
 

Abstract—The  ontology  of  the  problems  solution  properties 
related to the water spectroscopy is described. These solutions were 
published in more than 600 articles during the last 50 years and are 
related  to  six  typical  molecular  spectroscopy  problems.  The 
properties  and  their  values  characterizing  solutions  validity,  root-
mean-square  deviations  were  represented  as  individuals  of OWL-
ontology. The results of selection rules verification in primary data 
sources are presented.

Index Terms—Scientific Annotation Model,  Water 
Spectroscopy Ontology 

I. INTRODUCTION

In the last decade molecular spectroscopists have united to 
address  key tasks  requiring  a  cooperative  solution.  One  of 
such  tasks  is  the  development  of  a  comprehensive 
representation  of  the  spectrum  of  the  water  molecule.  A 
suitable theoretical strategy for representing the spectrum was 
formulated in the framework of two projects [2-4]. Firstly a 
protocol “Marvel”, which is generally applicable in molecular 
spectroscopy, was formulated [4]. Secondly a collective effort 
was made  at  collecting  and  validating  both  calculated  and 
measured spectral data [2].  Thus, the creation of prototypes 
of information systems on molecular  spectroscopy accessible 
via the Internet was initiated. 

At  present  we are  completing  the  implementation  of an 
information system (IS) on molecular spectroscopy [5, 6] with 
three-layer  architecture  [7].  In  this  architecture  the 
knowledge  layer  contains  ontology  of  the  IS  domain 
resources. 

The  usage  of  the  knowledge  layer  is  oriented  on  the 
classification  of  the  data  sources  published  in  water 
spectroscopy.  The  classification  is  based  on  the  groups  of 
properties which describe the validity of the data sources and 
their  pair  correlations.  Computer  classification  requires  the 
logical inference over the ontology [8-10]. 

The  results  of  the  classifications  are  presented  in  the 
report.

II.MOLECULAR SPECTROSCOPY MODEL

The procedure of an ICS creation requires the formation of 
a  domain  model.  In  the  most  general  case  the  domain 
description  contains  the  concepts  related  both  to  its 
declarative and procedure knowledge parts. In this work we 
considered conceptualizations of two domains. 

The  first  domain  (molecular  spectroscopy)  contains  the 
facts about the states and transitions in molecular gases. The 
concepts related to the description of physical system states 
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are described in details while the concepts that characterize 
the processes of transition from one state into another are not 
described in details.  De facto, such domain model is widely 
used, for example, in a series of physics domains in which the 
procedures  of  experimental  results  acquisition  are  well-
established but the huge amount of data requires many years 
of experimental measurements.

The simplification of procedure knowledge is caused by the 
assumption due to the following fact: in practice, for example, 
in information description of molecular spectroscopy the most 
needed  information  is  the  quantitative  information  on 
molecules  states.  In  molecular  spectroscopy  the  procedure 
knowledge may be of interest only to a narrow circle of users 
that  implement  different  methods  of  domain  problems’ 
solution. 

Fig. 1. Molecular spectroscopy model.

Another  formal  restriction  caused  by  the  necessity  to 
represent  knowledge  on  a  computer  is  the  choice  of time-
dependent  entities model (occurents [11]) in  which they are 
regarded  as  the  formal  problems  described  by IPO  (Input-
Processing-Output) – model. The degree of input and output 
data  specification  as  well  as  the  specification  of  tasks 
solutions  methods  for  procedure  knowledge model  creation 
may be different. In this work the key component of an IPO 
task model is the output data (problem solutions). Input data 
and  problems solution method in  the framework of a  given 
model  relate  to  the  properties  of  solutions  of  problem 
included in the scientific annotation of the resource. 

Schematic  model  of  molecular  spectroscopy  for  the 
information  sources  of which  the  scientific  annotations  are 
composed automatically is presented in Fig. 1.

