Introduction to
Hyperbolic Penalty

Jon Claerbout
2009 Fall report




® Sometimes God speaks to me

Tuesday, June 1, 2010



® Sometimes God speaks to me

® Really? I dont believe it.




® Sometimes God speaks to me
® Really? I dont believe it.

® She really does!




® Sometimes God speaks to me
® Really? I dont believe it.
® She really does!

® How does she speak to you?




® Sometimes God speaks to me
® Really? I dont believe it.
® She really does!

® How does she speak to you?

® I'll tell you about the last time.
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® I built my book GEE on the CG method.
® Iferations converge magic fast for L2.
® But we have (1) bursty noise.

® And we want (2) spiky/blocky models.
® I claimed we could handle with IRLS.

® What is IRLS ?
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@® IRLS = Iterated Reweighted Least Squares
® r(i) = i-th residual

® w(i) = i-th weight = 1/ Ir(i)l

® Sum w(i) r(i)"2 = Sum |r(i)l

@ At this moment God spoke to me.

® She said, "Infinity is mine alone.”

® I knew I had to do better than IRLS.
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® IDEA: Merge CG with L1
® Merged OK, but half a summer wasted (2008)
® Leads to "viscous” descent. Too many iterations

® because of a corner we do not need.

® Why?
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® Why does the corner in |r| hurt us?

® For a blocky model dv/dz=0 almost everywhere.
® Non zero only at layer boundaries.

® Line search yields dv/dz=0 at only one point!

® Too many iterations

® Dont need precisely homogeneous layers dv/dz=0.
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® SOLUTION: L2 for layers, L1 for interfaces
® Hyperbolic penalty function (a.k.a. hybrid)

@® Transition threshold parameters:

® R_m for model space.
® R_d for data space.

@® Choose these parameters by percentiles
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® Solution Method
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@® Solution Method

® At each data point

@® Taylor series the hyperbola to a parabola
® All parabolas: Solve the L2 problem.

® The residual of each data point moves,

® so iterate. (deftails, Yang, previous report)

® tends to CG quality convergence
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® Make blocky models by “ad hoc” method?

® Most methods start with a quess and then
improve |f.

@ Convex optimization is the only way to get an
answer independent of the starting guess.
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