)

- all adev (time).dat : ADEV of "UTC(k) — clock;”
- all_weight (time).dat : daily calculated weights
- wgt fig_(time).dat : figure of all weights

All ADEVSs are calculated: within the MDs of TA 0o
57000 57250 57500 57750 58000 58250 58500 100 100 107 57400 57600 57800 58000 58200 58400 58800
x: measurement time (MJD) x: averaging time {sec) «: time (M|D)

**2** make a timescale with prediction *****

| |
MR o e M oW &,

????? Save figure? (y/n) =y |13

;.0 save logfile = ./TA_RESULT/0818 104350/log_0818_104350.txt

.0 save figfile = ./TA_RESULT/0818_104350/fig_0818_104350.pdf :
.12 save alldata = ./TA_RESULT/0818_104350/all_raw_clk_TA 0818 104350.dat :
;.o save ADEVdat = ./TA_RESULT/0818 _ 104350/all adev 0818 104350.dat :
;12 save weights = ./TA_RESULT/0818 104350/all_weight_0818 104350.dat
;1 save wgt_fig = ./TA_RESULT/0818_104350/wgt_fig 0818 104350.pdf



4. Operation of each function

Pytool TAgen/TAgen_Auto/TA_RESUT/0818 104350/

all raw _clk TA 0818 104350.dat

fname UTCk-clkl.dat UTCk-clk2.dat UTCk-clk3.dat UTCk-clk4.dat UTCk-clk6.dat UTCk-clk7.dat UTCk-clk8.dat UTCk-TA
weight 1.0 1.0 0.0 1.0 1.0 1.0 1.0 0.0
flag 0 0 0 0 1 0 0 3
cid 1 2 3 4 6 7 8 0

56901 +3.857038e-05

57201 +4.366582e-05

-6.184638e-06 -1.215249e-05 +1.918367e-05

-8.886396€-06 -1.158789¢-05 +2.045711e-05

+9.635976e-06 +2.258480e-05 +nan

+nan

+3.931355e-06 +2.458272¢-05 +1.689176€-05_+nan

57202 +4.368122e-05

587i6 +nan .

-8.896972e-06 -1.158562e-05 +2.045840e-05

+6.687379¢-06 -3.180825¢-06 +2.7084266-05

+3.913326e-06 +2.459225e-05 +1.688237e-05 -4.990688e-1(

-1.677650e-05 +4.442301e-05 +5.270004e-06 +5.026417¢-06

all_weight_0818_104350.dat

# MID

clkl clk2 clk3 clk4 clk6 clk7 clk8

57202.0[ 0.247 0.356 0.000 0.019 0.217 0.161 0.000 |

58726.0 0.000 0.000 0.000 0.001 0.004 0.003 0.992

Daily calculated weight is inversely proportional to Allan variance.
This case is without the maximum weight limit. <«

log_0818_104350.txt

Wagt fig_0818_104350.pdf

clkl
clk2

clk3
—— clkd

—— clk&
elk?

—— clkg

# Data log at 2025.08.18_10h43m_50s

#

**0** Read and plot initial clock data and Allan deviation*****
22 Input clocklist
2 Input clock file :

: clock_file_list.txt
['UTCk-clk1.dat', 'UTCk-clk2.dat', 'UTCk-clk3. dat" 'UTCk-

clk4.dat', 'UTCk- clk6. dat', 'UTCk-clk7. dat' 'UTCk-clks. dat]
;.20 data time interval (t_lntval) 86400(sec)

2 Outlier limit (x_limit))

:1000.0

**2%* make a timescale with prediction *****

saved TAxhat data : ./TA_GEN/0522_172900/(MJD)_TAxhat.dat
saved TAx data : ./TA_GEN/0522_172900/TAx_(clock).dat
::iivinterval for rate estimation (TArate_span)

22220 ADEV tau for clock weight (wgt_adev_tau0)

32(days) /
max weight limit (wgt_Imt)
.20 sample numbers for ADEV for weighting (Twgt_NJJ= 10

: 40(days)

\
Y
[}
[l
1
T
1
i
1
i
|
i
1
i
i
|

|

-

TAp calculation starts
from MJDI1+N*T,,,, +1
=56901 +300 +1

UTCk-clk1.dat

UTCk-clk2 dat

—— UTCk-clkd dat
le-5

4.2.3.

—o— UTCk-clk6.dat

UTCk-clk7 dat

TAgen_auto.py

If “menu-2" is selected:

@ UTCk-clkB.dat

—o— UTCk-TA

UTCk-clk1 dat
UTCk-clk2 dat
UTCh-clk2 dat*1

fig_0818_104350.pdf

—o— UTCk-clk4.dat o
—o— UTCk-clké dat
UTCk-clk7 dat

—o— UTCk-TA

y: time difference (sec)
-

! TAp

y: allan deviation

107

&l ADEVs are calculated within the M|Ds of TA

TAp

57000 57250 57500 57750 58000 58250 58500
¥: measurement time (M|D)

MJDspan is the period used in

the ADEV calculation.

10

100

107

®: averaging time [sec)

all adev 0818 104350.dat

UTCk-clk1.dat
57202-58000
+2.671314e-14
+1.919744e-14
+1.359101e-14
+8.965388e-15
+6.661882e-15
+5.808297e-15
+5.100534e-15
+5.704858e-15
+7.589139e-15

+nan

57400 57600 57800 58000 58200 58400 58600
®: tirme (M]D)
Tau(s)

MIDspan

86400

172800

345600

691200

If there are not 1382400
sufficient samples, 2764800
ADEV cannot be 5529600
calculated, and is 11059200
expressed as “nan” 22118400
74 : 44236800

UTCk-clk2.dat UTCk-clk2.dat* -
57202-58260 58457-58726 | 57202-58726

+2.672821e-14 +1.914455e-14
+1.931040e-14 +1.284166e-14
+1.383787e-14 +9.326690e-15
+9.188727e-15 +6.149651e-15
+8.011344e-15 +4.614288e-15
+1.127373e-14 +3.789893e-15
+1.905124e-14 +4.020702e-15
+3.093775e-14 +6.159347e-15
+3.222987e-14 +nan

+5.349799e-15 +nan

+6.349398e-14
+4.272830e-14
+2.980696e-14
+2.154658e-14
+1.618386e-14
+1.119640e-14
+7.564302e-15
+5.057043e-15
+4.528442e-15
+2.866345e-15

57202-58726

+3.056365e-14
+2.246428e-14
+1.566171e-14
+1.114723e-14
+7.863938e-15
+5.678597e-15
+4.776232e-15
+5.936237e-15
+9.449766e-15
+1.056197e-14

57202-58726

+2.933094e-14
+2.070340e-14
+1.464787e-14
+1.072491e-14
+7.597546e-15
+5.582861e-15
+4.551563e-15
+5.225535e-15
+7.483117e-15
+6.455195e-15

JTCk-clk6.dat UTCk-clk7.dat  UTCk-clk8.dat

57202-58726

+2.537478e-14
+1.829287e-14
+1.317546e-14
+9.112607e-15
+6.468798e-15
+4.362013e-15
+4.058927e-15
+5.760070e-15
+8.720073e-15
+1.625726e-14

UTCk-TA
57202-58726
+1.950581e-14
+1.375601e-14
+9.803913e-15
+6.841218e-15
+4.512655e-15
+3.320030e-15
+3.297101e-15
+4.961455e-15
+6.200905e-15

+7. 754905e 15 7

UTCk-clk8. dat




A-1.

