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AHHOTANMA

B G0sBIIMHCTBO KypCOB aJrOPUTMOB M CTPYKTYpP IAHHBIX BXOIST TaKue KJIACCHMYECKHE TEMBI, KaK IMOHCK
Kparyaimux myTed B rpadax, moCTpoeHHe KpaT4allIuX OCTOBHBIX J€PEBbEB, HAXOXKICHUE MaKCHUMaJbHBIX
MOTOKOB. Bc€ 3T0 — mpuMepsl 3ajad JAUCKPETHON ONTHUMM3AIMH, a OOIIas cxeMa BOIPOCOB JUCKPETHOM
ONITUMH3ALMH TAKOBA: MOCTPOUTH IUCKPETHBIH OOBEKT, HA KOTOPOM JOCTUTAETCS ONTHMAIbHOE 3HAYCHHE
HEKOTOPON «METPUKH KauecTBa». B peanbHOH KU3HU PEIKO MOYKHO BCTPETUTH U30JIMPOBAHHBIE IOCTAHOBKU
BpOZIC «HANTH MyTh MEXAY AByMsI BepllMHaMU rpada». BeepbE3 BaxkHbIE ISl IPAKTUKH 337a4d YacTO BEChMa
TPYIHBI A TOYHOIO PEIIEHUs, a JIMLIb CTAHAAPTHBIMM AJITOPUTMaMHU W3 BBOIHBIX KYpPCOB, M JaKe HX
KOMOHMHALUSMH, TYT HE OOOUTHCH. MBI pacCMOTPHUM B Kypce oOIIMe MOAXOAbl K PEHICHHUIO 3a/1au JUCKPETHON
ONTHUMU3AIMH, BCE ATAlbl — OT IOCTPOEHUs cOaJaHCHPOBAHHONW MaTeMaTH4ecKOW MOJENH 0 HarlUCaHUs
3¢ (HEeKTUBHBIX AITOPUTMOB €€ 00cuéra.

1. leau u 3apa4u

eap AUCUMNIMHBI
- W3ydYeHUE KIACCHUYECKUX M COBPEMEHHBIX METOJOB ONTUMHU3aIWUU. PaccMOTpeHHe MpPUMEpPOB HX
WCTIOJb30BaHUS B MPUKIATHBIX 3a/1adaX (PU3UKH, MaTEMaTUKU U HHOOPMATHKH.

3agaum AUCHUILUIMHBI
- M3y4YeHHME MAaTeMaTH4YeCKUX OCHOB COBPEMEHHON KOMOMHATOPHKH;

- TpHOOpeTeHHe CINyMaTesIMH TEOPETHYECKUX 3HAHWH B 00JaCTH KOMOMHATOPHOTO aHaIHM3a 3ajiad,
BO3HHKAIOIINX HA MPAKTHKE;

- OCBOCHHME AHATUTHYECKOTO U ajNreOpanvecKoro ammapara JUCKPEeTHOHW MaTeMaTHKH U IMOJy4YeHHE
HaBBIKOB pabOThI C OCHOBHBIMH JIUCKPETHBIMU CTPYKTYpPaMH.

2. llepevyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl pPEUICHUS

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
3aj1a4u, OIICHUBAET UX MPEUMYIIECTBA U HEOCTaTKU

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITHIH,
MIPUMEHSITh CUCTEMHBIN TOAXO ISl peLIeHUs
IOCTaBJIICHHBIX 3a7a4

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIIHIO0, HEOOXOMUMYIO ISl PEICHHUs TTOCTaBICHHON

3a1auu
OIIK-1 CniocobeH npuMeHSITh OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
€CTECTBCHHOHAYYHbIE M OOIICHHKECHEPHBIE HaMeyarb MyTH €€ PELCHUS

3HAHMSI, METOJIbl MAaTEMATUYECKOTO aHAIN3a U
MOJZICIIUPOBAHUSA, TEOPETUUECKOTO U
3KCIEPUMEHTAJILHOTO HCCIIE0BAHNUS B
npodecCuoHaTbHON e TENHHOCTH

