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Machine learning methods are widely used for solving problems of interpreting and describing
geological and geophysical data. One of them is automatic lithology extraction during the analysis
of a whole core photographs. In this paper we propose to analyze the parameters that represent the
textural and color features of the images. The advantage of this approach is that it allows online
training and retraining of the classification model. Among the existing classification methods, such as
boosting, random forests, support vector machines, neural networks are preferred for their universality
and implementation in various sets of programming tools. The application of neural networks requires
the user to have a clear understanding of the modelling goals, because an important factor is the choice
of model architecture.

There are many parameters that are set by the user, and all of them affect the quality of the
prediction. Therefore, the purpose of this research is to study the behavior of networks with various
configurations and to find any common regularities. The paper considers the problem of classifying
lithotypes using fully connected neural networks. The data for processing are color and textural features
that were obtained as a result of the processing of whole core images. Thus, we consider the classification
task of training examples with 48 features into 20 classes corresponding to certain lithotypes. The test
sample consisted of 2998 elements. We trained the model on samples consisting of 10,000 and 1,000
elements, respectively. The hyperparameters of the model include loss function, optimization method,
activation function, batch size, number of epochs, number of hidden layers, and number of neurons
in a layer. Based on a given issue, it is already possible to explain the choice of one or another
parameter or function in advance. For the classification problem the optimal way is using ReLU and
LogSoftMax activation function. CrossEntropyLoss was used as a loss function. This loss function
combines LogSoftMax and NLLLoss, so the use of LogSoftMax is also justified by simplifying the
calculation of CrossEntropyLoss. We use the Adam algorithm as the method of optimization. The
quality of the model was evaluated using the fl-score metric. According to the results of training a
model with a fixed number of layers and nodes, but with a different batch size, it was figured out that
the optimal batch size consists of 256 elements. Based on this assumption we determined that 30 epochs
are enough to train the model. All in all among a large set of network hyperparameters it is complicated
to determine the exact number of network elements, i.e. the number of layers and neurons. Therefore,
in the current research we study the dependence of fl-score and the value of the loss function on the
number of nodes in the layer. The paper shows that an increase in the number of neurons definitely
leads to a gain in quality. Fl-score equals 1 for all cases after 10 neurons in a layer. Moreover, a
model with incorrect number of layers can be improved by increasing the amount of neurons in each
layer. Increasing the number of layers allows the model to construct a more complex approximation,
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which can improve the quality of the prediction. However, as the number of layers increases, there
is a risk of network overfitting and the appearance of local minima of the error function that leads
to training problems. Thus, the number of nodes in a layer is the defining parameter and we should
set this parameter up first. An important factor in the model training is the time spending. In this
research, we propose a following estimate of the algorithm complexity. Besides, we have studied the
influence of the number of layers (m) and nodes (n). The estimate is given in terms of O-notation. It
is shown that the number of performed operations increase linearly O(m) in the number of layers and
cubically O(n?) in the number of neurons. Consequently, with relation to the number of operations it
is preferably to increase the number of network layers. However, many elements does not guarantee the
rise in the fl-score. The predictions of some classification algorithms (for example, boosting or random
forest) are highly dependent on the first initialization of the parameters. In our case, the dependence
of the loss value on the random initialization of the neural network weights was investigated. We use
the Epps-Pally test to check the normality of the loss value distribution. Tests have shown that the
distribution of the value of the loss is not a Gaussian one. This fact should be taken into account
in setting the requirement for the reproducibility of experiments result. The starting model weights
should be initialized accordingly.

