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Dealing with very small datasets

Version 5 of 5

Notebook

Dealing With Very Small
Datasets

1. Why Small Datasets

Models For

The Final Submission

e need to be very careful not to be

https://www.kaggle.com/rafjaa/dealing-with-very-small-datasets
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ManeHbKre aaHHbIe: 3TO CKOJ/IbKO?

Small Data problems So what to do in these situation?
Problems of small-data are numerous, but mainly revolve around high e staﬁsﬁc@r
variance:
2- Stick to simple models
¢ Over-fitting becomes much harder to avoid 3- Pool data when possible
e You don’t only over-fit to your training data, but sometimes you over-fit 4- Limit Experimentation

to your validation set as well.
- 5-Do clean up your data

Outliers become much more dangerous. .
6- Do perform feature selection

¢ Noise in general becomes a real issue, be it in your target variable or in .
7- Do use Regularization
some of the features.

8- Do use Model Averaging

9- Try Bayesian Modeling and Model Averaging

Summary

10- Prefer Confidence Intervals to Point E;ﬁlh

It is usually a good idea to get an estimate of confidence in your prediction

This could be a somewhat long list of things to do or try, but they all revolve

<m three main themes: constrained modeling, smoothing an

quantification of uncertainty.
[— =t ¥

in addition to producing the prediction itself. For regression analysis this

Most figures used in this post were taken from the book “Pattern usually takes the form of predicting a range of values that is calibrated to

? ) b . ' o 5 ; s
Recognition and Machine Learning” by Christopher Bishop. cover the true value 95% of the time or in the case of classification it could

be just a matter of producing class probabilities. This becomes more crucial

with small data sets as it becomes more likely that certain regions in your

B sammmmmm| featliTe epace are lece renrecented than othere Model averacine ac referred
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ManeHbKre aaHHbIe: 3TO CKOJ/IbKO?
MHK: HabnogeHunn HyHo B 10 pa3 6onblie, Hem napameTpoB

Iy Journal of Applied Statistics > Enter keywords, authors, DOI, ORC | This Journal v =
B/SISIE Volume 28, 2001 - Issue 5

e —
Result (5) gives an indication of the average sum of square deviations of € from

107 Original Articles the true population g€ as a proportion of the average sum of square deviations of &.
On sample size and precision in The important point is that we can control or know this ratio (in a sense, the

. degree of departure of € from g) by setting & or n. Result (5) should not be confused
ordinary least squares 2 i ) B, i .
e e with the R® measure commonly used in regression analysis; they are two different
0 Pages 603.605 | Published online: 02 Aug 2010 things. It may happen that k/n approaches zero and still R* be very small. This is
e 66 Download citation @ https://doi.org/10.1080/02664760120047933 because result (5) measures departure from the populan'on &, but the population €

may be large or small.

Sample size and precision in OLS 605

T

& References &6 Citations Ll Metrics 8 Reprints & Permissions | Getaccess v ][ Figure 1 show for each k., the relatonship established in (5 It mlght be
proposed, as a rule of thumb, that an adequate sample size be at least 10 times the
Related researc number of parameters k; in this case, the expected departure of € from g will be

G Buspamsanx | ¥ An expression relating estimation precision in the classical linear (2 Recommende limited to no more than 10% of the total variation in g. Accordingly, a regression
Translator disclaimer

also articles

model to the number of parameters k and the sample size n is read with two parameters (counting the constant) should be run on at least 20 observa-
illustrated. A rule of thumb for the sample size is suggested. ET—— tions, one with 3 parameters on 30 observations, one with 5 parameters on at least
vlarkov zero-intlates %
regression models fo1 50 observations and so on.
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ManeHbKre aaHHbIe: 3TO CKOJ/IbKO?
OCT P 8.736-2011: OueHKa rpaHuy, norpewwHocTn

7 OoBepuTenbHble rPaHULbI CIy4anHOMW MOrpewHoCcTr

7.1 OoBepuTenbHble rpaHMUbl CNy4YanHOW MOrPEeLUHOCTU OLIEHKU U3MEepSeMOi BEeNUYuHbl B COOTBET-
CTBMM C HAaCTOALLUM CTaHAapTOM YCTaHaBNUBAKOT ANS pe3ynbTaToB U3MEpPEeHUI, NpMHaAneXxalnx HopmMarb-
HOMY pacnpegeneHuio.

Mpu HEBLINONHEHWU 3TOrO YCroBUA MeTo,abl BbNMCﬂeHMH [0BepUTenbHbIX rPaHuL Cny4yanHOW norpeLu-
HOCTM AOMKHbI ObiTh yKa3aHbl B METOAUKE U3Manoks

7.2 lNpuyucnepesynbTaToB U3Mepe €XXHOCTb UX K HOPMarnbHOMY pacrnpeaeneHuio He
npoBsepstoT. [Npu 3TOM BblYMCNEHUE 4OBEPUTESIBHBIX FPaHUL CNy4YalnHOW NOrpeLUHOCTU OLIeHKU U3MEePAEMOn
BENU4YMHBI MO MeToauKe, NpeayCMOTPEeHHOW HAaCcTOALMM CTaHa4apTOM, AOMYCKAeTCs TOMbKO B TOM Cry4ae,
€eCInu 3apaHee U3BECTHO, YTO pe3ynbTaTbl U3MEepPEeHU NpUHaAneXaT HopManbHOMY pacnpeaeneHuio.

Mpumey aHu e— Ecnu He M3BECTHO pacnpefeneHne NorpeLlHoCTel OLLEeHKU MCKOMO BENUHMHBI, Cnocobbl Ha-
XOXKAEHUA AOBEPUTENbHbLIX FPaHUL CYYanHOM NOMPeLUHOCTH MOryT BbiTh yKazaHbl B METOAUKE M3MEPEHUiA C Y4eTOM TOro,
4TO NOAOGHLIE MZMEPEeHUs NOBTOPSIOT.