OIIK-6 Cniocoben pazpadarsiBath anroputmbl 1 |OITK-6.3 3HaeT MeTonbI TECTUPOBAHUS TIPOTPAMMHOTO KOJIa
MPOrpaMMBbl, IPUTOAHBIE IS IPAKTUYECKOTO  |HA OIIMOKM M CHOocOOEH NpPOBOAMTH TECTUPOBAaHHME HAa
UCTIONIb30BaHMsI, IPUMEHATH OCHOBBI pasiMuHBIX ~ ypOBHAX  (MOIYJIBHOE, HHTETPALlMOHHOE,
WH(POPMATUKHU U IIPOrPAMMHUPOBAHUS K CHUCTEMHOE)

MPOEKTHPOBAHUIO, KOHCTPYHPOBAHUIO U
TECTUPOBAHMIO IPOIPAMMHBIX ITPOAYKTOB

OIIK-8 CriocobeH ocymiecTBISTh MTOKCK, OIIK-8.1 IloHumaeT NPHUHIMIBL, 1O KOTOPBIM paboTaroT
XpaHeHue, 00paboTKy M aHaau3 uHpopMamuk  |0a3bl JaHHBIX, U YMEET CO31aBaTh CTPYKTYpy JaHHBIX,
U3 Pa3IMYHbIX HCTOYHUKOB M 0a3 JaHHBIX, ONTHMU3UPOBAHHYIO s  3((eKTHBHOrO XpaHeHHs U
MPEe/ICTaBIATH ee B TpebyeMoM (opmare ¢ 00paboTku nH(GopMaLuu

UCHOIIb30BAHMEM MH(OPMAIMOHHBIX, OIIK-8.2 VYMmeeT NpPUMEHEHATh TEXHOJOTHMH MAaITUHHOTO
KOMITBFOTEPHBIX M CETEBBIX TEXHOJIIOIHI 00yueHMs B pa3IMYHBIX MPHUKIAJHBIX 00JIaCTAX

[MK-3 CriocoOeH mpoeKTUpoBarh, [IK-3.2 YMeeT BBIOMpaTh S3BIKH MPOTPAMMHUPOBAHUS IS
pa3pabaThIBaTh, MHTEIPHUPOBATh, IPOBEPSATH HA |HAIMCAHHUS IMPOTPAMMHOTO KOJIa C YYETOM TEXHHYECKOTO
paboTocrocoOHOCTH MPOrpaMMHOE 3aJIaHusI

o0ecrnieyeHue

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOXYJII0)



B pesynbTrare 0cBOEHHS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI
3HaTh:
[0 ¢yHaaMeHTaIbHbIC IOHATHUS, 3aKOHBI, TEOPUH YaCTH AUCKPETHON MaTeMAaTHKH;
[l coBpeMeHHbIE TPOOIEMBI COOTBETCTBYIOIINX PA3/IEIOB AUCKPETHOI MaTeMaTHKH;
[l MOHATHS, aKCHOMBI, METOZBI JTOKA3aTEIbCTB M JOKA3aTelIbCTBA OCHOBHBIX TEOpPEM B pasieiax,
BXOJISIIIMX B 0a30BYIO YaCTh IIUKJIA;
[J OCHOBHBIE CBOMCTBA COOTBETCTBYIOIMX MareMaTn4eCKUX 00bEKTOB;
[J  aHaJUTHYECKHE U UYUCIICHHBIE IIOAXOIbl U METOXbl Ul PELICHMs] TUIIOBBIX HPUKIAAHBIX 3aiad
JTUCKPETHONW MaTEMATUKH.
YMETB:
[l TOHATH MOCTABIEHHYIO 3a4a4y;
[l MCHOJIB30BAaTh CBOM 3HAHUSA JUIA pelIeHus PyHIaMEHTaIbHbBIX U NPUKIAIHbIX 3a/1a4;
[l oleHMBaTh KOPPEKTHOCTH MOCTAHOBOK 3a7a4;
[J cTporo moKa3bIBaTh WU OIPOBEPraTh YTBEPKACHUE;
O CaMOCTOATENIPHO HAaXOAWUTh AJITOPUTMBI PEIIEHUsS 3a7ady, B TOM 4YHCIE M HECTaHIOApTHBIX, U
[IPOBOJUTH UX aHAIIU3;
[]  caMOCTOSATENbHO BUJETH CICACTBHS MOITYYEHHBIX PE3YJIbTaTOB,;
[l TOYHO MpPEACTaBUTh MaTeMaTHYECKHUE 3HAHUS B 00JIACTH B YCTHOM M MUCHbMEHHOH (opme.
BJIaJIETh:
[J HaBBIKAMH OCBOCHHS OOJIBIIOr0 00beMa HHGOPMALMK U PEHIeHuUs 3a1a4 (B TOM YHCIE, CIOKHBIX);
[l HaBBIKAMH CaMOCTOSTEIbHON PabOTHI U OCBOCHUS HOBBIX JANCIMIUINH;
[J  KyJnbTypOH IMOCTaHOBKH, aHAIM3a U PELICHHUsS] MaTeMaTnYeCcKUX M NPUKIAAHBIX 3a/1a4, TPeOyIommx
JUIsl CBOETO PELICHHUS UCII0JIb30BaHUsI MaTEMaTHUECKUX ITOJIX0JJ0B U METO/IOB;
[J  OpeaMETHBIM SI3BIKOM TUCKPETHOW MaTeMaTHKH M HaBBIKAMH I'DAMOTHOIO OMMCAaHUSl PELICHUS
3a[a4 U [IPEJCTABICHUS [1OJyYEHHBIX PE3yJIbTaTOB.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOThI
pabora
| Anroputmbl [lpuma u bopyBkum s 4 4 6
pemenns 3agaun MST
2 JIBOMCTBEHHOCTD B JIMHEHHOM 2 5 6
[IPOrpaMMHUPOBAHUU
VUCKpeTHas  JHUHEMHas  3ajada o
3 |k A 5 5 6

