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Abstract. Currently, the most common data formats for storing and processing data in web
systems are JSON and XML. To ensure good compatibility and integration between different
systems and applications, many industry standards and protocols prefer to use XML as the
main data exchange format. JSON to XML transformations will allow convenient processing
and transfer of structured data between different systems and devices. The goal of this work
is to develop a model for JSON to XSD and XML output transformations that allows correct
processing of data when transformed in both directions without changing the structure of the
JSON document. The research method is based on the approach of finding and merging simi-
lar subgraphs within a graph of the same type, while the compared subgraphs have different
types, the type is not extended by using the merge operation. The problem of differing struc-
tures and specifications of data formats is solved by developing a transformation model that
takes into account the specificity of the particular data and the needs of the application.

Keywords: web services, structured data, format conversion, heterogeneous, interaction,

JSON, XML, XSD.

Introduction

Most modern Web systems need a user in-
terface - a website, a mobile application. It
need to keep the benefits of XML (stringen-
cy, robustness) while simplifying development
and improving performance [1]. REST APIs are
dominant, while integrations with SOAP sys-
tems may be required. It may be required in
the following cases: a response from the server
is needed - it send a JSON request, the server
converts the data into XML, processes it, and
must send a JSON response. Requires integra-
tion with 3rd party systems using JSON on the
server side [2-3]. This causes the following
problems: loss of mandatory values; wrong
data types; incorrect values; complexity and
inconvenience of data after transformations;
loss of metadata; wrong data order; data can
be edited before being converted back.

Why it needs to transform JSON-XML-JSON:

- Javascript/Web 3.0 dominates fast mes-
sage parsing, programmer convenience;

- Atom, XML and JSON message formats
have become common and the XML API and

EEIN REST API are being extended to support JSON;

- Enterprises want validation, declarative
constraint, and data content rigor, but also
want the benefits of web 3.0.

In such cases, converting data from JSON
to XML can simplify data manipulation.

Analysis of existing solutions for generating
types based on data in JSON format

During the analysis, no off-the-shelf solu-
tions were found that could generate XML type
schema based on data in JSON format, so a
combination of two consecutive transforma-
tions was considered:

1. Generating JSON Schema based on
JSON-formatted data.

2. Conversion of type schema from JSON
schema to XML schema (XSD).

Moreover, there are no big data-compatible
benchmarks for such database technologies.
There are several libraries for converting JSON
to XML, each with its advantages and disad-
vantages. Some of the more popular libraries
for parsing JSON to XSD: Jsonix, X2JS, Xml-js,
Quicktype.

In general, the choice of a library for con-
verting JSON to XML depends on the specif-



ic task and data processing requirements. If
full support for XML Schemas and the ability to
generate JavaScript classes is required, then
jsonix may be the most appropriate choice.
If simple data processing is required with the
ability to support non-standard JSON data,
then xml-js may be a better option.

In our study, the choice was made in favor
of the Quicktype. Having analyzed the software
capabilities of each of the above solutions, the
choice was made in favor of the quicktype li-
brary, which satisfies all the formed criteria
and also creates the most accurate structure
of types in JSON schema format. Another ad-
vantage of this library is that it is written in
JavaScript programming language, which has
native support for working with data in JSON
format.

Research methods

The parametric algorithm that forms a type
scheme in JSON schema format based on data
represented in several JSON documents [4, 5]
is taken as a basis. This algorithm generates
a type graph specifying the type structure of
input data, which is subsequently converted
into JSON Schema. Anroput™m dopMupoBaHus
rpadga Tunos pasbmBaeTcs Ha ABa dTana:

1. Formation of type graphs based on map-
ping each of the data elements in JSON to the
corresponding type.

2. Merging of type graphs formed at the
first stage.

The first stage of the algorithm is imple-
mented using a depth-first search algorithm
on a hierarchical data structure. Each element
is matched with a corresponding type support-
ed by the system based on its structure. At this
stage, a set of strict types is formed, which
is matched in accordance with the data speci-
fied along the hierarchical path. This approach
allows formalizing the input data, as well as
forming a type graph that matches the hierar-
chical structure of the information presented in
the JSON document [6].

