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Kybernetika
Fungovani Zivych organismu |ze abstrahovat a popsat matematickymi
rovnicemi podobné jako napr. fungovani elektrickych obvodt ->
modely

Teorie systémd, regulace, rizeni

Fyziologie, patofyziologie
Zkoumani funkénich vztahd v normé a v patologii - Matematické
modely

Vyuka (a vyzkum)

Informatika
Pomoci pocitace pozvednout a zvetsit kompetentnost Cloveka

Technologie pro simuladtory model( - podpora vyuky (a vyzkumu)

Design
PocitaCova grafika - atraktivni a hezky obsah udrzi pozornost
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Priklad - HumMod

velky model a simulator
HumMod (2011)

R.lliescu et al. - HumMod -
integrated multilevel
mathematical modeling of
physiology for research and
education, Mefanet 2011

www.hummod.org

1 HumMod : Integrative Biomedicine (v1.6.1) - ©
File Go Restart Options Tech Help
» Physiclogy Organs Lifestyle Clinic Context Startup
Chart 1:00 A0 0 Sec Mon Day 1
Age= 37 BiI= 22.9 ]
Height= 701 Adiposity = Mormal Weight
Weight = 160 Muscularity = Maormal
Gender= hale ECG = Mormal
"I'm feeling OK."
Blood Pressure = 120 /97 /# Temperature (F) = 98.6
130. 100.
3
h
D
70. 50.
T 1 T 1
0. Time G0 0. Time 0.
BF (kPa)= 16.0 /130 /107 Temperature (C) = 37.0
Respiratory Rate = 11.4 Hearn Rate = 71.8
20. 0.
10. 70.
T T 1
0. Time G0, 0. Time 18

Solving ..oeevveee Donie




«Simulator velkého modelu pfilis komplikovany pro
netrénovanou osobu

Cil: Pomoci porozumét modelu simulaénimi hrami
Atlas fyziologie a patofyziologie www.physiome.cz/atlas

|

cz [=

Atlas fyziologie a patofyziologie

LABORATOR BIOKYBERNETIKY A POCITACOVE PODPORY VYUKY UPF, 1. LF UK VEDOUCI: MUDr. JIR| KOFRANEK, CSc.
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13 Fyziologické regulatni systémy Regulace
1. Jednoduché systémy Vysvétlit zakladni pojmy teorie systémd, obecné
2. Statické charaktenistiky principy regulacnich obvadi a jejich aplikaci na
3. Dynamické charakteristiky fyziologické regulace. Predstavit lidsky organismus
4. Mechanicky dynamicky systém jako homeostaticky systém regulujici homeostazu
5. Regulacni smycka vnitniho prostfedi a homeostazu bunéénych |
6. Model requiace pCO; populaci.
7. Metabolické systémy - model enzymatického systému



http://www.physiome.cz/atlas

Technologie pro modelovani a vyvoj
simulatoru

MATLAB/Simulink - ActionScript, Adobe Flash,
Adobe Flex - aplikace v prohlizeci s Flash
pluginem

Modelica » C#, MS Expression Blend, MS Visual
studio - aplikace pro platformu MS .NET - Click
Once Installation

Modelica -» C#, .. aplikace v prohlizeci s
pluginem MS Silverlight, aplikace pro Unity 3D

Modelica -» FMU, .. aplikace v prohlizecCi v
HTMLS5, Javascriptem, model bézi na serveru



