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Model

Here, we describe our Bayesian social sampling in detail and prove Equation 2.

Environment Model

We assume that the state of the environment which is to be inferred by the population

of learners can be represented as a binary feature vector, x. Features are related to

observed evidence via simple logical relations. Observed pieces of evidence are

represented in Y . Evidence about the feature vector arrives over time, so

Y = (y1, . . . , yT ), where T is the time horizon. We assume that at each time t, J new

pieces of evidence about feature i are available, yijt ∼ Pi, where Pi is a distribution

specific to feature i. We assume that yijt are independent, so Pi is simply a component

of a conditional probability table, Pi = P (yijt = 1 | xi = 0) = θi0 if xi = 0 and

Pi = P (yijt = 1 | xi = 1) = θi1 if xi = 1. Under these assumptions, evidence is either

perceived as positive or negative, and pieces of evidence are uncorrelated across time.

Social Sampling

To develop a normative model of behavior in this environment, we specify an

individual-level, sample-based social heuristic that leads to population-rational,

distributed Bayesian inference in aggregate. Crucially, group computation can emerge

even when the social learning heuristic is simple and easy to compute—population

rationality does not require unbounded, perfectly rational individuals. Indeed,

individuals rely on social information because of the limited time and cognitive

resources they have to make their decisions.

Our model is specified at the level of the individual in that we seek an explanation in

terms of the behavioral mechanisms of individual people, and is sample-based as it

relies on the assumption that people do not fully represent uncertainty in their mental

representations. Instead, we assume that people often think of the world as simply

being one way or the other at a particular point in time. Formally, we let N be the

number of agents, dait be a discrete decision of agent a about the value of feature i at
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time t, and pit = 1
N

∑
a 1(da,i,t−1 = 1) be the proportion of agents who believe xi = 1 at

time t − 1. θi1, θi0, and yijt are defined as in the environment model above. For

notational convenience, we also let Sit = ∑J
j=1 1(yijt = 1).

In our social sampling model, at each time step t each agent a uses a heuristic

decision-making rule: The agent starts out undecided, and continues to sample possible

decisions until decided. To sample a decision, agent a samples an agent a′ who was

decided on the last time step uniformly at random, and considers the choice of agent a′,

da′,i,t−1. Agent a then decides da′,i,t−1 with probability proportional to

(θi,da′,i,t−1)Sit(1 − θi,da′,i,t−1)J−Sit , which is the likelihood of the evidence that agent a has

at time t under the state of the world indicated by agent a′. The number of samples

agent a takes is a geometric random variable with parameter

pit · (θi1)nSit(1 − θi1)J−Sit + (1 − pit) · (θi0)Sit(1 − θi0)J−Sit , and is finite with probability

one.

Evidence Accumulation

Because each iteration of the decision loop is independent, the probability of a deciding

dait = 1 is
(θi1)Sit(1 − θi1)J−Sit · pit

(θi1)Sit(1 − θi1)J−Sit · pit + (θi0)Sit(1 − θi0)J−Sit · (1 − pit)
. (4)

In an infinite population of agents, for a particular feature i, we then have (by

induction)

pi,t+1 = (θi1)Sit(1 − θi1)J−Sit · pit

(θi1)Sit(1 − θi1)J−Sit · pit + (θi0)Sit(1 − θi0)J−Sit · (1 − pit)

=
P (yi,·,t | xi = 1) · pit

P (yi,·,t | xi = 1) · pit + P (yi,·,t | xi = 0) · (1 − pit)

=
P (yi,·,t | xi = 1)P (xi = 1 | yi,·,<t)

P (yi,·,t | xi = 1)P (xi = 1 | yi,·,<t) + P (yi,·,t | xi = 0)P (xi = 0 | yi,·,<t)

=
P (yi,·,≤t | xi = 1)P (xi = 1)

P (yi,·,≤t)

= P (xi = 1 | yi,·,≤t)

being the posterior distribution on x given all preceding evidence.



4

Model comparison

We compared the performance of the Bayesian social sampling model with three

alternative non-social models and two alternative social models. We assessed the fit of

each model by comparing the aggregate popularity observed at each generation with the

popularity predicted by the model.

