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Figure 3: The study compares an algorithm that is unaware of the number of inliers (MinCost-

Flow estimated k) with algorithms that have the correct number of inliers as input.

the following quantities:

Kij = [0 — 03ll2/(c® + o**)'/?, 7
Rall = i i i.J 8
Rall = T setmintas iy " (8)
Anmaa = 4{ (dlog(42m))3 v (8log(22m)) 2}, (9)

Here %a is the signal-to-noise ratio of the difference X; — X7 of a pair of feature vectors.
Clearly, for matching pairs, this difference vanishes. Furthermore, if «; ; vanishes or is very
small for a non-matching pair, then there is an identifiability issue and consistent recovery of
underlying true matching is impossible. Therefore, a natural condition for making consistent
recovery possible is to assume that the quantity is bounded away from zero.

In order to be able to recover S* and the matching map «*, the key ingredient we use is
the maximization of the profile likelihood. This corresponds to looking for the least sum of
squares (LSS) of errors over all possible injective mappings defined on a subset of [n] of size

k. Formally, if we define

(10)

Si@nl;| S| =k;
o — {77 : S — [m] such that }

 is injective

to be the set of all k-matching maps, we can define the procedure k-LSS as a solution to the
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optimization problem
R eargmin > |1 X: — X113, (1)
TEPk i€ Sy
where S, denotes the support of function .

Let ®(k) be the error of 7>, that is

b(k)=min 31X — X7 ll3- (12)

TEPk
For some values of tuning parameters A > 0 and > 0, as well as for some ki, € [n], initialize

k < kmin and
1. Compute ®(k) and (k + 1).
2. Set 57 = &(k)/(kd).

3. fk=nor &k +1) — d(k) > &252,

L=y

then output (k, Gk, 5>>).

4. Otherwise, increase k < k + 1 and go to Step 1.

In the sequel, we denote by (k, 5y, #£5°) the output of this procedure. Notice that we start
with the value of k = kpyin, which in the absence of any information on the number of inliers
might be set to & = 1. However, using a higher value of ki, might considerably speed up the
procedure and improve its quality.

For appropriately chosen values of v and ), as stated in the next theorem, the described

procedure outputs the correct values of £* and 7* with high probability.

Theorem 2. Let o € (0,1) and Ay, m.4.« be defined by (7). If kay > (%) An.m.d.«, then the
output (k,#;%) of the model selection algorithm with parameters A\ = (1)A2 . 4 .,v = 2
satisfies P(7(>5 = n*) > 1 — a.

Finally, at the end of this chapter, we report the results of our numerical experiments on

synthetic and real-world data that serve to illustrate our theoretical findings and offer further

insight into the properties of the algorithms studied in this work.
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Chapter 4.

Chapter 4 presents studies of the efficacy of recently developed, state-of-the-art entity resolu-
tion methods on real-life biomedical datasets. We explore various scenarios for the matching
problem, including those without outliers, those with outliers in only one dataset, and those
with outliers in both datasets. Subsequently, we conduct an extensive analysis and prepro-
cessing of the biomedical dataset pairs used in our experiments. Our results demonstrate that
modern algorithms consistently outperform the original greedy algorithm across all settings.
Moreover, we investigate previously proposed procedure that estimates the unknown number
of inliers without any supplementary information. We successfully show that algorithms utiliz-
ing this estimation technique perform almost as well as those that are provided with the actual
number of inliers as input. Figure 3 illustrates some of the results achieved in case of unknown
number of inliers, where our proposed algorithm performs as good, if not better, than classi-
cal algorithms serving as an oracle baseline, meaning they have additional information of real

number of inliers.
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uuenenhy
Shgpwt Ywhwqup SGwunwu

Cwunjwihubp hwdwyiunwufuwubgung wpunwywinybpmfubiph
hwjynuwpbpdw juunph Jhwugpujwt b hwynqujwt
Pwpnnjniup

Pwquwswth yGwinbph Gpynt
wpnuwwwwlbpdwt  hwyntwpbpdwt — futnhpp  Jwjunpbu nunifuwuppuws £ pb
nbuwlwunpbt, ph gnpduwlwunu: Wn futnhpp  wwpwnbuwl Yhpwnnipyniuubp
niup - wjuwhuh  npppuoubipnd,  hugwhuhp  Bu hwdwlwpgswiht wnbunnnueyniup,
phnhubnpdwnhlwu b puwlywu Hquh dowlynuip: Cwlwywnwuluwubgdw  futnph
hwjinuh ophuwlutiphg £ hwdwlwpgswiht nbunnniejwl kg Injwy uwpwagnphsubph
tpynt pwqunipgniutiph dholt hwiwwwinwutuwunieiwl huyntwpbpnudp, npp nnipu |
pbipynud unyu nbuwpwuh Gpyne tnwpptip uwputiphg:

pwquntpniuubph hwlwwwinwufuwubgunn

Gpp wjwiubph  hwjwpwdniubpp skt wwpniuwynwd  outlier-ubip, wjuhupl,
bpp  Gpynt  hwlwwwwnwuluwunn  pwqunieynuubpp by unyu  swihu nu dh
pwqunupjwl pninp Yhwnbpp niubu hpbug  hwdwwwwnwufuwup gnw pwquniyniunud,
hwiwwwwnwufuwubgunn wpngbinnipugh Yyhtwlywgnpwywu
nwnuwiuwuhpyly Bu Ynhbh W Ywpwywuh Ynnvhg: Uwlwiy, npwtu Guunt, Ytipnupywy
Uhpwnnipyniiuipnud g pninp Yewnbipp niubu hpkiug hwlwwwwnwufuwup b hw6wfu
Uwfuwwbu  wwpq sk hwdwwywnwufuwunn  Yanbph  pwtwlp: Wu  wofuwwnwuph
Uwwwnwlu £ YEunpnuwtw uunph wybih punhwung npywéputiph Ypw b nbuwlwunpbu
htunwgnnt hwdwywnwufuwutigdwu fuunph Yhéwlwgnpulw pwpnninLup:

UwinbUwfununipjwu utio ubipdnidy by Gu
wpunwwwwinybpnuwubph  wjuwhuh  dnnwpyhgubp, npntp uwhiwwbu  npdwd (Wayhu
dnwn)  hwjwuwlwunipjudp hwdnhutm;m Gu  6hon  hwiwywwnwufuwubgdwu

hwwnynipyniuubpp

hwilwwwwnwuluwubigunn
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hn'  wndnyh  Jwlywpnwyh U wy wwpwdbnpph  hbwpwynp - wdbbweny|
uwhdwuwthwynuwfubiph nbwpnud: Lwinwuhgubph
nhunwplywsd pninp punhwupwgnwlutpnd ubpyujwgyti Bu wignphedutin, npnup eny| Gu
inwihu npngtip wptwwwwnybipdwt swihp (hwlwnhp pwgdnieiniunud hwdwwwinwufuwi
niubignn  Ybwbph  pwlwyp) hhdudtiny  dhthwt nhnwpyywd  nduwiutph - Ypw:
Ubp wnwowplwd wignphpdubpp  wwpniuwlnd BU - owwnhdhqughwh - futinhputp,
npnup  Ybpwalwybpwyty Bu npubu wpnbu hwpnth gpw$nud wdbbwbdwt  hnuph
hwjinuwpbpdwt fuunhp: 8nyg £ wpdby fuinhpubiph hwdwpdbpniginiip b imédwt
hwgynnwlwl wpryniuwybwnnyegniup: Npndt) Euwb wgnwtiawt/wndniy hwpwpbipniejwt
wju owwhdwy 2tdp, npp  gbpwquugbnt nbupnd,  ubpdmdywd  wignphredutinp
tpwlwlqunwd Bu Gogphun wpnwwwnybpnup Wb hwjwtwlwuniypjwdp:

dnpsuwlwt dwbuwwwphny gnyg £ wpdb, np unp wnwownplywd  wignphedp
niuwy £ wybh 62gphin Ybpwlwqub) hwdwwwnwufuwubgunn wpnwwwwnytipnuwp,
bwhiwwbu sniubwiny hwdwwwnwutuwlbgunn wpnwwwinlbpdwt swihp («wybinpns
hwwnwuhgubph pwtwyp), hwitidwnws nwuwlywt deennutiph htiw, npnup dnunwpynud
U wpinwwwinybpnup dhwit wpnwwwnybpdwt swihp bwuwwbu Shpubiint nbwpnud:

Unwowplyyws dbpnnutiph  Gounygniup U hwpynnwlwt  hpwgnpdtijhnigniup
gnigwnpyt b wphbunwlwunpbu gbtbipwgdwéd W hpwlw njwiutiph 2nbdwpwiutinh
Ypuw:

hwdwwywunwufuwubgdwu
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PE3IOME
lanctan TurpaH BaarHosuy

CraTtuctuuyeckas u BbluMCAUTENbHAR CNOMHOCTb l'lp06ﬂeMbl

onpepeneHns otobpaikeHuii AN conocTaBneHNs NPU3HAKOB

lMpobnema noncka HaunyuLEro COOTBETCTBUA My ABYMA obnakamu TOYeK TLLATENbHO
“3yyanacb Kak TEOPETUYECKM, TaK M IKCNepuMeHTanbHo. MNpobnema conocTaBneHns BO3HUKAET
B PasNnyHbIX MPUIOXEHUAX, HANpUMep, B KOMMbIOTEPHOM 3peHuM, GuoMHGopmaTUKe K
00paboTKe eCTECTBEHHOrO A3bIKa. B KOMNbLIOTEPHOM 3PEHIN NOUCK COOTBETCTBUA MEX 1y ABYMA
Habopammu NOKanbHbIX [ECKPUNTOPOB, M3B/NEYEHHbBIX U3 ABYX W300paMeHnii OAHON 1 Toi e
CLEHbI, ABNAETCA XOPOLIO N3BECTHLIM NPUMEPOM BbILLIEYOMAHYTOM NPobnembi.