The  second  most  important  model  is  the  model  of 
information  objects.  In  our  work  the  “annotation” concept 
plays  an  important  role  in  the  conceptualization  of  this 
model.  This concept describing the domain problem solution 
and its properties is described below. 
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III. SCIENTIFIC ANNOTATION MODEL 

The  data  gathered  in  an  information  system  which  are 
presented  in  molecular  spectroscopy as  the solutions  of the 
above  problems  should  be  described  by  annotations.  In 
general  the  formation  of  an  annotation  depends  on  the 
problems and the methods of their solution in an information 
system. Problem digital  solution  is  an  information  resource 
which has a typical part of annotation related to the properties 
of an abstract  resource [1]. The Dublin Core properties may 
grant  us  the  answers  to  the  questions  of  authorship, 
publication place, rights and so on. The scientific part of the 
annotations is bound with formalized mathematical properties 
of the solution included in the resource. 

In  our  opinion  a  scientific  annotation  should  necessarily 
include information  resource validity description.   However 
there is one problem, i.e.  the notion of validity has  various 
interpretations  in  different  domains.  In  molecular 
spectroscopy  interpretation  choice  helps  one  to  select  an 
information  source  in  the  necessary  frequency  range  or 
according to different validity criteria.

Finally  an  annotation  may  include  the  description  of 
informational  sources  relations.  In  quantitative  sciences  a 
simple example described by such an annotation is the root-
mean-square deviations of different solutions of one and the 
same problems. 

For the purpose of classification scientific annotations are 
transformed  into  the  individuals  of  applied  ontology  of 
spectroscopy problems. Such transformation is achieved with 
OWL DL ontologies specification language.

Molecular  spectroscopy science and information resources 
may  be  divided  into  primary  and  composite.  A  primary 
resource in the chosen representation is a published problem 
solution of a domain related to the determined molecule. 

A. Autonomous Part of Annotation
The  given  annotation  part  includes  only  the  properties 

related to one solution of molecular  spectroscopy task.  It  is 
presented in Fig.2 in the form of a structure including such 
individuals  as  “BroadeningSubstances”,   “OutputData”, 
“Halfwidth_for_H2O”,  “Shift_for_H2O”  etc...  All  the 
individuals in Fig. 2 are marked as rectangles. Individuals are 
in  bold,  object  properties  are  in  common  font  and  the 
properties of data type are in italic. 

In the created annotations datatype properties are related to 
such  properties  as  hasReference (string),  hasUncertainty 
(boolean),  hasMaxWavenumber (float)  etc… The  values  of 
these properties are calculated automatically at the acquisition 
of data by the information system.

The data type properties are related to a series of validity 
criteria  based on the checkup of the restrictions of physical 
quantities permitted values [8] in the domain. The condition 
necessary for the selection of such checkups in an automated 

information system is their computability and decidability. In 
most cases such conditions are met.  

The  validity  criteria  related  to  the  domain  of values  of 
object  properties  and  used  in  this  work  are  related  to 
existence restriction check. In the broad sense the existence of 
an information resource implies that it has URI [13] while in 
the narrow sense a  scientific resource should be given only 
the URI from the list adopted by the scientific community. In 
this  general  meaning  of  physical  quantity  value  existence 
determination is changed for a simpler task of checking the 
existence of parts of composite information resource among 
the earlier  published problem solutions.  Such criterion  may 
be  applied  to  the  check  of  validity  of  composite  problem 
solutions  widely  used  in  molecular  spectroscopy  (see,  for 
example, [14,15]). Using this problem definition the proving 
of the completeness of a set of primary sources used in such a 
check becomes important. The formation of such a check was 
implemented  in  the  framework  of  IUPAC  [6]  project 
including  about  800  primary sources  of water  spectroscopy 
tasks solution (see Table 1). 

Non-formalized  restrictions  defining  the  water 
spectroscopy tasks’ solutions validity criteria are used for the 
expert analysis of tasks’ solutions. Such analysis published in 
press  is  included  into  annotation.  An  example  is  the 
introduction of experts’ comments on incorrect attribution of 
quantum numbers in a series of works on the determination of 
transitions wave numbers for H2

17O and H2
18O molecules [2] 

to  the  annotations.  Unlike  bibliographic  annotation  the 
scientific  annotation  is  the  resource  the  contents  of  which 
changes with  time and  the majority of scientific annotation 
components are computable.