Non-social Probability Matching Models

Our first two non-social models differentiate between pure probability matching and

Bayesian probability matching.

Non-social Probability Matching. The non-social probability matching model

describes decision-makers who make a feature categorization with probability equal to

the evidence they have directly observed for that categorization being correct. In this

case, the predicted popularity of a categorization is the fraction of positive evidence for

that categorization in the current generation, Sit

J
. If no evidence is observed, the

predicted popularity of the categorization is zero.

Non-social Bayesian Probability Matching. The non-social Bayesian probability

matching model describes decision-makers who make feature categorizations with

probability equal to the posterior probability of the categorization being correct, given

the evidence they have directly observed. The predicted popularity of a categorization

is thus equal to the posterior probability for that categorization being correct given the

evidence in the current generation, P (xit = 1 | yi,·,t).

Non-social Utility Maximizing

Our third non-social comparison model describes individuals who follow a utility

maximizing strategy based on only the evidence they have directly observed. A

non-social utility maximizing agent makes a feature categorization if the posterior

probability for that categorization is at least 0.5. In this case
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P (dait = 1) =


1 if P (xit = 1 | yi,·,t) > 0.5.

0 if P (xit = 1 | yi,·,t) < 0.5.

(5)

That is, the predicted popularity of a categorization is 1 if the posterior for that

categorization is 0.5 or higher, and 0 otherwise (ties are broken randomly).

Naive Copying

Our fourth comparison model describes a purely social decision-maker who copies the

categorization of a previously observed agent. In this model, the first generation makes

their choices uniformly at random, and the predicted popularity of a categorization

decision i at generation t is equal to pit, the popularity of decision i at the previous

generation.

Social Sampling Models

In addition to our hypothesized Bayesian social sampling model, we consider an

alternative social sampling model that is based on pure probability matching. While

both this model and the Bayesian social sampling model lead to information

accumulation over time, the Bayesian social sampling model allows us to view

transmission as distributed inference, offering a closer correspondence to the Bayesian

approach to modeling individual cognition.

To fit both of these models, we first observed that a large proportion of participants in

Experiment 1 ignored social information. To derive predictions from our social sampling

models on Experiment 1, we therefore assumed that there is a mixture of non-social

sampling using the corresponding probability matching model and social sampling. We

let pns be the proportion of non-social sampling.

Social Sampling (Probability Matching). In the probability matching social

sampling model, individuals iteratively sample decisions at random from the previous

generation and accept or reject the components of those decisions based on the latest

observed evidence. In this case, the acceptance probability is the same as the decision
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probability in the non-social probability matching model. The predicted popularity

according to this combination of components is the previous popularity of the

categorization times the fraction of most recent positive evidence, normalized by the

previous unpopularity of the categorization decision times the most recent negative

evidence. Introducing non-social agents into this model is equivalent to setting the prior

popularity to the proportion of social agents times the previous popularity of the

categorization plus a uniform prior times the proportion of non-social agents. The

predicted popularity at each generation is thus

Sit

J
· (pit · (1 − pns) + 0.5 · pns)

Sit

J
· (pit · (1 − pns) + 0.5 · pns) + (1 − Sit

J
) · ((1 − pit) · (1 − pns) + 0.5 · pns)

. (6)

In the edge case where the popularity of a decision is equal to one but its evidence is

equal to zero, the estimated popularity is set to zero.

Social Sampling (Bayesian). The Bayesian social sampling model is our primary

hypothesized model that was previously described in detail. In this model, individuals

iteratively sample decisions at random from the previous generation and accept or reject

the components of those decisions based on the Bayesian likelihood of the categorization

being correct given the latest evidence. In this model, the acceptance probability is

proportional to the decision probability in the non-social Bayesian probability matching

model. The predicted popularity according to this combination of components is the

previous popularity of a categorization times the likelihood of the categorization being

correct given the most recent evidence, normalized by the previous unpopularity of the

categorization times the likelihood of the categorization being incorrect given the most

recent evidence. Integrating non-social decision-makers into this model is equivalent to

modeling the prior popularity as the proportion of social agents times the previous

popularity of a categorization, plus the proportion of non-social agents times a uniform

prior. These components yield the predicted popularity at each generation to be

γit1 · (pit · (1 − pns) + 0.5 · pns)
γit1 · (pit · (1 − pns) + 0.5 · pns) + γit0 · ((1 − pit) · (1 − pns) + 0.5 · pns)