7.3 Mpuuncne pesynbtaTtoB uamepennin 15 <n <50 ansa npoBepKu NPUHAANEXHOCTU MX K HOPManbHOMY
pacnpegeneHuio Npeano4YTUTeNneH COCTaBHOW KpUTEPUA, NpUBEAEHHbIA B NpunoxeHuu b.

7.4 lMpuuncne pesynbTaToB U3mepeHui n> 50 Ansa NpoBepKu NPUHAANEXHOCTU X KHOPpMalnbHOMY pac-
npeaeneHuio npeanoyTuTeneH oauH ua kputepues: x2 K. MupcoHa unu «f Museca—CmupHosa. Kputepuit
K. Mupcora y2 npuBeaeH B npunoxeHuu B, kputepui «f Museca—CMupHOBa — B NpunoxeHun .

7.5 [oepuTenbHble rpaHuubl € (6e3 ydeTa 3HaKa ) cny4YanHOM NorpeLLlHOCTU OLEeHKU M3MepsieMOoW Benu-
YMHbI BBIYUCNAOT No hopmyne

g=tSz, (6)

roe t — koadppuumneHT CTbioAeHTa, KOTOPbI B 3aBUCUMOCTU OT AOBEpPUTENbHOW BEPOATHOCTU P 1 yucna
pe3ynbTaToB M3MEPEHUIA N HaXoAaT no Tabnuue, NnpuseaeHHON B npunoxexuun [.

I'OCT P 8.736-2011. I'CH. H3MEPEHHA IIPAMBIE MHOI'OKPATHBIE. Memodut 06paGomku pe3yis usmepenuii. Ocnosnvie nonoxncenus https://docs.cntd.ru/document/1200089016
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ManeHbKre aaHHbIe: 3TO CKOJ/IbKO?
[OCT P 8.736-2011: VickntoueHmne BbIOPOCOB

roCT P 8.736—2011

6 WUcknoyeHue rpyObix norpewHocTen

6.1 [Ons ucknioyeHus rpybbix NOrpeLHoCT el ucnonb3ayoT kputepui Mpabbca. CtatucTtudeckuit kpure-
puit M'pab6ca ucknioyeHua rpyObix NOrpeLIHOoCTe OCHOBaH Ha NPEAnonoXeHWK 0 TOM, YTO rpynna pe3ynbTaToB
U3MepeHU NPUHAANEeXUT HopMansHOMY pacnpeaeneHmio. [ina aToro BuiuncnaioT kputepuu Mpabbea G, n G,,
npeanonaras, 4to HavbBonblwi X, . WNW HaWUMEHbLWWWA X . Pe3ynbTaT U3MEpeHWn Bbi3BaH rpybbiMu
NOrPeLUHOCTAMM:

G =|Xmax_)_(| G =|7_Xm|n| (5)
1 L 2 =
S S

CpasHusaioT G, u G, c TeopeTudeckum aHadeHnem G kputepus 'pab6ca npu BoibpaHHOM ypoBHe 3Ha-
ynumocTu q. Tabnuua KpUTUHECKUX 3Ha4YeHun kKputepusa Mpabbca npuBeaeHa B npunoXxeHun A.

Ecnm G, > Gy, T0 X, MCKIOYAKOT KaK ManoseposATHoe 3HayeHune. Ecnn G, > Gy, TO X, MCKIIoYaloT Kak
ManoBepoATHOe 3HaYyeHue. [lanee BHOBb BbIMMCNAIOT cpeaHee apudMeTUYeckoe U cpegHee KBaapatuyeckoe
OTKNOHEHUA psaa pe3ynbTaToB U3MEePEeHU 1 Nnpoueaypy NPoBepKyM Hanuuua rpybbix NOrpeLHocTen NoBTo-
pAIOT.

Ecnu G, <Gy, TO X, HE CYMTAIOT MPOMAXOM 1 €ro COXpaHsaIoT B pAaY pesynsTaTos uamepenui. Ecnu
G, < Gy, TOX,,;,, HE CHATAIOT NPOMAXOM 1 €r0 COXPaHSIOT B PAAY pesdynbTaToB U3MepeHui.

Tabnuua A1— Kputnueckue sHadenns G, ans kpurepus Mpab6ea

OpaHo HanBonblee N OAHO HAUMEHLLLEE 3HAYEHWE NPU YPOBHE 3HAYUMOCTHU §
n
Cebue 1 % Csbiwe 5 %
3 1,155 1,155
4 1,496 1481
s / 1,764 1715
y 4

A 4
I'OCT P 8.736-2011. I'CH. H3MEPEHHA IIPAMBIE MHOI'OKPATHBIE. Memodut 06paGomku pe3yis usmepenuii. Ocnosnvie nonoxncenus https://docs.cntd.ru/document/1200089016
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“3akaT’ Hay4yHOro mertoga

MIEEE BACKCHANNEL BUSINESS CULTURE GEAR IDEAS SCIENCE SECURITY

SCIENCE B6.23.2888 12:88 PM

The End of Theory: The Data Deluge Makes the
Scientific Method Obsolete

lllustration: Marian Bantjes “All models are wrong, but some are useful.” So proclaimed statistician
George Box 30 years ago, and he was right. But what choice did we have? Only models, from cosmological
equations to theories of human behavior, seemed to be able to consistently, if imperfectly, explain the
world around us. Until now. Today companies [...]

