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2 - Background - Conceptual History of EffLab

Ref A is the agent based model called EffLab, written using NetLogo, which is the topic of this
document. The development of this model is part of a personal study of the nature of sustainable
economic systems, with a focus on the very basic dynamics of persistent economic processes. At
the time of writing of this document some of the above-listed reference documents written by me
are very much in need of revision. However, | decided to push through to the end of my logical
trajectory to see if all of the stepping stones along the way were identifiable. Having a glimmer
of hope, | wanted to see if that glimmer was a will-o-the-wisp, or a real lantern in the distance at
the end of a traversable path. A number of the following references are also mentioned in the
‘info’ tab of the EffLab application. EffLab may appear, on first glance, to be a simple toy, but
| believe that it demonstrates several important dynamics that are both profoundly important, and
also obvious but much overlooked.

Refs B through H are a series of diary notes (i.e. notes to file, or NTFs) in which the ideas
around EROI and ETA were developed, along with the concept of a Goldilocks loop. The
specific goal for Refs C, D and E was to prepare for a presentation at the ISBPE 2017
conference, as shown in the Ref F slide deck.

The Ref I is a DOS-based application
that was written by Dr Michael

Palmiter in 1985 as a teaching tool for C O M P U T E R

his biology classes. It was made

available for download in 1989 by Life R E C R E A T I O N S

Sciences Associates.

Fi‘qure 01 — Scientific American

Simulated Evolution:

. ) o o wherein bugs learn to hunt bacteria
Ref J is an article describing Palmiter’s i g B

application — ‘Simulated Evolution’. n=N
That was the basis of my several re- @
implementations of Palmiter’s
program, including PSoup (2002) and by A.K.Dewdney
SimEvo (2019).

Ref K, PSoup, is my most complex re-implementation of Palmiter’s ideas. It is written in C++.

Ref L, SimEvo, is an extremely simple re-implementation of Palmiter’s ideas, used for teaching
purposes, and also used as a NetLogo base model for other econodynamic models such as
TpLab (Ref W) and Efflab.

Ref M is a paper by Lotka in which he argues that evolution (and the phenomenon of natural
selection) is much more widely applicable than merely in discussion of evolving species, with
implications of applications in economics.

Ref N is a paper in which entropy in an ABM is identified. | used this as the basis for my own
development of entropy in ABMs.
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Ref O is the EiLab (C++) model in which I implemented the eight models described in the Ref N
paper, and then expanded on them by building Model I.

Ref P is the culminating note of a series of diary notes in which | determine the best formula to
use for calculating entropy in an ABM. Those notes are used in the development of the
experimental code in EffLab used to calculate and display the entropic indices for energy
distributions and genetic distributions.

Ref Q is a diary note in which | examine some of the data coming out of Model | of EiLab.

Ref R is a diary note in which | examine the connection between entropy in ABMs and Crooks
Fluctuation Theorem in thermodynamics.

Refs S through W are a selection of notes about the Maximum Power Principle (MPP).

In 1989 when Dr Michael Palmiter’s agent based model called “Simulated Evolution (SE)”
(Ref I) was described in an issue of “Scientific American”, | did the same as many hobby
programmers of the day — | wrote my own version of SE to better understand how it worked. It
was fascinating in its simplicity of design and profundity of insight to be delivered. About
twelve years later, in 2002, | reprised that work in the form of PSoup (Ref K). In developing
PSoup I used Palmiter’s genes in chromosome #1 (called C1), but also abstracted six of the
hidden parameters of Palmiter’s SE that controlled life functions (metabolic rates, reproductive
rates, senescence rates) and placed them into a second chromosome called C2. That proved to be
fortuitous for me, as it gave me insight into how to develop many of the other evolutionary and
econodynamic models that followed. Variations on the C1 and C2 genes can be found in all of
my models that have intergenerational biophysical bases — that is, all but the “capital exchange”
models, which do not have a biophysical component.

PSoup demonstrates evolution in a large number of scenarios, but the most basic scenario
replicates Palmiter’s SE, and has been carried forward into the models at Ref L (SimEvo), at Ref
W (TpLab), and at Ref A (EffLab). In all of these models, blind organisms stumble about
randomly in a field of randomly (re)placed goodies in a fierce competition for survival. The only
tool they have that might offer some evolutionary advantage is a heuristic stochastic search
pattern that is encoded in their C1 genes. Slight differences in the genome lead to subtle
differences of bias in the stochastic process used to effect decisions as they stumble about
randomly. Those biases may be adaptive (advantageous) or non-adaptive. In all of these
models, with surprising speed, a population of organisms evolve a highly effective search pattern
called the “cruiser”, and that search pattern also appears as the native “best” search pattern in
EffLab.

EffLab is a very insightful bench tool, because | can demonstrate a range of phenomena with it,
and study their interactions. These include the evolution of search skills, the evolution of
metabolic processes, EROI at the scale of the individual seeker, as well as at the scale of the
entire system, Jevon’s paradox, the maximum power principle, and possibly other related
phenomena. The interaction of all of these dynamic phenomena within one model is, | think,
rare.
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3 - Purpose

The purpose of the Ref A computer application is to explore the nature of a phenomenon referred
to as EROI (Energy Returned on Investment).

The purpose of this design document is to present and discuss the design decisions associated
with VV5.07 of the Ref A computer application — i.e. of the “Efficiency Laboratory”. Within this
note | will refer to it as EffLab.

4 - Discussion of Design Elements

My approach in this document is to write it as a sort of user guide, and a sort of technical record.
For the technical part, I will discuss a number of design elements including both technical and
conceptual elements. For the user guide part, | will describe each of the panels in the user
interface. There is, of course, additional documentation in the EffLab model itself, in the info
tab and in the code tab. But this document is intended to be the main source of guidance on the
use of the model.

4.1 - What is EffLab About?

EffLab was built to support the study of the efficiency of agents in an evolving complex adaptive
system. The interim results were presented to an ISBPE conference in 2017 (Ref F). In
particular:

e There is a definition of efficiency used in ecology, and an analogous definition widely used
in business. In ecological studies it is called EROEI (energy returned on energy invested),
or, more briefly, EROI (pronounced E-Roy). In business it is called ROI (dollars returned on
dollars invested).

e In addition, there is the more well-known definition of efficiency first invented by Sadi
Carnot, and widely used by engineers. It is usually represented by the Greek letter n1. In this
document it is referred to as ETA.

These two measures of efficiency bear a peculiar relationship to each other, as explored in the
diary notes at Refs B through G. Here’s a graphic from the Ref B diary note, relating three
efficiency measures. | ignore N in this model, because it is so similar to R.

Table 05— Table of conversions of efficiency formulae.
n R N
= R-1 N
n n=n n=— "~ n= —
R N+1
R R — 1 R=R R=N+1
1-n7€
N N=_" N=R-1 N=N
1-n7€
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A key assumption, for me, is that both economies and ecosystems are subject to the same
stochastic processes when they evolve. These include the effects of conservation of energy (and
money, for economies), rising entropy, and maximized power. So this model is purely an
ecosystem model, but, as | see it, with strong applicability to economic systems.

PSoup (Ref K) is a purely biophysical ecosystem model, as is its derivative NetLogo version
called SimEvo, a re-implementation of the ‘Basic’ scenario of PSoup. PSoup is, itself, a re-
implementation of a model written by Dr Michael Palmiter in 1985 called ‘Simulated
Evolution’ (see Refs I and J). EffLab is a close copy of SimEvo, but with a number of data
collection features added.

The key biophysical features of Palmiter’s ‘Simulated Evolution’, PSoup, SimEvo, and

EffLab:

e Biophysical: Agents wander through a forest eating fruit. They move about, they eat, they
reproduce via fission from time to time, or they die of hunger or old age.

e Energy Balance: Agents must collect enough energy to fuel their activities. They collect
energy, and they expend it in movement and in reproduction. Energy is conserved, so they
cannot generate their own energy — they must find it.

e Generational: Agents must reproduce quickly or die. So the rate at which they collect
energy is key to their survival. Each generation of agents competes with other agents in its
own generation — in its own cohort of agents.

o Births: Agents reproduce via fission, by which they disappear from the model and are
replaced by two daughter agents that are almost perfect copies, except for some minor
unbiased mutations in their genes. They cannot reproduce until they are old enough and
healthy enough. Typically they would need to find 160 patches of fruit within 800 ticks
in order to reproduce more quickly than other agents in their cohort.

o Deaths: Agents die if they are hungry or too old. Hunger comes from finding too little
fruit to continue metabolic processes. Old age comes from lacking sufficient health to be
reproductive. Either way, a low rate of energy collection is the cause.

e Limited Ability to Sense Fruit: But, they cannot see the energy-containing fruit until they
step into it, so the movement pattern that generates the highest rate of energy returned per
tick (highest power of returns) is a key factor in determining which offspring will survive,
and which will not. Note that there is a difference between maximum efficiency and
maximum effectiveness, as explored in the diary note at Ref G. Those that are maximally
effective are most likely to survive into the next generation.

e Darwinian-style evolution: Energy comes into the ecosystem at a controlled rate. Every
generation can double its population, but there is a de facto limit on how many agents can
survive — a carrying capacity. Roughly 50% of each generation will not be able to reproduce
due to lack of energy. So-called ‘natural selection” will decide who is able to reproduce, and
who is not.

The Data Collection Features of EffLab:
e Biophysical data is collected and displayed. This includes data about the population size,
energy flows, demographic data, genetic data. These are also seen in PSoup (Ref K).
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e Efficiency-related data is collected and displayed. This is the main purpose of this model.
Data about both EROI and ETA are collected. This data provides rather direct insight into
several phenomena:

o Goldilocks curves (Ref G);
o The Maximum Power Principle (Refs S through W);
o Jevon’s Paradox.
e Entropy-related data is collected and displayed (Refs N through R).

4.2 - Technical Issues

In this section | describe the technical aspects needed to understand the implementation of the
concepts. There is a lot more to be said than is found in the “info tab” that could help a modeller
understand the way this model is designed, and how it is intended to work.

4.2.1 - Application Development Environment (ADE)

EffLab is implemented in NetLogo version 5.0.5. NetLogo is an interpreted ADE. That is to
say, the code is not pre-compiled, but is interpreted line by line as the program runs. This
version of NetLogo has now been somewhat surpassed by the developers of the NetLogo
platform, which is a fast-moving target. I don’t what to get into an endless loop of upgrading my
models, so | decided to stick with the application development environment that I first used for
the PMM, OamLab, MppLab and CmLab models. The ‘5’ in the version number is intended
to indicate the NetLogo platform used.

