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About this do
ument

This do
ument reports on the out
omes from the se
ond stage of our 
ase study

on epistemi
 metadata in mole
ular modelling. It builds on the out
omes from

the �rst stage as summarized in the �rst-stage report [1℄.

Metadata are data about data, and epistemi
 metadata are metadata that

help establish the knowledge status of data. There are various kinds of epistemi


metadata; here, we are most 
on
erned with knowledge 
laims. Spe
i�
ally,

we 
onsidered six journal arti
les from 2020 within the domain of mole
ular

modelling, des
ribing and dis
ussing two knowledge 
laims from ea
h of the

papers. The aim was to approa
h the subje
t from an angle as indi
ated by the

following guiding questions:

� What do the author(s) 
laim to know?

� Why should we a

ept the result as knowledge? (epistemi
 grounding)

� Is there any validation/veri�
ation being done in the paper itself?

� To what extent do the author(s) 
laim that the result 
an be reprodu
ed?

The authors are preparing a manus
ript, titled �Epistemi
 metadata for 
ompu-

tational engineering information systems� [2℄, on the basis of the present report.
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Chapter 1

Te
hni
al remarks on

epistemi
 metadata for


omputational engineering

information systems

1.1 Do
umentation of 
laims using PIMS-II

The PIMS-II mid-level ontology

1

in
ludes a hierar
hy of 
laims, worked out

during the �rst stage of the present 
ase study, 
f. Se
tion 2 of the �rst-stage re-

port [1℄. Knowledge 
laims (KCs) are distinguished from validity 
laims (VCs),2

with the reprodu
ibility 
laim (RC) 
on
ept as a sub
lass of VC, 
f. Fig. 1.1.

Advi
e: Do 
onfer the Appendix when reading the statements below.

3

A knowledge 
laim ϕ from data δ 
an be do
umented in a

ordan
e with the

following s
hema, i.e., knowledge-graph pattern (
f. Fig. 1.2, top right):

KCϕ, ϕ is a knowledge 
laim,

Aϕq, and its subje
t matter is q,

RQNq, whi
h is a resear
h question.

Ḃϕa, ϕ is (or has been) asserted by a,

IOa, an interlo
utor (namely, the one who made the 
laim),

P̈ιaι, who a
ted in the �interpreter� role in the 
ognition ι,

3ιδqϕ, whi
h has Peir
ean triadi
 form ι : δ�q�ϕ, (1)

1

See http://www.molmod.info/semanti
s/pims-ii.ttl for the OWL ontology TTL �le.

2

See the Appendix for lists and explanations of the PIMS-II symbols employed

in this do
ument. Moreoever, these symbols and abbreviations are also given in the PIMS-II

OWL ontology TTL �le (using skos:altLabel from SKOS [3℄) and additionally in the LaTeX in-


lude �le available under http://www.molmod.info/semanti
s/pims-ii-latex-symbols.tex.

3

Notation: Predi
ates are followed by their arguments.

Example � instantiation of a 
on
ept: KC denotes the 
on
ept pims-ii:KnowledgeClaim, a

unary predi
ate; in �KCϕ,� it is applied to ϕ in order to assert that �ϕ is a knowledge 
laim.�

Example � instantiation of a relation: A denotes the relation pims-ii:hasSubje
tMatter, a

binary predi
ate; in �Aϕq,� the predi
ate A is applied to the two arguments ϕ, in subje
t

position, and q, in obje
t position, to assert that �ϕ has the subje
t matter q.�



�����������

���������
	�
��
����

	��
����
�
�	��	�	�

	�
��

������

����������

��������
	�
��
����

�������	����	������

���	����	�

������
���
�	����	�

�������
���
�	����	�

���
�� �
�	����	�

�
������
	�
��
����

�������	�������
	�
��
����

!"

��
�����
�����#	��!#	�

��
��
�
���
#	���#	�

��� ��
�
��

���
�����#	���#	�

����
��
����

����
����

$���
����

�������	
	����	����

�����

�
��	�����	�

	��
����
��	��	��	�

Figure 1.1: PIMS-II taxonomy of 
laims, from our CAOS 2022 paper [4℄.

and so forth as shown in the upper half of Fig. 1.2. Peir
ean triadi
 form for the

semiosis above, δ�q�ϕ, is to be read su
h that the �rst element δ is the sign,
the se
ond element q is the obje
t, and the third element ϕ is the interpretant [5℄.

For a validity 
laim, the s
hema in Fig. 1.2 (bottom right) is spelled out as:

P̈ebτ, agent b parti
ipates in the role of the �evaluator� in τ ,

VALτ, a validation a
tion,

3τtκψ, whi
h has triadi
 form τ : t�κ�ψ, and therein,

VCψ, ψ is a validity 
laim,

Ḃψb, asserted by b,

Âψϕ, about the 
laim ϕ,

R̄ϕκ, whi
h was obtained as an out
ome of 
ognition κ, (2)

et
., as visualized in the lower half of Fig. 1.2.

Naturally, users are not tied to using any su
h shape 
onstraints. They 
an

stru
ture their knowledge graphs in any way that is 
ompliant with applying

the open world assumption to the rules from the PIMS-II ontology.

1.2 Use of m4i and D-SI for low-level KCs

The ontologies PIMS-II, developed mainly within Inprodat e.V., and Meta-

data4Ing (m4i), developed mainly within NFDI4Ing [6℄, were 
o-designed in

alignment with ea
h other and with the pre-existing metadata s
hema D-SI de-
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Figure 1.2: Knowledge and validity 
laim s
hemas, from our manus
ript [2℄.

veloped by PTB.

4

This is parti
ularly relevant to the do
umentation of low-level

KCs, e.g., where under spe
i�ed boundary 
onditions, a property was found to

have a 
ertain value within some margin of error. Su
h property 
laims (PCs) are

those for whi
h we expe
t the bene�t from ma
hine-a
tionability to be greatest.

