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DETERMINING THE CONTRIBUTION OF THE INTEGRATION OF DATA
FROM OPEN STATE REGISTERS AND THE PROZORRO SYSTEM TO
MULTI-CRITERIA EVALUATION OF PUBLIC PROCUREMENT PARTICIPANTS

Electronic public procurement platforms publish large volumes of open data, and recommender components of e-government
systems increasingly rely on multi-criteria evaluation of procurement participants, which makes the actual availability of the required
attributes in open sources a matter of direct empirical verification. A reproducible computational pipeline has been developed that
links Prozorro tender records with two open state registers — the Unified State Register of Legal Entities (EDR) and the Unified Re-
gister of Debtors (ERB) — by the national identifier (EDRPOU), builds a decision matrix and applies the TOPSIS and weighted sum
(WSM) methods under equal, CRITIC and Gini weighting; the inference is based on rank correlations with confidence intervals and a
bootstrap over participants. The experiment covered 45 open tenders of 2024 in one classification division (computer and office eq-
uipment) with 50 unique participants, of which 36 are legal entities and 14 are sole proprietors. It has been established that the open
EDR file covers 100 % of legal entities (36 of 36) and, by structure, none of the sole proprietors (0 of 14), while several theoretically
relevant attributes are empirically absent on this market: active debt in the ERB and terminated contracts were recorded for none of
the participants, and offered prices are not comparable across tenders. It has been determined that the TOPSIS and WSM rankings al-
most coincide (Spearman 0.996; 95 % confidence interval [0.992, 0.998]; Kendall 0.965) and remain stable across the weighting
schemes (Spearman 0.887-0.990). It has been quantified that procurement records alone collapse the 36 legal entities into only eight
distinct score levels, with 21 participants sharing a single level, whereas adding one register attribute — company age from the EDR —
resolves all 36 into unique scores while reordering the ranking moderately (Spearman 0.825; 95 % confidence interval [0.682,
0.908]). It has also been established by a bootstrap over participants (2,000 resamples) that the final ranking is statistically stable,
with a median rank correlation of 0.985 and a 95 % interval of [0.909, 0.999]. The findings demonstrate that register integration ma-
terially increases the discriminatory power of open-data-based participant evaluation, and the released pipeline enables full reproduc-
tion of the results.

Keywords: record linkage; TOPSIS; CRITIC; decision support; e-government recommender system.

ment participants as a component of such analytical
systems. The data required for such evaluation are, in prin-
ciple, openly published: procurement histories in Prozorro
and supplier attributes in national state registers.

Two questions, nevertheless, remain open. The first
concerns availability: how much of the information needed
to populate a multi-criteria model is actually obtainable
from open data for real participants, given war-time restric-
tions and the structural limits of each register? The second
concerns contribution: does integrating external registers
add discriminatory power beyond what procurement data
alone provide — that is, does it help a recommender separate
participants that would otherwise be indistinguishable?
Both questions are empirical, and the analysis of recent re-

Introduction / Bctyn

Public e-procurement platforms have become a primary
channel for the transparent allocation of public funds, and
Ukraine's Prozorro system is a widely cited example of
open contracting in practice [17]. In open tenders the award
decision is predominantly price-driven; however, a substan-
tial body of work argues that evaluating a participant — a
supplier — on a broader set of criteria such as past perfor-
mance, reliability and formal status supports better decisi-
ons and reduces risk, and that such multi-criteria evaluation
is a natural component of an e-government recommender
system [1, 12]. In work [16], the use of artificial intelligen-
ce in risk analysis in public procurement was examined,
which further motivates data-driven evaluation of procure-
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search and publications below shows that they have not yet
been answered on real Ukrainian open data.

Relevance of research — amid a large-scale reform of
public procurement in Ukraine and steady growth of open
contracting data, the reliance of award decisions on price
alone is being questioned in both policy debate and acade-
mic literature, and multi-criteria evaluation of procurement
participants is emerging as a natural component of e-go-
vernment recommender systems. The technical prerequisi-
tes for such evaluation formally exist — procurement histori-
es are openly published in Prozorro, and additional supplier
attributes are available in state registers — but the practical
feasibility of building an evaluation model from these open
sources, and the actual contribution of state-register integra-
tion to its discriminatory power, have not been measured on
real Ukrainian data. Without such an empirical assessment,
the design of open-data-based supplier-evaluation compo-
nents rests on assumptions rather than evidence, which mo-
tivates the present study.

Object of research — the process of multi-criteria eval-
uation of public procurement participants in a recommender
component of an e-government system.

Subject of research — which will make it possible to es-
tablish, on real open data, the practical feasibility of open-
data-based multi-criteria evaluation of procurement partici-
pants and to measure the marginal contribution of state-re-
gister integration to its discriminatory power.

The purpose of the research — to determine the contribu-
tion of open state register integration to the discriminatory
power of multi-criteria assessment of public procurement
participants on real open data, the results of which will pro-
vide a justified basis for designing recommender compo-
nents of e-government systems.