, (7)

where γitk = θSit
ik (1 − θik)J−Sit .
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(c:/TeXLive/2020/texmf-dist/tex/latex/base/ifthen.sty 

Package: ifthen 2014/09/29 v1.1c Standard LaTeX ifthen package (DPC) 

) (c:/TeXLive/2020/texmf-dist/tex/latex/algorithmicx/algorithmicx.sty 

Package: algorithmicx 2005/04/27 v1.2 Algorithmicx 



Document Style algorithmicx 1.2 - a greatly improved `algorithmic' style 

\c@ALG@line=\count198 

\c@ALG@rem=\count199 

\c@ALG@nested=\count266 

\ALG@tlm=\skip80 

\ALG@thistlm=\skip81 

\c@ALG@Lnr=\count267 

\c@ALG@blocknr=\count268 

\c@ALG@storecount=\count269 

\c@ALG@tmpcounter=\count270 

\ALG@tmplength=\skip82 

) 

Document Style - pseudocode environments for use with the `algorithmicx' 

style 

) (c:/TeXLive/2020/texmf-dist/tex/latex/algorithms/algorithm.sty 

Package: algorithm 2009/08/24 v0.1 Document Style `algorithm' - floating 

enviro 

nment 

\@float@every@algorithm=\toks26 

\c@algorithm=\count271 

) (c:/TeXLive/2020/texmf-dist/tex/latex/mathtools/mathtools.sty 

Package: mathtools 2020/03/24 v1.24 mathematical typesetting tools 

(c:/TeXLive/2020/texmf-dist/tex/latex/tools/calc.sty 

Package: calc 2017/05/25 v4.3 Infix arithmetic (KKT,FJ) 

\calc@Acount=\count272 

\calc@Bcount=\count273 

\calc@Adimen=\dimen169 

\calc@Bdimen=\dimen170 

\calc@Askip=\skip83 

\calc@Bskip=\skip84 

LaTeX Info: Redefining \setlength on input line 80. 

LaTeX Info: Redefining \addtolength on input line 81. 

\calc@Ccount=\count274 

\calc@Cskip=\skip85 

) (c:/TeXLive/2020/texmf-dist/tex/latex/mathtools/mhsetup.sty 

Package: mhsetup 2017/03/31 v1.3 programming setup (MH) 

) (c:/TeXLive/2020/texmf-dist/tex/latex/amsmath/amsmath.sty 

Package: amsmath 2020/01/20 v2.17e AMS math features 

\@mathmargin=\skip86 

For additional information on amsmath, use the `?' option. 

(c:/TeXLive/2020/texmf-dist/tex/latex/amsmath/amstext.sty 

Package: amstext 2000/06/29 v2.01 AMS text 

(c:/TeXLive/2020/texmf-dist/tex/latex/amsmath/amsgen.sty 

File: amsgen.sty 1999/11/30 v2.0 generic functions 

\@emptytoks=\toks27 

\ex@=\dimen171 

)) (c:/TeXLive/2020/texmf-dist/tex/latex/amsmath/amsbsy.sty 

Package: amsbsy 1999/11/29 v1.2d Bold Symbols 

LaTeX Info: Redefining \boldsymbol on input line 28. 

\pmbraise@=\dimen172 

) (c:/TeXLive/2020/texmf-dist/tex/latex/amsmath/amsopn.sty 

Package: amsopn 2016/03/08 v2.02 operator names 

) 

\inf@bad=\count275 



LaTeX Info: Redefining \frac on input line 227. 

\uproot@=\count276 

\leftroot@=\count277 

LaTeX Info: Redefining \overline on input line 389. 

\classnum@=\count278 

\DOTSCASE@=\count279 

LaTeX Info: Redefining \ldots on input line 486. 

