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IIOJITHOMIAJILHE IIPEJACTABJIEHHS ABIMKOBUX
JTEPEB EHTPOIINHNX BIHAPHIX KOJ/IB!

Baocausoio cxaado6oio nomoxoeo2o 0bminy eeAuxumy 00 emamu inhopmoyii € ai20pummy cmucka-
HHA IHPOPMAUITiHo20 NOMOKY, AKE CE0EI0 “epe010 NOJiAAIOMSb HG GA0PUMMY CMUCKANHA be3 empam
(enmponiting) — Hlenona, Xadmana, apudmemunune xodysanns, ymoeuo cmuckatowi — LZW ma inwi
Giexuil ingopmauiiinozo Konycy, ar20puUMmMY CIMUCKAHHA 3 BMPAMAML, HANpUKLad, mps, jpeg ma nuska
VHULUL.

ITid wac nobydosu aszopummy CMUCKOHHA 3 BMPEMAMU GEHCAUGUM € JOMPUMYBEMUCH Ne6Hot dop-
Mmaavnoi cmpamezii. Copmyarosamu it MONCHE MOKUM HUHOM: NICAA ONUCY MHOMCUNY 00 exmis, Axi
€ GMOMEPHUMUY eAEMENMAMU 00MiINY 6 indopmauitinomy nomoui, neobxiduo nobydysamu abempaxmny
CTeMy Ub020 ONUCY, WO J0360AUTNL BUSHEHUMU MENCY 04 abcmpaxmuur 3pisie uiel cxemu, 3a AK0NW
NOYUHGIOMBCA JONYCTUME BMPAML.

ITidzodu do euasaeHnA abCMPaKmMHOL cremu, wo NOPOONCYE GAOPUMMU CTRUCKAHHA 3 JONYCTUMU-
MU GMPATNAMU, MONCYML Oymu ompumani 3 kowmexcmy npedmemnot obaacmi. Hanpuxaad, aszopumm
CINUCKOHHA GYIIONOMOKY MOMHCE PO3TLAATIU CULHAA HA NPOCTE 20PMOHIKU MG 3aAUULGE ceped HUX M,
wWo posmaewosani 6 nesnomy dianazoni cnpuiinamma. Toxum wunom, ompumaenuil noe 6uzodi cuenar ¢
NEGHOI GOCMPAKULEI BTIOH020, WO MICTUMb GAAHCAUGY IHPOPMOAULI0 3210H0 3 KOHMEKCTNOM CAYLOGO-
20 cnpulinamma aydionomoxy ma npedcmasienull Menwo Kiaskicmio ingopmauii. ITodibnui nidxid
BUKOPUCTNOBYEMBCA 6 opmami mpS, Axull € CIMUCKGIONUM NPEICTNAEAECHHAM.

Ha 6idminy 6id areopummie cCmuckaumni 3 6Mpamamu, enmponiiing ai20pummu CMUCKoHHA HE GU-
MG2GI0MS GHAAI3Y KOWMEKCMY, ¢ modcyms bymu nobydosani 32i0no 3 wacmommoro xepmunot. Ceped
sidomux anreopummie nobydosu maxus xodie moxcua 3eadamu arzopumm Hlennona—Pano, aszopumm
Xagmana ma apudmemuune xodysanna.

Bnazxodocenns ingopmauitinot enmponit das 3adanozo xody IHlennona ¢ mpusiaivnoio 3adavern.
Obeprena s3adava, a come nowys eidnosidnux xodie Ilennona, wo maroms neneped sadany enmpo-
ni0 Mo 3 HEBUSHAMEHUMU TMOGIDHOCTIAMUY, WO € 610 eEMHUMU UIAUMY CEneHamy Jdeiltixu, € docma~
muso ckaadno. Bowna mooice 6ymu eupiwena npamum nepebopom, aie cymmesum Hedosikom ubo20
nidzody e oo 0b6wuca06ana cracduicms. Y uilh cmammi 3anpononoeeno asvmepnamuenud nidrid do
nowyxry moxux xodie. Onucane mexrnixa nostHoMIGAbH020 npedcmasaienna deilikosus depee Ginapnux
xodie Illennona 3 imosiprocmanuy, wo € 6id emuumy yisumy cmenenamu deilixy, dae amoey bydysamu
6idnoeidni xodu 3a eidomum snauennam IHGoOPMaUitinot enmponit.

