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Ncnonb3ya nmbo OKHO KOMaHOHOW CTPOKMK, Nnbo rpaduveckni
NO/Ib30BaTENbCKUN NHTEPGENC, aBTOP MOXXET BblbnpaTb U3 psaga obLimx
CTAaTUCTUYECKNX AAHHbIX, @ TaKXXe BblYUCNATb U oTObparkaTb
3KCTpeMasibHble TOYKW AaHHbIX B UHTYUTUBHO MOHATHOM U 3HAKOMOM
rpacuyeckom chopmaTe. MNpumepbl BKAOYaOT: PaH>XXnpoBaHHbIe Habopbl
OaHHbIX (HanpuMep, NyYLWnn/Xyawmm CnopTCMeEH,
HanbonblUasg/HaUMEHbLUAA BEPOATHOCTb YCrexa U T. A.) JIerko co3[arTcsA
N 6bICTPO aHanu3npytoTca. CTaTUCTNYHECKUE BbIBPOCHI N CTaTUCTUYECKYIO
Ha4EeXHOCTb MOXHO aHaNM3npoBaTb N 0TOBparkaTb C MOMOLLbIO
npoueHTnNA, yCe4eHHOro cpeagHero, a/iinmrnca AonyCckoB, NoJyMaTpuLbl v
Kopob4aTbix gnarpamm. NporpamMmmMma No3BosiAeT HacTpanuBaTh
BMU3yasiM3auMio Ha OCHOBE pa3Mepa MNoJsis AaHHbIX, AMana3oHa ocen un
CTaTUCTNYECKOro TecTta. [oCTynHbl MHOrMe PyHKLUNN TeCTUPOBaHUSA, B
TOM 4ucne F-TecT onga onpeneneHnsa Toro, NoAXoAuUT Nn Habop AaHHbIX
0N KOHKpPEeTHOro pacnpeneneHnsa. Extrema 4acTto ncnosib3yeTca BMeCcTOo
WHCTPYMeHTa aHanusa faHHbiX SPSS nnu SAS gna npoctoun
BU3yanum3aunmnm OaHHbIX. DKCTPEMYMbl TaKXXe NCMNOJIb3YI0TCA B KayecTse
OCHOBbI 11 6onee KpynHOro CTaTUCTUYECKOro aHann3a. Pa3paboTaHHbIN
ONa npefocTtaBneHns Hambosee NosiHOro Habopa AOCTYMHbIX
NWHCTPYMeHTOB, Extrema no3sonseT aBTopy ObICTPO aHaNM3MpPOBaTb
NaHHble N co3faBaTb Ntobble TUMbl FPauKoB UM BU3Yyann3aumnn,
Extrema cnpoekTupoBaHa MakKCUMasibHO UHTYUTUBHO NMOHATHON U
NPOCTOWN B NCMOJIb30BaHNM N obecnevymBaeT MaKCUMaJlbHYO HaCTPOWKY
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rpadpnyeckmnx CcTuien n MakeToB. B fonosiIHeEHNE K MHCTpyMeHTaM
aHann3a nHTepdenc KOMaHOHON CTPOKN NporpamMmbel obecne4vymBaeT
bonbLyto rMBKOCTb A5 Co34aHUA NOJIb30BaTENIbCKUX MaKpOCoB. Ecnn
BaM HY>XHO oTobpasnTb 4Ynucsa ¢ Apyrum gvanasoHoM, NpocTo Bbibepute
Nx, N NporpaMMa aBToMaTU4YeCKN pacCcynTaeT HOBbIN Anana3oH. Bol
Tak)Xe MO)KeTe BPY4YHYI0 BBECTU gManasoHbl 415 NOCTPOeHUs rpaduka.
BTopHuk, 5 mapta 2011 r. {1 TONIbKO 4TO BEPHYCA M3 Hallero Kpyumsa no
KapnbckomMy Mopto Ha Kpyu3HOM flanHepe Fantasy. Mbl coBepLunamn Kpymns
