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Introduction

Expert ranking (ranging) of objects is widely used in human practical activities. They rank
athletes (tennis players, chess players), experts, enterprises, administrative areas, variants of
external look of an object while designing, etc. Science and technologies are getting more and more
progressive and Aurtificial intelligence has intruded almost everywhere, still expert methods are
unlikely to be used less intensively. As choosing a goal and criteria to assess a degree of probability
to reach it (or a degree of approximating to it) is going to stay human-centered for a long time.

The paper explores details, originality and advantages of the Iterative Object Ranking
Verification method, analyzes the Python programming implementation, describes possible fields to
apply the method.

1. Description, details, originality and advantages of the method

The Iterative Object Ranking Verification method (IORV/Puro), which was proposed and
described in [1], is supposed to be used for expertizing. At the first stage the organizers of an
expertise form an expert group. For that purpose, from a previously set database (DB), which
contains data on attributes (competences) of experts, who participated in expertise-survey
procedures in some specific fields, the organizers choose (by using random number tables or a
random number generator) a group of experts to participate in the procedure of ranking particular
objects, chosen by the organizers of an expertise. All the experts of a newly set group get
identification marks, again by using random number tables or a random number generator.

1.1. Description of the IORV/Puro method. If experts are proposed to rank m new attributes of
an object according to the degree of importance and usefulness for a consumer, then there are
several survey iterations. After processing the results of a survey iteration, in the questionnaires all
m attributes are identified by the average, minimal and maximum ranking and some are marked by
the experts’ notes to support the replies that vary significantly. Every ranking is presented as a
canonical sequence matrix, and then the Kemeny distances between all the rankings are computed.
The Kemeny distance di; numerically characterizes the degree of discoordination between the
rankings of two experts (dmax=m(m-1)). In the D={d;;}, (i,jen) matrix there will be presented all the
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(n-1)n/2 distances between the rankings. D is a symmetric positive matrix with zero diagonal
elements. The sum of elements of the i line in the D matrix correlates to the ratio of i-expert’s
discoordination to the others. Comparing the sums of all the elements of the D matrix, which appear
after each iteration of the survey, it is possible to assess the speed of convergence of the experts’
opinions, to find out the most (the least) coordinated ones according to all the rankings and to define
coordinated groups of experts (by choosing various threshold of convergence djj<eq). If the experts’
opinions on the ranking of attributes fully coincide, that is doij:O, if they are opposite, it is doij:l.

1.2. Classifying (grouping) participants of an expertise. Suppose, the procedure of the
iterative verification of multiple attributes has been successfully finished. We have got the matrix of
the Kemeny distances for all the experts’ rankings. Now it is necessary to define correctly
coordinated groups of the experts’ replies, 1.e. t0 implement the procedure of seeking out a
coordinated group of the experts’ replies (classes of experts) and choosing coordinated verification
of replies for the defined group.

Suppose, as a result of an iterative sequencing of multiple attributes, done by a group of n
experts, we have got the Kemeny distances between the rankings — {d;;}.

Step 1. Transform the elements of the distance matrix into the relative ratio following the
doij:dij/dmax formula The maximum distance between the rankings is dmax=m(m-1). Then we get the
table of the Kemeny distances presented in the relative ratios {d%}.

Step 2. Choose, taking into account the real degree of the coordination of experts’ replies, the
threshold of the distance d,,.

Step 3. Transform the matrix of the relative ratios of the Kemeny distances {doij} due to the
pre-set threshold d,,,. In the process of transforming each doij ratio is compared to d,,p, and if
0<d’;<d,.,, , then we get 1, otherwise — 0.

Step 4. Seek out the ranking, which is maximally coordinated to the defined group of
interrelated replies. And, the coordinated ranking should be the point, maximally coordinated to the
set of possible sequencing. But if there are quite many experts, the calculation can be significantly
simplified, taking into account only the replies of the expertise participants. As in case the sample
size is wide enough, the probability to get the coordinated sequencing we are seeking out is close to
1.0. For that purpose we compute Xd;; and Zdzij. The expert ranking, whose Edzij is minimal, is
considered to be maximally coordinated to the defined group of replies.

1.3. Analysis of details and perspective usefulness of the method. Distinctions of the method:

1) The Delphy technique is used to rank the attributes of an object (not to forecast the future).

2) To analyze quantitatively the degree of convergence of experts’ opinions after each
iteration of the survey, to find out coordinated groups of experts and to assess the viability of
completing the expertise, the Kemeny distance is used (measurement of proximity for linear
relations), and for the final ranking, Kemeny’s median is used.

3) To group the members of an expertise, who may have similar views on ranking the
attributes under consideration, we set the Kemeny distance threshold between the experts’ replies,
based on the probability of the coincidence of their opinions, e.g., close to 0.8; 0.9; 0.95; 0.99.

4) For seeking out the ranking of attributes, that is coordinated with the group members,
within each group, Kemeny s median is computed.

