
Hierarchical Parcel Swapping (HiPS) Model



• A key challenge of turbulent combustion is the wide range 
of length and timescales 

- DNS costs are extremely high (scales with Re3). 

• LES and RANS require subgrid models of unresolved 
reaction and transport processes. 

- Models struggle to accurately capture all combustion 
phenomena under a range of flow conditions. 

- Premixed vs. nonpremixed 

- Flame extinction and ignition 
- Soot and NOx formation 

• PDF transport models represent the reaction source but 
need accurate mixing model closures. 

https://en.wikipedia.org/wiki/Kelvin–
Helmholtz_instability

Models idealize 
these processes

Motivation



• Mixing closures often consist of intermixing pairs or groups 
of notional fluid particles. 

- Interaction by Exchange with the Mean (IEM) 

- Modified Curl (MC) 

- Euclidean Minimum Spanning Trees (EMST) 

- Shadow Position (SP) 

• Challenges include not mixing of particles with unphysically 
dissimilar states.  

- How to define “close” in state space? 

- Thermochemically “close” particles may not be physically 
close. 

https://en.wikipedia.org/wiki/Kelvin–
Helmholtz_instability

Motivation



Hierarchical Parcel Swapping (HiPS)

• HiPS is a simulation approach for turbulent mixing  
- A.R. Kerstein, J. Stat. Phys. 153:142-161 (2013) 

- A.R. Kerstein, J. Fluid Mech. 750:421-463 (2014). 

• Uses a binary tree structure to define a geometric 
progression of length scales. 

• Fluid elements are defined at the base of the tree 
and interact as pairs. 

• Computationally efficient 
• Includes elements of LEM and ODT 

- But does not directly model 1-D diffusion in a physical coordinate 

• Can be run standalone or as a flow model 
- Facilitates subgrid wall-models; subgrid jets.



Essentials of Turbulent Mixing

• Include a range of scales 
• Follow Kolmogorov scaling 
• Scale separation  

• Scales interact with local environment 
• Large and small scales are decoupled 

• Cascade of scales: large to small 
• Increase of initially close parcels
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HiPS can be thought of as a minimal model of turbulent mixing



Model Formulation—Binary Tree

Nodes

Fluid 
Parcels

Parcel 
pairings



Model Formulation—Binary Tree

Nodes

Fluid 
Parcels



Model Formulation—Binary Tree

Nodes

Fluid 
Parcels



Model Formulation—Binary Tree

• Mixing—Swap Nodes 
- Select a node 

- Select a grandchild to the right 

- Select a grandchild to the left 

- Swap the two subtrees



Model Formulation—Binary Tree

No parcel pair changes

• Mixing—Swap Nodes 
- Select a node 

- Select a grandchild to the right 

- Select a grandchild to the left 

- Swap the two subtrees
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Model Formulation—Binary Tree

• Mixing—Swap Nodes 
- Select a node 

- Select a grandchild to the right 
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Model Formulation—Binary Tree

Parcel pairing changes

• Mixing—Swap Nodes 
- Select a node 

- Select a grandchild to the right 

- Select a grandchild to the left 

- Swap the two subtrees



Model Formulation—Tree Scales

• Specify length scales at each level 
- Top level is the tree length scale L0 

- L0 is user-defined 

- Each level decreases length scale by factor A<1. 

- If parcels occupy fluid volume, then for a binary 
tree, each subtree occupies half the volume as 
the tree above, with a length scale ratio of A. Level Length 

scale

0 L0

1 L0/2

2 L0/4

i L0/2i

n-1 L0/2n-1

cube of length scale reduction 
A matches volume reduction

A =
1
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D=1 assumed

Parcel “proximity” is the node level of the nearest node connecting two parcels.  
This is used to define a parcel separation based on the corresponding length scale.



Model Formulation—Tree Scales

• Specify time scales at each level 
- Top level is the tree length scale τ0 

- τ0 is user-defined 

- Use inertial range scaling 

- ε is constant 

- scales depend on ε Level Length 
scale Time scale

0 L0

1 L0/2

2 L0/4

i L0/2i

n-1 L0/2n-1

Kolmogorov’s second similarity hypothesis. In every 
turbulent flow at sufficiently high Reynolds number, the 
statistics of the motions of scale L in the inertial 
subrange  have a universal form that is uniquely 
determined by ε. —Pope, Turbulent Flows
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Model Formulation—Eddy Events

• Tree swaps = “eddy events” 

• Eddy rate at each level computed from time scales 

• Eddy event times at each level are sampled as a Poisson process 
with mean rate λi.

Level Length 
scale Time scale
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Model Formulation—Eddy Events

Eddy occurrence times at three levels

• Combine the times for the three levels 

• Make a list of the levels for each eddy 
event time. 

• Advance mixing and reaction processes 
for each parcel between eddy events.



Model Formulation—Mixing/Reaction

Fast mixing

Solve reaction  
equations implicitly

�mix =
1

2
(�+ �nb)

d�

dt
=

ṁ000
�

⇢

nb

• Two mixing models 
- Fast mixing:  

- Eddy events instantaneously mix the state 

- Solve separate evolution equations for chemical reaction 

- Rate equation: 

- Semi-implicit, semi-analytic solution approach 

- Also works well with a second order Strang splitting



Model Formulation—Mixing/Reaction
• Two mixing models 

- Fast mixing:  

- Eddy events instantaneously mix the state 

- Solve separate evolution equations for chemical reaction 

- Rate equation: 

- Semi-implicit, semi-analytic solution approach 

- Also works well with a second order Strang splitting

Fast mixing

Rate Equation

Solve reaction  
equations implicitly
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Results—Simple Mixing



Parallel Reactions

MA = MB = 1

dYA

dt
= �Da1YAYB � 1

2
Da2YAYR

dYB

dt
= �Da1YAYB

dYR

dt
= 2Da1YAYB �Da2YAYR

dYP

dt
=

3

2
Da2YAYR

Da =
⌧mix

⌧rxn
=

reaction rate

mixing rate

A+B ! R

A+R ! P

Take R as the desired product

S =
YR

YR + YP



Parallel Reactions

A+B ! R

A+R ! P

dYP

dt
=

3

2
Da2YAYR

• Initially segregated reactants, 9 levels 

• Re = 1625 (645, 256) 

• Vary τmix with constant reaction rates  

• Higher mixing rate favors desired 
product R. 
- Mixing dilutes R, reducing its 

concentration, hence the reaction rate 
forming P

Higher Mixing Rate



Parallel Reactions

A+B ! R

A+R ! P

dYP

dt
=

3

2
Da2YAYR

Higher Mixing Rate

• Initially segregated reactants, 9 levels 

• Re = 1625 (645, 256) 

• Vary τmix with constant reaction rates  

• Higher mixing rate favors desired 
product R. 
- Mixing dilutes R, reducing its 

concentration, hence the reaction rate 
forming P



Ethylene flame

A+B ! R

A+R ! P

• Turbulent premixed ethylene flame 

• Initialize 20% of the parcels to be burnt, 
80% to be fresh reactants 

• Vary the mixing rate 

• High mixing results in flame extinction 
- Reactants are mixed into the products faster 

than reaction occurs.  