Input / Output files :
A-1.1. Relation of the files

TAgen_auto.py
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A-1.1.1. Relation of the files (1) TAgen_auto.py

Pytool TAgen

UTCk-clk1.dat UTCk-clk6.dat
56901.0000(+3.857038e-05 56901.0000(+9.635976€-06)
—| Data_Clock : ; Va :
57161.0000|+4.298897e-05 57161.0000| +4.653056e-06
| 57162.0000|+4.300787e-05 57162.0000| +4.638213e-06
57201.0000|+4.366582¢-05 57201.0000 +3.931355¢-06
— TAgen_Pred : : : : °
Clock file_list.txt param_list.txt 5
# sum of weights is normalized to 1 in the program. t intvl = 86400 # interval of time / = v
?J:ﬁ;:}isrgﬁans the reference clock of phase stamp (for day==>86400, V4 /
#filename : weight : flgl hour==>1440, second==>1) //
1UTCk-clkl.dat: 1 : 0 x_limit = 1000 _# outlier limit 57202 TAxhat.dat
2UTCk-clk2.dat: 1 : 0 - :
3UTCk-clk3.dat: 1 : 0
4UTCk-clkd.dat: 1 : 0 “clk6” i
#5 UTCk-clk5.dat: 2 -0 tﬁf%e}itsil';(c’ e clock__x(t0-1day) rate(40days) xhat(t0) ADEV(32days)  weight flgl cid
6 UTCk-clk6.dat : 2 : 1 clk1(-4.366582e-05 | -1.958478e-13 )-4.368274e-05) +4.422391e-15 ( 0.247165) 0 1
7 UTCk-clk7.dat: 0 : 0 clk2 78.8863966-U6 .+ 1.17488Te-13 [+8.896115¢-06|+3.686685e-15 | 0.355656 | 0 2
8 UTCk-clk8.dat: 4 : 0 7 v clk3| +1.158789¢-05|-1.958333e-14 |+1.158620e-05| +nan 0.000000 | 0 3
/ clk4|-2.045711e-05 | -4.758681e-14 |-2.046122¢-05 | +1.598723e-14 | 0.018913| 0 4
/ clk6|-3.931355e-06 [+2.088255e-13 |-3.913312e-06 | +4.716883e-15 | 0.217266| 1 6
YISy e T ke T a ke clk7|-2.458272e-05 | -9.361111e-14 |-2.459081e-05 | +5.479469¢-15 | 0.161000| 0 7
56901 (2.8934 893440605 +1. 582061e-05 +2.178847€-05 -9.547694¢-06 -1.294882e-05  +nan \ clk8f-1.689176e-05 [+1.232841¢-13 1.688111e-05) +nan 0.000000) O 8y
57201 - +1.281775e-05 +1.551925e-05 -1.652575e-05 -2.065136€-05 -1.296040e-05
57202 (3.976789e-05)+1.281030e-05 +1.549895e-05 -1.654507e-05 -2.067892e-05 -1.296904e-0
I . ; ; ; ; "
58726 +nan -2.346388e-05 -1.359568e-05 -4.386076e-05 -6.119951e-05 -2.204650e-05 7 v\ N ¥
)\ e i s
all_clk-clk6.dat : g@«l X(t0)
57161| -4.298897e-05
TA_GEN 57162| -4.300787e-05
L /MMDD_hhmmss 572011-4.366582e-05 | !
| | 57202(-4.368172e-05 * | (57202 3.913825¢-06 *

—1 TA_RESULT * ;%

| Output results TAx_clkl.dat TAx_clké6.dat 2 5

L //IVIMDD_hhmmss (See next page)




A-1.1.1.

Clock file list.txt

# sum of weights is normalized
to 1in the program.

# flgl=1 means the reference
clock of phase comparison.

2|UTCk- cIk2 dat :
3|UTCk-clk3.dat|
4|UTCk-clk4.dat |
#5 UTCk-clk5.dat :
6|UTCk-clk6.dat |
7|UTCk-clk7.dat

Relation of the files (2)

TAgen_auto.py

Pytool_TAgen/TAgen_Auto/TA_RESULT/0818 104350/

. all raw _clk TA 0818 104350.dat

(fname UTCk-clkl.dat UTCk-clk2.dat UTCk-clk3.dat UTCk-clkd.dat UTCk-clk6.dat UTCk-clk7.dat UTCk-clk8.dat) [ UTCk-TA
¥ Weight 1.0 1.0 0.0 1.0 1.0 1.0 1.0 0.0
flag 0 0 0 0 1 0 0 3
UTCk-clkl.dat cid 1 2 3 4 6 7 8 ) 0
| 56901.0000 +3.857038e-05 /56901 +3.857038e-05 -6.1846386-06 -1.215249e¢-05 +1.918367e-05 +9.635076e-06 +2.258480e-05  +nan +nan
57201.0000 +4.366582e-05 57201 +4.366582e-05 -8.886396e-06 -1.158789e-05 +2.045711e-05 +3.931355e-06 +2.458272e-05 +1.689176€-05 +nan
57202.0000 +4.368122e-05 »|| 57202 +4.368122e-05 -8.896972e-06 -1.158562e-05 +2.045840e-05 +3.913326e-06 +2.459225e-05 +1.688237e-05| | -4.990688e-10
\58726 +nan +6.687379e-06_-3.180825¢-06 +2.708426e-05 -1.677650e-05 +4.442301e-05 +5.270004e-06 ( +5.026417¢-065

8|UTCk-clk8.dat |:

: -~ all adev 0818 104350.dat

| 1

log_0818_104350.txt —

MJDspan

Tau(s) UTCk-clkl.dat UTCk-clk2.dat UTCk-clk2.dat*1 UTCk-clk4.dat UTCk-clk6.dat UTCk-clk7.dat UTCk-clk8.dat [
57202-58000 57202-58260 58457-58726

57202-58726  57202-58726 57202-58726 57202-58726

UTCK-TA )
57202-58726

z Data log at 2025.08.18_10h43m_50s

**0** Read and plot initial clock data and Allan deviation*****

Input clocklist

Input clock file :

clk4. dat‘ 'UTCk-clk6.dat', 'UTCk-clk7.dat', 'UTCk-clk8.dat']
data’time interval (t |ntvaI) 86400(sec)

Outlier limit (x_limit)) :1000.0

**2** make a timescale with prediction *****

saved TAxhat data : ./TA_GEN/0818_104218/(MJD) TAxhat dat — wgt _fig_0818_104350.pdf
saved TAx data : /TA GEN/0818_ 1@218{TAX (cloc'k

: clock_file_list.txt
['UTCk-clk1.dat', 'UTCk-clk2.dat', 'UTCk-clk3.dat', 'UTCk-

44236800 +nan

86400 +2.671314e-14 +2.672821e-14 +1.914455e-14 +6.349398e-14 +3.056365e-14 +2.933094e-14 +2.537478e-14
172800 +1.919744e-14 +1.931040e-14 +1.284166e-14 +4.272830e-14 +2.246428e-14 +2.070340e-14 +1.829287e-14

