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Story The Story of Jonah, rebooted
How WALDO works for Z.I.O.N. or B.A.B.L. worldwide – 2 of 9

Once upon a time there was a great city that 
ruled a vast empire. As such cities tend to do, it 
made the empire bring goods into the city to 
serve it. As it grew rich its citysticians got bored 
and invented coveting mindgames drawn up like 
mirages from nothingh. They were like hamster 
wheels for keeping up with the Joneses. These 
games were so addictive that citysticians 
eventually forgot the basics of their job, such as 
how to keep a city together. They thought there 
was always time left to fix broken roads, schools, 
hospitals, etc. if only they got ahead of the game 
at the next turn of the hamster wheel. Yet, they 
hadn't realized that their hamster games were 
slowly reorganizing the city until all the rich were 
living in supersized mac-hamster mansions. In 
contrast, the poor who kept all mac-hamster 
wheels running, were left to fend for leftovers, 
crammed to the corners of their not-so-great 
city. Daring to protest they stopped, for 
retribution was swift and prisons harsh. So all 
lived their lives, not realizing how it shrank, their 
Gap of Germs. This Gap governs when potential 
pandemics turn into actual pandemics.

They of course all knew their grandparent's 
stories about a terrible pandemic that suddenly 
had killed many. But why bother if nothing has 
happened for 100 years and the hamster 
wheels are so much fun ... until one day an odd 
professor or prophet mustered the courage to 
walk through the city, proclaiming: 

"Again: 40 days to Nineveh 
being turned upside down!"

Nobody quite knows why, but it somehow led to 
a slow-motion explosion of gentle kind 
reasonableness that swept everybody back to 
their feet. People remembered the terrible loss 
of life earlier, stopped their hamster wheels, 
started to really care about justice for the poor, 
and changed the laws accordingly to increase 
the Gap of Germs by finally giving the poor the 
adequate housing, education, and healthcare 
they had demanded for a long time. 
The Gap of Germs increased. 
Disaster was averted ....
... until Armageddon ...

Jonah 3 overview 
deexcerpted by LLoL
OOv0r2p2  2022-11-21
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Broad Highway to ...  7DUI destruction.
No search needed. It practically re-invents
itself by ISMR without help or effort ...

*...unil 
death

Who says a Narrow Path
must stay hard to find once 

it has been found? Making 
light-bulbs got easier  

after Edison!
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7 Death Urn 
Incinerators
1 Pandemic fails, 

Antibiotic fails,
Cancer...noncare.

2 Seaspiracy kills 
ocean ecology.

3 Water-wars, soil
gone & polluted.

4 Global warming.
5 Tounge-biting 

work-morale via
gags of demaGogs.

6 End of growth: 
èDatageddon 
èArmageddon

7 Talent-sized hail 
kills Homo serpens: -
climate storms2kg -
drone bombs 50kg

-or...?? Rev.14.20+16.20

Talent-sized hail is defined by LLoL as the insights of a 
life-time from wid-e research & learning dedicated to 

balancing, building for, and guarding Life on Earth
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A PandemicPrep Fail Disaster
Once upon a time there was a boy who dreamt of doing important things. 
He grew into a student who dreamt of stopping a pandemic with the help 
of God. So he got busy learning many useful insights. But he didn't grasp 
how serious it was for God, so he got distracted, forgot that vision, & failed 
to prepare ... then the Coronavirus hit. He missed it. He saw ≥10 US cases1 & 

slept for 6 weeks, eyes wide shut2 like Jonah. A friendly prophet kicked his 
ass on 2020-03-27 to start his wid-e pandemic research marathon (è Fig.G1).
But the 
results 
came 
too late.

Who
knows,
maybe
he'd have injected enough sanity into discussions just in time to prevent 
millions of deaths from a pandemic that got out of hand. His SGIR model 
shows why facemasks, social distancing, and enough livingspace are basic 
virodefenses in World War V against Virulence: We can stop pandemics 
by increasing Gaps of Germs. Since ~Aug 2020 his models3 even explain  
how a lack of social justice mechanistically increases pandemic risks via 
crowding. But to change that requires masses to suddenly work together 
to do the right thing (like during phase-transitions in systems with self-
organized criticality4). Could this work? Or is it YAD, Yet Another Delusion? 
To cut confusion he looked for cases, where many people suddenly did 
the right thing or one person's model did changed history for the better. 
Oddly, for a while he could only think of: (1) Vasili Arhkipov, who stopped 
nuclear war, 1962-10-27, by modeling semantics of nothing on a submarine; 
(2) Jonah's story of a one-liner that saved wild Nineveh, a city of 120,000.
This inspired the Jonah Hypothesis.

Background: 

Science

(3) Only later he recalled Germany reuniting peacefully 1989, for him a miracle back 
then and still; (4) he found enough cases to conclude it's not impossible: see Satell 

(2019) Cascades & DigitalTonto.com ; Rosling (2018) Factfulness; and many others.
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Gap of Germs simulated in Evolvix using the ASHA population 3 
model of Loewe 2020 (details to be published or upon request).
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Fig.G1: The core idea 
of SGIR models is to
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pandemics likely become 

actual pandemics

by
 L

Lo
L 

La
ur

en
ce

 L
oe

w
e 

 o
f L

ao
di

ce
a 

  –
PP

v1
r0

p0
_L

Lo
L_

20
22

m
11

d2
1

1. 
LL

oL
 s

to
re

d 
20

20
-0

2-
14

 C
or

on
av

iru
s 

ne
w

s 
on

 h
is

 p
ho

ne
: 1

3-
16

 U
S 

in
fe

ct
io

ns
 th

at
 d

ay
 s

ho
ul

d 
ha

ve
 to

ld
 L

Lo
L 

w
ha

t's
 c

om
in

g.
 W

hy
? 

He
 h

ad
 a

lre
ad

y 
co

m
pu

te
d 

it 
in

 F
ig

.7 
of

 R
ef

 2!
2. 

Fi
g.