4.2.2 - Models Demonstrating Evolution

Fundamental Evolutionary Dynamic — As described above, EffLab is a derivative of a model
published many years ago. It was called “Simulated Evolution” (SE), written by Dr. Michael
Palmiter and featured in two Scientific American articles in 1989 and 1990, | think. | wrote my
own version of SE using Microsoft Basic in the early nineties. Then in 2002, | re-wrote it in
C++ and called it PSoup. Most of my models written since then borrow heavily from the ideas
of Dr Palmiter. For example, the parameters discussed below called DAT, DET, RAT, RET,
EPM and EPA directly encode the biological function parameters used in SE as described in
those Scientific American articles. DAT and DET encode the phenomenon of death in terms of
age and energy respectively. RAT and RET encode the phenomenon of reproduction in terms of
age and energy. EPM and EPA encode the tendency of agents to expend or store energy,
respectively. The general dynamic per tick is then:

(1) move (EPM — energy expended per move);

(2) feed while competing for resources in limited supply (EPA is upper limit on energy storage);
(3) reproduce with variation of capability (RAT and RET determine sufficiency of age and
energy); and

(4) die of hunger (DET), old age (DAT), or in reproduction.

The elements of this dynamic all seem to be necessary background constraints to demonstrate
real evolution in an Agent Based Model (ABM). EffLab demonstrates the evolution of a
society of seekers of food. It is a multi-generational biophysical model in which the
transactional conservation of energy is observed, and the one-use-only nature of free energy is
also observed.
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4.2.3 - Agent Based Models

EffLab is an agent-based model (ABM). There is one breed of agents called seekers that interact
with each other, seeking energy in patches of fruit. They expend energy with every turn (EPM
energy units), and they must gather energy quickly enough to grow to mature age (> RAT ticks)
size (> RET energy units) and reproduce before they get too old (> DAT Ticks). The energy is
limited, however, with insufficient to go around. Those that find more patches of fresh fruit than
their contemporaries survive to reproduce via fission, and the others perish of hunger (< DET
energy units). The agents are virtually blind and cannot see each other, nor can they see the fruit
except for uneaten fruit that coexists in their current cell. The hungry seeker who gets there first
gets the food, and nothing is left for others, until that patch is randomly delivered a new batch of
fresh fruit. The agents must evolve a heuristic strategy (essentially a stochastic search algorithm)
that is more effective than those of their contemporaries.

EffLab is therefore fundamentally an ecological model in which the agents, i.e. seekers, evolve.
There is a constant flow of energy through the system with an upper limit on the total amount
available per tick, and that upper limit on energy flow determines the carrying capacity of the
ecosystem. All seekers reproduce by fission, so once carrying capacity is attained, on average
50% of every generation must die of starvation or old age, and competition for energy begins in
earnest. With such fierce competition for a limited resource, any seeker that enjoys the tiniest
advantage over other members of its contemporary cohort will have an increased probability of
survival. If that advantage can be passed on to its offspring, both will benefit from that
advantage, and the number of offspring of that advantaged seeker will grow, at the expense of
some other seeker. Such advantage is entirely genetically based, in this model.

But there are two characteristics of seekers in EffLab that make it, I think, different from many

other evolutionary ecological models:

e First, using the compound gene structure first devised by Dr Michael Palmiter, there is a
natural physical correspondence between behaviour of the seeker and its genes. The genes
encode a heuristic search pattern in such a way that minor changes in the genes can have
exaggerated effects on behaviour. In other words, a minor change in any one gene can
convey a substantial advantage or disadvantage to the owner of the gene, and natural
selection quickly and effectively selects winners and losers in every generation.

¢ And third, the sensory capability of a seeker is very limited in range, extending only to the
single cell in which it stands. It is able to detect fruit in that cell, and eat it if it is hungry. It
is not able to detect fruit in cells right beside it. But it must move in every turn, and expend
energy in every turn. Given the fierce competition for finding fruit, every move must be
advantageous. On average, the energy returned on energy invested (EROI) must exceed one,
or it will perish. Having no useful sensory input, it is virtually blind, and all advantage must
come from internal logic — from the heuristic search pattern as encoded in its genes.

4.2.4 - Simulation Vs Demonstration;

A computer model can represent reality in two distinctly different ways:

e Simulation — The model is attempting to reproduce, with as much accuracy as possible, a
data stream that can be obtained empirically from measurements in the real world. When
simulation is sufficiently accurate, then the model may be used to extrapolate beyond the
empirical data and predict future events from past events. Weather models, for example, are
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of this type. Most economic models are of this type. Usually they are built using macro-
level mathematical models involving otherwise intractable differential equations. The
immense power of computers to generate an array of look-ahead scenarios lets the modellers
investigate ‘what-if” possibilities, and possibly assign probabilities of realization of those
scenarios using Monte-Carlo or similar techniques. Agent-Based models do not excel at this
sort of modelling.

e Demonstration — Or the model is demonstrating dynamic behaviour that is implicit in its
design, and can be studied as a dynamic system in its own right. While the understandings
gained from such studies may be applicable to real-world systems only by analogy, there is
no intent to use the model to duplicate empirical data streams obtained from real-world
systems. The “Game of Life”, or the study of Wolfram’s “Finite State Machines” would fall
into this category. Whereas few would argue that such models simulate reality, such models
are often clearly applicable by analogy, and the things learned in their study has been hugely
informative. Agent Based Models excel at this sort of modelling.

EffLab is not a simulation of anything. It is a demonstration of the dynamics that emerge out of
the ‘natural selection’ of logical organisms that reproduce with some small variation. That is all
that it is intended to be. My design of TpLab is intended to demonstrate EROI in action, in
some fashion, and not emulate or simulate it. It demonstrates the way EROI works in nature.

4.2.5 - Verification Vs Validation

When a new computer model is constructed there are two ways to test it:
e Verification — Is the code free of error — does the software process data as intended?
e Validation — Is the model a valid simulation of reality?

The process of “verification” of computer code is the process of finding and eliminating all of
the bugs and programming errors. A computer program is considered verified if it has no logical
bugs, and runs as intended. This application contains many hundreds of debug calls that are
designed to find and eliminate all such bugs. There is, of course, no guarantee, but as far as |
know, the economic engine of this application is 100% verified to be running as | intended. All
design decisions are documented in this document (at a high level), in the change log (at a
medium level), and in the code itself (in detail), and all evidence of bugs of all sorts in the logical
engine has been addressed.

The process of “validation” of a model involves comparison of model output with real-world
data. EffLab is not meant to be validated by comparing numeric output from this model to real-
world data. The goal is not to replicate some stream of real-world data accurately. The goal is to
generate data that exemplifies the interactions of agents within such biophysical systems, so that
the dynamic relationships between them can be better understood.

The kind of validation | seek for EffLab is in the validity of the insight it may provide into the
workings of a real-world economy. That is, | suppose, a question of interpretation, a matter of
degree, and an open question.
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4.2.6 - A Model “Run”

EffLab is what one of my students once referred to as a “zero person game”. You set some
parameters, start it up, and then watch it run until it comes to a conclusion (biophysical
collapse?) or until you get tired of watching it (biophysical stationary state?). Each such ‘run’ is
moderated by a pseudo-random number generator (PRNG) and each unique seed for the PRNG
will produce a unique run. Each unique run is driven by a unique stream of random numbers,
and can be thought of as similar to water flowing in a stream bed. If you place a single leaf into
a flowing river, and then track its progress down the river, you might be able to map out the
course of the river. But if you do the same with many leaves, one at a time, dropped at different
places in the river, and track them all, you may learn about the many bends, channels, islands
and back-flows of the river.

A run of the model can be duplicated in every detail if, and only if, all of the setup parameters
are the same, including the PRNG seed, and if the run proceeds without disruption of the stream
of random numbers delivered by the PRNG. NetLogo tends to call the PRNG implicitly for
many actions, so great care is required if a run is stopped. In general, the “One Tick” and “Go”
buttons are safe, if used with care. Do not try to press two “Go” buttons at the same time. DO
not press “One Tick” if a “Go” button is already on. But, you can stop a run using an already
depressed “Go” button, and restart it again, and the run is still repeatable.

4.3 - Design Features

4.3.1 - User Interface Panels

NetLogo does not allow a programmer to temporarily “paint” the computer screen with a type of
output placed into a “window”. Instead, most graphic output mechanisms (monitors and graphs)
must be placed on a single area of logical real estate, and the user can use scroll bars to look at
different parts of that real estate. These output mechanisms have static size and location, and
only the content varies. | have organized them all, along with the input parameters and controls,
into eleven “panels” each of which has a general purpose. Screen grabs of each of the eleven
panels are in Annex B of this NTF, and there is a detailed description of each in section 5. The
eleven panels are:

e PANEL 01 — Main panel — The Model;

PANEL 02 — Advanced System Setup Parameters;

PANEL 03 — Debug and Data Collection Tools;

PANEL 04 — Clock Face — Averages, 8 Compound Genes;

PANEL 05 — Population Graphics;

PANEL 06 — Energy Graphics;

PANEL 07 — Average Values — Compound Genes, By Type of Component, By Gene #;
PANEL 08 — Time Lines — Individual EROI and ETA;

PANEL 09 — Life-Time Efficiency (LTE) data, with breakout by type of death —
reproduction or hunger.

PANEL 10 — Life-Time Efficiency (LTE) data — second panel.

e PANEL 11 - Two Kinds of Entropy — of energy, and of genetic material.
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4.3.2 - The Code

The code is readily accessible in any NetLogo model under the “Code” tab. This application has
2,730 lines of code (\V5.06) under that tab, which sounds like a lot, but I use a lot of white space,
and the code is very heavily commented. The distribution of types of lines of code breaks down
like this:

TYPE No Of Lines %
Native code 1,413 Lines 45%
Comments 1,101 Lines 35%
Debug calls 77 Lines 3%
White space 534 Lines 17%
Total 3,125 lines  100%

In many instances in the in-code commentary | discuss theory and options and implement one or
another of the options discussed. That is roughly equivalent to 20 pages of documentation right
in the code. So, I think that some of the very best documentation of this application is in the
code itself. I have done it this way to enable other interested modellers to modify or expand
upon the model easily.

4.4 - Logical Concepts

The various output panels in the user interface of EffLab use some jargon that is unavoidable.
These are based on the concepts developed in notes in the reference list, but | expand or refine
those concepts as needed. | plan to go back and revise those Refs based on what | am learning in
this modeling exercise. Those logical concepts are as follows.

4.4.1 - Movement Within The “Ecological Arena”

A standard feature of every NetLogo agent based model is a spatial representation of the model
that I call the arena. The arena is a rectangle tiled by small squares called patches. A patch may
be empty (coloured brown), or it may contain fruit (coloured green). In addition, a patch may
contain one or more seekers that are represented as little arrows. If we anthropomorphize the
little seekers, a decision to move from one patch to the next has three stages of operation:

e Stage 1 — it consults its set of phenotypic characters ([P] values) to determine how many
degrees to the right it should turn in order to maximize its energy returns for the necessary
expenditures associated with this step — i.e. to maximize its EROI. The relative [S]trength of
each compound gene provides phenotypic character which becomes the probability that a
turn of that size will be made.

e Stage 2 — Turn that many degrees to the right. Such turns are always in multiples of 45
degrees, so the next patch pointed to is always one of the eight patches that immediately
surround the seeker (note that the edges of the arena are usually wrapped, so there are usually
eight options). The little arrow will turn appropriately as the heading is changed.