The main 
on
ept a

essed from within D-SI is si:Real, a quantity with a

numeri
al value, an un
ertainty, and a unit. An si:Real value is asso
iated with

a pims-ii:Variable through an m4i:Numeri
alAssignment, subsumed taxonomi
ally

under pims-ii:Assignment. Through m4i, the �kind of quantity� is 
onne
ted to

the �quantity type� 
on
ept from QUDT [7℄; materials 
an be identi�ed via the

EMMO [8, 9℄ or preferably by a 
anoni
al TUCAN [10℄ from NFDI4Chem [11℄.

A

ordingly, to 
onstru
t Numeri
alAssignment individuals expressing about

water that �a vapour pressure is 88.9(4) kPa and a temperature is 369.5(1) K:�

�prefix m4i: <http://w3id.org/nfdi4ing/metadata4ing#>.

�prefix pims-ii: <http://www.molmod.info/semanti
s/pims-ii.ttl#>.

�prefix qudt-vo
ab-quantitykind: <http://qudt.org/vo
ab/quantitykind/>.

�prefix qudt-vo
ab-unit: <http://qudt.org/vo
ab/unit/>.

:water a pims-ii:Canoni
alTUCAN;

pims-ii:isLiterally "H2O/(1-3)(2-3)"^^xs:string.

:p_asg a m4i:Numeri
alAssignment;

pims-ii:isAssignmentFor :water.

:p_var a m4i:Property;

pims-ii:isVariableInAssignment :p_asg;

m4i:hasKindOfQuantity qudt-vo
ab-quantitykind:VaporPressure.

:p_val a pims-ii:QuantityValue, si:Real;

pims-ii:isValueInAssignment :p_asg;

m4i:hasUnit qudt-vo
ab-unit:KiloPA;

si:hasNumeri
alValue "88.9"^^xs:de
imal;

4

To be found on the https://gitlab1.ptb.de/d-ptb/d-si/xsd-d-si gitlab.



m4i:hasExpandedUn
 [

a si:ExpandedUn
;

si:hasUn
ertainty "0.1"^^xs:de
imal;

si:hasCoverageFa
tor "2"^^xs:de
imal

℄.

:T_asg a m4i:Numeri
alAssignment;

pims-ii:isAssignmentFor :water;

pims-ii:isReferen
eFrameFor :p_asg.

:T_var a m4i:Property;

pims-ii:isVariableInAssignment :T_asg;

m4i:hasKindOfQuantity qudt-vo
ab-quantitykind:Thermodynami
Temperature.

:T_val a pims-ii:QuantityValue, si:Real;

pims-ii:isValueInAssignment :T_asg;

m4i:hasUnit qudt-vo
ab-unit:K;

si:hasNumeri
alValue "369.5"^^xs:de
imal;

m4i:hasExpandedUn
 [

a si:ExpandedUn
;

si:hasUn
ertainty "0.1"^^xs:de
imal;

si:hasCoverageFa
tor "2"^^xs:de
imal

℄.

This assumes a 
overage fa
tor k = 2, i.e., that the error given is based on,

or equivalent to, two times the standard deviation. In predi
ate notation,

5

λν �H2O/(1-3)(2-3),� ν is the TUCAN for water [10℄,

ASG{dp, dT }, dp and dT are assignments,

ÂD{dp, dT }ν, both of whi
h are assignments for water,

...

RdT dp, su
h that dT is a 
ontext or pre
ondition for dp,

D̈wpdp, the assignment of the value wp,

�uukPawp, whi
h has the unit ukPa,

Ḋvpdp, to the variable vp. (3)

et
., restri
ting ourselves to 
on
epts and relations taken from PIMS-II only.

Continuing from there, multiple assignments 
an be en
apsulated as follows:

:data_point a pims-ii:DataItem;

pims-ii:isAbout :water.

:p_asg pims-ii:isSemioti
allyConstitutiveOf :data_point.

:T_asg pims-ii:isSemioti
allyConstitutiveOf :data_point.

Or denoting the predi
ates by their skos:altLabel symbol representations,

DIδ, δ is a data item,

�{dp, dT }δ, it is 
onstituted by dp and dT ,

Âδν, and it is about water. (4)

This now asserts about water that, for a single data point, �the vapour pressure

is 88.9(4) kPa and the temperature is 369.5(1) K.� If we had only wanted to

5

Here and below, predi
ate notation is 
ombined with set notation as an abbreviation. In

this way, for example, ÂD{dp, dT }ν means that we assert both ÂDdpν and ÂDdT ν.



say that the temperature assignment is a referen
e frame (e.g., a pre
ondition

6

)

for the vapour pressure, without 
ombining the two into a single data item, the

triple from above stating

...

RdT dp would already have been enough:

:T_asg pims-ii:isReferen
eFrameFor :p_asg. (5)

Multiple similarly stru
tured data items 
an in turn be pa
kaged into a dataset,

using PIMS-II or following the 
onne
tion of m4i to DCAT version 3.

7

The

above summarizes how a typi
al 
ase of a low-level 
laim from the PIMS-II

taxonomy (Fig. 1.1) su
h as a PC 
an be do
umented in terms of triples.

In addition to the 
ombination of ontologies for KCs realized here, it 
ould

also be of interest to further look into 
onne
ting the present VC do
umentation

to pre-existing semanti
 artefa
ts; in parti
ular, to the VIMMP Validation Onto-

logy (VIVO) [12℄, 
f. Fig. 1.3, and the Citation Typing Ontology (CITO) [13℄.

�Enri
hed 
ited referen
es� by Clarivate

8

might also develop in this dire
tion.
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Figure 1.3: VIVO assessment matrix [14℄; highlighted: Categories of assessments

that are dire
tly appli
able to knowledge, validity, and reprodu
ibility 
laims.

1.3 Reprodu
ibility 
laims and ortho-/paradata

Say that resear
her a 
arried out resear
h pro
ess κ, whi
h is a Cognition, and

obtained

9

the resear
h out
ome ϕ, for example as in Fig. 1.2. Presumably even

6

This is all assuming that T was given or pre-spe
i�ed in some way, and psat(T ) was

measured, 
al
ulated, or looked up using the given temperature as a boundary 
ondition or

�referen
e frame.� It 
ould naturally also be the other way around, in whi
h 
ase the obverse


an be stated,

...