The advantages of the method: 1) The correctness of the method (the correctness theorem was
proved in 1978 — «Kemeny’s median is the only resulting strict ranking, which is neutral,
coordinated and Condorcet relevanty; clarification of G. Khubaev, based on Jean A. N. Condorcet’s
ideas: «Condorcet» means sensible, due to «the common sensey).

2) Increasing accuracy of the results of an expertise due to the feedback, done after
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implementing every other survey iteration.

3) When implementing the iterative verification for ranking attributes we keep some well-
known advantages of both the Delphy technique (anonymity and possibility to get aware of the
explanations, given to defend the replies that differ significantly), and the algorithm of seeking out a
coordinated object ranking — a verified calculation of Kemeny’s median and the Kemeny distance.

4) Conjoint usage of both the Delphy technique and Kemenys approach to sequencing the
functions allowed:

*to get a content-acceptable quantity criterium for a justified completion of the expertise, a
relative change value (e.g., 5%) for the total Kemeny distance is set;

*to form groups of experts, taking into account the chosen (depending on the degree of
coordination of opinions) threshold of the Kemeny distance, and to research the reasons for
interconnection of experts’ assessment;

*to seek out ranking of attributes, coordinated by the members of each expert group, on
calculating Kemeny’s median in a precise or approximate way.

For instance, suppose, Figure 1 shows the results of intuitive consensus, when different
groups of experts are choosing a variant of widening the set, e.g., 1) functions of peculiar goods, or
2) competences, every specialist in a specific area is to have, and so on, then every graph can be
defined as one of the experts’ groups with a coordinated opinion on widening the pool of attributes
of the object under consideration. Furthermore, the ranking of attributes, due to the level of their
usefulness, significance, importance, is done by different experts’ groups — A, B, C graphs. Here,
every graph is a group (cluster, class) of experts with a minimal Kemeny's distance between the
sequencing of the object s attributes, done by the experts of the group).

5) lterative Object Ranking Verification method, with its simplicity and correctness, has no
restrictions on the quantity of expertise participants.
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Figure 1: Groups of experts with a similar opinion on the usefulness of peculiar attributes within a
specific set of objects — A, B, C graphs

2. Example of programming implementation. After another iteration the change of the total

discoordination (the total Kemeny distance of all the rankings) did not exceed the threshold
(normally, 3+10%). The final results of experts’ replies are presented in Table 1.

(O
@ BY Tun nuyenzuu CC: Attribution 4.0 International (CC BY 4.0) 346


http://www.bulletennauki.com/

Bronnemens nayku u npaxmuxu | Bulletin of Science and Practice T. 7. Ne5. 2021

https://www.bulletennauki.com https://doi.org/10.33619/2414-2948/66
Table 1.
RESULTS OF THE EXPERTISE AT THE FINAL STAGE
El E2 E3 E4 E5 E6 E7
a b b q h h c b
b c q b d d b a
c a h h q q a c
d d a a b a d d
q h d c a b h h
h q c d c c q q

Kemeny's distances between all rankings of experts are formed in the form of Table 2.

Table 2.
RESULTING CALCULATION WITH ASSESSING THE KEMENY DISTANCE
OF ALL EXPERTS’ RANKINGS
Dij El E2 E3 E4 E5 E6 E7  Sum of distfhces Sum of squares
per line of distfnces per line
El 0 18 18 22 24 2 2 86 1716
E2 18 0 4 12 14 20 16 84 1336
E3 18 4 0 12 14 20 16 84 1336
E4 22 12 12 0 2 24 20 92 1752
E5 24 14 14 2 0 26 22 102 2132
E6 2 20 20 24 26 0 4 96 2072
E7 2 16 16 20 22 4 0 80 1416
2 Algorithm Pura - O b

Anroputm lMypo

Data file IC-/Algorithm Puro/data xIsx Browse
Resultfile C:/Algarithm Pura/result xlsx Browse

Paccuntatb

Figure 2. Application window

E1 EZ | E3 | E4 | E5.| E6 | E? | Dij | B3ammncﬁﬂ3n C.EIFIBEHHI:IE #‘EHTHHFH

Figure 3: Available tables to observe the results

When the relative ratio of the Kemeny distance threshold is d,’=0,15 (ties probability is
>0,85), ranking ties look as follows: E1 <» E6 « E7; E2 < E3; E4 < Eb5.
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Figure 4. Graphs of E1-E7 experts’ ranking ties

3. Fields to apply the software. The method of iterative verification for ranking any objects of
the same kind can be used:

*for academic purposes, e.g., while teaching-learning such disciplines as Theory of Systems
and System Analysis;

*for intuitive consensus when choosing a shared solution to complex problems [2, 3];

*for counting the total cost of ownership (TCO) of an object or product (see [4]; here, the
Puro method is vital for ranking the main expenses — labour, material, finance, time).