Mo 3anagHomy nobepexbto n nocetTunn Kocymens, MNMnanga-genb-KapmeH,
Bonbwon KanvMmaH, AManKy U Hacna>kgaJmcb CEMUAHEBHbLIM KPyn3oMm. A
xoTen bbl CKasaTb, 4TO 3TO ObIJIO nAeanbHO, HO 3TO He TaK. 3TOo BbIIo
notpsacatruwe! Kopabnb Kpacmsbin, Uy Hac Bblna oTAMYHAga noroga u
npekpacHoe BpeMs Ha bopTy. EAMHCTBEHHON peanbHOM Npobnemon Bblnia
NOArOTOBKA K BbiCafKe.fd oCTaBWA 3TOT OTHeT, Korga Mol 66111 B NOpTYy
Ha bonbwom KarMaHe, HO MHe NpUWJoCh onybsIMKoBaTb €ro 34echb, Tak
KakK y MeHs Oblnu gpyrue npunoputeTbl. Haw KpyusHbIA lanHep,
BEpPOATHO, 6bl1 NePBbIM KPYWU30M, KOTOPbIA Mbl COBEPLLUW/IN Ha 3anagHOM
nobepexbe CLUA, Tak 4TO A COBEPLUEHHO HNUYero He 3Has 060 BCEM 3TOM
npouecce. NMo3BosbTE MHEe AaTb BaM MOW Ay4Lnin 0630p TUNUYHOIO
7-OHEeBHOro Kpymnsa. (4 gymato, 41o 7 Ho4el 6bIS1I0 MUHUMYMOM, HO A He
yBepeH.) 1. WanTe Ha peruncTtpaumnto. OgHa>kabl B
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==================== Extrema — 3To yTuanTa, no3sosdwowias
aHaNM3npoBaTb N BU3yann3npoBaTb 6osibwmne Habopbl AaHHbIX. OH
obecnevymBaeT aBTOMaTMYECKOE Cra>KnBaHne HabopoB AaHHbIX U
y0o0OHbIN MHTepdenc Ana co3gaHng HacTpamBaeMbiX QYHKUUN. TUNNYHOEe
NCNOJIb30BaHNE 3KCTPEMYMOB — HaWTU MUHUMaAJIbHOE N MaKCUMasibHOe
3Ha4YeHunsa B Habope faHHbIX NN MUHUMaJIbHOE U MaKCMMaJlbHOoe
3HaYeHNS Ka)Kgonm CTPoKK MaTpuubl. CMoTpuTe “dbl_extrem_basics.html®
0151 OCHOBHOIo ucnosb3oBaHus. .. c:function::void
glfunc_generic_form(double *x, int dim, double *f, int len) : Cm.
“glfunc_generic_form.png" Co3paeT HeIMHENHYIO MHTepnoaaunto Habopa
AaHHbIX METOO40M HauMeHbLUMX KBaapaTos. .. c:function:: int
glfunc_gmm_form(double *x, int dim, double *M, double *S, int len) : Cm.
“glfunc_gmm_form.png™ To e, 4To u glfunc_generic_form, Ho
ncnonbsyet GMM. .. c: function:: void glfunc_generic_plot (int n, double
*x, int dim, double *f, int len) : Cm. "glfunc_generic_plot.png" MNevaTaeT n-
0 CTPOKY Habopa AaHHbLIX U CTPOUT OMnpenessemMyio e KpuBylo. .. C:
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function:: void glfunc_basic_plot (int n, double *x, int dim, double *f, int