RdpdT , or neither of the assignments 
ould be a referen
e frame for the other.

7

See in parti
ular https://www.w3.org/TR/vo
ab-d
at-3/#Class:Dataset.

8

https://
larivate.
om/webofs
ien
egroup/release-notes/wos/

new-wos-april-29-release-notes/

9

The out
omes of a resear
h pro
ess, understood as a so
ial 
ognitive pro
ess, might in
lude

KCs, datasets, data items, or other elements that o

ur in the role of the interpretant [4, 5℄

within the 
ognition. Without loss of generality let us here assume the out
ome to be a KC.



if κ is a fairly detailed do
umentation of the provenan
e, there will be gaps in it,

or there may have been an element of 
han
e involved in �nding exa
tly ϕ as the

out
ome. But as a minimum, if we a

ept the above, a has at least su

eeded

at showing that ϕ 
an be the out
ome of a pro
ess 
ompliant with κ. We 
an

then say, �given the 
ognitive pro
ess κ, it is possible to obtain ϕ.� A 
ompa
t

notation for this 
an build on the established way of writing p(A | B) for the

onditional probability of �A given B,� where the verti
al bar means �given.�

Sure enough, also ♦ means �possibly,� and � �ne
essarily.� We thus denote,

♦(ϕ | κ), doing κ 
an possibly yield an out
ome 
onsistent with ϕ. (6)

This s
hema may be understood as spe
ifying the minimum semanti
s of a

knowledge 
laim in 
ombination with its provenan
e do
umentation.

Similarly, a reprodu
ibility 
laim (RC) states that doing something spe
i�


will ne
essarily result in something spe
i�
. First, however, these 
laims do

not require the reprodu
ing resear
her b to 
omply with the entire provenan
e

do
umentation 
ompletely and exa
tly; e.g., if a 6= b, 
hanging the resear
her,

this alone is already a part of the provenan
e that has 
hanged. Se
ond, it is

also not usually a 
omplete and exa
t agreement with the original out
ome that

is demanded; e.g., if a found psat(T ) = 88.9(4) kPa, b �nding psat(T ) = 88.9(2)
kPa will 
ertainly be in order even though that is not the same si:Real value,

and normally so will psat(T ) = 89.4(7) kPa. This means that for an RC we need

to be ready to deal with weaker versions κ′′ and ϕ′′
of both 
ause and e�e
t,

ψ : �(ϕ′′ | κ′′), doing κ′′ always yields an out
ome 
onsistent with ϕ′′
. (7)

We 
all κ′′ and ϕ′′
the orthodata [15℄ asso
iated with the RC ψ, 
f. Fig. 1.4,

RCψ, ψ is a reprodu
ibility 
laim,

�⊥{κ
′′, ϕ′′}ψ, and κ′′ and ϕ′′

are its orthodata. (8)

The rationale underlying the term �orthodata,� from Gr. oρϑóς , �right,� is that
these are the elements that the reprodu
ing resear
her attempts to �get right.�

Figure 1.4: Idea behind the ortho-/paradata split, from our book 
hapter [15℄.



We have thus introdu
ed a notation for 
onditional ne
essity or possibility,

inspired by the notation for 
onditional probabilities, su
h that the right-hand

side or ante
edent κ′′ is a partial do
umentation of the resear
h pro
ess, while

the left-hand side or 
onsequen
e ϕ′′
is a partial do
umentation of the resear
h

out
ome. This is visualized in Fig. 1.5 using a modal square of opposition;

te
hni
ally, this is a �modern� or �non-
lassi
al� square of opposition: �(ϕ′′ | κ′′)
does not entail ♦(ϕ′′ | κ′′), as opposed to the 
lassi
al Aristotelian square where

there would be su
h an entailment by subalternation [16℄. Ne
essity does not

entail possibility be
ause it 
ould be the 
ase that it is impossible to satisfy the

premise. If 
omplian
e with κ′′ is an impossibility, ϕ′′
given κ′′ is �ne
essary,�

but not �possible.� This te
hni
ality simply allows the operators to work just

as one would intuitively expe
t it. In parti
ular, they satisfy De Morgan's law,

♦(¬ϕ′′ | κ′′) ⇔ ¬�(ϕ′′ | κ′′). (9)

The above is also the s
hema for 
ontradi
ting or falsifying a reprodu
ibility


laim. If it is found through a reprodu
tion attempt that doing κ′′ 
an possibly

yield ¬ϕ′′
, then this opposes the RC that doing κ′′ must ne
essarily yield ϕ′′

.

Figure 1.5: Square of opposition for 
onditional 
laims, from our manus
ript [2℄.

1.4 Resear
h questions and 
omposite subje
ts

Yablo [17℄ proposes to 
on
eive of a senten
e's subje
t matter m in terms of

�an equivalen
e relation on logi
al spa
e: Worlds are equivalent, or 
ell-mates,

just in 
ase they are indis
ernible where that subje
t matter is 
on
erned. If

m is the number of stars, ≡m is the relation one world bears just if they have

equally many stars� [17, p. 24℄. Instead of saying that m is the number of stars,



the topi
 
an be equivalently expressed in question form, �how many stars are

there?� or �what is the number of stars?� The viability of an approa
h to

identifying aboutness and subje
t matter with a partitioning of epistemi
 spa
e

in alignment with one or multiple information slots su
h as the above be
omes


lear in the treatment by Barton et al. [18℄. This naturally looks pra
ti
al in

the 
ontext of knowledge-graph based te
hnology: If the subje
t matter of a KC

is simply the question it answers, it 
ould potentially be expressed in SPARQL,

as a knowledge graph pattern using wild
ards, in a te
hni
al implementation.