To achieve this purpose, the following main research
objectives are identified:

e develop a reproducible record-linkage pipeline that integra-
tes Prozorro tender records with the EDR and ERB registers
by the national identifier. This will enable end-to-end as-
sembly of the decision matrix from open sources and full
reproduction of every reported result;
measure the availability of open data per source and per
evaluation criterion. This will give an opportunity to estab-
lish which theoretically relevant attributes are actually usable
on a real market segment;

e rank the participants with the TOPSIS and WSM (weighted
sum model) methods under the equal, CRITIC and Gini we-
ighting schemes and assess method agreement and weight
sensitivity. This will ensure that the resulting ranking is not
an artefact of a single aggregation method or weighting
scheme;

quantify the marginal contribution of a register-derived attri-
bute to the resolution of the ranking. This will help to me-
asure, on real data, the discriminatory power that register in-
tegration adds beyond procurement history.

Analysis of recent research and publications. In study
[2], the authors proposed a comprehensive framework for
supplier selection that combines several multi-criteria met-
hods with an extensive sensitivity analysis of the resulting
rankings. The work demonstrates that the reliability of a
supplier ranking should be verified against changes in we-
ights and methods rather than assumed; however, the attri-
butes of the evaluated suppliers are taken as given, and the
question of whether such attributes can be obtained from
open sources is not raised.

In work [6], a comparison of multi-criteria decision-ma-
king techniques for managing public procurement tenders

was carried out, and it was shown that different aggregation
methods may produce close but not identical award decisi-
ons. The study concentrates on the award phase of procure-
ment and on the methodological side of aggregation, while
the data describing the tenderers are assumed to be comple-
te and readily available.

In study [10], the application of multi-criteria decision
analysis to the most economically advantageous tender
approach was examined on real procurement practice, and it
was established that price still dominates the awarding even
when non-price criteria are formally declared. This finding
motivates evaluation models that draw non-price attributes
from sources external to the tender itself, which is the direc-
tion developed in the present article.

In work [14], an assessment system of the public procu-
rement efficiency was developed, and it was shown that
non-price dimensions of procurement performance require
dedicated indicators drawn from external sources. This
conclusion further motivates the participant-level, register-
based evaluation adopted in the present study, in which
non-price signals about a supplier are obtained not from the
tender document itself but from the state registers.

In the monograph [8], the TOPSIS method was introdu-
ced together with the family of multiple attribute decision-
making procedures, and in study [5] the CRITIC method of
objective weighting was proposed, which derives criterion
weights from the variability of and correlation between cri-
teria. These two works form the methodological core used
in the present study, since objective weighting removes the
need for expert judgement at the demonstration stage.

In study [7], machine learning models were trained on
open procurement records to provide early warnings of
contract malfeasance, and it was demonstrated that open
contracting data alone carry a measurable predictive signal.
At the same time, the work does not integrate external state
registers, so the marginal value of register attributes over
procurement history remains unmeasured.

In the systematic review [11], network-analytic appro-
aches to detecting fraud, corruption and collusion in public
procurement were summarised, and it was concluded that
the quality and completeness of open data are the principal
practical constraints of such analytics. This conclusion sup-
ports treating data availability as an object of study rather
than as an assumption.

In work [12], multi-criteria evaluation was applied to
the management of open government data, and it was
shown that the usefulness of open data portals varies consi-
derably across attributes and use cases. The study addresses
open data in general, without linking procurement records
to state registers at the level of an individual supplier.

Summing up, the analysis of recent research shows the
following. In the reviewed studies, the methodological tool-
kit of multi-criteria evaluation is mature and supported by
accessible open software [2, 5, 6, 8, 9, 10], yet the publis-
hed applications concentrate on the award phase, the sensi-
tivity of the resulting rankings is examined only in some of
them [2, 6, 10], and the availability of the attributes requi-
red by the models is assumed rather than verified [2, 6, 12].
For Ukrainian open data — the Prozorro system combined
with the state registers — no quantitative assessment of the
feasibility of such evaluation, or of the contribution of re-
gister integration to its discriminatory power, has been pub-
lished so far [1, 7, 11]. This gap directly motivates the aim
and the tasks of the present research.
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Materials and methods of research. The study uses
three open sources read as a June 2026 snapshot: the Pro-
zorro public API, the open-data file of the Unified State Re-
gister of Legal Entities (EDR) and the Unified Register of
Debtors (ERB), linked by the national identifier
(EDRPOU). The sample comprises 45 open tenders of 2024
in classification division 30 with 50 unique participants (36
legal entities, 14 sole proprietors). Rankings are computed
with the TOPSIS and WSM methods under equal, CRITIC
and Gini weighting; statistical processing relies on Spear-
man and Kendall rank correlations with two-sided tests and
Fisher-transform confidence intervals, and on a bootstrap (a
computer-intensive statistical method based on repeated re-
sampling from the observed data).

Research results and their discussion /
Pe3ysibTaTH J0C/IiP)KEHHS Ta iX 06roBOpPEeHHA

Data sources and sample. The sampling frame was
open ("aboveThreshold") tenders whose item classification
(DK 021:2015, the national CPV variant) falls in division
30 (office and computer equipment and supplies) with a
tender creation date in 2024; all three sources are openly
reusable with attribution [1]. Collection proceeded backwa-
rds through the Prozorro modification feed, retrieving full
records and filtering locally, until 50 unique participants
had been accumulated. This yielded 45 tenders and 50 par-
ticipants, of which 36 are legal entities (eight-digit identifi-
er) and 14 are sole proprietors (ten-digit individual tax
number). Anonymised participant identifiers (P01-P36) are
used throughout the figures so that no individual supplier is
publicly ranked by name.

