KoMy Hy>XXHa maTtemaTuka?

Hennwn JlnteBak
[Tpodpreccop npuknagHou matemMaTukm
YHuBepcuteT TBeHTe, HnaoepnaHabl



MaTtemaTunka Benukasa u
YxacHas

Hennwn JlnteBak
[Tpodpreccop npuknagHou matemMaTukm
YHuBepcuteT TBeHTe, HnaoepnaHabl



* ®nz-mat nuuen Ne40, HmxkHum Hosroposa, 1989

* BMK Huxeropoackoro ['ocyHuBepcuteTa, 1995

- KaHguoaT ous-mat Hayk, 1999

* [lepeexana paboTtaTtb B Hnaepnangbl, 1999

* PhD B TexHM4YeCKOM yHMUBEpPCUTETE DNUHOXOBEH, 2002
* YHUBepcuTtetT TBeHTE, 2002-...



« dus-mart nuuen Ne4o, HmxHnmn Hosroposa, 1989
* BMK Huxxeropoackoro [locyHuBepcuteTta, 1995
- KaHOnpgat gous-mat Hayk, 1999

*[lepeexana pabotatb B HngepnaHagbl, 1999
*PhD B TEXHNYECKOM YHUBEPCUTETE SNHOXOBEH, 20
* YHMBepcuTeT TBeHTe, 2002-... \
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« 4TO, KOMY-TO eLle HyXXHa MaTemMaTuka?»




« 4TO, KOMY-TO eLle HyXXHa MaTemMaTuka?»

«3a4yeM HaM MaTtemaTuka, Kkorga
KOMMbIOTEPLI MOTYT BCE NOCYUTATbL ! »




« 4TO, KOMY-TO eLle HyXXHa MaTemMaTuka?»

«3a4yeM HaM MaTtemaTuka, Kkorga
KOMMbIOTEPLI MOTYT BCE NOCYUTATbL ! »

[MAPALOKC:

* Mbl xneem B mmpe LIMOPOBbLIX TexHomnorum

* BONbLWMHCTBO HE 3HAET, KaKyo Ponb B 3TOM
nrpaeTt matemartumka!




CeroaHs

* [IpnnoxeHuns
 MaTemaTuka onga scex!



15511 210 043 330 985 984 000 000



15511 210 043 330 985 984 000 000

* COBPEMEHHLIN NPOLIECCOP C TAKTOBOW
yactoton B 2[ U (2 Mmmnnuapaoa onepaummn B

CeKyHAY)



15511 210 043 330 985 984 000 000

* COBPEMEHHLIN NPOLIECCOP C TAKTOBOW
yactoton B 2[ U (2 Mmmnnuapaoa onepaummn B

CeKyHAY)

* YTOObI BbIMOMHUTb TakKoe KOnMm4yecTBO
onepauumn, emy noHagoobuTcs

245 MUNNNOHOB nNneT!



* OauH npmnbop, 25 3agaHnn
* B kakom nopsigke BbIrogHee BCEro BbINONHATbL 3a4aHNA?

* "Bbiroga" MOXeT 3aBUCUTb OT CpOKa BbINOMTHEHNSA, BPEMEHU B
odepeau, U Tak ganee.

* [lonpobyem nepebpartb Bce cnocoodbI?
» CKOmnbKo cnocoboB?
* [lepBoe 3agaHune: 25 cnocobos
* [lepBoe 1 BTOpOEe 3agaHune: 25 X 24 = 600 crnocoboB
* Bcero
25 X24X23X22X...X3X2X1=25!



* OauH npmnbop, 25 3agaHnn
* B kakom nopsigke BblrogHee BCero BbINOMHATL 3a4aHna?

* "Bbiroga'" MOXeET 3aBUCUTb OT CPpOKa BbIMNONMHEHUNSA, BDEMEHU B
odepeau, U Tak ganee.