Kurrouosi ciosa: xon Ilennona, indopmaniitia enrpomnis, GiHapHe Aepeso.

Beryn 3 TOYHICTIO 70 i30MOpdizmy. 3ayBarkuMO, IO 10T~
HOMIaJbHe IpeacTapiaeHus aarebpaiunux o0’eKTiB
y 06araThOX BUTAJKAX HAJAAE 3PYUYHY TEXHIKY JJis
po3B’szaHEs HE3KH npobiem [2—4].

Oszunavenns 1. 33 zazasum gepesoM 1), KOZoM

no0yAyeMO BiANOBLIHUIT TOTIHOM

binapuuit kox Hlennona {1] gusa andasity no-
TY2KHOCTI n Ta 3 iMOBipHOCTSIMH, 110 € Bl eMHUMHE
HUIMME CTENEHAME [ABifKM, Moxke OyTu 3amaHuii
ABIHKOBEM KOPEHEBUM [AEPEeBOM 3 71 JIHCTaMu. B
MPUPOIHIN KOOpAWHATH3alll JBITKOBOrO KOpeHe-
BOT'O JiepeBa JIUCTH, IIUIAX BiJ KOPEHd A0 SAKUX Mi-

o[l )(x) =biz+ -+ bz,

ctuthb Olibie pebep, OyayTh 3HAXOAUTHCH JIiBimTe.
Hnsa mucra kinpkicts pebep, mo 3B’A3y10TH HOTO
3 KOpeHeM, HyIeMO HASHBATH PiBHEM IHOTO JTUCTA.
TIpu Takomy npeacTaBieHHl ABIHKOBE KOPEHEBE e~
peBo, 1o 3aa€ ganuit kox Lllennona, 6yne ennanm

ge b; [opiBHIOE KITBKOCTI CTPIYOK MOBXKUHE § ¥
BIATOBIAHOMY KOZI.
Ipuxaad 1. Kon lennona:

0,1

?

13a wacrkoBoi migrpumku npoexty «Crsopemus memrpy mmdposux immosanitt HAH Vxpaimus [limsosoi nporpamu
maykosux jpocraizskens HAH Vipaiaun «Maremarugase MOAeOBaHHS Y MIKIUCIOUIUIHADHUX JOCHIPKeHHAX Tporecis i
CHCTEM HA OCHOBI IHTENEKTYAJIbHUX CYIEPKOMII'IOTepHuX, I'piji- 1 xmapuux rtexuosorilts ma 2021-2025 pp. (nepxasuuit

peecrpanifinuit Homep: 0121U110979).
© Moposos /. L., 2021
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2 cTpiuky DOoBXKUHE 1
Eurpomis:

1 1
1 1
El=1-(= 1-{=) =1
HouminoMm:

p[lh](z) = 2z.
Hpuxaad 2. Koz Hlennona;

00,01, 1
2 crpiuku JoBKuHU 2, 1 — HoBxKuHU 1
Eurpomis:
2 2 1
1 1 1 3
El3|=2- = 2.0 = 1-{=) ==
-z (3) ve (3) 1 (3) -3
Honinowm:

p[Ts](z) = 22° + z.
OcHoBHa yacTHHA

Teopema 1.
plL)(x) = 2z + (227 — z)k(x).

Josedenna. JlificHo, KOKHE HEPEBO KOAY, IO MAE
n JIUCTIB, MOXKHA OTPUMATH 3 JIEpeBa, 110 Mae n— 1
JUCTIB JOOABAHHAM ABOX pebep M0 TeBHOTO JUCTA.
B pesynprari 3HuKHE OfMH JUCT piBHA © TA AOOa-
AyThCa aBa Jmcta pisua t+ 1. B noainmomianbaOMy
MIPEeJCTABJICHH] 118 ONePAaliis Mag TaKuil BUTJISII:

p[Tn)(z) = p[T_1](x) + 221 — 2t =

=p[Th_1](z) + 2z — 1) - 2"

Hnsa xoxxuoro n gepepo T, MoKHA IHIYKTHB-
HO oTpuMaTH 3 Th 3a HOTOMOTOI0 ONHCAHOI BHIIE
onepartii.

s mepesa T, Maemo:

p[lh](z) = 2z.
Omxe, s OYAb-IKOTO N Ma€ Micie piBHICTD:

plL)(x) = 2z + (227 — z)k(z).

i (1) -

Josedenns. 3rigHo 3 Teopemoo 1 MaeMo:

o (2) -2 b ron(4) -

Jlema 2.

