Metompr onTuMmuzaruu B MarmrmHHOM o0yaennn, BMK+®usrex, ocennb 2017
IIpakTunyeckoe 3amanue 3: Meroa 6apbepoB.

Cpok cuaun: 15 nosbps 2017 (cpena), 23:59 g BMK
17 wosbps 2017 (narnuna), 23:59 s Pusrexa

1 Metoa 6apbepoB

Memod 6apvepos (Tak:ke HA3BIBAEMBII MEMOJOM BHYMPEHHET MOUKU T MEMOOOM SHYMPEHHULT ULMPQA-
06) siBIIAETCA METOJOM PEIICHUsl YCJIOBHBIX 3a/1a9 ONTUMU3AIUYU C OIPAHUYEHUSIMU BUJA HEPABEHCTB:

min f(z) st gi(x) <0,  i=1,...,m, (1.1)

rne f,91,---,9m : R® — R — nBaxkabr zHenpepsiBHO auddepennupyemble bynkmum, r € R™ — 1eneBast
repeMeHHasl.

1.1 Oo6maga uaes

OcHoBHasg uziest MeTOAa 6apbePOB 3aKJIIOYACTCA B CBEJICHUU MCXOAHOH yciaoBHOl 3amaun (1.1) K mocse-
JI0BATEbHOCTU CHEIUAJbHBIM 00Pa30M MOCTPOEHHBIX OE3YCJIOBHBIX 3a/1ad, PEINeHHs KOTOPBIX CXOIATCH K
PEIIIEHUIO UCXOTHON YCIIOBHON 3a/1a9u. DTO JIEJIAETCS € TOMOIIBIO 6aphepHOit OyHKITIN.

IIycTb (Q — MHOXKeCTBO, 3aj1aBaeMoe (DYHKIMOHAJIBHBIMU OIPAHUYEHUSIMA (1, - - - 5 G

Q:={zeR":gi(x) <0 musBeex 1 <i < m}.

Bapveproti pynryuets (nm dynryued snympennux wmpados) misg MHOKeCTBa () HazbiBaeTcd J0bast GhyHK-
musa F' @ int QQ — R, ompenesiennast Ha BHYTPEHHOCTH MHOXKECTBA () M SIBJIAIONMIASICS JTOCTATOYHO TUIAJKOIA,
KoTOpas obsagaer bapveprvim ceolicmeom: F(xr) — 400 npu upubiukKeHun T K IpaHuile MHOXKecTBa ()
U3HYTPHU.
Nnest B pacriopsizkeHun 6apbepHy0 (YHKIINIO, OIIPEIe/ UM JJIst KaxK0ro ¢ > 0 BcroMoraTebHY0 (QyHK-
nuto fi :int Q — R mo dopmyne
ful@) i= tf(x) + F(a).

OxkaspiBaercs, 4ro npu t — 400 Touka x*(t) CXOIUTCS K MHOXKECTBY DEIICHUIl MCXOIHON YCJIOBHON 3a/a-
un (1.1). Obosmaumm z*(t) = argmin,g;, o f¢(z). Muoxecrso Towex {z*(t) : t > 0} HasbBaerca yen-
mpaavhvim nymem. Takum 06pazoM, Jid PeIeHns UCXOMHON yeaoBHOM 3aa4dn (1.1), MOXKHO MCIIO/IB30BATD
CIIEYIONIYIO cxemy omeaestcusanus nymuy (OHa JKe U eCTb MeToJ] 6apbepoB).

Ob6i1masi cxema mMeToaa GapbepoB

(a) Beibpars HavanbHoe npubimkenue o € int () u HadagbHBI Hapamerp to > 0.
(b) Ha xaxoit ureparun k > 0:

1. BoraucanTsb TOUKY

Tr41 = argminftk, (y)a (12)
yE€int Q

HCITO/TB3YsT HEKOTOPBIA MeTOJ1, 0e3yC/IOBHOM ONTUMUBAINY ¢ HAYAJBHON TOYKOMN T .