* [lonpobyem nepebpartb Bce cnocoodbI?
» CKOmnbKo cnocoboB?
* [lepBoe 3agaHune: 25 cnocobos
* [lepBoe 1 BTOpOE 3agaHune: 25 X 24 = 600 crnocoboB
* Bcero
25 X24X23X22X...X3X2X1=25!
=15511 210043 330 985 984 000

NMPOKNATUE PASMEP



I'lnHenHoe nporpammMmmpoBaHme

Neonuna ButanbeBuy [xopax
KaHTopoBUM4 LaHuur
1912-1986 1914-2005

HobeneBckas npemust 1975



Lleno4yncneHHoe nMHenHoe

nporpaMmMmpoBaHue
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3agavy 3agasin y Hac.

Ee pelwuan 4 uenbin vac,

1 BbILWO Y MEHSA B OTBETE:
[lBa 3emiekona 1 gse TpeTu.

Camyun Mapuwak. «[1po 00H020 y4YeHuKka u wecmbs eOUHUUY



LlenoyncneHHoe nMHenHoe
nQ&IRQ@IMMMI%Q@@%M!@( (IBM), Gurobi

3akoH Mypa ('opaoH Myp, oanH n3 ocHosarteneu Intel):
MouwHocmb npoueccopos yosausaemcs Kaxxoble 18 mecsues

3a 15 neT KOMMbTEPLI YCKOPUITUCH NpuMepHOo B 1000 pa3



LlenoyncneHHoe nMHenHoe
”WQWMRQ&%HM@BML Gurobi

3akoH Mypa ('opaoH Myp, oanH U3 ocHoBaTenewu Intel):
MouwHocmeb ripoyeccopos8 yosausaemcs Kaxxoble 18 Mmecsiues

3a 15 neT KoOMMboTEPbl YCKOPUITUCb NPUMEpPHO B 1000 pas

PobepTt bukcou (2007):

3a 15 net (1991-2006) CKOPOCTb aniroOPUTMOB AJ1A peLlleHnsd 3agau
LenoYnCIIeHHOro NIMHEWHOIo NporpaMmMmnMpBoaHnUA yBenmymnach B
29 000 pas (!)

K 2015 rogy yckopeHue B 450 munnuappga pas (1)



CTyaoeH4YeCcKne npoeKkThil

* PacnucaHune pectmBans XxopoB
« CTacTnyeckne TecThbl a8 9Kk3aMeHOB B Ha4yarlbHOU LLKOJSie



yKenesHble goporv HnaepnaHaos
L1 iy e i T P

15,8 munnumapga naccaxmpos B 2006
roay



yKenesHble goporn HnaepnaHaos

* [IyTn, mnar@opMsbl IpHUOBITHS, MOCTBI

* [lepecanku

. KonﬂquTBo 1 TUII BATOHOB Ka)KJ10TO COCTaBa
* Pacnicanue KOHIYKTOPOB U MallIMHUCTOB.

* 5500 moe3noB B JICHD!

* HoBoe pacnucaHme: 2006

IIpemus @panna Iaensmana, INFORMS, 2008 rox



NRC Handelsblad: Hu oono nposesnenue svicuien mamemamuku He 8bl3bl8AJ10 8
oouecmee makyr 0ypr IMOYULL.

AJexkcanap CxpeuBep:

«4Ymo onpeodernisem onmumarisHocme? Komgopm
naccaxxupoes? Obwuu ooxod? PacriucaHue
rnepcoHarsna?

Llupkynauus mamepuarnos? Vnu nyHkmyarbHOCMb?
[..]

Kak e3secumb amu ¢hakmopbi 1o OMHOWEHUI Opye
K Opyay?»

«Mamemamuka xenes3Hbix 0opoa rioKa oasieka om
cogsepuieHcmea. »



«3a4YeM MHe 3HaTb, YTO Takoe
norapm?»