Jlema 3.

plTn](1) = n.
Hosedenna. Hiiicno, p[T,](1) nopisuioe cymi ko-
edinieHTiB UBOrO MOJAIHOMA, & OTKE, 3TIAHO 3
O3HaUEHHAM 1, MOPIBHIOE KIMBKOCTL TUCTIB IepeBa
1.
Osnavenns 2.

C[1)(r) = » 2]
Jlema 4. .
it (3) = B

Josedenns. Jlificuo, fjist Komy, 0 TpeaCTaBIeHuH
nominomom p[T},](z) = biz + -+ + bjz!, indopma-
iitHa eHTPOITisS JOPIBHIOE:

1 1\

1 1\l
=—-{by+.. bl .
5 <1+ + 0 <2> )

A omxke mae micre piBHICTE:

B[T,] = €[T},] (%) .

Osuauenns 3. O3HAYUMO TOPOEKYIOUHN TTOJI-

HOM Aig kony llennowa, o 3anaunwit nepesom 1),
TAKUM YHHOM:

p[l,] — 2z

k[T, () = T ——=.

222 —z

3rigro 3 Teopemoro 1 o3HaueHHs 3 € Kope-
KTHUM.
Teopema 5. k[T,](z) =ao+ - +azt,a; €Z" ¢
NOPOOAHCYIUUM NOATHOHOM 048 NE6H020 BiNapHO20
depesa xody Hlennona modi, i miavku modi, xo-
au 0 < ag < 2, ma nocaidoswicmny ag, 5t ..., 5t €
cnadnon.
Josedenns. 3rigHo 3 po3KIaIOM 3 Teopemu 1 T3
O3HAYEHHS 3 MaeMo:

p[L)(x) = 2z + (2952 —x) - k[T,](z).

Jns icuyeawug Bignosigsoro aepesa xony Illen-
HOHa wHeoOXimHOo 1 moctaTtHbo, mMO6 Koedinien-
TH pesyabryiodoro nosiwomy pl1h,](x) Gymu He-
Big eMHUME TiiuMyu uncaamu. g ymoBa Bimmosi-

Jae TaKuM OOMeKeHHAM Ha KoedimienTn noainoma
k[T,](x):

Mo  PiBHOCWJIBHO MOCJILTOBHICTE

TOMy, IO
a a

ag, 5t ..., 5f € CH3HOIO.
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Jlema 6.
k[T.](1) =n—2.

Josederns. 3rigHo 3 O3HAYEHHAM 3

Ta, 3rignHo 3 1eMor0 3, MaEMO TOTPIOHE TBEPIKEH-
Hs

E[T,)(1) = n — 2.

Osnavenns 4.

Teopema 7.

Losederns. Maroth Micue taki crnipsiaHomIeHHS:
2z + 222 — V)k(z)) =2+ (222 — 1)) k(2)+
tz(2z -1k (z) = 24 (dz—Dk(z)+ (222 — )k (z).

Ot1Ke, 3rigHO 3 O3HAYCHHAM 3:

- (2 + (42 — DE[T,] () + (227 — ) - Oz

Towmy, zriguo 3 gemomwn 4:

pim et (2) - (2 (1)),

OCTaTOYHO MaEMO:

k1) (5) = 2810 - 1) - B

IIpuxaad 3. Hexait entponia xony lllennona 3 ne-
pesom T, mopiBHIOE %
= 3
E[Tn] - 2(5 - 1) =1
Hexait
k[T, )(z) = ag + ajz + ...apz’.
Orxe, 3a TeOpeMOIO 7

aoJrﬂJr S

5t
i equHMit PO3B’A30K B yMOBAaX TEOpeMU 5 — ag =
=1,a; =0, > 0. 3piacu

k[To](z) =1
p|T,)(z) = 2z + (22° — ) = 22° + .