Stage 3 — Step forward into the indicated patch, if possible, and attempt to feed. If there is fruit

there to be eaten, that is the immediate biophysical payoff.




Orrery Software 11 EffLab Design & User Doc

4.4.2 - Attributes of a Seeker

In NetLogo a breed of agents has variables that exist within each agent, called the agent’s own
attributes. The following code is copied from the code tab of EffLab:

;; Attributes of seekers
seekers-own

[
BUILT-IN ATTRIBUTES

;; who ;; fixed id number

;; breed ;; to which breed this turtle belongs [seeker]
;; heading ;; 0 <= heading < 360, 0 = north

;; Xcor ;; min-pxcor <= xcor < max-pxcor

;; ycor ;; min-pxcor <= xcor < max-pxcor

;; size ;; size relative to a patch, default is 1

;; shape ;; a shape chosen from the shape library

;; color ;; color of this turtle ( 0 <= color < 140 )
;; pen-mode ;7 "up" or "down"

;; pen-size ;; in pixels

;; hidden? ;; true or false

;; label ;; label of this turtle

;; label-color ;

color of this turtle's label ( 0 <= label-color < 140 )

;; USER-DETERMINED ATTRIBUTES
;; The chromosome 1 (cl) genes are used to distinguish behaviours.

cl-bases ;; ¢l - list of 8 [B]lases for genes (S=B”E)

cl-expos ;; ¢l - list of 8 heading delta [E]xponents

cl-stren ;; ¢l - list of 8 [S]trengths

cl-pheno ;; ¢l - list of 8 [Plhenotypic characters (Pi=Si/sum(Sj))

;; The chromosome 2 (C2) genes are static in this model.

DAT ;; Death Age Threshold.

DET ;; Death Energy Threshold.

RAT ;; Reproductive Age Threshold.
RET ;; Reproductive Energy Threshold.
EPM ;; Energy Per Move.

EPA ;; Maximum Energy Per Agent.

;; Other variable characteristics.

mas-who ;; serial number of parent agent.

age ;; age of the agent in ticks

nrg ;; nrg in this agent

cause-of-death ;; for statistical purposes
b-is-ready-to-move ;7 0 = no; 1 = ready to move
b-is-ready-to-reproduce ;; mature (in age) and healthy (in nrgqg)
b-is-ready-to-die ;; old (in age) or starved (in nrgqg)

;; Variables for calculating individual EROI and ETA.

ind-nrg-returned ;; Numerator of EROI - an aggregate = Income of (I/C)
ind-nrg-invested ;; Denominator of EROI - an aggregate = Costs of (I/C)
ind-nrg-benefits ;; Numerator of ETA - an aggregate = Benefits of (B/I)
ind-eroi ;; Gross nrg returned on nrg invested = (I/C)

ind-eta ;; Net nrg efficiency = (B/I)

l-ind-er ;; A list of delta ERs of length delta T

l-ind-ei ;; A list of delta EIs of length delta T
ind-eroi-tick-counter ;; For tracking time up to delta T.

;; Life-time efficiency (lte) variables.

lte-er ;; Energy returned (harvested) per lifetime
lte-ei ;; Energy invested (spent) per lifetime
lte-eta ;; Life-time efficiency - eta

lte-eroi ;; Life-time efficiency - eroi

1
Descriptions of the purpose of each of these attributes appears elsewhere in this document.

4.4.3 - About Compound Gene Structure

Figure 02 — A Variety of C1 Phenotypes, Drawn as “Clock Faces”, from PSoup.
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The design of the genes in chromosome #1 (C1) was taken directly from the work of Dr Michael
Palmiter. | developed that concept further when | expanded upon his Simulated Evolution and
wrote PSoup. In the PSoup application I presented these C1 Palmiter genes as a clock face. In
Figure 02 you see a selection of such clock faces representing a variety of phenotypes that
exhibit as distinctive heuristic search patterns.

I can only approximate this graphic in NetLogo, as seen in Figure 03.

Figure 02 — C1 Phenotypes, Drawn as Clock Faces, From TpLab
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In EffLab, all seekers start in pristine form, and the other forms may appear as the populations
diversify and evolve. But, as the population becomes very mature, most of the variant forms
prove to be less than maximally adaptive, and disappear, leaving a few very effective search
patterns (phenotypes) in competition with each other. That is, only those phenotypes which
maximize the rate of collection of energy, and the rate of preservation of useful energy (for
growth and reproduction) persist. It also happens that these are the phenotypes that cause
maximum collection and degradation of energy at a system level. The two contrary effects
explain Jevon’s paradox, and also demonstrate the two opposing components of the (revised)
Maximum Power Principle:

e PoMDE — (Principle of the Maximum Degradation of Energy) — Those system-wide energy
pathways compete for energy and evolve to garner and degrade free energy at ever higher
rates, so long as there is suitable matter to enable the capture and degradation.

e POMPE — (Principle of the Maximum Preservation of Energy) — Those organism-to-
organism energy transfer processes (such as digestion and gestation) evolve to garner and
preserve free energy at ever higher rates, so long as there are suitable sources of energy that
can be metabolised.

4.4.4 - Breeds of Agents, and Explicit and Implied Trophic Relations

In NetLogo, which is an application development environment (or ADE) explicitly intended for
agent based models (ABMs), the agents come in flavours called “breeds”. In this model | have
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implemented only one such breed and call them seekers. They seek fruit, and therefore might be

considered analogous to herbivores. There are, in fact, representations of two other kinds of

organisms. We therefore have three trophic levels:

e The fruit trees get their energy directly from the Sun. These are analogous to primary energy
producers at trophic level 1.

e The seekers eat fruit, and are therefore herbivores. These would be at trophic level 2.

e The EPM gene (energy per move) determines how much energy is degraded and discarded as
waste heat by every organism. However, some seekers die with unexpended energy, which,
in nature, would be consumed by decomposers and detritivores (D&D). This results in the
model having a small remnant of non-degraded energy that is released into a special sink,
added to track that small amount. There is a switch which activates the D&D and degrades
this small remnant, allowing me to calculate the system-wide EROI, including the activities
of the D&D. D&D belong to no numbered trophic level.

4.4.5 - Seeker Details and Formulae for EROI and ETA
Details — Each seeker is characterized by a few variables. These include:
The genes in chromosome #1 control the movement of the seekers. These encode the heuristic

search pattern of each individual seeker. These are the primary determinants of the rate of
collection of energy. That controls the rate of “energy returned” — the ER part of ER/EI.

;; The chromosome 1 (cl) genes are used to distinguish behaviours.
cl-bases ;; cl - list of 8 [B]lases for genes (S=B”E)

cl-expos ;7 ¢l - list of 8 heading delta [E]xponents

cl-stren ;; el - list of 8 [S]trengths

cl-pheno ;; ¢l - list of 8 [Plhenotypic characters (Pi=Si/sum(Sj))

The genes in chromosome #2 control the metabolic processes of the seekers. These are the
primary determinants of the rate of degradation of energy per move. “EPM” controls the
“energy degraded per move”. EPA controls the total “energy per agent” that can be stored for
future use. This is analogous to controlling growth to adult size, and no larger. These two genes
control the rate of “energy invested” — the EIl part of ER/EI.

;; The chromosome 2 (C2) genes are static in this model.

DAT ;; Death Age Threshold.
DET ;; Death Energy Threshold.

RAT ;; Reproductive Age Threshold.
RET ;; Reproductive Energy Threshold.
EPM ;; Energy Per Move.

EPA ;; Maximum Energy Per Agent.

The other four genes of chromosome #2 (i.e. DAT, DET, RAT and RET) do not mutate at birth,
and so do not evolve, in this model. Therefore they play no dynamic role in the evolving values
of the various calculations of EROI.

Each seeker has a “who number” — that’s a serial number. Each time a seeker experiences
fission, it’s who number is retired, and each of the two daughters are given fresh who numbers.
The who number of the mother is contained in the variable mas-who (Mother’s who). Age is the
age of this seeker in ticks. Nrg is the number of units of energy stored in this seeker. It must
between 0 and EPA (maximum energy per agent). Note that EPA can mutate on reproduction,
and so evolves as the population and the eco-system matures.
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;7 Other variable characteristics.

mas-who ;7 serial number of parent agent.

age ;; age of the agent in ticks

nrg ;; nrg in this agent

cause-of-death ;; for statistical purposes
b-is-ready-to-move ;7 0 = no; 1 = ready to move
b-is-ready-to-reproduce ;; mature (in age) and healthy (in nrgqg)
b-is-ready-to-die ;; old (in age) or starved (in nrg)

Within one tick, the system goes through several processes at the sub-tick time level. These are:

e Pre-tick system maintenance.

e Energize energy from the Sun enters the system and is stored in random empty patches.

e Move all marked seekers select a C1 movement gene, turn, and step forward, if possible.

e Feed all seekers eat food in the current patch, if possible.

e Die all marked seekers die, and any remaining energy is stored for consumption by
decomposers and detritivores.

e Reproduce all marked seekers reproduce via fission, if possible.

e Post-tick system maintenance.

All of the above agent characteristics (i.e. internal variables) are common to the three models
(SimEvo, EffLab, and TpLab). The next set of characteristics are peculiar to EffLab. The
following variables are peculiar to EffLab, and are used to calculate EROI and ETA in various
ways.

The following characteristics of each agent are used to store data and calculate the EROI values,
and the ETA values. | need to translate the lexicon of the Ref B note (about ICBT curve sets),
into the notation used in this model. We have:

e | =total income = energy returned or dollars returned = ER = gross returns.

e C =costs = energy invested or dollars invested = EI.

e B = benefits = profits = (I - C) = ER — EI = net returns.

Then the equations for EROI and ETA are:

Hall’s EROI
_ @ _ i Equ 01
" EI C
Carnot’s ETA
_ER—-EI B _I-C Equ 02
"=TF TT” ¢

Recall that ER and EI are power terms, where the time change is incorporated. In the model, |
calculate an “Instantaneous” value, and life-time value, and a system-level value, for both EROI
and ETA. Since on average a seeker collects 40 units of energy per patch of fruit, and burns 4
units searching for that patch, then the overall success rate is about one patch every ten ticks, so
the “instantaneous” rates are zero most of the time (9 ticks out of 10) for the average seeker. To
avoid pointless collection of data, I implement a “close to instantaneous” value. I collect a list of
ER and El values that is AT ticks long, add up the ER and EI values, and divide by AT, to find a
moving average instantaneous rate.
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Hall’s EROI — Individual — Instantaneous Efficiency

Instantaneousp _ X(ER)/AT Equ 03
Individual Z(EI)/AT

Carnot’s ETA — Individual — Instantaneous Efficiency

Instantaneous —_ Z(ER B EI)/AT Equ 04
Individual 1 = S(ED) /AT

;7 Variables for calculating individual EROI and ETA.

ind-nrg-returned ;; Numerator of EROI - an aggregate = Income of (I/C)
ind-nrg-invested ;; Denominator of EROI - an aggregate = Costs of (I/C)
ind-nrg-benefits ;; Numerator of ETA - an aggregate = Benefits of (B/I)
ind-eroi ;; Gross nrg returned on nrg invested = (I/C)

ind-eta ;; Net nrg efficiency = (B/I)

l-ind-er ;; A list of delta ERs of length delta T

l-ind-ei ;; A list of delta EIs of length delta T
ind-eroi-tick-counter ;; For tracking time up to delta T.