The next step of the algorithm is to com-
bine the type graphs for the data presented in
JSON documents based on the reduction op-
eration over the set of graphs formed based
on the input data [7, 8]. The function that is
called at each step of iteration over the set of
graphs takes two graphs as input:

- a graph formed as a result of the reduc-
tion operation at previous iteration steps;

- a graph that is represented in the set at
the current iteration step.

Based on the above, an algorithm for gen-
erating XML schema based on data in JSON
format has been created, in which the follow-
ing steps are sequentially implemented:

1. Formation of type graph on the basis of
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input data.

2. Combining class types in the type graph.

3. Formation of XSD based on the type
graph.

1. Formation of type graph on the basis of
input data

The essence of the algorithm is to form a
type graph based on input data. The algorithm
is divided into two consecutive stages.

The first stage traverses the hierarchical
data structure in depth and maps each ele-
ment from the data in JSON to the correspond-
ing type (figure 1).

This stage also forms groups of types for
further comparison if the types are represent-
ed within the elements of one array or an ob-
ject.

The first stage of the algorithm execution
is necessary to form a strict set of types that
corresponds to the data specified by the hier-
archical JSON document path

The second stage combines the types
grouped earlier on the basis of the equivalence
function:

If the result of calling the equivalence func-
tion is negative, a type-union is formed, spec-
ifying the mutually exclusive structure of one
of the compared types

If the result of the comparison is positive,
the process of comparing nested structures
based on the equivalence function is recursive-
ly called for object or array types. Similar parts
refer to a single structure, and different parts
form types-units. The positive result of com-
parison of primitive types is trivial - it refers to
a single type (figure 2).

2. Combining class types in the type graph

The process of performing this step con-
sists in searching and merging similar struc-
tures represented as type-classes inside the
type graph. This procedure does not require
unification of array types, because the nested
type of an array element unambiguously for-
malizes its representation and can be used as
a union in case of comparability with one of the
type-classes represented in the graph.

For the type-union step, a restriction on
creating type-unions only on the basis of prim-
itive types was additionally added, otherwise
the compared types are not united.

The equivalence function for the compared
types was defined. If object types are com-
pared, the similarity measure of property keys
is calculated based on the Jaccard coefficient.
If the minimum similarity threshold is exceed-
ed, a comparison of matching property struc-
tures is performed. If other types of types are
compared, a comparison by full structural cor-
respondence is performed.

A set of type-classes represented in a

graph is taken as input. Initially, a traversal of EEH
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Figure 1 — Mapping model to each data element in JSON of the appropriate type
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Figure 2 — Model of combines the types grouped earlier on the basis of the equivalence
function

all class types is performed, identifying similar
structures, which are combined into groups for
the subsequent formation of a single structure.
If the current type is structurally similar to one
of the types already included in the existing
group, the function of adding the type to the
merge group is called (figure 3). Otherwise, if
no similarity with the types from the formed
groups is found, a new group is created for
the current type, in which similar types are re-
corded, as well as a set of matching proper-
ty structures represented as key-value pairs,
where the key is the property name, the value
is the property type.

When the comparison of all class types is
complete, a type-class merging process is per-

EEA formed based on the groups to merge, forming

a different type-class for each group.

Generating input data for creating the type
graph involves creating the following process-
ing functions:

e Function to handle the key parsing event.

e Function of processing the event of the
beginning of an object or array.

e Function for handling the complex object
completion event.

e ]S primitive value parsing event process-
ing function.

e Function for writing data to the current
context.

3. Formation of XSD on the basis of the
type graph

At this stage, the type graph is converted
into a representation of the type structure in
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Figure 3 — Model of combining class types in the type graph

the XSD language. The input is a graph repre-
sented as a hierarchical model corresponding
to a data type in JSON format. The process of
performing this step consists in traversing the
type structure using a depth-first search algo-
rithm, matching each type from the graph with
the corresponding representation in the XSD
language. Earlier in the course of the descrip-
tion of the work, the set of types supported
by the system was defined, as well as their
formalized descriptions in the XSD language.
Application of these rules of type mapping al-
lows to form the final XSD scheme, which pro-
vides data consistency and the possibility of
their validation.