11059200 +5.704858e-15 +3.093775e-14 +6.159347e-15 +5.057043e-15 +5.936237e-15 +5.225535¢-15 +5.760070e-15

22118400 +7.589139e-15 +3.222987e-14 +nan
+5.349799e-15 +nan

+4.528442e-15 +9.449766e-15 +7.483117e-15 +8.720073e-15
+2.866345e-15 +1.056197e-14 +6.455195e-15 +1.625726e-14

+7.754905e-15
. J/

+1.950581e-14
+1.375601e-14

+4.961455¢-15,
+6.200905¢-15

—— fig_0818_104350.pdf l l

UTCk-clk].dat
UTCk-clk2 dat
UTCk-clk2 dat*1

UTCk-clkl.dat ~ —e— UTCk-clk6.dat *— UTCk-clkB.dat
UTCk-clk2 dat UTCk-clk7.dat  —e— UTCK-TA
—o— UTCk-clkd dat

terval for rate estimation (TArate_span idays}
ADEV tau for clock weight (wgt_adev_tau0) 2(days dkl cid == dks —— did
max weight limit #wgt mt) dkz == ckd k7
..... sample numbers for ADEV for weighting (Twgt_| N)) 7

all_weight 0818_104350.dat— |

#MID clkl clk2 clk3 clk4 clk6 clk7 clk8
57202.0 0.247 0.356 0.000 0.019 0.217 0.161 0.000

57251.0 0.299 0.254 0.000 0.017 0.227 0.203 0.000
57252.0 0.231 0.196 0.000 0.013 0.175 0.154 0.231

58000.0 0.084 0.088 0.000 0.027 0.159 0.115 0.526
58001.0 0.000 0.097 0.000 0.030 0.173 0.125 0.575

_—y

le—5

== UTCk-clkd dat
—b— UTCk-clké dat
UTCk-clk7 dat

o= UTCk-clkB.dat
—o— UTCkTA

y. time difference (sec)
y: allan deviation

TAp

-\I ADEWs are calculated mthn th=I'U:ls of T-*\

58725.0 0.000 0.000 0.000 0.001 0.004 0.003 0.992
58726.0 0.000 0.000 0.000 0.001 0.004 0.003 0.992

57400 57600 57800 58000 58200 58400 58600
x: time (M]D)

4 v

7 57000 57250 57500 57750 58000 58250 58500 10° 10°

®: measurement time (M|D)

107
x: averaging time {sec)




A-1.

TAgen_auto.py

Input / Output files :

A-1.2.

Files used In the calculation
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A-1.2.1 “clock fie list.txt” TAgen_auto.py

- "/PytOO[_ TAgen/TAgen_Auto/c loc k_ ﬁ le_ list txt” ............. i T [ ——
Data_Clock T TA GEN :
Outline 1C TAQE‘"—AUWH‘ TA:RESULT
* “clock_file_list.txt" provides the conditions of each clock TA_GEN — (@ dlock_file_list.od
in the averaging process. : TA_RESULT @ param_listixt
* This table should be prepared in advance. TAgen_Basic (A TAgen_auto.py
: TAgen_Pred
DetaiIS/ Rules Of use T n A B A R A RN AR R AR R REEE R REE R REe *
e The line starting with “#" is ignored. 1 # sum of weights is normalized to 1 in the program.

# flg1=1 means the reference clock of phase comparison.

- 15t column : file No. (defines plot color) #filename  : weight : figl
- 2nd column : data file name 1 UTCk-clkl.dat:(1): O

11:0
3 UTCk-clk3.dat:J0|: O
4 UTCk-clkd.dat:{1]: 0O
1 | (#B5UTCk-clk5.dat|: 1| : 0

4t column : flag of the reference clock ™.

Note 6 UTCk-clkb.dat ;| 11( 1) 3 « clk6 is to be the Refclk
7 UTCk-clk7.dat:|1|: O (reference clock).
*1: The clock with “weight =0" is excluded in the averaging. | 2 8 UTCk-clk8.dat:( 1) : O %
*2 : The clock with “flglI=1", the reference clock named as e clk5 is
"Refclk” hereafter, is used as the base clock to get the |3 ignored 2 | +Clk3 and clk5 are excluded from the
time difference between clocks. by “#”. VTR
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A-1.2.2 “param_list.txt" TAgen_auto.py

. "/Pytoo[_ TAgen ,TAgen_AutO/param_ llSt. tthl :. ............. P ytDDl—TAQEH ..................... | .EE_ ................................ ‘
: Data_Clock = TA GEN :
Outline (v Tﬁ.gen_ﬁ.uto)—“ TA_RESULT
» “param_list.txt” provides the parameters for the TAp calculation. TA_GEN | @ clock_file_listixt
» Parameters that are fixed within the program but can be changed TA_RESULT @ param_Tistox
on demand are stored here. : TAgen_Basic | (_ @ TAgen_auto.py
* This table should be prepared in advance. TAgen_Pred
Details / Rules of use t_intvl = 86400(# interval of time stamp (for day==>86400,
. . hour==>1440, second==>1) 1
» These parameters are used with the same names in the program. x_limit = 1000 ¥outlier imit
 The text after “#" provides the explanation of the parameter. 1 ngtEN =)1O # sample numbers required for the ADEV (for
. ) . weighting
- t_lntVl . interval of time stamp (for day - 86400, hour - 1440, second - 1) wgt_Imt=0.4 # maximum weight limit (larger than 1/(available
- x limit : outlier limit clocks for averaging), smaller than 1)
- Twgt N : sample numbers required for the ADEV (for weighting) 4

wgt Imt . maximum weight limit
(larger than 1/(available clocks for averaging), smaller than 7)
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A-1.2.3 "UTCk_(clock,).dat”

B "/Pytool TAgen/Data_Clock/UTCk-(clock).dat”

Outline

» "UTCk-(clock;).dat” are the measurement clock data as the
materials of TAp calculation.

* This data files should be prepared in advance.

Details / Rules of use

» One file contains data from a single clock.

* The file name should be “UTCk-****.dat” where the four characters 1
A% identify each clock.

- 1t column : observation time stamp |2
- 2™ column : measured time difference of “UTC(k) — clock;” (in second) 3

Note

2 The Interval of the 1st column should be specified as ¢ intwl in | 4
“param_list.txt". (p.29)

»¢ This sampling interval must be constant and continuous.
»¢ Sufficient data is required for each clock to start the calculation. (p.79)

TAgen_auto.py

.......................................................................................................
o ‘e

Pytool_TAgen

(__ Data_Clock )——

TAgen_Auto
TAgen_Basic
TAgen_Pred

..........................................................................................................

—— @ UTCk-Clk4.dat

& UTCk-Clk1.dat ) !
@ utck-clk2.dat \ |
@ UTCk-Clk3.dat |:

@ UTCk-CIk5.dat
@ UTCk-CIk6.dat
@ UTCk-CIk7 dat
@ UTCk-CIk8.dat

56901.0000
56902.0000
56903.0000
56904.0000
56905.0000
56906.0000
56907.0000
56908.0000
56909.0000
56910.0000
56911.0000

3
+3.857038e-05 J

+3.858851e-05
+3.860536e-05
+3.862265e-05
+3.864137e-05
+3.865722e-05
+3.867585e-05
+3.869336e-05
+3.871406e-05
+3.872944e-05

+3.874483e—057 3 O




A-1.2.4 “all clk (Refclk).dat” TAgen_auto.py

| "/Pytoo[_TAgen /TAgen_Auto/all_Clk_(Refclk).dat” .......................................................................................................................