As the chosen annotation model allows us to automatically 
present  an  annotation  in  a  form  of  an  individual  of  a 
calculable  and  solvable  applied  ontology  all  the  logical 
inferences  following  from  the  change  of  annotations’ 
properties are computable.

B. Nonautonomous Part of Annotation
In our opinion a scientific annotation may characterize not 

only a resource directly related to it but its relations to other 
resources  as  well.  A  common  example  typical  for  the 
description  of water  spectroscopy problems’ solutions is the 
usage  of  computable  root-mean-square  deviation  of  this 
solution with all the other solutions into the annotation. This 
part  of an  annotation  allows us to make major  conclusions 
about statistical correctness of the given solution. 

In our model of this part of annotation maximal deviations 
on physical quantities’ values at the corresponding quantum 
numbers, the number of bands and the number of transitions 
or energy levels corresponding in a band are used along with 
integral  value  of  root-mean-square  deviation  and  the 
deviation of each of the corresponding bands. 
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Fig. 2. Computer processed structure of the individual that characterizes the properties of the solution of an inverse problem on spectral line 
profile parameters.

If a set of solutions includes all the known solutions of an 
inverse task then the case of zero value of root-mean-square 
deviations  of  the  given  source  with  all  the  other  ones 
correspond  to a  case when  the  given  source contains  wave 
number values which were not measured or identified earlier. 

Fig.  3  illustrates  the  structure  of  an  applied  ontology 
individual  which  is  the  representation  of  an  information 
resource  annotation  on  the  logical  level.  The  number  of 

statements  that  characterize  the  relation  of  the  solutions 
depends on the number of corresponding bands. Describing a 
pair  correlation the total number of statements is defined by 
the following formula:

S = 131 + 5Nbands,

where Nbands is the number of corresponding bands at the 
calculation of root-mean-square deviation.
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Fig. 3. A structure of an individual which is a formal annotation for T1 and T7 [8] task solutions compared at root-mean-square deviations.

IV. PROBLEMS SOLVED ON BASE OF ONTOLOGY
In  our  applied  ontology,  the  more  complicated 

constructions  of  queries  form  the  tasks  of  calculable 
systematization of the properties of the information resources. 
Among  such  tasks  are  checks  of  validity  according  to 
appropriate  criteria.  The  precise  definition  of  transition 
frequencies,  intensities,  spectral  lines  etc…  is  one  of  the 
validity  criterions,  along  with  restrictions  on  values  for 
quantum numbers.  For example,  if the measured transitions 
with  the same assigned  quantum numbers  have frequencies 
which differ by less than the measurement error, then they are 
indistinguishable.  Let  f1  and  f2 be measured and calculated 
frequencies, and  a be the experiment error. The condition |f1 

– f2| < a characterizes the criterion of such a comparison. Its 
main difficulty is that  a is a function of transition frequency. 
The value of a may differ by orders of magnitude for different 
frequency intervals  and  generally decreases as experimental 
equipment is modernized (upgraded).

Spectroscopic  information  is  systematized  according  to 
quantitative  values.  For  example,  the  definition  of 
measurement  precision  can  lead  to  different  qualitative 
logical  inferences  depending  on  the  quantitative  value 
selected by a user. For example, the efficiency of equipment 
developed  for  remote  sensing  in  astronomy  or  planetary 
atmospheres based on atomic and/or molecular spectra can be 
overestimated or underestimated.  Note that such information 
resources  systematization  is  necessary  for  numerous 
quantitative scientific studies. 

Scientific  annotations  gathered  in  W@DIS  information 
system form a set of statements forming in its turn an A-box 
of  knowledge  bases  on  water  spectroscopy tasks’ solutions 

properties.  The properties characterizing the resources form 
an R-box as well as the classes that  unite individuals in T-
box. An outstanding feature of a created knowledge base is 
the  possibility  to  automatically  unite  some  structurally 
heterogeneous scientific annotations related to the solution of 
homogeneous spectroscopic tasks. 

The task on resources systematization according to validity 
criteria and the values of their root-mean-square deviations is 
also  solved  in  the  knowledge  base  of  W@DIS 
(http://wadis.saga.iao.ru) IS along with the other tasks related 
to scientific annotations. 