When calculating the life-time values, then AT is different for each agent, and is dependent on
the age of the seeker when it dies (during fission, or by old age, or by hunger). For those values,
| store up the ER and EI sums over the life of the seeker (between 0 and 1500 ticks) and calculate
the two ratios of interest when the seeker dies. This data is stored, for each agent, in its lte
variables.

Hall’s EROI — Individual — Life Time Efficiency (LTE)

urpp _ LER)/LT Equ 05
Individual Z(EI)/LT

Carnot’s ETA — Individual — Life Time Efficiency (LTE)

s S(ER—ED/LT B Equ 06
mawicwal = TS EN /LT T

Where ‘LT’ stands for a AT equal to the Life-Time of this seeker. The characteristics of the
seeker used to manage this data collection are as follows:

;; Life-time efficiency (lte) variables.

lte-er ;7 Energy returned (harvested) per lifetime
lte-ei ;; Energy invested (spent) per lifetime
lte-eta ;; Life-time efficiency - eta

lte-eroi ;7 Life-time efficiency - eroi

This level of detail is never visible in the various monitors and graphs in the display panels.
Neither is there currently any means to dump this detailed data to CSV files, other than through
the export of line graphs.
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| also calculate the instantaneous EROI and ETA at the system level. There is almost always
some seeker eating fruit somewhere in every tick, especially if there are sufficient numbers of
seekers ( >>10), so | can simply add the ER and EI of this tick, across all seekers, and calculate
a value. This data is collected at the system level, so no characteristics are needed within each
seeker to hold the sum. This is an exactly ‘instantaneous’ value, and not a moving average.

Hall’s EROI — Instantaneous — System Wide

Y(ER)/1 Equ 07
X(ED/1

InstantaneousR _
System—wide™ —

Carnot’s ETA — Instantaneous — System Wide

instantaneous ,, L(ER-ED/1 Equ 08
System—Wide77 - Z(EI)/].
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5 - Descriptions of the Panels

NetLogo is unable to redraw the screen, so items on the screen must be laid out in a static
pattern, and any items that do not fit onto a single screen must be accessed via scroll bars. | have
therefore organized all the graphs, monitors, sliders and other objects into eleven panels that are
accessible via horizontal scroll bars. Screen shots of the eleven panels are in Annex A, but each
is described in detail below. For all programming I follow the coding conventions and variable
naming conventions established at Ref X.

I remind you that this model is intended to be a bench tool, so all is not perfectly clear from the
graphs. Sometimes | adjust the code, or delete certain graphs, to be sure that other graphs collect
enough data. Then | dump the data to CSV files (data files with Comma-Separated Values), load
it into MS Excel 2010, and then do further analysis.

5.1 - Panel 01 - The Model

This is the main panel, the panel that you see when you first start up the EffLab application. On

this panel you will find:

e Instructions for a “Quick Start”.

e The “Ecological Arena” in which the fruit trees show as green patches, and the seekers show
as arrows.

e Two categories of controls labelled “Setup controls” and “Operations Controls”. Setup
controls are to be used once at the beginning of a specific run. Once the run has begun, they
should not be used, or they will invalidate the run, and possibly cause errors. The operational
controls, on the other hand, can be altered at any time during a run. It is best if the run is
paused before the control is adjusted, but that is not a necessity. However, the model does
not keep track of such changes in control settings, and such runs are not repeatable.

Panel 01 has the following setup controls:

e gs-scenario — This is a “chooser” that lets a user select one of two scenarios.

e g-use-this-seed — This slider lets the user choose a seed for the pseudo-random number
generator (PRNG). A different seed results in a different run. The same seed, if used with
care, results in a repeatable run. The PRNG is invoked implicitly by NetLogo for many
commands, so, if you stop a run, issue a few commands from the prompt line, and then
resume a run, it may not be repeatable. If the only controls used to pause, step or resume are
the “Go/Stop” and “One Tick” buttons, then the run is repeatable.

e Setup — This button invokes a routine that initializes all seekers and all variables. It should
be pressed once only at the beginning of a run. If pressed (during a pause) in the middle of a
run, it will reset everything according to the controls, and restart the model at tick 0.

Panel 01 has the following operational controls:

e Go/Stop — This button invokes the same sub-routine as the “One Tick™ button (described
below), but it continues to run that sub-routine over and over again until the “Go/Stop”
button is pressed one more time. The “Go/Stop” button turns black when pressed, and turns
grey-blue again when un-pressed. Note that there are in fact several copies of the “Go/Stop”
button in the various panels. Only one should be pressed at once. Each launches an
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additional thread of execution, and the results of multiple threads will be unpredictable, and
probably not good.

e [g-halt-at-tick] — This light-green coloured box is an input box. Any value entered here will
be stored in the g-halt-at-tick variable. It will be used to terminate execution of a run at a
pre-determined tick. Essentially, it un-presses the Go button when that tick arrives. This is
useful for debugging, or for the purposes of exploration of events at special ticks.

e One Tick — This button invokes a routine that makes the model execute a single tick. That
is, the model moves forward in time by one tick. Many sub-routines are called during a tick,
in serial order, as follows:

©)

Do-pre-tick — this sub-routine attends to a small number of behind-the-scenes technical
matters associated with data collection and display or model performance, that must be
addressed prior to the initiation of the other sub-routines.

Do-energize — this sub-routine manages the placement of nrg into the arena. All of the
patches are canvassed in random order, and a list of empty patches is established. Then
the PRNG is consulted, and each empty patch, with probability [g-prob-of-deposit], has
an amount [g-nrg-per-deposit] deposited into it. This nrg is placed into a variable in the
patch called “fruit”, and is available to the next hungry seeker that steps into the patch.
The actual flow of energy is determined by the number of empty cells, which is
determined by the number of seekers and their efficiency at removing fruit.

Do-move — this sub-routine handles the movement of agents within the “Ecological
Arena” found in Panel 01. The seekers are addressed in random order. They consult
their [P]henotypic values in chromosome C1 to decide in which direction to turn, then
turn, and step forward. In the process, they expend nrg in the amount of [g-c2-epm-
parm]. EPM stands for energy per move, and is based on the work of Dr Michael
Palmiter in his model “Simulated Evolution”. (See Refs | and J.)

Do-feed — In this sub-routine seekers check if they are full of nrg, or still hungry (i.e.
their nrg level exceeds or is less than [g-c2-epa-parm]). EPA stands for maximum
energy per agent. If hungry, they check whether there is fruit available to eat in the patch
that they currently occupy. If they are hungry and there is food available, they eat it all,
leaving the patch empty until the next execution of the Do-energize routine.
Do-reproduce — In this subroutine each seeker will reproduce via fission, but only if it is
old enough and energetic enough. The seeker compares its age to the parameter [g-c2-
rat-parm]. RAT stands for reproductive age threshold. It also compares its nrg to the
parameter [g-c2-ret-parm]. RET stands for reproductive energy threshold. Both of
these parameters are derived from the work of Dr Michael Palmiter. If old enough and
healthy enough, it undergoes fission, producing two daughters each having half of the nrg
of the mother, and having age 0. The daughters inherit the compound genes, but with
possible mutations. With a probability of [g-prob-of-mutation], one of the eight
compound genes in chromosome C1 is selected to be mutated, and either the [B]ase value
(c1-bases) or the [E]xponent value (c1-expos) is varied slightly.

Do-die — Each seeker checks to see if it should die, due to hunger or old age. If its age is
greater than [g-c21-dat-parm] it should die of old age. If its nrg level is less than [g-c2-
det-parm], it should die of hunger. Both of these parameters are derived from the work
of Dr Michael Palmiter. If it dies, the remaining nrg in the seeker is sent to a sink and
recorded. This may or may not be consumed by decomposers and detritivores (DnD),
depending on the value of the switch [gh-include-dnd] in Panel 08.
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o Do-post-tick — In this subroutine several activities associated with maintenance of the
model are undertaken. This includes updating aggregate variables and calculating EROI,
ETA and entropies.

5.2 - Panel 02 - Advanced System Setup Parameters

There are three sets of controls in this panel, and one stand-alone button — the “Reset Defaults”
button. None of these sliders need to be adjusted to enjoy insight from the running of the model,
but I placed them here initially to tune the model, and have left them here for the amusement of
those who have an interest.

Reset Defaults — This button invokes a routine that resets the default values of all of the setup
and operational controls to a profile of values that are known to be interesting. When the sliders
in this panel and in Panel 01 are changed, and the model is saved to file, the new values are
persistent across such a save operation. Many combinations of control settings are of little
interest as they are unstable, and possibly dysfunctional. This is a bench tool and not a game. It
can be easily broken and made dysfunctional. This button enables the user to return all controls
to default values, at need. It is a bit like a factory reset.

