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IIOJITHOMIAJIBHE ITPEJCTABJIEHHS JABINKOBUX
JEPEB EHTPOIIIMMHNX BIHAPHIX KO/IB!

Baosicausoto ckaadosoro nomoxoeozo 0bMiKY 6eAukuMU 00’ eMamu THHOPMAUIL € aA2OPUMMY CTNUCKA-
HHA THPOPMAYITHO20 NOMOKY, AKI CB0EI0 UEP2010 NOJIAANOML HA GAZOPUMMY CMUCKAHHA 6e3 empam
(ewmponitini) — Ilenona, Xapmana, apudmemuyne kodysanms, ymoero cmuckarowi — LZW ma inwi
biexyii iHPOPMAYITHO20 KOHYCY, AA20DUMMUY CMUCKAHHA 3 6MPATNAMU, HANPUKAAd, MPS, jpeg ma Hu3Ka
IHWUL.

110 wac nobydosu aA20pUMMY CIMUCKAHHA 3 6MPATIAMU BAANCAUCUM € JOMPUMYEATNUCH Ne6HOT dop-
Mmaavhoi ecmpamezii. CHopmysro6amu i MONCHA MAKUM YUHOM: NICAA ONUCY MHONCUHY 00 €KMis, AKi
€ AMOMAPHUMYU EAEMEHMAMY 0OMIHY 6 THPOPMAUTTHOMY NOMOUT, HeObLIIHO Nobydysamu abcmparmmy
CTEMY Ub020 ONUCY, U0 Q0360AUMD BUSHAUUMY MEHCY 0Ai GOCTPAKMHUT 3Pi3i6 Uil cxemu, 3a AKOMW
NOYUHAIOMBCA JONYCTNUMI 6MPANU.

1lidzodu do suABseHHA AOCTNPAKMHOT CTEMU, WO NOPOIHCYE AAZOPUMMU CTUCKAGHHA 3 JONYCIMUMU-
MU BMPAMAMU, MOHCYMB OYMU OMPUMAHE 3 KoHmeremy npedmemuoi obaacmi. Hanpuxaad, arzopumm
CUCKAHHA aYOI0NOMOKY MOMHCE POZTIAAMU CULHAA HA NPOCTE 2APMOHIKY MA 3AAUWLAE ceped HUT i,
WO PO3MAW0BaHE 6 nesHomy dianazoni cnputinammas. Taxum wunom, ompumanut Ha 6UT0di cuzHa €
Ne6HOW aAbCMPAKYIEND 8TIOH020, WO MICTIUMD GANCAUGCY IHPOPMAUII0 32i0H0 3 KOHMEKCMOM CAYLOGO-
20 cnpuliHamMA aydionomoxy ma npedcmasieHuti MeHwow Kiavkicmio ingpopmayii. I1odibHut nidwid
BUKOPUCTOBYEMBCA 68 Popmami mp3, AKul € CMUCKAOWUM NPEICINa8AEHHAM.

Ha 6idminy 610 aszopummis cmuckaHha 3 6MPAmMami, eHmponititi as20pummiu CIMUCKaHHs He 6U-
MA2AI0MD AHANAIZY KOHMEKCMY, 4 MOAHCYMb 6ymu nobydosani 32idno 3 wacmommnoro kapmunor. Ceped
61doMUL anrzopummie nobydosu makuxr kodie moocha 3zadamu arzopumm Illennona—Pano, arzopumm
Xagpmarna ma apupmemuune K00ysaHHA.

