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METOJ OHTUMI3OBAHOI'O 3HAXO/’KEHH
HNOAIBHUX BIHAPHUX PAKIB Y IEBHIM MHOKHWHI

METHOD OF OPTIMIZED SEARCH
SIMILAR BINARY STRINGS IN A CERTAIN SET

VY cTarTi po3risgaEThCsl MUTAHHS MIBUIKOTO 3HAXO/KEHHS MOAIOHUX PAJNKIB Y
MEeBHI MHOXXHHI OlHaApHUX PSAKIB 3 OJHAKOBOIO JIOBKHHOI, IS SIKUX BiJICTaHb
['emmiHra He IEpeBUIILye 3a]jaHe 3HAUCHHS.
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The article deals with the problem of the rapid finding of similar strings in a
certain set of binary strings with the same length, for which the Hamming distance
does not exceed a given value.
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AKTYaJbHICTh TeMHU J0cTiKeHHsl. [TopiBHAHHS OIHAPHUX PSJIKIB 3 JOMTOMOTOIO
BifcTaHl ['eMMiHra KIFOYOBHMM MOMEHT B 3ajadyax, J¢ BOHHM NPUHAMAIOTBCS B SIKOCTI
XapaKTEPUCTUKH TEBHOIO TEKCTOBOIO a00 MYJIBTUMENIMHOIO KOHTEHTY, OCOOIHMBO B
3a7a4ax JIc BAKOPUCTOBYETHCS TIEPICTITUBHUM XEIIl B IKOCTI XapaKTEPUCTUKHU JAOCIIKyBa-
HOI'O eJIEMEHTA.

IToctanoBka mpo6JemMu. BiacyTHICTh IIBUIKOTO METOMY JUISI 3HAXOJKEHHS
noaiOHUX OlHAPHUX PSAIKIB B TIEBHIM MHOXKMHI JIJIs IKMX BiJICTaHb | 'eMMiHra He Oyjie
MIEPEBUIILYBATH 3a/1aHY.

AHaI3 ocTaHHIX gocaimxkeHb i myoOaikamiii. [IpoTsaroMm ocTaHHIX POKIB HE
3 SIBJISIIIOCS CTaTeH MPUCBAYCHUX 111 TEeMi.

BuaisienHs Hexoc iIKeHHX YaCTHH 3arajibHoi npoodJemu. /lana crarTs npu-
CBSIYCHA BMBYCHHIO Ta aHAJI3y 3alpPOMOHOBAHOIO MiAXOMy JUIS ONTHUMI3allli MOIIyKY
NMOMIOHUX PAMKIB B MEBHIM MHOXKHMHI OIHAPHHUX PSAIKIB 3 OJHAKOBOIO JOBXXHHOIO, JJISI
SIKUX BIJICTaHb | 'eMMiHTa HE TIEPEBUIITYE 3a/1aHEe 3HAYCHHS.

ITocTanoBka 3aaayi. /|11 meBHOro O1HAPHOTO PsAKA MOTPIOHO 3HAWTH BC1 PSIAKA
B TICBHIA MHOXHWHI JJIs SKUX BijAcTaHb ['eMMmiHra He Oyje TEpeBHUINYBaTH 3aJaHE
3HAYEHHS.

BuxiaaeHHsi 0CHOBHOro Matepianay. biHapHUI psAIOK CKIATAETHCA 3 €IEMEH-
tiB MHOkMHU {0,1}. /s HBOTO MOXXHA BUAIIUTA TPH OCHOBHI XapaKTEPHCTUKH:
KUIBKICTh HYJIIB, KUTBKICTh OJIMHUIIH TA 3arajibHA JIOBXKHWHA PSJIKA.

SKII0 B3STH TIEBHY MHOKHHY OIHAPHUX DSJIKIB 3 OJIHAKOBOIO JOBXKHHOIO, TO X
MOYKHA PO3JIUTUTH Ha TPYIH, B IKHX KUIbKICTh OJIMHUIIb B PSAIKY JOPIBHIOE HOMEPY TPYIIH.
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Tabauys 1
InenTudikarop psiaka BinapHuii psajiok
0 000
1 001
2 010
3 011
4 100
5 101
6 110
7 111

B Tabaumi 1 mpencraBneHa jaesika BUOipka OIHAPHUX PSIKIB, JUIsI IPOCTOTH
OlHapHUU PAJIOK B JIECATKOBIN cHCTEeMI YHCICHHS BiIMoOBinae imeHtudikaropy. Jami
pO30MBAEMO PSIIKU HA TPYIIH MO KITBKOCTI OJIMHUII.