nogmuoxkectse (DLS problem)

3ajaya  TOCTPOEHUS  MApOCOYETAHUS
4 MaKCHUMaJIbLHOH MOIIHOCTH B 4 4 6
MTPOU3BOJILHOM Tpade

5 MerTox BeTBei U rpaHull 4 4 8

6 Monudukaruu anroputma JlekeTpsl 6 6 8

7 OmnuuurensHble  0COOCHHOCTH — 3ajad 5 5 3
JVCKPETHON ONTUMH3ALNH

Hroro yacos 30 30 48

IToaroTroBka K sK3aMeHy 0 yac.

Oobmas TpynoEMKOCTb 108 gac., 3 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)



Cemecrtp: 6 (Becennuit)
1. Anroputwmsl [Ipuma u bopysku ana pemenns 3agaun MST

HamoMuHaHue OCHOBHBIX NMOHATHH W3 JHHEHHOTO MPOTrpaMMHpOBaHHA. 3ajavya B CTaHAAPTHOU U
KaHOHMYEeCKOoH ¢opmax. [lepexom oT HepaBeHCTB K paBeHCTBaM M obOparHo. ['eomerpus 3amauu:
CHMIUIEKC-aJTOPUTM KaK JIOKQJIbHBIH MTOUCK 110 BEPIIMHAM MHOTOTDaHHHUKA.

2. JIBOMCTBEHHOCTH B TUHEITHOM IIPOrPaMMUPOBAHHH

[locranoBku 3amaun TSP B  Ttepmunax LJIII. VYcemoBuss Mumnepa—Takkepa—3emiinHa
(monMHOMUANBbHOE KOJMYECTBO HepaBeHCTB B 3amaue TSP). 3ameuanue «o HekaracTpohUIHOCTH
SKCIIOHEHIIMAJIIBHOTO YKcila OrpaHuyeHui B 3aaadax JIID».