- This reduces temperature and quenches the 
reaction.

Ignites

Extinguishes
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Ethylene flame

A+B ! R

A+R ! P

• Turbulent premixed ethylene flame 

• Initialize 20% of the parcels to be burnt, 
80% to be fresh reactants 

• Vary the mixing rate 

• High mixing results in flame extinction 
- Reactants are mixed into the products faster 

than reaction occurs.  

- This reduces temperature and quenches the 
reaction.

Mean



Ethylene flame

A+B ! R

A+R ! P

• Turbulent premixed ethylene flame 

• Initialize 20% of the parcels to be burnt, 
80% to be fresh reactants 

• Vary the mixing rate 

• High mixing results in flame extinction 
- Reactants are mixed into the products faster 

than reaction occurs.  

- This reduces temperature and quenches the 
reaction.

RMS



Differential Diffusion (nonunity Sc)

i⌘
<latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit>

High D: Sc < 1 
• Scalar diffusion timescale = inertial timescale

ib
<latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit>

2 Cases 
• High D: Sc < 1 
• Low D: Sc > 1

lb
<latexit sha1_base64="JLkbhjRLO+rBVl1YINK1t3YopoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfbDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUOsjcU=</latexit><latexit sha1_base64="JLkbhjRLO+rBVl1YINK1t3YopoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfbDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUOsjcU=</latexit><latexit sha1_base64="JLkbhjRLO+rBVl1YINK1t3YopoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfbDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUOsjcU=</latexit><latexit sha1_base64="JLkbhjRLO+rBVl1YINK1t3YopoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfbDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUOsjcU=</latexit>

⌘
<latexit sha1_base64="gIEj+jLYUk/1Ys8hrgjgPQRyC28=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KRGB4mzXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV/ijmI=</latexit><latexit sha1_base64="gIEj+jLYUk/1Ys8hrgjgPQRyC28=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KRGB4mzXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV/ijmI=</latexit><latexit sha1_base64="gIEj+jLYUk/1Ys8hrgjgPQRyC28=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KRGB4mzXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV/ijmI=</latexit><latexit sha1_base64="gIEj+jLYUk/1Ys8hrgjgPQRyC28=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KRGB4mzXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV/ijmI=</latexit>

⌧b = ⌧i

l2bSc

⌫
= ⌧⌘

✓
lb
⌘

◆2/3

=
⌘2

⌫

✓
lb
⌘

◆2/3

Sc =

✓
⌘

lb

◆4/3

<latexit sha1_base64="AzYh87CUw3vP/pGjk09Rn9vbTsQ="></latexit><latexit sha1_base64="AzYh87CUw3vP/pGjk09Rn9vbTsQ="></latexit><latexit sha1_base64="AzYh87CUw3vP/pGjk09Rn9vbTsQ="></latexit><latexit sha1_base64="AzYh87CUw3vP/pGjk09Rn9vbTsQ="></latexit>

⌘ =
L0

2i⌘

lb =
L0

2ib<latexit sha1_base64="v2w8RHRVNlOLbOFDdt5+q/D25ag=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCHoRil48eKhgP6CtYbPdtEs3m7C7EUoIXvwrXjwo4tVf4c1/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11N/NYDlYpF4k6PY9oL8UCwgBGsjeTZB9zz0QXqBhKT9MZzsrR6nzLPzzLPLjsVZwq0SNyclCFH3bO/uv2IJCEVmnCsVMd1Yt1LsdSMcJqVuomiMSYjPKAdQwUOqeql0xcydGyUPgoiaUpoNFV/T6Q4VGoc+qYzxHqo5r2J+J/XSXRw3kuZiBNNBZktChKOdIQmeaA+k5RoPjYEE8nMrYgMsUlDm9RKJgR3/uVF0qxWXKfi3p6Wa5d5HEU4hCM4ARfOoAbXUIcGEHiEZ3iFN+vJerHerY9Za8HKZ/bhD6zPH1silsQ=</latexit><latexit sha1_base64="v2w8RHRVNlOLbOFDdt5+q/D25ag=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCHoRil48eKhgP6CtYbPdtEs3m7C7EUoIXvwrXjwo4tVf4c1/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11N/NYDlYpF4k6PY9oL8UCwgBGsjeTZB9zz0QXqBhKT9MZzsrR6nzLPzzLPLjsVZwq0SNyclCFH3bO/uv2IJCEVmnCsVMd1Yt1LsdSMcJqVuomiMSYjPKAdQwUOqeql0xcydGyUPgoiaUpoNFV/T6Q4VGoc+qYzxHqo5r2J+J/XSXRw3kuZiBNNBZktChKOdIQmeaA+k5RoPjYEE8nMrYgMsUlDm9RKJgR3/uVF0qxWXKfi3p6Wa5d5HEU4hCM4ARfOoAbXUIcGEHiEZ3iFN+vJerHerY9Za8HKZ/bhD6zPH1silsQ=</latexit><latexit sha1_base64="v2w8RHRVNlOLbOFDdt5+q/D25ag=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCHoRil48eKhgP6CtYbPdtEs3m7C7EUoIXvwrXjwo4tVf4c1/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11N/NYDlYpF4k6PY9oL8UCwgBGsjeTZB9zz0QXqBhKT9MZzsrR6nzLPzzLPLjsVZwq0SNyclCFH3bO/uv2IJCEVmnCsVMd1Yt1LsdSMcJqVuomiMSYjPKAdQwUOqeql0xcydGyUPgoiaUpoNFV/T6Q4VGoc+qYzxHqo5r2J+J/XSXRw3kuZiBNNBZktChKOdIQmeaA+k5RoPjYEE8nMrYgMsUlDm9RKJgR3/uVF0qxWXKfi3p6Wa5d5HEU4hCM4ARfOoAbXUIcGEHiEZ3iFN+vJerHerY9Za8HKZ/bhD6zPH1silsQ=</latexit><latexit sha1_base64="v2w8RHRVNlOLbOFDdt5+q/D25ag=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCHoRil48eKhgP6CtYbPdtEs3m7C7EUoIXvwrXjwo4tVf4c1/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11N/NYDlYpF4k6PY9oL8UCwgBGsjeTZB9zz0QXqBhKT9MZzsrR6nzLPzzLPLjsVZwq0SNyclCFH3bO/uv2IJCEVmnCsVMd1Yt1LsdSMcJqVuomiMSYjPKAdQwUOqeql0xcydGyUPgoiaUpoNFV/T6Q4VGoc+qYzxHqo5r2J+J/XSXRw3kuZiBNNBZktChKOdIQmeaA+k5RoPjYEE8nMrYgMsUlDm9RKJgR3/uVF0qxWXKfi3p6Wa5d5HEU4hCM4ARfOoAbXUIcGEHiEZ3iFN+vJerHerY9Za8HKZ/bhD6zPH1silsQ=</latexit>

