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1 Intr oduction

Coupled,intricate systemsexist to maintainthe uidity of the bloodin the vascularsystemwhile
allowing for therapidformationof a solid clot to preventexcessve bloodlosssubsequenb vessel
injury [10]. Thesesystemsanbeinvokedaspartof thebody's normaldefensenechanisnmagainst
blood loss (a processeferredto as hemostasis)but thesesamesystemsare alsoinvoked during
unwanted pathologicaland perhapdife threateningclot formationknown asthrombosis.Indeed,
thesesystemgsanbeseermasadelicatebalancingactcontinuallyoccurringto controlclot formation
andlysis in orderto prevent hemorrhagewithout causingthrombosis[2]. Despitemorethana
centuryof researchn blood biochemistry plateletandvasculamwall biology, and uid dynamics,
the complity of blood clotting under o w haspreventedquantitatve and predictve modeling
[13]. Yetquantitatve modelingof bloodfunctionunder o w could have numeroudiagnosticand
therapeutiaises.

Whenthewall of abloodvesseis injured,avariety of embeddednoleculesbecomesxposed.
This initiatestwo interactingprocesseknown asplateletaggreyationandblood coagulation Both
of theseprocessednvolve multiple subprocessesPlateletaggreation startswhen plateletssus-
pendedn the blood, which normally circulatein aninactive state,adhereto damagedissueand
undego an activation process. During the activation of a platelet,the plateletchangesrom its
rigid discoidalshapeio a moredeformablesphericaform with seserallong, thin pseudopodiathe

platelets surfacemembrandecomesticky to otheractivatedplatelets;andthe plateletbeginsto
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A Blood Clot

A colorizedscanningelectronmicrographof abloodclot formed
In vitro without ow
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Platelet Aggregation

Simulationof PlateletAggregationby H. Yu andA. Fogelson
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Blood Coagulation
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Reactions(a) schematiof injuredsite. SE—eposedsubendotheliumiE—endothelium(b)
TF-Vlla systemon subendothelium(c) plasma-phaseeactions{d) Vllla:IXa andVa:Xa
compleceson actvatedplateletsurface;(e) TM:lla complex on endotheliakurface.

4l Indicatesinactivation.

indicatesenzymatically-psmotedreaction.a indicatesinhibition.

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation- p. 5/22




Interactions

Plateletsaccelerat€oagulation

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation- p. 6/22



Interactions

Plateletsaccelerat€oagulation

Coagulatioraccelerate®lateletAggregation

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation- p. 6/22



Interactions

Plateletsaccelerat€oagulation
Coagulatioraccelerate®lateletAggregation

Inhibitory Effects

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation- p. 6/22



Interactions

Plateletsaccelerat€oagulation
Coagulatioraccelerate®lateletAggregation
Inhibitory Effects

Fibrinolysis

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation- p. 6/22



Interactions

Plateletsaccelerat€oagulation
Coagulatioraccelerate®lateletAggregation
Inhibitory Effects

Fibrinolysis

Advection& Diffusion

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation- p. 6/22



Problem Summary

Little i1s known

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation-np. 7/22



Problem Summary

Little i1s known

Experimentadif culty

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation-np. 7/22



Problem Summary

Little is known
Experimentadif culty

Othercomputationaivork

Towardsa Parallel 3D Simulationof PlateletAaarenationandBlood Coaaulation-np. 7/22



Problem Summary
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Navier StokesSolver

ug+rp= (U r)u+ u+f

r u=20
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Navier StokesSolver
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Immersed Boundary Method

X(s,t
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Immersed Boundary Equations

Z
f(x;t) = F(s;t) (x X(s;t)) ds

vi
CL_T: u(X(s;t):t) = u(xt) (x X (s;t)) dx

F(s;t) = Somefunctionof X (s;t) andits dervatives
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Immersed Boundary Equations

X
fj = Fi n(Xi;  Xk)

dXx X
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Alter nate Methods

Make IBPsandIBLs globalamongprocessors

Make IBPsandIBLs “global perinterface”
Allow useof [l method(or hybrid IB/Il method)
Requiresa “reduced”all-to-all broadcasmessage
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Increasesiumberof messagerequiredfrom fourto ve
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Conclusion
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LDC

_____________________

_____

1 if O, doesnotupdatept 1, thenmeneedso sendhim pt 3 (LDC4)

2 If medoesnotupdatept 2 andO3 6 O, thenmeneeddo receve
pt4 from O, (LDC)

3 If O3 doesnotupdatept 2andO4 6 O3, thenmeneedgo sendpt
410 O3. (LDC))
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Preliminary Data Structur es

An IBDataobjectcontains An IBCell contains
Array of IBCells List of IBPoints
An IBPointis composeaf List of IBLinks
Spatialcoordinateglocation) An IBLink is composef
Whetheror not IBPointis RestingLength
tethered .
Tension

SUCSS VI GRIPATL IR Whethera periodicboundaryis

crossed
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Final Data Structur es

An IBDataobjectcontains An IBCell contains
Array of IBCells List of IBPoints
List of dummyIBPoints List of IBLinks

An IBPointis composedf An IBLink is composeaf
Unigueidentifier Unigueidentifier
Spatialcoordinateglocation) RestingLength
Force& Velocity vectors Tension
Whetheror not IBPointis Whethera periodicboundaryis
tethered crossed

Owner& Locallink count Pointersto two IBPoints
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