Record-linkage pipeline. Participants were linked ac-
ross sources by the national legal-entity code (the identifier
carried in Prozorro under scheme UA-EDR). The pipeline
comprises three components released as small scripts for
reproducibility. The collector reads the Prozorro feed with
server-side pre-filtering by procurement method to avoid
downloading the full record of non-relevant procedures,
applies local filtering by classification prefix and date, uses
polite rate limiting with retry and back-off, and checkpoints
progress to allow resumption. The EDR component per-
forms a streaming parse of the legal-entity XML dump,
extracting the registration date (converted to age), the acti-
vity status and the presence of a disclosed ultimate-benefi-
cial-owner; it tolerates the malformed numeric character re-
ferences and control bytes that occur in the dumps and res-
pects the declared encoding. The ERB component detects
the debtor-code column by name and, as a fallback, by con-
tent, with automatic encoding (Windows-1251) and delimi-
ter detection, and counts active enforcement proceedings
per identifier. A structural consequence of the open data is
that sole proprietors carry no register-side code in the open
EDR file and are not reliably matchable in the ERB; regis-
ter-derived attributes are therefore available for legal entiti-
es only, which is reported as a coverage result rather than
treated as missing data to be imputed.

Criteria and collinearity reduction. Participant-level fe-
atures were aggregated from the raw tender records: num-
ber of submitted bids, active awards (wins), rejected awards
(disqualifications), cancelled awards, award-level compla-
ints, and contract counts by status, together with attributes
from the registers (company age, activity status, beneficial-
owner disclosure, active debt). Two feature pairs were near-
collinear and were de-duplicated to avoid double counting:

wins versus active-contract count (Pearson » = 0.94, p <
0.001; identical for 34 of 36 legal entities) and cancelled-
award versus cancelled-contract count ( = 0.79, p < 0.001;
identical for 34 of 36). One member of each pair was reta-
ined. Features that were empty or near-constant in the
sample (Section "Results") were excluded from the ranking
model and reported under availability. The retained criteria
are listed in Table 1.

Table 1. Retained evaluation criteria, their optimisation direction,

data source and availability (n = 50 participants; the register-deri-

ved age is available for the 36 legal entities only) / Bini6pani kpu-

Tepii OLIHIOBaHHS, HANPSM 1X ONTHUMI3alii, IPKepeno JaHuX 1 J0c-

TYIHICTH (1 = 50 y4acHUKIB; peecTpoBa 03HaKa BiKY JOCTYITHA JIH-
e it 36 IOpUANIHUX 0Ci0)

Criterion Direction Source Auvailable for
Wins benefit Prozorro all 50
Disqualifications cost Prozorro all 50
Cancelled contracts cost Prozorro all 50
Company age, years | benefit EDR 36 legal entities

MCDA model. The decision matrix was normalised
with min-max normalisation, which admits the zero values
present in count criteria [15]. For a benefit criterion the nor-
malised value is:

xU—nljn;x,]- LT .
= lzlan;J:Lm ) (1)

- . >
max;xij- — min; Xij

for a cost criterion:

max; X;; — Xjj —

= izlan;jzlam, (2)

max;xij- - ijl,‘ Xij ’
where m and n is the number of rows and columns in the
decision matrix.

Two aggregation methods were applied. The weighted-
sum model (WSM) computes:

SF%W/’?/J:E- 3)
J=1
TOPSIS [8] forms the weighted matrix:
Vi = Wity =Lnj=Lm A" = fmax vy}, 4™ = fminvg},  (4)

deal A" and anti-ideal A~ vectors, the Euclidean distances
D;. and D; of each alternative to them, and the closeness co-
efficient:

D;*:\/i(vz/—v.7)2’Di_:\/i(v”_v./_')z”':l’"' ®)

J=1

Three weighting schemes were used: equal weights as a
baseline, and two objective schemes — CRITIC [5], which is
scale-invariant and accounts for inter-criterion correlation
through:
¢

m 2
o1 C

m
C/:G/'];(l—ﬂ./k),w/: j=Lm, (6)
and a Gini-based scheme as a robustness check. Shannon-
entropy weighting was not used because its implementation
requires strictly positive matrix entries, which is incompa-
tible with the sparse count criteria; standard-deviation and
variance weights were rejected because, computed on raw
scales, they over-weight the years-scaled age criterion. All
computations used the pymecdm library [9].

Analyses and sources of error. Four analyses were per-
formed: data availability (coverage per source and informa-
tiveness per criterion); method agreement (Spearman, Ken-
dall's t and weighted Spearman r, between TOPSIS and
WSM); weight sensitivity (Spearman between weighting
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schemes); and register contribution (a two-tier comparison
between a Prozorro-only model and a register-enriched mo-
del on the same 36 legal entities). The authors note the prin-
cipal sources of error: the registers are read as a current
snapshot, not as the state at bid time; the ERB retains only
active proceedings; the sample is one classification division
and one snapshot; and there is no labelled outcome variab-
le, so the study characterises the mechanism rather than its
predictive quality.