2. VpesmunTh napamerp t: BBIOPATD g1 > tg (4TOGBI B mTOTE t) — +00).

1.2 Pemenue BcrioMorarTe/bHONI 3agavu

3amMerum, 9TO 331394 ONTUMU3AINN, BOZHUKAIOIIAs HA KaXKJI0f uTepannu MeToia 6apbepoB B PEAIbHO-
CTHU ABJIsIeTCsT «0e3yCIOBHOMY, HECMOTPS Ha MPUCYTCTBUE B 9TOM 3aade ycaous ¢ € int Q. HeitcTBUTEIBHO,
3a cueT 6apbepHOro CBOMCTBA 1eseBast (PYHKIWS f; CTPEMHUTCS K +00 IIPU NMPUOJIMIKEHUN K TPAHUIIE MHOYKEe-
cTBa (), IOATOMY HUKAKOU «Pa3yMHBIN» METOJ, ONTUMHU3AINA JTOCTATOYHO OJU3KO K I'DAHUIE MHOXKeCTBa ()



HUKOIJIa He MOJIOWJIET, M, C TOYKH 3PEHUs] CAMOI'0 MeTOJIa, IesieBast (bYHKIMA KaK Obl 3ajaHa BCIOLy. Tem He
MeHee, 3/1eCh HeODXOIUMa OIIPeJIeJIEHHAS AKKYPATHOCTb.

Hanpumep, nycrb jyis pelieHusi BCIoMoraTeabHol 3amaun (1.2) ucmosb3yercs MeToj CIycKa: CHAadasa
Yo 1= Tk, Jajee Ha Kaxknoil urepanuu ¢ > 0 crpourcd HampasseHue ciycka d; € R™ nna bymakouu f;, B
TOYKE ¢, U BBITOJTHSIETCS IIAT

Yey1 = Yo + oudy,

e ay > 0 — jgimHa mara. [ockosbKy MeToj1 6aphbepoB 10 TOCTPOEHUIO Beerja paboTraer ¢ BHYTPEHHUMU
TOYKAMM MHOXKecTBa () (OTCIOfIa M aJIbTepHATUBHOE HAa3BaHWE — METOJ BHYTDeHHeH TOUKM), TO JjIsi BCEX
doCmamowHo MAAEHOKUT JITTUH IIArOB (yp HOBas TOYKA Yyy1 OyJI€T IPUHAJJIEKATH MHOXKECTBY (), a 3HaUeHHe
dysknun f;, B 9T0# TOYKE yMEHDLIINTCH [0 CPABHEHHUIO C TeKyIleil Toukoil yy. OnHaKo, eciau [IuHa Inara
(g BBIOpAHA CAUUKOM OOALULOT, TO TOYKA Ypy1 MOMKET BOOOINE OKA3aThCS 3a MpeJeaMid MHOXKECTBa () —
TaKO€e BIIOJIHE MOYKET MPOU30NTU IPU [TOI00Pe Iara B CTAHJAAPTHOM aJrOPUTME JIMHEHHOro noucka. UTobb
n30exKaTh 3TOi MPODJIEMBI, CTAHJAPTHYIO IPOIELYPY JUHEHHOINO MOMCKA HEOOXOAUMO MOAU(UIMPOBATh —
3AlIPETUTD €l BBIYUC/IATEL (PYHKIUIO B TOUKAX 34 MPEJEJaMi MHOXKECTBa (.

CoracHo OIpeIeIeHII0 MHOXKECTBA (), 9T00BI Yp+ady € int (), quHa mara « > 0 JOJIKHA YIOBJIECTBOPATH
CJIEJIYIONIEH crcTeMe HEPABEHCTB:

gi(ye + ady) < 0, 1<i<m.

HawmbGosee mpocTo 3Ta cHCTeMa pEeImaeTcs B TOM CIydae, KOTJa MHOXKECTBO () SIBISETCS IIOJM3IPOM, T. €.
Korga YHKIMU g1, . . ., G dBisOTCH addunnabivu: g;(z) = {(q;, ) — s;. B 910M ci1ydae cooTBeTcTBYIOMAs
CHCTEMa HEPABEHCTE BBIVIAINAT CJIELYIOMUM O0PA30M:

(qis ye + ody) < si, 1<i<m.
PackpriBas ckobku, morydaem
(Gis deyor < s — (g, ye), I<i<m. (1.3)

TlockosbKy 10 OCTPOEHUIO TOYKA Yy — BHYTPEHHSISI, TO BCE IIPABble YACTH B ITHX HEPABEHCTBAX CTPOIO
HOJIOXKUTEIbHbIe. 3HAYUT, ecin jiiis Hekoroporo 1 < i < m koaddunuent (g;, ds) < 0, To coorBeTCTBYIONIECE
HepaBeHCTBO GeccoeprkaTebHO (MOCKOJIBKY o > 0). Beenem obo3nauenune