In other words, the topi
 or subje
t matter of a KC, the asso
iated data, or

the paper se
tion 
ontaining that KC, 
ould be resear
h questions su
h as [19℄

q1 = �What is the D matrix of liquid M as a fun
tion of x, p, T ?,�

q2 = �What is the Γ matrix of liquid M as a fun
tion of x, p, T ?,� (10)

where D are the Fi
k di�usion 
oe�
ients and Γ are the thermodynami
 
orre
-

tion fa
tors relating them to Maxwell-Stefan 
oe�
ients. M is the quaternary

mixture 
onsidered by Guevara et al. [19℄. Naturally these 
an be 
ombined as

q1q2 = �What are the D and Γ matri
es of liquid M as a fun
tion of x, p, T ?,�

su
h that, as the notation suggests, the set of equivalen
e 
lasses �on logi
al

spa
e� with respe
t to ≡q1q2 is the produ
t set out of those for ≡q1 and ≡q2 .

Yablo states about his formalism that on the question �what subje
t matters

are `of,' on my a

ount[,℄ I think the answer is senten
es in 
ontext� [17, p. ix℄.

In most 
ases this should 
arry over to a single KC, sin
e typi
al KCs 
an be

expressed as a senten
e. But what is the subje
t matter of a heterogeneous


olle
tion of datasets, or of a FAIR digital obje
t 
ontaining multiple 
laims?

It would be helpful if publi
ations, and maybe even 
olle
tions of publi
ations,


ould be annotated with a subje
t matter as well; the topi
 or subje
t matter

would usually be looked for during data retrieval on an information system.

It is for these more 
omplex or heterogeneous items, going far beyond sin-

gle senten
es, that the above 
onstru
tion that we 
all the topi
al produ
t be-


omes very inelegant; similar to the notion of �possible worlds,� it su�ers from

state explosion as more and more features are brought to the table, partitioning

epistemi
 spa
e further and further, even where the questions that are being


onsidered have little to nothing to do with ea
h other. We therefore suggest a

topi
al sum (TLS) 
onstru
t by whi
h independent topi
al elements, su
h as [20℄

q3 = �What qualitative relationship is there between interfa
ial properties

and dispersive long-range intera
tions in a mole
ular model?,�

q4 = �What is γ⋆ as a fun
tion of x⋆
2
and T ⋆

for mixture A?,� (11)

are 
ombined into a plurality of topi
s, q3 + q4, instead of the produ
t q3q4.
To a te
hni
al implementation this might suggest not to pa
kage the two

Topi
al (TL) individuals into a joint query against a knowledge base, but to


onsider them separately. With regard to the theoreti
al formalism, in this way,

we refrain from 
onsidering the produ
t spa
e of equivalen
e 
lasses with respe
t

to ≡q3 and ≡q4 over epistemi
 spa
e, avoiding state explosion. In PIMS-II, the

relation isTopi
alFa
torIn (symbol �T) is used to 
reate a topi
al produ
t, while

the relation isTopi
alSummandIn (symbol ⊳T) is used to 
reate a topi
al sum.



Chapter 2

Sele
ted knowledge 
laims

2.1 Guevara et al.: Fi
k di�usion 
oe�
ient ma-

trix of a quaternary liquid mixture by mole
-

ular dynami
s [19℄

About the interview. This paper was dis
ussed on Tuesday, 24th January 2023;

its authors were represented by Gabriela Guevara and Jadran Vrabe
.

Sele
ted knowledge 
laims from the paper:

1. A novel �nite-size 
orre
tion methodology for the phenomenologi
al dif-

fusion 
oe�
ient matrix L based on linear extrapolation over 1/N3
to the

limit 1/N3 → 0 is proposed and su

essfully used to 
al
ulate D.

2. The Fi
k di�usion 
oe�
ient matrix D of the 
onsidered mixture has the

values given in Table 1 of the paper under the 
onditions spe
i�ed there.

From the dis
ussion of Claim 1:

a The main other �nite-size 
orre
tion method is the one by Yeh and Hum-

mer [21℄; this is the method that most resear
hers resort to by default.

b Whereas the Yeh-Hummer method (in a 
ase 
onsidered here) yields a

+14% 
orre
tion, the novel method only yields a +6% 
orre
tion. If the

novel method is 
orre
t, that would mean that using the Yeh-Hummer


orre
tion is worse (more ina

urate) than no �nite-size 
orre
tion at all.


 Linear extrapolation over 1/N3 → 0 is a 
ommon approa
h to �nite-size


orre
tions; it is underlying to both Yeh-Hummer and to the novel method.

d The novel method looks preferable or more plausible as it exhibits what

is typi
ally seen in the 
ommunity as theoreti
al virtues: First , Yeh and

Hummer [21℄ use a semiempiri
al 
orrelation relying on multiple proper-

ties, while the novel method is formally mu
h simpler, relying only on N .

Se
ond , the Yeh-Hummer method operates on the end result D, whereas

the novel method operates on the intermediate result L that dire
tly ex-

perien
es the �nite-size limitation in the mole
ular simulation.



A validation of the novel method has not been done; its epistemi
 ground-

ing here rests purely on its theoreti
al virtues.

1

From the dis
ussion of Claim 2:

e The numeri
al un
ertainties are su
h as given in Table 1 of the paper,

obtained as usual through Flyvbjerg-Petersen type [24℄ blo
k averaging.

f Results for the quaternary system are validated against previous results

for ternary subsystems.

g It would be very hard to measure di�usion 
oe�
ients in the 
onsidered

quaternary mixture be
ause the 
ompounds are so similar to ea
h other.

More generally, su
h experiments be
ome 
ompli
ated for mixtures with

a greater number of 
omponents, and they are rarely done.

h However, some of Pa°ez et al.'s simulation results on one of the ternary

subsystems [25℄ have in the meantime been 
on�rmed by experiment.

i Moreover, in the meantime, Peters et al. [26℄ su

eeded at experimentally

measuring quaternary di�usion 
oe�
ients, but not for the same mixture

as the one 
onsidered by Guevara et al. [19℄. Subsequently, one of their

data points was 
on�rmed by mole
ular simulation.

2.2 Haslam et al.: Expanding the appli
ations of

the SAFT-γ Mie group-
ontribution equation

of state � predi
tion of thermodynami
 pro-

perties and phase behavior of mixtures [27℄

About the interview. This paper was dis
ussed on Tuesday, 24th January 2023;

its authors were represented by Max Kohns.