Key words: neural network, lithotype description, core analysis, hyperparameters, supervised
learning.
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B pabore paccMmarpuBaercs 3aJada KIaCCHMDUKAIUN JIMTOTUIIOB C HOMOIIBIO TOJHOCBSI3HON Hel-
pouHoil cern. TPEHUPOBOYHBIMU U TECTOBLIME JAHHBLIME SABJSIIOTCS [BETOBLIE W TEKCTYPHBIE MPH-
3HAKW, TTOJIyYEHHBIE B PE3YAHTATE aHAIN3A TIOTHOPAZMEPHBIX M300parkennii keprua. [IpenmytmecTsa
TAKOro TOAX0/a 3aK/II0YAlOTCA B BO3MOKHOCTH KaK 00y9aTh MOJETh B PEATHLHOM BPEMEHH, Tak U
aJaNTHPOBATL €6 K HOBOMY HAOOPY HAHHBIX TOCPEACTBOM M000ydeHus. Ynucio mTpu3HAKOB KayKI0TO
TPEHUPOBOYHOTO MPUMEPA PABHSAIOCH 48, 9HUCJI0 KJIACCOB, COOTBETCTBYIONIMX ONPEIEJEeHHBIM JINTO-
TunaMm — 20. B pabore mokazano, uTO 4 330aUN KAACCUPUKAIINHA C TTOMOIIBI0 HEHPOHHBIX CeTei
HanboJiee 3HAYUMBIM TTApaMeTPOM apXUTEKTYPhl MOJIEJH ABJISIETCST YUCJIO CJIOEB U y3/10B. B pabore
BRI, TTPE/TIOKEHA OIEHKA CJIOKHOCTH anroputMa B Tepvuaax O-uortaruu. [Tokaszano, 94To 9ucso
BBIIOTHAEMBIX omeparnmii pacteT muHeitno O(m) mo ancry cioes n Kybumaecku O(n?) mo amcty meii-
poroB B cioe. OJIHAKO C TOYKM 3PEHUS KAYECTBA MPEACKA3AHUSA MOJEJN yBETUICHNE YUCJIa CJIOEB
He MPUBOJIAT K JIyUIIUM pe3ysbraTaM. [Ipu anainse 3apucuMocTy MeTpuky fl-score or ducia y3108
JUI PA3JIMYHBIX CJIOEB ObLIO MOJIYYEHO, 9TO yBEJMYCHUE YUC/Ia HEPOHOB IPUBOIUT K BHIMI'DBIIILY B
KAQ9eCTRE MPEJACKA3AHNS.

KoroueBbie ciioBa: meifipornbie cetr, KIaCCUDUKAING JUTOTUIIOB, aHAIN3 KEPHA, THIePIapa-
MEeTpPBI, O0YyUYEHHE C YINTEIEM.

Beengenune. MeTo/ibl MAIIUHHOIO O0YYEeHUS TITUPOKO NPUMEHSIIOTCH JIJIT PEIleHus 3a/1a4 UH-
TepIpeTanuu U ONMUCAHUS Te0J0ro-reodn3ndecknx AaHabx. OHO U3 TaKuX 337139 ABISIETCH
aBTOMaTHYEeCKOe JIUTOTUIIUPOBAHUE TOPHBIX ITOPO/I IIPU aHam3e (pororpaduii mosHOpa3zMepHO-
ro kepta [1]. Pemrenue manHoil 3a1aun Kiaccu)UKAINE 3HAYATEIHLHO YIPOCTUT PabOTy MpPHU-
BJIEKAEMBIX CIIEIHAJTUCTOB — Ie0JoroB U mnerpodu3ukoB. PacmpocTpaHeHHBIM TOJIXOIOM JIJIsT
PEIeHNs BHIIIEYTOMSTHYTON 3a/(a4i sIBJISIETCsI HCIOJIb30BaHUe CBePTOYHbIX ceredi [2|. B nanuoii
pabore TpeIaraeTcsa MPUMEHSITH TIOTHOCBSI3HYI0 HEPOHHYIO CETh, Ha BXOJ KOTOPOH TOTAI0TCs
IPU3HAKHU, OTPazKAIoIue TEeKCTYPHbIE U I[BETOBBIE CBOMCTBa M300pazKenuii. Meroauka mosyde-
HUsI TIPU3HAKOB W3 TOJHOPAa3MepPHOro W300pazkeHus KepHa omucana B paborax |3, 4|. Beibop
TaKOro IMOAX0/a ODOCHOBAH TE€M, UYTO BO3MOXKHO IPOBOIUTHL OBICTPOE, OIlepPATHBHOE OOYUeHHE