Various Advanced Controls — This group of sliders includes a variety of parameters associated

with this specific model:

e [g-seekers-at-start] — used in the setup routine to decide how many seekers to be created. In
all scenarios, the number of seekers created will be this number times 8. However, in
scenarios 0-2 they will all be placed into a single tribe. In scenario 3, there will be this
number of distinct tribes, and 8 seekers per tribe.

e [g-sun-nrg-per-tick] — (Disabled, then removed) — in the Do-energize routine, this is the
maximum amount of nrg made available for deposit into empty patches. Raise this number
to raise the carrying capacity. Carrying capacity is now handled differently.

e [g-nrg-per-deposit] — when nrg is deposited into an empty patch, this is the amount
deposited. Compare this with [g-c2-epm-parm]. Standard values are EPM=4 and [g-nrg-
per-deposit]=40. This means a seeker must find a fruit-filled patch, on average, every tenth
step, or EROI drops below 1 and the seeker will die of hunger. Change these two parameters
together. Raise this number to raise the carrying capacity.

e [g-prob-of-deposit] — when nrg is deposited into an empty patch, this is the probability that
the empty patch will in fact be filled on any given turn. This puts a throttle on the rate at
which nrg flows into the system. Raise this number to raise the carrying capacity.

e [g-prob-of-mutation] — when a seeker reproduces by fission, each daughter has this
probability that a random compound gene will mutate. Either the [B]ase value or the
[E]xponent value might change upwards or downwards by a small amount. [B]ase values are
=2 at setup. [E]xponent values are =0 at setup.

e [g-max-for-lte-stats] — collecting data for “Life-Time EROI” or “Life-Time ETA” statistics
requires a special run. This is a control that sets the number of seekers that must die (and
have their statistics collected) before an “LTE” run can terminate.

e [g-dt-for-ind-stats] — the EROI graphs are extremely volatile, to the point of being almost
unreadable. So I apply a moving average to the data. This slider sets the interval over which
the moving average is calculated.
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C2 Controls — Biological Functions — This group of sliders includes six parameters that are

derived directly from the work of Dr Michael Palmiter, the man who invented the schema for the

cl genes. (See Refs | and J.) | parameterized these values when | designed PSoup (see Ref K),

and have used them since in many evolutionary models. Together they address limits on size of

organisms, age of organisms, energy consumption rates, and characteristics of reproduction and

death:

e [g-c2-dat-parm] — Death Age Threshold — maximum age after which a seeker dies of old
age;

e [g-c2-det-parm] — Death Energy Threshold — minimum level of nrg below which a seeker
dies of hunger;

e [g-c2-rat-parm] — Reproductive Age Threshold — minimum age at which a seeker can
reproduce;

e [g-c2-ret-parm] — Reproductive Energy Threshold — minimum energy at which a seeker can
reproduce;

e [g-c2-epm-parm] — Energy Per Move — mandatory expenditure of each seeker per turn;

e [g-c2-epa-parm] — Energy Per Agent — maximum energy an agent may hold, preventing
further feeding when exceeded.

The values set in these sliders are the values at the start of a run. The default values are derived
from Dr Palmiter’s program. These values are transferred into the C2 chromosome at setup.
Two of them can mutate and evolve, if the [gh-mutate-epm] and [gh-mutate-epa] switches on
Panel 06 are activated.

Reset Defaults — A button — This sets all sliders to their default values, like a “factory reset”
button.

Active Scenario — A monitor — This monitor displays the value of the string [gs-scenario], which
is set when the chooser is set on Panel 01.

5.3 - Panel 03 - Debug and Data Collection Tools

Panel 03 has two sub-panels. All of the controls and monitors in this panel were built during the

verification process. | decided to leave them as active controls for two reasons:

e Sub-Panel 03a — Others may wish to change the model in various ways, and these tools may
prove useful when the code is being re-verified by other programmers.

e Sub-Panel 03b — Even if you are not a coder, these debug tools may give you a view inside
the operations of the model that is not available via the various monitors and displays in the
user interface.

5.3.1 - Sub-Panel 03a - Debug Tools

These controls are organized into four groups as follows:

e Group 1-“Toggle Debug” button, and associated “Debug” monitor. The code contains
many calls to a routine called “LOG-TO-FILE” which creates a stream of data for a log file.
Let’s call it the log data stream. This button turns on the collection and presentation of the
log data stream. This button MUST be pushed to turn on logging before any other debug
actions are taken. If not, unpredictable things may happen, and the program may show errors
relating to file accessibility or similar things. The monitor indicates whether a log file is
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open or not. Use this toggle to enable a T-junction by which the data stream is sent both to
the log file on your hard drive, but also to the NetLogo standard “Command Centre”. The
command centre is special window available via a small pair of very small caret triangles in
the bottom left corner. Use the expand caret (pointing upwards) to open the command centre
window, then use the two-headed arrow at the bottom right to expand it to fill half of the
screen. Then the log data stream will be visible in the command centre. See the graphic for
Panel 01 or Panel 03 to see the location of these tiny carets (Annex A). This button can
produce thousands of pages of output, so be careful.

e Group 2 - [gs-debug-step-chooser] — Use this chooser to select which sub-routine is to
produce a log data stream. You can set it to “All”, or to a specific step.

e Group 3 - Setup, One Tick and Go buttons — These are copies of three buttons described
previously under Panel 01. They occur in several panels.

e Group 4 - Single step buttons — It is possible to step through a tick one sub-routine at a
time. Use this, together with the chooser in Group 2, to focus on a single sub-routine at a
time.

5.3.2 - Sub-Panel 03b - CSV Data Collection Tools

Most of this sub-panel is taken up with generic instructions on how to use the built-in NetLogo

exportation tools. There are two groups of additional controls:

e [db-plot-data] — this is a Boolean switch that toggles the data plotting function for all graphs
on and off. If you want to see the graphs develop and/or you want to dump the data to CSV
files later, this must be on. If you want to skip through the transient behaviour of the model,
this can be off. It is recommended it be left on, as the best most interesting behaviour is
when the model is in its transient phase.

e Record Selected Plots — This button is used to send the data contained in the four plots of
Panel 07 to CSV files, to be read into MS Excel later for analysis.

5.4 - Panel 04 - Clock Face - Averages, 8 Compound Genes

On this panel there are five key groups of monitors, a standard monitor,

and a standard set of operational buttons; seven groups in all. The E.g. A Cruiser
contents of the five attributes within each compound c1 gene are C1 genetic profiie
N . of Crusr04:
presented as averaged values. For example, the BO monitor displays the -
average across all seekers (all belief affiliations, all tribal affiliations) of TR
the [B]ase value of the compound gene pointing in direction 0. The L R
descriptions of the groups are as follows: BL ™5 BR
e Group 1 - [B]ase values — Eight averages, one for each of the eight Strength Percent
compound genes. _ R on0es oeas
e Group 2 — [E]xponent values — Eight averages, one for each of the o b0 -
eight compound genes. BL. 0083 - 0508
e Group 3 — [S]trength values — Eight averages, one for each of the FL 4000 - 3232

eight compound genes.

e Group 4 — [P]henotypic values — Eight averages, one for each of the
eight compound genes. These are arranged in the form of a clock face.

e Group 5 - A monitor — “Ticks” display the current tick.

e Group 6 — Push buttons — The three standard control buttons as described under Panel 01:
Setup, One Tick, and Go.
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The example shown in Panel 04 (See Annex A) is a “cruiser”. Another example of the “clock
face” of a cruiser, taken from the PSoup model (Ref K), is shown here.

5.5 - Panel 05 - EffLab - Population Graphics

This panel is focused on population-related aggregate statistics, and has seven groups of controls,

as follows:

e Group 1 —four monitors at the far left display (1) the total population of all seekers currently
alive; (2) the average age of all seekers; (3) the number of ticks that have been executed so
far in this particular run; and (4) the currently estimated carrying capacity of the model.

e Group 2 - to the immediate right of that, there is a set of four graphs:

o Pop. and Carrying Capacity — this is a historical graph of the population and carrying
capacity. Since the carrying capacity is estimated, the estimate is rough, as you can see.
This tends to be the way it is in a real ecosystem. The estimate seems to be biased to be
high, when compared to the actual maximum that exists. Note that the carrying capacity,
however, evolves to climb higher as time passes. This is because the EPM C2 gene is
evolving, taking on an ever lower value (see Panel 06). This plays a role in Jevon’s
paradox, and also plays a role in the two-part maximum power principle.

o Nrg of Seekers — this histogram shows the distribution of energy is a “maximal entropy”
version of a “Maxwell-Boltzmann” distribution of energy. That is, the distribution of
energy resembles the distribution of energy in a hypothesized bottle of liquid or gas of
idealized atoms in equilibrium state. Imagine one of the green vertical lines to be the
level of energy needed for evaporation of a liquid to occur. Only a few atoms have
sufficient energy to escape the surface tension. If these seekers were competing for
money instead of energy, this would be the distribution of net worth in the economy (as
seen in my model ModEco, available from OpenABM).

o Age of Seekers — this histogram shows the current distribution of ages. Those that are
over 800 ticks in age could reproduce, if healthy enough, but we see that many are
unhealthy. Many (about a third of the population) are destined to die of old age, being
consistently unable to reproduce due to lack of health. | explore causes of death in other
Panels.

o Causes of Death — Seekers — This is a line graph with historical information about death
by fission (controlled by RAT and RET), by hunger (DET), or by old age (DAT).

e Group 3 — immediately below the histogram “Nrg of Seekers” is a set of three monitors that
indicate the minimum, average and maximum nrg of the population of seekers.

e Group 4 - is a set of two monitors that indicate which scenario is selected.

e Group 5 - is the standard set of three control buttons — Setup, One Tick, and Go/Stop.

5.6 - Panel 06 - Energy Graphics

The focus of this model is on energy collection and consumption. A steady flow of energy from
the Sun drives the entire ecosystem, and the throttles on that flow of energy set the carrying
capacity, and cause conflict over access to energy. So, even though the energy data closely
parallels the population data, | have established this panel to present the energy view of the
history of a run of the model. Any of these graphs can be exported to CSV files at any time. The
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line graphs contain a history of values, but the histograms only contain the data for this tick of
the model. This panel has seven groups of controls:
Group 1 — On the far left, there are five monitors:

@)
©)
@)

Fruit — the total energy currently in the patches of fruit.
Seekers — the total energy currently in the seekers.
Total — the sum of the energy in the fruit and seekers, i.e. the total in the ecosystem.

Group 2 — Three graphs:

©)

(@]

Nrg Levels — the three lines are: (1) total energy in all patches of fruit (green); (2) total
energy in all seekers (red); and (3) total energy in the system (black).

Sun Takeup Rates — the actual takeup rate per tick of the model (aggregated in Do-
energize step). This tells us how quickly the Sun’s energy is being absorbed by the
ecosystem. Note that this varies, depending on the number of empty patches, but is fairly
stable.

Average Nrg Per Seeker — I note that it starts at zero, and rises. That is an artifact of the
setup routine. All seekers start with a reasonably healthy level of nrg.

Group 3 — EPM statistics — these are only interesting if mutation of the EPM C2 gene is
activated:

o

Ave EPM —this is a line graph of the average value of the C2 EPM gene, across the
entire population of seekers. You will note that there is evolutionary pressure on the
EPM (energy per move per seeker) to decline in value. This means that the seekers
evolve to be more efficient foragers, consuming less energy per tick as they wander the
forest seeking fruit. Because they evolve to become more efficient, the carrying capacity
of the system increases, and the number of seekers increases, and the rate of capture of
energy from the Sun also increases. This is the root of Jevon’s paradox. It is also a key
point in the 2-part maximum power principle (MPP).

Distribution of EPM - this is a histogram of the values of the C2 EPM gene across the
current population of seekers. | note that it is like a Gaussian distribution, having the
appearance of the results of a sum of many random walks, but it is biased on the left.
Those seekers that have a lower EPM value are more numerous than those with a higher
EPM value. A low EPM value confers on the seeker a greater efficiency, and a greater
chance of gathering enough energy to become reproductive.

Three monitors — Minimum EPM, Ave EPM and Max EPM. These numbers are
associated with the above two graphs.

