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OpimizationOpimization of of transportationtransportation//propagationpropagation--
networksnetworks ((macromacro--, , mesomeso-- and and nanoscalenanoscale))
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FattenedFattened graphsgraphs and and skeletonsskeletons
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Industrial Industrial applicationapplication:  :  topologytopology optimizationoptimization
forfor problemsproblems defineddefined on on graphsgraphs ((thinthin domainsdomains))

F

move tis joint? Delete this bar?

change
size?
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HigherHigher dimensional dimensional networksnetworks ((LagneseLagnese and and 
G.L. 04, G.L. 04, NicaiseNicaise 97)97)
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OptimizationOptimization//controlcontrol on on networksnetworks

ControllabilityControllability//reachabilityreachability//stabilizabilitystabilizability
Optimal Optimal controlcontrol: : 
–– Optimal Optimal trackingtracking at at endend--nodesnodes
–– Maximal Maximal throughputthroughput
–– Minimal Minimal operatingoperating costcost
–– Robust Robust controlcontrol
–– RealReal--timetime controlcontrol
–– OpenOpen--looploop//closedclosed looploop
–– Suboptimal Suboptimal controlcontrol: : instantaneousinstantaneous controlcontrol
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‚‚TheThe problemproblem‘‘
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‚‚LargeLarge‘‘ networknetwork problemsproblems

GasGas-- oror waterwater networksnetworks: ~ 5000: ~ 5000--10000 10000 channelschannels oror
majormajor pipespipes
‚‚MicrostructuresMicrostructures‘‘: : possiblypossibly millionsmillions of of edgesedges --nono locallocal
analysisanalysis wantedwanted (and, in (and, in factfact, , possiblepossible)!)!
HenceHence: : modelmodel--hierarchieshierarchies neededneeded. . TwoTwo--levellevel
optimizationoptimization basedbased on on discretediscrete--versusversus continuouscontinuous
graphgraph problemproblem
Model Model reductionreduction byby thethe way of way of domaindomain decompositiondecomposition
(G.L. and (G.L. and LagneseLagnese 04 and 04 and veryvery recentlyrecently HalpernHalpern and and 
SzeftelSzeftel 07) and 07) and homogenizationhomogenization (G.L. and (G.L. and KogutKogut
06/07)06/07)
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HydrodynamicHydrodynamic versusversus hydrologicalhydrological
modellingmodelling
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ConceptualConceptual hydrodynamicalhydrodynamical modellingmodelling
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ShallowShallow waterwater equationsequations
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ControlControl of of subcriticalsubcritical pointspoints to to equlibriumequlibrium: : 
seesee moremore in a in a specialspecial talktalk byby Martin Martin GugatGugat tomorrowtomorrow……

Subcritical states

H

Zero set for friction

V
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ControllabilityControllability and optimal and optimal controlcontrol ((mostlymostly
forfor thethe de de SaintSaint--VenantVenant systemsystem))

ExactExact controllabilitycontrollability onlyonly forfor classicalclassical solutionssolutions so farso far
SemiSemi--global global exactexact controllabilitycontrollability resultsresults forfor levellevel networksnetworks
withoutwithout frictionfriction termterm byby G.L. and Schmidt 02, G.L. and M. G.L. and Schmidt 02, G.L. and M. GugatGugat
03 and G.L. and M. 03 and G.L. and M. GugatGugat and G. Schmidt 04and G. Schmidt 04
SemiSemi--global global exactexact controllabilitycontrollability withwith fricitionfricition forfor levellevel networksnetworks: : 
Ta Ta tsientsien Li and Wang 07,Ta Li and Wang 07,Ta tsientsien Li 05 , Ta Li 05 , Ta tsientsien Li and Li and BopengBopeng
Rao 02, 03Rao 02, 03
SemiSemi--global global exactexact controllabilitycontrollability of of constantconstant subcriticalsubcritical statesstates to to 
a a neighbourhoodneighbourhood of of equlibriumequlibrium pointspoints forfor nonnon--levellevel systemssystems withwith
frictionfriction: G.L. and M;. : G.L. and M;. GugatGugat 20072007
StabilizationStabilization: J.: J.--M. M. CoronCoron et.alet.al. 00. 00--0505
ExactExact controllabilitycontrollability of of weakweak solutionssolutions forfor a a singlesingle edgeedge::
O. Glass 05 (O. Glass 05 (NetworksNetworks openopen), F. Ancona, ), F. Ancona, PiccoliPiccoli, Colombo, Colombo……
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Industrial Industrial applicationapplication: : OptimizationOptimization and and controlcontrol of of gasgas--
networksnetworks ((jointjoint withwith: : M.GugatM.Gugat, , J.LangJ.Lang, A. Martin), A. Martin)

Multiscale modelling

Coarse to fine

discrete

continuous
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ModellingModelling of of gasgas--networksnetworks ((similarsimilar forfor thethe shallowshallow waterwater
equationsequations))

Vector form: system of nonlinear hyperbolic conservation laws
with source terms
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TheThe fullyfully nonlinearnonlinear networknetwork modelmodel
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A A nonlinearnonlinear networknetwork flowflow modelmodel

