3ananue K npakTu4yeckoi padore Ne 1

OnHoMepHAasi U MHOKEeCTBEHHAS JIMHEIHAs perpeccust

B a70if paboTe Bbl peanusyere anropuTM JIMHEHHONW PErpeccu U MPUMEHUTE €T0 JUIsl PeICHHS
MPaKTUYECKUX 3a1a4. HauHeMm ¢ peanuszauuu airopuTMa OJHOMEPHON JTMHEMHOW PErPECCUU.

1. OnnomepHasi JIMHelHas1 perpeccus

3agaua 1: Bel sBisieTech BaJeNbleM CETU PECTOPAHOB M pacCMaTPUBAETE BAPUAHTBI OTKPBITUS
JOTIOJTHUTENBHBIX (WIMAIOB B JPYrUX TOpoAa. Bbl 3aMeTHIM 3aKOHOMEPHOCTH MEXIY
KOJIMUECTBOM JKUTEIIEH roposa 1 npuobsLUIbio (prnnana Bameii cetu pecTopaHoB B 3TOM ropojie.

@aiin exldatal.txt cogepkUT AaHHBIE O HAceNeHWHM Tropoaa (TEepBBIA CTONOEN) W MPHOBUTH
pectopaHa B HeM (BTopoi crosiber). OTpHmareabHbie 3HAYCHHSI BO BTOPOM CTOJIOIE TOBOPSAT O
TOM, YTO B 3TOM IOpoJ€ Bam 6usHec sBisieTcs Y6I>ITO‘IHI)IM. Haunewm ¢ TOro, 4YTO MOCMOTPUM Ha
O9THU JaHHBIC.

3arpy3ute Tadauny ¢ JaHHbIMU U3 daiijaa exldatal.txt, nocmorpure Ha Hux. s ayqmei
BU3YAJIM3AIHM  TIOCTPOIiTe TOYKM € COOTBETCTBYWIIMMH JBYMSI KOOPIMHATAMH
(Population, Profit) na rpaduxe.

Y Bac 10JKeH NOJyYUThCs TAKOW PUCYHOK.
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OdeHb NOJIE3HO BCEr/la aHAJIM3UPOBATh UMEIOUIMECS JaHHbIE. MBIl BUAMM, UTO y HAC UMEETCS
HEKMI KJacTep B paillOHE 3HAYEHUM HU3KOW HACEIEHHOCTH TOpPOJOB M YTO TO IOXOXEE Ha
JUHEWHBIN TpPEeHJ pocTa MPUOBUIM HAmero OW3HEeca C POCTOM HACEIICHHOCTH ropoja. Takum
00pazomM, MeTo IMHEWHOW PErPEeCcCH XOPOIIO MOAXOANT JIJIsl JAaHHOM 3a/1a4H.




Hanomuum, 4To MBI cOOMpaeMcsi MUHUMU3HPOBATH LIETEBYIO (PYHKIIHIO

1 m
J00,6:) = 5= (h(x) = v (1)

rae h(x) = 6y + 6,x, M — 9uCIIO0 IEMEHTOB B BEIOOpKE. HEeM3BECTHBIMHE SIBIISIFOTCS TAPAMETPBI
6y, 0, KOTOpBIE MBI M XOTHM I10100paTh Tak, 4roObl 3HaucHHE [(6,,6;) OBLIIO KaK MOXKHO
MEHBIIIE.

Msl OyneM 3TO JenaTh C TOMOIIBIO ale0pumma epaoueHmHo20 Ccnyckd. 3aaaB CIydaiHO
HAYaJbHBIC 3HAYCHHSI MCKOMBIX MAapaMETPOB M IIar OoOydeHUs @, Ha KaXKJIOW UTEpaldd MbI
OOHOBJIsIEM MapaMeTpsl 1o hopMyiaM:
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Crenyroniee, 4ro HaM HEOOXOAMMO Clelarh, JTO Hamkcarbh (YHKIMIO, KOTOpas Oyaer
BBIYKCIIATh 3HAYEeHUs IeaeBoit Gynkiuu [(0, 6;) B 3aBHCUMOCTH OT IapameTpoB 6, 6,. D10
HYXHO JJId TOro, 4TOOBI MBI MOTJIA Y6GI[I/ITI)C$[, YTO 3TO 3HAYCHUC HCﬁCTBHTeHBHO YMCHBIIACTCA
Ha KaXkJIOM IlIare HTEPAIIMOHHOTO aJlTOPUTMA.