Table 1 illustrates the results of valid information sources 
selection from about 800 scientific annotations. The validity 
was checked according to the restrictions on the values of the 
quantum  number  followed  from  the  rules  of  selection  for 
transitions  and  restrictions  on  rotational  quantum  numbers 
for  energy  levels.  The  asterisk  symbol  indicates  that  an 
annotation  for  a  molecule  was  modified  according  to  the 
comments  of  experts  on  quantum  number  assignment 
correction. As we can see from this table the solutions of T1 
and T2 tasks contain a bigger percentage of data arrays that 
in  their  turn  contain  the  solutions  with  incorrect  quantum 
numbers. 

Since the direct  tasks T1 and  T2 describe the states and 
transitions in  the framework of basic principles of quantum 
physics the system of quantum numbers assignment (normal 
modes) to states and transitions in water molecule established 
during the last 70 years can not adequately and unequivocally 
describe stationary states of a water molecule.
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   Table 1. The results of selection rules verification in 
primary data sources [8]

Task 
/Molecule

Т1 Т7 Т2 Т6

H2O 9 (2) 30  (24) 5 (0) 91 (47)
H2

17O* 4 (0) 19  (15) 5 (1) 40 (31)
H2

18O* 4 (0) 18  (18) 5 (1) 59 (35)
HDO 1 (0) 32  (28) 3 (0) 83 (56)

HD17O - 3   (3) 2 (0) 3 (3)
HD18O - 5  (4) 2 (0) 6 (6)
D2O 1 (1) 18  (8) 3 (0) 38 (26)

D2
17O 1 (0) 3 (3)

D2
18O 2 (0) 3 (3)

Total 15 (3) 125 (100) 28 (2) 318 (207)

The  other  group  of  tasks  is  related  to  checking  water 
spectra;  these  tasks  are  in  their  turn  related  to  criteria 
governing  the  existence  of  these  solutions.  In  our 
interpretation  such  criterion  corresponds  to  establishing 
whether  all  parts  of the checked solution correspond to the 
published primary data or not. In water spectroscopy the work 
on collecting and checking the completeness of such a set of 
data  was conducted by the IUPAC group.  The software for 
information  resources  decomposition  was  realized  in  the 
W@DIS  information  system  which  allows  to  decompose 
composite sources (for example, Hitran [14] or GEISA [15]) 
in several minutes. The decomposed result can be interpreted 
in  the  following  way:  if  as  a  result  of  manipulation  a 
published  solution  does  not  contain  any  parts  of  the 
previously published tasks than this solution is fully original. 
The result of decomposition should be presented in a form of 
an  individual  from  an  ontology  included  in  the  scientific 
annotation. The decomposed result can be interpreted in the 
following way: if the published solution does not contain any 
parts of the previously published problems than this solution 
is  fully original. If  a  published  solution  contains  only the 
earlier published results than it is either unoriginal or it had a 
purpose  to  specify  the  earlier  obtained  solutions.  Finally, 
dealing with composite information resources we can single 
out the unpublished part  which obliges a user to thoroughly 
check the remaining part or to change or delete the resource 
as an unreliable one.  The formation of primary information 
resources in domains in the framework of the given approach 
becomes an urgent task, the solution of which would allow us 
to  solve  the  task  of  checking  the  validity  of  the  domain 
resources in the Internet.

V.  EXAMPLES OF CLASSES

The reasoning over an ontology is used to answer queries 
about its elements.  Typical  queries include the subsumption 
between classes (whether a class C subsumes a class D) and 
the instance checking (whether an individual x is an instance 
of a class C). In  order  to answer these queries an inference 
engine (reasoner) builds a taxonomy for all the named entities 
in  an  ontology according  to the  subsumption  relation.  This 
gives a user an option to have the most specific superclasses 
for any given  classes and  the  most  specific types for  every 
individual. 