3naxodorcenma iHPopmayitinoi enmponii das 3adanozo kody Illennona € mMpueiasvHo 3adauero.
Obeprena 3adava, a came nouyk 6idnosidnuxr xodie Illenmnona, wo maroms naneped 3adany enmpo-
ni Ma 3 HEBUSHAYEHUMU TUMOGIPHOCTNAMUY, WO € 610 EMHUMY UIAUMY CMENEHAMY 061KY, € docma-
mubo ckaadnor. Bona moorce bymu supiwena npamum nepebopom, ane cymmesum Hedosikom Ubo2o
nidrody € 1020 004UCA0BAHA CKAGOHICTL. Y Uil cmammi 3anPONOHOEGHO AALMEPHAMUSHUT Ni0xid do
nowyky maxux xkodie. Onucana MerHiKa NoATHOMIAALHO20 Npedcmasiennsa 06iUKosUT depes OTHAPHUL
kodie Illennona 3 IMOBIPHOCTNAMY, UL € 6i0 EMHUMU UIAUMY CENEHAMY 081Ky, dac 3mo2y O6ydysamu
610n0610HI K00U 30 6100MUM 3HAYEHHAM THPHOPMAUITHOT eHMPONIL.

KurouoBi ciioBa: koz Illennona, indopmariiiina eHTpOIist, OiHapHE IepeBO.

3 TOYHICTIO 110 i30MOpdi3My. 3ayBarXKUMO, IO TOJTi-
HOMIiaJIbHE MpEeICTaBIEHHS ajaredpaiaanx 00’€KTiB
y bararbox BUIAJIKAX HAJIAE 3PYUHY TEXHIKY I

Beryn

Binapuwuii kon Ilennona [1] aoa andasiry no-

TY?KHOCTI N Ta 3 iIMOBIpHOCTSIMH, IO € Bia €MHUMUI
[ITMMA CTEIEeHsSAMU ABifiKu, MOxKe OyTu 3ajaHuit
JBIMKOBUM KOPEHEBWM JIEPEBOM 3 1 JIUCTaMu. B
MMPUPOIHIM KOOpAWMHATH3AINI JIBIHKOBOTO KOpEeHe-
BOTO JIepeBa JIUCTH, IIJIAX BiJl KOPEHs 0 SKUX Mi-
CTUTD OinbIre pebep, 6yayTh 3HAXOMUTHCS JIiBiIe.
s smeTa KibKicTh pebep, 1o 3B’a3yI0Th #Oro
3 KOpeHeM, Oy/IeMO Ha3WBATHU PIBHEM IIHOTO JIUCTA.
[Ipm TakoMy mpeacTaBIeHH] IBIITKOBE KOPEHEBE JTe-
peBo, o 3axae panuit kox [llennona, Oyme euanm

po3B’a3anHs HU3KU npobsiem [2—4].
OsnavenHs 1. 3a 3azanum gepesoM 1, KOIOM
o0y IyeMO BiAMOBIAHUN TOJTiHOM

p[Tn](Z‘) = blgj 4o bll‘l,

ne b; mOpiBHIOE KiMbKOCTI CTPIYOK MOBXKHUHU i Y
BIJIIIOBIJIHOMY KO/Ii.
ITpuxaad 1. Kox IMlennona:

0,1

13a wacrkopoi migrpumku npoexty «Crsopenus nentpy mudposmx immosariii HAH Ykpaimm» 1linsosoi nporpamm
naykosux mociaimpkens HAH Vikpaimum «Maremaruane MOJETIOBAHHS Y MIKAUCIHUIUIIHAPDHUX TOCJHII2KEHHIX IIPOLECIB i
CHCTEM HA OCHOBI IHTENEKTyaJbHUX CYHEepKOMII'IOTE€PHHUX, TPif- i XMapHUX TexHosorifl» ma 2021-2025 pp. (gepxapuuit

peecrpaniitamit Homep: 0121U110979).
© Moposzos /. 1., 2021
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2 cTpiuku JIoBXKuUHU 1
Enrpormis:
1 1
1 1
ET))=1-{= 1-{=) =1
= (3) - (3)
[Toninom:

p[Ts](x) = 2.
ITpukaad 2. Kon Ilenrona:

00,01,1
2 cTpiuku JioBXKuHU 2, 1 — noBxKuHU 1
Entpormis:
2 2 1
1 1 1 3
ET51=2-( = 2-(= 1- (=] ==
=2 () e () () -
[Tonixom:

p[Ts](z) = 222 + x.
OcHOBHA YacTUHA

Teopema 1.
p[T,](x) = 22 + (22 — 2)k(x).