7: 
Eh

le
rt

 &
 L

oe
w

e 
20

14
 "L

az
y 

Up
da

tin
g 

of
 h

ub
s 

ca
n 

en
ab

le
 m

or
e 

re
al

is
tic

 m
od

el
s 

by
 s

pe
ed

in
g 

up
 s

to
ch

as
tic

 s
im

ul
at

io
ns

" J
.C

he
m

.P
hy

s.1
41

(2
0)

:2
04

10
9

–
A 

ne
ar

ly
 id

en
tic

al
 E

vo
lv

ix
 p

ro
to

ty
pe

 w
as

 u
se

d 
fo

r L
Lo

L'
s 

Au
g 

20
20

 m
od

el
in

g.
3. 

Us
in

g 
pr

ot
ot

yp
e 

Ev
ol

vi
x 

AS
HA

 p
op

ul
at

io
ns

. F
or

 e
qu

at
io

ns
 s

ee
 M

al
le

t 2
01

2 
"T

he
 s

tr
ug

gl
e 

fo
r e

xi
st

en
ce

: h
ow

 th
e 

no
tio

n 
of

 c
ar

ry
in

g 
ca

pa
ci

ty
, K

, o
bs

cu
re

s 
th

e 
lin

ks
 b

et
w

ee
n 

de
m

og
ra

ph
y,

 D
ar

w
in

ia
n 

ev
ol

ut
io

n,
 a

nd
 s

pe
ci

at
io

n"
 E

vo
l.E

co
l.R

es
.1

4(
5)

:6
27

-6
65

.
4.

 S
ee

 H
es

se
 &

 G
ro

ss
 (2

01
4)

, S
el

f-
or

ga
ni

ze
d 

cr
iti

ca
lit

y 
as

 a
 fu

nd
am

en
ta

l p
ro

pe
rt

y 
of

 n
eu

ra
l s

ys
te

m
s. 

Fr
on

tie
rs

 in
 S

ys
te

m
s N

eu
ro

sc
ie

nc
e

8:
16

6,
 p

1-
14

, D
OI

:10
.3

38
9/

fn
sy

s.2
01

4.
00

16
6 

by Laurence Loewe of Laodicea \LLoL, 2020



1. DUI of humanity:                  Pandemic Death Urn Incinerator \DUI1 

People get increasingly sore from diverse slow-motion explosions of 
virulence. Causes include viruses, antibiotics resistant bacteria, andOr 
malignant cancers from overuse of carcinogenic chemicals, like those  
"known to the state of California to cause cancers and birth defects",... 

Root cause: allowing slow-motion explosions of nonsense.  
If ever more people  act like mindless beasts,  either due to  
frontal lobes numbed by the opium of implicit faith and blind 
devotion, or (if they know better) due to misplaced loyalties that 
allow their hand to be forced, such that they still fail to do what is 
right as if they didn't know better, then beastly consequences follow, 
unsurprisingly, now turbo-charged by AI.  

Rev.16:2, interpreted with the help of a letter 
of Bishop Thomas Morton (1608) to P. R. 

Dismantling DUI1 is 
an Armageddon-class 
grand research challenge. 
It requires smart ... 

Zoning  
Investigating  
Organizing  
Navigating ... 

and that Reality transforms language  
so all describe accurately the  
nature of Reality in order  
to work together  
for  Reality. 

Zeph3:9

World War V 
on Virulence

Mission 
Simplify fighting pandemics via  

Work-Logic Cascades\WoLCs  
for  gentle  kind  reasonable  

virodefense by developing  
the mental wealth of  

the nations. 
Survive by fighting  

the eating of fruits from  
the Tree of Knowledge-faking  

by confusing modeling results with reality.

Aims Root Coordinator     as     Jonah \TerrifyingDove

Laurence Loewe of Laodicea \LLoL

... 
and the 
people of 
Nineveh 
great  
and 
small 
trusted  
enough  
     to  
Live in 
Reality 
     to 
stop their 
coveting, 
and put on 
sackcloth-ing 
face-masks in 
a slow-motion 
explosion that  
even reached 
the legislators, 
who reacted 
by installing  
ash-filters ... 

Jonah 3:4-10

Naming rule: x\y           defines label y as           perfect synonym of          label x –  this may           highlight diverse            aspects\features of         the same item they         both refer to.

Go to your 
designated 
equivalent 
Center for 
Disease 
Control 
professionals 
and have them 
check that you are 
indeed no longer  
infectious. 

Jesus after every  
reported healing 
of an infectious  
disease.

... and if  
a plague  
comes  
... 
but the so-called 
People of Truth,  
will 
1.   openly admit 
     their ignorance,  
2.   call to Reality 
     in real outcries 
     for solutions, 
3.  seek to see, 
     where Reality 
     is going next, 
4.  and turn from  
     their neurotic 
     ruts to join 
     Reality in a 
     new adventure, 
then Reality will use 
higher Work-Logic  
Cascades to help      
     repair their 
Structurally  
 Inconsistent 
Notions, forgive, 
and will heal  
their land. 

2. Chronicles 7:13-14

A time will come  
to worship 
neither 
here 
nor 
there 
but only 
in spirit 
and in 
truth. 

John 4:21-24 

Don't compare 
your worth or  
you'll die in 
coveting 
hamster 
wheels.  

Exodus 20:17

Vision 
Victory in WWV by killing 
pandemic amnesia in FUN 
ViroDefense Olympics  
that honor the most  
gentle kind reasonable 
strategies to minimize 
pandemic disruptions of 
every-day life. 
Here FUN is a  wid-e   
wide interdisciplinary 
diversity-encouraging 
Flying University Network  
dedicated to developing 
practical open-source 
methods leveraging the 
best science-engineering-
design-humanities wid-e 
research at a fraction of 
the deadly costs of failing 
to prepare for pandemics.
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  2. Stadion:    STa2-WWV 
 in the  1600 Stadia Talent Vision

... ignites slow-motion explosions 
of gentle kind reasonableness as 
counter-punches against  
slow-motion explosions  
of pandemic madness. 

 The Quotes were         deexcerpted\deexed         by LLoL from concise         originals using the          Jonah Hypothesis\JH         to reduce Heresy of         Explanation by more       diverse exploring.
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Simplify accurate modeling with a long-term   
stable extensible humane computer-language for biologists. 