Sc = 4
2
3 (ib�i⌘)

<latexit sha1_base64="gybjMSD0x4p4FiVmMeiAexl5o9Y=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC0tSC7oRim5cVrQPaGKYTCft0MkkzEyEErJ146+4caGIW//AnX/jtM1CWw9cOJxzL/fe48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1cTv/NAhKQRv1PjmLghGnAaUIyUljwT3mJ4Aev3qRMIhNNalp5mFer5J9RziELHmWeWrao1BVwkdk7KIEfTM7+cfoSTkHCFGZKyZ1uxclMkFMWMZCUnkSRGeIQGpKcpRyGRbjr9JINHWunDIBK6uIJT9fdEikIpx6GvO0OkhnLem4j/eb1EBeduSnmcKMLxbFGQMKgiOIkF9qkgWLGxJggLqm+FeIh0JEqHV9Ih2PMvL5J2rWpbVfumXm5c5nEUwQE4BBVggzPQANegCVoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPH49YmPs=</latexit><latexit sha1_base64="gybjMSD0x4p4FiVmMeiAexl5o9Y=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC0tSC7oRim5cVrQPaGKYTCft0MkkzEyEErJ146+4caGIW//AnX/jtM1CWw9cOJxzL/fe48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1cTv/NAhKQRv1PjmLghGnAaUIyUljwT3mJ4Aev3qRMIhNNalp5mFer5J9RziELHmWeWrao1BVwkdk7KIEfTM7+cfoSTkHCFGZKyZ1uxclMkFMWMZCUnkSRGeIQGpKcpRyGRbjr9JINHWunDIBK6uIJT9fdEikIpx6GvO0OkhnLem4j/eb1EBeduSnmcKMLxbFGQMKgiOIkF9qkgWLGxJggLqm+FeIh0JEqHV9Ih2PMvL5J2rWpbVfumXm5c5nEUwQE4BBVggzPQANegCVoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPH49YmPs=</latexit><latexit sha1_base64="gybjMSD0x4p4FiVmMeiAexl5o9Y=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC0tSC7oRim5cVrQPaGKYTCft0MkkzEyEErJ146+4caGIW//AnX/jtM1CWw9cOJxzL/fe48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1cTv/NAhKQRv1PjmLghGnAaUIyUljwT3mJ4Aev3qRMIhNNalp5mFer5J9RziELHmWeWrao1BVwkdk7KIEfTM7+cfoSTkHCFGZKyZ1uxclMkFMWMZCUnkSRGeIQGpKcpRyGRbjr9JINHWunDIBK6uIJT9fdEikIpx6GvO0OkhnLem4j/eb1EBeduSnmcKMLxbFGQMKgiOIkF9qkgWLGxJggLqm+FeIh0JEqHV9Ih2PMvL5J2rWpbVfumXm5c5nEUwQE4BBVggzPQANegCVoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPH49YmPs=</latexit><latexit sha1_base64="gybjMSD0x4p4FiVmMeiAexl5o9Y=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC0tSC7oRim5cVrQPaGKYTCft0MkkzEyEErJ146+4caGIW//AnX/jtM1CWw9cOJxzL/fe48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxR1cTv/NAhKQRv1PjmLghGnAaUIyUljwT3mJ4Aev3qRMIhNNalp5mFer5J9RziELHmWeWrao1BVwkdk7KIEfTM7+cfoSTkHCFGZKyZ1uxclMkFMWMZCUnkSRGeIQGpKcpRyGRbjr9JINHWunDIBK6uIJT9fdEikIpx6GvO0OkhnLem4j/eb1EBeduSnmcKMLxbFGQMKgiOIkF9qkgWLGxJggLqm+FeIh0JEqHV9Ih2PMvL5J2rWpbVfumXm5c5nEUwQE4BBVggzPQANegCVoAg0fwDF7Bm/FkvBjvxsestWDkM/vgD4zPH49YmPs=</latexit>

• Mix all parcels across the given level ib



Differential Diffusion (nonunity Sc)

i⌘
<latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit>

Low D: Sc > 1 
• Levels between iη and ib have timescale τη 
• Scalar diffusion timescale = Kolmogorov 

timescale

ib
<latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit>

2 Cases 
• High D: Sc < 1 
• Low D: Sc > 1

lb
<latexit sha1_base64="JLkbhjRLO+rBVl1YINK1t3YopoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfbDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUOsjcU=</latexit><latexit sha1_base64="JLkbhjRLO+rBVl1YINK1t3YopoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfbDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUOsjcU=</latexit><latexit sha1_base64="JLkbhjRLO+rBVl1YINK1t3YopoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfbDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUOsjcU=</latexit><latexit sha1_base64="JLkbhjRLO+rBVl1YINK1t3YopoQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfbDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUOsjcU=</latexit>

⌘
<latexit sha1_base64="gIEj+jLYUk/1Ys8hrgjgPQRyC28=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KRGB4mzXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV/ijmI=</latexit><latexit sha1_base64="gIEj+jLYUk/1Ys8hrgjgPQRyC28=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KRGB4mzXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV/ijmI=</latexit><latexit sha1_base64="gIEj+jLYUk/1Ys8hrgjgPQRyC28=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KRGB4mzXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV/ijmI=</latexit><latexit sha1_base64="gIEj+jLYUk/1Ys8hrgjgPQRyC28=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RTAwkIcxOepMhs7PLTK8QlnyDFw+KePWDvPk3Th4HTSxoKKq66e4KUyUt+f63V1hb39jcKm6Xdnb39g/Kh0dNm2RGYEMkKjGtkFtUUmODJClspQZ5HCp8DEe3U//xCY2ViX6gcYrdmA+0jKTg5KRGB4mzXrniV/0Z2CoJFqQCC9R75a9OPxFZjJqE4ta2Az+lbs4NSaFwUupkFlMuRnyAbUc1j9F289mxE3bmlD6LEuNKE5upvydyHls7jkPXGXMa2mVvKv7ntTOKrru51GlGqMV8UZQpRgmbfs760qAgNXaECyPdrUwMueGCXD4lF0Kw/PIqaV5UA78a3F9WajeLOIpwAqdwDgFcQQ3uoA4NECDhGV7hzdPei/fufcxbC95i5hj+wPv8AV/ijmI=</latexit>

• Mix all parcels across the given level ib

⌧b = ⌧⌘

l2bSc

⌫
=

⌘2

⌫

Sc =

✓
⌘

lb

◆2

<latexit sha1_base64="qHUtdXwMv+mEBXh6exSaEUJEdCk="></latexit><latexit sha1_base64="qHUtdXwMv+mEBXh6exSaEUJEdCk="></latexit><latexit sha1_base64="qHUtdXwMv+mEBXh6exSaEUJEdCk="></latexit><latexit sha1_base64="qHUtdXwMv+mEBXh6exSaEUJEdCk="></latexit>