Pfiklad - HumMod - GolemEdition - Webovy
simulator

| Organs Clinic2

[Seleﬁsimnlatnr i Simulation browser Initial values | Simulation editor

Klient - HTML5, AJAX

Simulation_Time: 3600 Clinic2.Chart
Age: 37 years HumMod.GolemEdition.2.13.10.fmu
Height: 175 cm BMI 23
7 . 7 Weight: 80 kg Adiposity Normal Weight =
Gender: Male Muscularity Normal © Sec
erver - Aru Simulator
Symptoms: 1 20 Sec
v v/ 7 7 BloodPresure: EE——5 2051642542106 Respiratory_Rate
HumModu bézi na vzdaleném BloodProsure
o 5 Min
£l PR 135/ ———— -
serveru o
’ %/ T 1 Hour
i — 13
95| | [ 6 Hour
94 [ [ 12 Hour
| 125
D l [ “ | o
okKumentace - propojent s
[ 7 Days
| 12
92 | 30 Days
91 00:00 00:16 00:33 00:50 60 Days
. . . 00:00 00:16 00:33 00:50 Heart_Rate -
en.wikipedia.or g
L] L] T Restart
37 \—\,,_ | I
7195 Iterations to remember:
36.95 L

Automatic simulate

www.wikiskripta.eu S

36.85 71.85
36.8 71.8
—
3675 00:00 00:16 00:33 00:50
00:00 00:16 00:33 00:50

Documentation

* Blood pressure [ from WIKIPEDIAI 8lood pressure (BP), sometimes referred to as arterial blood pressure, is the pressure exerted by circulating blood upon the walls of blood vessels, and is one of the
principal vital signs. When used without further specification, *blood pressure” usually refers to the arterial pressure of the syste...



http://www.wikiskripta.eu/

Priklad - Hemodynamika

Webovy s

imulator

Left Atrium

Volume: 49.6029556750827
Pressure: 10.9110972544625
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80

Volume: 154.465954136226
Pressure: 11.9449291393951
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Total_Unstressed_Velume_[ml]:| 3700 |

Total_Elood_Veolume_[ml]: [5000

Hemodynamics.PV-diagrams-
left-heart

Hemodynamics.Burkhoff_Kofranek.1:
| 1sec

5 Sec
20 Sec
1 Min

5 Min
20 Min
1 Hour
6 Hour
12 Hour
1 Day .
7 Days
30 Days
60 Days
90 Days

Restart

Iterations to remember:

Automatic simulate

fime between simulation iteration:




iklad - Hemodynamika
ditor simulatoru

Select simulator I Simulation browser I Initial values I Simulation editor

This editor is for defining simulation application in the first tab. Syntax is still in development.

1 screen_Hemodynamics.PV-diagrams-left-heart Current syntax of
2 model Hemodynamics.Burkhoff_Kofranek. 13 10, fmu

* screen [sci
4 label Left Atrium the definitic
: of 5 value Volume leftHeartBurkhofwithBusConnector,LeftAtrium, Volume
- In e rovan 5 value Pressure leftHeartBurkhofWithBusConnector.LeftAtrium.Pressure LRI
%raph P-\ leftHeartBurkhotWithBusConnector. Lefthtrium.Volume, TeftHeartBurkhofWithBusConnector.LeftAtrium, Pressure as menu ar
8 abel Left Ventricle Clinic. Char
value Volume leftHeartBurkhofwithBusConnector.leftVentricle, Volume e
value Pressure leftHeartBurkhofWithBusConnector.LeftVentricle.Pressure [
11 ph P model whic
1e$tHeartBurkhnglthBusConnector LeftVentricle.Volume, leftHeartBurkhofWithBusConnector,LeftVentricle.Pressure HummodHi

- doménoveée Sl aol e
14 utsBlockl.Totalunstressadvolume. k 0 3700 5000 section. Ex

slider Total Unstressed Volume [ml] modelIn;f ]
slider Total_Blood_Volume_[ml] modelInputsBlockl.TotalBloodVolume .k 2500 5000 6500 value [title

1fi 70 16 value of mc
SpeCI IC y Jazy 1 documentation en e =
18 P-V diagram EE e
1 #N Pressure-volume_loop_analysis_in_cardiology Sidi
20 #I Srdecni_revoluce graph [title
o separated
slider [title
1 Y [max] - slid