I, .= {1 <i1<m: <qi7dg> > 0}.
Torna cucrema (1.3) sxkBUBaJIeHTHA CJIe/lyIONIEHl cuCTEME:
(qisdeyor < s; — (qis Ye), i€ Iy

3ameTuM, 9TO Ternepb Bce KOIMDMUIMEHTHI IPU (v CTPOTO TOJIOKUTETHHBIE, TIO3TOMY 3aKOHHO Pa3/eJ/UTh:

8 — \4i, Ye .
a < M, i € Iy.
(gi» de)
HaxkoHer1, OCTE/THIO CHCTEMY MOYKHO TIePeliCaTh B BUJIEe OJJHOTO CKAJITPHOTO HePABEHCTBA!:
.5 — (G, Ye
a < ap®™, rae o™ ;= min M

i€lp (qi, dg>

NTak, cOrmacHo IpoBeIEHHBIM BLIKIAIKAM, BCE NOIyCTUMbIE JJIHHBI IIAroB ¢ JIexKaT B uaTepsaie [0, o' ),

T. €. B TIPOTIeJlype TUHEHHOTo MOMCKa HUKOTAa Heslb3d OpaTh mar o > aj'**. Hampumep, ecam nis mogbopa
JUIMHBI TIIara UCIIOJIb3yeTCsl MPOIeAypa O9KTPEKUHIa, TO B 9TOM CJIyYae €INHCTBEHHAs MOAMMpUKAINs, KOTO-
PYIO Hy?KHO C/IeJIaTh [I0 CPABHEHUIO CO CTAHJAPTHBIM CIydaeM, — 9TO U3MEHUTh HAYAJIbHYIO IIPOOHYIO JIUINHY

1ara: BMECTO MPe¥K/Ie MCIOIb3yeMOro 3HAYeHUs () Terephb Hy?KHO HCIOJIb30BaTh 3HAUCHHE
& := min{a?, o™},

rie 0 < 6 < 1 — mekoropast KoHcranTa (Hanpumep, 0.99).



1.3 IlosHag cnenmuduKamus MeToaa

K macrosiimemy MoMeHTy cxema MeToJla 6aphepOB BCE €Ille JIOBOJIBLHO aDCTPAKTHAS, M UMEETCS HECKOJIbKO
BOIIPOCOB, Ha KOTOPBIE HY>KHO OTBETUTh:

(a) Kak umenHo Boibuparh 6apbepayio dyaknuio F7

(b) Kakoii meroj 6e3yc/IOBHOI ONTUMHU3AIMU HY?KHO HCHOJIb30BATH [JI PEIlleHHs] BHyTPEHHE 3aa4du, u
KAKOBa JIOJIKHA OBITH TOYHOCTH €€ PEeIIeHUsI !

(C) Kakas KOHKDPETHO JIOJI2KHQ OLITh CTpaTerusd yBeJIMYeHud IIapaMeTpa tk B CXeMe OTCJIe2KUBaHM L HyTI/I?

CHepBa OTBETHUM Ha IIepBbI€ JIBa BOIIpOCa. HeClVIOTpH Ha TO, 9YTO I'MIIOTETUYECKU B METO/Ie 6apbepOB MO2K-
HO WCIIOJIb30BATH JIFOOYI0 KOMOUHAINIO 6aphepHO (DYHKIINY U MeTOIa 6e3yCJIOBHOM MUHUMU3AIINY, HanboJiee
s dbekTuBHON (KaK ¢ TOYKM 3PEHUsT TEOPUU, TAK U IIPAKTUKH) OKA3bIBAETCs CBA3KA A02apudmuecrozo ba-
pbepa u memoda Hviomona. Jlorapudmvmaeckuit 6apbep B 00IeM BHJE UMEET BHUI

) = - Zln(—gi(w))

B kagectBe xpumepus ocmarosku B Merone Hproroma B 3TOM 3amanum Bam Hy:KHO OyIeT MCIOIL30BaTh
CTaHJAPTHLI Kpurepuil 110 HOpMe I'paJineHTa 1esieBoil MyHKIMU (KOTOPBIA UCIIOJIB30BAJICA B IIPEIbLILY X
3aJAHAAX):