Sc = 4(ib�i⌘)
<latexit sha1_base64="KltAdF0nyFMWeGix7v5ESc+lDWY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdWFJpKAboejGZUX7gDaGyXTSDp1MwsxEKKHgr7hxoYhbv8Odf+P0sdDWAxcO59zLvfcECWdKO863lVtaXlldy68XNja3tnfs3b2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPB9dhvPlKpWCzu9TChXoR7goWMYG0k3z64I+gSVR6yEvODU+Z3qMYnI98uOmVnArRI3Bkpwgw13/7qdGOSRlRowrFSbddJtJdhqRnhdFTopIommAxwj7YNFTiiyssm54/QsVG6KIylKaHRRP09keFIqWEUmM4I676a98bif1471eGFlzGRpJoKMl0UphzpGI2zQF0mKdF8aAgmkplbEeljiYk2iRVMCO78y4ukcVZ2nbJ7WylWr2Zx5OEQjqAELpxDFW6gBnUgkMEzvMKb9WS9WO/Wx7Q1Z81m9uEPrM8fCraUQA==</latexit><latexit sha1_base64="KltAdF0nyFMWeGix7v5ESc+lDWY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdWFJpKAboejGZUX7gDaGyXTSDp1MwsxEKKHgr7hxoYhbv8Odf+P0sdDWAxcO59zLvfcECWdKO863lVtaXlldy68XNja3tnfs3b2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPB9dhvPlKpWCzu9TChXoR7goWMYG0k3z64I+gSVR6yEvODU+Z3qMYnI98uOmVnArRI3Bkpwgw13/7qdGOSRlRowrFSbddJtJdhqRnhdFTopIommAxwj7YNFTiiyssm54/QsVG6KIylKaHRRP09keFIqWEUmM4I676a98bif1471eGFlzGRpJoKMl0UphzpGI2zQF0mKdF8aAgmkplbEeljiYk2iRVMCO78y4ukcVZ2nbJ7WylWr2Zx5OEQjqAELpxDFW6gBnUgkMEzvMKb9WS9WO/Wx7Q1Z81m9uEPrM8fCraUQA==</latexit><latexit sha1_base64="KltAdF0nyFMWeGix7v5ESc+lDWY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdWFJpKAboejGZUX7gDaGyXTSDp1MwsxEKKHgr7hxoYhbv8Odf+P0sdDWAxcO59zLvfcECWdKO863lVtaXlldy68XNja3tnfs3b2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPB9dhvPlKpWCzu9TChXoR7goWMYG0k3z64I+gSVR6yEvODU+Z3qMYnI98uOmVnArRI3Bkpwgw13/7qdGOSRlRowrFSbddJtJdhqRnhdFTopIommAxwj7YNFTiiyssm54/QsVG6KIylKaHRRP09keFIqWEUmM4I676a98bif1471eGFlzGRpJoKMl0UphzpGI2zQF0mKdF8aAgmkplbEeljiYk2iRVMCO78y4ukcVZ2nbJ7WylWr2Zx5OEQjqAELpxDFW6gBnUgkMEzvMKb9WS9WO/Wx7Q1Z81m9uEPrM8fCraUQA==</latexit><latexit sha1_base64="KltAdF0nyFMWeGix7v5ESc+lDWY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdWFJpKAboejGZUX7gDaGyXTSDp1MwsxEKKHgr7hxoYhbv8Odf+P0sdDWAxcO59zLvfcECWdKO863lVtaXlldy68XNja3tnfs3b2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPB9dhvPlKpWCzu9TChXoR7goWMYG0k3z64I+gSVR6yEvODU+Z3qMYnI98uOmVnArRI3Bkpwgw13/7qdGOSRlRowrFSbddJtJdhqRnhdFTopIommAxwj7YNFTiiyssm54/QsVG6KIylKaHRRP09keFIqWEUmM4I676a98bif1471eGFlzGRpJoKMl0UphzpGI2zQF0mKdF8aAgmkplbEeljiYk2iRVMCO78y4ukcVZ2nbJ7WylWr2Zx5OEQjqAELpxDFW6gBnUgkMEzvMKb9WS9WO/Wx7Q1Z81m9uEPrM8fCraUQA==</latexit>

Sc=1

Sc=4

Sc=16

Sc=64
⌘ =

L0

2i⌘

lb =
L0

2ib<latexit sha1_base64="v2w8RHRVNlOLbOFDdt5+q/D25ag=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCHoRil48eKhgP6CtYbPdtEs3m7C7EUoIXvwrXjwo4tVf4c1/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11N/NYDlYpF4k6PY9oL8UCwgBGsjeTZB9zz0QXqBhKT9MZzsrR6nzLPzzLPLjsVZwq0SNyclCFH3bO/uv2IJCEVmnCsVMd1Yt1LsdSMcJqVuomiMSYjPKAdQwUOqeql0xcydGyUPgoiaUpoNFV/T6Q4VGoc+qYzxHqo5r2J+J/XSXRw3kuZiBNNBZktChKOdIQmeaA+k5RoPjYEE8nMrYgMsUlDm9RKJgR3/uVF0qxWXKfi3p6Wa5d5HEU4hCM4ARfOoAbXUIcGEHiEZ3iFN+vJerHerY9Za8HKZ/bhD6zPH1silsQ=</latexit><latexit sha1_base64="v2w8RHRVNlOLbOFDdt5+q/D25ag=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCHoRil48eKhgP6CtYbPdtEs3m7C7EUoIXvwrXjwo4tVf4c1/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11N/NYDlYpF4k6PY9oL8UCwgBGsjeTZB9zz0QXqBhKT9MZzsrR6nzLPzzLPLjsVZwq0SNyclCFH3bO/uv2IJCEVmnCsVMd1Yt1LsdSMcJqVuomiMSYjPKAdQwUOqeql0xcydGyUPgoiaUpoNFV/T6Q4VGoc+qYzxHqo5r2J+J/XSXRw3kuZiBNNBZktChKOdIQmeaA+k5RoPjYEE8nMrYgMsUlDm9RKJgR3/uVF0qxWXKfi3p6Wa5d5HEU4hCM4ARfOoAbXUIcGEHiEZ3iFN+vJerHerY9Za8HKZ/bhD6zPH1silsQ=</latexit><latexit sha1_base64="v2w8RHRVNlOLbOFDdt5+q/D25ag=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCHoRil48eKhgP6CtYbPdtEs3m7C7EUoIXvwrXjwo4tVf4c1/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11N/NYDlYpF4k6PY9oL8UCwgBGsjeTZB9zz0QXqBhKT9MZzsrR6nzLPzzLPLjsVZwq0SNyclCFH3bO/uv2IJCEVmnCsVMd1Yt1LsdSMcJqVuomiMSYjPKAdQwUOqeql0xcydGyUPgoiaUpoNFV/T6Q4VGoc+qYzxHqo5r2J+J/XSXRw3kuZiBNNBZktChKOdIQmeaA+k5RoPjYEE8nMrYgMsUlDm9RKJgR3/uVF0qxWXKfi3p6Wa5d5HEU4hCM4ARfOoAbXUIcGEHiEZ3iFN+vJerHerY9Za8HKZ/bhD6zPH1silsQ=</latexit><latexit sha1_base64="v2w8RHRVNlOLbOFDdt5+q/D25ag=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IRPJWkCHoRil48eKhgP6CtYbPdtEs3m7C7EUoIXvwrXjwo4tVf4c1/47bNQVsfDDzem2Fmnh9zprTjfFuFpeWV1bXiemljc2t7x97da6ookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH11N/NYDlYpF4k6PY9oL8UCwgBGsjeTZB9zz0QXqBhKT9MZzsrR6nzLPzzLPLjsVZwq0SNyclCFH3bO/uv2IJCEVmnCsVMd1Yt1LsdSMcJqVuomiMSYjPKAdQwUOqeql0xcydGyUPgoiaUpoNFV/T6Q4VGoc+qYzxHqo5r2J+J/XSXRw3kuZiBNNBZktChKOdIQmeaA+k5RoPjYEE8nMrYgMsUlDm9RKJgR3/uVF0qxWXKfi3p6Wa5d5HEU4hCM4ARfOoAbXUIcGEHiEZ3iFN+vJerHerY9Za8HKZ/bhD6zPH1silsQ=</latexit>