Research results

An algorithm for forming a hierarchical
structure of types based on data in JSON for-
mat was developed, which allows forming the
structure of complex objects regardless of their
local location in a JSON-document. On the ba-
sis of the developed algorithm, the software
that forms XML schema on the basis of data in
JSON-document was implemented.

Another problem in translating JSON to
XML is namespace management. JSON does
not have the concept of hamespaces, which is
essential for XML. Therefore, when translat-

ing JSON to XML, it need to consider how to
manage namespaces in order to maintain data
compatibility.

As part of testing the correctness of the de-
veloped software, different documents in JSON
format containing data in the form of a hierar-
chical structure were fed to the program as in-
put. For each test case, hypotheses were made
regarding the expected structure of the XSD
schema. After performing the process of XSD
schema generation, its validity was checked
and the schema was analyzed for the expected
result.

The following cases were considered in the
testing:

1. Formation of the XSD schema based on
a set of primitive types matched according to
the input data (figure 4).

2. Schema formation for an array with dif-
ferent array element types (figure 5).

The developed software allows to formalize
data in JSON format, providing them with the
properties of integrity and consistency. Based
on the generated schemas, it is possible to
perform model generation in software systems
that have their own specific requirements for
data representation. In addition, the generat-
ed schema sets rules for the formation of new

data in XML-documents, which contributes to
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Figure 4 — XSD schema based on data in primitive types

Figure 5 — Checking the merging of type-classes during XSD schema generation

the acceleration of this process.

The advantage of the algorithm is to gen-
erate type structures that are not bound to a
local location within a hierarchical structure. It
means that the type structure can be used to
formalize data elements that have different lo-
cations within the JSON structure.

The disadvantage is that it violates the rule
for XML schema formation of not being able to
combine multiple complex types for a single
element.

Requirements for a program to form XML
schema based on data in JSON format were
formulated:

e to be able to analyze the structure of a
JSON document, forming compound and prim-
itive types;

e generate type graph on the basis of input
data structure;

e take into account the specifics and rules

EEH used when forming the structure of types in

XSD language.

Testing has demonstrated the correctness
of the algorithm realization on generation of
XSD scheme on the basis of JSON with the
help of the developed software.

Conclusion

The developed model for extracting the
XSD data structure from the JSON format is
a model for forming a hierarchical structure of
complex object types regardless of their local
location in the JSON document. Based on the
developed model, software was implemented
that generates an XML schema based on the
data in the JSON document.

During testing of the resulting model, it
was found that the selected quicktype library
for translating JSON into XSD and XML meets
our requirements and provides reliable and ef-
ficient data conversion. Quicktype was modi-
fied to implement a new approach to merging



types, and support for converting a type graph
into an XML schema was added.

The developed model allows for a qualita-
tive increase in the performance of the JSON
document processing system via an XML editor
[10], due to the correct formation of the XSD
structure. A correctly formed schema allows
for converting a document into JSON-XML-
JSON formats without changing the structure
and losing data.
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AHgartna. Kazipri yakbiTta BE6-)Xyresnepae caKkrtayra XXoHe eHAeyre apHasiraH eH Kerl Tapasi-
faH gepektep ¢dopmatrtapbl JSON xaHe XML 60sbin Tabbiiagbl. OpTypi Xyneaep MeH KOJI-
AaHbasiap apacbiHAa Xakcbl YHUIECIMAIIK NEH MHTErpaunsiHbl KaMTaMachl3 €Ty YLUIH KernTereH
casablK CTaHAgapTTap MeH xatramanap XML-gi 6actarnkel AepeKTeEpP aamacy ¢opmatbl peETiHAE
naviganadyabl xeH kepegi. JISON-abi XML TypreHAipynepi KYpbl/ibIMAbIK AE€PEKTEPAI apTypii
Kyvienep MeH Kypbl/ifbllap apacblHAA bIHFAM/Ibl 6HAEYTE XOHE TacbiMasgayfa MyMKiHAIK 6epe-
Ai. by xymbiCcTbiH MaKkcaTbl — JISON Ky>xaTblHbIH KYPbI/IbIMbIH 63repTries €Ki 6arbiTra TypJ/iEH-
Aipy Ke3iHAe AepeKTepAi AYPbIC eHAeyre MyMKiHAIK 6epeTiH JISON-abi wbiFbic XSD xaHe XML-
re TypJieHAaipy MOAEJIiH Xacay. 3epTrey a4iCi apTypsii TUMTErl CaslbICThIPbl/IFaH TapMakLuasiap
GipiKTipy oriepaunsiCbiH KO4aHy apKbl/ibl TUMTI KEHEUTECIHE KapamacTaH, 6ip TunTi rpaukTiH
ilWiHAe yKcac TapMakiuanaapAbl i34ey XoHe OGipiKTipy TociniHe HerizgenreH. Maaimetrep ¢op-
MaTtTapbiHbIH SPTYpPJi KYPbIIbIMAAPbI MEH Crieunpukaumsiapbl MOCeNECi HaKTbl AepPEKTEPAIH
EPEKLUETIKTEPIH XoHE KOoJigaHbOaHbIH KaXeTTi/IIKTEPIH €CKEPETIH TypPJ/IEHAIPY MOAEJIH Xacay
apKbl/ibl LUELLITIEAI.