https:/www.wired.com/2008/06/pb-theory/

Massimo Pigliucci. The end of theory in science? /

doi: 10.1038/embor.2009.111

The Paradox of Deductive Reason in Data Science, Featuring
Donald Trump's TW|tter Account

ence-featuring-donald-trumps-twitter-account-43839d4dda82

Rothchild Irving. Induction, Deduction, And The Scientific
Method. An Eclectic Overview Of The Practice Of Science.
https://higherlogicdownload.s3.amazonaws.com/SSR/fbd87d69-d53f-458a-82
20-829febdf990b/Uploadedimages/Documents/rothchild_scimethod.pdf
Mazzocchi Fulvio. Could Big Data be the end of theory in
science? A few remarks on the epistemology of data- driven
science

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4766450,

Big data farewellto Carte5|an thlnklng7

hmklng

Gelman Andrew. Induction and Deduction in Bayesian Data
Analysis*
http://www.stat.columbia.edu/~gelman/research/published/philosophy_online
4.pdf
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BepoAaTHOCTHaA

Mogesnb CAYyHanHbIX ABIeHUN
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https://demonstrations.wolfram.com/SimulatedCoinTossingExperimentsAndTheLawOfLargeNumbers/

I
1.5

Number of tosses

L
20

g g ae s
25 3.0

Cny4yanHoe aBneHmne —
MaTemMmaTnyecKkum oobbekxT (cobbiTue,
BenuUMHa, PYHKLMA), KOTOPbIN
ncyepnbiBaloLLe XxapakTepmnsyeTtcs
3aKOHOM pacnpegesieHnsa BepoaTHoCTen
BepoaTtHocTb P(A) cnydanHoro cobbitna
A — npegen yacTtoTsl p,(A) ero
Habno4eHMA B 04MHAKOBbIX YC/I0BUAX

P(A) = lim p(4)

Mpu manbix N uactoTa p, (A) moskeT
CUNBbHO GAYKTYMPOBATh
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CtatucTnueckan (He)yCTOMUMBOCTb e |

fBnsieTcs N BEpOSTHOCTb «HOPManbHOW» (OU3NYECKON BENMYMHON?

0.1 Anumos, 10.A. Kpasuoa®
84/32, Mocksa, 117997, Poccuiickas Gedepayus

e KoppeKTHOCTb NpUMeHeHMsa Teopun BepPoATHOCTEM

obecneymBaeTca npuHATMEM Cnegyrwmnx rmnortes

o (A) runoTesbl ugeasnbHON CTaTUCTUUECKON YCTONUNBOCTHU e
(cTaTUCTMYECKOM NPOrHO3MPYeMOCTM) — Hasn4ymMe CXOAUMOCTH D ot
PACS: 02.50.Cw, 08.20.Dk, 05.20.Gg, 02.70.Rr (5ce)
CTAaTUCTUK K MOCTOAHHbIM BE/IMYMHAM e

o (B) runoTesbl ageKBaTHOro ONUCaHUA peasnbHbIX PUINUECKNX
AB/IGHUN CNYHANHBIMU MOAeNnAaMmn

N.UN.TOPBAHb

e DKCnepumeHTasbHble UCCeg0BaHMNA PU3NHECKUX ABNEHUMN Ha
601bWIMX UHTEepBanax Habn4eHWI NOKa3bIBAKOT HapyLUeHUa GOEHOMEH

runoTesbl (A) CTATUCTUYECKOH

YCTOH4MBOCTH

e BepoaTHoOCTb He UMeeT pU3NUECKON UHTepnpeTauumn

e BepoaTHocTb — MaTemaTuuecKasa abcTpakuma

Anumos 10 U, Kpasyos 10 A/ VOH 162 (7) 149-182 (1992). DOI: 10.3367/UFNr.0162.199207d.0149
Topbans U.H. @enomen cmaucmuyeckoti yemotuueocmu. — Kuee: Haykosa dymka, 2014. https://www.researchgate.net/publication/311653342 Fenomen statisticeskoj ustojcivosti

14
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Hy»XHO “Xopouwlee” onrucaHme HeonpeaeneHHOCTU

10- Prefer Confidence Intervals to Point Estimates Se— ' ' X : y T
N —

It is usually a good idea to get an estimate of confidence in your prediction

in addition to producing the prediction itself. For regression analysis this 0.5 o

T
1

usually takes the form of predicting a range of values that is calibrated to o\ O

cover the true value 95% of the time or in the case of classification it could

be just a matter of producing class probabilities. This becomes more crucial 05
with small data sets as it becomes more likely that certain regions in your

feature space are less represented than others. Model averaging as referred -1t 1

to in the previous two points allows us to do that pretty easily in a generic

way for regression, classification and density estimation. It is also useful to 0 0.2 0.4 0.6 0.8 1

do that when evaluating your models. Producing confidence intervals on

2 . . - HeKOTOpre 4YacTun NPU3HAKOBOIo NPOCTPAHCTBA XYyXe
the metrics you are using to compare model performance is likely to save MOKPbITHI AaHHLIMM 1 [OBEPUTENbHbLIE UHTEpPBarbI

npe,qcxasaHmﬁ OOIKHbI OTpaXKaTb 3TOT (*)aKT

you from jumping to many wrong conclusions.
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Hy»XHO "Xopolilee” onvcaHme HeonpeaeneéHHOoCTU
OCT P 8.736-2011: ickntoueHme BbIOpOCOB