len) : Cm. "glfunc_basic_plot.png” MNMevyaTaeT n-t0 CTPOKY Habopa AaHHbIX U

oTobparkaeT ee To4kMW. .. c: function:: void glfunc_array_plot (aBonHon * x,

int dim, int len) : Cm. "glfunc_array_plot.png" MNMevyaTaeT TOYKM B BEKTOpE,
npeacTaB/ieHHOM B BUAe O4HOMEPHOro Maccumaa. .. ¢: function:: void
glfunc_basic_plotlD (int n, double *x, int dim, double *f, int len) : Cm.

“glfunc_basic_plotlD.png [lMevyaTaeT n-l0 TOYKY BEKTOpPA,
npencTaB/IEHHOro B BUAe O4HOMEPHOr0 MacCuBa. .. C: PyHKUMSA::
HepencTenTenbHblM glfunc_generic_plot 1709e42c4c
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Extrema For PC

9To nNpocTon 0630p NakeTa extrema. [lpyrme nakeTbl BKJOYAIOT:
Extrema, Instances, ExtremaNet n extrema.net. Ha4ynHasa: Extrema
rnocTaBsigeTcsa B o4HOM hanne. [Jng 3anycka nporpamMmmbl 4OCTAaTOYHO
HabpaTb B OKHe TepMuUHana «extrema». CTpyKTypa KaTasnora: [JlaBHbIN
KaTaJlor CoAepXUT Tpu nogkaTanora: utils cooep>XuT ncxogHole ansibl
c obWwMMM KoMaHgaMu, KogamMu nevaTn n obwmmm npouenypamm
BBOAa/BbiBOAA. data cogepxuT psaa 6onee cneumann3npoBaHHbIX
PYHKUMN, CBA3AHHbIX C JAHHbLIMU U CLLEeHAapPUAMUN. OOKYMEHTbl coaep>xaT
hannbl, OPUEHTUPOBAHHLIE Ha MHCTPYKUUK (TaKXe U3BECTHbIe KakK
«PYKOBOACTBO» NN «AO0KYMeHTauus»). UcxonHbin hann sKCTPEMYMOB
Ha3blBaeTcAa extrema. Ha 3ToM 3Tane BaM, BO3MOXXHO, NpuaeTcs
NCMNOJIb30BaTb TEKCTOBbLIV pefakTop, 4To6bbl pPaCKOMMEHTUPOBATL
HeKoTopble CTpPOoKK #include, 4ToObI NpUMepbl CKOMNNANPOBAUCH.
[Mpexxnne 4eM Bbl HAYHEeTe NCMoJib30BaTb Extrema, Bbl 4O/IKHbI
YCTAaHOBUTb HeCckosibko bubnunoTek (dl, gsl u curvilinear). Onsa sToro
AO0JIXXHO BbITb 4OCTAaTO4YHO NpocToro make. B moen cucteme (Debian
GNU/Linux 5.0.8) cpaboTan cnegyrowmnm ogHocTpoYHbIn koa: \[\( dI
${DEB_SOURCE} -Igsl -lcurl -Ifreetype \) \] | \[\( cd../src\) \] | zenaTb
YT00bl YBUAETH APYyrmne nepeMeHHble BpeMeH KOMNUAALNK, Bbl MOXeETEe
NCNoNb30BaTb CAefywmm ogHoCcTPoYHbIN kKoa: \[\(ka.. \) \] | caenaTb
--var="TIEPEMEHHAA"' Onunn/pe>xmnmbl nporpamMmmsbl: extrema
HacTpamBaeTCsa NapaMeTpaMm KOMaHOHOW CTPOKU. MNpumMepsl
nCcnosb30BaHUA: Bulyannsaumnsa pesynbtatoB Extrema: Extrema
noanepxmBaeT pa3nyHblie popMaTbl AaHHbIX (BCe BHapHbIe).
Ncnonb3ysa opmaThbl «zbar» nnm «pbms», Mbl cHa4ana 6epem
n3obpakeHne opurmHana (HMXHUN neBbln yron: arXiv:1207.3291v1). bes
Kaknx-nnbo onumin Mmbl nonydaem bonee getanbHoe npencrtasnenune. C -r
Mbl NoJsly4aeM rpyboe/BbiCOKOE paspelleHune, € -i Mbl Noay4aem
nonyteMHoe nsobpakeHme (cM. BTopon rpadumk). Onumm -b n -c
ynpasnaT MacwTabom Bu3yannsaynmm (CM. NepBbin N TPETUN PUCYHOK).
B Ka4ecTBe nocnegHero wara Mbl UCNoJib3yeM rnapameTp -n, 4ToObI
nepenMmeHoBaTb MEeTKY AJ1S LLBETOBOMW MOJIOCHI (CM. Frpadpuk HUXKe).
ObpaTnTe BHUMaHWE, 4TO NporpamMma extrema He COXpPaHSAET U He
oTobparkaeT oTAes/IbHble KOMMOHEHTbI LLBETOBOM MOJI0OChI B CBOEM
pe3ynbTUPYIOLWEM N300pakeHunn.
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Extrema — 3TO npunoXeHne ansa Busyanmsaumm n aHasamsa AaHHbIX Ha
6a3e Windows, pa3paboTaHHOe AN YNPOLEHNS CO3AaHUSA Pa3SINYHbIX
BbICOKOK@4eCTBEHHbIX rpanieckmnx n3odpa>KeHmnim n3 3/1eKTPOHHbIX
Tabnuuy n Tabnuy 6a3sbl gaHHbIX. OH MoXXeT oTobpa>kaTb MHOXECTBO
