Warning: easy to read in over ~25min or twice (tested), but text may fry a brain in a hurry.

Welcome to a whirlwind tour of modeling, encoding jams, and how compilers can assist in detecting surprise extinctions!

Compiling a Model to Forecast Fox and Rabbit Ecology with Evolvix

Laurence Loewe & Seth Keel
Wisconsin Institute for Discovery

Problem: Forecasting requires models. They govern complex algorithms to simulate relevant time series. But manually mixing code for models and algorithms often

University of Wisconsin-Madison  chokes new modeling ideas in setup complexity. It can feel asif a new trip requires building a new car. Solution: A friendly compiler can simplify encoding, like Evolvix (Fig.1).

Fig.1: This modeling panorama shows how Evolvix can accelerate and deepen biological thought
by moving busywork in modeling to a compiler. Experimental biologists often build mechanistic models in
their minds. Evolvix assists by obtaining interpretable time series forecasts from a user-friendly syntax that
is re-encoded (compiled) into two mathematical modeling formalisms shown below. Here a hypothetical
ecology illustrates & steps in a modeling cycle. The textbook ["Iresult in step 7l (via 5d,6d) is extended in
7s (via 5s,6s) by recompiling to a formalism that treats individuals as indivisible, thus allowing extinctions

to occur. Exploring different computational assumptions can be mission critical in biology.

Imagine, as if driving a car, biologists can rely on a friendly compiler for translating
ideas about how a system works into simulations that predict observable time series.
Imagine, such a compiler turns readable statements about a system's known biology,
open questions, and remaining wiggle room into the mathematics required for simulating
models. Such a compiler is rocket fuel for biology. It can explore many alternative
models to reduce guesswork in planning experiments by calculating how much

a potential measurement may contribute to testing some hypotheses of interest.

Biologists like modeling - if only encoding were easier! 100,000s of informal models published each year can get a quantitative edge, once modeling tools become easier to use and deal better with biouncertainty. So now,
about ~99% of models built in biology are never simulated. Example: SBVIL.org, one leading approach since 2003, lists™~ 290 tools, has ~1650 published models in'its BioModelsDB (rough avg.~5.7 models/tool/15yr or ~120/yr). Too many tools”
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tracking can be offloaded to a compiler for biodata.

‘@\lEncode by hand, as below, into Ordinary Differential Equation (oDE) model for an ODE solver,2ia

assuming each individual Part stays
divisible = Extinction impossible!

/ |Encoding example: Equations like below are required for B (but useless fo_r(@g).ﬁeﬂ ®
Ishow model 2 (same as [1] and Evolvix code above) in the ODE language of applied
math. Compilers like Evolvix can produce them automatically, cutting manual encoding costs.

[1] ODE Model from Otto & Day 2007 'A biologist's guide to.. modeling.' p76 Eq3.18; values: p141 Fig4.17 hasamax &min we recompute in 7d; we set 1 TimeUnit=1 Month.

Here each Part amount is changed by a differential equation that adds all Action fragments affecting the Part. ! I

Simulating is Populations will oscillate, pretending
testing insilco. part-mash (% Fox...) is alive (!) and
keeps populations in perfect balance!
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collection, assumptions. Science is done by going back to 4
for the next round ..