Bbibpoc no
251 € | puTepuio
2+ pabbca
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UTOo nenatb?
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NHTepBanbHbIM NOAXOA: OCHOBHbIE rMnoTe3bl

e HeonpeaenéHHOCTb M3MepeHUa NosaraeTcqa orpaHNYeHHOoMN,
T.e. MpMHaanexkawen nHTepeany

e HuKakux gpyrmx npeanosioxKeHn o HeornpeaeneéHHoCTN HeT

[ 11
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NHTepBanbHbIM NOAXOA: OLLleHUBAHME MCTUHHOMO 3HAYeHUA

e |lHTepBanbHaA oLeHKa UCTUHHOMO 3Ha4YeHnsa — nepeceyeHmne NHTepBasnoB
HabnaeHUM

e To4Ye4yHOM OLEHKOM MOXKeT CAYXKNUTb LeHTP MHTepBasibHOM OLEeHKN

19




NHTepBanbHbIM NOAXOA: OLLleHUBAHME MCTUHHOMO 3HAYeHUA

e |lHTepBanbHaA oLeHKa UCTUHHOMO 3Ha4YeHnsa — nepeceyeHmne NHTepBasnoB
HabnaeHUM

e To4Ye4yHOM OLEHKOM MOXKeT CAYXKNUTb LeHTP MHTepBasibHOM OLEeHKN
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NHTepBanbHbIN NOAX0MA: BblAB/EHWe BblIbpoCcoB

e llHAMKaATOp HaNMuMA BbIGPOCOB — NYCTOTA MHTEPBA/IbHOW OLEHKM

I 11
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NHTepBanbHbIN NOAX0MA: BblAB/EHWe BblIbpoCcoB

e llHAMKaATOp HaNMuMA BbIGPOCOB — NYCTOTA MHTEPBA/IbHOW OLEHKM

e BbigeneHne coBMmecTHbIX NOABbLIOOPOK — HANPUMep, MOUCK MOJHbIX
noarpados B rpade nonapHOM COBMECTHOCTU U3MEepeHnmn

22




IHTepBasnbHbIY NOAX0A: Mepa COBMECTHOCTM BbIOOPKU

e Mepoin COBMeCTHOCTU BbIOOPKM CAYHKUT npegenbHbl MUHUMasbHbIN YPOBEHb
norpewHocTn 4 _.
min

23




IHTepBasnbHbIY NOAX0A: Mepa COBMECTHOCTM BbIOOPKU

e [lpy HECOBMECTHOCTW BbIBOPKU MHTEPBAsIbl U3MEPeHUIN pacTarneatoTca 40
noAaBsIeHMA 06LLen TOUKHK

X i } .
b S i T
} l i __________________
N N
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IHTepBasnbHbIY NOAX0A: Mepa COBMECTHOCTM BbIOOPKU

e [lpn HecoBMeCTHOCTM BbIBOPKM MHTEpPBasibl U3MEpPeHUIn pacTArMBaroTca 40
noAaBsIeHMA 06LLen TOUKHK

e [1nAa coBMeCTHOM BbIOOPKM MHTEpPBasibl MU3MEepeHnin CH1umatroTca 40
egMHCTBEHHOM 06LWen TOUKMU

X X
i Amin
® - F------ T - 1 I I

25




MHTepBanbHbIN NOAXo4: NOCTPOeHne 3aBUCUMOCTH

e [locTpoeHune mogenuny = a, T o,x

[MpocTpaHCcTBO (X, ) [NpocTpaHcTBO (o), o)

26




MHTepBanbHbIN NOAXo4: NOCTPOeHne 3aBUCUMOCTH

e [locTpoeHune mogenuny = a, T o,x

[MpocTpaHCcTBO (X, ) [NpocTpaHcTBO (o), o)




MHTepBanbHbIN NOAXo4: NOCTPOeHne 3aBUCUMOCTH

e [locTpoeHune mogenuny = a, T o,x

[MpocTpaHCcTBO (X, ) [NpocTpaHcTBO (o), o)




MHTepBanbHbIN NOAXo4: NOCTPOeHne 3aBUCUMOCTH

e Mepa coBMeCcTHOCTU BbIOOPKM — MUHUMANbHbBIN NpeaesibHbiN YPpOBeHb
norpewHocTn 4 _.
min

[MpocTpaHCcTBO (X, ) [MpocTpaHcTBO (¢, a.,)
rr 2

I Amin
1

——
ol
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MHTepBanbHbIN NOAXo4: NOCTPOeHne 3aBUCUMOCTH

e (OueHKa napameTpoB Mmogenn y = a, T o,x

[MpocTpaHCcTBO (X, ) [NpocTpaHcTBO (o), o)




NHTepBanbHbIM NOAXOA: Naen

CHBHPCKHA MATEMATHYECKHHA )XYPHAJ
Tom III, N 5 Centa6pb — OKTA6pB 1962 r.

J1. B. KAHTOPOBHY

O HEKOTOPBIX HOBBIX MOAXOAAX K BBIYHUCJHUTEJbHBIM
METOOAM U OBPABOTKE HABJIIOLEHHWH *.

Beenenue

ViMeBuINe MECTO CHABHIH B Pa3BHTHH MAaTEMaTHKH H BbIYHCIHMTENbHBIX
CpPeiCTB JO/XKHE MMeTb CJIe[ICTBHEM KOpeHHble M3MeHeHHs B TexXHHKe, a
BO3MOXKHO M TEOPHH YMCJIEHHBIX METOHOB H 06paGoTku nabmojxenHil. B Tok
anu HHOH (popMe OTHesbHBIE BhICKa3biBaeMble HHXKe COOOPaKeHHs BCTpeda-
JINCh B JIHTEPAType, HO He pa3pabaThiBajJuCh CHCTeMaTHYeCKH. B wacTHoCTH,
MBIl CYHTAeM, YTO CYUIeCTBEHHOE 3HAaueHHe HMEIOT CJelyl0IlHe MOMEHTHI:

1. BOnblasi OTBETCTBEHHOCTh 3a DE3YJbTATHl PACUETOB, Ha KOTOPHIX
cefiuac HepeiKo Ga3HPYIOTCsi.pellieHHs, KacalolUHecs: CJ0XHBIX JOPOrocTos-
WX 06bEKTOB COBPEMEHHOH (PH3HKH M TeXHHKH, HaJuuHe GOJbIIMX He Ha-
6N11071aeMbIX 3TanoB MPH MALUHHHBIX BBIYHCJEHHSIX TOBBIIAIOT TPeGOBaHHA
K HAJeXKHOCTH OKOHYATeJbHBIX M NPOMEXYTOUHBIX MAHHLIX, NMOJYyydeMbIX B
apouecce NMPUMEHEHHS] UHCJEHHBIX METOJOB M npu o6paboTKe MAaHHLIX Ha-
Gmonenuit. D10 06ycNaBIHBAeT CHCTEMATHUECKWH MEPeXOj OT IOCTPOEHHS
APHOJNKEHHBIX 3HAUYEHHH W Pe3yJIbTaTOB, K MOJYYEHHIO TOUHBIX IBYXCTO-
POHHHX TPaHHll NS HCKOMBIX BEJIHYHH HJIH, €CJIH TOBODHTbH O HEYHCJOBBIX
BeJIMYMHAX, O6JacTell PacnoJoXKeHHs] MCKOMBIX H HaGJII0flaeMbIX BeJHYHH;
HHaye TOBOPS BO3HHKAeT 3ajaya BO3MOMKHO GoJiee TOYHOrO OMHCAHHS
pACMONIOXKEHHs] 3THX BEJHUYHH B COOTBETCTBYIOIIHX NPOCTPAHCTBAX MX 3HA-

31
Kanmopoeuu JI.B. // Cué. mam. scypnan. — 1962 3(5) , 701-709. http://www.nsc.ru/interval/Library/Thematic/DataProcs/Kantorovich62.pdf
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NHTepBanbHbIV NOAXOA: MMEHa 1 rogbl

NHTepBanbHbIM aHaNn3, oueHMBaHMe Npy orpaHNYeHHOM HeonpeaeneéHHoCTH,
bounding approach, unknown-but-bounded errors, set membership estimation

1962 J1.B. KaHTopoBuY

1970 C.W. CnuBak n gap.

1982 G. Belforte, M. Milanese et al.
1983 H.M. OcKkop6uH 1 gp.

1986 J.P. Norton

1987 C.M. KymkoB u gp.

1987 E. Walter, H. Piet-Lahanier
1989 A.T1. BowwmHun n gp.

1993 P.L. Combettes

1995 C.MN. Wapbin

2000 0O.E. PognoHoga, A.Jl. [lomepaHues
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MIHTepBasnbHaAa maTemaTMKa
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IHTepBanbl M MHTEepBasibHbIe BEKTOpPbI

T

[1,2], [1000,1003],

T2

([1,2], [1000,1003] ) -

[1,2]
([1000, 1003])

T1

Hnmepeanvubviii ananus u e2o npunodicenus http//www.nsc.ru/interval/

Ulapvui C.I1. HumepsanvHulil aHanus: cO8pemeHHoe CoOCmositie 1 nepcnekmussl http://www.nsc.ru/interval/Education/Manuals/SShary-RASession. pdf
Hlapwiii C.I1. KoneunomepHhvlii unmepeanvuuiii anaus. — Hosocubupcex: XYZ, 2021. http://iwww.nsc.rw/interval/Library/InteBooks/SharyBook.pdf
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http://www.nsc.ru/interval/Education/Manuals/SShary-RASession.pdf
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XapaKTepuCTUKMN MHTepPBasioB U
PaCCTOAHMEe Mexay MHTepBasiamMmm

@, T — HUXKHUN N BEPXHUIN KOHLUbI
midax = %(T+§) — cepeaunHa
wWide = T—a — WnpUHa
rade = H(T—z) — paauyc

2| = max{ |&|.|=} — abcontoTHoe 3HayeHne (Moaynb)

dist:(z,ny) = max{ z—y|, [T -7 }
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Onepaunn Hag HTepBanamMm

x € [1,2] y € [3,7]

az-i—ye?

zt+y € [4,9)=[14+3,24+7]
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Knaccmnyeckasa nHTepBasnbHad apudmeTmKa

— anrebpanyeckasa cuctema, obpa3oBaHHaAA UHTepBasiaMu

& = |a,®] C.R Tak, 4ro
m*yz{m*y|x€w,y€y} ana  xe{+,—,-,/}
rT+y = z+g,f+§]
z-y = |z-7, T-y]
z-y = |min{izy,zY Ty, TY}, max{:cy,g'gj,'a?g,f'g}]
z/y = z-|1/7, 1/y| ans y#0

IEEE 1788-2015 - IEEE Standard for Interval Arithmetic https:/standards.ieee.org/standard/1788-2015.html
IEEE 1788.1-2017 - IEEE Standard for Interval Arithmetic (Simplified) https:/standards.ieee.org/standard/1788 1-2017.html
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NHTepBanbl Kak cpeacTBO yyeTa norpewHocTen
BblUNCACHUN

& e [1d,12] y € [5.3,5.4]
r+vy € [6.4,6.6] =[1.1+5.3,1.2+ 5.4]

AHANOTMYHO N C APYTUMUN apUdPMeTUYeCKNMN onepaunamn . . .

