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Reminders

In Person Participants:
Room should have been vacated by now!
Pay at reception before lunch.
Ask reception to order taxi if you need it.

Speakers:
Speakers should have written their abstract in the book (or
online participants email to Dagstuhl).
Can share your slides via the seminar website.
Recordings online for only a week.

Everyone: In the future if you publish work that owes anything to
this Dagstuhl Seminar please note the seminar in your
acknowledgements and let Dagstuhl know.
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SC-Square for Computer Algebra

SC-Square has been beneficial for computer algebra (especially
those working in non-linear polynomials methods):

New impacts from the use of algorithm in SMT (e.g. this
week’s talks of Kremer and Nalbach).
Inspiration for new algorithms in computer algebra (e.g. this
week’s talk of Brown and NuCAD [Brown, 2015]).
Computer algebra can learn from the better approaches that
SMT has for standardisation and benchmarking.

Computer Algebra tends to validate results by complexity analysis
and illustrative examples. SMT tends to validate results by
empirical evaluation on shared benchmarks.
See [Brain et al., 2017].
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The SMT-LIB Initiative

SMT-LIB [Barrett et al., 2016]: https://smtlib.cs.uiowa.edu/
Provide standard rigorous descriptions of background theories
used in SMT systems.
Develop and promote common input and output languages for
SMT solvers.
Connect developers, researchers and users of SMT, and
develop a community around it.
Establish and make available to the research community a
large library of benchmarks for SMT solvers.
Collect and promote software tools useful to the SMT
community.

Incredible resource, community driven and volunteer run!
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Machine Learning the SMT-LIB

Published a sequence of papers on classical machine learning
techniques to make heuristic decisions in non-linear arithmetic
papers [Huang et al., 2014, 2019, England and Florescu, 2019,
Florescu and England, 2019, 2020]. The ML models trained on
SMT-LIB QF_NRA benchmarks.

Reported some good ideas on feature generation, how to adapt of
training procedures for this problem (I think these are still valid).

Also reported some strong results on what solvers using ML for
this decision could achieve, above (I now think these are somewhat
overstated).
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Over-fitting to SMTLIB

E.g. We reported that ML choice could achieve timings only 6%
longer than virtual best on 3-variable problems. But applying the
ML models (without retraining) on problems which were outside
the SMT-LIB (at the time). . . still reasonable choices (much better
than random and on a par with human heuristics) but ML no
longer clearly dominant.

Implies the ML was over-fitted to the data on the SMTLIB.
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Why did it overfit?

We employed best practice ML: separate training and testing
datasets; cross validation; feature selection, etc.

Issues include: huge dominance of certain families of problems;
large similarities between problem instances. There do exist
methodologies to address these problems.

But there is a more difficult problem: lack of diversity in problem
domains represented. Today there are only 12 categories of
benchmarks in QF_NRA (double what it was when experiments done
but still very few).
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Future ML Applications

Tereso may say more, but my view is that training must be
conducted on randomly generated data, not the SMT-LIB.

Validation must be on real data, to conclude value in what is done.

Note: randomly generated does not just mean pumping out
random numbers without care. Thought should be given to the
shape and structure to ensure they are meaningful. Random
perturbation may be more appropriate.

M. England Observations and questions on the SMT-LIB



My Background
My Questions

QF_NRA for Benchmarking Concerns 1

So I have concerns about the QF_NRA for machine learning. But I
also worry about using it for general benchmarking. E.g.:

Ahmed’s talk on Monday had two results slides (one on
QF_NRA and one on QF_NRA \ MetiTarski). It completely
altered the conclusions. Should one application set have that
much impact?
Jasper’s talk included very interesting heuristics which for
model example’s greatly altered the computation path of CAD
single cell. But little discernible difference in QF_NRA − does
that mean they are not valuable?
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QF_NRA for Benchmarking Concerns 2

In a recent experiment with SMT-RAT:
44% of the benchmarks in QF_NRA could be solved with only
Boolean reasoning and sample generation (no theory calls).
Should such examples be in NRA?
Only 3.14% of theory explanation calls required a CAD based
method, i.e. almost all can be dealt with using an incomplete
method like via VTS or incremental linearization. I am not
sure if this is representative of the “real world”.
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Suggestions

A suggestion I think everyone can agree on would be to encourage
more diverse benchmarks to be submitted. How could this be
encouraged?

Automated submission system (in the works?).
Let website point to various language converters. E.g. link to
the Maple webpage for the SMT-LIB package. Link to GitHub
of people’s own converters?
Allow submission in the Z3 Python API format?
When we act as reviewers suggest authors to submit.
When we see interesting talks email the speakers to submit.
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Simplification Questions

Genuine Questions:
If a benchmark in QF_NRA can be trivially simplified to
become admissible in a simpler logic should it not be
simplified and placed there?
If the benchmark contains variable declarations and also
statements that completely fix those variables, then should
these not be made in the benchmark?
Could automated simplification be part of the submission
workflow?
Is the point of the SMT-LIB is to benchmark solvers or
algorithms. Is it possible for one benchmark set to do both?
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Numbers in QF_NRA of SMTLIB

Category Num
Sturm-MBO 40
Sturm-MGC 8
Heizmann 69
Economics 135

Ezsmt 128
LassoRanker 752

UltimateAutomizer 61
Hong 20

HyComp 1001
Kissing 45

MetiTarski >6000
Zankl 166
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Questions on Benchmarking

If benchmarking on the whole of QF_NRA (treating every instance
equally) then are you not just mostly benchmarking on MetiTarski
problems (70% of the instances)?

Is proving theorems on special functions 44 times more important
than economics and 150 times more important than biology.

Does this not risk a form of over-fitting?

Should the community agree a way to balance the dataset for
doing benchmarking?

Is this a problem unique to QF_NRA? If so, should this be a task for
the SC-Square community?
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