/| /Data_Clock

Outline . [ UTCk-clk6.dat — UTCk-clkl.dat
* “all_clk_(Refclk).dat” is the merged data of time difference S6901.0000 +9.635976e-06) | [ 569010000 +3.857038e-05)
“clock; — Refclk” calculated from the “UTCk-(clock;).dat" files. 36503.0000 +9.5573326.06 |\ | 209030000 +3 5505360.05
e . : o . 56004.0000 +9.575442¢-06 56004.0000 +3.862265€-05
* This file is an intermediate product during “menu-2". 56905.0000 +9.555420e-06 56905.0000 +3.864137e-05

I

Details / Rules of use
* Refclk is assigned by the flg1 in “clock_file_list.txt".

- 1stcolumn : observation time stamp [ /TAgen_Auto clock, - Refclk”
. M u ” ClOCK; — ReJC
- 2™ column : measured time difference of “clock; - Refclk”| 1 : ! :
. all_clk-clk6.dat
#MJD (clk1-clk6 ) /cIkZ-cIkG ...... clk7-clké clk8-clké
& (1( 56901 -2.893440e-05)+1.582061e-05 ...... -1.294882e-05 +nan
Q 56902 -2.897125e-05 +1.581478e-05 ...... -1.297033e-05 +nan
Note ; 56903 -2.900803e-05 +1.580182e-05 ...... -1.299410e-05 +nan
. ot g s U "o S || ss72 -2.345233€-05 ......-6.114480e-05 -2.203147e-0
X The clock with “#" in “clock_file_list.txt" is excluded. (p.28) s 28725 rnan 3345719008 L. 61173616.03 2 2037156-02
~ 58726 +nan -2.346388e-05 ...... -6.119951e-05 -2.204650e-05 7

* Data file of all "X;4(ty) = clock; — clock6” except for
the clock; with the mark “#” in “clock_file_list.txt”

0 .
......................................................................................................................



A-1.2.5

“(MJD)_TAxhat.dat”

"/Pytool_TAgen/TAgen_Auto/TA_GEN/
(time)/(MJD)_TAxhat.dat”

Outline

* “(MJD)_TAxhat.dat” is the intermediate product for
checking the TAp calculation. The main result is x;(ty).

» These data are intermediate products during “menu-2
one file is for one day result.

Details / Rules of use 1

TAgen_auto.py

/TAgen_Auto J

"o,

1st column : t

MJD to determine TAp

2nd column : cfock name

3rd column ;
4th column :
5t column :
6th column :
7th column

8th column :

Note

X T, IS given from the console at “menu-2".
»¢ The TAp start date is determined by

xi(tx—1): x; on the previous day of t;,
Yi(tx-1) (Eq. (12) on p.12)

Xx;i(ty) (Eq. (10), on p.12)

normalized clock weight

: flgl
clock ID

“TA,=MJDI+T+1" (p.20) 2

X MJDI is the oldest MJD when the available clock

data is provided, or is specified by “menu-1".

/TA_GEN
}‘ /MMDD_hhmmss

 Data file of x;(t) for each
clock over the available MJD

* Data without “*” at the bottom :
| TAx clkl.dat

#10  x(t0) )

56901 -3.857038e-05 N+T. =300 (da
TA,-1day : . wgt (day)
—T,oe 2P| (57161 -4.298897e-05 T, ate = 40 (day)

TA,~1day : :
=»|( 57201 -4.366582e-05
_x(tg) = xi (L —

Trate)
V.(t,) = Eq. (12)
|:TA0=MJD1 + N*Twgt + 1i| 2 yi(ty) T,

=56901 +300 +1 Xi(ty) = xi(tg—1) + Pi(tp—1) - (@ — tr—1)

ty xiﬁtk—l) 5’i|(tk—1) kiﬁtk)

..................................................................................................................
.
.

copies of the past “UTC(k) — clock;”

57202 TAxhat.dat | 1

#tO clock x(tB 1dav) rate{40davs\ xhat(tO) ADEV(32days) weight flg1 cid

TA =»| 57202 )clkl| -4.366582e-05) -1.958478e-13 )-4.368274e-05) +4.422391e-15 0.25
(TAp start) | 57202 clk2 +8.886396e-06 +1.124881e-13 +8.896115¢-06 +3.686685e-15 0.36
57202 clk3 +1.158789e-05 -1.958333e-14 +1.158620e-05 +nan 0.00

57202 clk4 -2.045711e-05 -4.758681e-14 -2.046122e-05 +1.598723e-14 0.02
57202 clk6 -3.931355e-06 +2.088255e-13 -3.913312e-06 +4.716883e-15 0.22
57202 clk7 -2.458272e-05 -9.361111e-14 -2.459081e-05 +5.479469e-15 0.16
57202 clk8 -1.689176e-05 +1.232841e-13 -1.688111e-05 +nan 0.00

CorooO0oo
Oy WN R

* Data file of Xx;(t;) and key parameters
for all clocks on each MJD



A-1.2.6 “TAx_(clock).dat” TAgen_auto.py

...............................................................................................................
0

/TAgen_Auto
11 H 9 9 o
B "/Pytool TAgen/TAgen_Pred/TA_GEN/ L /TA GEN » Weights are inversely proportional
. 7 to AVAR and updated daily .
(time)/TAx_(clock;).dat ! HL/MMDD_hhmmss
, 57203_TAxhat.dat
Outline l57202 TAxhat.dat _ l
Y . - . . . . #t0 clock x(t0-1day) rate(40days) xhat(t0) ADEV(32days) weight flgl cid
+ "TAx_(clock;).dat" is the time series of x; of clock; which is the TP - degsgnecs et (FaberTieTE v dzzmotes (029 0 1
ta rgeted pI’OdUCt of TAp calculation. 57202 [clk3 +1.158789e-05 -1.958333e-14 |+1.158620e-05 +nan 0.000 0 3
; 57202 [clk4 -2.045711e-05 -4.758681e-14 |-2.046122e-05 |+1.598723e-14 |0.02| 0 4
: 57202 [clk6 -3.931355e-06 +2.088255e-13 |-3.913312e-06 |+4.716883e-15 |0.22| _1 6
. 57202 [clk7 -2.458272e-05 -9.361111e-14 -2.459081e-05 +5.479469e-15 | 0.16| 0 7
DEtaI|S/ Rules of use | 57202 clk8 -1.689176e-05 +1.232841e-13 |-1.688111e-05 J+nan 000 0 8 4

- 1st column : t,: MJD to determine TAp
- 2™ column : x;(t,) of clock; (derived from Eq.(9)(11) on p.12) | 1| 1
e “clock; - Refelk”  x,(t) = ) wi®){i(t) — Xis (8}
e o i