Pe3ynbTaTbl TAaKOro BblYUCAEHUS NOrpPeLlHOCTEN
MO>»XHO MCNONb30BaTb Aanee
B Ueno4yke BblYncneHumin!
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MHTepBanbl KaKk cpeacTBo
0019 paboTbl C HeonpeaeneHHOCTAMM

«HeonpeaenéHHOCTbL» — COCTOAHME H4aCTUYHOro 3HaHus
O paccMaTpuBaemMoii BeJIm4uHe

Mopaenn HeonpeaeneéHHOCTMH
e BeposATHOCTHas (cToxacTu4yeckas)
e UWHTepBanbHasa (orpaHM4YeHHasi No BeAUYUHE)

e HeyéTkasn (pa3MbiTas)

MNHTepBanbHOE ONMMCaHMe HeonpeaenéHHOCTN — Hanbonee «KCKynoey,
HO MaTeMaTU4ecKuin annapaT Ana ero o6paboTkKn Hanbonee pas3BUT.
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NHTepBanbHble NMHEeWHbIe CUMCTeMbl YyPpaBHEHUI

{
ai11z1 + a2z + ... + a1pzn = by,
az1x1 + a2222 + ... 4+ azxpxn = by,

L an1T] + an2T + ... + annzn = bn,

UNN, KpaTKo,

Az =0>b

C UHTepBanbHbIMKU MaTpuued A = (a;;) n BeKTopom b = (b;).
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NHTepBanbHble NMHEeWHbIe CUMCTeMbl YyPpaBHEHUI

Az =0b
— CeMeNnCTBO TOYeYHbIX NINHEWHbIX cuctem Az =bc A€ Anbeb.

MHOXXeCTBO pelueHuni
WHTEPBaJIbHOW NTMHENHON CUCTEMbI YPABHEHWUI —

=(A,b) = {z€R"|(3A€ A)(Ibeb)(Az=b) }

Takxe o6beUHEHHOE MHOXXECTBO PELUEHU . . .
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NHTepBanbHble NMHEeNHbIe CUMCTeMbl YPpaBHEHUMN.

[lpmep — cnctema XaHceHa

(

[2,.3] [0,1]
2] “[2.3]

)~

[0, 120]
[60, 240]

)

200

-100

Y

100

42




NHTepBanbHble NMHEeNHbIe CUMCTeMbl YPpaBHEHUMN.

[Mpmep — NoYTN HeCBA3HOE MHOXKeCTBO peLleHnNI

2,4] [-1,1]\ _ ([-3,3]
-1,1] 24 J |\ o .

Y
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MIHTepBanbHblIe IMHEeWHbIe CUMCTeMbl YPpaBHEHUMN.
[Tlpumep — cnctema Hommanepa

3.5 [0,2] [0,2] [—1,1]
[0,2] 35 [0,2]|z=]|[-1,1]
[0,9] [0.9] 35 [-1.1]

T2
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MIHTepBanbHblIe IMHEeWHbIe CUMCTeMbl YPpaBHEHUMN.

[MTpymep — "6ecxBOCTbIN KOTUK"

[0.8,1.2]
[0.8,1.2]
[0.8,1.2]
[1.8,2:9)
[1.8,2.2]
[1.8,2.2]
[2.8,3.2]
[2.8,3.2]
\[2.8,3.2]

[0.8,1.2]
[1:8,2:2)
[2.8,3.2]
[0.8,1.2]
[1:8,2.9)
[2:8,3.2]
[0.8,1.2]
[1.8,2.2]
[2.8,3.2]

N = T = T = T = T = T = S =

(11,31
[2,4]
[3, 5]
[2, 4]
[3, 5]
[4, 6]
[3, 5]
[4, 6]

\[5,7])

MakeT IntLinIncR3, aBTOop WpuHa LLlapas

http://www.nsc.ru/interval/Programing
http://www.nsc.ru/interval/sharaya/irash.html

45




NHTepBanbHble NMHEeNHbIe CUMCTeMbl YPpaBHEHUMN.

To4YHOE N NOJSIHOE OMUCAHMEe MHOXXeCTBa peLUeHWiA

¢ nNpakKTU4eCKn HEBO3MOXXHO B CUNY OFPOMHOI CIIOXKHOCTMN,
¢ peanbHO He HY>XHO.
B 6onblUNHCTBE CNy4dYaeB AOCTATOYHO 3HATb NpUbIN>KEHHOE onncaHue,

NN OUEHKY MHOXXeCTBa pellueHnn 6osiee MpoCTbiIMU MHOXXeCTBaMU
(T.e. nMMer WM MEHLLUYHD KOHCTPYKTUBHYHO CJ'IO)KHOCTb).
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BHewHAa n BHYTPEHHAA 3a4ad4Y1

T2

€ro BHewWwHAA oUeHKa

/

MHO>XeCTBO peLUeHWni

T2

MHOXXEeCTBO peLUeHWN

1

1

BHYTPEHHAA OUEHKa

47




BoccTaHoOBMeHMe 3aBUCUMOCTe MO HeTOYUYHbIM
AaHHbIM

A\
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XapaKTepm3auma To4eK MHOXKeCTBa peLleHun

«Mepoii cornacoBaHusa» napameTpoB x U AaHHbIX A, b MOXKET CAY>XUTb
DYHKLMOHAN, XapaKTEepuUsyoLWmnii B3anMHOe pacnonoxeHne Az un b,
Mepy UX nepecevyeHuss NaAu Henepece4yeHns Apyr C APYroMm:

— adHaJior HeBA3KU
49




MeToa makCcMmMymMa COrn1iacoBaHUA

e NMepa coBMeCTHOCTM := pacno3Harowmmn GyHKUMoHan Uss

Uni(z,A,b) = min ¢ rad b, — ( mid b

1<i<m

J

1

ctiona

)
vy e e,
WA

Value of the fun

-

Shary S.P. Solvability of Interval Linear Equations and Data Analysis under Uncertainty // Automation and Remote Control
(2012) 73 (2), 310-322.
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MeToa makcmmyma cornacoBaHUA

Ewé ogHa npakTudeckas uHTeprnpeTaumns:

arg max Uss 0aéT napamMeTpbl TakOW perpecCUoHHOW NNUHUN, KOTOPYHO
cneayet HauMeHbLUM 06pa3oM paclNpUTbL A0 K PErpecCUOHHOW NOJIOCHIY,
y>Ke nepecekaroLleil Bce 6pychbl AaHHbIX

b
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OcHoBHaA Teopema MHTepBasibHOW apnUPMeTUKMU

MNycTtb f: R"™ - R — paunmoHanbHaa OyHKUNS
OT apryMeHTOB =1, 2, ..., Tn.

