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SvF-technology

SvF (Simplicity vs Fitting) — a technology to support construction of mathematical
models (structural, not regression only) based on experimental data.

It has been successfully applied in biology, population dynamics, plant physiology,

plasma physics, meteorology, ecology... Freely available in source code

https:/igithub.com/distcomp/SvF

Basic publications (A. Sokolov had used this method repeatedly several years before)

1.Sokolov A., Voloshinov V. Model Selection by Balanced Identification: the Interplay
of Optimization and Distributed Computing // Open Computer Science, 2020

* Cokonos A.B., BonowwvHos B.B. BblGop matemaTnyeckon mogenu: 6asaHc mexay
C/ZIOXXHOCTbIO U 6/IN30CTbLIO K usamepeHuam // International Journal of Open
Information Technologies, 2018

* find other references here https:/igithub.com/distcomp/SvF#references
* up-to-date User Manual https:/Ilgithub.com/...ISvFISvF_UserGuide.pdf

The SvF computational scheme is based on solving special-type bi-level optimization
problems. Here, at the lower level, it is necessary to solve a set of independent
optimization problems similar to the inverse problems with the Tikhonov regularization.
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General flow-chart of SvF-technology

The main problem: to construct and to validate mathematical model of a
phenomenon by a set of experimental data

Inputs: Experimental data (relational DB tables *.txt, *.xIs ... see User Manual)

Hypothesis about the structure of mathematical model and its formulation (as
a set of equations, inequalities, may be integro-differential expressions) with
explicit indications which parameters, or functions need to be determined (be
identified).

All other steps may be performed automatically:
1. Formulation of bilevel optimization problem

2. Automatic discretization of optimization problems, if it is required, e.g. if
differential and/or integral equations are presented in the model.

3. Automatic generation of SvF-computing scenario as a Python program

4. Implementation of SvF-scenario either locally, or in Everest distributed computing
environment, http://everest.distcomp.org/
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Example. “Inverse problem” for ODE
ldentify a model of dynamic system by a set of trajectory points known with error.
Hypothesis: ODE (of order 1, 2). We need to identify right side of ODE.

{(Zd,tq) :d=1:Ng} ,Zq=x(tq) £ err o Ao
1=F(t,z(t) [ 1=F(t,z(1)), te [tL,tU]} (t), F(t, x)—*

SvF lower-level problem: cross-validation sub-problems
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Example. “Inverse problem” for ODE
ldentify a model of dynamic system by a set of trajectory points known with error.
Hypothesis: ODE (of order 1, 2). We need to identify right side of ODE.

{(i‘d, td) :d=1:Nd} ,Cﬁdzx(td) + err o
= F &, o(0) | i=F & a(D), el tu] |~ FH Flt @)=
SvF CV lower-level problems: “training data-set”

D= {d=12Nd, d?ﬁ]{?}  k=1:N,

(/ regularization \?
coefficients

_ data)f’itting — simplicitx’ismoot:) o= (o, o)
B 2 (Fa—a(ta)’+R (@, F(-,-) > min |
de Dy, LB(),F(,)

r=F(x(t)) | 2=F(x(t)), t€ [tr, tu],
ZE() € Cz [tL, tU] ,F() S Cz [Zl’:L, ZEU] .

R (avtF('v )) —
3 (07 (1, 20)* + 20000 (L (1,0)° +0 (L (1,0))° Jdid

\

SvF lower-level problem: cross-validation sub-problems P(Dk, a) :>£C(k)f ()
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Example. Inverse problem for ODE. Solving bilevel opt. prob.
CV-error for a fixed x = (ogt, ozx) P(Dk, a) =>.CU;:() (kzl:Nd)

ool(@) = |57 X (T — 2R (ts))
]C=1!Nd
SVF upper-level problem: minimize CV-error by X

'->{73(D1, a) eee P(Dpy,, Of)}--. solving

| CV-subproblems

updgtﬁmg '_____.{O'CV _) min}*----. {xk() kzl:Nd}

a=0
optimal Cx ¢
P(D, ™) =z* (")
— L 2 Final result: Root M
Omse (™) = de ;N( K — ¥ (tg)) SQﬁa:gzuErro?o ean
—1:N

