3ananue K 1aboparopHoi padore Ne 1

OnHomepHasi ¥ MHOKeCTBEHHAs JIMHEHHAs perpeccust

B a70ii pabote Bbl peanusyere anroputM JMHEWHONW pPerpeccuu U MPUMEHUTE €ro ISl PeleHHs
MPAaKTUYECKUX 3a7a4. HauHeM ¢ peanuszanuu airopuTMa OJHOMEPHOM JTUHEWHOW pErPECCUH.

1. OnHomepHas JIMHeiHas1 perpeccus

3agauya 1: Bel sBisieTech BiaJeblieM CETH PECTOPAHOB M pacCMaTpUBAETE BAPUAHTBI OTKPBITUS
JIOTIOJTHUTEBHBIX (WIMAIOB B JPYrUX TOpoAa. Bbl 3aMeTHIM 3aKOHOMEPHOCTh MEXIY
KOJINYECTBOM XKHTEJeH roposa u npuobuibio ¢rnana Baieil cetn pecTopaHoB B 3TOM TOpOJIE.

@aiin exldatal.txt comepXHUT daHHBIE O HAceleHHWH ropoja (NMepBbI cToiben) U MpUOBLIH
pecTopaHa B HeM (BTopoii crosbern). OTpHumarenbHbie 3HAYSHHSI BO BTOPOM CTOJIOIE TOBOPAT O
TOM, 4TO B 3TOM ropoje Bam 6usHec sBnsieTcs yobITouHbM. HauneM ¢ TOTo, 4TO MOCMOTPUM Ha
3TU JaHHBIE.

3arpy3ure Tabauny ¢ JaHHbIMHU U3 (aiina exldatal.txt, nocmorpure Ha HuX. s dy4qmei
BH3YAJIM3AIlMM  TOCTPOiTe TOYKM C COOTBETCTBYOUIMMM JBYMSI KOOPAMHATAMH
(Population, Profit) na rpaduxe.

YV Bac 10/KeH NoJIy4UuThCsl TAKOW PUCYHOK.

5

20

15

Profit

50 75 10.0 125 15.0 17.5 200 22l.5
Population

OdeHb NOJIE3HO BCEr/la aHAJIM3MPOBATh MMEIOLMECS JaHHble. MBI BUIAMM, YTO Y HAC MUMEETCs
HEKHUI KJIacTep B pallOHE 3HAYEHUN HU3KOM HACEJIIEHHOCTU TOpPOJOB M 4YTO TO IIOXOKEE Ha
JUHEWHBIA TPeHJ pocTa MpUOBLIM HAIIero OM3HEcCa C POCTOM HACEIEHHOCTH Tropojaa. Takum
00pa3oM, METOJT INHEHHOI perpeccuy XOpoIo MOIXOAUT IS TAaHHOH 3a/1a4H.




Hanomuum, 4to MbI coOMpaeMcsi MUHUMU3UPOBATH 1EJIEBYIO () YHKIUIO
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J80,6) = 5= > (h(x) = 7%, (1)

rae h(x) = 6y + 6,x, M — YUCIO IEMEHTOB B BEIOOpKE. HEeM3BECTHBIME SIBIISIFOTCS TAPAMETPBI
0y, 61, KOTOpPBEIE MBI M XOTHM II0Z00paTh Tak, 4ToObI 3HaueHue J(6,, 6;) ObUIO KaK MOXHO
MEHBIIIE.

Msl OyneM 3TO JenaTh C TOMOIIBIO ale0pumma epaoueHmHo2o Ccnyckd. 3aaaB CIydaiHo
Ha4YaJIbHBIC 3HAYCHUSA HCKOMBIX MNapaMCTpOB W IHAr OGy‘lCHI/I}I a, Ha Ka)I([[Ofl UTCpalui MBI
0OHOBJIIIEM ITapaMeTpsI 1o hopMysIam:
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Crnenyromee, 4To HaM HEOOXOIUMO CJelaTh, 9TO HamucaTh (YHKIUIO, KOTOpas Oyner
BBIYKCIIATH 3HaYeHUs 1eneBoil Gpyukiuu J(0y, 61) B 3aBHCUMOCTH OT TapameTpoB 6, 6;. D10
HY>KHO JJIsI TOTO, YTOOBI MBI MOTJIH YO€IUTHCS, YTO 3TO 3HAYCHHE JCUCTBUTEIHHO YMEHBIIIACTCS
Ha KaXXJIOM IIIare UTePAllHOHHOTO allTOPHTMA.