EVOLVIX VISION 
Evolvix  improves responsible decision-making worldwide  
   by modeling uncertainties, values, and logics, as well as  
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Easy

!L LineRemark: studykeybackgroundsteps1-8in ~30min
Evolvix Quest Foxes_on_Island_with_Rabbits
( Question:   "How long will Foxes survive?"   )
Action 1 Rabbit_Breeds
( Rabbit ---[Rate = 0.5   ]---> 2 Rabbit )
Action 2 Fox_Breeds
( Rabbit + Fox ---[Rate = 0.0002]---> 2 Fox )
Action 3 Fox_Dies
( Fox ---[Rate = 0.1   ]---> 0 Fox )
Action 4 Fox_Feeds
( Rabbit + Fox ---[Rate = 0.0098]---> 1 Fox )
Initial Amount of  Rabbit         = 500
Initial Amount of  Fox            =  40

Simulate stochastically    until 200
!L Simulate deterministically until 200
!L alltimesinunitsof["Month"],rates["1/Month"]

=
=

Code below runs as is if entered as plain text into Evolvix.org prototype 0.3.1

Evolvix Quest Models describe systems with Parts randomly meeting for
Actions at defined Rates; TimeSeries Query gets data from Simulate Task

A
few 
easy 
steps
translate
model
!

Encode
once
by hand

Evolvix
Ev

olv
ix.

or
g/

ma
nu

al

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: SBML.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?

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 forsimulating
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. 

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 [1] result in step (via 5d,6d) is extended in 

(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.

Why are models in biology encoded by hand in complicated ways if compilers can simplify encoding?
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Simulating is 
testing in silico. 
For good models, 
simulations are 
like experiments

in the wet-lab
Storing is deciding
what matters about data and results.

A rare Fox breed is to be saved on big    
grassy islands with Rabbit as food. Yet the Fox    

keeps going extinct.The big question is: Why?
Can the model below predict Fox survival 
from initial counts? How is a 40-Fox-

and-500-Rabbit-island best simulated?
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A new stochastic run is unique 
and treats each individual Part as
indivisible ! Extinction possible!
Populations crash once too much 
Rabbit feeds too much Fox growth.

Deterministic runs are identical 
assuming each individual Part stays 
divisible ! Extinction impossible!
Populations will oscillate, pretending
Part-mash (¼ Fox...) is alive (!) and
keeps populations in perfect balance!

Poster QQv10r0p2_2018-07-19

!
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?
?

Thinking on paper is key for modeling
Intuitive, quick, informal catching of ideas is key
to focus draft models on essentials. Example:
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Concluding is learning how to improve models, data 
collection, assumptions. Science is done by going back to 

for the next round ...  

“The big ideas of one discipline are the 'weeds' of 

others.” (Quote by L. Loewe in discussion with Abe 

Megahead at WID, 2018-06-24). Biology is complicated, 

concurrently using many of them. Reality is inspiring, but 

too much to fully grasp, and concurrency is hard... so, 

we must necessarily model to cope. Pondering this 

highly refined Figure illustrates the resulting challenges 

for communicating interdisciplinary research: everybody 

feels overwhelmed by details they are not very 

interested in while finding the bits of interest is work.  

Rabbit, Eastern Cottontail, Wikipedia, Public Domain

http://en.wikipedia.org/wiki/File:JumpingRabbit.JPG

Patagonian Fox, Pseudolopex culpaeus. South American 

Gray Fox, Photo: 2006 by Whaldener Endo CC-BY 2.5

http://en.wikipedia.org/wiki/File:Pseudalopex_culpaeus.jpg

Compiling is saving time by automatically (re)encoding
models using formal rules and checking for known errors.
Biology wins big time once imperfection and uncertainty 
tracking can be offloaded to a compiler for biodata.

Model building is simplifying! Focus:
What Big Question do models need to answer?
Who is playing a relevant Part in the system? 
List each key Part and all spaces it may exist in. 
When is any Action changing any Part or its spaces?
List each Action, give its Rate/[TimeUnit *Opportunity]
Where and how to simplify more or less can be an art, 
but once decided, encoding could be as easy as above (4e).
Encoding is checking by hand if models can be described 
by following the rules of a chosen language. But user-friendly 
languages are rare and their formal rules difficult to design.

[1] 

HardHardHardHardHard

Hard

Hard
to 7s

Encode by hand, but first learn complicated rules in applied math or computational biology! to 7d

Encode by hand
lEncode by hand for stochastic individual-based Continuous-Time Markov Chain simulatorEncode by hand

Encoding is checking by hand

Compiling is saving time by automatically (re)encoding
Compiling is saving time by automatically 
checking for errors and transforming 
models by strictly following formal rules. 
Biology wins big time once the handling of 
imperfection and uncertainty can be 
off-loaded to a compiler that understands how 
to appropriately deal with these recurrent 
types of biodata. Such a compiler would 
enable researchers to stay on top of and 
apply the innumerable rules required for 
correctly handling imperfect biodata. 
Compilers are the best technology for 
managing vast networks of formal rules, which 
are essential in order to manage a growing 
knowledgebase of biodata expertise on 
accurately storing and interpreting data and 
simulations as recommended by leading 
experts in biodata science, statistical logic, 
EvoSysbio, and many other fields and 
disciplines. 
     Like all compilers, a compiler for biology 
reorganizes input into analyzed output by 
strictly applying its rules. These formal rules 
define the language implemented by the 
compiler. Good rules make a compiler 
represent a leading expert. Thus, such a 
compiler could serve as an excellent assistant 
for keeping the latest expertise at a user's 
fingertips, ensuring the right methods are 
chosen for a given type of analysis supported 
by the compiler. To enable this, all expertise is 
encoded by the rules for the compiler, either 
directly by the relevant domain experts, or 
supported by a compiler expert who defines 
the formal rules for the compiler based on the 
input provided by domain experts. The 
inherent organization of these rules must 
facilitate their long-term maintenance, lest 
such a large and growing body of information 
become disorganized; thus, such support for 
organization needs to be built-in by design 
from the start. 
     Biology cannot afford to ignore tools 
that have proven how well they manage 
information complexity in other 
disciplines. Compilers and the various 
programming paradigms they support have 
certainly proven their value in computer 
science and beyond. Adding them to a 
user-friendly compiler that is designed for 
long-term stability has the potential to greatly 
accelerate progress in many diverse fields of 
biology and thereby serve the broad needs of 
EvoSysBio well OLT. The unusual nature of 
how this compiler needs to be constructed 
requires the use of a new method for 
programming language design and a rather 
unusual dissemination strategy. In my 
analysis, the new design method takes a bit 
more time until implementation, yet its results 
in return can be expected to last much longer 
and are therefore worth the effort.  