LaTeX Info: Redefining \dots on input line 489. 

LaTeX Info: Redefining \cdots on input line 610. 

\Mathstrutbox@=\box51 

\strutbox@=\box52 

\big@size=\dimen173 

LaTeX Font Info:    Redeclaring font encoding OML on input line 733. 

LaTeX Font Info:    Redeclaring font encoding OMS on input line 734. 

\macc@depth=\count280 

\c@MaxMatrixCols=\count281 

\dotsspace@=\muskip17 

\c@parentequation=\count282 

\dspbrk@lvl=\count283 

\tag@help=\toks28 

\row@=\count284 

\column@=\count285 

\maxfields@=\count286 

\andhelp@=\toks29 

\eqnshift@=\dimen174 

\alignsep@=\dimen175 

\tagshift@=\dimen176 

\tagwidth@=\dimen177 

\totwidth@=\dimen178 

\lineht@=\dimen179 

\@envbody=\toks30 

\multlinegap=\skip87 

\multlinetaggap=\skip88 

\mathdisplay@stack=\toks31 

LaTeX Info: Redefining \[ on input line 2859. 

LaTeX Info: Redefining \] on input line 2860. 

) 

LaTeX Info: Thecontrolsequence`\('isalreadyrobust on input line 130. 

LaTeX Info: Thecontrolsequence`\)'isalreadyrobust on input line 130. 

LaTeX Info: Thecontrolsequence`\['isalreadyrobust on input line 130. 

LaTeX Info: Thecontrolsequence`\]'isalreadyrobust on input line 130. 

\g_MT_multlinerow_int=\count287 

\l_MT_multwidth_dim=\dimen180 

\origjot=\skip89 

\l_MT_shortvdotswithinadjustabove_dim=\dimen181 

\l_MT_shortvdotswithinadjustbelow_dim=\dimen182 

\l_MT_above_intertext_sep=\dimen183 

\l_MT_below_intertext_sep=\dimen184 

\l_MT_above_shortintertext_sep=\dimen185 

\l_MT_below_shortintertext_sep=\dimen186 

\xmathstrut@box=\box53 

\xmathstrut@dim=\dimen187 

) (c:/TeXLive/2020/texmf-dist/tex/latex/bbm-macros/bbm.sty 

Package: bbm 1999/03/15 V 1.2 provides fonts for set symbols - TH 



LaTeX Font Info:    Overwriting math alphabet `\mathbbm' in version 

`bold' 

(Font)                  U/bbm/m/n --> U/bbm/bx/n on input line 33. 

LaTeX Font Info:    Overwriting math alphabet `\mathbbmss' in version 

`bold' 

(Font)                  U/bbmss/m/n --> U/bbmss/bx/n on input line 35. 

) 

 

! LaTeX Error: Command \bm already defined. 

               Or name \end... illegal, see p.192 of the manual. 

 

See the LaTeX manual or LaTeX Companion for explanation. 

Type  H <return>  for immediate help. 

 ...                                               

                                                   

l.27 \newcommand{\bm}{\boldsymbol{m}} 

                                      

Your command was ignored. 

Type  I <command> <return>  to replace it with another command, 

or  <return>  to continue without it. 

 

 

! LaTeX Error: Option clash for package inputenc. 

 

See the LaTeX manual or LaTeX Companion for explanation. 

Type  H <return>  for immediate help. 

 ...                                               

                                                   

l.95 \usepackage 

                [english]{babel} 

The package inputenc has already been loaded with options: 

  [utf8x] 

There has now been an attempt to load it with options 

  [utf8] 

Adding the global options: 

  utf8x,utf8 

to your \documentclass declaration may fix this. 

Try typing  <return>  to proceed. 