One [gb-mutate-epm] switch — this switch toggles the ability of seekers to experience a
mutation of the C2 EPM gene during reproduction. When turned off, the EPM gene does
not evolve, and the demonstration of Jevon’s paradox and of the Maximum Power
Principle does not happen. The default value is on.

Group 4 — EPA statistics — these are only interesting if mutation of the EPA C2 gene is
activated:

(@]

Ave EPA - this is a line graph of the average value of the C2 EPA gene, across the entire
population of seekers. You will note that there is only very slight evolutionary pressure
on the EPA (maximum energy per seeker) to rise in value. This means that the seekers
evolve to be slightly larger in size, holding more energy (and more biomass).
Distribution of EPA — this is a histogram of the values of the C2 EPA gene across the
current population of seekers. | note that it is like a Gaussian distribution, having the
appearance of the results of a sum of many random walks, but | presume that it is ever-
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so-slightly biased on the right. Those seekers that have a higher EPA value are more
numerous than those with a lower EPA value. A high EPA value confers on the seeker a
greater store of energy, and a greater chance of surviving to reproductive age (RAT) as a
healthy seeker.

o Three monitors — Minimum EPA, Ave EPA and Max EPA. These numbers are
associated with the above two graphs.

o One [gh-mutate-epa] switch — this switch toggles the ability of seekers to experience a
mutation of the C2 EPA gene during reproduction. When turned off, the EPA gene does
not evolve. | believe that this also plays some minor role in the demonstration of Jevon’s
paradox and of the Maximum Power Principle. The default value is on.

e Group 5—is a set of three standard control buttons as described in Panel 01: Setup, One

Tick and Go/Stop.

e Group 6 — Two monitors are placed at the bottom of the panel to help in the interpretation of
the panel: scenario number, and scenario name.

5.7 - Panel 07 - Average Values - C1 Genes - By Component, By Gene #

This panel contains four line graphs and two groups of controls, for six groups in total. This is a
very informative panel, and the right-most graph called “[P]henotype Values By Gene” is the
most informative among the four graphs. Each of the graphs contains eight lines, one for each of
the eight C1 genes. These four graphs are those that are automatically exported to CSV files
using the CSV tools of Panel 02. The seven groups of controls are:

e Graph 1 - [B]ase Values By Gene # — These numbers all start with a value of 2, and are
altered with probability [g-prob-of-mutation] during reproduction. The value plotted is the
average across all seekers.

e Graph 2 — [E]xponent Values By Gene # — These numbers all start with a value of 0, and are
altered with a probability [g-prob-of-mutation] during reproduction. The value plotted is
the average across all seekers.

e Graph 3 — [S]trengths By Gene # — These numbers are calculated as [Si]=[Bi]*[Ei]. The
value plotted is the average across all seekers.

e Graph 4 - [P]henotype Values By Gene # — These numbers are calculated as
[Pi]=[Si]/SUM([S]j]). The value plotted is the average across all seekers.

e Group 5 —is a set of three standard control buttons as described in Panel 01: Setup, One
Tick and Go/Stop.

e Group 6 — four monitors are placed at the bottom of the panel to help in the interpretation of
the panel: scenario number, and scenario name, ticks, and PRNG seed.

Compare the graph of phenotype values with the clock face of Panel 04. The clock face is the
current set of values, but this line graph is the historic set of clock face values. Evolutionary
pressure in directly on the phenotypes and strengths, and only indirectly on the exponents, and
very indirectly on the bases. The color coding of the line graphs gives visibility to this. Note
that the backwards-turning genes (the reddish lines) are diminished in power to control
movement, and the forwards-turning genes (the greenish lines) are elevated in power to control
movement.

5.8 - Panel 08 - Time Lines — Power and EROI (Moving Averages)
There are four graphs and some standard controls in this panel — six groups in all:
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e Group 1-EROI-IND (MAX, AVE, MIN) AND SYSTEM-WIDE — This graph shows the
instantaneous individual EROI of the population of seekers, and also the system-wide EROI.
The data for the individual EROI in this graph is an average over the population of individual
EROI numbers calculated as moving averages over the past [g-dt-for-ind-stats] number of
ticks. The data for the system-wide EROI is calculated on a tick-by-tick basis.

e Group2-ETA-IND (MAX, AVE, MIN) AND SYSTEM-WIDE — This graph shows the
instantaneous individual ETA of the population of seekers, and also the system-wide ETA.
The data for the individual ETA in this graph is an average over the population of individual
ETA numbers calculated as moving averages over the past [g-dt-for-ind-stats] number of
ticks. The data for the system-wide ETA is calculated on a tick-by-tick basis.

e Group 3 - Individual ETA — This histogram with its accompanying three monitors shows the
distribution of the instantaneous individual ETA of the population of seekers, calculated as
moving averages over the past [g-dt-for-ind-stats] number of ticks. Note that the Carnot-
style efficiency clusters at a value just less than one, in accordance with Odum’s predictions
(Ref T) about “optimum efficiency” rather than “maximum efficiency”. His argument was
that individual energy transfer processes within an ecosystem will evolve to function at
maximum (preservative) power, and not at maximum efficiency. This demonstrates the
POMPE part of the phenomenon that he called the maximum power principle (or MPP).

e Group 4 - Individual EROI — This histogram with its accompanying three monitors shows
the distribution of the instantaneous individual EROI of the population of seekers, calculated
as moving averages over the past [g-dt-for-ind-stats] number of ticks. Note that the Hall-
style efficiency clusters at a value around 1, but with a maximum number of seekers just
above 1, as indicated by the manually-placed vertical red line.

e Group 5 - this group consists of:

o A button - “Clear these plots”, which clears the data from the two line graphs, but leaves
the histograms as is. | use this when | am no interested in this data and it is causing the
model to slow down.

o A switch — [gb-include-dnd] — this switch causes the effects of the decomposers and
detritivores to be taken into account. When it is turned on, the system-wide EROI drops
to exactly 1. In Panel 08, note how the system-wide EROI drops to 1 about 33,500 ticks
(marked by a manually-placed vertical line). That is when I turned on the dnd switch.

o A monitor - “Ticks”, which tells me what tick of the model this is.

e Group 6 — Standard Buttons — there is a set of three standard control buttons as described
in Panel 01: Setup, One Tick and Go/Stop.

5.9 - Panel 09 - LTE Data, With Breakout By Type Of Death (#1)

This panel displays two groups of three histograms each, each histogram accompanied by three
monitors. LTE stands for Life-Time Efficiency. This data is captured at time of death of a
seeker, and is tabulated over and extended length of time — over many generations. It is
tabulated by type of death: hunger (DBH), old age (DBO) and reproduction (DBR):

e Group 1 - Life time efficiency — ETA — By Type of Death:

o ETA of DBH — ETA can be negative, because a seeker who starts with an endowment
can lose it very quickly. It lies somewhere in the range [-oo, 1]. | understand that
negative efficiencies are not what most engineers consider to be within a reasonable
range of values for ETA, since they would never make a machine that is so inefficient.
Nature does. | explore that issue in my diary notes at Refs C, D and E. Those that die by




Orrery Software 26 EffLa

hunger are so inefficient that they consume energy at a higher rate
than they gather it, and so run through their initial endowment,
run out of energy, and die of hunger.

o ETA of DBO — ETA lies in the range [-0.2, 0.2]. These seekers
manage to “hang in there” until old age, and then die. Some have
a little more energy than they started with. Some have a little less.
None are “wealthy” (economic interpretation) or “healthy”
(biophysical interpretation).

o ETA of DBR — ETA lies in the range [0, 0.4]. These are the best
of the best, managing to collect enough energy to attain
reproductive status. Nevertheless, their life time efficiency runs
at about 10% to 20%. Very interesting!

o The nine monitors at the base of these three histograms show the
minimum value, average value, and maximum value, for each
graph.

Group 2 — Life time efficiency — EROI — By Type of Death:

o EROI of DBH - EROI can be in the range [0, «]. As | said
above, those that die by hunger are so inefficient that they
consume energy at a higher rate than they gather it, and so run
through their initial endowment, run out of energy, and die of
hunger. These have an LTE EROI of less than 1.

172

Count

ETA of DBO

ETA 0.2

Min DEO
-0.1917

Ave DBEO | Max DBEO
0.0010 0.0975

423

Count

0
1]

ETA of DBR

ETA 1

Min DER
0.0433

Ave DBR || Max DER
0.1603 0.3345

o EROI of DBO —These seekers manage to “hang in there” until old age, and then die.
Some have a little more energy than they started with. Some have a little less. None are
“wealthy” (economic interpretation) or “healthy” (biophysical interpretation). Their

EROI is high enough to keep them alive, but just.

o EROI of DBR — The EROI of these seekers lies in the range [1, 1.6]. These are the best

of the best, managing to collect enough energy to attain reproductive status.

Nevertheless, their life time EROI efficiency rarely exceeds 1.6.

o The nine monitors at the base of these three histograms show the minimum value,

average value, and maximum value, for each graph.

Group 3 —there is a set of three standard control buttons as described in Panel 01: Setup,

One Tick and Go/Stop.

Group 4 —there is a button to clear the LTE data. LTE data is collected for a number of
agents up to the number set by [g-max-for-Ite-stats] in Panel 02. This means it collects that
many data points for each mode of death: DBH, DBO and DBR. As each seeker dies, the
data is added to the correct data list until all three data lists are filled. This button empties
those data lists, and causes the collection of such data to start over. Since often the first
several generations of seekers are biased, it is best to run the model until there is clear
competition for energy, and then clear the LTE data, and only then, collect the statistics.
Group 5 — There are six monitors to be used to guide the collection of LTE data.

The LTE data can be processed using MS Excel 2010 to produce a combined histogram, as
follows, which was presented during the ISBPE conference of 2017.
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5.10 - Panel 10 - LTE Data, With Breakout By Type Of Death (#2)
This panel displays five groups controls, continuing to display the LTE data from Panel 09.

Group 1 — Life time efficiency — ETA — All Types of Death:

o ETA - All Types — This histogram does not break out by type of death, but, rather,
shows the aggregate data.

o The three monitors at the base of the histogram shows the minimum value, average value,
and maximum value.

Group 2 — Life time efficiency — EROI — All Types of Death:

o EROI - All Types — This histogram does not break out by type of death, but, rather,
shows the aggregate data.

o The three monitors at the base of the histogram shows the minimum value, average value,
and maximum value.

Group 3 — Mean ETAs — this is a line graph of historical values of the ETA, broken out by

type of death.

Group 4 — Mean EROIs — this is a line graph of historical values of the EROI, broken out by

type of death.

Group 5 — A button “Clear These Plots” that will empty the two line graphs of their data.
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e Group 6 —there is a set of three standard control buttons as described in Panel 01: Setup,
One Tick and Go/Stop.