“The big ideas of one discipline are the 'weeds' of 
others.” (Quote by L. Loewe in discussion with Abe 
Megahead at WID, 2018-06-24). Biology is complicated, 
concurrently using many of them. Reality is inspiring, but 
too much to fully grasp, and concurrency is hard... so, 
we must necessarily model to cope. Pondering this 
highly refined Figure illustrates the resulting challenges 
for communicating interdisciplinary research: everybody 
feels overwhelmed by details they are not very 
interested in while finding the bits of interest is work.  
Rabbit, Eastern Cottontail, Wikipedia, Public Domain
http://en.wikipedia.org/wiki/File:JumpingRabbit.JPG
Patagonian Fox, Pseudolopex culpaeus. South American 
Gray Fox, Photo: 2006 by Whaldener Endo CC-BY 2.5
http://en.wikipedia.org/wiki/File:Pseudalopex_culpaeus.jpg

Simulating is testing in 
silico. For a good model, 
simulations are like 
wet-lab experiments.  
This makes such a model a 
good approximation for 
so-called ‘Hershey 
Heaven’, as it enables 
learning without the tedium 
of having to design many 
new experimental methods. 
But what is the value of 
results produced in this 
way? If done well, they 
produce a proof by 
example with different 
implications for methods 
that differ in how they treat 
individuals. 
     So, what is a proof of 
existence by example  in 
an individual-based 
Continuous-Time Markov 
Chain (CTMC)? Observing  
in silico  extinctions proves 
that they can occur in real 
life if models make overall 
reasonable assumptions, 
including well-chosen 
Actions, Rates, and Initial 
Amounts for Parts. 
Generally, the CTMC 
models in Evolvix test 
whether they can confirm at 
time t if Amount Xt of Part X 
satisfies Xmin ≤ Xt ≤ Xmax 
assuming all Actions, 
Rates, and Initial Amounts 
that specify the model are 
close enough to their 
real-world equivalents (and 
no fundamental differences 
exist that might be caused 
by numerical problems, or 
other issues). Observing 
intervals of time and/or 
amounts for changes in Xt 
allow for powerful reality 
checks that can quickly test 
for model consistency.
     In addition, some more 
specific questions can 
sometimes be answered by 
additional mathematical 
analyses to be discussed 
elsewhere. These can 
always be implemented 
later in Evolvix or be 
performed independently.  

About Defining a Cycle in a Modeling Workflow
(1) It all starts with the: Real World: there is too much to grasp fully. So we 
must model to cope. We get to choose how and what we model.    -    Each 
discipline has its own approach to modeling: it weaves past experiences, key 
observations, and simplifying assumptions into a lens that helps to focus 
modeling efforts on questions that advance that particular discipline and make 
research efficient by implicitly agreeing to cut certain corners - often those 
covered by other disciplines. Comparing different disciplines quickly shows that 
each has its own focus, set of simplifying assumptions, and so on; all reflect 
some aspect of the real world, but none of them can do it perfectly. Disciplines 
sometimes complement each other’s simplifying assumptions; where they don’t 
there is a good chance that new fields wait for ground-breaking discoveries that 
might eventually turn into disciplines. Systems in the real world do not respect 
disciplinary boundaries. Therefore, new combinations of less simplifying 
assumptions often stand a good chance of discovering something interesting if 
led by real-world observations or by well-understood mathematical principles 
(and not by ‘curve fitting’ alone). 
     The big ideas of one discipline are often the ‘weeds’ of others. This 
often complicates interdisciplinary communication for scientists who are not 
used to moving beyond the boundaries of their discipline: as efficient scientists 
the usually prefer a good overview of the questions that matter (in their 
discipline) and like to avoid getting lost in details (’weeds’) not essential from 
their (disciplinary) perspective. It takes time to learn the language of another 
field and a particular kind of openness to very new experiences in order to see 
the value of new perspecives. Why comment on such ‘soft’ topics in an 
introduction to a field that is as ‘hard’ and rigorous as the computational science 
of Continuous Time Markov Chain (CTMC) analysis? The link is in the fact that 
real-world systems in biology often respect disciplinary boundaries much less 
than other systems. Therefore, progress in modeling often depends on the 
ability to change perspectives and look at the same system from a different 
point of view. 
     Biology is complicated because biological systems use so many principles 
from so many disciplines at the same time. This concurrency compounds the 
difficulties above, as concurrency itself is challenging to understand (ask a 
computer scientist). Thus, most systems in biology quickly become in-trackable 
and intractible. If we still want to study them, we must simplify to make 
progress. It is common for biologists to complain about models that are ‘not 
realistic enough’ and for mathematicians about models that are ‘too detailed’. 
Without context, neither of these complaints is useful. They are not even wrong. 
Instead, real progress in biology is made in the tension between these two 
extremes. To model is to simplify in useful ways, just like the map of a city is a 
simplified model that is useful for some questions (and useless for others). For 
these reasons, it is of utmost importance to be clear about the big questions 
that a model should answer. These need to govern the construction of a 
model-specific lens that provides a tailored abstraction for how to see the world 
from the perspective of that particular model. The tailored abstraction for 
answering a big question in the real world is like a key that fits in a lock provided 
by the model: both are needed for opening a new useful perspective on a 
biological system. Hence, in biology, modeling is a way of navigating the flood 
of detailed data. Given how fast new data accumulates, we must model to 
cope. 
     Repeatedly returning to the real world is important for modelers for 
inspiration, for testing the quality of models, and for observing new data in order 
to improve models. The perspective above also paves the way for using models 
to improve data collection by simulating first, which data (if collected) could 
possibly answer the next most interesting modeling question best. Setting up 
corresponding simulations (if supported by a sufficiently powerful compiler) will 
be usually much cheaper than trying new ideas in the wet-lab first. Physicists 
routinely simulate new experiments to optimize their setup before actually 
conducting the experiments. Biologists generally do not at this point. Yet, a 
compiler for a language that was designed for biology would likely change that if 
it is sufficiently user-friendly, stable, and offers the features experts in the 
relevant areas would need.  