Additionally, for comparing: *variants of external look of objects (goods that are being
designed and/or sold: software, web sites, cars and others) [5, 6];

*variants of ranking functions of objects by different groups of consumers (objects, that are
being designed, and/or consumer goods and services: software, cars, web sites, medical, education,
law and other services and goods) — for example, when the marketing department is choosing a
market’s segment for retail software, which is being designed:;

*variants of object ranking while expertizing;

*variants of object ranking — complex devices (cars, software, computers, aircraft and
others) due to the attributes of their convenience for utilizing and servicing;

* variants of object ranking — decision-making personalities (DMP), participants of various
competitions and so on, due to the range of their competences and other attributes, etc.

Conclusion

1. We have described the originality and advantages of the Iterative Object Ranking
Verification method and analyzed an example of the Python programming implementation.

2. We have shown the fields to apply the method, including the usage for academic purposes,
for counting the total cost of ownership, for comparing *variants of external look of an object
(consumer goods that are being designed or sold: software, cars, web sites and so on), *variants of
solution to complex problems; *while ranking decision-making personalities (DMP), participants
of various competitions, etc., due to the range of their competences and other attributes, and so on.
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METOA IIOIIAT'OBOI'O YTOYHEHMUSA PAHX KUPOBAHUA OB BEKTOB:
ITPOI'PAMMHAS PEAJIM3ALIAA, OBJIACTD IPUMEHEHUWSA

©Xyobaes I'. H., 0-p sxon. Hayk, Pocmogckutl 2ocy0apcmeenHblil 9KOHOMUYECKU YHUBepCumen
(PUHX), 2. Pocmos-na-/Jony, Poccus, gkhubaevi@mail.ru
©Illepbakosa K. H., Hayuno-uccneoosamenvckuii uncmumym « Cneygy3zagmomamuxay,
2. Pocmos-na-/{ony, Poccus, kapitolinashcherbakova@gmail.com
©Ilempenko E. A., Pocmogckuii 2ocyoapcmeentulil skoHomudeckutl ynugepcumem (PUHX),
2. Pocmoe-na-/Jony, Poccus, egor petrenko 2002@mail.ru

Annomayus. OnucaHbl HOBU3HA U IPEUMMYILIECTBA METO/A IOLIArOBOIO YTOYHEHUS
pamXUpoBaHMsI OOBEKTOB, PACCMOTPEH MpHUMEp MPOrpaMMHON pealu3allud MeToJa Ha
AJITOPUTMUYECKOM si3bIKe PYthon, yka3zaHbl BO3MOXKHBIC 001aCTH IPUMEHEHHSI METO/IA.

Kniouesvie cnosa: parxupoBaHus 00bEKTOB, aITOPUTMHUYCCKHIA s3bIK Python, mporpammuast
peanuzaiusi, 06JacTb MPUMEHEHHUS.

Beeoenue

DKcIepTHOE yIopsioueHue (paHkupoBaHHE) OOBEKTOB IIMPOKO MCIIONB3YEeTCsl B IPAKTHKE
YeJI0BEYECKOM J1eATeNbHOCTH. PaHKUPYIOT CIOPTCMEHOB (TEHHUCUCTOB, IIAXMaTHCTOB), SKCIIEPTOB,
HPENIPUATHS, aIMUHUCTPATUBHO-TEPPUTOPUANIbHBIE OOpa30BaHMs, BAapUAHTHl BHELIHETO BHJA
o0beKTa B Tporecce MpoeKTHpoBaHus U T. 1. C pa3BUTHEM HAy4YHO-TEXHHYECKOTO IMporpecca, ¢
MMOBCEMECTHBIM BHEAPEHHUEM HCKYCCTBEHHOTO MHTENIEKTa WHTEHCHUBHOCTb HCIIOJIb30BaHUS
HKCHEPTHBIX METOJOB BpSA JIM YMEHbIIMTCS. Benp BBIOOp L€ W KPUTEPHUEB MAJS OLEHKHU
BEPOSITHOCTH €€ JOCTIKEHUs (WM CTENeHU NPUOIMKEHHS K IEJIH) €IIe J0JIroe Bpems OyaeT
OCTaBaThCsl B BEJCHUU YEJIOBEKA.

B crarbe onucansl 0COOEHHOCTH, HOBU3HA U MPEUMYIIECTBA METO/Ia MOIIArOBOT0 yTOYHEHUS
pamXUpOBaHMs OOBEKTOB, MPEACTABICH MIPUMEP IPOrpPaMMHON peanu3aluy Ha alrOPUTMHUYECKOM
si3bIke Python, yka3zaHbl BO3MOKHBIE 001aCTH TPUMEHEHHS METO/IA.