Note EX

>:< Data Wlthout Hgerr atthe bottom Of . ......................................................... ‘: —TAX_Cldeat" TAX_ClkG.dat
the line are the copies of the past | [/Data_Clock | 2 #10__x(t0) #10 x(t0)
”UTC(k) — ClOCk " : MJD1 =>| 56901 -3.857038e-05 1 56901 -9.635976e-06

i 2 : ——— UTCk-clkl.dat, , , / ggggg 'g-gggggée'gg xi(ty) = 56902 -9.617261e-06

. . . : -J. e- . - -

X The first date MJDI is the oldest 56901.0000 +3.8570382.05 J 2 ; : Xs(tie) + Xis (L) 26903 9.597332¢-06 B
date when the available clock data | 383030000 +3a60s36e.05 57201 -4.366582¢-05 ). |["ea-12) ]| 57201 -3.931355e-05 -~
i ided or is specified b : : : T4, > (| =/202-4.368177e:05 — 4 (57202 -3.913825e-06 * |
!lS provi 9 1 P y 3 ; 57201.0000 +4.366582¢-05 TAp 7
menu-1". ; ; start o — v

¥ The TAp start date is determined i - %1+ Datafile for x;(ty) for each
by “TA,=MJDI +T + 1", (p.20) 4 i clock over the available MJD

“usn

!1 Attention to the sign !! : .
. * Data without at the end of the line
(-1)* (UTCk - clk) = x=clk—TAp is the copy of the past “UTC(k) — clock;”. 3 3

.
..................................................................................................................................................................................
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A-1.31 “all raw clk (time).dat” TAgen_auto.py

B "/Pytool TAgen/TAgen_Auto/TA_RESULT/ (time)/all_raw_clk_(time).dat”

Outline Details / Rules of use
*“all_raw_clk_(time).dat” is the combined data of - 1stline : clock file name
‘UTC(k) — clock;’, which is used for the left plot of - 2 line : weight : copy of the 3 column of “clock_file_list.txt"

"fig_(time).pdf" (p.40) 3dline :flag  : copy of the 4t column of “clock_file_list.txt"

*This data file is generated at the end of Initial - 4t line : cid : copy of the 15t column of “clock_file_list.txt"
processing on demand. 5% line ~ : copy of the "UTC(k) - clock;" of "UTCk_(clock;).dat" (p.30)

Note (time) : MMDD _ hhmmss : time stamp of data saving
(MMDD: month & date, hkhmmss : hour & minute & second)

> The clock with “#” in “clock_file_list.txt" (p.28) is excluded.

...................................................................................................................................................................................................................................................................................
. .
. .

Pytool TAgen/TAgen_Auto/TA_RESULT/0818 104212/

Clock file_list.txt

—all_raw_clk_0818 104212.dat

# sum of weights is normalized

to 1in the program.
#flgl=1 mganfthe reference fname UTCk-clkl.dat UTCk-clk2.dat UTCk-clk3.dat UTCk-clk4.dat UTCk-clk6.dat UTCk-clk7.dat UTCk-clk8.dat
clock of phase comparison. Weight 1.0 1.0 0.0 1.0 1.0 1.0 1.0
i —weight flag 0 0 0 0 1 0 0
UTCk-clkl1.dat i 1 5 2 2 p 7 o
56901.0000 +3.857038e-05 (56901 +3.857038e-05 -6.184638e-06 -1.215249e-05 +1.918367e-05 +9.635976e-06 +2.258480e-05  +nan
56902.0000 +3.858851e-05 56902 +3.858851e-05 -6.197517e-06 -1.215115e-05 +1.919092e-05 +9.617261e-06 +2.258759e-05  +nan
57999.0000 +5.576701e-05 58725 +nan +6.693075e-06 -3.187783e-06 +2.707895e-05 -1.676407e-05 +4.440954e-05 +5.273111e-06
datf: 58000.0000 +5.578885e-05 \58726 +nan +6.687379e-06 -3.180825e-06 +2.708426e-05 -1.677650e-05 +4.442301e-05 +5.270004e-0
\8 UTCk-clk8.dat}|:
_‘ ll
\_ T




A-1.3.2 “all raw clk TA (time).dat” TAgen_auto.py

B "/Pytool TAgen/TAgen_Auto/TA_RESULT/ (time)/all_raw_clk TA_(time).dat”

Outline Details / Rules of use
*“all_raw_clk TA_(time).dat” is the combined data of ¢ The rules except for the last column data are the same as
'UTC(k) — clock; and 'UTC(k) — TAp". "all_raw_clk_(time).dat". (p.35)
*This data file is generated at the end of "menu-2” « The last column:
on demand. - The values of weight, flag, cid are not used in the program.
- TAp calculation starts from MJDI1 + T + 1day.
Note (Tis the longer of T, or NxT,,,,.) (p.20)

> The clock with “#” in “clock_file_list.txt" (p.28) is excluded.

...............................................................................................................................................................................................................................................................................................
o v

] Pytool TAgen/TAgen_Auto/TA_RESULT/0818 104350/ TAp calculation starts from MJDI1 + T + 1
: Clock file list.txt 7T5i§9t(r)wle Tﬁﬁg&l of T,.. or NxT, . )
: | #sum of weights is normalized all raw _clk TA 0818 104350.dat rate [wgt
to 1in the program. :
#flgl=1 mganfthe reference fnrame UTCk-clkl.dat UTCk-clk2.dat UTCk-clk3.dat UTCk-clk4.dat UTCk-clk6.dat UTCk-clk7.dat UTCk-clk8.dat ( UTCk-TA ) :
clock of phase comparison. (Weight 1.0 1.0 0.0 1.0 1.0 1.0 1.0 h 0.0 :

i —weight— flag 0 0 0 0 1 0 0 3
UTCk-clkl.dat L cid 1 5 3 a p 7 8 ) o :

N\ H

56901.0000 +3.857038e-05 (56901 +3.857038e-05 -6.184638¢-06 -1.215249¢-05 +1.918367e-05 +9.635976e-06 +2.258480e-05  +nan :

56902.0000 +3.858851e-05 : : : : : : : : :

: : 57201 +4.366582e-05 -8.886396e-06 -1.158789e-05 +2.045711e-05 +3.931355e-06 +2.458272e-05 +1.689176e-0 :

57999.0000 +5.576701e-05 57202] +4.368122e-05 -8.896972e-06 -1.158562e-05 +2.045840e-05 +3.913326e-06 +2.459225e-05 +1.688237e-04/ - :

: dat| 58000.0000 +5.578885e-05 : ; : : , ; : ; : :
: \8|UTCk-clk8.dat}; . 58726  +nan +6.687379e-06 -3.180825e-06 +2.708426e-05 -1.677650e-05 +4.442301e-05 +5.270004e-06| +5.026417e-06 :
A h= & AN J :
N 75

.
o
................................................................................................................................................................................................................................................................................................



A-1.3.3 “all adev (time).dat” TAgen_auto.py

Y
o

"/Pytool_TAgen/TAgen_Auto/TA_RESULT/ (time)/all_adev_(time).dat”

Outline Details / Rules of use
*“all_adev_(time).dat" is the Allan deviation of the data of - 1stline  : clock file name 1
a{l_raw_c{k_(ttme).dat or all_raw_clk_T,-é\-_(tlme).da.t : - 2"dline : MJDspan :the period used in the ADEV calculation.
-Th|”s data fl|§ Is generated at the end of Initial processing _ 3 line ~ * Allan deviation calculated by by “AllanTools" [Ref 2].
or "“menu-2" on demand. , ) i
* (time) . MMDD_hhmmss : time stamp of data saving
Note (MMDD : month & date, hhmmss : hour & minute & second)

¢ If there are not sufficient samples, ADEV cannot be calculated and is expressed as “nan”. | 2

X If the data is outlier (> x_limit, “nan”), the data sequence is divided using the outlier as boundary. | 3 =

¢ If the data has discontinuous and divided into several blocks, the ADEV is plotted for each block and marked with “*77, “*2" .
( "UTCk_clk2.dat” shows the ADEV of [block-0], and “UTCk_clk2.dat*1” shows the ADEV of [block-1].)