(2) Defining what is of interest for this model by focussing on only a single 
Big Question out of the many that could be asked.   -    Background description 
of the model: A rare Fox breed is to be saved by reserve populations on big 
grassy islands with Rabbit as renewable food. Yet Foxes go extinct. Repeatedly. 
Your job is to test this Big Observation and ask: Why do extinctions of Fox occur 
despite grass for millions of Rabbits? The main text starts with exploring an 
island with 40 Foxes, 500 Rabbits, but the working Evolvix code presented is 
easily expanded into simulating repeated test recolonizations with different 
initial numbers of Foxes and Rabbits. All simulations track population sizes. For 
all practical purposes we assume here that reality in this hypothetical ecology 
example follows the Lotka Volterra Predator Prey dynamics and parameters 
given by the model referenced (see Otto&Day (2007) in the reference given). 
Evolvix produces time series predictions for a given combination of Foxes and 
Rabbits that are brought to a new empty island. The modeling task is to predict 
Fox survival and to investigate which of the fundamental assumptions made by 
the different simulation frameworks are more reasonable for the Big Question 
investigated: Can you predict Fox survival?
     The example model presented here was chosen for diverse reasons. (i) 
Illustrate that differences between deterministic and stochastic models can lead 
to drastically different conclusions in biology, such as extinction in this case. (ii) 
Illustrate how much easier it becomes to use a new modeling paradigm if 
supported by a compiler that requires only one simple encoding step to be 
manual vs requiring two complicated ones without a compiler. (iii) Illustrate how 
such a compiler would sit in a reasonably realistic modeling cycle as described 
in the steps 1-8 in the figure and also below; the key steps of this cycle are 
typically executed many times during each intense phase of model 
improvement and hence worth optimizing. (iv) Illustrate how a model that is 
simple enough to serve as “Evolvix hello world” example, can still yield 
interesting results that are not easy to guess, and matches the numerical results 
from some published model in order to demonstrate that the Evolvix protoype 
has at least worked for this example. (v) Illustrate in a simple example how to 
draw a boundary around what is modeled (nicknamed the ‘spotlight’ below) vs 
what is not (‘backdrop’; see below). Defining model boundaries is inevitable for 
all modeling work, no matter how complex the model.

(3) Modeling Toolkit Questions. A method for CTMC model construction that 
builds a modeling Lens for abstracting away all aspects of complex reality likely 
to not matter for the Big Question of this model. These steps transform a Big 
Question (BigQ) into tools for finding key data. 
A. What Big Question, Big Observation needs explaining? - Define BigQ, 
BigObservation (BigObs). It's like a key to your model. B. Who takes part in 
the explanation? List all Parts... ...linked to BigObs. A Part is defined for any 
item or quantity that (i) can be counted or measured by an Amount, and (ii) 
differs from all other Parts by engaging in a unique set of Actions. Identical Part 
names refer to the same Part; different Parts need different names, which may 
be used to describe key differences explicitly. C. When do the Actions 
happen? List all Actions... ... of each Part. An Action is defined by a type of 
activity that may change Amounts of Parts under specified conditions and at 
time intervals as predictable as a given type of specifically weighted dice. See 
further details below about conditions for the occurrence of Actions and the 
meaning of rates. D. Where should modelers invest most efforts? In the 
Spotlight! Where is a minimum of details on Parts, Actions, or Rates enough? In 
the Backdrop! Sort all Parts, Actions, and Rates accordingly to focus efforts. 
These can always be reassigned later during modeling if priorities change; 
making such changes explicit helps to document progress in modeling and to 
structure the modeling process. E. Why is BigObs happening? Aim for 
relevant models.  
Focus on quantitative testing of models that can explain BigObs. 
F. Which Observation Methods link Models to Reality? Define a biosystems 
curation dataflow from Reality to the Model: ObsRaw are Raw Observations as 
found initially, without cleanups. ObsMod are Modified Observation snapshots 
during data cleaning. ObsUse are Observations (of any quality) Used in models 
or papers. ObsTop are Top Observations as produced by biosystems curation. 
BigObs are big surprises that raise a BigQ, motivating new models.