Crarbsa o goksagay Ha MexayHaponuoit Koudepenmun «MapuykoBckue HaydHble urenus—2022», Poccus,
Hosocubupck, 03.10.2022-07.10.2022.
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n poo0yuenne monenn. [Ipumenenne HC Tpebyer or mosb30BaTesss 9€TKOrO MOHUMAHUS IO-
CTaBJICHHBIX I1eJieil, T. K. Ba2KHBIM (PAKTOPOM ABJISIETCS MOAO0P apXUTEKTYPBhI MOJEIU, KOTOPas
3aBUCUT OT pemiaemoii 3aa4un. CyIecTByeT MHOXKECTBO apaMeTPOB, KOTOPbIE 3a1aI0TCs 10 Ihb-
30BaTeIeM, H BCE OHH BJIMSIOT HA KaueCcTBO Ipejacka3anus. HecMoTps Ha akTHBHOE TPpUMEHEHHE
HC |5-7] mia pemenus 3a/iaun Kiaccudukanuu, B paborax mogpobHO He PACCMATPHBACTCST Me-
TOAWKA BBIOOpa TOM mu nHOit Mojem. [ToaToMmy 1eb10 JanHOi paboThl SIBISETCS UCC/IeI0BAHNE
NOBEJIeHUs ceTell pa3IuYHbIX KOH(PUTYPAIUil 1 BBISBICHAE KaKUX-TUO0 OOIINX 3aKOHOMEPHO-
cTeil. DTo mo3BOUT HoJee rIyOOKO MOHATH MPUHITUIL AefiCTBUS aJIrOPUTMOB, a TaKxKe pa3pabo-
TaTh METOJIHUKY IO IOA00PY ONTHMAJIbHBIX runepunapamerpo HC mig 3amadn Kiaccudpukanum
JIUTOTHUIIOB.

1. Ucnoas3yemasa moaean. B pabore paccmarpupaercs 3aja4da KIacCHMUKAIANA JTATO-
tutioB ¢ nomotbio HC. TecroBas Beibopka cocrosuta u3 2998 aynementoB. OOydenmne Moje/n
HPOBOIMIOCH Ha BbIOOPKax, cocrosmux u3 10000 u 1000 s1emenTOB cooTBeTcTBeHHO. Kostmye-
CTBO ITPU3HAKOB, T. €. Pa3Mep BXOIHOTO ¢1osd — 48, KosmdecTBO KaaccoB — 20. HacTpanBaembre
HapamMerpbl, MO3BOJSIONIME yIPABJISITH IIPOIECCOM ODYYeHUs] MOJIE/IU, HA3bIBAIOTCS I'Ullepiia-
pamerpamu. K HuM orHOCSTCH: (DYHKIMSA NOTEPH, METOJ ONTUMU3AINN, (DYHKIHUA aKTUBAIUH
HeftpoHa, pa3Mep OarTda, KOJTUIECTBO MOX 00y IeHUsI, KOJTUIECTBO CKPBITHIX CJI0EB U KOJTUIECTBO
HEHIpOHOB B cJioe. Be3yc/ioBHO, Bce OHM OKa3bIBAIOT CYIIECTBEHHOE BIUSHHE HA PE3yJIbTAThI pa-
60THI Kj1accuduKaTopa, U 3aJ1a49a MOCTPOCHUS MIPeJICKA3hIBAIONIEH MOJIEIN CBOIUTCS K TMOUCKY
ONTUMAJIBHBIX TapaMeTpoB n (hpyukmuit. OTHAKO, HCXOAS U3 MOCTAHOBKHU 334U, MOYKHO yIKe
3apanee 000CHOBATH BHIOOP TOTO WM MHOTO napamerpa uin ¢pyukmuu. K npumepy, dpynxmus,
OIIPEIe/IAIONIAs BbIXOHOW CUTHAJI HEHpOHA, T.e. (PYHKIUS AKTUBAIUH, BLIOMPAETCA C TOUYKH
3peHUs BBIYUCIUTEIBHON CJIOXKHOCTH airopur™a. B pabore [8] mokazaHo, 4To jjis CKPBITHIX
CJIOEB ¢ TOYKH 3PEHHS BBIYHCJIUTETBHOM CJIOKHOCTH ONTUMaJ bHO TpuMeHdaTh ReLU. B kawe-
cTBe (DYHKIUHM aKTUBAIIMU BBIXOIHOTO CJI0sI MbI HCIOJIB30BaIH Soft Max:

€ i
SoftMazx (y;) = L(:g)) rae N — 9nc/10 BBIXOIOB CeTH.