Sele
ted knowledge 
laims from the paper:

3. The model a

ura
y for osmoti
 
oe�
ients and mean ion a
tivity 
oe�-


ients has the value(s) as given in Table 8 of the paper.

4. LLE and overall phase behaviour predi
ted qualitatively 
orre
tly for bi-

nary mixtures of water with 1-butanol or 2-butanol.

From the dis
ussion:

a The parameters were adjusted to LLE of water + 2-hexanol and water +

2-o
tanol, so the qualitative agreement (Claim 4) is unsurprising.

1

This would be: First, the virtue of simpli
ity. Interestingly, 
ommunities di�er in their

views on simpli
ity as a virtue; from an empiri
al study, S
hindler [22℄ �nds that �simpli
ity

is viewed as an epistemi
 virtue parti
ularly by so
ial s
ientists (but not by philosophers).�

Se
ond, by operating on L whi
h is the dire
t simulation out
ome, and hen
e most immediately

in�uen
ed by the �nite size of the simulated system, the Guevara et al. 
orre
tion serves as

a mathemati
al explanation of physi
al phenomena following Bangu [23℄, i.e., it �reveals, or

expli
ates, the relevant dependen
e relations� more 
learly than the Yeh-Hummer method.



b What would we need to do in order to falsify or unsu

essfully attempt to

reprodu
e the 
laims?

� Reimplement the EOS solver. (The present one is not published.)

� The EOS parameters all need to be taken over 
orre
tly.

� For Claim 3, look up all the experimental data from the 
ited referen-


es; 
al
ulate the EOS values and the deviations. They will probably

not be exa
tly the same even in the su

essful 
ase, due to numeri
al

noise; expertise and sound judgment will be needed to distinguish

numeri
al noise from an a
tual falsi�
ation of the results.

� For Claim 4, it is not ne
essary to look up experimental data (assum-

ing the authors 
an be trusted on this); just reevaluate the EOS for

the same system and 
he
k if the phase-diagram topology is retained.

2.3 �ari¢ et al.: Diele
tri
 
onstant and density

of aqueous alkali halide solutions by mole
u-

lar dynami
s � a for
e �eld assessment [28℄

About the interviews. This paper was dis
ussed on Tuesday, 24th January 2023;

its authors were represented by Denis �ari¢ and Jadran Vrabe
 when dis
ussing

Claim 5 and by Max Kohns when dis
ussing Claim 6.

Sele
ted knowledge 
laims from the paper:

5. For eleven types of alkali halide salt solutions, a 
on
rete re
ommendation

for a for
e �eld is given; the expe
ted deviation for the diele
tri
 
onstant

and the density is given (for numeri
al values 
f. Table II of the paper).

6. Claim 5 must be 
he
ked against phase behaviour. For NaCl, e.g., the

HMN-S for
e �eld would be re
ommended as performing best for the di-

ele
tri
 
onstant, but in the simulation with HMN-S, there is a big salt


rystal. In su
h 
ases, the re
ommendation from Claim 5 is not upheld.

About the relationship between the two 
laims:

a The re
ommended model is the one that performed best out of eight in-

vestigated for
e-�eld families.

b Claim 6 expresses/relates to a partly unsu

essful validation of Claim 5.

Why is it new and relevant knowledge?


 It is knowledge be
ause established methods are employed, using estab-

lished tools.

d It is important to have a re
ommendation; many people just start simu-

lating with any model that they �nd.

e The diele
tri
 
onstant is te
hni
ally important, but experiments are hard

to 
ondu
t; available data are surprisingly s
ar
e.

What should be taken into 
onsideration for a reprodu
tion attempt?



f The same for
e �elds need to be used, sin
e this is about the for
e �eld.

g Everything else 
an be varied, in
luding the solver, detailed steering para-

meters of the method, or the method as a whole.

2.4 Stephan and Hasse: Enri
hment at vapour-

liquid interfa
es of mixtures � establishing

a link between nanos
opi
 and ma
ros
opi


properties [29℄

About the interview. This paper was dis
ussed on Tuesday, 24th January 2023;

its authors were represented by Simon Stephan.

Sele
ted knowledge 
laims from the paper:

7. There is a relation between vapour-liquid equilibrium bulk data and nano-

s
opi
 interfa
ial enri
hment in binary mixtures of 
hemi
ally inert mole
-

ular �uids. (Based on literature data, pa
kaged here as a database.)

8. A model with twelve empiri
al parameters is proposed for the low-boiling


omponent enri
hment E2 of a mixture as a fun
tion of the temperature,

the liquid-phase mole fra
tion, and the partition 
oe�
ient.

From the dis
ussion:

a Is it important? The nanos
opi
 interfa
ial enri
hment 
annot be mea-

sured experimentally so far � but by simulation we 
an a

ess it.

b Is it new? Yes it is.


 Why should we a

ept it as knowledge? It was tested i) on data for simple

�uids used for the �t and ii) on all available real-substan
e model data.

d How about reprodu
ibility? While the 
orrelation applies to many data

points well, a substantial deviation under some 
onditions does o

ur.

Due to the presen
e of su
h deviating data points, ±1 is expe
ted as a


hara
teristi
 deviation for E2; this in
ludes future reprodu
tion attempts

as well as the model a

ura
y for new appli
ations.

2.5 Stephan and Hasse: In�uen
e of dispersive

long-range intera
tions on properties of va-

pour-liquid equilibria and interfa
es of binary

Lennard-Jones mixtures [20℄

About the interview. This paper was dis
ussed on Tuesday, 24th January 2023;

its authors were represented by Simon Stephan.

Sele
ted knowledge 
laims from the paper:



9. There is a qualitative in�uen
e of dispersive long-range intera
tions on

vapour-liquid interfa
ial properties of mixtures; namely, the mixture sur-

fa
e tension is higher if dispersive long-range intera
tions are present.