IV e Woll3 < €mner ||V fo, (@0) 113,

[JIE €inner > 0 — HEKOTOPBIN Hapamerp, KOTODPbI OObIYHO BBIOMPAETCS JIOBOJILHO MAJEHbLKUM (HAIPHUMED,
10~7), 9T0 COOTBETCTBYeT MPAKTHYECKH TOUYHOMY PelIeHHI0 BHYTPeHHel 3a1aun (B BBITYKJIOM CIydae). 3a-
METHM, YTO IOCKOJIBKY B KadeCTBe ajJrOPUTMa MUHUMHU3AIUHN HCIIOJIb3yeTcs MeToJi HpioToHa, a craproBas
TOYKa BBIOUPAETCsI JIOCTATOYHO «XOPOIIIe», TO MAJEHbKOE 3HAUYEHUE €jnner COBCEM HE TIPEJICTABIIET HUKAKON
upobieMbl JJig MeTOa (HAIIOMHUM, 4TO MeTOH HbIOTOHA MMeeT JIOKAJIbHYIO0 KBIPATHIHYIO CXOIUMOCTD ).

Yro KacaeTcs MOCJIEIHEr0 BOIPOCA O CTPATETNH YBEJIMICHUS TaPAMETPOB t), TO 3/1€Ch MMEETCH HECKOIhb-
k0 3dderTuBHbIX crparernii. Camasi mpocrasi U3 HUX, KOTOPYI0 BaMm Hy»KHO OyIeT MCIOJIb30BAThH B 3TOM
3aJIAHUN, COCTOUT B MMOCTOSTHHOM AUHETHOM YBEAUTEHUL:

thr1 = Yk,

riae v > 1 — nmocrogaaas koHcranTa (06braHo nopsika 10-100).

2 Mopaemu
2.1 Mozaear LASSO

Mogens LASSO spisiercst oiHOM U3 CTaHIAPTHBIX Mojeseil juHeitHoit perpeccun. Vmeercst obydaromast
BeIOopKa ((a4, b)), tae a; € R™ — BekTOp HpU3HAKOB i-r0 00bekTa, a b; € R — ero perpeccnontoe
3HaYEeHMe. 3a/[a9a 3aKJI0YAETCS B ITPOIHO3UPOBAHUU PETPECCHOHHOTO 3HAYEHUS byoy JJIsT HOBOIO OOBEKTA,
NIPEICTABJICHHOTO CBOUM BEKTOPOM MPU3HAKOB Upey -

B momenn LASSO, kak 1 B 11060#f MOmeIN JTMHEHHONW Perpeccuul, MPpOrHO3UPOBAHNE BBITOJIHSIETCS C IO~
MOIIBIO JINHEHHOW KOMOMHAIMY KOMITOHEHT BEKTOPA ¢ ¢ HEKOTOPBIMU (DUKCUPOBAHHBIME KOI(DDUIIMEHTAMI
zeR™

b(a) := {a,x).
KoaddurnuenTsl & sBISIOTCS TapaMeTPAMHU MOJEIN W HACTPAMBAIOTCA C MOMOIIBIO PEINEHUs CJIeIyIOIei
ONTUMU3AIMOHHON 3a1a9N:

m

1 i 1 )
o(2) = 5 3 ((as,2) =) A || =2 5[ Az — b]3 + Az, — min. (2.1)

i=1 j=1



3aech A > 0 — koadbdunnent peryaspusanun (napaverp mozesn). Ocobernoctsio LASSO siisieTcst nemoss-
30BaHUe UMEHHO {1-pery/spusanun (a He, HApUMeD, {o-peryssipusain). Takast peryssipusalsi 103BoJIsieT
HOJIYYUTh Pa3PEKEHHOE DEIleHue. B paspeKeHHOM pelleHuH T* 9acTh KOMIOHEHT pasHa Hyso. (MoxHo
nokazaTh, uTo mpu A > ||ATb||» Bece KommonenTs! 6yayT HysmesbiME). HymeBbie Beca COOTBETCTBYIOT MCKITIO-
YEHUIO COOTBETCTBYIOIIUX [IPU3HAKOB U3 MOJE/N (IPU3HAHUE X HEHH(MDOPMATUBHBIMHE).