T Ourgit

- () gl to you

 [1>ko boynep «MartemaTtnyeckoe MblLLUIEHNE»
CKOPO 8bILIOEM Ha PYyCCKOM S3bike 8 u3damesibcmeae « MU ®»

« [hxencoH Bunkec «Coxrute Krnacc matemMaTukm»
* «[' YyMaHUTapHble MO3rn»? « MaTemaTnyecknum reH»?
* Hnyero nogoObHoro Hemponoru He obHapyxunu!



Matemartuka -
BenuKas un
y>xacHas!
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Total Members Age and Gender (7)

Oct 14, 2017 - Nov 10, 2017

67 % Women 32.9 % Men 0.1 % Custom
4.1K Members

45K 30%
4.0K 20%

0/
35K 10% : "

B \ | H H i -

0% .L—J_ - - - ____ - -:_

3.0K
Oct 14 Oct 17 Oct 21 Oct 25 Oct 29 Nov 2 Nov 6 Nov 10

13-17 18-24 25-34 35-44 45-54 55-64 65+



3a4yeM MHe HY>KHO 3HaTb, YTO Takoe
norapnom

° CprKTypVIpOBaHHOe MblLUI1eHNne

* [loHMMaHMe npoLLeccoB N CBA3EW B pearibHOM Mupe

 Kak koMnbloTep 3anoMmMHaEeT 1 nepenaet nHopmaLunio?

*[loyemy paccToaHna mexay ydacTHMKamMu counanbHOW CETU Takne
KOPOTKMe? (TOYHee: cpaBHMMbI C NOrapndgmMom oT Yyncna
Y4aCTHUKOB)

* [louemy ecnu maneHbKasi rpynmna nioaen OTKaXKeTCs OT NPUBUBKM,
TO 9TO MOXET NPUBECTU K rmobdanbHOM annaeMmm?

* Kak KOMMbIOTEP HAXOOAUT «MOXOXUE» TOBAPbI U « MOXOXKUX»
rnonb3oBartenen?



letter % van zlle letters

B 13,01
10,03
@ 7,49

(Bl ) e ] |

n3oDpaxeHne Urpbl BUCennUa " 8.5

e-n-a-t-i-r-o-d u



LLIkonbHaa MmaTemMaTmka

* lHamBMayanbHasa paboTa
* [MaBHOE — Be3 onoboK!

* Hago Bbly4YnTb MHOIO HEMOHATHbIX
bopmyrn




LliIkonbHass MmaTtemMmaTuka

* lHamBMayanbHasa paboTa

[ NaBHOE — 6e3 onboK!

* Hago Bbly4YnTb MHOIO HEMOHATHbLIX
POpMyI

MaTtemaTuka Ha camom gerne

* ObCyXaeHuns u cnopsbl

* OrpoMHOE KOnn4ecTBO
OLLMOOK

* KpeaTmBHbIM NpoLiecc

INGS BEFORE BREaKFaST

e [N WoNDERL n‘o T




« 51 He 8o3paxkato ripomus popMysi U pakmos. 5 xaryrchk Ha
omcymcmeue MamemMamuKku Ha Halwux ypokax MmamemMamuku. »

[Mon Jlokxapa, «['1na4y matemaTtuka»



« 51 He 8o3paxkato ripomus popMysi U pakmos. 5 xaryrchk Ha
omcymcmeue MamemMamuKku Ha Halwux ypokax MmamemMamuku. »

[Mon Jlokxapa, «['1na4y matemaTtuka»

MHTepecHO, Nno4emy eCTb
NOHATUNE «LLUKONbHaA» U
«BbICLUAsi» MatemMaTuka, HO HET
NOHATUA «BbICLLEU» NUTEPATYPbI,
brnonorun n gaxe cbmsvu/wl!




CTAPAUCH
BONbLLUE!!!

2N

[ NaBHOe B maTemMmaTuke 310 [IOHATD

* YnpaxxHeHns Hy>Hbl 4YTobbl 3akpenntbe NOHUMAHWE
+»» MaTemartuka — o4eHb nocTtynarenbHasa Hayka
» MaTemaTnyeckme KoHUEeNLUN ObICTPO 3abbiBatoTCS

* YnpaxkHaTtbca He noHsB BECTTOJIE3HO!