10. For the binary mixture labelled �A,� the redu
ed surfa
e tension is γ⋆ =
0.672± 0.003 at T ⋆ = 0.92 and x⋆

2
= 0.01 mol mol

−1
.

From the dis
ussion of Claim 9:

a Is it relevant? Yes: Understanding the relation of mole
ular intera
tions

and ma
ros
opi
 properties is important for the development of a model


lass that des
ribes ma
ros
opi
 properties based on mole
ular properties.

b Is it new? Yes, for mixtures. For pure 
omponents this was already known.


 Why should we a

ept it as knowledge? It is a �nding from new primary

data, based on well-established methods and tools (and models). The

sele
ted mixtures/thermodynami
 
onditions are representative.

d The di�eren
e between the LJ and LJTS results are signi�
ant, i.e., they

signi�
antly ex
eed the statisti
al un
ertainties; there is little doubt that

this should be a reprodu
ible observation.

Remark on validation:

e Data for the full LJ potential are 
ompared to data for the LJTS potential;

the latter are taken from the literature.

From the dis
ussion of Claim 10:

f The numeri
al value of the surfa
e tension is believed to be reprodu
ible

sin
e well-established methods and tools were used that were also validated

for pure 
omponent surfa
e tension data by 
omparison to literature data.

2.6 Zhu and Müller: Generating a ma
hine-lear-

ned equation of state for �uid properties [30℄

About the interview. This paper was dis
ussed on Monday, 16th January 2023;

its authors were represented by Eri
h Müller.

Sele
ted knowledge 
laims from the paper:

11. Arti�
ial neural networks (ANNs) beat Gaussian pro
ess regression (GPR)

at quantitative agreement with data from the SAFT-VR-Mie EOS.

12. ANNs have the 
apability of 
orrelating thermophysi
al property data and


an therefore be used as a surrogate model for a mole
ular EOS.

From the dis
ussion:

a Upon super�
ial 
onsideration, we 
ould think that the GPR performs

better, but this is due to over�tting. �With a 
ombination of RBF and

linear kernels, GPR 
an predi
t 
riti
al points with similar performan
e

(R2
= 0.9999) with only 300 data points.�



b On
e we look at the GPR beyond just numeri
al agreement with data, but

also at the overall shape, the over�tting be
omes 
lear: �A similar GPR

model [. . . ℄ albeit 
onverging and providing a

eptable statisti
al indi
a-

tors fails to 
apture the VLE envelope shape even with the in
lusion of


riti
al points and employing over 2000 data points in the �tting pro
ess.�


 Same training/validation set split (80% : 20%) applied to ANN and GPR.

The observation on the shape of the binodal is also a validation statement.

d Related to the question of epistemi
 grounding, Eri
h asks further: What

do we mean when we ask, why/how is something relevant knowledge?

First, it must be important or valuable, se
ond it must be right.

e Why is it important/valuable? It is testing out a novel methodology,

establishing its potential as a useful method through a proof of 
on
ept.

f Why is it true? Let us ask: Could it be false?

As regards Claim 12, there 
ould also be something simple or spe
ial about

SAFT-like equations of state whereas for other, more 
ompli
ated EOS the

ANN would work less ni
ely, or the GPR 
ould outperform the ANN.



Bibliography

[1℄ M. T. Hors
h and B. S
hembera: 2023, `Epistemi
 metadata in mole
-

ular modelling: First-stage 
ase-study report (10 
ases)'. Te
hni
al Report

2023�A, Inprodat, Kaiserslautern. doi:10.5281/zenodo.7516532.

[2℄ M. Hors
h, S. Chia

hiera, M. Kohns, E. Müller, S. Stephan, I.

Todorov, J. Vrabe
, and B. S
hembera: 2023, `Epistemi
 metadata

for 
omputational engineering information systems'. Manus
ript.

[3℄ A. Isaa
 and E. Summers: 2009, `SKOS Simple Know-

ledge Organization System primer'. Working group note, W3C.

https://www.w3.org/TR/2009/NOTE-skos-primer-20090818/.

[4℄ M. T. Hors
h and B. S
hembera: 2022, `Do
umentation

of epistemi
 metadata by a mid-level ontology of 
ognitive pro-


esses'. In: T. P. Sales, M. Hedblom, and H. Tan (eds.):

Pro
eedings of JOWO 2022. CEUR-WS, Aa
hen, pp. 2�CAOS.

http://
eur-ws.org/Vol-3249/paper2-CAOS.pdf.

[5℄ C. S. Peir
e: 1955, `Logi
 as semioti
: The theory of signs'. In: J.

Bu
hler (ed.): Philosophi
al Writings of Peir
e. New York: Dover (ISBN

978-0-48620217-4), pp. 98�119.

[6℄ A. Karma
harya, B. Farnba
her, C. Wiljes, D. Igleza-

kis, D. Terzijska, G. Lanza, J. Hi
kmann, J. Theissen-

Lipp, J. Munke, J. Winde
k, M. Fuhrmans, M. T. Hors
h,

N. Hoppe, S. Leimer, S. Ha
hinger, and S. Arndt: 2022,

`Metadata4Ing: An ontology for des
ribing the generation of re-

sear
h data within a s
ienti�
 a
tivity'. Do
umentation, NFDI4Ing.

https://w3id.org/nfdi4ing/metadata4ing/1.0.0/.

[7℄ X. Zhang, K. Li, C. Zhao, and D. Pan: 2017, `A survey

on units ontologies: Ar
hite
ture, 
omparison and reuse'. Pro-

gram: Ele
troni
 Library and Information Systems 51(2), 193�213.

doi:10.1108/prog-08-2015-0056.

[8℄ J. Fran
is
o Morgado, E. Ghedini, G. Goldbe
k, A. Hashibon,

G. J. S
hmitz, J. Friis, andA. de Baas: 2020, `Me
hani
al testing onto-

logy for digital-twins: A roadmap based on EMMO'. In: R. Gar
ía Castro,

J. Davies, G. Antoniou, and C. Fortuna (eds.): Pro
eedings of SeDiT 2020.

CEUR-WS, Aa
hen, p. 3. http://
eur-ws.org/Vol-2615/paper3.pdf.