3. luckperHas nuHeiHas 3a1a4a o noaMHoxectse (DLS problem)

3amaun TSP u MST kak wactuele ciydan DLS-3amau MuHMMUH3anuu; mepexoj K MaKCHMHU3AIUH.
HacnencrBennsie cucrembl. basbl n nukibl. PaHnr u HKHUIM paHT MHOXECTBa, PAHTOBBINA pa3dpoc.
Marpousl: S5KBUBaJICHTHbIE ONpeaeNeHus, puMepbl. OneHKa KauecTBa paboThI KaHOTO aJropuT™Ma
Ha HacJIeICTBEHHON cucTeMe uepe3 e paHroBblil pazbpoc. CieAcTBHe O KOPPEKTHOCTH >KaIHOTO
JITOPUTMA TIOCTPOEHUS KpaTyaifiero ocroBHOro aepeBa. OlEHKa paHroBoro pasbpoca uepes
OrpaHWYeHHEe Ha 4Yucio UKiIoB. CyOMoaynsipHOCTh paHroBod (yHkuuu Marpoupja. llepeuecenue
MmarponoB. OIEHKAa YHcia LUKIOB JJIS HAcJEACTBEHHOM CHCTEMBI 4Yepe3 YHCIO MarpoHJIOB B
HEPECEUCHUM.

4. 3a/:[aqa MMOCTPOCHUA TaPpOCOUCTAHU A MaKCHUMaJIbHOM MOIIHOCTH B IIPOU3BOJILHOM rpa(’pe

VYBenuuuparome MnyTd (YTBEp)KACHHE O TOM, YTO IIApOCOYETAHHME HEMAaKCUMajbHO < €CTh
yBenruuBamuil myTh). Ilpobrema ¢ TOWCKOM YBENMYMBAIOIIMX IyTEH MNPH OTCYTCTBUH
JBYIOJIbHOCTH: LIBETKU. Y TBEPXKICHUS O CKATUU LIBETKOB. AJITOPUTM DIMOH/ICA.

5. Meron BeTBEH U I'PaHHLL

3amaun  WCYEpNHBIBAIONICTO Tiepedopa  CIOKHBIX — JTUCKPEeTHBIX 00bekToB. [lomxonm Pwuna:
YIOpsI0YeHHOE TIepeunciienne. Meton oOpanieHns JTOKaIbHOTo nmorucka ABuca—®OyKybl.

6. Monudukanuu anropurma JledkcTpobl

HBa ajiropyuTMa: IOCTCIICHHAad MHWHHUMH3AlWUA CTOMMOCTU IIOTOKa IIpH HCU3MCHHOU BCIIMYHUHC,
IpupanceHue BCJINYUHBI 3a CYéT MUHHUMAaJIbHO BO3MOXKHOIO InpupamcHus CTOUMOCTH.

7. OTnuuTeNbHBIE 0COOCHHOCTH 3a]1a4 IUCKPETHOW ONITUMU3AIUH

OO630p TOCTaHOBOK KJIACCHYECKHMX 3aja4 JUCKPETHOH ONTUMM3AIMU: MOKPHITUE MHOXKECTBAMH,
BEPUIMHHOE TOKPBITHE, KpaTyalluid IyTh, MHHUMAaJbHOE OCTOBHOE JEpeBO, 3aJadd o
MapocovYeTaHuy, 3a/1a4a O Ha3HAUCHUSIX, 33/1a41 TEOPHH pPaclMCaHui, 3aqa4un ynakoBku (bin packing,
PIOK3aK), 3aJaydl O TOTOKaxX (MOTOK HauWOOJBINEH BEIWYMHBI, MOTOK HAWMEHBIIEH CTOMMOCTH,
MYJIBTHIIPOJYKTOBBIE IOTOKH), TPAHCIIOPTHAS 3a/1a4a (3a1a4a XMYKOKa), 3a/1a4a KOMMHUBOSDKEDA.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI



OcHoBHas nuTeparypa
1. luckperHas Mmaremarrka. Teopusi ¥ pakTUKa pelIeHus 3a1a4 1o nHpopMaTuke, yaeoHoe mocobue /
C. M. OxynoB. — Mockaa, JIaboparopus 3Hanuii, 2020.— URL: http://books.mipt.ru/book/301446
(nara obpamenus: 18.02.2021). - [Momnsrit Teket (Pexum nocrymna : u3 cetu MOTU / YnanenHsii

JIOCTYTI)

JomnonHutensHas auTeparypa

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

- https://developers.google.com/optimization?hl=ru

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst

1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha JICKIITUOHHBIX 3aHATUAX UCIIOJIb3YIOTCH My.]'II:TPIMeI[PIﬁHBIe TCXHOJIOIMH, BKIIIOYad JEMOHCTpAlUIO