TUMNOB AAHHbIX, BKJIIOYasa BU3yanm3aumio ByXMEPHbIX, TPEXMEPHbIX U
MHOroMepHbIX HabopoB AaHHbIX. Extrema HanucaHa Ha C++ n paboTaeT
non onepaunoHHbIMK cnctemamu Windows n Microsoft Windows NT u
2000. NonHaga HacTponka: Extrema MOXXHO MCMNOJIb30BaTb Kak
pacwuputens Windows/DOS, cpeacTtso npocMoTpa ba3sbl JaHHbIX,
CpeacTBO NpocMoTpa pannos, ob6paboTymk ownbok, aHannsaTop
NCNOJNIb30BaHUA ONCKaA, PefaKTop AAaHHbLIX U CPeaCcTBO NMPOCMOTpa
3NEeKTPOHHbIX Tabnuu. Extrema Takxe pa3paboTaHa, 4TobbI 6bITb
3HaKoMomn 1 ynobHown Onda nosb3oBaTesien, He 3HAKOMBbIX C
nporpamMmMupoBaHmemMm Ha C++. BbICOKOKa4YeCTBEHHbIe pe3ysibTaTbl MOryT
ObITb LOCTUIMHYThI MPOCTbIM NepeTackMBaHMEM, HAaXKaTUEM N Ha>KaTueM
HEeCKOJIbKNX Knasuw B 6oratom, yoobHOM rpacdmnyeckom
NoJsib30BaTE/IbCKOM NHTepgence. MacTep BBoLa AaHHbIX NMpoBeneT Bac
yepes npouecc NPoCcToro Co3gaHusa BbICOKOKAYeCTBEHHbIX OTODparkeHnn
OaHHbIX, @ MacTep NpeacTaB/EHNA AaHHbLIX MOMOXXET BaM pa3paboTaTb 1
HaCTPOUTb COBCTBEHHbIE NMPeaAcTaBNeHNS AaHHbIX. Extrema MoxxeT
oTobpakaTb 40 NATKU HAabopPOB AAHHbLIX OOHOBPEMEHHO, @ MHOIFOMEpPHbIE
Habopbl AaHHbLIX MOryT ObITb BU3yasiM3npoBaHbl B BUAe 2-X, 3-X nnum 4-x
MepHbIX 06BbeKTOB. Extrema Tak>xe MOXXHO UCMO0JIb30BaTb B KavyecTBe
MHTEPaAKTUBHOIrO pefakTtopa AaHHbiX. OH nogaep)xuBaeT BCe
CTaHOapTHble PYHKUNN peaaKTUPOBaHMA TeKCTa, BKOYasa WpnudThbl,
lWpndThl, UBETA, OTCTYMbI, BKJIAaOKW U NepeHocC cnoB. Extrema MOXXHO
NCNoNb30BaTb N3 KOMaHAHOM cTpoku DOS. MpunoxxeHne Takxxe nmeet
NaKeTHbIN PeXNM, KOTOPbIN MOXXHO NCMOJb30BaTb AJ19 yripaB/eHns
bonbWnM Konnm4yecTBoM HabopoB faHHbIX. AfNnMapaTHO-He3aBUCMMas
Bepcusa Extrema BkntovyeHa B nakeT. KOMOUMHNPOBAHHLIN pPEXUM
MO3BOJIAET UCMNOJIb30BaTb BCe PYHKUMN SKCTpEMyMa 13 noackaskum DOS.
Pe>xnm paclumpeHHon 6a3bl AaHHbIX — 3To 6ecnnaTHaga Bepcusa extrema.
OH nogaep>XnBaeT NpsiMoe 4YTeHme 1 3annucb B 60bLLINHCTBO
nogaepxunBaembix CYB/] 6a3 AaHHbIX 39N1E€KTPOHHbIX Tabanu 1 NAOCKUX
annos. lNMonHble xapakTepucTukn Pesome: - Npauieckoe
oTobpa>keHne MHOFOMepPHbIX U MHOMOOCEBbIX AaHHbIX - paduky,
FMCTOrpamMmbl, IMHENHbIE TPaddUKN, KPYroBblie gnarpammsl - I'padmkm
paccedaHud, rpaukn TpeHOoB - BeKTopHble rpadpukun, To4edHble rpapmnku
nT.0. - O6beM, NIOTHOCTb, NPOEKUUA N TeMnoBble KapThl - yTn,
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obnacTun, NMHeNHble PYHKLUN, PerpecCcMoHHbIn aHanus - MNpeapensl,
perpeccnoHHbINn aHanus, 6noyYyHas gnarpamma, t-tecTtbl - HeCKoNbKo
cepuin paHHbIX - CTaTUCTUKa - MNaHenu, pamMmkun, KapThl - FeoMeTpuyeckmne

n ageTajinsnpoBaHHbIE NereHgbl - |/|CI'IOJ'Ib3yeT cneanywwme Tmnbl oaHHbIX:
TEKCT,
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System Requirements:

MuHnmym: OC: OS X 10.11.1 nnn Hosee UIM: Intel Core 2 Duo ¢ TakTOBOM
yactoTtom 2,5 Ty Mamate: 4 'b O3Y Npadumka: Intel HD 4000 nan AMD
Radeon cepun HD 6000 nnn Bbiwe MecTo Ha aucke: 2 I'b
PekomeHayemble: OC: OS X 10.12.1 vnu HoBee lMpoueccop: Intel Core i5 ¢
TakToBOoW YactoTtom 2,5 Ny MamaTte: 8 'b O3Y MNpaduka: Intel HD 5000
nnn AMD Radeon R9 200 Series nau Bbile, nnan Bbille Jnckosoe
MPOCTPAHCTBO:
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