In current implementation all variational expressions are discretized to get finite
dimensional Mathematical Programming Problems which may be solved by
general purpose optimization solvers (we use Ipopt and SCIP, optionally).
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Typical chain of optimization problems

a1 —'P(Dl’ao)ooc

8% ‘_‘P(Dlj al)ooo

P(DNd7 0{0)

P(DNd7 051)

a* <= P(Dy,apr) s P(Dn,, an)

P(Dy, ) =z5 () (k=1:Ny)

Torl ) 0y
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Why we need remote SvF-service & distributed computing

* SvF-toolkit may be run in local mode when all problems are solved at
the same host where SvF-main script is run

® There may be dozens of rather hard optimization problems

* SvF-toolkit already can use Everest to solve a set of independent opt.
problems on remote resources in parallel mode

°* Even with the aid of Everest the SvF-scenario may be rather time

consuming (a few hours) and all this time your comp. must be on.

It would be nice to have an option to run SvF-scenario in a mode
“send data and wait notification by mail”...

Maturity of SvF-toolkit enables to do that !
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Basic software components of SvF-technology

= Python 3.7+ - basic language

" Pyomo toolkit, www.pyomo.org, PYthon Opt. Modeling Objects, Supports all
basic types of Math. Programming problems: LP, QP, NLP, MILP, MINLP,
Stochastic ..., DAE (Differential and Integral equations), ...
Pyomo supports most of all open source and commercial AMPL-compatible
solvers Ipopt, SCIP, CBC, CPLEX, Gurobi, COPT, etc

= Everest platform, http://everest.distcomp.org/, and its Optimization Modeling
Facet https://optmod.distcomp.org
* Everest Python API (client side), https://gitlab.com/everest/python-api
* Everest Application, https://optmod.distcomp.org/apps/vliadimirv/SSOP to

solve a set of independent optimization problems

* Everest App., https://optmod.distcomp.org/apps/vliadimirv/svf-remote to run

the SvF-scenario in remote mode
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Everest platform architecture outlines
Describe/Develop/Deploy REST-services representing existing applications

Web Browser

Web Ul Clients
(create, run, share
e applications)

\

"L
i HTTP(S
https://gitlab.com/everest/server 2

owns . .
: https:/igitlab.com/everest/python-api
l._ Applications
Job (Job pool of
uses /:T"?“/p“te N resources

REST API

owns

___,_____/-4""'—__ --------
— q
0 ¥ e
=== === :
== —t— https:/Igitlab.com/everest/agent
_——-""'N\_,_______ ________,.-—“_ ——

External Computing Resources (attached by users)
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svf-remote application in / out parameters

e . . Vladimir Voloshinov
Everest Opt Optimization Modelling Services ° I
£ APPLICATIONS
apps . svf-remote
List
T e 0.1.0 Unstar 4 H B Export H [ Edit ‘
JOBS
About Parameters Submit Job Discussion
& RESOURCES
o Inputs
Create new Title Name Type Values Default Description
:8: GROUPS Data data array[URI]
and Input data (txt, xIs)
@ ABOUT * res !
DOCUMENTATION : ;
8 v MNG- mng  UR MNG-file (txt, odt) with
file  —————

SvF-task formulation

Outputs

Title Name  Type Description

results  results  URI Results *.s0l, *.res, *.png = — ZIP-arch.

' stderr  stderr  URI Copy of console output

' stdout stdout URI Copy of console output
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svf-remote implementation is simple (due to SvF features)

https://optmod.distcomp.org/apps/vladimirv/svf-remote/edit  ¥¥ & ¢ 0 = 7 » =
N , . , - Vladimir Voloshinov
Optimization Modelling Services e i
vliadimire
apps svf-remote edit ‘ ® Cance H @ Delete H B Update ‘

Medatada Description Parameters Configuration Files Resources

Access Versions
Command

runSvFE-remote.sh

Refer to input values as ${param}

Input Mappings + Add input mapping Output Mappings + Add output mapping

#!/bin/bash runSvF-remote.sh — somewhere in
<PATH TO SvF Folder>/SvF/runSvF31.sh the $PATH

zip results.zip *.sol *.png *.res
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svf-remote user can choose Everest resource to run