Jns maneHeiimiero yaoOCTBa IepeHoca Ha Cly4ail MHOTOMEPHOW JMHEHHON perpeccuu W ¢
LeJIbI0 MCMOJIb30BaHUS BO3MOKHOCTEH numpy B Python mo mMaTpuuHbIM yMHOKEHUSIM, BBEJIEM
0003HaYEHHUS:
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Peanmm3yiite ¢ynxkuuio computeCost(X, y, theta), BpIuUMCASIONYI0 3HAYeHHE IeJIeBO
¢yuxuuu J(0) mo popmy.te (3).

Haiigure ee 3navyenue npu 8y = 0, 6, = 0. IIpoBepbTe, uTO OHO paBHo 32,07.

Jlanee HaM HYKHO peain30BaTh AITOPUTM I'PAJUEHTHOTO CIIyCKa B 3a/1a4€ JIMHEHHON PErpeccu.
Hama ¢ynkuus Oyner Bo3BpaliaTh HE TOJIBKO HOBBIE 3HA4YeHMs 6, MOydeHHBbIE MOcie iters
UTepalMii aJropurMa ¢ MaroM oOydYeHHs «, HO U XPaHUTh HCTOPUIO 3HAUEHHUH LeIeBOM




¢Gyukuun J(6) amst Becex MPOMEKYTOUHBIX 3HAUCHUN 6. DTO HYKHO HaM JUIS TOTO, YTOOBI MbI
MOTJIA TIOCMOTPETh, YTO MPOUCXOAMIIO C IIeNIeBON (DyHKIMEH BO BpeMsl 00y4YeHUs1, TPAaBUIILHO JIX
OHO 1110 U IO JIU BOOOIIE.

Kpome Toro, ceituac Mbl BegeM oOydeHue iters uTepanyii U JOCTaTOYHO MPOHM3BOJIBHO 337aeM
9TO 4YUCHO. J[pyruM BO3MOXHBIM BapHaHTOM CBOEBPEMEHHOH OCTAHOBKM OOYYEHHS SIBISETCS
nocTikenne 3HaueHus GyHkuuu J(6) 3amaHnoro mopora. B ciaydae HE0OOXOIMMOCTH MBI JIETKO
CMOXeM J00aBUTh B HaIly (DYHKIIHIO 3TO JOMOJHUTEIBHOE YCIOBHE.

Hcnoan3ys dopmyay (4) peanusyiite ¢pynknmuio gradientDescent(X, vy, theta, alpha, iters),
BO3BPANIAIONIYI0 HOBbIE 3HAYEeHHs] mapamMeTpoB 0, 0; W MaccuB ¢ iters 3HAYEHUSIMHU
neJjeBoil PyHKUMM HA KAXKI0i UTepalMu.

Jasi mpoBepku ee padorbl yoeaurechb, 4To A & = 0.01 u iters = 1000 u Hy’ aeBbIX
HAYaJIbHBIX 3HadyeHusix O,,0; y Bac moaydaiorcsi HOBble 3HAYeHHs NMapaMeTpoB O, =
—-3.24, 6, =1.13.

Borunciiure 3HaueHHe 1e1eBOil (YHKIUM I HOBBIX 3HaYeHHii mapamerpoB. Crano Jm
OHO MeHbIIe, yeM 32.07?

JlaBaiiTe mOoCMOTpPUM, HAaCKOJIbKO XOpOIIM HOBBIE 3Hau€HUs napamerpoB O, 6, KOTOpbIE Mbl
noxyuyrsn nociie iters = 1000 urepauumii anropurma rpaaueHtToro cnycka. Kak Bol momuure,
9TH J(Ba MapamMeTpa OMPEaeNioT MojokeHue mnpsmoi h(x) = 6, + 6,x. TlosTtomy naiee Mbl
MOCTPOUM TOJYYCHHYIO MPSAMYIO U IOCMOTPUM Ha €€ PACHOJ0KEHHUE OTHOCHTEIHHO JTaHHBIX
HaM TOYEK.

KpOMe TOro, Mbl 3HA€M, YTO IIOCKOJIBKY QaJITOpUTM TI'pPaJUCHTHOI'O CIIYyCKA MHUHUMU3UDPYCT
HCJICBYIO CI)YHKI.II/IIO, TO B IIpoLeCcCe 06y‘~IeHI/I$[ €€ 3HAYCHHUA JOJKHBI YMCHBIIATHCA. HpOBepI/IM u
9TO.