Tabnuys 2
KinbkicTh oIHHHIDL Howmep inenTudikaropa psaaka
0 0
1 1,2, 4
2 3,5,6
3 7

VY mporpamniii peanizamnii Tabmurs 2 Moxke OyTu xemi-tadbnuiero abo AesiKoIo
0a3010 JaHMX, sKa Hajae ePeKTUBHUI TOCTYII 3a KitoueM. JlaHuii mporec rpymyBaHHs
MOKAa3aHUM I IPUMITUBHOI BUOIPKH, ajie CyTh 3aJIUIIAE€THCS HE3MIHHOO JIJIs1 BUOIPKHU
Oy/1b-sIKOT BEJTMUMHHU.

Bigcranp I'eMMiHra OOYHMCIIOETBCA SK YMCIO IIO3MINHM, B SKMX BIINOBIIHI
3HaueHHs1 ABOX psakiB pi3Hi [1]. Jns aBox OiHapHuUX psAakiB S; Ta S, MOXHa
nigpaxyBartu 3a popmyiioro [2]:

P
dn(51,52) = Z |51 (k) = S2(k) (D
k=1
1ie p - 11€ TOBKUHA PSIJIKY.
[Tpuknan migpaxyHKy:
d,(001,0110) = 1 (2)

Biacrans ['emminra Mae HacTymHI BIaCTUBOCTI:

e d(5,5,) =0

e d(5,5,)=0

e d(51,5;) = d(5,,51)

Tak saK BiACTaHb I JBOX OJHAKOBUX PSJKIB TOBMHHA OyTH HYJb, TO
BI/IMOBIIHO B HUX KUIBKICTh OJWHUIIL Ta HYIIB OAHAKOBA. [ psIKIB, MK SKUMHU
B1JICTaHbh TIOBMHHA OyTH 1, Ha OJIHY OJMHMUIIKO YU HYJIb TTOBUHHO OyTH OLJbIlIe HIXK B
IIJTLOBOTO PSAKA. 3 I[LOTO BUILUTMBAE, IO JIJISl 3HAXO/KEHHSI BCIX MOAI0HUX PSAIKIB MK
SIKUMH € 3a/1aHa BijacTaHb ['eMMinra d moTpiOHO BUKOHATH HACTYITHUN aJTOPUTM:

1) IlizpaxoByeMo KiNbKICTh OJIMHUIIH B PAIKY 1 TTo3HaYaeMO 1i 5K Cg;

2) Bubupaemo kateropii B SKMX 1IeHTU()IKAaTOPH HaIEKaTh MHOXKHHI S:

S={C—4d,..,Cs..,Ci+d}
ne C; —d = 0taCg + d <length(S)

3)
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3) IlocaimoBHO MPOXOJUMO MO KOXKHIM 3 KaTeropii Ta miipaxoByeMO BiJICTaHb
['emmiHra 11 KOKHOTO PSAJIKA KATETropii 3 MIIbOBUM PSIIKOM;

4) Psapkum, nns skux BiactaHb Oyne MeHma abo piBHa d, BKIIOYAEMO B
PE3YNBTYI0UY MHOXKHUHY;

Jlauuii MeTo[| 103BOJISI€ IPOXOAUTH JIUIIE YACTUHY BCIET MHOXKHHHU JUIS TIOLITYKY
PAIKIB TOMIOHUX 10 LITBOBOTO. B 3anexHocTi Bix BifacTani ['eMMiHra ta xapaxkrtepy
3aMuTy 1151 YaCTMHA MOYKE 3MIHIOBATH CBOi PO3MIPH.