1. Onucanue, ocobennocmu, Hogu3Ha U NpeUMYUECMBA MEMO0a

Merton nomaroBoro yTrouHeHMsl paHxupoBaHus o0wvekToB (ITYPO), mnpemtoxkeHHbI u
omucaHHBIN B [1], mpeqHa3HadeH ISl UCIIOIB30BaHMS B Mpolecce dkcnepTusbl. Ha mepBom srare
OpPraHM3aTopbl 3KCIEPTU3bl (POPMUPYIOT COCTaB HJKCHEPTHOW rpynmbl. Jlas 3Toro M3 panee
coznaHHoil Oa3bl nanHbIX (BJl), conmepikamieil cBeneHMs O XapaKTepUCTUKaX (KOMIETEHIIHSIX)
HKCIEPTOB-YYaCTHUKOB  3KCIIEPTU3-OMPOCOB B KOHKPETHBIX  HPEAMETHBIX  00JacTsX,
OCYIIECTBIIIETCS (C HCIOJb30BaHUEM TAONMUIBl WM JaTyMKa CIy4alHBIX YHUCET) OTOOp IpYIIIbI
SKCHEPTOB JJI Y4acTus B peau3alud MPOLEAYpbl PaHXUPOBAHMSI KOHKPETHBIX OOBEKTOB,
BBIODAaHHBIX OpraHU3aTopaMH SKcIepTu3bl. Bcem skcrmepraM BHOBb  CO31aHHOW — I'pYIIIBI
MPUCBAUBAIOT MJCHTU(UKATOPHI TAKXKE C HCIOJIBb30BAaHMEM TaOIUIbl WIM JaT4MKa CIy4alHBIX
YHUCEl.

1.1. Onucanue memooa [1YPO. Ecnu skcniepraM NMpeajaraiT BbHIIOIHUTH YHOPAI0YEHHE M
HOBBIX XapaKTEPUCTUK AHAIM3UPYEMBIX OOBEKTOB IO CTENEHHM UX 3HAYMMOCTH M IMOJIE3HOCTHU IS
noTpeOuTensi, TO MPOBOAUTCA HECKOJIBKO TypoB orpocoB. [locie 00paboTKM pe3ynbTaTroB
OYepeHOTO Typa B OMPOCHBIX aHKETaX MPOCTABISETCS CPeIHUN, MUHUMAIbHBIA 1 MaKCUMaIbHBIN
paHry Mo BceM M XapaKTEepUCTUKaM, a TAK)Ke MOSCHEHUS SKCIIEPTOB, CAEIAaHHBIE B 3aIUTY CUIIBLHO
OTIIMYAIOUINXCS OTBETOB. Kaxk0e paHkKMpoBaHNE MPEACTABIAETCSA B BUAE MaTpULbl YIOPSI0YEHHS
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B KaHOHHYECKOH (opme, a 3aTeM pacCUUTHIBAIOTCS Mepbl Oimu3ocTu (paccrosHus) Kemenu mexny
BCeMH pamkupoBaHusmu. Paccrosane Kemenn dij 49HMCICHHO XapakTepusyeT CTEleHb
paccoriacoBaHUs MEKIY PaHKHPOBaHHAMHM ABYX skcreproB (dmax=m(m-1)). B marpuue D={dij},
(i,jen) Oymyr mnpencraBiensl Bce (N-1)N/2  pacCTOSHMIT MEXAy pamKHpoBaHusMH. D -
CHMMETpHYHAsl MOJOXKUTEIbHAS MaTpulla C HYJIEBBIMH JUArOHAIbHBIMH dlieMeHTamu. Cymma
AJIEMEHTOB I-ii CTPOKM Marpuibl D COOTBETCTBYyeT BEIMYMHE pPAcCOIIacOBAaHUS I-TO JKCIEpTa C
ocraibHbIMH. COIMOCTABIIsAS CyMMBI BCEX IEeMEHTOB MaTpull D, momydaembIx mocie KaxIoro Typa
OIPOCOB, MOYXHO OIIGHUTh CKOPOCTHb CXOAMMOCTH MHEHHWH SKCIEpPTOB, OIpPEICIUTh HanOoee
(HauMeHee) COIIaCOBaHHBIE CO BCEMH PaH)XMPOBAaHUE W BBIJICIUTH COIIACOBAHHBIC TPYIIIIBI
AKCIEPTOB (BBIOMpAsi pa3jiMyHble MOPOroBbie 3HaueHHUs Mepbl Onmmuzoctu dij<ed). Eciu mHeHus
IKCIIEPTOB OTHOCHTEJIFHO pAHIOB XapaKTePHCTHK MOMHOCThIO coBmazaiot, dOij=0, ecnu
npotuBonoaokuel — dOij=1.