. e
Pytool_TAgen/TAgen_Auto/TA_RESULT/0818 104350/ fig_0818_104350.pdf e
all— ra W_ Clk_ TA_ 0818— 104350. dat - 1:'[_(5'(—(“(4 dat UTC(k) _ clock‘ UTCk-clk2 dat*1 UTCk-clk7.dat

— all adev_0818 104350.dat

0
LT

\ Allan deviation

5
4
. UTCk-clk2.dat
3 :‘E \\
+2.671314e-14|+2.672821e-14 +1.914455e-14|+6.349398e-14 +3.056365e-14 +2.933094e-14 +2.537478e-14 +1.950581e-14 2 &k 1 %
+1.919744e-14|+1.931040e-14 +1.284166e-14 |+4.272830e-14 +2.246428e-14 +2.070340e-14 +1.829287e-14 +1.375601e-14 @ 1 ock~ ! ;]% o \
+5.704858e-15| +3.093775e-14 +6.159347e-15|+5.057043e-15 +5.936237e-15 +5.225535e-15 +5.760070e-15 +4.961455e-15 Block.;OD 3 \
+7.589139e-15| +3.222987e-14 +nan +4.528442e-15 +9.449766e-15 +7.483117e-15 +8.720073e-15 +6.200905e-15 a1 =

UTCk-clk2.dat*1

UTCk-clk1.dat (UTCk-clk2.dat UTCk-clk2.dat*1) UTCk-clk3.dat UTCk-clkd.dat UTCk-clk6.dat UTCk-clk8.dat UTCk-TA
57202-58000 | 57202-58260 58457-58726 | 57202-58726 57202-58726 57202-58726 57202-58726 57202-58726

y: time difference (sec)

+nan (+5.349799e-15__ +nan J+2.866345e-15 +1.056197e-14 +6.455195e-15 +1.625726e-14 +7.754905e-15 R
4 Z 57000 57250 57500 57750 58000 58250 58500 10° 108

3 :
: : 1w :
x: measurement time {M]D) x: averaging time (sec) K
0
.
.................................................................................................................................................................................................................................................................................................



A-1.3.4 “all weight (time).dat” TAgen_auto.py

"/Pytool_TAgen/TAgen_Auto/TA_RESULT/ (time)/all_weight_(time).dat”

Outline Details / Rules of use
*“all_weight_(time).dat” is the list of clock weights - 1stline  :clock name
actually used in the T4p calculation. - 2" |ine ~ : clock weights actually used in the T4p calculation
The clock weight is inversely proportional to the Allan * (time) . MMDD_hhmmss : time stamp of data saving
Variance a.,2(T,,;,), and is updated daily. (MMDD : month & date hhmmss : hour & minute & second)

w;(ty) x 1/0,*(T,,) here ¥; w;=1.

*0,, (T, is calculated from the past latest x; values i
within'the "N *T,,'range using the Python library Pytool_TAgen/TAgen_Auto/TA_RESULT/0818_104350/
“AllanTools” [Ref 27. :

e .,

. . . . . . all weight 0818 104350.dat wgt _fig 0818 104350.pd,
*The detail of the weight calculation is shown in “4.2.3. : — glkl‘ — J fi I P f
n . C C elk2  —— clkd elk7
[6.2][6.3]". (pp.16-18) 57202.0 0.247 0.356(0.000]0.019 0.217 0.161(0.000 2
e Thi Ha 7 _on 57251.0 0.299 0.254/0.000[0.017 0.227 0.203|0.000
This data file is generated at the end of “menu-2" on : 57252.0 0.231 0.196/0.000{0.013 0.175 0.154 0.231
demand : : : : : : : : :
58000.0 0.084 0.088/0.000[0.027 0.159 0.115 0.526 )
58001.0[0.000] 0.0970.000[0.030 0.173 0.125 0.575 %
Note 58260.0(0.0000.107/0.000[0.034 0.092 0.148 0.619 )
f 58261.0(0.000§0.000]0.000[0.038 0.103 0.165 0.694
*¢ The reason of zero weight: 58726.0(0.000/0.000{0.000]0.001 0.004 0.003 0.992 ;7
1| Initial setting, |2|Missing of clock data, and 2 (3 1

3 Anomaly Of Clock data. PP *




A-1.3.5

“log_(time).txt"

TAgen_auto.py

"/Pytool_TAgen/TAgen_Auto/TA_RESULT/ (time)/log_(time).txt"

Outline

*“log_(time).dat" is the history of operation process.

*This file is generated at the end of initial processing
or “menu-2" on demand.

Note

Details / Rules of use

« Operated menu processes are serially added to this log file.

» The recorded parameters are actually used in the calculation.

s (time) : MMDD_ hhmmss : time stamp of data saving
(MMDD : month & date hhmmss : hour & minute & second)

»¢ The serially recording is reset when "menu-0" is selected.

.............................................................................................................
o

Pytool TAgen/TAgen_Auto/TA_RESULT/0818 104350/

log_0818_104350.txt

................................................................................................................

# Data log at 2025.08.18_10h43m_50s

#

**0** Read and plot initial clock data and Allan deviation*****
i Input clocklist @ clock_file_list.txt

::::: data time interval (t_intval): 86400(sec)
22222 Outlier limit (x_limit))  : 1000.0

**2** make a timescale with prediction *****

::iir saved TAxhat data : ./TA_GEN/0818_104218/(MJD)_TAxhat.dat
;i saved TAx data : ./TA_GEN/0818_104218/TAx_(clock).dat
:::itinterval for rate estimation (TArate_span)  : 40(days)

::::0 ADEV tau for clock weight (wgt_adev_tauQ) :32(days)

;2220 max weight limit (wgt_Imt) : OFF

::::: sample numbers for ADEV for weighting (Twgt_N)) : 10

i Input clock file : ['UTCk-clk1.dat', 'UTCk-clk2.dat', 'UTCk-clk3.dat', 'UTCk-clk4.dat', 'UTCk-clk6.dat', 'UTCk-clk7.dat’, 'UTCk-clk8.dat']

..............................................................................................................

o
................................................................................................................
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A-1.3.6

“fig_(time).pdf"

TAgen_auto.py

"/Pytool_TAgen/TAgen_Auto/TA_RESULT/ (time)/fig_(time).pdf"

Outline

*“fig_(time).pdf" is the plots of time differences vs
UTC(k) and their Allan deviations.

*This figure file is generated at the end of Initial
processing or “menu-2".

Details / Rules of use

 Left figure :
- time differences of clock; or TAp vs UTC(k)
- "all_raw clk_(time).dat” or “all raw clk TA (time).dat"
is used for this plot. (p.35 or 36)
 Right figure :
- Allan deviations of the data for the left plot
- “all_adev (time).dat” is used for this plot. (p.37)

* (time) : MMDD_hhmmss : time stamp of data saving
(MMDD : month & date hhmmss : hour & minute & second)

Note

*Only the clocks with non-zero weights are plotted.
*The black line shows the results of TAp.