N

>; (exp(y;))
BrixomHoe 3HadYeHne KarkKJa0ro HeHpOHA yKe OTHOPMHPOBAHO B auamnaszone or 0 mo 1, npudem
CyMMa 3HaYeHHUil BCeX BBIXOIHBIX HEHPOHOB paBHSAETCS 1, TaK UTO BHIXOJ CETH MOYKHO CIUTATH
BEPOSATHOCTBIO MPUHAIEZKHOCTH OJHOMY U3 KjaccoB. OJIHAKO B HacTodIell pabore nmpuMeHs-
ercsd Moaucpukanusg gannoit pynknun aktuBaiuu LogSoftMax:

In(exp(y:))
N
>, (exp(y)))
C ITOMOIITBIO BbIIHeynOMHHYTOI‘O moaxoaa pemaeTCH HpO6ﬂeMa HOTepI/I 3Ha‘~IeHI/I${7 KOor1a OTpI/II_[a—

TeJIbHBIE BXOJHBIE Januble SoftMax Besmku 1m0 MOIYJII0, ITO MOYKET MPUBOAUTH K OKPYTJIEHUIO
BBIXO/a 70 HYJIs1. B KadecrBe dyukmmn nmorepsb uctosb3yercs CrossEntropylLoss:

LogSoftMax (y;) =

N
CE(pt) =— Ztc -In (pe),
c=1

rje t — MeTKa KJjacca, a p — 3HadeHue (pyHKIUN aKTUBAIUH.

Drta dyukimsa noreps obbepunsger LogSoftMax u NLLLoss, mostomy npumenenue LogSoft-
Max obocHoBano erie u yupomenueMm pacdera CrossEntropyLoss. s ontumusanuu (pyHKIHH
noTeph MpHUMeHsieTcst anropur™ ontuMusaiuu Adam [9], swistromuiica MogudunupoBanHoii
Bepcueit SGD:
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Wt = wt — a EMAbl (vf)t
VEMA,,(Vf2)t 4 €

roe w',w!t! — Beca 10 u mocse 06HOBICHNS COOTBeTCTBeHHO, @ = 1% 1073, by = 0,9, by = 0,999,
(Vf)! — rpaguent onrumusupyemoii dbyHkmun B Touke w,

+1

of N (ofY

ow; )~ \Owy

(Vfo) =

Y

EMA(f) = (1 =0b) % f' +bx EMA(f)"! — ckombzamee cpepnee B Touxe fr.

JL7st oTieHK Y KadecTBa npejcKa3aHus B paboTe NCIOJIb30BaIach MeTpuKa f1—score, T. e. cpeji-
Hee TapMOHHYeCKoe precision u recall ¢ MmaoKuTeaeM 2:

2 x precision x recall

hi= precision + recall
sion ) TP
rectSton(ToO9YHOCTh) = ————————
b TP+ FP

T' P — BepHOIIOIOKHUTE/IbHbIE CpadaThIBAHUS
F'P— j102KHOIIOTOKUTEbHBIE CpabaTbIBaHUS

TP
TGCG/”(HOJIHOTa) = m—m

F' N — noxuoorputiareibuble cpadaThIBAHUA.

HauGosibIee 3HadeHne MeTpUKa JOCTUTAET IPH MaKCUMaJIbHBIX precision u recall m paBasieTcs
1. Fl-score 6/im3ka K HYJI10, €CJIU OJIMH U3 apryMeHTOB OJIU30K K HYJITO.

2. IToabop pa3mepa 6ar4a. [lo pesysbraram obydenusd Mojean ¢ (PUKCUPOBAHHBIM YHC-
JIOM CJIOEB M Y3JIOB, HO C PA3JIMIHBIM pasmepom Oarda B Tedenue 1200 uTepamuil perucTpupo-
BaJIOCh 3Ha4YeHHe (PYHKIHH TOTEPh loss.