Zlosedenns. JilicHO, KOXKHE JI€PEBO KO, 10 MA€
7 JIUCTIB, MO2KHA OTPUMATHU 3 JIEPEBA, 1110 Ma€ n— 1
JINCTIB JOJABAHHAM JIBOX pebep 70 MEeBHOTO JIUCTA.
B pesynbrari 3HMKHE OAWH JIUCT PiBHA ¢ Ta J01a-
JyThCs ABa jucta pisusg t+ 1. B momxinmomiaasaOMY
[IPEJICTABJIEHH] 1151 OTIEpallisd MA€ TAKUI BUIJIAI:

pIT)(2) = p[Tpa](x) + 22" — 2 =

= p[Tn-1](x) + (22 — 1) - 2"

Jist KosKHOTO 1 fAepeBo 1, MOXKHA iHIYKTHUB-
HO oTpuMaTH 3 15 3a JONOMOI'OI0 OIMCAHOI BUIIE
orepaitiii.

Hnsa nepera T, MaeMo:

p[Te)(x) = 2.
Orxe, Jyist Oy/1b-IKOIO 1 Ma€ Micie piBHICTb:

p[T,](x) = 22 + (227 — 2)k(x).

o (1) -1

Hosedenns. 3riguo 3 Teopemoro 1 maemo:

o (2) =2 b ok () -1

Jlema 2.

Jlema 3.

plT](1) = n.
JHosedenna. iiicno, p[T,](1) mopieHioe cymi Ko-
edimienTiB HOro MOJIHOMA, a OTXKe, 3TiTHO 3
O3HAYEHHSAM 1, JTOPiBHIOE KLTBKOCTi JIUCTIB JepeBa
T,.
Os3HavyeHHd 2.

Jlema 4.

Zlosederns. JIIHCHO, /118 KO, 1O LIPeACTaB/IeHU
nominomom p[T,|(x) = byx + - -+ + bjz!, indopma-
iiffHa €HTPOITisA JTOPIBHIOE:

2

(v (3) )

A orxke mae micue piBHICTb:

1

E[T,] = e[T,] <2> .

OszHaveHHs 3. O3HAYMMO HOPOJKYIOUMIT 110JIi-
vom Jytst Koy llemnona, 1o 3aganmit aepeBoM 15,
TAKUM YHHOM:

k[Tn](z) =

1 1\’
ET,)=by - —+..+b-1- 5) =

N =

p|Tn] — 2z
222 —x

3rigHo 3 Teopemoio 1 o3HadeHHsi 3 € Kope-
KTHHM.
Teopema 5. k[T,](x) =ag+ -+ axt,a;, € ZT €
NOPOIAHCYIOUUM NOATHOHOM OAA NE6HO20 OIHAPHO20
depesa kody Illennona modi, i misvku modi, Ko-
2 0 < ag < 2, ma nocaidosricmv ag, 5t ..., 5t €
CNadHo0.
Jlosedenms. 3rinHo 3 poskiiagom 3 reopemu 1 ra
O3HAYEHHA 3 MAEMO:

pPITn)(2) = 22 + (22% — 2) - K[T;] (2).

s icuyBanng BiamosigHoro aepesa komy Illen-
HOHA HEOOXiZTHO 1 JOCTaTHBO, MO0 KoedimieH-
TH pe3ynbryiodoro mosinomy p[T,](x) Oymu me-
Bij'eMHUME IijiuMu gucjgamu. Llsa ymoBa Biamosi-
A€ TAKUM OOMErKeHHSIM Ha, KOepiIli€HTH TOTIHOMA,
k[T, (x):

ao < 2
ai+1 < 2a;

Ogat

PIBHOCHUJIBHO [OCJILJIOBHICTD

jii(e}
a
a072—}...

TOMY,
, 5¢ € CIAJIHOIO.

10
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Jlema 6.
E[T,](1) =n—2.