2.2 JIBoiicTBeHHad 3aJava M KPUTEPUil OCTAaHOBKU
JBoiicTBenHOl 3aa4eit K 3amade (2.1) aBisercs

1 2 T
m —= — DA < . .
He%}ﬁ { 9 el = O, 1)« |47 plloe < A} (2.2)

Takum 00pa3oM, nMesl B PACHOPAKEHHH JOIyCTUMYIO JBOHCTBEHHYIO TOUKy f € R™, T. e. Takyio 49To
AT pt]| oo < A\, MOYKHO BBIMHCIIHTH CJIETYIONIYIO OTEHKY JIsl HeBs3KH B 3ajade (2.1):

L1 1
¢(z) —¢" < S Az — OlI3 + Azl + §||u||§ + (b, ) =t (@, ). (2.3)

Besmnunna 7)(z, (1) Ha3BIBAETCS 3a30pom 080T CcMEeHHOCTNU T OOPAIIAETCS B HOMb B ONTUMAJBHBIX PEIIEHUSIX
z* u p* zamaq (2.1) u (2.2). Bameru™, 4ro pemenus ¥ u p* CBA3AHBI MEXKJy COOOM CJIELYIONIUM COOTHO-
menuem: Az* — b = p*. TlosToMy 111 (PMKCHPOBAHHOTO T €CTECTBEHHBIM BBIOOPOM COOTBETCTBYIOIIEIO [i

Oyner
A

p(z) := min {17 ||AT(Ax—b)||OO} (Az —b).

Taxoii BbIGOp obGeciieunBaeT crpeMiieHne 3a30pa JBoicreeHHocTH 7)(x, 11(2)) K HyJIIO Ipu & — T, 9TO 103BO-
JISIET UCTIOJIb30BaTh ycioBue 1)(x, (1(x)) < € B KauecTBe KPUTEPHsI OCTAHOBKH B JIIOOOM UTEPAIIMOHHOM METO/Ie
perierns 3agaqn (2.1).

B sTOM 33 ]aHIM HEOOXOMMO HUCIOJIB30BATh KPUTEPHIl OCTAHOBKHY 110 3a30py jBoiicTBeHHOCTH 7)(Z, 11(T)).

2.3 CBezeHue K IJ1aJKO# yCJIOBHOM 3a/javye ONTUMU3AIAN

Brinosinus 9KkBuBajeHTHOE IIpeo0pa3oBaHue 3aja4du yepe3 Haarpaduk, 3amady (2.1) MOXKHO Hepenucarhb
B BUJIE IVIaIKOI YCJIOBHOH 3a1a4u:

1
min{QAx—bg—l—)\(ln,u)} s.t. z=xu, z>x-—u. (2.4)

rae z,u € R" u 1, :=(1,...,1) € R"™. Dra 3amaua asisercsd 3aj1aueil KBAJAPATUIHOIO IPOIPAMMHUPOBAHUS,
U ee MOXKHO DEIIaTh MeTOJ0M 0apbepoB.

3 ®opMmyJaupoBKa 3aJlaHUA

CkauaiiTe KOJIbl, IPUJIAraeMble K 3aJIaHUIO:

https://github.com/arodomanov/cmc-mipt17-opt-course/tree/master/task3

Otu dailael comepKaT IPOTOTHUITEI (DYHKIN, KOTOpble BaMm HyKHO Oymer peasm3oBarb. Hekoropsre mporie-
JyPbl y2Ke YaCTUYHO MJIM HOJHOCTBIO PeaN30BaHbI.

Peasiusyiire nporneaypy Bbraucienus 3a3opa asoicrsentoctu (2.3) (bynkuusa lasso_duality_gap B MoJyJie
oracles).


https://github.com/arodomanov/cmc-mipt17-opt-course/tree/master/task3

3 Beimmmure mis 3agaun (2.4) BeroMoraresibHyo QYHKIWO fi(2, 1), MUHIMI3UPYEMYIO B MeTojie 6apbepos.
Belnummre cucreMy JIMHEHHBLIX ypaBHEHHI, 33Jal0NIyI0 HBIOTOHOBOCKOe Hamnpasienue dy = (df, dY). Ipen-
JIOKUTE CBOl CIIOCOO PEIeHust 3TOl CHCTeMBI W MPOKOMMEHTUPYHTE ero JOCTOMHCTBA W HEeJOCTATKU. Jljis
TeKymeil ToUkn (x,u) U HATpABIeHNs df, OMPEIETNTE MAKCUMAILHYTO JOMYCTUMYIO JUIMHY mmara «. Kakyto
HAYAJBHYIO TOUKY (Zg,Ug) MOXKHO BBIODATH JJIs METONA GApHEpOB?