Pasmep Oarya — 910 KOJIMYECTBO TPEHUPOBOYHBIX IPUMEDPOB, 3aIPYy2KaeMbIX B CETh JIJIs O/l
HOPa30BOro mporoHa. Kak ciemyer u3 puc. 1, mpu mocrarodso GosbioM pasmepe batda (40)
BJIMSIHUST HA KA4eCcTBO TpejcKa3anng HeT. Ecian ke 1 < pasmep barda < 40, TO MpuUCyTCTBYeT
He3HAUUTEIbHOE IIpoceianue MeTpuKHu. B jpanno#t pabore pasmep Harda = 256. Briopas pas-
Mep Darda, onpejesseM YUCI0 SM0X 00yUeHHUs, T. €. MPOXOI0B CETH 10 BCeM JAHHBIM BO BpeMs
ob0yudenusi. Cjieyer CKas3arhb, YTO YHUCJO SMOX 3aBUCUAT OT TOIO, KaK OBICTPO ONTHMUBUPYIOTCS
napaMeTpbl, SKCIEPUMEHTA/IbHO ObLJIO MMOKA3aHO, YTO Jjd JAHHOIO ONTUMHU3ATOPA U (DYHKIIHH
norephb J0cTaToIHO Topsiaka 30 amox. V3 BeIITeCKA3aHHOTO CJIEIYET, 9TO Cpean OOJIBIIOrO Ha-
bopa rumeprapamMeTpoB CeTH u3 OOIMUX COOOparKeHHil 3aTPYJIHUTEJHHO OIIPEIeTUTh UMEHHO
KOJIMYECTBO 3JIEMEHTOB CeTH, T. €. YUCJIO CJIOEB U HEeHPOHOB.

3. Omnenka acCUMIITOTUYECKON CJIOKHOCTH aJjropuTma. [Ipm co3gaHum aaropurma
BayKHOM COCTaBALIONICH “ABAGeTCd BpeMs paboOThl MPOrpaMMbl, T. K. Mbl MOYKEM CO3/IaTh TOY-
HYIO TPEJICKA3bIBAIOIIYI0 MOJEAb, HO C OOJIBIITUM KOJHUYECTBOM BBIYUC/IUTEIHHBIX OIePaIuii,
YTO IIOBJEYeT 3a COOOMl 3HAYUTE/JIbHbIE BPEMEHHBIE 3aTpaThl B Ipolecce obydenud. OmgHAKO
BpeMsl pabOThI IPOrPAMMBI He SIBJIeTCd YHUBEPCAJILHOU MepOil, T. K. OHO 3aBUCUT OT HECKOJIb-
KuX GaKTOPOB, TOMUMO CTPYKTYPHI AJITOPUTMA (A3BIKA TPOIPAMMHUPOBAHUS, BHIYUCIATETLHBIX
BO3MOXKHOCTEN U T. H.). HOSTOMy BBeJeHHUC TePpMHUHA aCUMIITOTHUYICCKAsA CJI02KHOCTDL aJIFOPpUTMa
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Puc. 2. 3aBucumMocTh 9uCIa ONTUMUZUPYEMBIX BECOB OT KOJUYECTBA Y3J0B U CIIOEB

HO3BOJIET ONUCATh IPDHEKTUBHOCTL B TEPMHHAX KOJUYECTBA BBINOJHAEMBIX OIEPAIil, T.e.
O-norarmu. O(n) 03HAYAET, YTO UUCIO ONEPAIU 3aBUCUT JHHEHHO OT KOJTHIECTBA JAHHDBIX 7.

B patore [8, 10] Oblia mpeiokeHa ONEHKA KOJHYECTBA OMEPAIUil aJIrOPUTMA MOTHOCBI3-
HOM HC, a TaKXK€ BBIYHCJIEHAa aCHUMIITOTHYECKad CJJI0ZKHOCTH. BOCHOHBSyeMCH IpeaIozZKeHHbIM
METO/IOM, YUYUTBIBAA PA3JINUIAA UCIOJIb3YyEMbIX apXUTEKTYD MOJdesei.

