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Speedy Model Computation

* Modeling Analysis of Data:
— optimization requires iteration

— heterogeneous systems require multiple
parameterizations

— clinical data analysis turns into supercomputing

« Large Scale Modeling --> Emergent behavior
— exploring: compute at the speed of thought

— semi-automate explorations
* iterative looping on parameters
» behavioral analysis with 2D and 3D displays



Working from Top Down

Cardiorespiratory System Models without cells, but needing them

Constraints on Integrated Systems
— mass and volume for blood and gasses
— optimizing behavior of closed multiparameter systems
— lack of adaptability of single or dual level systems

Cellular metabolic and signaling systems are needed for extending
adaptability to extreme changes in conditions

Reducing cellular models for computation - an optimization process
for each of several levels of complexity

Detection and control of adaptive computation by substitution for
reduced-form modules



Highly Integrated Physiology (HIP) model structure
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Circulatory model
(Lu 2001, Rideout 1991, Zinemanas 1994)
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Systemic

circulation (Lu 2001,
Zinema|1as 1994)
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Systemic Arteries

(Lu 2001)
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Small Arteries

Vsa
Vsad:t | ¢ | |
Psad > | | ‘ ‘I

Compliance:Csad

Resistance:Rsad

Initial volume: Vsad_init

Fsa

i)

HIP model
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JSIim Demo of a
Cardiorespiratory model



Working from Top Down

« Constraints on Integrated Systems
— conservation: mass and volume for blood and gasses
— optimizing behavior of closed multiparameter systems
— lack of adaptability of single or dual level systems



What to do next:

Match multiple data sets for validation
Improve lung mechanics and blood gas handling
Use separate systemic circuits for gut, kidney,muscle

Replace electrical with mechanical models for pressure-
volume-flow in blood vessels.

Incorporate blood-tissue water exchanges due to
Starling forces; account for Hct and osmolarity reduction
with hemorrhage and intravenous infusion.

Numerical improvements, better solvers and optimizers.



Working from Top Down

Cellular metabolic and signaling systems are needed for extending
adaptability to extreme changes in conditions




Working from Top Down

Reducing cellular models for computation - an optimization process
for each of several levels of complexity




Multicomponent models
of cardiac intermediary metabolism




Keeping the biophysics available to allow
adaptations at the top level
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Varying Elastance Model at top
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Varying Elastance Model at top
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Working from Top Down

Cardiorespiratory System Models without cells

Constraints on Integrated Systems
— mass and volume for blood and gasses

— optimizing behavior of closed multiparameter
systems

— lack of adaptability of single or dual level systems

Cellular metabolic and signaling systems are
needed for extending adaptability to extreme
changes in conditions

Reducing cellular models for computation - an
optimization process for each of several levels
of complexity

Detection and control of adaptive computation

by-substitution-for reduced-form-modules



Working back down to the more basic models
that control the adaptive responses

« Detection and control of adaptive computation by
substitution for reduced-form modules

— a little artificial intelligence:

« Decision making based on observation that model conditions are
outside of prescribed limits.

» the observation points to the modules to go back down the tree to
put into operation.

» having a menagerie of reduced model forms covering different
ranges of conditions can avoid some antireductionist trips to the
root modules

— automated deviation detection:

« Detection by continuously running signal analysis programs that
identify when a signal changes character (frequency content,
Lyapunov exponent, correlation structure, etc.)

* No so easy to identify the most relevant route to model re-
expansion

« combine this with some Al to choose simplest route




SUMMARY

Compute at the speed of thought.
Model reduction, multiscale, is essential.

Multiscaling is difficult and fraught with
compromise.

Successive reductions cause successive
constraints AND successive losses In
adaptability to changing conditions.

Going back up the down staircase should be
automated while running large scale reduced-
form models.

It's a tricky art form, but turning into science.







Simulation environment: JSim
rE Project r@ VS001 r. ParSets ri DataSet r. tuning

ParSet Pagesl Back || Next " Run |A|I Runs

[Message r Plot Pages (24)
i File View Zoom
i[x¥ plot|update after run|
%Data| VS001 [Psa E Curve| 1 | show[d
Duration of simulation X-EXDYI H_ |—|_[_|—
tmax 20 sec X | Log[J Autoscale[J Min |10 |Max|20
Structural injuries Systemic arterial blood pressure
Left_ventricle_wall | Penetration: enter radius and impact time ‘f-
r_lv_peri |3.5 |nm Clv_imp [35.7 [sec lv_clot [3000 |sec
Right_ventricle_wall | No injury |
A og A 1 ) f 1 ¢ ' . ,
Y T O I
, -' 0 |
Left_atrium_wall | No injury | || |‘ ‘ H [ |\| H ‘ |‘ | H | “ |‘ ‘ H | H
A I O A R A A A T
l[‘ ’ \‘ -VII a|| \‘ ‘u“ .] .]I ‘ [‘ n‘ ’JJ| ul ‘q‘ l‘ v] '|| x'I ‘ \‘
Right_atrium_wall | No injury | |.,,‘\‘ J.I ‘ \ | ‘\“ L 'II ‘ ',‘ | E | '. | “, ll | “‘ |
S IR AR R R R S Y N Y AR R Y R R RN A B
! ! | “,] \ ‘ IIK \ | | I} | | | Y ‘ \ It| | [ ‘\ ‘ \ '
\ | \ \ | \ \ \ 1 \ \ \ | \
Pericardium [__Penetration: enter radius and impact time A VA VA A AR A 1 AR
r_peri_pl [3.5 |mnm  t_peri_imp [35.7]sec t.tamp [3000]sec
Septum [ No injury | .
: JE: —— 1: PsammHg {optimized}
i E
Coronary_artery_to_LV [ No injury | éi
Coronary_artery_to RV| No injury |
Mitral_valve [ No injury ] i
| =
Other changes i
Positive_P_vent [ Spontaneous breathing |
Pericardial_influence | Pericardium present
Pleural_influence Pleural sac present
T T T T 1
10 12 14 16 18 20
seconds
Source Run Time L Info L Loops | 201an05. 10:15
[Sensitivitv [ optimizer [ Notes | Customize [ Images {_Graph [ Text
fne 2 J
Models available at http:/nsr.bioeng.washington.edu