1.2. Ilpoyedypa «kraccugpuxayuu (epynnuposku) YY4aCMHUKOE IKCNEPMHO20 ONpocq.
[Ipeanonaoxum Ternepb, 4TO MPOLENypa IMOIIATOBOTO YIOPSIOUCHHS MHOXECTBA XapaKTEPUCTHK
ycremHo 3aBepineHa. [lomydena marpuia paccrosHuii KeMeHH Mexay BCeMH PaH)XUPOBAHUSMH
aKcnepToB. Teneps HEOOXOMUMO KOPPEKTHO BBIICIUTH COTNIACOBAHHBIE TPYIIITBI OTBETOB IKCIIEPTOB,
T. €. peajqu30BaTh IPOIEAYPY IIOMCKAa COIIACOBAHHBIX TPYIII OTBETOB SKCHEPTOB (KJIacCOB
IKCIIEPTOB) U BHIOOPA IS ATOM BBIJCICHHOW TPYIIIBI COMTACOBAHHOTO YHOPSIIOYCHUSI OTBETOB.

[Tyctp B pe3yabrare IMOILIATOBOIO YIOPSJAOYCHUS MHOXKECTBA XapaKTEPUCTHK TPYIION U3 N
IKCIIEPTOB MONy4YeHbI paccTosuus Kemenu mexny pamkupoanusmu {dij}.

[lar 1. [TepeBecTr 31EMEHTHI MATPHUIIBI PACCTOSHUI B OTHOCUTEIILHBIE STUHUIIBI 110 (hOpMyJie
dOij=dij/dmax. MaxkcumaipHOE pacCTOSHUEC MEXKIY PAHKUPOBAHUSAMH XapaKTCPUCTHK PaBHO
dmax=m(m-1). [Tonyurm Tabnuny paccrosiauii Kemenu B oTHOCHTeNbHBIX enuHunax {dOij}.

[Ilar 2. BeiOparh, WCXOIs W3 peallbHOW CTENEHU COIIACOBAHHOCTH OTBETOB O3KCIIEPTOB,
MOPOroBOE 3HaUeHKE paccTosHus drop.

[lar 3. IIpeoOpazoBaTh Marpuily OTHOCHUTEIbHBIX 3HadeHWil paccrosHusi Kemenu {dOij} B
COOTBETCTBHH C BBIOpaHHBIM MMOPOTrOBBIM 3HaueHueMm drmop. B mporecce takoro npeodpa3oBaHus
kaxoe 3nadenue d0ij comocrasmsercs ¢ dmop u ecnu 0<dOij<dmop , To ctaBurcs 1, B IPOTHBHOM
ciyyae — 0.

[lar 4. BeINoNHSAETCS MOUCK PAHXUPOBAHUS, MAKCHMAIILHO COTIACOBAHHOTO C BBIICICHHON
IPYIINOI B3aMMOCBS3aHHBIX OTBETOB. [IpHueM, COITACOBAaHHOE PAH)KHPOBAHHE JOJDKHO OBITh
TOYKOW, HamOoJiee COIIacyIoUeHcss CO MHOXXECTBOM BO3MOXKHBIX YHOpsaodeHHH. OmHaKo mpH
JAOCTaTOYHO OOJIBIIOM YHCIIE SKCHEPTOB pacyeThl MOXKHO CYIIECTBEHHO YIPOCTHTB, €CIH
OPHEHTHPOBATHCSI TOJBKO HA OTBETHl YYACTHUKOB JKCIEpTH3bl. Belb eciii BBIOOpKa JOCTATOYHO
BEJIMKA, TO BEPOSTHOCTh MOJYYHTh UCKOMOE COIIACOBAaHHOE YIOpsaoueHHe Onu3ka Kk equnuie. C
9TOW IIENBI0 pacCUUTHIBAIOTCs BeanduHbl Xdij u Xd2ij. PamkupoBaHHe 3Kcmepra, y KOTOPOTO
BenuurHa Xd2ij. MUHHMAlIbHA, CYMTACTCS MAKCUMAIBbHO COINIACOBAaHHBIM C BBIIEICHHON TPYIHOil
OTBETOB.

1.3. Ananusz ocobennocmetl u nepcnekmugHol noiesnocmu memooa. OTINIrs METOA:

1) Jens¢wuiickas mpouemypa UCIONb3yeTcs NpU PaHKUPOBAHUH IKCIIEPTaMU XapaKTEPHCTUK
00BEKTOB (a He JJIs1 MPOTHO3UPOBAHUS OY/IYIIIETO)

2) JIns KOMMYECTBEHHOTO aHaju3a CTETEHH CXOAMMOCTH MHEHHUH HKCIIEPTOB TOCIE KaKIOTO
Typa OIPOCOB, BBISIBICHHS COIIACOBAHHBIX TPYII SKCIEPTOB W OICHKH IIeJIeCO00pa3HOCTH
3aBepIICHHs JKCIEPTU3bl UCIIONB3YeTCs paccTosHue KemeHu (Mepa ONM30CTH Ha OTHOLICHUSIX
JMHEHHOTO TIOPSA/IKA), a B KAYECTBE PE3YJIBTHPYIOIIEr0 paHKUPOBaHUs — Mennana KemeHu.