Taxkke B pacdyerax He Oy/IeM pacCMaTPUBAThH AJTOPUTMbBI ONTHMUBAINH, BBIIUCICHUS OIIHO-
KH U OOYYEeHHs MOJEJHU, T. K. UCCJIEIYeTCs MOBeJeHHEe CeTH B 3aBHCHMOCTH OT YHCJA CJOEB H
Heitponos. Obo3HauuM 3a S MOJIHOE KOJIMYIEeCTBO Olepalllii, coBeplmaeMoe 3a IpsaMoe Sf, H 00-

paTHOe pacupocrpanenue Sp,. Torma S = Sy, + Spp.
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Beenem caesytome 0603HAYEHHST: M — KOJIMYECTBO CJI0EB (C y9eTOM BXOIHOTO M BBIXOJI-
HOTO CJIOEB), M; — KOJUYECTBO Y3JO0B B CJIOe i, N = Max n;, Ny — KOJUIECTBO BXOJOB CETH,
Ny, — KOJHUIECTBO BBIXOJOB CeTH, a,b U ¢ — KO3 dUIMEeHTHI /1711 YPABHOBEINBAHUS BeCa BbI-
TUCJUTETBHBIX OTIePAIil CI0KeHHsT (BHIYUTAHUSA ), YMHOYKEHUS (JIeJIeHUs), BISITHIO SKCTIOHEHTHI
(HaTypasbHOrO Jorapudma) COOTBETCTBEHHO.

Acumvnrornyaeckas cI0:KHOCTE aqroputma dyukun akrusaun RelLU pasusierca O(1) B cn-
JIy TOTO, 9TO BHIOOP MAKCUMAJILHOTO 3HAYEHUS OCYIIECTBIAETCS 33 KOHCTAHTHOE BpeMsi. ducsio
oneparnuii /iy BeraucaeHns OYHKIUA aKTUBAIH

LogSoftMax = g(2+ n;) + b+ a(n; — 1).

Berunciienne B3penenHoi CYMMbI BXO/I0B O/JIHOI'O y3JIa HEPBOI'O CJIOA BBIIIOJIHACTCA CJICAYIOIUM

obpazowm:
no
g w115 + q.
i=1

Otciofa, KOJUUeCTBO YMHOYKEHUH ng, KOJIUIECTBO CJIOKeHuii pasusercs (ng — 1). Ing Beero
neproro c/jiost umeeM: ning(a+0b). s cios i, (i = 2,m — 1) monyuum S; < n?(a+b). s cios
m: Sy, < N (2a + 2b) 4+ 1y, (29 + b — a).

B utore

Sty < nngla+b) + (m — 2)n*(a + b) + nny,(2a + b+ g) + (29 + b — a).
AHATOrHYIHO OTEHUBAS KOJTUICCTBO OTEPAIHIl [IJTs1 0OPATHOTO PACIPOCTPAHEHHUST, TIOTY TAEM:
Spp < nng(2a + 4b + n(a + b)) + n?(2a + 4b + n,,(a + b))+
+ Ny, (4b + 3a) + (m — 3)n*(2a + 4b + n(a + b)).
CyMMmapHOe 9HCJIO OMeparnii:
S < nng(a—+0b) + (m — 2)n*(a +b) + nny,(2a + b+ g)+

+ Ny (29 + b — a) +nng(2a + 4b + n(a + b)) + n*(2a + 4b + n,,(a + b))+
+ nn, (4b + 3a) + (m — 3)n*(2a + 4b + n(a + b)).

Hannas dopmysia crnpaBemiuBa s m > 3. Beipaxkenune umeer 6ojee mpocToit Bu, ecan
IPEJIOJIOKUTE, 9TO a & b =~ g:

S < a[8nng + (m — 2)2n* + 11nn,, + 2n,, + 6n° + 2n°n, + 2n°ng + (m — 3)n*(6 + 2n)].
JIJ1st ACUMITOTUYECKON CJOAKHOCTH UMEEM:
S < OM*) + O(n*ny,) + O(n*ng) + O(n®) + O(nng) + O(nny,) + O(ny,).