5.11 - Panel 11 - Entropy of Energy and of Genetic Material

This panel displays three groups:
e Group 1 - Entropic Index of Energy Distribution:

(©)

Energy Distribution — This is the distribution of the nrg in the seekers. As noted before
for Panel 05, this distribution is very similar to the distribution of energy in a gas of ideal
atoms, and demonstrates the Maxwell-Boltzmann energy distribution.

Energy Entropic Index — This is an experimental graph, using the techniques developed
in my model EiLab, and discussed in my diary notes at Refs N through R. All seekers
start with the same energy, so the initial distribution is uniform. That has entropic index
of exactly 1. However, as steady state distribution is approached, the entropy falls to a
sustainable value as approximately 0.93. That is the entropic index of a typical Maxwell-
Boltzmann distribution.

e Group 2 — Entropic Index of the Phenotype Distribution:

o

o

Experimental Study — This is a new experiment that | have not yet studied, or formed a
final opinion on. Iam thinking that there is a kind of “information entropy” that can be
associated with shapes and structures and organized patterns that appear in nature. When
a population of organisms evolves, non-random patterns appear. The Maxwell-
Boltzmann is an example of a non-random pattern. Certainly, randomness is necessarily
involved in the emergence of such patterns, but other driving factors and constraints seem
to determine the nature of the pattern. It is not just a purely random pattern. In many
cases uniform distributions would be most typical of pure unconstrained randomness.
The Maxwell-Boltzmann arises when the conservation of energy applies a constraint on
the distribution of energy, it seems. When a particularly efficient search pattern is
encoded in genes, and when that phenotype is passed on from generation to generation in
a largely intact form, then a pattern associated with an effective phenotype emerges, and
it has an entropic index.

Average Phenotype — This graph is a graph of a histogram showing the relative sizes of
the phenotypic values (fractional — non-percentage — form), averaged across the entire
population of currently living seekers. Each of the eight genes in the C1 chromosome are
labelled as Forward (F), Forward Right (FR), Right (R), Back Right (BR), Back (B),
Back Left (BL), Left (L), and Forward Left (FL). This is another representation of the
average “clock face”. Compare this graph with the “clock faces” of Panels 04 and 07.
Phenotype Entropic Index — This is an experimental graph, using the techniques
developed in my model EiLab, and discussed in my diary notes at Refs N through R. All
seekers start with the same phenotype.

e Group 3 —there is a set of three standard control buttons as described in Panel 01: Setup,
One Tick and Go/Stop.
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6 - Annex A - Examples of User Interface Panels
6.1 - Panel 01 - The Model

[~ S
) EffLab_I_V5.06 - Netlogo PWGB-LV-DT\LenovoDT- MyDocs1\01 Economics Project\W058 NLG EffLab\EffLab T} — — - . [ =
I File Edit Tools Zoom Tabs Help

Interface I.nfolCode

m te
A ) Lot | o)
Edit Delete Add _

normal speed

EffLab I
EFFICIENCY
LABORATORY I

PANEL 01: THE MODEL

(NetLogo Platform)

QUICK START INSTRUCTIONS

1. Select a scenario.

2, Select a PRMG seed.

3. Optionally, set the advanced switches
found on PAMNEL 02.

4, Push the "Setup” button,

5. Adjust the speed.

6. Push the "Go" button.

SETUP COMTROLS

por—
Em=—

Setup
OPERATIONS
Energize . .
o o bt e | One Tk < Tohalhe
Seekers Capacity - run at a
1797 1727 toufr'nbteI:?sl znyou -1 pre-specified ticl, A
' GolStop @ enter it here. 2-Sliders; 3-Debug/CSV; 4-Clock; 5/6/7/8/9/10-Graphs --->>>

No mall carets (upward and downward arrow heads) used to access the NetLogo “Command Centre” (circled in red).
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6.2 - Panel 02 - Advanced System Setup Parameters
Various Advanced Controls C2 Contraols - Biological Functions
. L _ I
02a NORMAL USAGE: Total population at skart. g-c2-dat-parm 1600 Ticks | Death Age Threshald
- Adjust these prior to pressing the 'Setup’ buttons, i -
- The 'Reset DeFaults' Button recovers a valid set of Mazximum Energy From Sun Per Tick g-c2-det-parm 4 Units | D2ath Energy Threshold
Parameters,
plTothi:Fc_t‘:luea;:;iE :i:?;ﬁ.ﬂi;z::ﬁjs no-of-cells x g-nig-per-depost 40 Units | Eneray Deposited, In Fruit, Per Empty Cel e 800 Ticks | FeProductive Age Threshold
- On reproduction, ane gene may suffer a I — - - Reproductive Nrg Threshold
mutation, affecting both base and power. g-prob-of-deposit e Probability OF Deposit Per Empty Cell Per Tick g-c2-ret-parm 1000 Units p d
- The 'delta time' associated with calculation of lﬁi ) . ) i ) Eﬁ i i
EROI is used For moving averages. s 0 550 Probability of Gene Mutation On Reproduction VT —— 4 Lnits | ENeray Per Move
g-max-for-lte-stats 5000 Agent Max sample size for -lte- stats R e ] 1600 Unies | Mamm Eneray B Agent

02b BEHAVIOUR SPACE USAGE:

Instructions:

Use the 'BehaviorSpace' option under the Tools'
menu to design your set of runs using the sliders
found here, on this panel, or using the 'random
seed' slider on the main panel.

The operations switches cannot be controlled
by BS, as far as I know,

g-dt-For-ind-stats 200 Ticks

Delta T for -ind- stats

[ AMY CHAMGES TO THESE SLIDERS MID-RUM MAY CAUSE THE PROGRAM TO BOME, OR IT MAY
PROVE INTERESTING. MANY COMBINATIONS HAVE NOT BEEN TESTED. ]

3-Debug/CSV; 4-Clock; 5/6/7/8/9/10/11 - Graphs --->>>

Dierivwiad] Friom "Simulated Eeabution” by Michael Palmiter,

Reset Defaults

Active Scenario
At Carrying Capacity

The control for “Maximum Energy From Sun Per Tick” has been removed.
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6.3 - Panel 03 - Debug and Data Collection Tools

PANEL 03: DEBUG AND DATA COLLECTION TOOLS

03a DEBUG TOOLS 03b CSV DATA COLLECTION TOOLS

Intructions:

To toggle the debug Feature on or off use this button. This opens a log file and enables

he other options do nothing.
Togagle Debl.a_

Debug
0 (OFF)

gs-debug-step-chooser

setup "l

STAMDARD OPERA

Be sure other 'Go’ buttons are o
fore yau turn this on.

One Tick: Go/Stop =

SINGLE-STEP WITHIN A TICK - should be pushed in order ko debug a tick,

Post-Ti

Pri ergize Mave Feed Reproduce Dig

Ticks
33491

The entire contents of any run can be saved to a CSV file (Comma Separated Values file) at any
time, Simply open the control panel (small carots at the bottom left) and enter the command
‘export-world Flename.csv'. Such 'whole-world' files can then be re-imported into MetLogo EFfLab
later, and the run continued. Or, they can be loaded into MS Excel for daka manipulation.

Lze this switch to turn
data collection off or on
for all graphs.

Use this button ko

OFF gb-plot-data
discard all daka.

o]

Clear All Flots

OR:

Each graph in NetLogo maintains a small database of plotted points. These points can be saved to a
CSV (comma separated values) file which can then be loaded into MS Excel For data manipulation. At
any time, simply right-click on the graph and select 'export’,

OR, the button below can be used to activate a brief routine that dumps the data from Four selected
graphs:

PAMEL 7:
- All Four graphs.

Dumps data Ffrg four plots - may
bwo,

Record Selected Plots

4-Clock; 5/6/7/8/9/10/11 - Graphs,

Debug tools: (1) To toggle the debug feature on, press the ‘Toggle Debug’ button. Then (2) open the command centre using the little carots on the
left (not shown). Then (3) make the command centre vertical using the angled arrows on the right. Then (4) use one of these buttons to run a part of

the model.

CSV tools: OR (5) Press the button to dump data to CSV files from the four selected graphs.
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6.4 - Panel 04 - Clock Face - Averages, 8 Compound Genes

PANEL 04: CLOCK FACE - AVERAGES, 8 COMPOUND GENES - PHENOTYPE DETERMINES HEURISTIC SEARCH PATTERN
[E] [E] L G he strength is calculated as Si=(Bi~Ei).
VBE: Ualig:”e“ [SETEEHchS L:-? pﬂ—:-ll:c-jtt';gicc;t;;:::ltt—:- i:calulzul.??tl—:-; I.;m Pi=Si/sum(all 5j). DESCRIPTION OF GEMNES:
B0 E0 50 These 'seekers' are searching for patches of fruit, and there is not
2,01227 1.2189 3.152 enough for everybody, Each seeker has a set of eight compound genes
= = = Gene [PThenatypic Attributes as Percentages (base and exponent). But the seekers are all virtually blind, so the only
advantage one seeker can have over another is a more effective search
1.81932 -0.76272 1.006 PO-F . . \ .
-5 08733 pattern. During a move, one gene of the eight is activated, and the
B2 E2 52 P =Gl UG phenotype of that gene determines a change of heading as indicated in the
196349 0.04062 | 1.221 1950755 586537 ‘clock face' diagram to the left. For example, gene O causes the seeker to
B3 = Ee 7 0 1 step forward. Gene 1 causes a turn of 45 degrees to the right, then a step
1.87269 -0.63959 || 0.814 ol P2-R forward. Gene 2 causes a turn of 90 degrees to the right, then a step
14.56451 6 0 2 (1098862 forward. The phenotypic atiribute of each gene determires its relative
B4 E4 54 L . \
5 3 probability of being expressed in a turn. These compound genes encode
221748 -1.72253 || 0.33 o L . : .
4 — an implicit heuristic search pattern.  All seekers start with a very ineffective
BS £5 S5 Pg ;;‘;04 - o407 search pattern, and evolve a more effective search pattern.
=07083 -0.38853 | 1.039 . P4-8B : Each compound gene has two components: [Blase and [E]xponent.
— = < 3.14085 [B] and [E] encode the instinctive behaviour of the seeker. These two
2,08425 0.31937 1.584 values can be used to calculate [STrength and [Phenotypic attribute for
= = = each compound gene. The [P] values code the effective search pattern.
2.12694 0.73151 2,697
Ticks Be sure other 'Go'
ik | buttons are off before
i =P | ol ColR | o, 5-Pop; 6-Nrg; 7-Genes; 8-Power/EROI; 9/10/11 --->>>