.............................................................................................................................................
v

Pytool TAgen/TAgen_Auto/TA_RESULT/0818 104350/

all adev 0818 104350.dat

— all_ raw _clk TA 0818 104350.dat

. fig_0818_104350.pdf

UTCk-clkl dat  —e— UTCk-clkb dat ®— UTCk-clk8 dat UTCk-clk]l dat o UTCk-clkd dat o— UTCk-clk@ dat
UTCk-clk2 dat UTCk-clk7 dat  —e— UTCk-TA UTCk-clk2 dat —o— UTCk-clkb dat  —8— UTCk-TA
#— UTCk-clk4 dat UTCk-clk2 dat*1 UTCk-clk7 dat

le—5

10714

y: time difference (sec)
=
y: allan deviation

-2 T T 1 T T 1 r
57000 57250 57500 57750 58000 58250 GSES00
x: measurement time (M|D)

o
..............................................................................................................................................




A-1.3.7 “wgt fig_(time).pdf” TAgen_auto.py

B "/Pytool TAgen/TAgen_Auto/TA_RESULT/ (time)/wgt fig_(time).pdf"

Outline

*“wgt _fig_(time).pdf" is the plots of actually used
clock weights.

*This figure file is generated at the end of "menu-2”.

....................................................................................................................
o .

Pytool TAgen/TAgen_Auto/TA_RESULT/0818 104350/

all_ weight 0818 104350.dat

Details / Rules of use —— wgt fig_0818 104350.pdf

« “all_ weight (time).dat” is used for this plot. (p.38) W e — g — e
 (time) : MMDD hhmmss : time stamp of data saving :

— ; 1.0
(MMDD : month & date hhmmss : hour & minute & second)
0.8+
= 0.6
0.4 4
0.2 ‘,Jk
-, .
iy
0.0 = ""‘I\""'“hn:-\—_“'.L
STJIIIJIJ ETéDD ETéBD SB[I!DD SBZIDD EB‘J‘DD SBéDD

x: time (M)D)

K3 .
.....................................................................................................................



TAgen_auto.py

A-2. Construction and flow of the program
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main program TAgeI’)_CIUtOpy

e e e e e e e e e e e e e e e

—_intvl, x_limit, Twgt_N,

\

param_file wgt_Imt0 B Read the parameter table. € “./param_list.txt”
N E—_- 7’

- \ . . “« . . v/
t_intvl, read_ B oo, B Read the measureq clock dataﬂasmgned |n.the /;/clock _file_list.txt” .
x_limit rawdata comment # Read the clock-data filename € “./clock_file_list.txt

\

T # Prepare the initial clock data list for the following calculation as data_list (€ ”./Data_clock/UTCK-**** dat”) .

\

data_list MiDall B Set a maximum MJD range from all clock

* outfile_raw € “all_raw_clk.dat”

’ ) ! B Joint and save all the clock data.

OUtﬁleTmW’ MiDall, joint_ outfile_raw, i # Joint and save all the clock data as one file.

data_list, log rawdata log i # Save the joint data as outfile_raw = ”./all_raw_clk.dat”.
! g (same data without header = “/temp.dat”)

* outfile = outfile_raw < wgtfile = “”

i A//—Wgt—/Tt =l * menu_n=0 H Plot and confirm the initial status of all clocks

~ # Plot the phase data & ADEV of outfile

outfile, MJDall, read_ )
x_limit jointdata data_list

* Modify data_list depends on the menu

outfile, wgtfile,
all_wgt_list, MJDall,
log, comment,
menu_n, x_limit

# Read the clock data of outfile and remake it as data_list

= o

# ADEYV calculation by Python library “AllanTools”. => data_adev_list

data_list, menu_n, oo
x limit - adelv data_adev_list E # If data is outliers (>x_limit, nan), data sequence is split using the outliers as boundary,
— CEIC ! and ADEV is calculated for this each data block.

* Format data_adev_list for|plotting

data_list, plot )
data_adev_list, menu_n _data fig

# Plot the phase data of data_list and ADEV of data_adev_list

,‘—;L~-
Save result?
* wgtfile="“" « w_fig="" 1 ygs B Save the results

# All processes are saved in logfile.
# All joint-data without header = “./temp2.dat”.
# Directory of the results is “/TA_RESULT/mmdd_hhmmss/”.
(“mmdd_hhmmss” is each operation time)
# logfile = “log_mmdd_hhmmss.txt”
# ADEV  =» "all_ adev_mmdd_hhmmss.dat’
# alldata =» “(alldata) mmdd_hhmmss.dat’

# figure = “fig_mmdd_hhmmss.pdf* 4 3

save_

log, fi
logfigdat 9.fig

# Set the environment of saving result.
# outfile € “all_adev.dat”

utfile,

o)
data_adev_list, _save_ outfile,
“Tau(s)”, log jointdata log

outfile, data_adev_list, »
wgtfile, log, fig, w_fig

-~

-

- -

- S=a

~<ZSelectmenu_n _®—» (next page)

-

-
-

-

menu_n=20,1,2

<
~—o
~~
~~

menu_n =10

o
R —

Program End

\




main program

—~ : See the detail on p.43

-
Pl
e ~.
- S~
- ~.
- ~
- ~

-
,—

TAgen_auto.py

=<
S~

-

= -

~~~~~ =0
~~~~~~~ menu_n =

=10 B Plot the "UTC(k)-Clock;" data
# Reset all the processes so far and
plot the initial clock data

Program End

* data_list =[]

o m——

t_intvl, read_ ‘7357 list, (- “ Jclock _file_list.tx't"
e , ” FTZ 23 )
( limit rawdata comment ./Data_c/ock/UTpk- .dat

data_list, log = “/all_raw_clk.dat”
= “/temp.dat”

{ outfile_raw, = outfile,
i joint_ ’
: L » rawdata »Iog

\

\__________}

\

r
e wgtfile =“” * All_wgt_list =[]
|

-

outfile, wgtfile, € “all_adev.dat”

all_wgt_list MJDall, adev
log, comment, -) “ ftemp2.dat”.
menu_n, x_limit P = “log_(time).txt"

m————————

’

=> “fig_(time).pdf"

————

= "all_adev_(time).dat”
= "(alldata]_(time).dat”

menu_n=1

B Assign the MJD range
# Manually set the MJD range for the
further processing

# Input MJDall is the maximum-MJD
MJD1(=min) & MJD2(=max) should be within MJDall
# Outut MJDall is [MJD1,,, MID2]

s 1
i MJDall, MiDall,
il ndtisd

{' outflle,, outfile

i joint_ ’

: MJDall, » rawdata log

i data_list, log = “/all_raw_clk.dat”

= “/temp.dat”

Nmmm——————

\,

|
* wgtfile="" + All_wgt_list =[]
1

-
y ~,

outfile, wgtfile, € “all_adev.dat”

]

| all_wgt_list MiDall, mmr

i log, comment, -) “ /temp2.dat”.
i menu_n, x_limit P = “log_(time).txt"