Statistical processing. Primary data were processed sta-
tistically as follows. Criterion distributions were summari-
sed by descriptive statistics (counts of informative values,
ranges and medians). Linear dependence used for colline-
arity reduction was quantified with Pearson's correlation.
Agreement between methods, sensitivity to weighting and
the contribution of register integration were quantified with
rank correlations — Spearman's p, Kendall's t and weighted
Spearman r,, — each reported with a two-sided significance
test and, for Spearman's p, a 95 % confidence interval obta-
ined through the Fisher z-transform. The stability of the fi-
nal ranking was assessed by a non-parametric bootstrap
over participants (2000 resamples), reporting the median
and the 95 % percentile interval of the rank correlation bet-
ween resampled and original rankings. Because the primary
data are administrative records rather than measured obser-
vations with experimental replication, statistical inference is
based on rank-correlation significance, confidence intervals
and resampling, rather than on parametric comparison-of-
means procedures (e.g., analysis of variance), which would
not be appropriate for this design.

Implementation and reproducibility. Data collection re-
quires no credentials, since only public read interfaces and
open-data dumps are used. The collector stores both the raw
retrieved records and an aggregated participant matrix, so
that the feature aggregation, the collinearity reduction and
every reported coefficient can be recomputed from the raw
data without re-querying the source. The register parsers are
deterministic given a fixed dump, and the snapshot date is
recorded with the output.

Integration of electronic public procurement system
data with open state registers and assessment of informa-
tion accessibility. In the first stage, the integration of data
from the Prozorro electronic system with open state regis-
ters was implemented. Following this integration, the actual
accessibility of information was assessed for each source
and each evaluation criterion.

The EDR covered 100 % of legal entities (36 of 36) and
0 % of sole proprietors (0 of 14); the coverage gap therefore
equals exactly the share of sole proprietors, a structural
consequence of the open EDR file not exposing an identifi-
er code for them (Fig. 1,a). Among the procurement crite-
ria, informative (non-zero) values were present for wins in
52 % of participants, for disqualifications in 20 % and for
cancelled contracts in 16 % (Fig. 1,b). Two theoretically re-
levant signals were empirically absent: contract terminati-
ons (0 of 50) and active debt in the ERB (0 of 36 verifiable
legal entities; non-verifiable for sole proprietors). Offered
prices were available but are not comparable across tenders
of different subject matter and were therefore not used as a
ranking criterion. These null findings are reported for the
sample and are not generalised.

Consistency Analysis of Multi-Criteria Ranking Met-
hods. To verify the applicability of the integrated data, a
multi-criteria ranking of procurement participants was per-
formed using the TOPSIS and WSM methods.

._
23888

(=}

= Not found. %
®m Found in EDR. %

D W s W
o O

Share of participants, %
=)

ee————
Legal entities (n = 36)
a) EDR coverage by entity type

—
QO

Sole proprietors (n = 14)

Wins
Disquali-
fications
Cancelled
contracts
& Active
© debt(ERB)

= Terminated
contracts

0.0 10.0 20.0
b) Criterion informativeness

Fig. 1. Open-data availability for participant evaluation (n = 50) /
JIOCTYIHICTD BiIKPUTHX JIAHUX UTsI OLIHIOBAHHSI YYaCHHKIB (71
= 50): (a) share of participants found in the EDR by entity type
— 100 % of legal entities versus 0 % of sole proprietors / yacTka
y4acHuUKiB, 3Halaennx y €JIP, 3a turom cyb'exra; (b) share of
participants with a non-zero value per criterion / 4actka y4acHu-
KiB 3 HEHY/IbOBUM 3HAUCHHSIM 32 KOXXHUM KPHUTEPIEM

articipants, %

Share

30.0 40.0 50.0 60.0

Table 2. Informativeness of candidate criteria in the sample (LE —
legal entities). Empty or near-empty criteria were excluded from
the ranking model and reported here / [npopmaruBHicTs KpuTepi-
iB-kauauaatiB y BuOipii (LE — opumuuni ocodn); mopoxHi Ta
MaibKe TIOPOXKHI KpUTEPil BUTYyYEHO 3 MO PAHKYBAHHS

Criterion Non-zero | Non-zero Range
(of 50) | (of 36 LE)
Wins 26 18 0-2
Disqualifications 10 7 0-2
Cancelled contracts 8 6 0-1
Terminated contracts 0 0 0
Active debt (ERB) 0 0 0
Company age, years — 36 (mgc.i(i)affl. ; 5)

TOPSIS and WSM produced almost identical rankings
under all three weighting schemes (Table 3, Fig. 2): Spear-
man 0.99 (0.996 for CRITIC weights; two-sided p < 0.001;
95 % CI [0.992, 0.998]), Kendall's T 0.96-0.97 (p < 0.001)
and weighted Spearman r,, 0.99 (Table 6). The ranking is
therefore not an artefact of a single aggregation method.

Table 3. Agreement between TOPSIS and WSM rankings of the
36 legal entities under three weighting schemes (rank-correlation
coefficients) / Y3romkenicts pamwkysaub TOPSIS i WSM st 36
IOPUANYHEX OCI0 32 TPHOX CXeM 3BaKYBaHH (KOS]II[iEHTH paHTO-
BOI KOPEJISILiT)

Weighting Spearman Kendall t 7
Equal 0.994 0.968 0.991
CRITIC 0.996 0.965 0.996
Gini 0.993 0.965 0.996

Sensitivity Analysis of Ranking Results to Variations
in Criteria Weights. To verify the robustness of the model,
the impact of various schemes for the objective determinati-
on of criteria weights on the ranking results was investigated.