Osciadasz 96, de Wolfe et.al 98……..piecewise linear approximations
discussed by A. Martin and his group, linear model G.L. and Dymkou 07 
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Optimal Optimal branchingbranching in in transportationtransportation
networksnetworks: minimal : minimal resistanceresistance graphsgraphs
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Optimal Optimal branchingbranching in in transportationtransportation
networksnetworks: minimal : minimal resistanceresistance graphsgraphs
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Optimal Optimal branchingbranching in in transportationtransportation networksnetworks: : 
optimalityoptimality conditionsconditions
((seesee DurandDurand 06 06 forfor a  a  similarsimilar analysisanalysis))
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Optimal Optimal branchingbranching in in transportationtransportation
networksnetworks: : MurrayMurray‘‘ss lawlaw (1926)(1926)
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SensitivitySensitivity of minimal of minimal resistanceresistance graphsgraphs withwith
respectrespect to to topologytopology changeschanges
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SensitivitySensitivity of minimal of minimal resistanceresistance graphsgraphs withwith
respectrespect to to topologytopology changeschanges
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SensitivitySensitivity of minimal of minimal resistanceresistance graphsgraphs withwith
respectrespect to to topologytopology changeschanges
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TopologicalTopological derivativederivative forfor minimal minimal resistanceresistance
graphsgraphs
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TopologicalTopological derivativederivative forfor minimal minimal flowflow
resistanceresistance graphsgraphs
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SomeSome specialspecial casescases
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MechanicalMechanical networksnetworks

In In progressprogress::
–– TrussesTrusses ((similarsimilar analysisanalysis as as aboveabove, , notnot yetyet

cpmpletedcpmpleted))
–– 22--D D elasticityelasticity forfor gridgrid structuresstructures

Open:Open:
–– 33--D D elasticityelasticity forfor gridgrid structuresstructures
–– CosseratCosserat networksnetworks
–– Same Same forfor beamsbeams
–– Same Same forfor platesplates, , shellsshells and and combinationscombinations……
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InIn--plane plane analysisanalysis (3(3--d d casecase similarsimilar))
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ElasticityElasticity on on graphsgraphs
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An An exampleexample of of staticstatic networksnetworks underunder contactcontact
conditionsconditions

Graph-like networks of
strings

We ask for optimal 
topologies under
various constraints
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trusstruss modellingmodelling ((includingincluding contactcontact))
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trusstruss--designdesign
((seesee also also thethe presentationpresentation of G. of G. BouchitteBouchitte))
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trusstruss--designdesign: : simplifiedsimplified problemproblem
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Free material Free material optimizationoptimization
((withwith M. Stingl and M. M. Stingl and M. KovcvaraKovcvara, , EUEU--ProjectProject 07)07)
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FMO: FMO: discretizationdiscretization
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FMO: FMO: propertiesproperties
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Free material Free material optimizationoptimization
((computationscomputations: M. Stingl 07): M. Stingl 07)

4 loads 5000 elements 20000 elements 8 loads 5000 elements
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33--D D examplesexamples: : multilpemultilpe loadload casescases

10000 elements, 1.5 h 20000 elements 4 h



G.Leugering,  IAM, FAU Erlangen-Nürnberg 40

FMO: FMO: industrialindustrial applicationapplication
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Extension to Extension to continuouscontinuous prolemsprolems: : sizingsizing, , 
material and material and topologytopology optimizationoptimization ((openopen))
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‚‚diggingdigging holesholes‘‘ in in graphsgraphs: : 
G.L. and J. Sokolowski 2006/2007G.L. and J. Sokolowski 2006/2007

Is it energetically reasonable to cut a hole at the center ?

Spider‘s web
Forces
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A A locallocal subproblemsubproblem: : SteklovSteklov--PoincarPoincaréé

• Cut out a star: special case here

Introduce Dirichlet data
at the new external nodes,
solve the Steklov-Poincare
problem on the star
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ResolveResolve thethe centercenter
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ElasticityElasticity on on graphsgraphs: : weakweak formulationformulation
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Cut out a Cut out a subgraphsubgraph includingincluding thethe holehole
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AsymptoticAsymptotic solutionsolution forfor thethe homogeneoushomogeneous
starstar--graphgraph withwith symmetricsymmetric holehole
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EnergyEnergy criterioncriterion
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TopologicalTopological gradientgradient: potential : potential energyenergy as as criterioncriterion
(also (also compliancecompliance) G.L. and Sokolowski 2006, 2007) G.L. and Sokolowski 2006, 2007
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TheThe topologicaltopological derivativederivative forfor thethe homogeneoushomogeneous
starstar--graphgraph withwith symmetricsymmetric holehole
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Still to doStill to do…………....

• higher edge degrees (s.t. mass is actually removed) 
• multiple loads (asymmetric loading, worst-case designs)
• nonsymmetric holes (holes may degenerate!)
• 3-d networks (also for curved edges)
• non-homogenous networks………..
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AsymmetricAsymmetric holesholes and and moremore……....

We may let the two
edges coincide and obtain
a node with edge degree 3
and one with N-3 

Asymmetric
hole
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22--D D networksnetworks in 3in 3--space: space: ScopeScope

ModelingModeling includesincludes::
ScalarScalar problemsproblems
((diffusiondiffusion) on ) on networksnetworks
Membrane Membrane networksnetworks
NetworksNetworks of of ReissnerReissner--
MindlinMindlin platesplates
NetworkNetwork of of shellsshells ((fairlyfairly
openopen))
CanCan bebe extendedextended to to 
timetime--dependentdependent
problemsproblems

Courtesy U.Rüde
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ThankThank youyou forfor youryour attentionattention!!!!
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