Arbitrary Sc

ib
<latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit>

im
<latexit sha1_base64="mouxfys18vAF0EV0F1Afk4GT90Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeeE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AE/Gjc0=</latexit><latexit sha1_base64="mouxfys18vAF0EV0F1Afk4GT90Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeeE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AE/Gjc0=</latexit><latexit sha1_base64="mouxfys18vAF0EV0F1Afk4GT90Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeeE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AE/Gjc0=</latexit><latexit sha1_base64="mouxfys18vAF0EV0F1Afk4GT90Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeeE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AE/Gjc0=</latexit>

ip
<latexit sha1_base64="AAXhLfTgxjR8TKx17KGe3+7WOBw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTTvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVRSjdA=</latexit><latexit sha1_base64="AAXhLfTgxjR8TKx17KGe3+7WOBw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTTvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVRSjdA=</latexit><latexit sha1_base64="AAXhLfTgxjR8TKx17KGe3+7WOBw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTTvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVRSjdA=</latexit><latexit sha1_base64="AAXhLfTgxjR8TKx17KGe3+7WOBw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTTvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVRSjdA=</latexit>

i⌘
<latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit><latexit sha1_base64="QDz6pHxLHiNsFdY3ntbtsiYlc7w=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJk9sFMrxCWfIQXD4p49Xu8+TdOkj1oYkFDUdVNd1eQKmnIdb+dtfWNza3t0k55d2//4LBydNwySaYFNkWiEt0JuEElY2ySJIWdVCOPAoXtYHw389tPqI1M4keapOhHfBjLUApOVmrLfg+Js36l6tbcOdgq8QpShQKNfuWrN0hEFmFMQnFjup6bkp9zTVIonJZ7mcGUizEfYtfSmEdo/Hx+7pSdW2XAwkTbionN1d8TOY+MmUSB7Yw4jcyyNxP/87oZhTd+LuM0I4zFYlGYKUYJm/3OBlKjIDWxhAst7a1MjLjmgmxCZRuCt/zyKmld1jy35j1cVeu3RRwlOIUzuAAPrqEO99CAJggYwzO8wpuTOi/Ou/OxaF1zipkT+APn8wfdPI8+</latexit>

ib
<latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit><latexit sha1_base64="dMLkr/GvSQiOifVgvmCwquzgzVo=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTDvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AT8ajcI=</latexit>

im
<latexit sha1_base64="mouxfys18vAF0EV0F1Afk4GT90Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeeE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AE/Gjc0=</latexit><latexit sha1_base64="mouxfys18vAF0EV0F1Afk4GT90Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeeE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AE/Gjc0=</latexit><latexit sha1_base64="mouxfys18vAF0EV0F1Afk4GT90Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeeE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AE/Gjc0=</latexit><latexit sha1_base64="mouxfys18vAF0EV0F1Afk4GT90Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzQOSJcxOepMhM7PLzKwQQj7BiwdFvPpF3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTDBssEYluR9Sg4AoblluB7VQjlZHAVjS6nfmtJ9SGJ+rRjlMMJR0oHnNGrZMeeE/2yhW/6s9BVkmQkwrkqPfKX91+wjKJyjJBjekEfmrDCdWWM4HTUjczmFI2ogPsOKqoRBNO5qdOyZlT+iROtCtlyVz9PTGh0pixjFynpHZolr2Z+J/XyWx8HU64SjOLii0WxZkgNiGzv0mfa2RWjB2hTHN3K2FDqimzLp2SCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGAzgGV7hzRPei/fufSxaC14+cwx/4H3+AE/Gjc0=</latexit>

ip
<latexit sha1_base64="AAXhLfTgxjR8TKx17KGe3+7WOBw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTTvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVRSjdA=</latexit><latexit sha1_base64="AAXhLfTgxjR8TKx17KGe3+7WOBw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTTvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVRSjdA=</latexit><latexit sha1_base64="AAXhLfTgxjR8TKx17KGe3+7WOBw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTTvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVRSjdA=</latexit><latexit sha1_base64="AAXhLfTgxjR8TKx17KGe3+7WOBw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpQfTTvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVRSjdA=</latexit>

fully mix

fully mix

Low D: Sc > 1 High D: Sc < 1
• Eddy events at levels greater or equal to ip 

result in full mixing of the scalar across the 
relevant subtree. 

• With im<ib<ip mixing events at level im 
homogenize the scalar across the subtree 
with probability pm.