[9℄ H. A. Preisig, T. F. Hagelien, J. Friis, P. Klein, and

N. Kon
hakova: 2021, `Ontologies in 
omputational engineer-

ing'. In: F. Chinesta, R. Abgrall, O. Allix, and M. Kaliske

(eds.): Pro
eedings of WCCM-ECCOMAS 2020. S
ipedia, Bar
elona.

doi:10.23967/w

m-e

omas.2020.262.

[10℄ J. C. Brammer, G. Blanke, C. Kellner, A. Hoffmann, S.

Herres-Pawlis, and U. S
hatzs
hneider: 2022, `TUCAN: A mole
-

ular identi�er and des
riptor appli
able to the whole periodi
 table

from hydrogen to oganesson'. Journal of Cheminformati
s 14, 66.

doi:10.1186/s13321-022-00640-5.

[11℄ S. Herres-Pawlis, O. Koepler, and C. Steinbe
k: 2019,

`NFDI4Chem: Shaping a digital and 
ultural 
hange in 
hem-

istry'. Angewandte Chemie International Edition 58(32), 10766�10768.

doi:10.1002/anie.201907260.

[12℄ M. T. Hors
h, S. Chia

hiera, M. A. Seaton, I. T. Todorov, K.

�indelka, M. Lísal, B. Andreon, E. Bayro Kaiser, G. Mogni,

G. Goldbe
k, R. Kunze, G. Summer, A. Fiseni, H. Brüning,

P. S
hiffels, and W. L. Caval
anti: 2020, `Ontologies for the

Virtual Materials Marketpla
e'. Künstli
he Intelligenz 34(3), 423�428.

doi:10.1007/s13218-020-00648-9.

[13℄ E. Willighagen: 2020, `Adoption of the Citation Typing Ontology by

the Journal of Cheminformati
s'. Journal of Cheminformati
s 12, 47.

doi:10.1186/s13321-020-00448-1.

[14℄ M. T. Hors
h, S. Chia

hiera, M. A. Seaton, I. T. Todorov, D.

Toti, and G. Goldbe
k: 2021, `Introdu
tion to the VIMMP ontologies'.

Release, Virtual Materials Marketpla
e. doi:10.5281/zenodo.4411422.

[15℄ M. T. Hors
h and B. S
hembera: 2023, `Mole
ular modelling and sim-

ulation reprodu
ibility do
umentation by orthodata and paradata'. In: O.

Sköld, L. Andersson, and I. Huvila (eds.): Perspe
tives on Paradata.

[16℄ D. Westerståhl: 2012, `Classi
al vs. modern squares of opposition, and

beyond'. In: J.-Y. Béziau and G. Payette (eds.): The Square of Opposition.

Bern: Peter Lang (ISBN 978-3-03430537-2), pp. 195�229.

[17℄ S. Yablo: 2014, Aboutness. Prin
eton U. Press (ISBN 978-0-6911-4495-5).

[18℄ A. Barton, F. Toyoshima, L. Vieu, P. Fabry, and J.-F. Ethier: 2020,

`The mereologi
al stru
ture of informational entities'. In: B. Brodari
 and

F. Neuhaus (eds.): Pro
eedings of FOIS 2020. IOS (ISBN 978-1-64368-128-

3), Amsterdam, pp. 201�215. doi:10.3233/faia200672.

[19℄ G. Guevara Carrión, R. Fingerhut, and J. Vrabe
: 2020, `Fi
k

di�usion 
oe�
ient matrix of a quaternary liquid mixture by mole
u-

lar dynami
s'. Journal of Physi
al Chemistry B 124(22), 4527�4535.

doi:10.1021/a
s.jp
b.0
01625.



[20℄ S. Stephan and H. Hasse: 2020, `In�uen
e of dispersive long-range in-

tera
tions on properties of vapour-liquid equilibria and interfa
es of bi-

nary Lennard-Jones mixtures'. Mole
ular Physi
s 118(9�10), e1699185.

doi:10.1080/00268976.2019.1699185.

[21℄ I.-C. Yeh and G. Hummer: 2004, `System-size dependen
e of di�usion


oe�
ients and vis
osities from mole
ular dynami
s simulations with pe-

riodi
 boundary 
onditions'. Journal of Physi
al Chemistry B 108(40),

15873�15879. doi:10.1021/jp0477147.

[22℄ S. S
hindler: 2022, `Theoreti
al virtues: Do s
ientists think what

philosophers think they ought to think?'. Philosophy of S
ien
e 89(3),

542�564. doi:10.1017/psa.2021.40.

[23℄ S. Bangu: 2021, `Mathemati
al explanations of physi
al phe-

nomena'. Australasian Journal of Philosophy 99(4), 669�682.

doi:10.1080/00048402.2020.1822895.

[24℄ H. Flyvbjerg and H. G. Petersen: 1989, `Error estimates on aver-

ages of 
orrelated data'. Journal of Chemi
al Physi
s 91(1), 461�466.

doi:10.1063/1.457480.

[25℄ S. Pa°ez, G. Guevara Carrión, H. Hasse, and J. Vrabe
: 2013,

`Mutual di�usion in the ternary mixture of water + methanol + ethanol

and its binary subsystems'. Physi
al Chemistry Chemi
al Physi
s 15(11),

3985�4001. doi:10.1039/C3CP43785J.

[26℄ C. Peters, J. Thien, L. Wolff, H.-J. Koÿ, and A. Bardow:

2020, `Quaternary di�usion 
oe�
ients in liquids from mi
ro�uidi
s

and Raman mi
rospe
tros
opy: Cy
lohexane + toluene + a
etone +

methanol'. Journal of Chemi
al & Engineering Data 65(3), 1273�1288.

doi:10.1021/a
s.j
ed.9b00632.

[27℄ A. J. Haslam, A. González Pérez, S. Di Le

e, S. H. Khalit, F. A.