About defining Actions and their Rates
     Definition. An Action is defined by a type of activity that can change the 
Amount of Parts that exist in defined Spaces. This change can move a Part 
from one space to another or transform muliple Parts of one type into Parts of 
other types. In all cases, the change occurs at certain speeds determined by the 
state of the compartment in which the Action occurs. Under some conditions 
that speed could be zero, preventing that Action from happening at all. 
     Conditions of occurrence. Thus, Actions can only occur under conditions 
that meet certain criteria. These include the following: (1) A sufficient Amount of 
all required Parts is present and free from being bound by potential inhibitors. 
(2) The next Rates must exceed 0/TimeUnit in order to make it possible that 
(2a) these Parts can actually physically meet, and when they do, (2b) they can 
actually perform the Action specified. (3) To make the Action observable, any 
potential reversal of the Action must not occur infinitely fast. (4) Some 
movement must occur to enable the meeting described above. This is only 
possible, if some time has passed and movement is possible in principle. This 
implies that the ‘temperature’ of the system is not at its absolute zero or that all 
Places in its Spaces are used completely without exception. If this is not the 
case sufficient random movement is assumed to occur, and even further, we 
assume here that all Parts in all Spaces can be approximated by well-mixed 
compartment in which the position of Parts can be ignored, as the are assumed 
to move so fast that they cannot be distinguished from moving at infinite speed 
(within the finite compartment). As a result, each of the spaces tracked here is 
perfectly mixed within, and any inhomogeneities are modeled by sufficiently 
small compartments. 
     Dice, tweaked and rolled. For brevity, ’dice’ are used here to denote 
probabilitiy distributions that can produce random numbers from their range with 
a frequency that corresponds to the probabilistic weight behind that number. To 
‘roll’ such a ‘dice’ is to actually sample one specific randomly chosen number. 
To ‘tweak’ a ‘dice’ is to adjust a parameter of the underpinning probability 
distribution, which affects all random numbers produced by rolling the dice after 
the tweaking. In this analogy, Actions are governed by dice that are tweaked 
each time after an Action is completed. By rolling the dice of each Action, a 
waiting time is determined for its occurrence. Simulating the system means (in a 
nutshell) to execute the Action with the shortest waiting time, move the system’s 
time to this new moment, and repeat the cycle by adjusting all dice to the state 
of the system after the last Action executed.  
     Reoccurrence of an Action will therefore happen after waiting for a time that 
is obtained by rolling a certain well-defined type of these dice that has been 
tuned to the current state of the compartment within which the Action might 
occur. No tweaking of a dice is necessary, if the conditions for the occurrence of 
its Action remain unchanged; this means that all Amounts of required Parts stay 
the same and none of the Rates are changed by the presence of inhibitors, or 
changes in temperature, volume, or any other changes. Here we only consider 
the simplest cases. Much expertise in modeling is required for determining how 
exactly to calculate these rates and how they change as a system changes.
     Rates of Actions in Evolvix and in Countinuous-Time Markov-Chains 
(CTMCs). The generic type of dice used in the individual-based stochastic 
simulations implemented by Evolvix is defined by a so-called exponential 
probability distribution that is characterized by a certain instantaneous rate. This 
instantaneous rate can be calculated as 1/(waiting time) if the conditions do 
not change. This instantaneous rate is calculated by multiplying (a) the effective 
count of ways in which an instance of this Action can potentially happen, where 
each of these effective ways is independent from all other effective ways 
equally probable; and (b) the shared general rate constant that is identical for 
all these effective ways of occurrence and that corresponds to the probability of 
observing a single instance of these equally probable effective ways as if it was 
the last potential opportunity for executing this Action. This general rate 
constant is determined by the conditions (2) – (4) above, and is not to be 
confused with the instantaneous rate of an Action that usually depends on the 
Amount of the Parts the Action needs for occurring as described in condition (1) 
above. 
     Estimation: Since occurrences of an Action are independent events under 
constant conditions, the instantaneous rate of an Action can be calculated by 
estimating or observing the average waiting time between repeated instances 
where that Action occurs under identical circumstances (irrespective of the 
complexity of the underpinning stochastic process that causes the action to 
occur - assuming that nothing about this process changes and that the resulting 
waiting times are exponentially distributed; these simplifying assumptions are 
often easy to justify in sufficiently coarse-grained models; however, replacing 
them by more realistic ones can quickly become very thorny). Once estimates 
or observations of waiting times are available, the corresponding instantaneous 
rates are 1/(waiting time) for the corresponding conditions. 
     Variability of waiting time intervals can be substantial, even if the 
underpinning distribution has the same average expectation, since waiting time 
intervals between instances of the action under identical circumstances are 
randomly drawn from an exponential distribution. For such dice, individual rolls 
yield numbers with a Variance, Var, given by Var  = (Mean)2 .
     Background about dice following an exponential probability 
distribution. If the exponential probability distribution seems unfamiliar, it may 
be worth looking it up due to its broad usefulness. In probability theory and 
statistics, the exponential probability distribution (also known as exponential 
distribution, or negative exponential distribution, not to be confused with the 
exponential function) is the probability distribution that describes the time 
between events in a so-called Poisson point process. The latter is a process in 
which events occur continuously and independently from each other at a 
constant average rate. The respective systems are said to be ‘memoryless’, 
because the waiting times and next actions are only dependent on the current 
state of the system (as specified by the respective Amounts for all the Parts 
they might contain), irrespective of the history how hot the system came to be in 
this state (i.e. no explicit memory of previous history, although history could be 
implicit by the existence of Parts that can only be produced in exactly one way). 

About comparing modeling formalisms (ODE vs 
individual-based CTMC)
The ODE based models and the CTMC models based on the so-called  ‘Master 
Equation’ share a fundamental connection in that infinite population sizes can 
result in a transition to an ODE model. However, for diverse reasons solvers for 
their respective types of simulations require very different ways of presenting 
the model, which can be produced by a compiler. 
     The Individual-based CTMC models (iCTMCs) are close to the Action based 
representation shown here for the Evolvix code, in that they require 
Action-based propensity equations, which require only local knowledge about 
the Parts and Rates for the one Action under consideration (in addition to a 
Part-change matrix that is similar, but not identical to widely known stoiciometry 
matrixes). In contrast,  ODEs describe changes in Part-based equations and 
thus need all relevant fragments of each Action, which requires a fundamental 
re-organization of the whole model. The number of rules for performing this is 
not huge, but executing them reliably is very tedious for most humans and thus 
better left to compilers. ODEs offer a different perspective on a model, which is 
more part-based than action based. While both perspectives have their merits, 
the Action based perspective is easier to use in many biological contexts.