Iocrpoiite rpadpux ¢ Toukamu (Population, Profit), kak B Havaje 3T0ii padoTHI H
no6aBbTe K Hemy mnpsimyi h(x) = 0y + 01X ¢ HaiileHHbIMH 3HAYEHHSIMH MAPAMETPOB
0y, 0. Yto Bbl MOKeTE CKA3aTh O NMOJY4YeHHOM PUCYHKe?

IHocTpoiite rpaguk 3aBHCHMOCTH 3HAYeHHMH LeaeBOH (QYHKUMH OT 4YHCJIA MTepauuil u
yoeaurtech, uTo Bbl nosyunin yobiBawouyo KpuBy.

MBI pemnny 3aa4y OHOMEPHOU JINHEWHOU PETPECCUM.

CaMoCTOSATENbHO MOJKCIEPUMEHTHPYHTE C PAa3HBIMH 3HAUYEHUSIMH I1ara OOy4eHHus, dYucia
utepanuii. OOpaTuTe BHUMaHHE Ha TO, KaK BeIyT ceOsl 3HAUEHU 1eJIeBON (QYHKIINU.

IloBTopute pemenue 3axaun npu a = 0.05, a =0.001. OObsicHUTEe TMOJy4YeHHbIE
pe3yabTarbl. YTO H3MEHHMI0CH HA rpaduKe CO 3HAYEHUAMH LeJIeBOil (PYHKUHMH U movyemy?
Kak 0bIcTpO OHH yMeHbIIaOTCS?

Teneps MbI MOXKEM NEPENTH K 3a/1a4€ MHOKECTBEHHOM JINHEWHON PETPECCHH.




2. MHoOecTBeHHAasl JIMHeHAs perpeccust

Kax IIpaBujIoO, IIpHU IIPOTrHO3UPOBAHUN 3HAYUCHHA HEKOH BEIIMYHHBI HaM HY)>XHO YYMUTbIBATb HC
OJHH, a MHOI'O (baKTOPOB TaK HUJIM HHA4YC BIIMAOIINX Ha HEC.

B s10ii yactu naboparopHoil paboTel Bel pemute 3a1auy npenckazaHus IeHbl Ha IOM IIPU
U3BECTHBIX 3HAUYCHHSX €ro Momaan (B Gyr?) u Yuciie crajieH.

Hcxonnple nanHbie - B (aiine ex 1data2.txt

3arpy3urte TabIuIly ¢ JAHHBIMU, IOCMOTPUTE HAa HUX. Huke — 9acTh TabIuUIIb.

Index Size Bedrooms Price
a 214 3 3999688
1 le88 3 329968
2 2488 3 3696868
3 1416 2 232888
4 Jaaa 4 5399a8
5 1985 4 2995968
b 1534 3 314968
7 1427 3 198999
8 1388 3 212868
< 1454 3 242568
1a 1948 4 239999
11 2aea 3 347868
12 1898 3 329999
13 4478 = 959968

Kak BumHO, JaHHBIE OYEHB CHUIIBHO OTIMYAIOTCA Mo Macmrtaldy. OObYHO y HAc 2-5 cnajieH, HO
IUIOIIa/lb BapbUpyeTCs B IMpeaenax COTEH, ThicSu KBaApaTHBIX @yrtoB. Ecnu "3amyctuts" Haim
QITOPUTM Ha TaKWX JAHHBIX, BKJAJ OT MepeMeHHOu "size" mpeB3oiaeT Bkiaa ot "bedrooms",
KoTopas npocto "morepsiercs” Ha pone "Size". UroObl n30ekaTh TaKoW CHUTyalluHl, HAM HYXXHO
BBIPOBHATH MacIITad U3MEHEHUS HALIMX MePEMEHHBIX.

HOpMHPYﬁTC ux. I[J'ISI 9TOT'O HYXHO BBIUCCTH U3 KaKAOI'0 3HAYCHUS ITPHU3HAKA CPECAHEC 3HAYCHU A
9TOI'0 MMpHU3HAKA U pa3ACIIMTh HA €ro (HpI/ISHaKa) CPCAHCKBAAPAaTUIHOC OTKJIIOHCHHUC.

IToMHUTE TPO HOPMAIBHYIO CIYYalHYIO BEJIMUYMHY C MaToKugaHueM 0 ¥ cp.KB. OTKJIOHEHUEM 17

[anee MBI C pagoCThIO 3aMedaeM, 4TO KOJ MPOrpaMMbl, BBIUHCISAIOIINN 3HA4YEHHE LIEJIEBON
GYHKIMM U alrOpPUTM TPAJUEHTHOIO CIYCKa, KOTOpPhIE€ Mbl HE MOJEHWIHCh U PEaTU30BaIM B
IpoUUION 3a7aye B MaTPUYHOM BHJE, HE TpeOyeT M3MEHEHUH B 3aJaye MHO)KECTBEHHOM



nuHenHo# perpeccun. Ceidac y Hac JBa BXOJIHBIX NMPU3HAKA, HO SICHO, YTO BCE MEPEHOCUTCS 0€3
W3MEHEHUH U Ha JTI000€ APYroe Ux 4ucio.