Josedenns. 3rigHo 3 O3HAYEHHAM 3:

Ta, 3rigHo 3 1IeMOI0 3, MAEMO MOTPIOHE TBEP/I2KEH-
Hsl:

k[T, (1) = n — 2.

O3zHnauennd 4.

Teopema 7.

Zlosedenns. MaroTh Mmicie Taki CIiBBIIHOIIEHHS:
2z + x(2x — V)k(x)) =2+ (z(2z — 1))'k(z)+
+z(2e—1)K (z) = 24 (4z—1)k(x)+ (222 — )k (z).

OTke, 3riHO 3 O3HAYECHHAM 3:
op[T,])(z)
T, (x) = —
efn)(@) =« or

. (2 + (o = DE[T) (@) + (202 = 2) - =

Towmy, 3rigHO 3 AEMOTO 4:

fE) -4 (o (2)

OcTaTouyHo MaEMo:

1

k[T, (2> = 2(E[T,] — 1) = E[T},].

E[T]

ITpuxaad 3. Hexait enrpomnis koxy [lennona 3 je-

; 3
pesom T, TOpiBHIOE 3.

Hexait
k[Tn](x) =ap+tar+ ...atsct.

Or2xe, 3a Teopemoro 7

aj Qg

—+.—==1

Gt g
i enuHMii PO3B’A30K B yMOBAaX TEOPEMH & — Qg =
=1,a; = 0,7 > 0. 3Biacu
k[T, (z)=1
p[T,](x) = 22 + (22% — ) = 22° + 2.

€aunum jpiiikosuM kogom IllenHona 3 enrpornieo
% Oyne Takwmii:
00,01, 1

2 cTpiuky J0BXKWHU 2, 1 — HoBXKUHM 1.

HELE))

IIpuxaad 4. Hexali enrponis kony Illennona 3 ne-
pesom T, mopiBHIOE 2.

E[T]

22— 1) =2.
Hexait

K[T,](x) = ap + a1z + - -+ + azx’.
Orxe

a1 Q¢
CL0+2+ +2t

i equHUil PO3B’A30K I KOXKHOIO 1 B yMOBAX T€-
opemu i 1, — 1e

a;=1,1< (n—5)

Ap—4 = 2.
3Bigcu

ET,)(z) =14z +--- 422"

p[Tn](z) = 22 + (22° —2)(1 + 2 4 - + 22" 2).
Hampuknam
p[Ty](z) = 22 + (227 — )2 = 422,

ToMYy €auHnM ABiiKoBuM KomoMm [llenrona 3 eHTpo-
miero 2 Ta gepeBoM Ty Oyme Takwmii:

00,01, 10, 11,

IO MIiCTUTDH 4 CTPIYKHU JOBXKUHH 2.
s n =5 maemo:

p[Ts](z) = 22 + (22% — 2)(1 4 22) = 42> + z,

ToMy €auHuM ABiikoBuM KogoMm IllenHona 3 eHTpo-
miero 2 Ta gepesoM Ty Oyme Takwmii:

000,001,010, 011, 1,

0 MiCcTUTD 4 CTPIYKM JOBXKUHU 3 Ta OJIHY CTPi-
4Ky JOBXKHUHHU 1.

BucHoBkn

Onucana TexHiKa MOJIHOMIAJIHLHOTO TPEICTAB-
JIeHHs OBifikoBuX mepes Oinapaux komais [1lerHoHA
3 UMOBIPHOCTSIMU, 110 € BiJl €MHUMHY IILTHME CTEIIe-
HSAMH JBifiK7, 103B0JIsi€ Oy 1yBaTH BiAIOBIIHI KOIU
3a BiIOMUM 3HAYEHHSM iH(OPMAIINHOI eHTPOTIii.
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D. Morozov

POLYNOMIAL REPRESENTATION OF BINARY TREES
OF ENTROPY BINARY CODES

An tmportant 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 complezity. This article offers an alternative technique
for finding such codes.

Keywords: Shannon code, information entropy, binary tree.
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