Rankings were stable across weighting schemes. The
objective CRITIC weights were close to balanced (wins
0.288, disqualifications 0.219, cancelled contracts 0.234,
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age 0.259), whereas the Gini scheme shifted weight to-
wards the risk criteria (0.219, 0.320, 0.319, 0.142). Equal
and CRITIC rankings agreed closely (Spearman 0.990, p <
0.001); the largest divergence occurred under Gini (Spear-
man 0.887-0.920, p < 0.001), affecting mainly the middle
of the ranking (Fig. 3).

40
35 .iL.
9,

30 .‘,_Q

25 > 50!.

gzo ;‘-6—'

- 9-

= ] ® T

& 15 o e @ participants H

pt .. - - - - perfect agreement

10 ..i‘! ¥ =x) H
5 |
oLe® Rank (TOPSIS)

0 3 10 15 20 25 30 35 40
Fig. 2. TOPSIS versus WSM ranks for the 36 legal entities (CRITIC

weights). Points lie on the diagonal; Spearman = 0.996 / Pauru
TOPSIS i WSM st 36 ropuauunux oci6 (Baromocti CRITIC);

TOYKH JISTAI0Th Y3[0BXK JiarOHaIT MOBHOI 3rofu (MIyHKTHP),
Cripmen = 0,996

Table 4. Criteria weights under the three weighting schemes (four
criteria, 36 legal entities). CRITIC yields near-balanced weights;
the Gini scheme shifts weight towards the two risk criteria / Baro-
MOCTI1 KPUTEPIiB 32 TPHOX CXEeM 3BKYBaHHs (YOTUPU KpuUTepil, 36
FOPUANYHHX 0Ci0)

a comparison of the ranking results before and after the in-
tegration of registry data was performed.

Using procurement data alone, the 36 legal entities col-
lapsed into only eight distinct score levels, with 21 of them
sharing a single profile; 14 of the full 50 participants were
entirely neutral. Procurement history alone therefore leaves
most participants mutually indistinguishable. Adding a
single register attribute (company age from the EDR) resol-
ved all 36 into unique score levels, while reordering the
ranking substantially but not arbitrarily (Spearman 0.825, p
<0.001, 95 % CI[0.682, 0.908], between the Prozorro-only
and register-enriched tiers; Fig. 4). This is a direct, quantifi-
ed demonstration that register integration supplies discrimi-
natory power absent in the procurement data themselves.
The resolution of register integration (or the resolution of
register interaction) is a characteristic of a government or
corporate electronic interaction system that determines the
level of detail, accuracy and depth with which systems can
match, identify and separate data from various basic and
departmental information registers.

Table 6. Inferential statistics for the principal rank correlations (n
= 36 legal entities). Two-sided p-values; 95 % confidence inter-
vals for Spearman's p via the Fisher z-transform; the bootstrap in-
terval is a 2000-resample percentile interval / Iudepenmiiina cra-
THUCTUKA OCHOBHUX PAHTOBHX KOPEJSLiil (7 = 36 IOpUAMIHUX
0ci6): 1BOCTOPOHHI p-3Ha4eHH; 95 % m0Bipui iHTEpBAIN VIS P
Cripmena 3a z-nieperBopenssiM Dimepa; Oyrcrpern-iHTepBat —
npoueHTIbHUI 3a 2000 pecemrutiB

Co . Disquali- | Cancelled | Company Comparison Coeffici- o
Weighting scheme | Wins fications | contract age (rank correlation) ent P 93 % Cl
Equal (baseline) 0.250 0.250 0.250 0.250 TOPSIS vs WSM (Spearman){ 0.996 |<0.001 {[0.992, 0.998]
CRITIC (objective)| 0.288 0.219 0.234 0.259 Prozorro-only vs +register
Gini (objective) 0.219 0.320 0.319 0.142 (Spearman) 0.825 |<0.001[0.682, 0.908]
. ) . CRITIC vs equal (Spearman) | 0.990 |<0.001 -
Table 5. Sens1t1v1ty of the TOPSIS yankmg to the welghtl.ng sche- CRITIC vs Gini (Spearman) 0887 1<0.001 :
me: rank correlation between rankings obtained under different Bootstrap rank stability (me-
weights (n = 36) / Uyrnusicts pamxysanus TOPSIS no cxemu . P Y 0.985 - [0.909, 0.999]
dian Spearman)

3BaKYBAHHSI: PAHIOBA KOPEIISLISI MiJK PAHXYBaHHSIMU 32 PI3HUX
BaromocTeii (n = 36)

Spearman (TOPSIS ranks)
0.990
0.920
0.887

Pair of weighting schemes
Equal vs CRITIC
Equal vs Gini
CRITIC vs Gini

1,00
098
=096
£0,94
=
; 0,92
E 0,90
= 0,88
E 0,86
$0.84
&%'0.82

= Equal vs CRITIC Equal vs Gini CRITIC vs Gini

Fig. 3. Sensitivity of the TOPSIS ranking to the weighting scheme:
Spearman rank correlation between rankings obtained under eq-
ual, CRITIC and Gini weights (n = 36) / UyTiuBicTh pamKyBaH-
Hs TOPSIS 1o cxemu 3BaXyBaHHS: MONApHA PaHTOBa KOPEs-
wist CripMeHa Mk pamKyBaHHsMHE 3a Baromocteid equal, CRI-
TIC i Gini (n = 36 1opuguIHUX 0Ci0)