pm = 1 for ib = im

pm = 0 for ib = ip
<latexit sha1_base64="EKVQY623l85rHjHimAdAllhrdoQ=">AAACK3icbVC7TsMwFHXKq5RXgJHFogIxVQlCggWpKgtjkehDaqLIcZ3Wqh1HtoOoov4PC7/CAAMPsfIfuGkGaHumo3PO1b33hAmjSjvOp1VaWV1b3yhvVra2d3b37P2DthKpxKSFBROyGyJFGI1JS1PNSDeRBPGQkU44upn6nQciFRXxvR4nxOdoENOIYqSNFNiN0yTg8Bq60OOheMxgJCScQBqERqTG8rxKEXGWR5LArjo1JwdcJG5BqqBAM7Bfvb7AKSexxgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnaIw4UX6W/zqBJ0bp5ydEItYwV/9OZIgrNeahSXKkh2rem4rLvF6qoys/o3GSahLj2aIoZVALOC0O9qkkWLOxIQhLam6FeIgkwtrUWzEluPMvL5L2ec11au7dRbXeKOoogyNwDM6ACy5BHdyCJmgBDJ7AC3gHH9az9WZ9Wd+zaMkqZg7BP1g/v4uSo50=</latexit><latexit sha1_base64="EKVQY623l85rHjHimAdAllhrdoQ=">AAACK3icbVC7TsMwFHXKq5RXgJHFogIxVQlCggWpKgtjkehDaqLIcZ3Wqh1HtoOoov4PC7/CAAMPsfIfuGkGaHumo3PO1b33hAmjSjvOp1VaWV1b3yhvVra2d3b37P2DthKpxKSFBROyGyJFGI1JS1PNSDeRBPGQkU44upn6nQciFRXxvR4nxOdoENOIYqSNFNiN0yTg8Bq60OOheMxgJCScQBqERqTG8rxKEXGWR5LArjo1JwdcJG5BqqBAM7Bfvb7AKSexxgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnaIw4UX6W/zqBJ0bp5ydEItYwV/9OZIgrNeahSXKkh2rem4rLvF6qoys/o3GSahLj2aIoZVALOC0O9qkkWLOxIQhLam6FeIgkwtrUWzEluPMvL5L2ec11au7dRbXeKOoogyNwDM6ACy5BHdyCJmgBDJ7AC3gHH9az9WZ9Wd+zaMkqZg7BP1g/v4uSo50=</latexit><latexit sha1_base64="EKVQY623l85rHjHimAdAllhrdoQ=">AAACK3icbVC7TsMwFHXKq5RXgJHFogIxVQlCggWpKgtjkehDaqLIcZ3Wqh1HtoOoov4PC7/CAAMPsfIfuGkGaHumo3PO1b33hAmjSjvOp1VaWV1b3yhvVra2d3b37P2DthKpxKSFBROyGyJFGI1JS1PNSDeRBPGQkU44upn6nQciFRXxvR4nxOdoENOIYqSNFNiN0yTg8Bq60OOheMxgJCScQBqERqTG8rxKEXGWR5LArjo1JwdcJG5BqqBAM7Bfvb7AKSexxgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnaIw4UX6W/zqBJ0bp5ydEItYwV/9OZIgrNeahSXKkh2rem4rLvF6qoys/o3GSahLj2aIoZVALOC0O9qkkWLOxIQhLam6FeIgkwtrUWzEluPMvL5L2ec11au7dRbXeKOoogyNwDM6ACy5BHdyCJmgBDJ7AC3gHH9az9WZ9Wd+zaMkqZg7BP1g/v4uSo50=</latexit><latexit sha1_base64="EKVQY623l85rHjHimAdAllhrdoQ=">AAACK3icbVC7TsMwFHXKq5RXgJHFogIxVQlCggWpKgtjkehDaqLIcZ3Wqh1HtoOoov4PC7/CAAMPsfIfuGkGaHumo3PO1b33hAmjSjvOp1VaWV1b3yhvVra2d3b37P2DthKpxKSFBROyGyJFGI1JS1PNSDeRBPGQkU44upn6nQciFRXxvR4nxOdoENOIYqSNFNiN0yTg8Bq60OOheMxgJCScQBqERqTG8rxKEXGWR5LArjo1JwdcJG5BqqBAM7Bfvb7AKSexxgwp1XOdRPsZkppiRiYVL1UkQXiEBqRnaIw4UX6W/zqBJ0bp5ydEItYwV/9OZIgrNeahSXKkh2rem4rLvF6qoys/o3GSahLj2aIoZVALOC0O9qkkWLOxIQhLam6FeIgkwtrUWzEluPMvL5L2ec11au7dRbXeKOoogyNwDM6ACy5BHdyCJmgBDJ7AC3gHH9az9WZ9Wd+zaMkqZg7BP1g/v4uSo50=</latexit>

• Linear profile for pm

pm =
ip � ib
ip � im

= ip � ib
<latexit sha1_base64="5FZBDU9ZhJrZ5uaGrPmlL6GPzFQ=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCLlpmRNCNUHTjsoK9QDsMmTTThiaZkGSEMvQZ3Pgqblwo4taVO9/GTDsLbT0Q+Pj/czg5fyQZ1cbzvp2l5ZXVtfXSRnlza3tn193bb+kkVZg0ccIS1YmQJowK0jTUMNKRiiAeMdKORje5334gStNE3JuxJAFHA0FjipGxUuieypDDK9iLFcIZDSWsQhpGkxyrNOQT680wCt2KV/OmBRfBL6ACimqE7levn+CUE2EwQ1p3fU+aIEPKUMzIpNxLNZEIj9CAdC0KxIkOsulJE3hslT6ME2WfMHCq/p7IENd6zCPbyZEZ6nkvF//zuqmJL4OMCpkaIvBsUZwyaBKY5wP7VBFs2NgCworav0I8RDYdY1Ms2xD8+ZMXoXVW872af3deqV8XcZTAITgCJ8AHF6AObkEDNAEGj+AZvII358l5cd6dj1nrklPMHIA/5Xz+AOkCnFs=</latexit><latexit sha1_base64="5FZBDU9ZhJrZ5uaGrPmlL6GPzFQ=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCLlpmRNCNUHTjsoK9QDsMmTTThiaZkGSEMvQZ3Pgqblwo4taVO9/GTDsLbT0Q+Pj/czg5fyQZ1cbzvp2l5ZXVtfXSRnlza3tn193bb+kkVZg0ccIS1YmQJowK0jTUMNKRiiAeMdKORje5334gStNE3JuxJAFHA0FjipGxUuieypDDK9iLFcIZDSWsQhpGkxyrNOQT680wCt2KV/OmBRfBL6ACimqE7levn+CUE2EwQ1p3fU+aIEPKUMzIpNxLNZEIj9CAdC0KxIkOsulJE3hslT6ME2WfMHCq/p7IENd6zCPbyZEZ6nkvF//zuqmJL4OMCpkaIvBsUZwyaBKY5wP7VBFs2NgCworav0I8RDYdY1Ms2xD8+ZMXoXVW872af3deqV8XcZTAITgCJ8AHF6AObkEDNAEGj+AZvII358l5cd6dj1nrklPMHIA/5Xz+AOkCnFs=</latexit><latexit sha1_base64="5FZBDU9ZhJrZ5uaGrPmlL6GPzFQ=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCLlpmRNCNUHTjsoK9QDsMmTTThiaZkGSEMvQZ3Pgqblwo4taVO9/GTDsLbT0Q+Pj/czg5fyQZ1cbzvp2l5ZXVtfXSRnlza3tn193bb+kkVZg0ccIS1YmQJowK0jTUMNKRiiAeMdKORje5334gStNE3JuxJAFHA0FjipGxUuieypDDK9iLFcIZDSWsQhpGkxyrNOQT680wCt2KV/OmBRfBL6ACimqE7levn+CUE2EwQ1p3fU+aIEPKUMzIpNxLNZEIj9CAdC0KxIkOsulJE3hslT6ME2WfMHCq/p7IENd6zCPbyZEZ6nkvF//zuqmJL4OMCpkaIvBsUZwyaBKY5wP7VBFs2NgCworav0I8RDYdY1Ms2xD8+ZMXoXVW872af3deqV8XcZTAITgCJ8AHF6AObkEDNAEGj+AZvII358l5cd6dj1nrklPMHIA/5Xz+AOkCnFs=</latexit><latexit sha1_base64="5FZBDU9ZhJrZ5uaGrPmlL6GPzFQ=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCLlpmRNCNUHTjsoK9QDsMmTTThiaZkGSEMvQZ3Pgqblwo4taVO9/GTDsLbT0Q+Pj/czg5fyQZ1cbzvp2l5ZXVtfXSRnlza3tn193bb+kkVZg0ccIS1YmQJowK0jTUMNKRiiAeMdKORje5334gStNE3JuxJAFHA0FjipGxUuieypDDK9iLFcIZDSWsQhpGkxyrNOQT680wCt2KV/OmBRfBL6ACimqE7levn+CUE2EwQ1p3fU+aIEPKUMzIpNxLNZEIj9CAdC0KxIkOsulJE3hslT6ME2WfMHCq/p7IENd6zCPbyZEZ6nkvF//zuqmJL4OMCpkaIvBsUZwyaBKY5wP7VBFs2NgCworav0I8RDYdY1Ms2xD8+ZMXoXVW872af3deqV8XcZTAITgCJ8AHF6AObkEDNAEGj+AZvII358l5cd6dj1nrklPMHIA/5Xz+AOkCnFs=</latexit>