3) Jlns TpYNNUPOBKH YYaCTHHKOB O3KCIEPTHOTO ONPOCa, y KOTOPBIX MOTYT OKa3aThCs
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CXOKMMH B3IJISIIBI OTHOCHTENIBHO BapUAHTOB PAHXKUPOBAHUSI PACCMATPUBAEMBIX XapaKTEPUCTHK,
YCTaHABIIMBAIOTCS TIOPOTOBbIE 3HAUEHUS paccTossHUsI KeMeHu Mexly OTBETaMH SKCIEPTOB, UCXOMS
13 BEPOSTHOCTH COBIAJCHUS X MHEHUH, Hanmpumep, 6muskoi k 0.8; 0.9; 0.95; 0.99.

4) Jlna noucka B KaKJ0W U3 00pa30BaBIIMXCS TPYII SKCIIEPTOB COIVIACOBAHHOTO C YJCHAMH
IPYIIIbI paHXUPOBaHUS (YIOPAIOUEHMSI) XapaKTEPUCTUK pacCUuuThIBaeTcs Mearana Kemenu.

IIpeumywecmsea memooa:

1) KoppekTHOCTh MeTO/1a (TeOpeMa 0 KOPPEKTHOCTH Aoka3aHa B 1978 r. — «venuana Kemenu
— eIMHCTBEHHOE pe3yJAbTHPYIOIEEe CTPOroe paH)KMpPOBAHHE, SBISIONICECS HEUTpaJIbHbIM,
COIIAaCOBaHHBIM M KOHJOpCETOBbIMY; mosicHeHue [. H. XyGaeBa ¢ opueHTalmeil Ha KOHUEHIHIO
Kana A.H. Konnopce: «KOHIOPCETOBBIM» — Pa3yMHBIM, COOTBETCTBYIOLIUM «3IPABOMY CMBICIIY»).

2) IloBbllIeHHE TOYHOCTH PE3YIBTATOB SKCIEPTU3BI 332 CYET HAJIWYMA OOPAaTHOM CBSA3HM NpU
peanuzaiiy KakJoro Nocieaykolero Typa.

3) Ilpm wucnonp30BaHMM IOLIATOBOTO  YTOYHEHHUS  PAaHKUPOBAHUS  XapaKTEPUCTHK
COXpaHSIOTCA HW3BECTHBIC TpPEUMYyIIecTBa M JeNb(UHACKONH mpoueaypbl (aHOHUMHOCTh H
BO3MO)XHOCTh ~ O3HAKOMJIGHHSI C OOBSICHEHUSIMH, TPEJICTABICHHBIMH B 3alIUTy CHJIBHO
OTJIMYAIOUINXCS OTBETOB), M ajJroOpuTMa IOMCKA COIVIACOBAHHOTO YIOPSAOYEHUS OOBEKTOB -
KOPPEKTHBIN pacyeT MeAraHbl U paccTossHus Kemenu.

4) CoBMeCTHOE HCIOJB30BaHUE M JeNb(OUHCKON mpoueaypsl, U mpemnoxenHoro Kemenu
KOPPEKTHOTO TOIX0/1a K YIOPSI0YEHHUIO (PYHKIIHIA TTO3BOIHIIO:

*MOMYyYUTh COAEPKATEITHHO MPUEMJIEMbI KOMUYECTBEHHBIN KPUTEpUH Ui 0OO0CHOBAHHOTO
3aBEpIICHUS] OKCIEPTU3bl — YCTAHABIMBAETCS OMNpPEJCJICHHAs BEIMYMHA OTHOCHTEIHHOTO
(manpumep, 5%) U3MEHEHUs1 CyMMapHOTo paccTosiHus Kemenu;

*(hopMUpOBaTh TPYMIBI JKCIEPTOB, OPUCHTHPYSACh HAa BHIOpaHHBIC (B 3aBUCHMOCTH OT
CTETIEHU COTJIACOBAHHOCTU MHEHHI{) MOpOroBble 3HaueHUs paccTrosHus KeMeHu M uccienoBaTh
MIPUYMHBI B3aUMOCBSI3U OLIEHOK AKCIIEPTOB;

*HAXOIUTh COIVIACOBAHHOE C WIEHAMU KaXJOW TIpYIIbl 3KCIEPTOB YIOPSA0YEHUE
XapaKTePUCTUK, PACCUNTAB TOYHO HIIM MPUOTIKEHHO Meanany Kemenn.