 

(c:/TeXLive/2020/texmf-dist/tex/latex/amscls/amsthm.sty 

Package: amsthm 2017/10/31 v2.20.4 

\thm@style=\toks32 

\thm@bodyfont=\toks33 

\thm@headfont=\toks34 

\thm@notefont=\toks35 

\thm@headpunct=\toks36 

\thm@preskip=\skip90 

\thm@postskip=\skip91 

\thm@headsep=\skip92 

\dth@everypar=\toks37 

) 

\c@definition=\count288 

\c@theorem=\count289 

\c@lemma=\count290 



\c@proposition=\count291 

\c@corollary=\count292 

) (c:/TeXLive/2020/texmf-dist/tex/latex/letltxmacro/letltxmacro.sty 

Package: letltxmacro 2019/12/03 v1.6 Let assignment for LaTeX macros (HO) 

) (c:/TeXLive/2020/texmf-dist/tex/latex/xcite/xcite.sty 

Package: xcite 2020/01/21 v16383.99998 eXternal Citations (EG) 

(c:/TeXLive/2020/texmf-dist/tex/latex/tools/xr.sty 

Package: xr 2019/07/22 v5.05 eXternal References (DPC) 

)) 

Package xr Info: IMPORTING LABELS FROM main.aux on input line 59. 

(main.tex) 

(main.aux) 

(c:/TeXLive/2020/texmf-dist/tex/latex/l3backend/l3backend-pdfmode.def 

File: l3backend-pdfmode.def 2020-05-05 L3 backend support: PDF mode 

\l__kernel_color_stack_int=\count293 

\l__pdf_internal_box=\box54 

) (./supplementary_material.aux) 

\openout1 = `supplementary_material.aux'. 

 

LaTeX Font Info:    Checking defaults for OML/cmm/m/it on input line 61. 

LaTeX Font Info:    ... okay on input line 61. 

LaTeX Font Info:    Checking defaults for OMS/cmsy/m/n on input line 61. 

LaTeX Font Info:    ... okay on input line 61. 

LaTeX Font Info:    Checking defaults for OT1/cmr/m/n on input line 61. 

LaTeX Font Info:    ... okay on input line 61. 

LaTeX Font Info:    Checking defaults for T1/cmr/m/n on input line 61. 

LaTeX Font Info:    ... okay on input line 61. 

LaTeX Font Info:    Checking defaults for TS1/cmr/m/n on input line 61. 

LaTeX Font Info:    ... okay on input line 61. 

LaTeX Font Info:    Checking defaults for OMX/cmex/m/n on input line 61. 

LaTeX Font Info:    ... okay on input line 61. 

LaTeX Font Info:    Checking defaults for U/cmr/m/n on input line 61. 

LaTeX Font Info:    ... okay on input line 61. 

\c@maskedRefs=\count294 

(c:/TeXLive/2020/texmf-dist/tex/latex/apacite/english.apc 

File: english.apc 2013/07/21 v6.03 apacite language file 

LaTeX Info: Redefining \BPBI on input line 129. 

LaTeX Info: Redefining \BHBI on input line 130. 

) 

*geometry* driver: auto-detecting 

*geometry* detected driver: pdftex 

*geometry* verbose mode - [ preamble ] result: 

* driver: pdftex 

* paper: a4paper 

* layout: <same size as paper> 

* layoutoffset:(h,v)=(0.0pt,0.0pt) 

* modes: twoside  

* h-part:(L,W,R)=(72.26999pt, 452.9679pt, 72.26999pt) 

* v-part:(T,H,B)=(72.26999pt, 700.50687pt, 72.26999pt) 

* \paperwidth=597.50787pt 

* \paperheight=845.04684pt 

* \textwidth=452.9679pt 

* \textheight=700.50687pt 

* \oddsidemargin=0.0pt 



* \evensidemargin=0.0pt 

* \topmargin=-37.0pt 

* \headheight=15.2pt 

* \headsep=25.0pt 

* \topskip=12.0pt 

* \footskip=30.0pt 

* \marginparwidth=95.0pt 

* \marginparsep=10.0pt 

* \columnsep=10.0pt 

* \skip\footins=10.8pt plus 4.0pt minus 2.0pt 

* \hoffset=0.0pt 

* \voffset=0.0pt 

* \mag=1000 

* \@twocolumnfalse 

* \@twosidetrue 

* \@mparswitchtrue 

* \@reversemarginfalse 

* (1in=72.27pt=25.4mm, 1cm=28.453pt) 

 

(c:/TeXLive/2020/texmf-dist/tex/context/base/mkii/supp-pdf.mkii 

[Loading MPS to PDF converter (version 2006.09.02).] 