The clock face shows that a cruiser is emerging (large F and FL) as the dominant phenotype. It may eventually evolve to be a bent arrow. The C1
phenotype is referred to (by me) as a clock face. It can be represented in different ways. It appears in Panel 07 as “Phenotype value by genes”, and
in Panel 11 as “Average phenotype”.
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6.5 - Panel 05 - Population and Energy Graphics
PANEL 05! Efflab - POPULATION GRAPHICS
Tokal Pop Pop. and Carrying Capacity Nrg of Seekers Age of Seekers
2339 3270 | B capactiy | 68 [ 40
| [ Population (1]
Ave Age | I |1 | -
666.3 | o || I ki
| || T
Ticks I | | | I | .ﬁ'c_:
33491 I I L &
R 8
C-Capacity [ 1 % I I |
2262 ‘E I I A | 1] 0
5 L 5 | I 0 Age in Ticks 1600
| |1 § | I I Causes of Death - Seekers
| |1 = I | | [ Fission
| |1 AR [E Hunger
| I I [ | M oid Age
' N 1 -
| i |1 r
| | N
o || 1] o
1] Ticks 40000 [ a Mrg Units 1600
Carrying Capacity is estimated (i.e. modeled). Population is actual. Min Nrg Ave Nrg Max Nrg
29,3541 591,707 1558, 4834
: Be sure other 'Go' butkons are | 368N # | Scenaria
2y One Tick GOfStOP m| off beFore you turn this on, 1 At Carrying Capacity 6-Nrg; 7-Genes; 8-Power/EROQI; 9/10/11 --->>>

Note that the carrying capacity increases. This is an effect that contributes to Jevon’s paradox, and also to the 2-part effects of the maximum power

principle.
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6.6 - Panel 06 - Energy Graphics

PANEL 06: ENERGY GRAPHICS

Fruit Nrg Levels Sun Takeup Rates Ave EPM Ave EPA
8520 1490000 EFrit | gazg Eactual|| 4.4 W 4.00| 1700 Moo
M seckers \ M z.00 M 1600
Seekers M Total M:.oo M 1500
1384898 & Moo Mo.oo
= = <
= B Mow| = Mera
Total = W eom
1393418
= 0 o o
Ave Per Seeker 5 0 Ticks 40000 4] Ticks 40000 4] Ticks 40000
591.5 g Average Nrg Per Seeker Distribution of EPM Distribution of EPA
RET 727 201 197
1000
v w
= ‘g’ Jg'
= a =
[s} (5}
0 o o 0
4] Ticks 40000 0 Ticks 40000 2.4 EPM 3.6 1575 EPA 1631
Nrg in Fruit and nrgin all seekers. Min EFM Ave EPM Max EPM Min EPA Ave EPA Max EPA
2.5017 2,9174 34906 1576 1602 1629
Cn o . Cn H -
eIl . TOFF gb-mutate-epm Iioff gb-mutate-epa
Setup T T Gojst Be sure other 'Go’ buttons are cenario
ofStop e " 1 Ak Carrying C it ' '
2| off before vou turn this on, arrying Capacicy 7-Genes, S'PDWEI'IEROI, g_Nrg’lAge,{coD

Nrg Levels of the seekers displays a damped oscillation about a longer-term steady-state value. Power (energy consumption) in this model is directly
related to population size and the average C2 gene called EPM.
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6.7 - Panel 07 - Average Values - C1 Genes - By Component, By Gene #

PANEL 07: AVERAGE VALUES - C1 GENES - BY COMPONENT, BY GENE # [Sil=[Bi]"[E]
' “ C ! o - [Pil=[Si1/sum[S5]
Al values in this panel are averaged instantaneously across all currenty iving seelers, -
[Blase Values By Gene # [E]xponent Values By Gene # [S]trengths By Gene # [PIhenotype Values By Gene #

2,229 HEeo|| 1,38 MEeo| (3,22 Es0||p,274 HEro

Oet1 et Ost [

Hes2 He= sz Hez

Oes Oes Hs3 Oez

[0 = Ms4 (xS

Mss Mes Mss Mrs

Mes | Hes Hse)| Ers

5 Me7|| = M| £ Ws:|| E We7
.JE' =} ] %]
= = = =1
2 Z 2 =
i g 5 2
oo (=8 = [E}
1.8 -1.78 0 0.011

0 Ticks 25600 1] Ticks 40000 0 Ticks 40000 0 Ticks 25600
These are the [B]ases of the eight compound genes, Al These are the [E]xponents of the eight compound genes.,  These values are calculated as [Sil=([Bi]~[E]). The Tpeseglhe?tﬂt’: c.hlara; Fers .c.on;ro' tlhf s?ﬁrm pattgr_]
start at a value of 2. Evolutionary pressure is mild, All start at a value of 0. These play a significant role in any  strengths of the eight compound genes determine the o 'tieteh 15 tEEF:F EE'_ clod ‘_“he Intt an=t . " 05E SEEkers
effective search pattern, heuristic search patterns of the blind seekers. WIEN the most errective search pattern ustially increase
their numbers, while those with less effective search
patterns usually decrease in number.
Scen# | Scenario Ticks Seed
) Be sure other 'Go’' buttons are 1 At Carrying Capacity 33491 7
e Sl Go/Stop = | off before you turn this on,

8-Power/EROI; 9/10-LTE by COD; 11- Entropy --->>>

Here we see the evolving structure of the C1 chromosome. The [P] values display the signature of an emerging cruiser phenotype. It is another
representation of the “clock face” of the C1 chromosome, as also seen in Panels 04 and 11.
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6.8 - Panel 08 - Power and EROI (Moving Averages)

PANEL 08: TIME LINES - INDIVIDUAL EROI AND ETA(MOVING AVERAGES)

ERDI - IND (MAX, AVE, MIN) AND SYSTEM-WIDE

439 B Max
Have

B Min

Bl sys Wide
Mo
Hio
Hos

Wg

0" 3900 |

40000

-11

ETA - IND. (MAX, AVE, MIN) AND SYSTEM-WIDE

1 -

o

f

[(ER-ET}JER]

ETA=]

a Ticks 40000

B Max

[ ave

M Min

M sysWwide
W00
Mo.so
Mo.oo

. Be sure other 'Go’ buttons are
Setup One Tick GofStop m| off before you turn this on,

EROI is "energy returned on energy invested” [erjei]l. ETA (Greek h) is Carnot-style efficiency, or, net energy returned on total energy throughput [(er-ei)fer 1. Each
individual agent maintains a moving average value for EROI and ETA, Plotted values are Max, Min and population average across all individual seeker moving averages.
System-wide values are moving averages. Inclusion of leakage through death (detritivores and decomposers) is for system-wide data only.

Cn o H
ClearThese Plots OFF szt

|
1
Individual ETA Individual ERDI
278 112 I
l ‘
I
il
€ €
0 0
-5 ETA 1 ] EROI 3
Min ETA | Ave ETA || Max ETA Min EROI | Ave EROI || Max EROI
-1.4801 | 0.0709 0.5713 0.4032 1.1456 2.3324
Ticks
34356 9/10 - LTE by COD; 11 - Entropy --->>>

The lifetime average EROIs of the individuals in the society, and of the society as a whole, remain close to 1. The power limbs towards a maximum.
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6.9 - Panel 09 - LTE - Breakout by Type of Death (#1)

PANEL 09: LIFE-TIME EFFICIENCY (LTE) DATA - WITH BREAKOUT BY TYPE OF DEATH - REPRODUCTION OR HUNGER
ETA of DBH ETA of DBO ETA of DBR EROI of DBH EROI of DBO EROI of DBR
996 812 B22 696 7 Bl6
E E E € 5 5
4 4 5] o i (5]
0 0 0 a 0 0
=3 ETA 1 =il ETA 1 -1 ETA 1 0 EROI 2 0 EROI 2 0 EROI
Min DBH Ave DEH || Max DEH Min DBQ | Ave DBQ || Max DBO Min CEBR Ave DBR || Max DBR Min DBH Ave DEH || Max DBH Min DBO Ave DBO || Max DBO Min DBR | Ave DBR | Max DBR
-12,6454 | -0,294 -0,087 -0,1917 0.0010 0.0975 0.0433 0.1603 0.3345 0.0733 0.7947 0,92 0.8392 1.0031 1.108 1.0453 1.1961 1.5026
LEGEND: DBH = Death By Hunger; DBO = Death By Old Age; DBR = Death by Reproduction. Ticks | EtaMin EROL Max
ER = Gross Energy Returned; EI = Energy Invested; ETA = ((ER-EI)/ER; EROI = ER/EI. 31358 | -12.645367) | 1.107973
I : FF DEH Count DEC Count DER Count
Be sure other 'Go' buttons are
Setup One Tick Go/Stop o beFoLli- 'y?:-l.:tll.|rn?:l1i:.unl':n e Clear All Lte Data 5000 5000 5000
9/10 - LTE by COD; 11 - Entropy --->>>

The distribution of nrg among the seekers is the now-familiar pattern of the Maxwell-Boltzmann distribution. It is much harder to decide what the

distribution of ages is. Note that when the original population overshot, there was a die-off (the little red bump) and the synchrony of the births and
death was gradually broken as many generations of seekers died of old age and hunger thereafter.
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6.10 - Panel 10 - LTE - Breakout by Type of Death (#2)

ETA - All Types ERDI - All Types
8290 1530
= t
=3 =
[=] [=]
[w} [w}
0 J 0 ]hk
-13 ETA 1 0 EROI 2
Min ETA Ave ETA Max ETA Min EROI || Ave EROI || Max EROI
~12.6454 -0,0442 0,3345 0.0733 0,998 1,5026
Setup One Tick GofStop o Clear These Plots

PANEL 10: LIFE-TIME EFFICIENCY (LTE) DATA - BREAKOUT BY TYPE OF DEATH - SECOND PANEL

Mean ETAs

1

h-

e

of
<
—
w
[ =
o
i
=
5.1

0 Ticks 40000

Mo

Hos

Moo
Hos

Oce Repro
e Hunger
[H e old age
M Al Causes

I
]

Mean EROIs

-0.55

Mean EROIs

Mo
Mo
Moo
[Coe Repro
HEce Hunger
[Coe old Age
M all Causes

7

Y

0 Ticks 40000

11 - Entropy --->>>
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6.11 - Panel 11 - Nrg & Age Histograms, and Causes of Death

PANEL 11: Two Kinds of Entropy - of energy, and of genetic material.

Energy Distribution Energy Entropic Index Average Phenotype Phenotype Entropic Index
220 o 1.21 I 0.5 1.21 B
Mo Mo
ga [ Ent Index [EEnt Index
[E]
o
w H
w [
= ['F) =
¥ - 3 4 3
A 5 o £
[} — = o e
-E [= = =
= ] (1 =] [
= ]
=
f— o
0 0 ol F|FR| R |BR B EL [ L FL 0
0 Energy 1590 a Ticks 40000 0 Maovement Genes 8 0 Ticks 40000
Energy Ei Phenotype Ei
Setup Cne Tick GofStop 0,865691 7500680096 0.9290430441231752
=

The distribution of nrg among the seekers is the now-familiar pattern of the Maxwell-Boltzmann distribution. The histogram of the C1 phenotype
can also be represented as a “clock face” (see Panel 04) or as a set of time lines (see Panel 07).