Jns nanpHelero yqoOCTBa MepeHoca Ha Cilydail MHOTOMEpPHON JIMHEHHON perpeccuu U C
IIEJIBI0 UCTIOJIB30BAaHUSI BO3MOXKHOCTEH numpy B Python mo MaTpu4HbIM yMHOXEHUSM, BBEAEM
0003HaUEHHS:
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a
gnew = gold — — X (X6 =), (4)

Peanm3zyiite ¢pynkuuio computeCost(X, y, theta), BbIYHCASIONIYI0 3HAYeHHE LeJIeBOM
¢yuxuun J(0) no dpopmye (3).

Haiinure ee 3nauenue npu 8y = 0, 641 = 0. IIpoBepbTe, uTo 0OHO paBHO 32,07.

Jlanee HaM HY>KHO pealn30BaTh AJITOPUTM I'PAJUEHTHOIO CIIyCKa B 3a/1a4e JIMHEHHON perpeccum.
Hama ¢ynkuus Oyzmer Bo3Bpallath HE TOJHKO HOBBIE 3HaueHHs 6, MOIXy4YeHHBIE TOCHe iters
UTEpaIil aropuT™Ma ¢ IMaroM OOYyYeHHS «, HO M XPaHUTh HCTOPUIO 3HAYCHUH IICJICBOU




¢Gyuxuuu J(6) amst Becex MPOMEKYTOUHBIX 3HAUYCHHN 6. DTO HY)KHO HaM ISl TOTO, YTOOBI MBI
MOTJIA TIOCMOTPETh, YTO MPOUCXOIMIIO C IEJIEBOM (PyHKIMEH BO BpeMs 00yueHHs, TPABUIBHO JIH
OHO IIIJIO ¥ IO JIX BOOOIIIE.

Kpome Toro, ceituac Mbl BeieM 00ydeHUe iters UTepanuii U JOCTAaTOYHO MPOU3BOJIBHO 3a/1aeM
9TO 4YHCIIO. JIpyruM BO3MOXXHBIM BapHaHTOM CBOEBPEMEHHON OCTAHOBKH OOYUCHHS SIBIISETCS
noctikenne 3HaueHus ¢pyukuuu J(6) 3amaHHoro mopora. B ciayuae He0OXOIMMOCTH MBI JIETKO
CMOXeM J00aBHUTh B HAIly (DYHKIIHIO 3TO JOMOJHUTEIHHOE YCIOBHE.

HUcnoan3ys popmyay (4) peaansyiite pynkunio gradientDescent(X, y, theta, alpha, iters),
BO3BPAlIAIOLIYI0 HOBble 3HAYeHHsI napameTpoB 0, 0; um maccuB c¢ iters 3HaYeHMAMH
neJjeBoil yHKUMM HA KAXKIO0N UTepalnu.

Juasi mpoBepkn ee padorsl yoeaurechb, uTo Ads o = 0.01 u iters = 1000 u HyJeBbIX
HAYAJbHBIX 3HaYeHusnx 0y, 0, y Bac mosydaiorcsi HOBble 3HAYeHHsI mapaMeTpoB 6, =
—-3.24, 6, =1.13.

Bouruucianre 3HaueHue neneBO (PyHKUMM IJ1s1 HOBbIX 3HaYeHui mapamerpoB. Crtajno Jjm
OHO MeHbIIe, yeM 32.07?

JlaBaiiTe mOCMOTpPUM, HACKOJIBKO XOPOIIM HOBBIE 3HAYCHUS MapamMeTpoB 6, 6, KOTOphIC MbI
nonyunsia nocne iters = 1000 urepanuii anroput™ma rpaaueHTHoro cinycka. Kak Bel moMuuTe,
9TH JBa TapaMeTpa OMpEAeIIOT MmojokeHne mpsimMoir h(x) = 6, + 6;x. TloaTomy manee Ml
MOCTPOUM TOYYECHHYIO MPSMYIO M TMOCMOTPUM Ha €€ PacCIoJIOKEHHE OTHOCUTENIBHO JAaHHBIX
HaM TOYCK.

Kpome Toro, Mbl 3HaeMm, 4YTO MOCKOJBKY aJITOPUTM TPAJAMEHTHOTO CIIyCKa MUHHUMHU3UPYET
LEJEeBYI0 (PYHKIIMIO, TO B Mpoliecce 00ydeHHsl ee 3HaUeHUs T0JDKHBI yMeHbIIatbes. [IposepuM u
3TO.