Hampumep, ecnu npeanonoxute, 4to Ha PucyHke 1 mpencraBiieHbl pe3ynbTaThl HHTYUTUBHO
COITIaCOBAaHHOTO KOJUIEKTHBHOTO BHIOOpA pa3HBIMHU TPYMIIAMHU JKCIEPTOB BapUaHTa PaCIIUPEHHS
cocTaBa, Hanpumep, 1) pyHKIHI TOBapa KOHKPETHOTO Ha3HAUCHUS WX 2) KOMIIETEHIIUN, KOTOPHIMU
JOJKEH 00Ja7aTh CHEIUATUCT B ONPEACICHHON MpPEeaMEeTHOW 001acTH U T.J., TO KaxAbld Trpad
MOXXHO HHTEpPIPETHUPOBAaTh KaK OJHY M3 TPyHI OHKCIEPTOB C CONIACOBAaHHBIM MHEHUEM
OTHOCHUTEIILHO BapUaHTa pACIIMPEHHUs] COCTaBa XapaKTePUCTHUK paccMarpuBaeMoro OOBEKTa.
[IpyueM paHXHpOBaHHE XapPaKTEPUCTUK OCYIIECTBISAETCS, HUCXOJS M3 YPOBHS HX IOJIE3HOCTH,
3HaYUMOCTH, BXHOCTH, Pa3HBIMH Tpynmnamu dKcreptoB — rpadsr A, B, C. 3xech xaxasiii rpad —
3TO0 rpymnma (KJacTep, KIAcC) SKCIEePTOB € MHUHUMAIbHBIM paccTosiHueM KeMmeHu Mexay
YIOPSIOUEHUSMHU XapaKTEPUCTUK 00BEKTa IKCTIEPTaMH 3TOU TPYIIIIHI).

5) Meron mnoOWMIAaroBOro YTOYHEHUS PAHKUPOBAHUS XapaKTEPUCTUK OOBEKTOB, Oyayuu
MIPOCTHIM U KOPPEKTHBIM, HE UMEET OTPAHUYEHUI Ha KOJIMYECTBO YYACTHUKOB HKCIIEPTHOTO OMpOCa.
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Pucynok 1. I'pynmbl SKCHEpTOB CO CXOXHM MHEHHUEM OTHOCHUTCIIHHO IIOJIC3HOCTH HAITHYUS
OTIpEJICNICHHBIX XapaKTEPUCTHK Y KOHKPETHOTO MHOXeCTBa 00bekTOB — rpadsl A, B, C

2. Ilpumep npoecpammuot peanuzayuu.

Ilocne ouepeaHoro miara M3MEHEHHME CYMMAapHOIO paccoIiacoBaHUsA (CyMMapHOIo
paccrosiHusi KemeHn MeXay BCeMU paH)KMPOBAHHUSIMHU) HE MPEBBICHIIO YCTAaHOBICHHYIO TIOPOTOBYIO
BennunHy (00brHO B auanazoHe 3+10%). OKoHYaTeNbHBIA pe3ylnbTar OTBETOB OSKCIEPTOB
npezcrasieH B Tabnure 1.

Tabmuna 1.
PE3VJIBTATBI OKCITEPTHU3bI HA TTOCJIEJHEM HIATE

El E2 E3 E4 ES5 E6 E7
a b b q h h c b
b c q b d d b a
c a h h q q a c
d d a a b a d d
q h d c a b h h
h q c d c c q q

Paccrosinus Kemenu Mexay BceMH PaHXMPOBAHUSIMH SKCIEPTOB CPOPMHUPOBAHBI B BUIE
Tabmuuer 2.

Taobnuua 2.
OKOHYATEJIBHBIE PE3VJIBTATHEI PACUETOB C OL[EHKOf/'I PACCTOSIHUU KEMEHHU MEXIOY
BCEMU PAHXXMPOBAHMAMU DKCITIEPTOB

Dij E1 E2 E3 E4 E5 E6 E7 Cymma paccmoanuii no Cymma xeadpamos
CcmpoKam PACMOAHUL O CIMPOKAM
El 0 18 18 22 24 2 2 86 1716
E2 18 0 4 12 14 20 16 84 1336
E3 18 4 0 12 14 20 16 84 1336
E4 22 12 12 0 2 24 20 92 1752
ES 24 14 14 2 0 26 22 102 2132
E6 2 20 20 24 26 O 4 96 2072
E7 2 16 16 20 22 4 0 80 1416
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2 Algorithm Puro - O x

AnroputM lypo

Data file |C-/Algorithm Puro/data xIsx Browse
Result file C:fAlgorithm Puro/result xlsx Browse

PaccunTtate

Pucynoxk 2. OKHO IPUITOKEHUS

E1 EE | E3 | E4 | E5.| E6 | é? | Dij | B3aumac.aﬂ3u C.EIFIBEIHHI:IE i]EﬁTHHFH |

Pucynoxk 3. JlocTynHbIe TaOIUIBI AJ1 IPOCMOTpPA PE3YJIbTaTOR

[lpu OTHOCHTENBHOW BEJIMYMHE MOPOroBoro 3HaueHus paccrosuus Kemenn dm0=0,15
(BeposiTHOCTB B3auMocBsA3H >0,85) B3aUMOCBSI3b MEXKIY PaHKUpPOBaHUSAMHU UMeeT BUI: El < E6 «

E7; E2 & E3; E4 < ES.
© (=2 (=)