- Interpretovany
g bar [title] [
show a bar
radiobutto
[label2] [va
discrete va

= rOZV rien I’ « text [anyte:

decument:

prvk(l simulatoru at
okamzité vidét =

wiki:

| Save simulation application definition |




Architektura systému webove
simulace

Visualization Repository of resources, Simulation
Identification algorithm

: web server B (I_EES‘_I'fuI simulation
= = 2z service
it = 0 o
E 2 o1 [Ew |
N 2. E| |service E kFMU simulator )
\ RESTful simulation
: : service

Scientific cloud

SCESNET Centrum

client p—




Architektura systému webove
simulace

Visualization ) Kl I e nt

(wl = —— ) H T M L 5

e T Javasc ript

= — Grafy (Dygraph)

5 s m - Komuni ka ce se serverem A J AX
(jQuery)

- Prlbézné vysledky - Callback
(SignalR)

- Menu jQuery Ul

- Protokol HTTP

- Format dat JSON




Architektura systému webové
simulace

- We bovy server Repository of resources,

- Architektura REST T

Identification algorithm

loadbalancer na
vzdalené uzly
simulatord

web server

RESTful web
service

Framework
ServiceStack.NET
NET
Databaze - MS SQL
IdentifikaCni algoritmus

Server




Architektura systému webove
simulace

Simulace
Virtualni stroj - s MS Windows 2008
1-4 uzly na UPF 1.LFUK

Simulation

10-100 uzld v cloud (gjﬂgg'simmaﬁm h

CESNETU(METACENTRUM) ug,/_*

1000 CPU v jednani s evropskou EGI ]2 m—m
Modelica modely » FMU (DLL) E & J
ArChitektura REST \ RESTful simulation

ServiceStack.NET Framework : i

Simulace ovladatelna pfes HTTP }

Formét dat JSON . @_ECESNETnfic cloud

CellML modely (IUPS Physiome,VPH) Ww— P
exportovany do Pythonu ; LNntrum

Flask - web + REST

Simpy, numpy - simulace a feseni -
ODE = ==



Pristup ke cloudovym sluzbam CESNET z.s.p.o.
(www.metacentrum.cz)

Nevlastnim hardware - pronajimam si ho jako

S l u 2 b u: es Simulation
- uzivatel - zaméstnanec, student ¢lena m

sdruzeni CESNET (vysoké gkoly, AVCR, ...)

— r
- virtuélr,\f§troj o 3 W s
- klvcl)novanllstrOJu o %/"* | |
- pfipravené obrazy s operacnimy = |
systémy: E N /
- MS Windows - do 30 dn{ aktivovat | RESTul simulation
vlastni licenci, nebo pozédat o licenci HPC, : (=

pristup pres VNC, remote desktop
- Linux - pfistup pres VNC, SSH

:_E ;
- vlastni obraz s virtualnim strojem @-CESNET rum
(VMWare, XEN, ...) S
- az 24 virtualnich jader CPU :

nasazeni 5-10 virtudlnich stroji po 12 : s
jadrech - flexibilng, vice zdrojti nékolik 5 —{=]
desitek - na pozadani uzivatelske podpory

- VetsSi nasazeni - evropska sit EGI



Shrnuti

« Vypocetni zatéz Ize svérit vzdalenym serverliim a
vyvazovat zatez, cloud computing

 Slozité modely a simulétor}/ Ize zpristupnit
privétivym zpusobem na ruznych platformach
« MS Click Once
« V prohlizeci s pluginy, Flash, MS Silverlight
« V prohlizeci bez plugind, HTML5

« Oddéleni technologii pro modelovani,simulace a pro
vizualizace



»,Moje starost je prosta, nevadi mi, kdyz se pocitace stavaji chytrejsi,
protoze se zvysuje jejich inteligence. Ale velmi mi vadi , kdyz se stavaji
chytrejsi nez my tim, Ze z nds délaji hlupaky” G.Klein: Intuition at
Work, Doubleday, 2003

Prace podporena sdruzenim CESNET, Fond Rozvoje CESNET 431/2011 a
MPO FR-TI3/8
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