Ecnu ana HekoToporo 6pyca = (x1,x>,...,xy) ONpeaenéx
pesynbTaT f,(x) NOACTAHOBKM BMECTO apryMeHToB dyHKuuun f(z)
WHTEepPBANOB X1,X>,...,Ty U BbINONHEHNA BCEX AENCTBUIA HaA HUMMU
Nno NpaBuaamMm UHTEPBANbLHOW apudMeTuku, To

{f(xl,--wmn) lxl 6331,...,:1371693”} g .f:(mlamla--wmn)a

T. €. pe3yNbTaT UHTEepPBaNbHOro oueHnsanusa f.(xi,xo,...,T,) COAEPXKUT
MHO>XXeCTBO 3HaudeHu pyHkumm f(z1, 2, ..., zn) HA (x1,T2,...,Tn).

— eCTeCTBEeHHOEe MHTEepBalbHOE paclLuupeHue 5




Oco6eHHOCTU MHTepBasibHOM apUPMeTUKN

fle)=—— oanazell,2], ye[3,4]
T+ y

|3.2] 2] [1 2

121+ 3.4 [4.6] E’Z] = [0.166...,0.5]

1
1+y/x

g(z) = ana xz € [1,2], y € [3,4]

1 1 1 [12

1+i5  1+[24 39
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NHTepBanbHOe pacwmpeHne QyHKUnm

f(X)

f(X) — oueHka cHu3y ana min f(x)
reX
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MIHTepBanbHbIM NOAX0A K rNobanbHOW ONTUMU3ALNM

I8

\

%

/

55




[nobanbHOe pelueHmne cMcTtem ypaBHeHum

HaliTu peweHns cucTtembl ypaBHEHUN

F]_(.’E]_,l'2,...,$n) = 07

Yy B (@180 i8n) = 6,

Fn(.’lll,l‘Q,. 1 ,.Tn) = 0,

\ / WAN, KpaTKo,
h V v/\ E3) = 0;

rae F(a) = (Fi(@), Fa(@),..., Fa(@)) | 2= (a1,22,...,20) .

HaiTn BCe peleHunst CUCTeMbl YypaBHEHWUNA

F(z) = 0

Ha AaHHOM MHOXkecTBe D C R™, onpeaenus ans

HUX FapaHTUpPOBaHHble ABYCTOPOHHME rpaHnUbI.
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[Mony-amnupuyeckaa dopmyna cpegHen sHeprum Bo3odyaeHuns

JKcnepumeHTanbHble 3HauveHmna C3BB N3BecTHble dopmynbl gna CIBB
15
NIST MEE S Q dopmyna WrepHxeitmepa? (1963):
14‘ [ outier " s Is {12 +7/ZeV, Z < 13;
13 T Feasible or z 9.76 + 58.82_1'19 eV, zZ = 13,
___ models > Ismz

Q dopmyna OantoHa — TépHepa® (1968):

o
N

, - {11.2 +11.7Z eV, Z < 13;
bT — 1528 +8.71Z eV, Z > 13.

Q dopmyna Cerpa® (1977):
Isg =9.1(Z+1.92'/3) eV,Z 2 4

1))z

-
-

CDOBB B pacuete Ha 1E€KTPOH
)

4 10 20 30 40 50 60 70 80 90 100 110 120
ATOMHEIH BeC Z

[Npegnaraemas mogens C3BB

O CoxpaHseTca 06uas CTpyKTypa mogenv Tomaca — Gepmu

I =ceze,

HO
_ 4/3 s s—,d—, f — u g — 6J10KOB;

1/2 JJ1s1 p—6JI0KOB.

Smolar V.A., Maglevanny 1.1, Zhilin S.I. / https://www.researchgate.net/publication/342106802 Semi-empirical formula for mean excitation ener,



https://www.researchgate.net/publication/342106802_Semi-empirical_formula_for_mean_excitation_energy_interval_approach

[Mony-amnupuyeckaa dopmyna cpegHen sHeprum Bo3odyaeHuns

OueHkn KoapprumeHToB

3 e OLeHKH
Ile Biok ?.1eup0m—xaﬂ Hisrrepsanms: Z - == 6L oo i
pHox KOH(HTYpaIHsa [ Cs.Ce ] CS
1 S H, He 1(H) — 2(He) ?u: 4t 4
2 s |[He]2s' —2¢ 3(Li) - 4(Be) EE=y
p | [He]2s2p"? 5B)  -6(0) 12| [304,34.7] | 32.8 T - e .
»  |[Heps2p™* IN)  — 10(Ne) | 4/3| [5.97,6.06] | 6.02 2 | 1 | | | 1
3 sp | [Ne]3s™23p™° 11(Na) —18(Ar) |12 [455.458] | 455
4 s-d | [Ar]3d"4s™ 19(K) —30(Zn) 4/3 | [3.64,3.67] | 3.65 120 T T T T T e
p  |[Zn]4p"° 31(Ga) —36(Kr) |12 [59.9 62.8] | 60.8 i0}————— | lae-- camr |
5 s-d | [Kr)dd™ 0552 37(K) —48(Zn) |4/3][2.80.2.83] | 2.82 s gob— | |- il |
p |[Cd])5p** 49(Ga) —54(Kr) | 1/2][66.9.69.7] | 68.0 e T
6 | sf-d |[Xel4f5d"%s 55(Cs) —80(Hg) |4/3][2.28.239] | 2.34 S60— == o - = .
p |[Hgl6p*s 81(TI) —86(Rn) |1/2| [87.6,94.2] | 89.4 A0 | eSS i
7 | s-fd |[Ro]3/ 64 6s 87(Fr) —112(Cn) [4/3][2.07.222] | 2.13 20 ! ! , ‘ ! .
P |[Cn]7p** 113(Uut) — 118(Uuo) | 1/2 109 0 20 40 60 80 100 120
8 | s-gd | [Uuo]5g" %6/ 7485 | 119(Uue) — 126(Ubh) | 4/3 22.03 N VA
OcTaTouHble OTK/0HeHMA
0.2 : i T ! 0.2 ,
% o SD = 0.0122 MAD = 0.0569 . %, SD =0.0130 MAD = 0.0619
%)
& 0P oo™ SRR, P wh @ OF )
° & cboooo %W %%W o = ooo Q)o o %01%9 "V @@W
-0.2 ° : : : 02—
0.2 0.2 . : .
. SD = 0 0077 MAD 0 0463 . SD = 0.0027 MAD = 0.0161
S 0f o ST R Q:E 0} e 3 e
_0.2 = I L L J _0.2 N " N N |
20 40 60 80 100 0 20 40 60 80 100 59
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CodT