. => “all_adev_(time).dat”
=> “(alldata)_(time).dat”
= “fig_(time).pdf”

f————

(next page)

menu_n =2
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TAgen_auto.py

—~ : See the detail on p.43

~"Select menu_n R’ — - A . T
RN '_,,—" menu_n =2 B Make TA with daily prediction and fixed clock weights ( cont. 1:0’ loop: )
S~ menu n=10 # Fixed weight is given by ”./clock_file_list.txt " TAx_list, TAxhat_list, diff list, MJD, ? TAX_list,
TAgen_path, TArate_span, TAwgt_span, wgt_list,
Program End e wgt_addinfo, x_limit, Twgt_N, wgt_Imt _EQP_"[Y_'?_”t log TA
. ini - * VTR AN re weigh
« inflie_clklist = “ /clock file_list.txt” initdate_span = TAwgt_sp an Twgt_N , o : wgtl _under Igmlit WgB'
, L “ e . MUDall TAx_list = / TAx_(clock,).dat” tmmmhEn et s
{ . . - i { ’Tn}\" e_raw,th TAa H TA_make TAx list i B Calculate and save the TAx
1 Inflie_clklist clk_initparam i 1 1Agen_path, 1Arate_span, _init_x TA 7\/IJD’0 ! # Sum the available weights and do their normalization
i. GeEinitial weight from " /clock file st txt”. ! i Initdate_span, x_limit - ! # TA_x0 = Sum of {wgt_n * (TA_xhat - df x)} for each clock
| e welgntIrom ./clock jife_ st ixt . Prepare initial bunch of data for starting TA calculation i * TA_x0: TAx of reference clock
i # The weight of the reference clock (flag1=1) is set to b? zero. i # initdate_span is necessary range for AVAR(tau=TAwgt_span). i : ZA_xhat : predlctgd_TAx(?;feach PC1IOICk o ret ock
. [ € “/all Ik | 1 # TAx_list : initial data stock for starting TA calculation. i 4 if_x: prneasure time diff (each clock - reference clock)
inflie_raw /all_raw_clk.dat ! [[clkname, [[MJD],[cIk-UTCK)]], wat, flg, id],,,] ! wgt_n : normalized clock weight
I infile_raw, — ™, "‘ # TA_MJDO : the MID of starting TA calculation ,l' e TA—*X 3 df_lx +TA X0
! ) diff_list e - TA_x: TAx of each clock )
: MJDall, x_limit - i \ # TAx_list_new : [[clkname, [[MID], [TAX] ], [wgt_n], flg, id],,,] L
i ! * for MID in range(TA_MJDO, M.IDaII[ 1]+1): => rename as TAX_list
!l Prepare the TAx,, (= clk_i — reference clock ) from . # wgt_list : [[clkname, wgt_n, cid],,,]
i the measurement raw data (“/all_raw clk.dat”) /TAx_list, MUD, TAwgt span, TAcalc TAx i ;‘ # Directory of the results is “/TA_GEN/mmdd_hhmmss/".
1 # The clock with flag1=1is the reference clock (“clk0”). clk initparam, x_limit, “wet XIS TAx_list — =» /Tax_(clock)).dat”
\_# Save the result (diffdata) > “./all_clk-(Refclk).dat” Twgt N, wgt_Imt, t_intvl g wgt_ Gddlnfo TAxhat list & / (MID)_TAxhat.dat”
H n LOTTTTTTTTTTTTTTTTTTTTTTTT L h e T T I
* TAgen_dir = "./TA_GEN/ b « all_wgt _list = [[MID, wgt_list],,,]
O ey T T T SN b e A e i e e
! TAgen dir set_ dt_str, dt_com, | W Calculate the clock weight from the AVAR of past TAX f N
1 1Agen_ ; TA th ! u ) ; save g !
i dirpath gen_pa i # The clock with wgt=0 at “clk_file_list.txt” is excluded from the TA - ich all_wgt _list = wgtfile i
! i calculation. M Save weight - weight i o
:\I Prepare the directory for data saving ("./TA_GEN/") # Weight = 1/AVAR(tau) i_# wgtfile = “all_weight.dat” => “/all_weight.dgt
................................................. N tau ~ TAwgt_span (selected from “AllanTools” output) [
/" N\ # AVAR is calculated from the past TAx during the TAwgt_span*Twgt _N. T - N
! MJDall TfA seRt —span_ ;ﬁmt?—w an, i # If wgt_Imt is not “OFF”, maximum weight is limited as wgt_Imt. I infile_raw, TAx_list, comment, UTCk TA list i
i or_Ratewgt wgt_span . # Lastly renew the weight values in the former TAx_list i TA_MJDO, x_limit comment. !
il Prepare the data span for rate prediction * T ‘ {® Get the (UTCk -TA) '
1" # Any span is OK within MJDall. ; - ~ | # "UTCK-TA" = "clkO-TA“(from TAx_list) +"UTCk-clk0“(from “infile_raw”)
i # TArate_span : interval for calculating a slope TAx_list, MJD, TA [ \ # UTCk TA_list : appended the ["UTCk-TA", data, "0.0", "3", "0"]
L # TAwgt_span : 7 of Allan varlance for calculating a weight TAgen_path, TAxhat_list ! o -
__________________________________________________ — - 1
S ey T TTTTTTTTTTT N TArate_span i * outfile = “./all_raw_ clk TA.dat” e« log =log +log_TA
[ wgt_Imto TA_set_ i B Calculate the TAx prediction (= xhat) for next day i e
! weight_limit wgt_Imt ! # Slope is calculated in the latest span of TArate_span i outfile, MJDall, joint_ outfile, 3 “ /ql|_ raw c/k TA.dat”
I. Set th ht limit?? ! # xhat = x[i] + slope * (t[i] - t[i-1]) ! UTCk TA list, Io* rawdata » log > “Jtemp.dat”
| penc weig t_imitee W o ! # TAxhat_list : [[clkname, t1, x(t0), slope/86400, xhat(t1), wat, flg, cid],,,] T o mwmT sl . 7 7 e p.a
l‘\ # If 'y’ : wgt_Imt = the value in the “param_list.txt ! (t1:assigned MID, t1— t0is 86400 sec )

#else:wgt Imt="OFF" S o) 45
4 o 8 > (next page)




TAgen_auto.py

: See the detail on p.43

< Select menu_n T8——>@

~~~~~~~~~~~~ menu_n =2 { outfile, wgtfile,
menu n = 1OI i all_wgt_list, MJDall,
- 1
1

/’

= o

log, comment,
\wmenu_n, x_limit

Program End ——"

jointdata data_list

outfile, MJDall,
x_limit

Viodify data_list depends on the menu

data_list, menu_n, adev 1) (12120 [
x_limit _calc - -

* Format data_adev_list for|plotting

data_list, plot .
data_adev_list, menu_n _data fig

r 1
i w_data, w_clk i # Plot the weight file
Save result?
YES
1 outfile, data_adev_list, save_ log, fi E
(p revious wagtfile, log, fig, w_fig logfigdat » 9, fig ]

Set the environment of saving result.
* outfile € “all_adev.dat”

e o e e e

1
1 ’ Y
~ t outfile, o
N/ ii data_adev_list, outflle, i
ii\ “Tau(s)”, log jointdata log i:
joint_ ¢ = Under the “./TA_RESULT/(time)/”,
rawdata “log_(time).txt“, "all_adev_(time).dat”,
"all_raw_clk_TA_(time).dat”, "all_weight_(time).dat”

“fig_(time).pdf”, “wfig_(time).pdf”

W . 46
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