In order to have an easy access to the reasoning results, an 
ontology  usually  contains  special  classes  that  define  the 

desired query. Canonic data source have data which have to 
satisfy the physical quantity values restrictions in the domain. 
In  water  spectroscopy the  constraints  are  described  by the 
selection  rules.  These  rules  are  determined  by  the 
mathematical model used for the description of the molecules, 
absorption and emission. The violation of these rules leads to 
incorrect  description  of  the  states  or  transitions.  Quantum 
numbers play the key role in these rules.  The mathematical 
models  of  the  molecules  may  be  different,  so  there  are 
different sets of quantum numbers. A few sets of data in water 
spectroscopy have both sets of quantum  numbers  (in  water 
spectroscopy, Normal  Modes and  BT2 notation  of quantum 
numbers are used). Scientific annotation is represented as an 
individual  of an  applied  ontology and  has  a  group  of the 
properties  that  characterize  the  kinds  of the  selection  rules 
violations. 

In  applied  ontology  the  definition  of  the  canonic  data 
source related to water molecule may be formulated as:

DataSource and hasSubstance value H2O and 
hasOutputData_MD some ((hasQuantumNumbers_MD 
some (hasQuantumNumbersType value NormalModes  and 
hasNumberOfInvalidComparedWithBT2QuantumNumbers 
value "0") and hasQuantumNumbers_MD some 
(hasQuantumNumbersType value BT2)) or 
(hasQuantumNumbers_MD some 
((hasQuantumNumbersType value BT2  and 
hasNumberOfInvalidQuantumNumbers value "0") or 
(hasQuantumNumbersType value NormalModes  and 
hasNumberOfInvalidQuantumNumbers value "0")))) 

This  definition  includes  the  case  when  two  different 
notations  are  used for the  description  of data.  The error  in 
quantum  numbers  in  any  one  of  two notations  has  to  be 
interpreted  as  invalid  data.  This  definition  can  be  easy 
modified for the other molecules described by normal modes 
by  replacing  the  names  of  quantum  numbers  types  or 
molecules.

VI. CONCLUSION

The model  of information  resources scientific annotation 
composing  of two parts  and  represented  in  an  information 
system in a form of an applied ontology individual  used in 
water  spectroscopy  allows  one  to  solve  the  tasks  on 
information resources validity check according to the criteria 
related to the restrictions on values and existence.

Its representation in a form of an OWL-ontology individual 
allows us to solve the task on the integration of heterogeneous 
annotations  created  by  the  scientific  community  for  the 
description  of  information  resources.  The  scientific 
annotations  applied  ontology  developed  for  water 
spectroscopy is based on the facts that present the properties 
of the most significant solutions of direct and inverse tasks of 
water  spectroscopy  and  its  isotopomers  published  in  the 
Internet and in press during the last 60 years. 

The scientific annotations for H2
17O and H2

18O isotopomers 
description were corrected taking into account the results of 
paper  [5]  that  allows  us  to  specify  the  properties  of  the 
solution of a series of tasks according the experts’ comments. 
We  revealed  that  the  quantitative  metadata  presented  in  a 
form of applied ontology individuals and specified by OWL 
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language allows one to solve the task on automatic definition 
of validity of primary information  sources  on  spectroscopy 
tasks’ solutions in a distributed information system even if the 
individuals and taxonomies have different structures.

The  further  investigation  of  logical  theory  of  scientific 
annotations in molecular spectroscopy implies the realization 
of the following two tasks, namely the task of spectroscopic 
tasks’  solutions  automatic  classification  and  the  task  of 
checking the existence criterion of the information resources 
checked for validity. 

At present, the solution of the task of spectroscopic tasks’ 
solutions automatic systematization according to the values of 
root-mean-square deviations is in its completion stage – i.e. 
the stage of the creation of a user interface for the work with 
the corresponding part of the knowledge base. 

The  second  task  related  to  the  check  of  the  existence 
restrictions is solved for the case when the decomposition is 
implemented for the first sources situated at a single node of 
the  distributed  information  system.  More  general  case 
requires  the  solution  of  the  task  on  the  integration  of 
heterogeneous  scientific  annotations  as  well  as  the  task  of 
deciding which node of the distributed system would conduct 
the decomposition, and other tasks. 
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