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Summary. Product codes are preferred in high data rate wireless communication systems to
achieve good error performance. However, to conceive a proper decoding method, which can
correct all the potential errors pattern that within the half of the code distance for the product
code, is not easy. In this paper, an improved decoding method of hamming product code has
proposed. The proposed method can correct all the combinations of errors that less than four.
As a result, it has a good performance in BER and WER.

Over half a century, the using of error-correcting coding (ECC) is one of the effective
methods which improves the performance of noise immunity in information transmitted of
communication systems and networks. The most widely used coding are those methods based
on Hamming codes, various cyclic codes, BCH codes, product codes and others, allowing to
correct random and dependent errors [1]. In Error control coding, parity check bits are
calculated based on the input data. The input data and parity check bits are transmitted across
a noisy channel. In the receiver, an ECC decoder is used to detect or correct the errors induced
during the transmission. The number of parity bits depends upon the number of information
bits. At present, the most successful coding schemes are turbo codes and low-density parity-
check codes, since their excellent capability, closely to the Shannon limit. Under some
specific requirement (typically, code-rates near to the unity and low error rates required),
product codes may turn into competitive. Product codes [2, 3], which can be easily realized by
concatenating simple component codes, have a good protection capability against both
random and burst errors. Product codes, whose component codes are Hamming or extended
Hamming product codes (BCH product codes), BCH product codes can be constructed to
improve the error correction capability, but a more complex decoding process is required. The
simplest two-dimensional product codes are single parity check (SPC) product codes, assured
to correct only one error by inverting the intersection bit in the erroneous row and column [3].

Product codes are formed in the verification codes C,(n,,k,d,) and C,(n,,k,,d,) for

the rows and columns of the source code matrix n, x n,, respectively, where 7 is the length of

the code; k is the number of information symbols. The random-error-detecting and random-
error-correcting capabilities of code are determined by its minimum distance d__ , if the

component codes C, and C, have minimum Hamming distances d, and d,, accordingly,
then the minimum Hamming distance of the two-dimensional product codes C, is the
product d, and d, (d,, =d, xd,), and at the same time ¢ >2¢+1, ¢ is the multiplicity of

corrected errors [ 1], which greatly increases the error correction capability.
According to the coding theory, it is need to add supervisory symbols to the information
symbol sequence for reducing the appearance error. The result after conducting such opera-
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tion is that the code-word sequence and the redundancy increases. But if there is a need to
maintain the same rate of information symbols, the transmission rate of the communication
system will boost. However, the rise of the bandwidth of the system may enlarge the noise of
the system and then reduce the signal-to-noise ratio. The decreasing of the signal-to-noise ra-
tio may generate more errors in the received symbol sequence of the system.

Existing decoding method for (7, 4, 3) hamming product code are two-step iterative de-
coding method [3] and three-step decoding method [4]. However, both of them fail to correct
all the combination of four errors. Therefore, an improved method based on two-step and
three-step decoding processing is proposed. Instead of directly using the syndrome decoding
table to decode the error bits, we count the number of row errors and the number of column
errors. If the number of the mistake row is above the number of mistake column, a row-
column-row three step decoding will conduct. By contrary, a column-row-column three step
decoding will conduct when the number of mistake column surpass number of mistake row.
When the number of abnormal columns is equal to the number of abnormal row and this value
is not larger than 2, then we will direct erase the potential error bit and followed by a row de-
coding. This decoding method guarantee all the combinations constitute by all the errors that
less than or equal to four can be properly decoded.

Figure 1 shows the bit error rate (BER) curve and word error rate of using (7, 4, 3)
Hamming product codes apply three different decoding methods with BPSK modulation.
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Fig. 1 Performance of (7,4) Hamming product code in AWGN channel

From the Fig.1, it can be seen that the proposed method has a better performance when
compare with the three step method and two-step method. From the fig.1-a, when the SNR is
five, the bit error rate of the proposed method is roughly 4 10-4, which is less than the three-
step method and two-step method. From the fig.1-b, the word error rate of the proposed meth-
od is also superior to the others.
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Summary. The importance of regular assessment of the liquidity of an enterprise for the pur-
pose of its successful and sustainable development has been investigated. The use of artificial
intelligence serves as a tool for creating effective financial strategies.