ip = ceil(ib)
<latexit sha1_base64="OuKmmDPiMRwNu/nyycS7vuopg28=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuhGKLpxWcE+oA1hMp20Q+cRZiZiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvfdECaPaeN63U1haXlldK66XNja3tnfc3b2mlqnCpIElk6odIU0YFaRhqGGknSiCeMRIKxpeT/zWPVGaSnFnRgkJOOoLGlOMjJVC94CGCbyEXR7JhwwTysYVGkYnoVv2qt4UcJH4OSmDHPXQ/er2JE45EQYzpHXH9xITZEgZihkZl7qpJgnCQ9QnHUsF4kQH2fT+MTy2Sg/GUtkSBk7V3xMZ4lqPeGQ7OTIDPe9NxP+8TmriiyCjIkkNEXi2KE4ZNBJOwoA9qgg2bGQJworaWyEeIIWwsZGVbAj+/MuLpHla9b2qf3tWrl3lcRTBITgCFeCDc1ADN6AOGgCDR/AMXsGb8+S8OO/Ox6y14OQz++APnM8f5ZaVXg==</latexit><latexit sha1_base64="OuKmmDPiMRwNu/nyycS7vuopg28=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuhGKLpxWcE+oA1hMp20Q+cRZiZiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvfdECaPaeN63U1haXlldK66XNja3tnfc3b2mlqnCpIElk6odIU0YFaRhqGGknSiCeMRIKxpeT/zWPVGaSnFnRgkJOOoLGlOMjJVC94CGCbyEXR7JhwwTysYVGkYnoVv2qt4UcJH4OSmDHPXQ/er2JE45EQYzpHXH9xITZEgZihkZl7qpJgnCQ9QnHUsF4kQH2fT+MTy2Sg/GUtkSBk7V3xMZ4lqPeGQ7OTIDPe9NxP+8TmriiyCjIkkNEXi2KE4ZNBJOwoA9qgg2bGQJworaWyEeIIWwsZGVbAj+/MuLpHla9b2qf3tWrl3lcRTBITgCFeCDc1ADN6AOGgCDR/AMXsGb8+S8OO/Ox6y14OQz++APnM8f5ZaVXg==</latexit><latexit sha1_base64="OuKmmDPiMRwNu/nyycS7vuopg28=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuhGKLpxWcE+oA1hMp20Q+cRZiZiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvfdECaPaeN63U1haXlldK66XNja3tnfc3b2mlqnCpIElk6odIU0YFaRhqGGknSiCeMRIKxpeT/zWPVGaSnFnRgkJOOoLGlOMjJVC94CGCbyEXR7JhwwTysYVGkYnoVv2qt4UcJH4OSmDHPXQ/er2JE45EQYzpHXH9xITZEgZihkZl7qpJgnCQ9QnHUsF4kQH2fT+MTy2Sg/GUtkSBk7V3xMZ4lqPeGQ7OTIDPe9NxP+8TmriiyCjIkkNEXi2KE4ZNBJOwoA9qgg2bGQJworaWyEeIIWwsZGVbAj+/MuLpHla9b2qf3tWrl3lcRTBITgCFeCDc1ADN6AOGgCDR/AMXsGb8+S8OO/Ox6y14OQz++APnM8f5ZaVXg==</latexit><latexit sha1_base64="OuKmmDPiMRwNu/nyycS7vuopg28=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuhGKLpxWcE+oA1hMp20Q+cRZiZiiV34K25cKOLW33Dn3zhts9DWAxcO59zLvfdECaPaeN63U1haXlldK66XNja3tnfc3b2mlqnCpIElk6odIU0YFaRhqGGknSiCeMRIKxpeT/zWPVGaSnFnRgkJOOoLGlOMjJVC94CGCbyEXR7JhwwTysYVGkYnoVv2qt4UcJH4OSmDHPXQ/er2JE45EQYzpHXH9xITZEgZihkZl7qpJgnCQ9QnHUsF4kQH2fT+MTy2Sg/GUtkSBk7V3xMZ4lqPeGQ7OTIDPe9NxP+8TmriiyCjIkkNEXi2KE4ZNBJOwoA9qgg2bGQJworaWyEeIIWwsZGVbAj+/MuLpHla9b2qf3tWrl3lcRTBITgCFeCDc1ADN6AOGgCDR/AMXsGb8+S8OO/Ox6y14OQz++APnM8f5ZaVXg==</latexit>

ib = i⌘ +
3

2
log4(Sc)