Perdomo, S. Kournopoulos,M. Kohns, T. Lindeboom, M. Wehbe,

S. Febra, G. Ja
kson, C. S. Adjiman, and A. Galindo: 2020, `Ex-

panding the appli
ations of the SAFT-γ Mie group-
ontribution equation

of state: Predi
tion of thermodynami
 properties and phase behavior of

mixtures'. Journal of Chemi
al & Engineering Data 65(12), 5862�5890.

doi:10.1021/a
s.j
ed.0
00746.

[28℄ D. �ari¢, M. Kohns, and J. Vrabe
: 2020, `Diele
tri
 
onstant

and density of aqueous alkali halide solutions by mole
ular dynami
s:

A for
e �eld assessment'. Journal of Chemi
al Physi
s 152, 164502.

doi:10.1063/1.5144991.

[29℄ S. Stephan and H. Hasse: 2020, `Enri
hment at vapour-liquid inter-

fa
es of mixtures: Establishing a link between nanos
opi
 and ma
ros
opi


properties'. International Reviews in Physi
al Chemistry 39(3), 319�349.

doi:10.1080/0144235x.2020.1777705.

[30℄ K. Zhu and E. A. Müller: 2020, `Generating a ma
hine-learned equation

of state for �uid properties'. Journal of Physi
al Chemistry B 124(39),

8628�8639. doi:10.1021/a
s.jp
b.0
05806.





Appendix: PIMS-II symbols


on
ept identi�er su�x symbol, position in taxonomy, explanation

Assignment ASG ⊑ EAN (EqualityArti
ulation) ⊑ Dyad

for (about) an obje
t, assigns a value to a variable

DataItem DI⊑ DAN (DigitalArti
ulation) ⊑ AN (Arti
ulation)

dyad, triple, or n-tuple of digital 
onventionals

Interlo
utor IO ⊑ Agent ⊑ Obje
t

agent that is 
apable of two-way 
ommuni
ation

KnowledgeClaim KC ⊑ Claim ⊑ PN (Proposition)

states what was found from resear
h data

PropertyClaim PC ⊑ KC (KnowledgeClaim) ⊑ Claim

knowledge 
laim 
on
erning a property

Quali�edLaw QL ⊑ Law ⊑ Rule

law of entailment by quali�ed ne
essity

Reprodu
ibilityClaim RC ⊑ QL (Quali�edLaw) ⊓ VC (ValidityClaim)

states whether another 
laim or underlying data

are (ir)reprodu
ible or have (not) been reprodu
ed

Resear
hQuestion RQN ⊑ QN (Question) ⊑ TL (Topi
al)

question suitable as a s
ienti�
 resear
h topi


Topi
al TL ⊑ PN ⊑ SCO (Semioti
Colle
tive)

proposition that 
an be a topi
 or subje
t matter

(e.g., a question with free information slots [18℄)

Topi
alSum TLS ⊑ PL (Plurality) ⊑ SCO (Semioti
Colle
tive)

plurality of independent topi
als, i.e., summands

Validation VAL⊑ EVA⊑ IPR (Interpretation) ⊓ TEL (Telesis)

evaluation of a 
ognition, yielding a validity 
laim

ValidityClaim VC ⊑ Claim ⊑ PN (Proposition)


laims (in)a

ura
y or (dis)trust for another 
laim



relation identi�er su�x symbol, position in relational hierar
hy, explanation

arti
ulates ⊳a ⊑ ≤̈ (isSemioti
MemberOf) ⊑
(

≤ ⊓ �

)

⊳aδϕ means that δ arti
ulates the proposition ϕ

hasSubje
tMatter A ⊑ Â (isAbout) ⊑ R (isRepresentamenFor)

Aϕq means q is the (unique) subje
t matter of ϕ

isAssertedBy Ḃ ⊑ B (isExpressedBy) ⊑ Ṗ−Ṗ (overlapsWith)

Ḃϕa means that interlo
utor a 
laims/
laimed ϕ

isAssignmentFor ÂD ⊑ Â (isAbout) ⊑ R (isRepresentamenFor)

ÂDdo means that d is an assignment referring to o

isEvaluatorIn P̈e ⊑ P̈ι (isInterpreterIn) ⊑
(

P̈a ⊓ P̈κ

)

P̈eaτ means that evaluation τ is 
ondu
ted by a

isInterpreterIn P̈ι ⊑ P̈a (isAgentIn) ⊓ P̈κ (isParti
ipantInCognition)

P̈ιaκ means that 
ognitive a
tion κ has the agent a

isLiterally λ is a datatype property; λsℓ asso
iates the OWL

obje
t s with the RDFS elementary data value ℓ

isOrthodataWithin �⊥ ⊑ � (isSemioti
allyConstitutiveOf) ⊑ C̈

�⊥δΛ means: What δ arti
ulates is substantial to Λ

isReferen
eFrameFor

...

R ⊑ RR−
(sharesReferentWith)

...

Rss′ means that s is a 
ontext or pre
ondition of s′

isResultOf R̄ ⊑ P̈κ ⊑ P̈ (isParti
ipantIn)

R̄sκ means that the 
ognition κ has the out
ome s

isTopi
alFa
torIn �T ⊑ � ⊑ C̈ (isConstitutiveOf)

�Tqq
′
means q is a fa
tor in the topi
al produ
t q′

isTopi
alSummandIn ⊳T ⊑ ⊳p (isMemberOfPlurality) ⊑ ≤̈
⊳Tqq

′
means q is a summand in the topi
al sum q′

isTriadOf 3 is a quaternary predi
ate; for a Peir
ean triad [5℄,

3κe1e2e3 means that κ has triadi
 form e1�e2�e3

isUnitOf �u ⊑ � (isSemioti
allyConstitutiveOf) ⊑ C̈

�uuw means that the value w is given in units of u

isValueInAssignment D̈ ⊑ Ë= ⊑ ËD (isSe
ondInDyad)

D̈wd means that d assigns the value w to a variable

isVariableInAssignment Ḋ ⊑ Ė= (isLeftHandSideIn) ⊑ ĖD (isFirstInDyad)

Ḋvd means that d assigns a value to the variable v