\scratchcounter=\count295 

\scratchdimen=\dimen188 

\scratchbox=\box55 

\nofMPsegments=\count296 

\nofMParguments=\count297 

\everyMPshowfont=\toks38 

\MPscratchCnt=\count298 

\MPscratchDim=\dimen189 

\MPnumerator=\count299 

\makeMPintoPDFobject=\count300 

\everyMPtoPDFconversion=\toks39 

) (c:/TeXLive/2020/texmf-dist/tex/latex/epstopdf-pkg/epstopdf-base.sty 

Package: epstopdf-base 2020-01-24 v2.11 Base part for package epstopdf 

Package epstopdf-base Info: Redefining graphics rule for `.eps' on input 

line 4 

85. 

(c:/TeXLive/2020/texmf-dist/tex/latex/latexconfig/epstopdf-sys.cfg 

File: epstopdf-sys.cfg 2010/07/13 v1.3 Configuration of (r)epstopdf for 

TeX Liv 

e 

)) (c:/TeXLive/2020/texmf-dist/tex/latex/apa6/config/APAamerican.txt 

File: APAamerican.txt 2012/02/23 v1.25 apa6 configuration for American 

English 

) 

Package caption Info: Begin \AtBeginDocument code. 

Package caption Info: float package is loaded. 

Package caption Info: End \AtBeginDocument code. 

(c:/TeXLive/2020/texmf-dist/tex/latex/ucs/ucsencs.def 

File: ucsencs.def 2011/01/21 Fixes to fontencodings LGR, T3 

) [1 

 

 

 



{c:/TeXLive/2020/texmf-var/fonts/map/pdftex/updmap/pdftex.map}] 

LaTeX Font Info:    Trying to load font information for OT1+lmr on input 

line 7 

9. 

(c:/TeXLive/2020/texmf-dist/tex/latex/lm/ot1lmr.fd 

File: ot1lmr.fd 2009/10/30 v1.6 Font defs for Latin Modern 

) 

LaTeX Font Info:    Trying to load font information for OML+lmm on input 

line 7 

9. 

(c:/TeXLive/2020/texmf-dist/tex/latex/lm/omllmm.fd 

File: omllmm.fd 2009/10/30 v1.6 Font defs for Latin Modern 

) 

LaTeX Font Info:    Trying to load font information for OMS+lmsy on input 

line  

79. 

(c:/TeXLive/2020/texmf-dist/tex/latex/lm/omslmsy.fd 

File: omslmsy.fd 2009/10/30 v1.6 Font defs for Latin Modern 

) 

LaTeX Font Info:    Trying to load font information for OMX+lmex on input 

line  

79. 

(c:/TeXLive/2020/texmf-dist/tex/latex/lm/omxlmex.fd 

File: omxlmex.fd 2009/10/30 v1.6 Font defs for Latin Modern 

) 

LaTeX Font Info:    External font `lmex10' loaded for size 

(Font)              <12> on input line 79. 

LaTeX Font Info:    External font `lmex10' loaded for size 

(Font)              <8> on input line 79. 

LaTeX Font Info:    External font `lmex10' loaded for size 

(Font)              <6> on input line 79. 

LaTeX Font Info:    Trying to load font information for U+bbm on input 

line 117 

. 

(c:/TeXLive/2020/texmf-dist/tex/latex/bbm-macros/ubbm.fd 

File: ubbm.fd 1999/03/15 V 1.2 Font definition for bbm font - TH 

) 

! Undefined control sequence. 

<argument> \@shorttitle  

                         

l.121  

       

The control sequence at the end of the top line 

of your error message was never \def'ed. If you have 

misspelled it (e.g., `\hobx'), type `I' and the correct 

spelling (e.g., `I\hbox'). Otherwise just continue, 

and I'll forget about whatever was undefined. 

 

[2] 

! Undefined control sequence. 