Korpa Habopbi aaHHbIX He copepiart BbIGPOCOB, TO €CTb 0ba CoBNafaoLLMX Habopa UMetoT
O/NHAKOBBLIA PasMep W BCE TOYKN WUMEIOT COOTBETCTBYIOLLME COBNAAEHNA B APYroM Habope
AaHHbIX, ONTUMaNbHOCTbL NPOLEAYP COMOCTaBNeHUA Bbina TLIATENbHO U3yYeHa C MUHUMAKCHOIA
CTAaTUCTM4ECKO! TOuKN 3peHna Konnve u [lananaHom. O4eBMOHO, YTO B BbILLEYNOMAHYTbIX
NPUNOMKEHNAX HE BCE TOYKN WMMEHOT CBOM TOYKM COBMELLIEHWA, W BPAL NN MOMHO 3HaTb
3apaHee, CKOJIbKO TOYEK WMMEIKOT COOTBETCTBYHOLLIME TOYKM COBMeLLeHMA. Llenb HacToALeit
paboTbl — COCPEAOTOYMTLCA Ha Pa3NNyHbIX PACLUMPEHHbIX NOCTAHOBKAX 3ajaun (T. .
CofiepMaLLX BbIGPOChI) M NONY4NTL TEOPETUHECKOE MOHUMAHNE CTAaTUCTUYECKUX OF PaHUYEHMIA
3a/ja4M COMnocTaBeHuA.

B Auccepraumm 6binv BBEAEHbI Takue anMPOKCUMATOPbl COMOCTABNEHWA, KOTOPbie
COBMafakoT C NpaBuibHbIM COMOCTABNEHNEM C 3alaHHOI BEPOATHOCTLIO (6M3KOI K eauHLE)
B C/lyyae MaKCUManbHO Cnabbix OrpaHWyeHmii Ha yposeHb LyMa W Apyrux napametpos. Bo
BCEX PaCCMOTPEHHbIX OBOGLUEHMAX COMOCTABNEHWA MPU3HAKOB MPEACTaBNEHbI anrOpUTMbl,
NO3BONAIOLLME OMNPEAENATb pa3mep OToOpameHWA (KONWYECTBO TOYEK COMOCTAaBNEHUA B
NPOTUBOMONOKHOM MHOMXECTBE) TONIbKO Ha OCHOBE Habntofjaembix fAaHHbix. [lpepnaraembie
HaMM anropuTMbl COAEPKaT 3alaM ONTUMM3ALMMU, KOTOpbIe nepeopMynmpyroTCA Kak yme

M3BECTHaA 3ajayva nomcka camoro [eLeBoro noToka B rpa(be. [NokasaHa 3KBMBaNEHTHOCTb 3TUX
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3afay u BbluncauTenbHaa 3eKTUBHOCTL pelleHna. Takike Obin onpepeneH onTumManbHbIi
MOPOr COOTHOLLEHUA CUrHan/LUyM, NP MPEBbILLIEHUN KOTOPOro BBEMEHHbIE anropuUTMbl C
BbICOKOI BEPOATHOCTHIO BOCCTaHABNMBAIOT TOYHOE OTOGpaMeHue.

DKCNepUMEHTaNbHO MOKa3aHO, 4YTO HOBbI MPEANOMEHHbI anroputm crnocobeH Gonee
TOYHO BOCCTaHOBUTb COMOCTaBnAtoLLiee oToOpameHne, He UMen 3apaHee pasmepa oTobpaseHua
(KonuyecTBa «IULLIHUX» MPU3HAKOB), MO CPAaBHEHUIO C KNAacCUYECKUMN METOfamu, KOTopble
annpoKCUMUPYHOT oToBpaxeHne TONbKO MpU 3HaHUM pa3mepa 3apaHee.

ToyHOCTb M BbIMMCANTENbHAA OCYLLLECTBUMOCTb  MPEAJIOMEHHbIX MeTofoB  Obinu

NPOoAEMOHCTPUPOBaHbl HA UCKYCCTBEHHO CO3[aHHbIX U peabHbIX Ha6opax HOaHHbIX.
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