MaTtemaTtundeckmne cCnocooHOCTWU

* B wkorne: aymaTb ObICTPO, XopoLluas namMaTb
* B Hayke: 0cob0 He Ba)XKHO HU TO, HM ApYyroe!
* «Mamemamuka — amo Hayka o noHumaHuu» bnnn TepcToH

« MaTemaTtunka — 3To Ynctas noruka, Hayka o6bsiCHEHUS
* [TOHATb NOrnky B coctosiH1UM abcontoTHo BCE!
* CrToCODHOCTN = NHTEPEC



OwnodKn

* [1xo boynep: OWwmnbKM nonesHsol!

« Korga YenoBek aenaet ownbKy, NOABMSAOTCS HOBbIE CBA3M B
Mo3re

* HoBble CBSA3M MNOSBNAITCA JaXKe eCnuy YernoBEK HE OCO3Hars U He
ncnpasu oLNOKY!

- Korga 4enoBek gaet npaBuUibHbIM OTBET, 3TOMO He NnpoucxoauT!



OwnodKn

* [1xo boynep: OWwmnbKM nonesHsol!

« Korga yenoBek genaert OLLII/I6Ky, NnoABIIAKOTCA HOBbIE CBA3U B
MO3re

* HoBble CBSA3M MNOSBNAITCA JaXKe eCnuy YernoBEK HE OCO3Hars U He
ncnpasu oLNOKY!

- Korga 4enoBek gaet npaBuUibHbIM OTBET, 3TOMO He NnpoucxoauT!

HE OB bACHM,

ABUJIbMO!!! MOYEMY?



MaremaTtuka -
Benukas un
yxacHas!

* Y4eDOHUKN MaTeMaTUKMU HaOo nmcaTb B COABTOPCTBE C
«Kr'YMaHUTapUAMnN»

« MaTemaTtukm He NOHUMAIOT, YTO TYT MOXET ObITb HEMOHATHOIO!
e « TexHNn4YeCcKnm cCHOoOM3IM»
* COBCEM HE BCEM HYXXHO CTAHOBUTbLCA MaTeEMaTUKamMu

* [TOHATb OCHOBbLI HACTOSALLEW XNUBOW MaTeEMaTUKN MOXET
KAXObII!



MaTtemaTtundeckmne cCnocooHOCTWU

* MaTemaTunka — 9TO YMcTtaqa normka
* [TOHATb NOrMKy B coctosiHnM abcontoTHo BCE!
* MaTtemaTtu4yeckme crocobHOCTUN = CKOPOCTb U NErKOCTb YCBOEHUSA



CnocobHoOCTU

* MatemaTnyeckue * CnopTunBHLIE
* [yMaHuTapHbIe * Xy4OXeCTBEHHbIE
e TexHUYECKUE * My3blkanbHble
 XypHanucrckue
* EcTecTBEHHOHay4H
e  [legarornyeckune
06 * KpeatuBHOCTb
LLIeCTBO3HaHue « AKTEDCKME
* JKOHOMMUKA N TaHLl,bl

* 30/10Tbl€ PYKU
* KynuHapus

« CanoBoACTBO
 Moaa

* busHec

» OpraHn3aTopcku
e

* Jlngepckue

« CoumnanbHble

* Omop



* ApbeH Jliobax,
HuoepnaHabl
 JKypHanucT, nucartenb

Mana Jlro6ax: ApbeH, s HageCb, YTO XOTb ATOT AUNMIIOM Thbl
Nony4nLLb.

Ha TBouX WyTKax He NpoXXmneeLlb!
ApbeH (19 neT): [1ana, 4 Mory rog NpoXuTb TONbLKO Ha 3TOW LLYTKE.