D——® @ ®

Pucynok 4. I'padsl B3anMocBs31 MEXIy paHxupoBanueM skcneptos E1-E7

3. OOmacte MNPUMEHEHHS CO3JAaHHOTO TMPOTPAMMHOIO MPOAYKTa. MeTon MoIaroBoro
YTOYHEHUS PAHKUPOBAHUS JTIOOBIX 0OBEKTOB OTHOTO Ha3HAYCHHS MOXKET UCTIOIh30BaThCS:

*B ydeOHOM Ipoliecce, HapuMep, Py U3ydeHUun npenaMera « Teopusi CUCTEM M CHCTEMHBIH
aHaN3»;

*MpU WHTYUTHUBHO COTJIACOBAHHOM KOJUIEKTHBHOM BBIOOpE BapuaHTa PEIICHUsS CIIOKHBIX
npobnem [2, 3];

* 1 pacyeTa coBOKymHON croumoctr BiaaeHus (CCB) o0bekToM-TOBapoM (cM. [4]; ¢ IToi
IeNbl0 Ha TMEPBOM JTame HeoOXoaumo ¢ wucmnoib3oBanmeM wmerona [IYPO  Beimenuth
YIOPSAOYCHHBIN MTepeYeHb OCHOBHBIX 3aTpaT PECYpCOB — TPYAOBBIX, MaTEPHANBHBIX, (DUHAHCOBBIX,
BPEMEHHU).

A maxoce npu cpaeHeruu: *BapUAHTOB BHEIIHETO BUAA OOBEKTOB (MPOEKTUPYEMBIX H/WIIH
MPOJIaBa€MbIX TOBAPOB: IPOTPAMMHBIX MTPOIYKTOB, CAUTOB, aBTOMOOMJIEH 1 11p.) [5, 6];

*BapHaHTOB PAHXKHUPOBAHUS PA3IUYHBIMU TpynnaMu moTpeduteneit ¢GyHKIuH 00BEKTOB
(TPOEKTUPYEMBIX H/WJIM PBIHOYHBIX TOBAPOB W YCIYT: MPOTPAMMHBIX MPOIYKTOB, aBTOMOOWIIEH,
CailiTOB, MEIUIIMHCKUX, 00pa30BaTEeIbHBIX, OPUIUIECKUX U JIp. YCIYT U TOBApOB) — MPU BHIOODE,
HampuMep, CIYy)KOOW MapKeTHHIa PHIHOYHOTO CEerMeHTa JUIsl MPOEKTHPYEMOro KOPOOOYHOIo
MIPOrPaMMHOTO NMPOJYKTA;
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*BapUaHTOB PaH)XUPOBAHMS OOBEKTOB IPH NMPOBEACHNUHU BCEX BHIOB SKCIEPTH3;

*BapUAHTOB PAaHXUPOBAHUS OOBEKTOB — CIIOKHBIX TEXHUYECKUX YCTPOUCTB (aBTOMOOMIIEH,
IIPOrPpaMMHBIX IPOAYKTOB, KOMIIBIOTEPOB, CaMOJETOB M Jp.) IO XapaKTepUCTHKaM ynoOcTBa
COIIPOBOX/IEHUS U O0CITY)KUBaHMUS,

*BapHAHTOB PAaHKUPOBAHMS 00BEKTOB — Jnil, MpuHUMaromux pemenus (JITIP), yqacTHukoB
Pa3IUYHBIX KOHKYPCOB U JIp. IIO COCTAaBY KOMIIETCHLIUN U JIP. XapaKTEPUCTHUK H T.1.

Bui6oowi

1. Onucanpl HOBHM3HAa W IPEUMYLIECTBA METOJA IIOLIATOBOTO YTOUHEHHS PaHXUPOBAHUS
00BEKTOB, PACCMOTPEH IMPHMEP MPOTPAMMHON peaau3allii METOAA Ha AJTOPUTMHUYECKOM SI3bIKE
Python.

2. Yka3aHbl 001acTH NIPUMEHEHMsI METOJa, BKIIIOYasl MCIIOJIb30BaHME B y4e€OHOM IIpolecce,
IIPU pacyeTax COBOKYIMHOW CTOMMOCTH BJIaJ€HHs TOBAapOM, IPU CPABHEHUHU *BapUaHTOB BHELIHETO
BUJIa OOBEKTOB (IIPOCKTUPYEMBIX H/WUJIH MPOAABAEMBIX TOBAPOB: MPOTPAMMHBIX MPOJYKTOB, CAalTOB,
aBTOMOOWJIEN W Jp.), *BapuaHTOB pEILEHUS CIOXKHBIX MpoOieM; *Npu paHKUPOBAHUM JIMIL,
npuHumaromux pemenus (JIIIP), yyacTHMKOB pa3iaMuYHBIX KOHKYPCOB H Jp. IO COCTaBy
KOMIETEHUUH U Ap. XapaKTepPUCTUK U T.1I.
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