[Tomyyaem, 9T0 KOJIMYECTBO Oleparuii IpgMoro 1 00paTHOro MPOX0o/ia PaCTeT MPOMOPIUOHA b
HO KyOy OT MaKCHMAaJIbHOI'O KOJUYECTBA HEHPOHOB B €JIOE W JIMHEHHO IO YUCTY CJa0eB. Takxke
YHUCJIO ONTUMUSUPYEMBIX BECOB CeTH JTUHEWHO 3aBUCUT OT YUCJIA CJI0EB U KBAJIPATHIHO OT TUCJIA
HeifipoHOB, puc. 1. VI3 gero ciaeayer, 4To UCIOIB30BaHIE TJIYOOKHUX ceTeit Dosee mpeanouTHTe b
HOE KaK € TOYKH 3PEHUs CJIOKHOCTH aJITOPUTMA, TaK U KOJUIECTBa HACTPAMBAEMBIX BECOB.
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Puc. 3. 3aBucumocts fl-score u loss oT KomuecTBa y3/10B B ceTh g TpeHupoBodHOro ceta B 10000 saemeHTOB
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Puc. 4. 3aBucumocts fl-score u loss oT KomdecTBa y3/0B B CeTH i TPEHUPOBOYHOrO ceta B 1000 31emeHToB

4. Biusinne KoJnmvecTBa HEMPOHOB HA KAaYeCTBO IIpejcka3aHuda. B pabore uccieno-
BaHbI 3aBUCUMOCTD fl-score u 3HaYenne PYHKIUU IOTEPh OT YUCJIA Y3JI0B B CJIOE, IPU OOYIEeHUH
MOJIe/IN Ha TPpeHupoBouHOi BEIGOpKe B 10000 (puc. 3) snementos u B 1000 snementos (puc. 4).

VBemuenne 4ucaa y3J0B B CJ10€ TPUBOJAUT K Yy UIICHUIO KA9ecTBa IIPeICKa3aHuil MOJe/n,
T.e. MeTpuka fl-score pacrter. Boixoa Ha miaro s Bcex caydaeB mpoucxoama mocae 10 y3-
JIoB. B cirydae JIByXCJIORHON MOJI€/IM BBIXO/I METPUKK HA ILJIATO JOCTUTAETCA IPU HAMMEHbIIEM
KOJIMYeCTBe y3J10B B cioe. [lajbHeiilee yBeandenne KOJIUYIECTBA CJIOEB CeTH He IPUBOIUT K
3HAYUTEJLHOMY YBEJUYCHUIO KAYECTBA TPEJICKA3AHUA. A B HEKOTOPBIX CJydasiX (YHCI0 CI0eB
m>6) NpuBOIUT K XyAmuM pe3yabraram. Habmomaercst KadecTBeHHAST 3aBHCUMOCTH MEZK/Ly Be-
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T'ucrorpamma 3HaueHuU
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Puc. 5. 'ucrorpamma 3unagvennii loss u kopoduaras nurpamma

muunnoit loss u fl-score. Bricokmuit loss cooTBeTcTBYeT HU3KOMY 3HaUeHUIO f1-score. VBennuenue
JHCJIa CJIOEB MO3BOJISIET MOJEJN CTPOUTH O0JIee CIIOXKHBIE B3ANMOCBSI3H, 9TO MOYKET MOBBICUTH
KadecTBO Ipejckazanns. OHAKO ¢ BO3pacTaHHeM KOJUYECTBA CJIOEB BO3PACTAET PHUCK Hepe-
00ydeHUsi CeTH M MOTYT BO3HHMKATDH JIOKAJIbHBIE MUHUMYMbI (DYHKIHH OMTHOOK, ITO TPUBOIUT
K npobsemam npu obydenuu. IlosTomy ¢ Toukm 3penus merpuku fl-score apxuTeKTypy ceTu
HEIe1ecO00Pa3HO COCTABIATEH U3 GOJIBIIOTO YUCIA CJI0EB JIs JAHHON 3329l KJAACCH(DUKAIIH.

5. Bangnue HavabHOU mHuUImaam3amnu. lIpenckazanus HEKOTOPHIX aJIrOPUTMOB, KO-
TOPBIE MPUMEHSAIOTCH ISl 331491 KJIACCU(DUKAIUN JTUTOTHUIIOB, CUJIBHO 3aBHCAT OT HAYAJIHHON
MHUTHAIU3AINE TTapaMeTpoB (HanpumMep, caydaiinsiii gec [11, 12]). B namewm ciaygae Opiia wc-
CJIe/I0BaHa 3aBUCUMOCTD 3HAUEHUs 10ss 0T HadgaabHO# naumuaan3anuu BecoB HC. Tlpu cozmanun
MOJIE/IH BeCa MHUNMUAJTUIUPYIOTC CJIYIaHO U3 TPOMEKYTKA:

(—VEVE) k= !