« Manana KOcydp3an, NakucrtaH

 [1aTa poxgeHusa: 12-07-1997

» Hobenesckasa npemusa Mupa
2014




* MaTemaTnyeckney * CriopTuBHbIE [ ] * busHec 11
- [yMauUTapHbIe/ « XyOOXeCTBeHHEE [[|  * OpraHM3aTopcku [ [

o' My3t HHE e v
* TexHn4ecCkue YIRIRGTIBHBIE

 )XypHarincrckue * liipepckme
* EcTecTreHHoOHaYH

s CTAPRICH BofibiE © (oemme

» ObLecTRO3HAaHNE » TaHUeBarnbHbIE
* DKOHOMMKA

« CagoBoACTBO |[ ]
* Moga 1]




 MaTemaTtnydeckme
* [ YyMaHUTapHbIE
* TexHn4yeckme

* EcTecTBeHHOHayu4H
ble

e OOWwecTBO3HAHME
* DKOHOMMUKA

* CnopTuBHbIE

* XyOOXECTBEHHbIE
* My3blKarnbHble
 )KypHanucTtckue
* [leparornyeckune
* AKTEepckue

* TaHUeBalnbHbIE
» KpeaTuBHOCTDL

* 30M10ThblE PYKU

* KynuHapus

« CanoBoACTBO
 Moaa

* busHec

* OpraHn3aTopCcKu
e

* Jlngepckue

 CoumnarnbHble

* Omop






HTEPHET

Google

Nederland

Google Search I'm Feeling Lucky

Google.nl offered in: Nederlands Frysk
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MHTepHeT

CoxpaHUTCS 1N CBA3L B
VIHTepHeTe?



MIHTEPHET Kak rpad

*CepBepbl/KOMNbIOTEPDLI = Y3bl (BEPLUNHBI)
KaHanbl cBsA3Kn / Kabenun = nuHunun (pebpa)

*Kak BbIrmMaauT VIHTepHeT Kak rpad?



Barrett Lyon www.opte.org



* CBA3HbLIU rpad:
Mbl MOXXeM 4OUTU MO IMHUAM C OOHOrO y3na Ha Apyrou.

* OcTaHeTtcsa nu MIHTepHET CBSA3HbIM rpadoMm, eCcrii eCTb NMOMEXMN,
neperpysku, atakm?



Munuun-MIHtepHet

KomnbloTep
2

x

KomnbloTep KomnbloTep
1 3

« KaHan gocTtyneH c BepOATHOCTLIO p, O<p<1
* [lomexa B KaHane c BepOATHOCTbLIO 1-p



BepoATHOCTb NOTEPU CBA3U
0
= =

3p(1-p)* + (1-p)’

« Ecnu (1-p) mano, To (1-p)> 3p(1-p)’+ (1-p)?
 CeTb ODoOnee HagexHa, Yem oauH KaHan!
e YTO ecnu ceTtb OYEeHb OonbLian?



[Ton Opaew (1913-1996)

* OKOJ10 1500 cTaTteun
* 509 coaBTOpPOB

«... Eeo ne cobnaznsanu nocmoel u 0enveu. bonbuiuHcmeo U3 HaAC OKPYICUNU
cebst MHOJICeCmeom 3eMHblX 01az u obsizamenvcms. Kaoswcoas ecmpeua ¢ Hum
HANOMUHANIA MHe, Ymo Mo 8Ce-MAaKlU 603MOICHO, 60M MAaK UOMU 3d CE0ell
Meumot, He 00pauas HUKAKO20 HUMAHUSL HA MENOYU HCUZHU. .. ».