IocrTpoiite rpapuk c¢ Toukamu (Population, Profit), kak B Hauyase 3T0ii padoTHl M
no6aBbTe K Hemy mpsimyio h(x) = 0y + 01X ¢ HalileHHBIMH 3HAYEHUSIMH MAPAMETPOB
0y, 0. Uto Bbl MokeTe CKa3aTh 0 NMOJYYEeHHOM PUCYHKe?

IHocTpoiite rpadpuk 3aBUCMMOCTH 3HAYEHHH LeJeBOH (PYHKUMH OT 4YHCJIA UTepanuil u
yoeaurech, 4T0 Bbl nosiyunsiu yobIBalouyo KpuBylo.

MpbI pemvim 3aj1a4y 0OTHOMEPHOU JIMHEHHON PErpecCcu.

CaMOCTOSITeIPHO TOJKCIIEPUMEHTHPYUTE C pa3HbIMH 3HAYCHHSMH Imara OOydYeHHs, YucIia
uteparnuii. O0paTuTe BHUMaHUE Ha TO, KaK BEAYyT ce0s 3HAUCHUSI 11eJIeBOU (DYHKITHH.

IloBTopuTe pemenue 3amaun npu o = 0.05, a =0.001. OO6bsicHHTEe TNOJY4YEeHHbIE
pe3yJbTarhbl. YTO M3MEHMJIOCH HA rpaduKe O 3HAYCHUSIMU LeJIeBOil QYHKIIUM U noYemMy?
Kak 0bIcTpO OHU YMeHbIIAKOTCH?

Teneps MbI MOXKEM NIEPEUTH K 33/1a4€ MHOKECTBEHHOM JIMNHEWHOU PETPECCUMN.




2. MHOXkecTBeHHAsl JIMHelHAs perpeccust

Kak mpaBuio, npu mporHO3MpOBaHUM 3HAUEHHUS HEKOM BEJIMYMHBI HAM HY)KHO YYUTHIBATh HE
OJIMH, @ MHOTO ()aKTOPOB TaK WJIM WHAUE BIUSIOLIUX Ha Hee.

B sroit vactu mabopaTopHoii paboThl Bel permuTe 3amavy npeacka3aHus IEHbl Ha IOM TIPH
M3BECTHBIX 3HAUYCHUSIX €Tro IIomaau (B GyT?) U 4uciie crajeH.

Hcxonupie nanHbie - B (aiine ex1data2.txt

3arpy3ure TabIUIly ¢ JAHHBIMU, IOCMOTPUTE HAa HUX. Huke — 9acTh TaOIUIIBL.

i Index | Size Bedrooms Price
o 2104 3 399908
|

i1 1688 3 329900
iz 2400 3 369000
:3 1416 2 332000
ia 3000 4 539900
%5 1985 4 299008
ir& 1534 3 314900
i? 1427 3 198999
!g 1388 3 212000
.

%9 1494 3 242500
il-& 1948 4 239999
511 2000 3 347008
iIZ 1898 3 329999
i

|

13 4478 5 699968

Kak BuHO, TaHHBIE OYEHB CHIIBHO OTIMYAIOTCS MO MacmTaldy. OObdHO y HAc 2-5 cmalieH, HO
IUIOIAAb BapbUpYeTCs B IpeJleNiax COTEH, ThICSAY KBaapaTHbIX (yToB. Ecim "3amyctuts" Hamn
QITOPUTM Ha TaKWX JaHHBIX, BKJIAJ OT MepeMeHHou "size" mpeB3oiineT Bkian ot "bedrooms",
KoTopasi mpocTo "motepsiercs" Ha ¢Gone "size". UToObI M30ekaTh TaKOW CUTYyaIlMu, HAM HYXHO
BBIPOBHATH MacIITa0 U3MEHEHUS HALIUMX [IEPEMEHHBIX.

Hopmupyiite ux. [j1s 3T0r0 Hy»KHO BBIYECTh U3 KaXI0T0 3HAYCHUsI PU3HAKA CpeiHee 3HaUeHUs
9TOTO MPHU3HAKA U Pa3AETUTh Ha ero (MpU3HaKa) CPeIHEKBaAPATHIHOE OTKIIOHEHHUE.

[TomHUTE PO HOPMAJIBHYIO CIIy4YailHYIO BEIMUYMHY C MaTokugaHueM O U cp.KB. OTKIOHEHUEM 17

Janee MBI C pagoCTBIO 3aMe€daeM, YTO KOJ IPOrpaMMBI, BBIYMCIIAIOLIMN 3HAYEHUE LIEJIEBOU
(GYHKIMU M alrOPUTM TPAJAMEHTHOTO CITyCKa, KOTOPBIE MBI HE TOJCHUJINCHh U PEaln30BaIN B
OpOIUION 3ajaye B MaTPUYHOM BHJE, HE TpeOyeT M3MEHEHHIl B 3ajaue MHOXECTBEHHOU



nuHerHou perpeccun. Ceiuac y HaC JBa BXOIHBIX MPU3HAKA, HO SICHO, YTO BCE MEPEHOCUTCS 0e3
W3MEHEHUH U Ha T000e APYroe UxX YucIo.