More complex models in Evolvix. The tiny network 
embedded in the Fox photo shown next to this text is a 
reconstructed red blood cell metabolism model that 
was simulated in Evolvix for other reasons (Ehlert & 
Loewe 2014 J.Chem.Phys.). This model exemplifies 
the power of compilers: producing the complicated 
ODE or stochastic simulation setups that include the 
over 90 parts and similar numbers of reversible 
reactions took Evolvix not much longer to rewrite 
internally than  the tiny fox-rabbit example shown in the 
larger figure here; but for us as human programmers 
the setup time may have been too much in this case. 
This model also illustrates a more important, general 
point.
     Drawing boundaries around the model is 
essential when modeling. Red blood cells are certainly 
important for fox and rabbit. If foxes and rabbits were to 
be modeled in their entirety here or red blood cells 
played a special dynamic role important for our big 
questions, then model such as this one would have to 
be included, in some improved subsequent versioned 
variant.
     However, here these aspects are ignored. Hence, 
the corresponding biochemical reaction network shown 
here can be safely ignored along with innumerable 
other details of the molecular biological, cellular, and 
other intra-organism processes. Even much of the 
high-level life-history biology of foxes and rabbits can 
be ignored, since these additional details are not 
needed for predator prey models like this one. The 
high-level rate summaries for birth, death, and 
interactions given in the model shown here imply that 
they are the ultimate consequences of all more detailed 
causal mechanisms and processes that are not 
assumed to change substantially on the time scale 
considered. Why is this obvious conclusion worth 
pondering? 
     The same principles apply in situations that are 
much less clear. Hence, stating the obvious might 
help to recall that everything we omit from models is as 
important as what we include. Omitting other aspects of 
this fox-rabbit model is less well-justified. This includes 
but is not limited to ignoring that both species 
reproduce sexually, take time to reach adulthood, 
usually compete with other prey/predators, rabbits here 
do not die unless eaten by foxes, and the list of similar 
biological nonsenses and absences goes on. Not 
representing these processes in the model amounts to 
the statement that their effective contribution to the 
overall conclusions reached from this model may be 
negligible. For example, neglecting other causes of 
death in rabbits does not affect conclusions, if indeed 
almost all rabbits are eaten by foxes anyway. 
     The overall lesson? Learning how to draw 
responsible boundaries around what is important for a 
model is key for surprisingly many modeling projects in 
biology. All this gets even more interesting, if an 
arguably important aspect of this model's biology 
cannot be included due to deficiencies in the current 
modeling framework. For example, this model does not 
allow for Foxes to ever leave the state of being hungry. 
There is a simple manual fix in this present example, 
but without automatic support by the compiler, it does 
not scale well and manual analyses quickly get 
prohibitively costly. 

The task of coding is synonymous with the following: writing the code for a 
model, encoding it, implementing it, programing it, writing it up for simulation, and 
so on, all indicating the describing of a model in a given modeling or programming 
language. The difference between modeling and programming is fluid. Good 
programming tends to be modeling and the many modeling paradigms work with 
related programming paradigms. Since programming means that humans 
describe tasks for computers, it is a form of programming when a model is 
described in a form that allows computers to simulate it. Modeling languages 
implement at least one programming paradigm for allowing users to efficiently 
describe some types of models; general-purpose programming languages tend to 
support several foundational paradigms to be efficient. Using a language that 
does not support appropriate modeling/programming paradigms for a given 
problem often makes it impossible to implement correct solutions. Thus, it is 
important to notice such mismatches. 
     Writing code manually is an important step of quality control in modeling if 
done at an appropriate level of abstraction. Coding allows for revisiting manually if 
(i) a model is generally reasonable, (ii) if it can be formulated correctly by following 
the formal rules of the chosen language, and by extension (iii) if the language is 
well suited or capable of expressing models of the type considered. 
     If modeling problem and language match well, then modeling is fun:  the 
compiler of the language uses its built-in rules for finding errors to reduce 
guessing on part of a modeler. If there is no match, this is clarified the sooner the 
better. Languages that are a poor match require much manual extra-work to 
implement what a compiler could do. Hence: professional programmers are quick 
to point out: always use the right language for a given job. To translate for 
modeling: Always use the right modeling framework for a given modeling question. 
Using the right formalism (programming language or modeling framework) is 
essential for getting a correct answer, irrespective whether the formal grammar 
rules of a formalism are easy to follow or cumbersome. 
     The same formal meaning (semantics) can be captured in myriads of 
equivalent sets of syntax rules (linked to semantic rules to build a language 
formalism). Their ease of use does not impact results if coded correctly. However, 
the last if is a big if, since arcane syntax tends to result in more programming 
errors than syntax rules that are more user-friendly. It is often easy with hindsight 
to tell, if the rules of a formalism were well-designed or rushed with little review. 
User-friendly rules can make certain types of bugs impossible and others hard to 
do. Such well-designed rules require from language designers much experience, 
skill, effort, development time, and lots of reviewer input. Many formalisms already 
exist that are less than user-friendly and/or offer only fragmentary support for 
important biological modeling paradigms.  
    This obvious and reasonable advice creates a problem for computing biologists, 
as  there is no language for biology that can support the many diverse types 
of models and programming paradigms frequently used in biology in 
combination with the imperfection and uncertainty regularly encountered in 
biodata and biomodels. Evolvix was born with the realization that much 
innovation in biology requires both long-term stability, user-friendliness and a 
continually growing set of features for experts. Once it became clear that support 
for modeling and programming had to go far beyond the simulation models shown 
here, the long-term stability and user-friendly requirements for language design 
were already firm established. The need for these additional programming 
paradigms resulted in the decision to add general purpose programming 
functionality to Evolvix in a user-friendly way as described next (effort is ongoing).
     Hence, Evolvix adopted the following key core strategy to protect and 
optimize On the Long Term (OLT) each of the following three foundational 
hallmarks of the long-term stable variant of Evolvix  (nicknamed ’TTv1’ for 
TrustedTested version 1, counting only releases that add features but never take 
them away as only thoroughly reviewed code will be added to TTv1). It is the 
responsibility of the leading Evolvix language architect to enforce them OLT in the 
following order of priority in case of conflicts, in order to ensure language 
sustainability OLT:
     (1) full backwards compatibility OLT to enable reliable stability MUST 
always stay first and be protected by tests that ensure uninterrupted full 
backwards compatibility of all key functionality OLT so working code can no longer 
be broken by updates OLT (separate discussion elsewhere for how to handle 
bug-fixes methodological improvements, and newer methods that outperform 
older ones); 
     (2) user-friendly clarity OLT to enable elegance of expression and the writing 
of beautiful, readable, and concise code MUST always be tested by usability and 
expert reviewers using the DesignFlip method to cut all avoidable complexity, 
maximize ease-of-use for outsiders and efficiency for experts, all three with an 
OLT perspective of supporting (1) and (3); 
     (3) growing extensibility OLT to enable the evolution of the Evolvix language 
extensibility by extending the applicability of modeling formalisms offered where 
possible and the addition of key programming paradigms in a well-integrated way 
to ensure language independence and stability OLT. Before new features that 
have been evolved in this way are accepted and released as long-term stable 
(TTv1), they need to evolve sufficient stability in their designated, strategically 
named contexts with a stabilizing versioning system that labels instable code to 
prevent it from eroding these hallmarks OLT.
     To enable development with such strict requirements the Flipped Programming 
Language Design method (short ‘DesignFlip’) was developed (see Loewe et al. 
2017, Ann. NYAS). This new language design method is important for developing 
a stable form of Evolvix; it requires that all important foundational aspects of 
language syntax and semantics are designed and thoroughly reviewed well before 
their final implementation for production can start (if need be with the help of 
prototypes).