ib = i⌘ + log4(Sc)
<latexit sha1_base64="MmHbr55ouxrZBK8nue8J7rAATP8=">AAACLHicbVDLSsNAFJ3UV42vqEs3g0WpCCWpBd0IxW5cVrQPaEKYTCft0MmDmYlQQj7Ijb8iiAuLuPU7nLZBtPXAwOGcc7lzjxczKqRpTrTCyura+kZxU9/a3tndM/YP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjRpTv/NIuKBR+CDHMXECNAipTzGSSnKNBnU9eHoNqWsTieA5tH2OcHqRpdXMZtHArZXv8Rm0bX0p+OO6RsmsmDPAZWLlpARyNF3j1e5HOAlIKDFDQvQsM5ZOirikmJFMtxNBYoRHaEB6ioYoIMJJZ8dm8EQpfehHXL1Qwpn6eyJFgRDjwFPJAMmhWPSm4n9eL5H+lZPSME4kCfF8kZ8wKCM4bQ72KSdYsrEiCHOq/grxEKm2pOpXVyVYiycvk3a1YpkV665Wqt/kdRTBETgGZWCBS1AHt6AJWgCDJ/AC3sFEe9betA/tcx4taPnMIfgD7esbg4+kFA==</latexit><latexit sha1_base64="MmHbr55ouxrZBK8nue8J7rAATP8=">AAACLHicbVDLSsNAFJ3UV42vqEs3g0WpCCWpBd0IxW5cVrQPaEKYTCft0MmDmYlQQj7Ijb8iiAuLuPU7nLZBtPXAwOGcc7lzjxczKqRpTrTCyura+kZxU9/a3tndM/YP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjRpTv/NIuKBR+CDHMXECNAipTzGSSnKNBnU9eHoNqWsTieA5tH2OcHqRpdXMZtHArZXv8Rm0bX0p+OO6RsmsmDPAZWLlpARyNF3j1e5HOAlIKDFDQvQsM5ZOirikmJFMtxNBYoRHaEB6ioYoIMJJZ8dm8EQpfehHXL1Qwpn6eyJFgRDjwFPJAMmhWPSm4n9eL5H+lZPSME4kCfF8kZ8wKCM4bQ72KSdYsrEiCHOq/grxEKm2pOpXVyVYiycvk3a1YpkV665Wqt/kdRTBETgGZWCBS1AHt6AJWgCDJ/AC3sFEe9betA/tcx4taPnMIfgD7esbg4+kFA==</latexit><latexit sha1_base64="MmHbr55ouxrZBK8nue8J7rAATP8=">AAACLHicbVDLSsNAFJ3UV42vqEs3g0WpCCWpBd0IxW5cVrQPaEKYTCft0MmDmYlQQj7Ijb8iiAuLuPU7nLZBtPXAwOGcc7lzjxczKqRpTrTCyura+kZxU9/a3tndM/YP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjRpTv/NIuKBR+CDHMXECNAipTzGSSnKNBnU9eHoNqWsTieA5tH2OcHqRpdXMZtHArZXv8Rm0bX0p+OO6RsmsmDPAZWLlpARyNF3j1e5HOAlIKDFDQvQsM5ZOirikmJFMtxNBYoRHaEB6ioYoIMJJZ8dm8EQpfehHXL1Qwpn6eyJFgRDjwFPJAMmhWPSm4n9eL5H+lZPSME4kCfF8kZ8wKCM4bQ72KSdYsrEiCHOq/grxEKm2pOpXVyVYiycvk3a1YpkV665Wqt/kdRTBETgGZWCBS1AHt6AJWgCDJ/AC3sFEe9betA/tcx4taPnMIfgD7esbg4+kFA==</latexit><latexit sha1_base64="MmHbr55ouxrZBK8nue8J7rAATP8=">AAACLHicbVDLSsNAFJ3UV42vqEs3g0WpCCWpBd0IxW5cVrQPaEKYTCft0MmDmYlQQj7Ijb8iiAuLuPU7nLZBtPXAwOGcc7lzjxczKqRpTrTCyura+kZxU9/a3tndM/YP2iJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjRpTv/NIuKBR+CDHMXECNAipTzGSSnKNBnU9eHoNqWsTieA5tH2OcHqRpdXMZtHArZXv8Rm0bX0p+OO6RsmsmDPAZWLlpARyNF3j1e5HOAlIKDFDQvQsM5ZOirikmJFMtxNBYoRHaEB6ioYoIMJJZ8dm8EQpfehHXL1Qwpn6eyJFgRDjwFPJAMmhWPSm4n9eL5H+lZPSME4kCfF8kZ8wKCM4bQ72KSdYsrEiCHOq/grxEKm2pOpXVyVYiycvk3a1YpkV665Wqt/kdRTBETgGZWCBS1AHt6AJWgCDJ/AC3sFEe9betA/tcx4taPnMIfgD7esbg4+kFA==</latexit>

Sc < 1
<latexit sha1_base64="860Uh2IThDjyIb2pwDklxcq/3Zk=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVF0MYyovmA5Ah7m71kyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSu0HRq6JR/rlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWRdVzq979ZaV+k8dRhBM4hXPwoAZ1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9eDo5D</latexit><latexit sha1_base64="860Uh2IThDjyIb2pwDklxcq/3Zk=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVF0MYyovmA5Ah7m71kyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSu0HRq6JR/rlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWRdVzq979ZaV+k8dRhBM4hXPwoAZ1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9eDo5D</latexit><latexit sha1_base64="860Uh2IThDjyIb2pwDklxcq/3Zk=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVF0MYyovmA5Ah7m71kyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSu0HRq6JR/rlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWRdVzq979ZaV+k8dRhBM4hXPwoAZ1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9eDo5D</latexit><latexit sha1_base64="860Uh2IThDjyIb2pwDklxcq/3Zk=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiIVF0MYyovmA5Ah7m71kyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSu0HRq6JR/rlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/Nz52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjlZ0IlKXLFFovCVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLIheMsvr5LWRdVzq979ZaV+k8dRhBM4hXPwoAZ1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx9eDo5D</latexit>

Sc > 1
<latexit sha1_base64="D3h3+lUZLdmrU6lzQIk8VlcKg6k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpevFY0X5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWaj8wck080i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gBhHI5F</latexit><latexit sha1_base64="D3h3+lUZLdmrU6lzQIk8VlcKg6k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpevFY0X5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWaj8wck080i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gBhHI5F</latexit><latexit sha1_base64="D3h3+lUZLdmrU6lzQIk8VlcKg6k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpevFY0X5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWaj8wck080i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gBhHI5F</latexit><latexit sha1_base64="D3h3+lUZLdmrU6lzQIk8VlcKg6k=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqCcpevFY0X5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWaj8wck080i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbQuqp5b9e4vK/WbPI4inMApnIMHNajDHTSgCQzG8Ayv8OYkzovz7nwsWgtOPnMMf+B8/gBhHI5F</latexit>

pm =
log(lb/lip)

log(lim/lip)
=

log(�b/�ip)

log(�im/�ip)
<latexit sha1_base64="Qo50rbuLUf7s70370FAl7GK98IQ="></latexit><latexit sha1_base64="Qo50rbuLUf7s70370FAl7GK98IQ="></latexit><latexit sha1_base64="Qo50rbuLUf7s70370FAl7GK98IQ="></latexit><latexit sha1_base64="Qo50rbuLUf7s70370FAl7GK98IQ="></latexit>



Conclusions

• HiPS is a promising mixing model for turbulent flows. 

• Can include reactions and variable Sc number effects. 

• Captures a range of time and length scales. 

• Highly efficient mixing process that follows turbulent scaling laws. 

• Formulations as both a mixing model, and as a flow model are 
possible. These follow LEM and ODT analogs. 

• Can be used as a SGS mixing model for PDF transport methods. 

• Initial results demonstrate capabilities for reacting flows and 
variable Sc number.