(num12input features)

[To pesyabratam 400 0bydenuit MOJEIN C OJIHUM CKPBITHIM CJI0€M OBLIU MOCTPOEHBI THCTOTPAMMA
1 KopobGuarasi JuarpaMma 3Hadenwuii loss (puc. 5).
[IpoBepka HOPMAJBHOCTH paCHpe/ieeHus] MPOBOIUIACH € TOMOIIBIO KPUTepHus IJMICca-

[Tannm [13]. Kpurepwmii pekomennosan K ucnosnb3opannio 8 'OCT P UCO 5479-2002 [14]. B
pabore [15] 6bLI0 ycTaHOBJIEHO, YTO IO MOITHOCTH KpuTepuii Dumnca-[lammm npeBocxour Kpu-
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tepun [Tamupo-Yunka, /I’Arocruno, /Iasuga-Xaprau-Tlupcona. TecTs mokazasim, 910 pacipe-
JleJleHne 3HadYeHUs loss He dABJgeTcd paclpe/ieseHueM caydaitHolt BenmdawHbl. JlaHHbIl dakT
cJIeIyeT YIUTHIBATH MPH MOCTAHOBKe TPeOOBaHUs BOCIPOU3BOIUMOCTH YKCIEPUMEHTOB U (DUK-
CUPOBATH HAYAJBHYIO HHUIMATU3ANNIO BeCOB Mojenu. Tak:xke cieayer yIOMSIHYTb, 9TO B JaH-
HOI paboTe Mepoil KauecTBa MpeJCKa3aHus CETH sIB/IsieTCs 3Hadenne merpuku fl-score, KoTopoe
no pesyabratam Bcex 400 npepckazanuii Ob110 6/1M3K0 K 1 M HANPAMYIO HE CBA3aHO C KOJIMYe-
CTBEHHBIM 3HadeHneM loss.

BriBoabi. CoriacHO BBHINEN3I0KEHHBIM PACCYKIEHUAM, ObLIO TOKA3aHO, YTO s 3aJa9n
Kaaccuukauu auHoTUIOB ¢ noMoInbio HC HemnerecooOpasHo HCIOIB30BATH TJIYOOKHE CETH.
Hecmorpst Ha TOT (bakT, 910 ¢ TOUKH 3pEHUsI KOJMIECTBA BHIIIOTHIEMbBIX OIEPAIMIT TPEIIOYTH-
TeJbHee YBEJIUYNBATH MMEHHO YHC/IO CJA0EB CeTH, OOJIBIIOE YUCAO IJEMEHTOB OJHO3HAYHO HE
rapaHTUpyeT pocT MeTpuku. HanmpoTus, KauecTBO MpeICKa3aHus MOJETH Ha TECTOBOH BHIOOPKE
0CTABAJIOCH CTAGHIBHO BBICOKHM TIPU HEGOJBIIHX 105X (2 < m < 6). A BOT KOJIMIECTBO y3J10B
B CJIOe 3HAYUTEIbHO BJIHMSET Ha pe3yJbTaThl paboThl KiaaccudukaTopa. [Ipu umcie ysmos B
cjoe n < 5 IOYTHU BCEe MOJIEN [I0KA3aJ/U HEY/IOBJIETBOPUTE/IbHbIE PE3Y/IbTaThl, HE3ABUCUMO OT
iyOouabl cetr. OMHAKO yBeJIUYEHHE YHCJIa HEHPOHOB OIHO3HAYHO TPHUBOJINAT K BBIUTPHINTY B
kagecTBe. OTCIOA CIE/YeT, ITO YUCTIO0 Y3/I0B B CJI0€ SIBJISIETCS ONMPEIEISIIONUM MapaMeTpoM, n
B IIEPBYIO OvYepe b HeOOXOIMMO HACTPauBaTh UMEHHO €ro.
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