Everest user can select resource where SvF-remote job will be run
Requirements:
SvF-toolkit is installed and runSvF-remote.sh is in the $PATH

https://optmod.distcomp.org/apps/vladimirv/svf-remote/edit vy e ¢ 0 = 5 B =
_— . : : . Vladimir Voloshinov
Optimization Modelling Services 6 P
ViaQimir
apps svf-remote edit ® Cancel ‘ @ Delete H B Update ‘

Medatada Description Parameters Configuration Files Resources

Access Versions

Resources

YCloud4SvF ®

Select one of more reso torun applic
@emde Resources o )
Users can override def res during job submission
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svf-remote flow chart

svf-remote service enables to use only browser to send data files and MNG-file
with SvF-task to "executor". User can select resource to run svf-remote job.

R ; {PID1 ) ees PO, )by ot

: EVGYESt i P _{crc\,((x)ﬁ f.m%}‘““: {ag (), k=1:N4} POOI Of

| resources ! —— SSOP e

| with SVF Ab.7) el resources

R - Everest server with Ipopt,
SCIP

SSOP appl. <::> & <

-

Everest
Webd svf-remote
| > app. %‘Eﬂ
data(xlIs|txt), *.mng|*.odt \ E=—
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Example of MNG-file, *.ODT format. Dumped oscillator.

Here you can place arbitrary text and pictures
BoF -SvF

Runmode = 'P&S'
SvF.DrawMode = 'File' #'File&Screen'
SvF.Resources = ["pool-scip-ipopt"] #["abc_pc" ]
CVUNumOfIter 10 # Number of iter.

21

CVstep # Numberof CV subproblems
Select x, t from Spring5.dat
GRID:
t €[ -1., 2.5, 0.025 ]
Var: (t)
(t)

# will be replaced to muu in Python code

XT X< X

r

SchemeD1 = Central

# EQ: d2/dt2(x) == - K* ( x - xr ) - muu * v
# v == d/dt(x)
EQ:
d2
mgwﬂg_-fK*(maT)p*v
V== n ()
OBJ: x.Complexity ( Penal[0]) + x.MSD()
Draw
EOF

Some remarks, figures, formulas may be added here
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Conclusions and future plans

Conclusions

* svf-remote application reproduces all conveniences of current SvF-tookit:
* symbolic formulation of identification task in MNG-file (ASCII text,
OpenOffice *.odt) with symbolic formulas
* access to all Everest resources with optimization solvers
* returns results in numerical and graphical form

* Ease of use from browser for a long calculations on the principle of “launch
and wait for notification by mail”

* You can run svf-remote on any Everest resources (servers, desktops,
VMs ) where SvF-toolkit is installed

Nearest future plans

* Involve our IPPI servers as svf-remote deployment hosts

* Migrate from Everest “local” Agent on Yandex Cloud VM to Everest YCC
Agent (for Yandex Cloud Container) (to save money)

* To try Jupyter as another user interface to SvF-toolkit, installed on remote
host (SSOP will remain with us)
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Thank you.

Questions?

http://bit.ly/VoloshinovGScholar

vladimir.voloshinov@gmail.com
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Discretization of autonomous DE: polynomila + mesh

One of approach in SvF: outer function is replaced with polynomial with unknown
coefficients, inner function — unknown values on a meshgrid (by t):

F(z)~P(z)= Z;;:o cpoz?  T(t) ~ {(@i, k) 1 0 = 0:Ng, k=0:Ny},
T;=rL+i-Ar, Ap="2e—"L

te=tL+k-At, At=""E

P p
{a'j:F(x(t))}N{m(tk)_;;(tk—l): Z Cp: (x(tk)‘HzP(tk—l)) ,k=1:Nt}

p=0

t 2x(t t P
{flf:F(QL'(t))}N{m( k1) — ﬂi(tzk)—l—az( k—1) :Z Cp'aj'(tk)]?k:L (Nt—l)}
p=0

x(tg)~xq= %x(tk_l)—l— tk_Alt_td x(tr), tqa€|te_1,ts]

2
% > (fd—fﬁd))z—l-az (P(xi+1)_2zgszi)+7j(mi_l)) Ax — min .
d=1:D x'iacp

This we have nonlinear mathematical programming problem with polynomials of
non-small degrees (up to 7, 8)
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