<argument> \@shorttitle  

                         

l.170  

       



The control sequence at the end of the top line 

of your error message was never \def'ed. If you have 

misspelled it (e.g., `\hobx'), type `I' and the correct 

spelling (e.g., `I\hbox'). Otherwise just continue, 

and I'll forget about whatever was undefined. 

 

[3] 

Underfull \vbox (badness 2495) has occurred while \output is active [] 

 

! Undefined control sequence. 

<argument> \@shorttitle  

                         

l.193 \end{equation} 

                     

The control sequence at the end of the top line 

of your error message was never \def'ed. If you have 

misspelled it (e.g., `\hobx'), type `I' and the correct 

spelling (e.g., `I\hbox'). Otherwise just continue, 

and I'll forget about whatever was undefined. 

 

[4] 

! Undefined control sequence. 

<argument> \@shorttitle  

                         

l.210 \begin{equation} 

                       

The control sequence at the end of the top line 

of your error message was never \def'ed. If you have 

misspelled it (e.g., `\hobx'), type `I' and the correct 

spelling (e.g., `I\hbox'). Otherwise just continue, 

and I'll forget about whatever was undefined. 

 

[5] AED endfloat: Processing end Figures and Tables 

! Undefined control sequence. 

<argument> \@shorttitle  

                         

l.231 \end{document} 

                     

The control sequence at the end of the top line 

of your error message was never \def'ed. If you have 

misspelled it (e.g., `\hobx'), type `I' and the correct 

spelling (e.g., `I\hbox'). Otherwise just continue, 

and I'll forget about whatever was undefined. 

 

[6] (./supplementary_material.aux) )  

Here is how much of TeX's memory you used: 

 9059 strings out of 480681 

 129461 string characters out of 5908536 

 420043 words of memory out of 5000000 

 24686 multiletter control sequences out of 15000+600000 

 571097 words of font info for 52 fonts, out of 8000000 for 9000 

 1141 hyphenation exceptions out of 8191 

 49i,13n,51p,1153b,256s stack positions out of 

5000i,500n,10000p,200000b,80000s 



{c:/TeXLive/2020/texmf-dist/fonts/enc/dvips 

/lm/lm-rm.enc}{c:/TeXLive/2020/texmf-dist/fonts/enc/dvips/lm/lm-

mathit.enc}{c:/ 

TeXLive/2020/texmf-dist/fonts/enc/dvips/lm/lm-mathsy.enc} 

<c:/Users/asynch/.tex 

live2020/texmf-

var/fonts/pk/ljfour/public/bbm/bbm12.600pk>{c:/TeXLive/2020/texm 

f-dist/fonts/enc/dvips/lm/lm-mathex.enc}{c:/TeXLive/2020/texmf-

dist/fonts/enc/d 

vips/lm/lm-ec.enc}<c:/TeXLive/2020/texmf-

dist/fonts/type1/public/lm/lmbx12.pfb> 

<c:/TeXLive/2020/texmf-

dist/fonts/type1/public/lm/lmex10.pfb><c:/TeXLive/2020/t 

exmf-dist/fonts/type1/public/lm/lmmi12.pfb><c:/TeXLive/2020/texmf-

dist/fonts/ty 

pe1/public/lm/lmmi6.pfb><c:/TeXLive/2020/texmf-

dist/fonts/type1/public/lm/lmmi8 

.pfb><c:/TeXLive/2020/texmf-

dist/fonts/type1/public/lm/lmmib10.pfb><c:/TeXLive/ 

2020/texmf-dist/fonts/type1/public/lm/lmr12.pfb><c:/TeXLive/2020/texmf-

dist/fon 

ts/type1/public/lm/lmr6.pfb><c:/TeXLive/2020/texmf-

dist/fonts/type1/public/lm/l 

mr8.pfb><c:/TeXLive/2020/texmf-

dist/fonts/type1/public/lm/lmri12.pfb><c:/TeXLiv 

e/2020/texmf-

dist/fonts/type1/public/lm/lmsy10.pfb><c:/TeXLive/2020/texmf-dist/ 

fonts/type1/public/lm/lmsy6.pfb><c:/TeXLive/2020/texmf-

dist/fonts/type1/public/ 

lm/lmsy8.pfb> 
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