4 Peasuzyiite meTos 6apbepos yis 3a1auu (2.4) (byukius barrier_method_lasso B Mojyse optimization).
Juist mopbopa [yiMHBL miara Ha BHYTPEHHHX WTepanusx ucnodbsyiite Goxrpexunr. (He 3abysabre BoiGparh
HaYaJbHOE 3HAYEHUE JJIMHBI [ara PaBHBIM €MHHUIE, €CJIU OHO JIOIYCTUMO. )

5 HpOBeLLI/ITe IKCIIEpPUMEHTBI, OIITMCAaHHbIC HUZKE. Hanumure oruer.

3.1 DKcnepuMeHT

[ToskcriepuMeHTUPYIiTE ¢ peaan30BaHHBIM METOI0M bapbepoB s 3agadn LASSO:

(a) UccnemyiiTe, HACKOJIIBKO CHJIBHO METOJ UYBCTBUTEJEH K BHIGOPY IAPAMETPOB Y (CKOPOCTD yBeJINIeHHUsI
tk) U €inner (TOUHOCTD it MeTosa HbioToHa).

(b) Kak mensiercs moBeJieHIe METOJIA JIJIsl PA3JIMYHBIX 3HAYEHUN PA3MEPHOCTHU [IPOCTPAHCTBA N, Pa3Mepa
BBIOODKU M U KO3 unmenTa peryiasipu3anuu A7

Hanubie (marpuny A u Bektop b) s 3amaun LASSO MoXKHO crenepupoBaTh CiIydaiiHo, Jub0 B3dTh
peaJibHbIe Jlanuble ¢ caitta LIBSVM.

ITpu uccieoBaHUKM METOIA MIOJIE3HO CTPOUTH I'padbUKy CJIELYIOIUX J(BYX THUIIOB: 1) rapaHTHpyeMasi TOY-
HOCTB 10 3a30py JBOficTBeHHOCTH (2.3) IIPOTHB YKCJIa uTepanuii u 2) rapaHTUPOBAHHASI TOYHOCTH 110 3a30DY
JIBOMCTBEHHOCTH NPOTHUB PeabHOrO BpeMeHu paboThl. [[jisi rapaHTHPOBAHHON TOYHOCTH IO 3a30py JABOIi-
CTBEHHOCTHU WCIIOJIB3YATE JIOTapUPMUIECKYIO IITKAY.

4 OdopmieHne 3aaHNA

Pe3y.HbTaTOl\l BBIIIOJIHEHUA 3aJJaHUA ABJIAIOTCA

(a) Daiinbl optimization.py u oracles.py ¢ peaJM30BAHHBIM METOJOM 0apbEPOB U BCIOMOTATELHBIMA
PYHKITASTMIA.

(b) TonHble UCXOIHBIE KOJBI Jjisl IPOBEJIEHUS YKCIIEPUMEHTOB U pUCOBaHUs Bcex rpaduxos. Bee pesyib-
TaTBI IOJIPKHBI OBITH BOCIIPON3BOANMBIME. Eciin BbI ncmorb3yere CirydaiiHocTh — 3adukcupyiite seed.

(¢) Oruer B dpopmare PDF 0 npoBeseHHbIX UCC/IeI0BAHUSIX.

Kaxiplii 1poBeJeHHbBI 9KCIEPUMEHT cieyeT obOPMUTH Kak OTAeabHblil pasuen B PDF nokymente (ma-
3BaHME pasjiesia — Ha3BaHUE COOTBETCTBYIOIIErO KCIepuMeHTa). [ljist KaXKIoro sKCIepuMeHTa HeoOX0IuMO
CHAYAJIa HAIIMCATD €ro OIMUCaHNe: KaKie QyHKIIMA ONTHMHU3UPYIOTCsI, KAKUM 00Pa30M IeHepUpYIOTCs JaHHbIE,
KaKWe METOJbl ¥ C KAKUMU IIapaMeTpaMy HCIOJIb3yioTcs. Jlajiee JOJIKHBI OBITH MPEJCTABIEHBI PE3YJIBTaThHI
COOTBETCTBYIOIIErO IKCIepuMeHTa — rpaduku, Tadbmipst u T. 1. HakoHerr, mocjie pe3yjibTaToB IKCIEePUMEHTA
JOJIKHBI OBITH HANMCAHBI Balmu BBIBOIBI — KaKas 3aBUCHUMOCTH HAOJIOIAETCH U MOYEMY.