®aH YxyH, YHMBepcutet KanudopHum B Can duero



Cny4vaunHbin rpad 9paewa-PeHbun (1959)

°*n Y3510B (TOYEK, BEPLLUUH)

* JlnHuna (pedbpo) mexay AByMSA y3riamMmm ¢ BEPOATHOCTLIO p
* HezaBmMcrMMO OT gpyrmx NMNHNK

 MaTemaTtundecknn noaxon: p=p(n)

 Teopema (Opaew-PeHbn).
* Ecnun p>In(n)/n, TO ¢ 60NbLLION BEPOSATHOCTHLIO CETb CBA3HAA
* Ecnu p<in(n)/n, TO ¢ 60NbLLION BEPOSATHOCTHIO CBA3HOCTb
noTtepsaHa
* Ecnn p=In(n)/n, TO CBA3HOCTb NOTEepPSAAHA C BEPOATHOCTbLIO
okono e



dazoBbIV Nepexon

Ilen npeBpallaeTca B

BOOY
npu temnepartype 0°C




da3oBbIN Nepexoa

 Teopema (Opaew-PeHbn).
* Ecnin p>In(n)/n, TOo ¢ 6onNbLLOW BEPOATHOCTBLIO CETb CBA3HaA

* Ecnu p<iIn(n)/n, TO c 60NbLLION BEPOSATHOCTHIO CBA3HOCTb
norepsiHa

* Ecnn p=In(n)/n, TO CBA3HOCTbL NOTEepPSAAHA C BEPOATHOCTLIO
okono e

» Kputnyeckas BeposaTHOCTb p=In(n)/n

* YMeHbLUAEeTCH Koraa n yBennynBaeTcs

* Mbl cHOBa BUAMM, 4TO DonbLUuMe ceTn bonee
YCTOYY/BbI!



[Tpnmep

*n=100, In(n)/n=0.046
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OTKyaa bepeTca da3oBbIv Nepexon?
*Hanbornee BepoATHbLIN CIOCOD HAapYyLLUNUTL CBSA3b B CETU:

OOVH N3 Y3J10B MNMOTEpPAS1 BCE KaHAaJ1bl CBA3U

*OTOpBaTh LIENy rpynny y3roB OT CETU ropasao
CnoXxHee!

*P(OOVH 13 Y3NOB NOTEPAS BCE KaHanbl CBA3U) = (1 -
p(n))™

B cpeaHeMm, Yncno Takux y3nos = n (1 - p(n))™?

Tenepb noactasum p(n) = c Infn)/n



—clIn(n) C

n—1
limn| 1= EMOD Y i e fim e

n—o n n—ao0 n—o

* Ecnin ¢<1 TO cpegHee KonMnM4ecTBO N30NNPOBaHHbLIX Y3I0B
CTPEMUTCS K DECKOHEYHOCTHU

* Ecnn ¢>1 TO cpeaHee KONMYeCcTBO N30MNMPOBAHHBLIX Y3I10B
CTPEMUTCSA K HYIHO

* KONMnM4yecTBO U30NMMPOBAaHHbIX Y310B O4EHb OITN3KO K
CBOEMY cpegHeMy 3Ha4YeHUIo

* Ecnn ¢=1, TO KONNYECTBO U30NTINPOBAHHbLIX Y3MNOB — 3TO
cllydanHagqa BenuyunHa, pacnpegeneHHasa no 3akKoHy
[TyaccoHa Poisson(1), n Torga P(0 n3onnpoBaHHbIX



YTO Mbl 3HaeM NPoO YCTOUYMBOCTb

MI HTepHeTa
onenb pOelwa-PeHbn ganeka ot peanbHOCTH

*MecTo HaxoXaeHus, xabbl, onopHasa ceTb, 4ONYCTUMbIN Tpadd UK
*/iccnegoBaHUA NpoaonkaloTcs

* HO Mbl y>X€ MHOTIO MOHAMNN NMNPO YCTOUYMBOCTL VIHTEPHETA:
*bonbLune ceTn bonee yCTonymBbl
* Pa3oBbIN Nepexon



KoMy HyXHa
MaremaTuka? v

[MOHATHas KHWUra o0 TOM, Kak yCTpOeH
Undchposort MuUp

Hennu Nutsak u AHapeit Paiiropoackuii