Jljist TECTy 3reHepyeMO PSIJIKU, 3HAUCHHSI SIKUX B JIECATKOBINM CHCTEMI YHCIICHHS
JexxaTUMyTh B Mexkax Mk 0 ta 65535. Kon /i reHeparii Ha MOBI IPOrpaMyBaHHS
Python:

table = dict()
size =16
for i in range(2 ** size):
s ="{0:{fill} {size}b}'.format(i, fill=0, size=size)
count = sum(int(char) for char in s)
if count in table:
table[count].append(s)
else:
table[count] = [s]

[Tpumyctumo, B MaHiii MHOKHMHI HaM TIOTPIOHO 3HAMTH MOMIOHI PSAKM AJIS psaKa
1111111100000000 3 momyctumoro MOXuOKOK 1, TO 3a airopuTMOM MOJIOHI PSIKU
noTpibHO mykatu B 7, 8 ta 9 kareropii. CymapHa JOBXKMHA ITMX KaTEropid IOPIBHIOE
11440 + 12870 + 11440 = 35750. Ile o3Hauae, mo 29785 psankiB He MOTPIOHO
ckanyBaTu. [y npukinaay Oyiu B3sTI Kareropii 3 HalOUIBIIO KUIBKICTIO PSIKIB, SIKIIIO
KUTBKICTh OJMHMIIL B PAAKY mpsimye a0 0 abo 10 MOBXKHHM PAAKY, TO OIepariii
CKaHyBaHHA Oyne mie Menme. Hampukmag mms  psaka 1111111111110000 ta 3
JOIyCTUMOIO0 TIoXuOKor0 1 moTpibHo mpoBectu 4368 + 1820 + 560 = 6748 onepartiid,
Tak sik Oy oOpani 11, 12 ta 13 kareropii. 3MeHIIIEHHS KUTLKOCTI OTepalliil BiIUyTHE.

BucnoBku. Y po60Ti IpoJeMOHCTPOBAHO, SIK 32 JOIMOMOTOI0 PO3OUTTS OlHAp-
HUX PSAKIB HA KaTeropii Mo KUIbKOCTI OJIMHUIIb B PSIKY MOXKHA JIOCATTH MPUPOCTY B
MPOJYKTUBHOCTI TOIIYKY B 3ajadax, Jie¢ MOTPIOHO 3HAXOJWTH MOMIOHI PSAOKH 13
3aJlaHOt0 BiJACTaHHIO ['eMMiHra. JlaHui anroputM MigXOoAUTh JUIs 3ajad, € BUKOPHUC-
TOBYETHCSI MOMIYK 10 MEPIENTUBHUX XEIIIaM.

[IpencraBienuii anroputT™ Jy>ke MPOCTO MOXHA MOKJIACTH B OCHOBY Oarato-
MOTOYHOI MpOrpamMu, TaK sIK KaTeropii, mo SKUX MOTPiIOHO MPOBECTH CKaHYBaHHS
HEe3aJIe)KHI, TOOTO KOXEH IOTIK MOJKE OMparbOBYBAaTH CBOKO KaTEropir, MOTPIOHO
JIMIIIE€ BUKOPUCTATH OYAb-SIKUN MPUMITUB CUHXPOHI3AIi A PE3yIbTYIOU0T MHOKHUHU
JUISL YHUKHEHHS CTaHIB TOHKU JJaHUX.

€ nexinbka HampsAMKIB Uil MaiiOyTHBOI poOoTH. Ilepin 3a Bce - MokpalieHHs
MONIYKY MOIIOHUX PAJIKIB y MeXaX IMEBHOT KaTeropii.
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METHOD OF OPTIMIZED SEARCH
SIMILAR BINARY STRINGS IN A CERTAIN SET

Target setting. The comparison of binary strings with Hamming's distance is a
key point in tasks where they are taken as a characteristic of a particular text or
multimedia content, especially in tasks where the perceptual hash is used as a
characteristic of the investigated element.

Problem formulation. The absence of a fast method for finding similar binary
strings in a certain set for which the Hamming distance does not exceed the given one.

Actual scientific researches and issues analysis. During recent years, there
were no articles devoted to this topic.

Uninvestigated parts of general matters defining. This article is devoted to
the study and analysis of the proposed approach to optimize the search for similar
strings in a certain set of binary strings with the same length, for which the Hamming
distance does not exceed a given value.

The research objective. For a certain binary string need to find all the rows in
a certain set for which Hamming distance does not exceed the given value.

The statement of basic materials. An analysis of the division method into
categories in the task where similar binary strings are to be found is carried out. An
algorithm for search optimization is described. The results were well-interpreted and
informative.

Conclusions. The work of the algorithm and the obtained results are analyzed.
The presented approach proved its effectiveness. The results of the experiments are
summarized and following steps described to improve the performance of the
algorithm.
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