€auanM apiiikosuM KonoM lennona 3 ewrponiero
% Oyne Takuit:
00,01,1

2 crpiuky nosxkueM 2, 1 — moBxkuHE 1.

L))

Hpuxaad 4. Hexait enrponia kony llennona 3 me-
pesom 1), mopieHIOE 2.

BIT,]

22-1)=2.

Hexait
k[T, )(z) = ap + ayx + - - - + azz’.
Otxe

[45] 53
GO+7+"'+§:2

i enquHuil PO3B’A30K JJIA KOKHOTO 1 B YMOBAaX Te-
opemu s 1, — 1e

a; =1,i < (n—5)

Ay g — 2.
3Bigcn

T )(z)=1+a+ -+ 22" 2

p|To](z) = 22+ (22° —z)(1 4z 4 -+ 22" 2).
Hanpuknan
plTy)(z) = 2z + (22% — 2)2 = 422,

TOMY €auHuM ABiHKoBUM KOmoM 1llenHoHa 3 eHTPO-
mieio 2 Ta gepesom Ty Gyzne Takwmii:

00,01,10, 11,

Mo MicTUTh 4 CTPIYKK JOBXKUHU 2.
st n = 5 MaeMo:

plTs)(z) = 2z + (222 — 2)(1 + 22) = 42> + =,

TOMY €auHuM ABiHKoBUM KOMoM 1llenHoHa 3 eHTPO-
mieto 2 Ta gepesom Tk Gyne Takwmii:

000,001,010, 011, 1,

Mo MIiCTUTD 4 CTPIYKY JOBXKUHY 3 Ta OHY CTPi-
YKy JOBXKUHHK 1.

Bucnosku

Onucana TexHiKa HOJIHOMIAJBHOIO IPEICTaB-
JieHHs ABifikoBux gepes Ginapuux kKoxis lennona
3 fIMOBIPHOCTAMHE, IO € Bia €MHUME IIJIMMH CTerre-
HAMUY ABLITKE, 703BOIsAE OyayBaTH BIATOBLAH] KOTH
3a BimoMuM 3HaYeHHAM 1HGMOPMAIINHOT eHTPOomii.
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D. Morozov

POLYNOMIAL REPRESENTATION OF BINARY TREES
OF ENTROPY BINARY CODES

An important component of streaming large amounts of information are algorithms for compressing
information flow. Which in turn are divided into lossless compression algorithms (entropic) - Shannon,
Huffman, arithmetic coding, conditional compression - LZW, and other information cone injections and
lossy compression algorithms - such as mp3, jpeg and others.

It is important to follow a formal strategy when building a lossy compression algorithm. It can be
formulated as follows. After describing the set of objects that are atomic elements of exchange in the
information flow, it is necessary to build an abstract scheme of this description, which will determine
the boundary for abstract sections of this scheme, which begins the allowable losses.

Approaches to the detection of an abstract scheme that generates compression algorithms with al-
lowable losses can be obtained from the context of the subject area. For example, an audio stream
compression algorithm can divide a signal into simple harmonics and leave among them those that are
within a certain range of perception. Thus, the output signal is a certain abstraction of the input,
which contains important information in accordance with the context of auditory perception of the audio
stream and is represented by less information. A similar approach is used in the mp3 format, which is
a compressed representation.

Unlike lossy compression algorithms, entropic compression algorithms do not require context analysis,
but can be built according to the frequency picture. Among the known algorithms for constructing such
codes are the Shannon-Fano algorithm, the Huffman algorithm and arithmetic coding.

Finding the information entropy for a given Shannon code is a trivial task. The inverse problem,
namely finding the appropriate Shannon codes that have a predetermined entropy and with probabilities
that are negative integer powers of two, is quite complex. It can be solved by direct search, but a significant
disadvantage of this approach is its computational complexity. This article offers an alternative technique
for finding such codes.

Keywords: Shannon code, information entropy, binary tree.
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