Quantitative Assessment of the Impact of Open State
Register Data Integration on Enhancing the Model's
Discriminatory Power. A key objective of the study was to
determine whether the integration of open state registers en-
hances the discriminatory power of the model. To this end,
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Fig. 4. Discriminatory power of register integration. Using Prozorro
data only (left), the 36 legal entities take just eight distinct TOP-
SIS scores, with 21 sharing one level; adding company age from
the EDR (right) resolves all 36 into unique scores. CRITIC we-
ights / Po3pi3HioBasbHa 3MaTHICTE peecTpoBoi inTerpariii (36
topunnunux oci6; TOPSIS, Baromocti CRITIC): nuie 3a nanu-
MU Prozorro (JiBopyd) y4aCHUKH MArOTh BiCIM Pi3HUX PIiBHIB
OLIIHKH, TIpraoMy 21 TIO/iJIsle OJIMH PiBEeHb; 10aBaHHS BIKY
cy0'exra 3 €JIP (paBopy4) pooutsb yci 36 OLiHOK YHIKATBHUMHU

Statistical robustness. A non-parametric bootstrap over
participants (2000 resamples; two resamples with a degene-
rate constant criterion were skipped) gave a median rank
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correlation of 0.985 between the resampled and the original
rankings, with a 95 % percentile interval of [0.909, 0.999].
The ranking is therefore statistically stable to sampling va-
riation. Table 6 collects the inferential statistics for the prin-
cipal rank correlations.

Results of the Multi-Criteria Ranking of Procurement
Participants. Upon confirming the consistency of the met-
hods, the robustness of the results, and the positive impact
of registry data integration, the final ranking of procure-
ment participants was established.

P36 [

P35 ® Wins, no risk event
P34 = Has risk event

P33 = Neutral (no wins,
P32 no risk)

P31
P30
P29
P28
P27

P26 *

P25

0 0,2 0.4 0,6 0,8 1
Fig. 5. Final TOPSIS ranking of the 36 legal entities (CRITIC we-
ights; participants anonymised PO1-P36). Colour encodes the
presence of wins and of risk events (disqualifications or cancel-
lations) / ITincymkoBe parxyBanus TOPSIS st 36 ropuany-
Hux oci6 (Baromocti CRITIC; yaacHukiB anoniMizoBano PO1—
P36); konip mo3Havae HasIBHICTH MEPEMOT 1 PU3UKOBHUX MO

The register-enriched TOPSIS/CRITIC ranking (Fig. 5)
is face-valid: the top positions are occupied by established
legal entities with wins and no risk events, and the bottom
positions by participants with no wins, multiple disqualifi-
cations and a cancelled contract. Because most participants
have a thin procurement track, company age carries much
of the separation in the resolved ranking; the risk criteria af-
fect only the minority of participants with recorded events.

The resulting ranking demonstrates that the integration
of information from open state registers improves the diffe-
rentiation of procurement participants while maintaining
stable ranking behavior across various alternative weighting
schemes and MCDA methods. These findings confirm the
practical value of the proposed integration approach and
justify its applicability as a decision support tool for the ob-
jective evaluation of procurement participants using hetero-
geneous open data sources.

Discussion of research results. In study [15], a bench-
marking framework for multi-criteria methods was propo-
sed, in which TOPSIS, VIKOR, COPRAS and PROMET-
HEE II were compared on simulated decision matrices and
the similarity of the resulting rankings was measured with
Spearman correlation coefficients. The results of the pre-
sent study transfer this verification logic from simulated to
real administrative data and further specify its outcome: on
an actual procurement sample, the TOPSIS and WSM ran-
kings agree almost perfectly (Spearman 0.996; 95 % confi-
dence interval [0.992, 0.998]), so the reported ranking is de-
monstrably not an artefact of the chosen aggregation method.

In work [3], an experimental analysis of the theory of
the TOPSIS method demonstrated that its outcome is sensi-
tive to internal settings such as the normalization technique
and the distance metric. The experiment conducted within
the present paper complements this observation from the
opposite side: with the min-max normalization fixed for the
sparse count criteria, the ranking remained stable across
three weighting schemes (Spearman 0.887-0.990) and ac-
ross a bootstrap over participants (median rank correlation
0.985; 95 % interval [0.909, 0.999]), which localises the re-
maining sensitivity in the choice of weights rather than in
the aggregation itself.

In study [13], the CRITIC method was applied to derive
objective weights for ranking supply chain companies, and
the stability of the resulting priorities was examined thro-
ugh a sensitivity analysis. The results of the present study
are consistent with that design and extend it with an infe-
rential layer: the objective CRITIC weights proved close to
balanced on the procurement data, and the divergence bet-
ween the objective schemes concentrated in the middle of
the ranking while the top and bottom positions remained
stable.

In work [4], machine learning tools applied to Italian
calls for tenders identified quantitative red flags of corrupti-
on risk, including characteristics of the participating firms,
and it was shown that broadening the set of indicators
improves the predictive model. The availability analysis of
the present study adds an empirical caution to this line of
work for the open-data setting: on the studied market seg-
ment, several theoretically central firm-level indicators —
active debt and contract terminations — turned out to be em-
pirically empty, so the practically usable set of red-flag
attributes must be established per data source and market
rather than taken from a general catalogue.