Haiinurte 3Hauenue uesneBoii pynkuuu npu 8 = 6, = 6, = 0. IIpoBepbTe, YTO OHO PABHO
0,489.

Teneps 3a1yCTUM aIrOPUTM I'PAJUEHTHOTO CIIyCKa MUl PELICHUS HalIeH 3a0a4H.

Haiinure 3Hayenue napamerpoB 0, 0,0, nocuae iters = 1000 wurepanmii ajropurma
gradientDescent(X, y, theta, alpha, iters) ¢ marom alpha=0.05.

BouruncianTe 3HaveHune meieBoii GyHKIUU )i HOBBIX 3HAUYEHHU mMapaMeTpoB. Y0eaurech,
4yTO0 OHO pasHo 0.13.

[Tone3Ho Takke MOCTPOUTH rpaduk moBeaeHUs: GyHKIUU MOTeph B mpolecce oOyueHus. Kak on
JIOJI’KEH BBITIISICTH?

IocTpoiite rpaduk nsmeHennss GyHKIUN NOTEPHb B Mpouecce 00y4eHus.

Mo:xere 11 Bbl 1o0uThesi MeHbuiero, yem 0.13 3HaveHus 371oii pyHkuuu? MoxXHO JH
noJay4urts 0?

Ybenurtech, 4T0 3Ha4eHUs] (PYHKIMH MOTEPh YMEHBIIAIOTCS C POCTOM YHUCIA 30X O0Y4YeHUS U
BBIXOAT Ha HEKOTOpOE "TIaTo" MOYTH MOCTOSHHOTO 3HAUYCHMUSI.




3. Bo3mo:xnocTu Python no pemenuro 3a1a4u JUHEHON perpeccuu

Mpl Gonblive MOJOAIBI, YTO PEaTH30BAIMA AITOPUTM TPAIUEHTHOTO CIIyCKa JUIsl pelieHus
3ajaun JIMHeHHOM perpeccun "c Hynd". Hu B koem ciydae Bac He IOMKHO paccTpoOUTh
U3BECTHE, YTO BCE 3TO yxe OecruiaTHO peanu3oBaHo B Python 3a cuer ero orpomHoro
c0o001IIeCTBa pa3padOTIYNKOB.

MBI, KOHEYHO, JJOJDKHBI 3HaTh M BCTPOCHHBIE BO3MOKHOCTH Python muis MammHHOTO 00yUYeHUS.
Opnako A MOJHOTO M HACTOSILErOo IIOHMMaHUS IIpeiMeTa Takue pemieHus 'c Hyusa"
6e3ycioBHO HeoOxoauMbl. Tenepp, koraa Bl 310 ymeeTe, MOKHO pacKkpeITh Bam cekper.

JaBaiiTe BepHEeMcs K IMEpBOii 3a7aye, BHOBb 3arpy3UM M MpPUBEIEM K HaJAJeXalleMy BHIY Bce
HaIlIU JIaHHbIE.

CJ'IGI[YIOH_II/IC CTPOKH KOJa BBIIIOJIHAIOT BCIO pa60Ty METOa I'paIUCHTHOTO CITyCKa

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

Y wmeroma fit ecTh MHOXECTBO MMapamMeTpOB, KOTOPbIC PEryIUpPYIOT paboTy ajiropurma
https://scikit-learn.org/stable/modules/generated/sklearn.linear_model.LinearRegression.html, uo
3HAYCHUS 10 YMOJIYAHUTIO JOBOJIbHO Pa3yMHBI U MOKHO OCTaBUTb flt B ITIOKOC€.

Teneps ¢ moMomnisio MeToa predict IIOJIYYHUM BBIXOJIHBIE 3HAUECHUS o6yquH017I MOECIN
f = model.predict(X)
M BHOBb INOCTPOXM TOYKH U IMOJTYUCHHYIO IPAMYIO

Predicted Profit vs. Population Size
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IIpoaeMoHcTpUpYliTE CBOEe yMeHHMe pelmiaTb 00e¢ PacCMOTPEHHbIe 3aJa4d C MOMOIUBIO
Metoa0B fit u predict u3 sklearn.