Kint ce3gep: Beb6-KbI3METTEPI, KYPbI/IbIMAbIK AEPEKTEP, DOPMATThI TYPIAEHAIPY, FETEPOreHAIi-
JliKk, e3apa apekerrtecy, JSON, XML, XSD.
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AHHOTayms. B HacTosiujee Bpemsi Hanbosiee pacrpoCTpaHeHHbIMU ¢opMaTamMu AaHHbIX 4715
XpaHeHus u 06paboTkn B Be6-cuctemax siBasoTcs JSON v XML. [ns obecriedyeHusr XxopoLuer
COBMECTUMOCTU U UHTErpaumm Mexay pas/indyHbIMU CUCTEMaMu U MPUIOXKEHNSIMU MHOINE OT-
pacsieBbie CTaHAapThbl U MPOTOKOJIbI MPEANOYNTAIOT UCI0/Ib30BaTb XML B kayecTBe OCHOBHOIO
¢popmaTta obmeHa gaHHbIMU. [Mpeobpa3oBaHnss JISON B XML rno3BossiT yA06HO o0bpabaTtbiBaTh
W riepeaaBatb CTPYKTYPUPOBaHHbIE AAaHHbIE MEXAY Pa3/IMYHbIMU CUCTEMAMU U YCTPOUCTBAMMU.
Llenbto gaHHovi paboTbl SBASIETCS pa3pabotka mogenn ripeobpazoBaHus JSON B BbiIXOAHbIE
XSD n XML, no3BosisiroLen KOPPEKTHO 06pabaTtbhiBaTh AaHHbIE MpU UX MNpeobpasoBaHum B 060-
UX HarnpassieHUsx 6e3 namMeHeHns: ctpyktypbl JISON-gokymeHTa. MeToa nccieaoBaHusi OCHOBaH
Ha rogxo4e rnoucka v C/InMsIHUS CXOXKUX MoArpagoB BHYTPpU rpaga ogHOro tura, rnpu ToM, YTo
Yy CpaBHMWBaeMbIX MoArpa@doB pasHoro Tmra Tur HE PacLuMpsSIeTCS 3@ CHET UCI0/Ib30BaHMUs orie-
paumnu cansHus. lpobaema pasnnyms CTPYKTyp v crieungukauymii popMaToB AaHHbIX PELLIAETCS
nyTeM pa3paboTku MoAes N MPeObpa3oBaHus, YYNTbIBAKLEN CIELUNGDUKY KOHKPETHbIX AaHHbIX
U MOTPEGHOCTU MPUITOIKEHMS.

KnroueBbie cnoBa: Be6-CEPBUCHI, CTPYKTYPUPOBaHHbIE AaHHbIE, IPpeobpa3oBaHme hopmMaTos,
reTeporeHHocTb, B3anmoaerictreue, JISON, XML, XSD.
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