In the systematic review [18], the application of multi-
criteria decision analysis to public procurement was sum-
marised, and it was concluded that the published models
concentrate on the award phase, rarely report sensitivity
analysis and rely on accessible software only in a minority
of cases. The present study addresses all three of these gaps
simultaneously: it shifts the evaluation from the award of a
single tender to the participant level, reports method-agre-
ement, weight-sensitivity and bootstrap analyses with confi-
dence intervals, and releases the computation built on an
open library.

Thus, the discussion of the research results confirms the
relevance of conducting this study: the analysed contempo-
rary works verify ranking robustness on simulated data
[15], examine the internal settings of the aggregation met-
hod [3], apply objective weighting with sensitivity checks
in other domains [13], extract risk indicators from procure-
ment records [4] or summarise the field's methodological
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gaps [16], whereas the present study quantifies, within a
unified reproducible experiment on real Ukrainian open da-
ta, both the actual availability of the required attributes and
the marginal discriminatory contribution of state register in-
tegration. The interpretation of the results is bounded by the
design of the experiment: the registers were read as a cur-
rent snapshot while the tenders belong to 2024; the ERB re-
tains only active proceedings, so cleared historical debt is
invisible and the debt signal is biased conservatively to-
wards absence; the sample covers one classification divisi-
on; and no outcome variable is used, so the study characte-
rises the evaluation mechanism rather than its predictive
quality.

So, based on the results of the work performed, it is pos-
sible to formulate the following scientific novelty and prac-
tical significance of the research results.

Scientific novelty of the obtained research results — the
methodology for determining the contribution of the integ-
ration of data from open state registers and the Prozorro
system to multi-criteria evaluation of public procurement
participants has been further developed; unlike existing
methodologies, it is distinguished by empirically measuring
the contribution of a specific data source (state registers) to
the discriminatory power of the evaluation on real open da-
ta of Ukraine through comparing rankings without and with
register integration, and the results of its application will
become a justified basis for developing recommender com-
ponents of e-government systems.

Practical significance of the research results — can be
applied when designing recommender components of e-go-
vernment systems and open-data-based supplier evaluation
models in public procurement, enabling practitioners to bu-
ild the evaluation on sources and criteria whose actual ava-
ilability has been empirically verified and to reproduce the
entire computation from the released pipeline, code and data.

Conclusions / BUCHOBKU

Defined the contribution of open state register integrati-
on to the discriminatory power of multi-criteria assessment
of public procurement participants on real open data, the re-
sults of which will provide a justified basis for designing
recommender components of e-government systems. Based
on the results of the research the following main conclusi-
ons can be drawn.

1. Developed a reproducible record-linkage pipeline that in-
tegrates Prozorro tender records with the open files of the
EDR and ERB registers by the national identifier
(EDRPOU), which enables end-to-end assembly of the de-
cision matrix from open sources and full recomputation of
every reported coefficient from the released code and data.

2. Established the actual availability of open data for partici-
pant evaluation: the open EDR file covers 100 % of legal
entities (36 of 36) and none of the sole proprietors (0 of
14), while active debt in the ERB and terminated contracts
are empirically absent on the studied market and offered
prices are not comparable across tenders, so theoretically
motivated criteria must be verified empirically per market
segment.

3. Determined that the ranking is robust to methodological
choices: the TOPSIS and WSM rankings almost coincide
(Spearman 0.996; 95 % confidence interval [0.992, 0.998];
Kendall 0.965), and the rankings obtained under the equal,
CRITIC and Gini weighting schemes agree with Spearman
0.887-0.990.

4. Quantified the marginal contribution of register integration:
procurement records alone collapse the 36 legal entities in-

to eight distinct score levels with 21 participants sharing a
single level, whereas adding one register attribute — com-
pany age from the EDR — resolves all 36 into unique scores
while reordering the ranking moderately (Spearman 0.825;
95 % confidence interval [0.682, 0.908]).

5. Established by a non-parametric bootstrap over participants
(2,000 resamples) that the final ranking is statistically stab-
le to sampling variation, with a median rank correlation of
0.985 and a 95 % percentile interval of [0.909, 0.999].

6. Future research may focus on prospective validation of the
evaluation mechanism by fixing a register snapshot and ob-
serving subsequently maturing contract outcomes, on ex-
tending the analysis to other classification divisions, on in-
corporating expert-elicited weights alongside objective
ones, and on adding further state registers where bulk ac-
cess permits, treating their coverage as part of the analysis.

Statement on the Use of Al-Assisted Technologies.
During the preparation of this work, the authors used
ChatGPT and Grammarly solely for grammar and spell
checking, as well as for the paraphrasing and stylistic refi-
nement of complex sentences. Following the use of these
tools, the authors critically reviewed, revised, and edited the
content, and accept full responsibility for the final context
and conclusions of the publication.
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MCDA methods benchmarkable? A comparative study of TOP-

SIS, VIKOR, COPRAS, and PROMETHEE II methods.