[Tangemus u nocneaoBaBIINE 3a HEH JIOKJAYHbI PE3KO COKPATUIIM NEPEBUKEHUE TOBA-
POB | JItOJIil. DTO HEraTUBHO CKAa3aJIOCh Ha CEKTOPE YCIIYT, MAJIOM U CpeaHeM OusHece, cep-
BHUCHOI 3kOHOMUKE. HekoTopble KoMIIaHUM HaXOAATCSA HAa TPaHU pa30peHMs WIN NPEKPaTHIN
CBOIO paboTy M OO0AHKPOTHJIHMCH. B Takoi cuTyanuum HEOOXOIMMO NMPOBOAUTH PETYISAPHYIO
OLIEHKY IIATEeKECTIOCOOHOCTH MPEANPUATHS WM OLIEHKY JIMKBUIHOCTH Oananca. [[ns storo
CPaBHMBAIOTCSI CPEACTBA 10 aKTUBY, CTPYIIIMPOBAHHBIE 110 CTENIEHU MX JIMKBUAHOCTH C 00s-
3aTeIbCTBAMHU 10 IaCCUBY, CIPYNIHUPOBAHHBIE 10 CPOKAM UX MOTALLIEHUS.

Tabmuua 1 — OnpeneneHue TMKBUIHOCTH OaaHca
VYcoBue abCOMOTHOM

AKTHUB ITACCHB
JIMKBUJHOCTHU
A1l — neHexHbie cpeAcTBa A1>111 Il = KpemuTopcKas 3a/10KeH-
HOCTb
A2 — 000pOTHBIE AKTHUBBI A2>112 I12 — KpaTKOCPOUYHBIE KPEAUTHI

A3 — nonrocpounsie (hu- A3SII3 [13 — gonrocpouHble 3a€MHbIE
HAHCOBBIE BIOXKECHUSI CpeJICTBA
A4 — BHEOOOPOTHBIE aKTH-
BEI

A4>114 I14 — coOCTBEHHBIN KanuTall

Ecnu paBeHcTBO cobimogaercs, To 0anaHc cuuTaeTcs aOCOMIOTHO JTUKBUAHBIM. [Ipu oT-
CYTCTBHH JEATEIBHOCTU TPEANPUATUS COXPAHAIOTCSA TEKyIIHMe pacxonbl. Yepe3 KOpOTKUI
MIPOMEKYTOK BPEMEHHU PaBEHCTBO a0COIIOTHOM TMKBUAHOCTH MOXKET OBITh HAPYIICHO.

N36exaTh (UHAHCOBBIX MPOOJIEM TO3BOJIUT EKEHEACTbHBIN aHaIM3 JeSTeNbHOCTH
KoMmnaHuu. /[y 3Toro motpedyeTcst pacCYUTaTh TOUKY 0€3yOBITOYHOCTH.

Touxa 6e3yObiTounoctu = [ToctosiHabIe M3aep)KH / ((CTouMocTh | ed. mpoayKIuu —
[Tepemennsbie 3aTpatel Ha | en. mpoaykiuu) / CTOUMOCTH | €11. IPOAYKIIHH.

Jlanee BBIUMCINTB CKOJIBKO MPEANPHUIATAE MOXKET TPaTUTh B HeAemto. [l 3Toro 1oxox
MPOIJIOTO TO/1a Pa3/IeNIUTh HAa 52 HEJENIN U HE JIOIYCKaTh IePepacxo]l 3TOM CyMMBI.

Cnenyromuii mar — 3To pacnopsKeHUe HepaclpeeICHHbIM J10X0I0M.

st 3 (HeKTHBHOTO MCTIONB30BaHUS CIIOKHUBILEHCS CUTYalluH, TPEANPUATHE MOXKET MO-
Jy4aTh PEKOPAHYIO JOXOJAHOCTh OT MHBECTHLHMOHHOHN NesTeIbHOCTH. VICKyCCTBEHHBIH MHTEI-
JIEKT CIYXXHUT WHCTPYMEHTOM YCIICIIHBIX (PMHAHCOBBIX cTpareruii. TecHoe B3ammojeicTBHE
0aHKOB M MX KJIMEHTOB B JAHHBIX YCIOBUSIX MOXKET IOJIOKHUTEIBHO BIUATH HA UX PA3BUTHE.

CornacHo MHeHMI0 KuTaiickoii OaHKOBCKOM accolyalMd M BEIyIIUMX YHUBEPCUTETOB,
(uHAHCOBas OTPAC/Ib YCWJIEHHO HapalludBaeT B 00JACTH yHpaBlICHHUS HU(POBBIM KAITHUTAIOM.
Hcnonp3oBanne (GUHAHCOBBIX TEXHOJOTWH MOXET TIOMOYb B MHHOBAIIMOHHOM MapKETHHIE 3a
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