Haiinurte 3HaueHue uesneBoii pynkuuu npu 8 = 6, = 6, = 0. IIpoBepbTe, 4TO OHO PABHO
0,489.

Teneps 3amyCTUM aIrOPUTM I'PAJUEHTHOIO CIIyCKa I pELICHUS HalleH 3aa4H.

Haiigure 3Hayenue napamerpoB 0, 0,,0, nocuae iters = 1000 wrepanmii aaropurma
gradientDescent(X, y, theta, alpha, iters) ¢ marom alpha=0.05.

Bouruucianrte 3HavyeHune mesieBoil GyHKIMHU JIsi HOBbIX 3HAYEHHU MapaMeTpoB. Y0eaurech,
4yTO0 OHO pasHo 0.13.

[Tone3Ho Takke MOCTPOUTH Ipaduk MoBeneHUs (PyHKIUU MOTEph B Mpolecce o0ydenus. Kak ox
JTOJI’KE€H BBITIISAIETH?

IocTpoiite rpaduk nsmenenuss GyHKIUM MOTEPHb B Npoluecce 00yuYeHus.

Mo:xere a1 Bbl 100uThest Menbiero, yem 0.13 3nHavenusi 3toi pyHkuun? MokHO M
noay4urs 0?

Yo6eautech, 9TO 3HAaYEHUST (PYHKITUU MOTEPHh YMEHBIIAIOTCS C POCTOM YHCIIA 3MOX OOy4YEHUS H
BBIXOJAT Ha HEKOTOpOE "TIaTo" MOYTH MOCTOSHHOTO 3HAYECHUS.




3. Bo3mo:xnoctu Python no pemenuro 3axa4yu JuHeiiHON perpeccun

Mpl Gonblive MOJOAIBI, YTO PeajH30BaId aITOPUTM TPAJUEHTHOTO CIyCKa JUIsl pelleHus
3ajaun JIMHEHHOW perpeccuu "¢ Hyms". Hu B koem ciyudae Bac He NOKHO pacCTpOUTh
U3BECTHE, YTO BCe 3TO yxe OecruiaTHO peanu3oBano B Python 3a cyer ero orpomnoro
co0011ecTBa pa3pabOTIYNKOB.

MBI, KOHEUHO, JO0JIKHBI 3HaTh U BCTPOEHHBbIE BO3MOXKHOCTH Python 11 MalmMHHOTO 0OyuYeHMs.
OpHako A TOJHOTO M HACTOSILIErO0 IOHUMAaHUS IpeAMETa TakKue pelieHus ¢ Hyns"
6e3ycioBHO HeoOXxoauMel. Terneps, koraa Bl 910 ymeere, MOKHO pacKpbITh Bam cekper.

JlaBaiiTe BepHeMcs K IMepBO 3aJaue, BHOBb 3arpy3UM M IpUBEIEM K HaAJeKalleMy BHAY Bce
HaIIIU JIaHHBIE.

Crnenyromye CTPOKH KO/ia BBIMOIHSIOT BCIO pabOTy METO/a IPaIi€HTHOTO CITyCKa

from sklearn import linear_model
model = linear model.LinearRegression()
model.fit(X, y)

Y w™eroma fit ecTh MHOXECTBO MapaMETPOB, KOTOPHIE PEryJUPYIOT paboTy aiaropurma
https://scikit-learn.org/stable/modules/generated/sklearn.linear model.LinearRegression.html, HO
3HAYEHUS TI0 YMOJYaHUIO JOBOJIHLHO Pa3yMHBI M MOKHO OCTaBHUTH fit B TOKOE.

Teneps ¢ moMorisio MeToa predict MOTyIrM BBIXOHBIC 3HAYCHHS 00 YICHHOM MOJIETH
f = model.predict(X)
1 BHOBb HOCTpOI/IM TOYKH U HOqueHHYIO HpHMYIO

Predicted Profit vs. Population Size
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IIponemoHCcTpUpYyiiTe CBOE YMeHHE pemiaTh 00€ PaccMOTPeHHbIE 33Ja4M ¢ MOMOIIbIO
meToa0B fit u predict u3 sklearn.