H. 0. bakyxa, I0. /1. XneeHa

Kuiscokxuil nayionanvnuii ynieepcumem imeni Tapaca Lllesuenxa, m. Kuis, Ykpaina

BU3HAYEHHA BHECKY IHTETPAILIl IAHUX 3 BIIKPUTHX JIEP’KABHUX PEECTPIB
TA CACTEMH PROZORRO Y BATATOKPUTEPIAJIbBHE OLIIHIOBAHHA YYACHHUKIB
NNYBJITYHUX 3AKYIIIBEJIb

EnexrponHi cuctemu myOIivuHUX 3aKyIiBeIb OMPUITIOAHIOIOTH BEMHKI OOCATH BiIKPUTUX TaHHUX, @ PEKOMEHIAIIWHI KOMIIOHEHTH
CHCTEM CIICKTPOHHOTO YPSIIyBaHHs [eIalli 4acTillle CIIUPAIOThCs Ha OaraTOKpUTEpiaibHE OIL[HIOBAHHS YYaCHHKIB 3aKYIiBEIb, TOX
(axTHUUHA JOCTYIHICTH NOTPIOHUX aTPUOYTIB y BIAKPUTHUX JHKEpeax moTpedye mpsiMoi eMitipudHol nepeBipku. Po3pobiieHo BiaTBo-
proBaHuil O0YHCITIOBAIbHUN KOHBEED, SIKMH 3BOJMTH 3allUCH CHCTeMH Prozorro i3 JABOMa BIAKPUTHMH JCPKaBHUMH PEECTPAMH —
€auHIM IepKaBHUM peecTpoM ropuandaux oci6 (€JIP) ta €xunum peectpom Oopxuukis (€EPB) — 3a xomom €JIPTIOY, dopmye
MAaTpHUIO pitens i 3acrocoBye Metoan TOPSIS Ta 3Baxkenoi cymu (WSM) 3i cxemamu Baromocteit equal, CRITIC i Gini; craruc-
TUYHE ONPALIOBAHHS OTPHUMAHHX JIAHUX IPYHTYETHCS HA PAHTOBHX KOPEJALIAX 3 JOBIpYMMHM iHTEpBajIaMu Ta OyTCTperi 3a yyacHHKa-
mu. Excriepument oxomuB 45 Biakputux tenaepiB 2024 poky omgHOro po3ainy kiacudikaropa (KoMm'roTepHa Ta odicHa TexHika) 3
50 yHiKaIbHUMHU yYaCHUKAMHU, 3 SIKHX 36 — ropuan4Hi ocodu i 14 — ¢izuuni ocobu-mianpuemiti. BeranosieHo, mo Biakputuii haiin
€ /1P nokpusae 100 % ropuguunux oci6 (36 i3 36) i, 3a cTpyKTyporo, xoaHoI dizuunoi ocodu-mianpuemus (0 i3 14), a HU3Ka Teope-
THUYHO 3HAYYIIUX aTPUOYTIB HA [BOMY PHHKY eMIIPUYHO BiACYTHs: akTuBHUE Oopr y €PB i posipBani goroBopu He 3adiKcoBaHO B
JKOTHOTO yJaCHHKA, LIHOBI K MPOMO3HKILIii He3icTaBHI MiX TeHaepamu. Busnaueno, 1o pamkysanss 3a merogamu TOPSIS i WSM
npaxkTU4HO 30iratoThes (kopensuist Cnipmena 0,996; 95 % nosipuuii inTepsain [0,992; 0,998]; kopessuis Kennamia 0,965) 1 3anura-
FOThCSI CTIMKUMU 10 3Mminu cxemu Baromocteit (Cripmen 0,887-0,990). KinbkicHO OLiHEHO, 10 CaMi TiIBKH 3aKyIiBeIbHI JaHi 3BO-
IITh 36 IOpUIMYHUX 0Ci0 10 BOCBMH Pi3HUX PiBHIB OLIHIOBAHHS, MPUYOMY 21 yH4aCHHUK MOIIIIsiE OMH PiBEHb, TOMI SIK A0aBAHHS OJl-
Hi€l peecTpoBoi 03HaKK — BiKy cy0'ekra 3 €JIP — pobuth yci 36 OiHOK yHIKaJIBHUMU 32 OMIPHOTO [IEPEyMOPSIIKYBAHHS PAHIKYBaH-
ust (Cripmen 0,825; 95 % nosipunii intepsain [0,682; 0,908]). BeranosieHo Takox Oyrcrpernom 3a ydacHukamu (2000 peceMrutis)
CTQTHCTHYHY CTa0IIbHICTh MiZICYMKOBOIO PaHXKyBaHHS: MeliaHHa paHrosa kopensuis 0,985, 95 % inrepsan [0,909; 0,999]. Orpuma-
Hi pe3yabTaTH JAEMOHCTPYIOTh, IO IHTErpallis PEECTPiB iCTOTHO MiABHUIIYE PO3PI3HIOBATBHY 3[aTHICTh PE3yNIbTAaTiB OLIHIOBAHHS
YUYaCHUKIB Ha BIZIKPUTHX JAHUX, a ONMPHUITIOTHEHHUI KOHBE€Ep 3a0e3euye TOBHE BiATBOPSHHSI PE3yIbTaTiB.

Kutio4oBi cjioBa: 3B's13yBaHHsI 3aMUCIB YIaCHHUKIB MyOJIIYHUX 3aKyIiBelb; METO/l BU3HAUEHHS MOPSIKY [IePeBary 3a moiOHiCTIo
JI0 17IeaTbHOTO PIllIeHHs; METOJ] BU3HAUCHHS BAYKIIMBOCTI KPUTEPIIB Yepe3 MiKKPUTepialbHy KOPEISIiio; MATPUMKA MPUAHITTS pi-
IICHb; PEKOMEH/IAIlifiHa CUCTEMa eJIEKTPOHHOTO YPsyBaHHS.
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