e |lHTepBanbHaA apndmeTmnka Ha C++
https://github.com/nehmeier/libieeep1788

e Pylnterval — nHTepBanbHana apudmeTnka Ha Python
https://pypi.org/project/pyinterval/

e Python-o6epTKa Ha Ibex (KOHTpaKTopbI 1 T.M.)
https://github.com/codac-team/pylbex

e IntervalArithmetic.jl —MHTepBanbHana apudmeTnka Ha Julia
https://github.com/Julialntervals/IntervalArithmetic.jl

e HTepBanbHaga apudmeTmnka Ha Octave
https://octave.sourceforge.io/interval/

e Jinterval — nHTepBanbHaa apndmeTmnka Ha Java
https://github.com/jinterval/jinterval

e [10 gna vHTepBanbHoro aHanm3a C.[1. Waporo
http://www.nsc.ru/interval/Programing/

e [lpumepsbl aHanMsa MHTepPBasbHbIX AaHHbIX B Octave (c60pHUK jupyter-HoyTOyKOB)
https://github.com/szhilin/octave-interval-examples/
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https://github.com/JuliaIntervals/IntervalArithmetic.jl
https://octave.sourceforge.io/interval/
https://github.com/jinterval/jinterval
http://www.nsc.ru/interval/Programing/
https://github.com/szhilin/octave-interval-examples/

[Iprmepbl aHanmM3a nHTepBasibHbIX gaHHbIX B Octave

¥ master ~ 1 inte I les / ipynb Go to file Set of models with data and
400
szhilin Fix convexhull error in old versions of Octave Latest commit sa7407f on Apr 14 O History
A 1 contributor - -
765 lines (765 sloc) 128 K& <> O Raw Bame 2 U
200
£
Mpoun3BoauUTeNIbHOCTL NaporeHeparTopa :
4
370T NpocToi npumep mogenu, ] 6: napa 8 ot Ha E
BX0/l TON/WBA, NPUBEAEH B KHure [1]. OH warv  ananmsa per Mogieneii npu TOYHO 33/aBaEMbIX 5
BXOAHbIX W HanuuMmM ] B BLIXOAHOM ] 100
HaGop gaHHbIX
P: W aHanmsa no AaHHLIM Ha NpUMepe WccnefoBaHuA naporeHepatopa Tuna BK-3-210, wwpoko
ucnonb3yemoro Ha TAL| 1A BLIPABOTKIA Napa BLICOKOTO JABNEHUS. 2
OCHOBHOI 3KCM/TYaTAUMOHHOM XapaKTEPUCTUKOI ArperaTa ABNAeTCs ero ¥, i KaK Pacxo napa Ha BbIXOe arperara, o1
Pacxoga TONNMBa X Ha BXOAe arperara.
B 7 nap nocne PaboT GbLM NONYUEHS! AaHHbIE TREX UIMEDEHUT, NPUUEM PACXOA Napa U3MePANCA ¢ 5%-i 100
OTHOCUTE/NBHOI OLWHBKOM. ToNyueHHbIE faHHbIE CBEAeHb! B TabnuLy. o 5 10 15 2 %
Fuel consumtion
ifx [y e Information set
112128 |6
2{16 (1809 |171 189 18
3(20(230|11|119 241
Kopupaop coBMecTHbIX 3aBUCUMMOCTEN 14
3afaum B Kaxpas ero Touka (f), ff,) 3agaér B
(x, ¥). MHOXeCTBO BCeX Takux Mofenei
In [9]: ## Ipaguueckoe npeacTasnerue KOPHMAOPa COBMECTHBIX 3aBUCHMMOCTeH OnA Mogenu y = betal + beta2 * x 13
figure(1, 'position',[0, 0, 800, 600]); & o
xlimits = [0 25]; - +
ir_plotmodelset(irp steam, xlimits) # KODHAOP COBMECTHbIX 3aBMCHMOCTEH
hold on
ir_scatter(irp_steam,'bo') # MHTepBanbHble W3MepeHus
Pty i = imi Dl = & - i . 12
ir_plotline(b_maxdiag, xlimits, 'r # 33BUCMMOCTL C napaMeTpamy, KaK UeHTp weit guaroxanu UM
#ir plotline(b _gravity, xlim, 'b--') # 33BUCHMOCTbL C NapaMeTpaMi, OLEHEHHLIMW KaK UEHTp TaxecTu MM
#ir plotline(b _lsm, xlim, 'b ) # 3aBMCMMOCTb C napaMeTpamu, OueHeHHbsMH MHK
#ir_scatter(ir_problem(Xp,ypmid,yprad),'ro')
grid on 1"
set(gca, 'fontsize', 12) \
xlabel('Fuel consumtion') :
ylabel('Steam quantity')
title('Set of models compatible with data and constraints')
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