Storing is deciding what matters about data and 
results.     Evolvix first helps by keeping many results; 
then, after completing analyses, Evolvix helps by 
throwing most data away efficiently - unless marked by 
users. Evolvix assists users who sort results along the 
way and saves rubies found and marked in the rubble. 
To put more accuracy into modeling, it is key to reliably 
store uncertainty of biodata for later use during 
parameter estimation or in defining model ensembles. 
Evolvix uses internal data formats for efficiency, but for 
properly exporting data Evolvix is on course to adopt 
the so-called ‘TabFS’ format for laying out data. This 
format is based on tab-delimited tables in text files and 
folders stored in a typical folder of a standard 
file-system to maximize portability. TabFS is developed 
by applying the same stability criteria On the Long 
Term (OLT) that are being used for the language itself. 
TabFS is designed to maximize readability across 
platforms and tools that might be used for reading in 
and analyzing the data by third parties. Simultaneously 
it aims to minimize the costs of maintaining and 
extending data collections, and to manage their 
backup across platforms and tools. TabFS serves as 
the foundation for rigorously defining Versioned 
Biological Information Resources (VBIRs) that play a 
pivotal role in biosystem curation and are being 
developed to support capturing the uncertainty of 
biological observations in a format that can be 
processed automatically by the Evolvix compiler. 

Evolvix aims to simplify accurate modeling of systems
described in a stable extensible user-friendly language.

Thanks to all
Evolvix.org/thinkers
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Encode by hand, as below, into Ordinary Differential Equation (ODE) model for an ODE solver, lEncode by hand
Encoding example: Equations like below are required for (but useless for ). They 
show model (same as [1] and Evolvix code above) in the ODE language of applied
math.Compilers likeEvolvix can produce them automatically, cutting manual encoding costs. 

[1] ODE Model from Otto & Day 2007 'A biologist's guide to ... modeling...' p76Eq3.18;values:p141Fig4.17hasamax&min we recompute in7d;we set1TimeUnit=1Month.

Encoding

where:
c = 0.01, r = 0.5, ! = 0.1, " = 0.02,
a = 1, Fox:  nF = 40, Rabbit:  nR = 500

=
Action 4

Action 2b

Action 2a

Action 3

Action 1d$%d& =  )$% & − "+$% & $, & − - − " +$% & $, &d$,d& = − !$, &  "+$% & $, &
encoding

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

Modeling is         (focus, simplify, notation design) & Science (all else)
Not shown: compilers can simplify handling uncertain parameter values

Let's start with a simple predator-prey model[1]
with40 foxes&500 rabbits, interactingas follows:
1 Rabbit Breeds: Rate: 0.5 per Month

1 Rabbit 2 Rabbit
2 Fox Breeds:  Rate: 0.0002 per Month ...

1 Fox + 1 Rabbit 2 Fox
3 Fox Dies:   Rate: 0.1 per Month

1 Fox 0 Fox
4 Fox Feeds:   Rate: 0.0098 per Month ...

1 Fox + 1 Rabbit 1 Fox
Now, how do we get time series of Fox counts?
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less automatic compiling

Compiling a Model to Forecast Fox and Rabbit Ecology with Evolvix
Laurence Loewe & Seth Keel
Wisconsin Institute for Discovery
University of Wisconsin-Madison

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

Problem: Forecasting requires models. They govern complex algorithms to simulate relevant time series. But manually mixing code for models and algorithms often 
chokes new modeling ideas in setup complexity. It can feel as if a new trip requires building a new car. Solution: A friendly compiler can simplify encoding, like Evolvix (Fig.1).

Welcome to a whirlwind tour of modeling, encoding jams, and how compilers can assist in detecting surprise extinctions!
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Staybilizing 
Tool systems  
     POST all  
     results in a 
Staybilizing 
Versioning  
System\StayVS 
     for  
Quality  
Annotation  
     to cut  
Avoidable  
Complexity that 
     accumulates 
Over the 
Long 
Term\OLT.  

Exodus 23:18

Reality  
Overpowers 
AnyAll idle idol  
Rebelling  Slavers 
     at their 
Least  
 Inconvenient 
Explanations \LIEs 
     with their  
Structurally   
 Inconsistent  
Notions         \SINs 

Exodus 20:2-3 

Zoning Investigating Organizing Navigating 
Reality transforms language so all describe 
accurately the nature of Reality in order to 
work together for Reality.             – Zeph3:9

Vision 
Evolvix improves 
gentle kind reasonable 
decision-making 
worldwide 
by modeling  
uncertainties,  
values, and  
logics, 
or chronicling  
decisions,  
outcomes, and  
annotations 
for Balance-o-stat species 
committed to balance  
the great dance of life  
     on all learning planets  
Over the Long Term \OLT  
     by resisting all that 
Includes     Self- 
Magnifying Ruining \ISMR
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  1. Stadion:    STa1-EVX 
  in the  1600 Stadia Talent Vision

 The Quotes were         deexcerpted\deexed         by LLoL from concise         originals using the          Jonah Hypothesis\JH         to reduce Heresy of         Explanation by more       diverse exploring.