Baxkno: Oruer He JOJIKEH COJIEp:KaTh HUKAKOrO Koma. Kaxapiit rpaduk jgoKeH ObITh TPOKOMMEH-
THPOBAH — YTO Ha HEM M300pa’keHo, KaKhe BBIBOJBI MOXKHO CJEJIaTh U3 9TOro 3KcnepumMenTa. Obsg3aTesbHO
JIOJIZKHBI OBITH IOIIICaHbI OCH. Kcju Ha rpaduke HApUCOBAHO HECKOJIBKO KPUBBIX, TO JOJIZKHA OBITH JIEMEH IA.
CaMu JINHUU CJIeJIyeT PUCOBATH JIOCTATOYHO TOJICTHIMU, YTOOBI OHU OBLIM XOPOIIO BUIUMBIMH.



5 IIpoBepka 3agaHuga

Ilepen oTmpaBKoit 3ajanust 00s3aTeILHO yoeauTech, UTO Balma peasusarius MpOXOJUT aBTOMATHIECKUE
npedsapumenvrbie TeCTbl presubmit_tests.py, BbIJIAHHBIE BMeCTe € 3ajaHueM. s 3Toro samycrure Ko-
MAaHLy

nosetests3 presubmit_tests.py

Baxkno: Qaitn ¢ TectamMn MoOKeT M3MEHUTBLCs. llepes oTmnpaBKoil 00s3aTebHO yOEIUTECh, ITO Ballla
Bepcud presubmit_tests.py — mociieaHss.

BaxkHo: Pertenusi, koropble He Oy/1yT IIPOXOJAUTH TECTHl presubmit_tests.py, OyayT aBTOMATHYIECKU
orerensl B 0 6asnoB. Ilposepsiromuit e Oymer paszdbuparbces, modemy Bamr ko He paboraer m yntarh Bamn
OTYET.

Orenka 3a 3ajanne OyJeT CKIAIBIBATHCI U3 JABYX JacTeii:

(a) IIpaBusibHOCTb U 3(hHEKTUBHOCTD PEATUBOBAHHOIO KOJIA.
(b) Kauecrso oruera.

IIpaBunbmocTh 1 3PPEKTUBHOCTD PEATN30BAHHOTO KO OyIeT OINEHUBATHCA ABTOMATUIECKH C ITOMOIIHIO
HE3aBUCUMBIX TECTOB (OTJIMUHBIX OT MPEJBAPUTEIBHBIX TecToB). KauecTBo oTuera Gyaer oneHnBATHCS TPO-
BepsitoruM. [Ipu 9T0M OIleHKa MOXKeT ObITh CyObEKTHBHOM U AIIEJISIIUN HE TOJJIEXKUT.

3a peasmzaruio MoaAuMUKAIMI aJTOPUTMOB U XOPOIIUE JOMOJTHUTEIbHBIE SKCIIEPUMEHTHI MOTYT OBITH
HA4YMCJIEHBI JIOTIOJHUATEIbHBIe O6astbl. Hauncienne smux 6a/uIioB sBIseTcs CyObeKTUBHBIM U O€3aIe IO H-
HBIM.

Baxkuo: [Ipakruueckoe 3a/iaHue BBIIOJIHIETCH CAMOCTOATEIbHO. ECiiu BBl 10JIy YNy eHHbIE COBETHI (110
Peanu3anuy Wil IPOBEJICHNUI0 SKCIIEPUMEHTOB) OT JIPYTOro CTYIEHTa, TO 00 3TOM JIOJZKHO OBITh SIBHO HAIIW-
CaHO B OT4YéTe. B IPOTHBHOM Cilydae «IIOXOXKMEe» PEIleHHsl CUMTAITCs ILJIATMaTOM U BCe 3aJeifiCTBOBAHHBIE
CTYIEHTBI (B TOM 9HCJIE T€, y KOI'O CIHCAn) OyIyT CypOBO HAKAZAHDI.
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