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“Since the mathematicians have invaded the theory
of relativity, I do not understand it myself anymor e.”
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What do engineers need?

� Engineers build systems
– They are busy
– They are under pressure
– They are squeezed

• Multi-dimensional tradeoffs between cost, performance, time-to-
market, area, power, yield, robustness, functionality, reliability, 
testability, …

– They have no time for theoretical statements and proofs
– They are not impressed by elegance
– They have no leeway to tolerate “culture clashes”
– They want understandable push-button solutions that work

� In short, they want a series of miracles*

� Barring that, they would like help in a form and a language 
that they can understand

* … and a little respect from time to time
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Key point: solve the “right” problems

� “England still will be here without you!”
– Theory is far behind practice, i.e., mathematics is far behind engineering

• The penetration of mathematics into chip design techniques is still minimal
– Elegant or not, optimal or not, convergent or not, dual degenerate or not, system design 

will continue, and will continue to improve and get more complex

� Characteristics of engineering optimization problem s
– Messy

• Tacit constraints
• Large
• Numerically noisy; simulation-driven rather than analytic
• Costly function evaluations (opportunity!)
• Simulations can fail after days of run time!

– Need it all: minmax, semi-infinite, mixed discrete/continuous, nonlinear, non-convex

� Concentrate on what mathematical optimization promi ses
– Productivity/TAT (Turn-Around Time)
– Automation of grunt work
– QOR (Quality of Result)
– Raising of paradigm to a higher level
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Conclusions
� Need a “mingineering” approach

� Optimization research and challenges

– Forget the asymptotics

– Consider numerical noise and finite-precision effects

– Minimize CPU time (º number of iterations)

– Solve large mixed discrete/continuous problems
• Solving small problems well is occasionally helpful, too

– Don’t expose gobbledygook knobs
• Don’t make me pick a trust-region radius; I don’t know what that means!

– Use visualization and other techniques to make your work understandable

– Provide global optimums – till then we are dependent on the start point

– Make software that is usable: provide standard APIs; allow checkpoint/restart

– Unify your software packages; software should be autonomic

– Worry about failure recover and post-optimality analysis

– Get involved in the application

� Engineers need workable solutions to messy problems , not elegant
solutions to irrelevant problems
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Pin the tail on the engineer

Ober-

wulfach

That’s the most irrational 
thing I’ve heard…

You’re dual
degenerate!!!
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Backup
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Deft definitions

Finite-precision 
arithmetic

Numerical noise

Global 
convergence

Optimal

Optimum

MathematicianEngineerTerm

“Good enough” “The one and only
best solution”

“The best that I
can do”

“The best solution in
an irrelevantly small
neighborhood”

“Global optimum,
right?”

“Local optimum,
starting from
anywhere”

“Part of life”

“Death, taxes and
finite-precision”

“Irrelevant”

“Irrelevant”
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Visualization example

Courtesy of Phillip Restle
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Visualization example #2
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Red=critical
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Curvature=sensitivity
Thickness=transistor size
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Power4 clock distribution visualization
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Courtesy of Phillip Restle
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Error found through visualization

� Significant delays noticed “between” wires

� Via resistances calculated wrong (~10X)
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Courtesy of Phillip Restle
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Errors found through visualization

� Summary of 3 common errors in one voltage/current a nimation
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Courtesy of Phillip Restle
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Traits of a “mingineer” from the engineering side

� Not scared of equations

� Well-versed in basic mathematical methods

� Willing to dig into mathematical literature and at home in 
mathematics conferences

� Can “abstract” the problem at hand and hold a conver sation 
with mathematicians

� Interested in “general solutions” rather than heuris tics and 
hacks and band-aids

� Under no illusions about his/her limitations

� Has fewer tacit requirements

� Willing to take a sabbatical in a mathematics depar tment
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Traits of a “mingineer” from the mathematics side

� Patient

� Willing to “get his/her hands dirty”

� Practical

� Willing to dig into engineering literature/conferen ces

� Can translate mathematical statements into a langua ge 
understandable by engineers

� Software-savvy

� Willing to compromise research goals to achieve 
engineering success

� Under no illusions about his/her limitations

� Willing to take a sabbatical in an engineering depa rtment


