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MathMOuse: A Mathematical MOdels WarehoUSE to handle
both Theoretical and Numerical Data

7| | Time Series in Experimental Sciences Database as service for data scientists? * MathMOuse: an enriched database storing differential
| |* Numeric technologies evolution = increase in * Time series in the context of databases are stored as raw equations
= the volume of data to process. numerical data * MathMOuse has a « Query by data » system: time
1 | In automatic control: time series processing = — The .models result%n.g from the scientists Wptk are not stored. series are use.:d to query the database and retrieve
. : . — Storing and organizing models to ease their management and relevant equations

- differential equations. . . .

- . I £ data S i c retrieval became essential. * It contains a GUI to allow user to load models,
= hcreasing volume o at.a fnerease o * A storage of the models would have a better interest navigate through them, visualize their data and
= derived ditferential equations. — How to exploit the models database to aid the retrieval of perform queries, etc

models from time series?
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il : : . . . +v=Ku odels are
5.1 [0.0000000e+00 |0.00000006+00 Time Seties are | . TY: 55 0 + Differential equations

T 00000006100 19.1105316e-02 * Tables of chronological values o i

= ' : * Usually, measurements (sampling of analog * k=24 Qr thary L
2.0000000e4-00 [1.8452077e-01 signal) * y(0)=0 * Linear (storage structure allow non-linearity,

T 3.0000000e+00 [2.7139095e-01 * u known input function but numerical solving 1s more complex)

- 4.0000000e4-00 [3.5485491e-01

1 15.0000000e—+00 [4.3504619e-01 ————————— @ Difterential equation model instance always

| contains

Equations data : éﬂl exp?cithfornllula. .
as XML files alues for literal variables
 [nitial conditions

7\ * Values of the input functions

| [6.0000000e+00 |5.1209313e-01 Times Series s
7.0000000e+00 |5.8611902e-01 > CSV files

8.0000000e+00 |6.5724231e-01

7 [9.0000000e+00 |7.2557682e-01 —_—

- START .
¥ ‘ Numertical tools \ MathMOuse :
e e * Equation solver (Runge-Kutta) Inftial_Value [ pasnone -
— compute numirin::time series q : . g I I tO tuples ke - barent E .
values from the equation * Tlme Serles COl’npaI‘lSOﬁ | %UE left_child 0 | Math_object
. . . . . i i deriv
T ot ieaa aros Time Series contains continuous values => I Generation | v dery . value
between input and generated . . . . I — s 0 m a, M
. series comparison is subject to noise, | — > '
v . . I r/ has iniitial value \ Differential_Equation
compute standard deviation appfOleatIOﬂ, .o k
. | | S - Sk (rasimi
fame l
- model rejected  —, | l | — I/‘ has variable \]_/ﬁ arder 0, N\\_ . 7
- | e 7 aroup
= | 1tV 1 - 0, N T nput
standardDeviation : ¢ StﬂCt Cquahty 1S ﬁOt relevant I I ' '
standardDeviationMax 2 model rejected | . . . : ( has group \ E
| * Comparison: compute criteria (average | | Variable . : name
5 dard deviation of th | ison | S x
| X error, standar ev1at1(?n. of the error), Companson = L C
D model accepted and threshold values (minimum values for | | ) value P nterpolationiethod
— standardDeviation YES . I I E
SadardDeatopHh J acceptance, maximum  values  for | name
. I
= rejection).
. ) ) | l I — — Target schema of the database
undetermined >[ STOP ](—J
— ! !
Accepted Models Undetermined Models Rejected Models
= : .o | .o .. | .o : -
Models with average and standard deviation below | Average and/or standard deviation between minimum and  Average or standard deviation above maximum rejection
7 | minimum acceptance threshold | maximum thresholds | threshold
Example, minimum acceptance 1073 : Example, minimum acceptance 1073, maximum rejection 1 ! Example, maximum rejection 1
| . ' . . » | .
* Equation: 250y + y = 2,4u * Equation: 16,93y + 17,49y = 9,52 u * Equation: 10,96 y® +9,28 y*) 419,95 y(3) 4

— | * Statistics (Performances):

N — Average error: 3,9362 x 107% < 1073 = accept
— Minimum error: 9,6053 x 10~ 10

s Maximum error: 8,2054 x 10~

— Standard  dewviation: 1,9528 x 1078 < 1073 =
accept

Implementation

Statistics (Performances): 11,48y +231yM 4+ 1,82y =0
— Average error: 0,8567(> 103 A< 1) = e Statistics (Performances):

|
|
|
— Minimum errot: 0,6740 | — Average error: 2,0508 x 10 > 1 = reject
— Maximum error: 2,0531 I — Minimum error: 6,8534
— Standard deviation: 0,1042 (> 1073 A< 1) >1  — Maximum error: 2,0508 x 101°

|

|

— Standard deviation: 2,5146 x 101° > 1 = reject

s/ 72722 9797—/—/7—————
900_ 1 COmparator 900_ .............................................................. 1 generator

| "Technical Setup Set of data used S | S e
oL~ * Docker, Docker-compose * 100 randomly generated differential equations (order
* Postgresql up to 5) 700- 700
[l * Microservices developed in Java * A set of Time Series, derived from the above random _ _
1 Broker rabbitmq equations, with up to 5000 elements o P
18 * https://forge.lias-lab.fr/projects/mathmouse £ 500 £ 500
T N . Paralle]l computing 400 400.
il Participants * Microservices = comparison and generation can be |\
] v parallelized 2201 00 \ ___________________________
e * Prototype tested with different numbers of 4] 500,
i comparison and generation parallel processes ; 3 3 y z 1 3 3 A z
— Number of generators Number of comparators
] Execution time, 1 series of 1000 values, 100 models in the database

To know more about it...
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