MpEe3EHTalNN.
B npouecce camocTosATeNbHOM PabOThl 00YHaIOIIMXCs BO3MOXHO UCIIOJIb30BAHUE TAKUX MPOTPAMMHBIX

cpeacts, kak Mathcad, MATLAB, Maple u np.
9. MeToauyeckue yKazaHus AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

1. PeKOMeH,I[yeTCSI YCIICIIHO CAaBaTb KOHTPOJIBHBIC pa6OTBI, TaK KaK 3TO YHNpOIAaeT HTOrOBYHO

aTTeCTalUIO 110 IPEIMETY.
2. JInst IOArOTOBKM K MTOTOBOM aTTeCcTalluy IO MPEeIMETy JIydllle BCEro I0Jb30BaThCs MarepuajaMu

JIEKIHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: IIporpammuas nHXEHEpHs

Nnpo¢uJIb NOATOTOBKH: Pa3paboTka nporpaMMHO-MH(POPMALTUOHHBIX CHCTEM
BBICIIIas MIKOJa nMporpamMmmHon nHxkenepun MOTHU - SAnnexc
BBICIIIAsl IIKOJIA POTPaMMHON HHXEHEPUN

Kypc: 3

KBAJM(PUKAIMA: OaxanaBp

Cemectp, (opMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHnui) - JlnuddepeHunpoBaHHbIi 3a4eT

Pa3paborunk: A.B. Co3bIkuH, KaHJI. TEXH. HayK, TOIICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

OIIK-1 CniocobeH npuMeHSITh
€CTECTBCHHOHAYYHBIC H OOICHHKCHEPHBIS
3HAHUS, METO/IbI MATEMAaTHYECKOTO aHAJIN3a U
MOZICITMPOBAHHUS, TEOPETUIECKOTO U
IKCHEPHUMEHTAILHOTO HCCIICIOBAHUS B
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBaTh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IMyTH €€ PELCHUS

OIIK-6 CriocobeH pa3pabaTbiBaTh arOPUTMBI H
POrPaMMBbl, TPUTOJHBIC IS IIPAKTUIECKOTO
UCIIOJIb30BaHUS, IPUMEHSTh OCHOBBI
MH(OPMATUKHU U TIPOTPAMMHUPOBAHUS K
HPOEKTHPOBAHUIO, KOHCTPYUPOBAHHUIO U
TECTHPOBAHMIO TIPOTPAMMHBIX MPOITYKTOB

OIIK-6.3 3HaeT MeTOIpI TECTHPOBAHUS MPOrPAMMHOTO KOJa
Ha OWHMOKKM M crnocoOeH NPOBOAWTH TECTUPOBAHHE HAa
pasiMuHBIX  ypOBHAX  (MOMYJIBHOE, HHTETPAllMOHHOE,
CUCTEMHOE)

OIIK-8 CriocoOeH 0CyIIeCTBIATh MOUCK,
XpaHeHue, 00paboTKy M aHalu3 UHPOPMAITUU
U3 Pa3IMYHbIX HCTOYHUKOB M 0a3 JaHHBIX,
MPEJCTaBISThH ee B TpeOyeMoM (opmare ¢
UCIIONIb30BaHHEM HH()OPMAIIMOHHBIX,
KOMITBIOTEPHBIX M CETEBBIX TEXHOJIOTHI

OIIK-8.1 TloHMMaeT NPUHIMUIBI, TO KOTOPBIM paboOTaroT
0a3pl JaHHBIX, M yMEET CO3/1aBaTb CTPYKTYpy MHaHHBIX,
ONTUMHU3UPOBAHHYIO Ui J((EKTUBHOTO XpaHEHHS WU
00paboTky UHPOpPMALTUT

OIIK-8.2 VYmeeT NpUMEHEHSTH TEXHOJOTHMH MAIIWHHOIO
00y4eHHs B pa3UYHBIX MPUKIATHBIX 001acTAX

[MK-3 CriocoGeH mpoeKTUpoBarh,
pa3pabaTbIBaTh, MHTEIPHUPOBATh, IIPOBEPSATH HA
paboTocrocoOHOCTH MPOrpaMMHOE
o0ecrnieyeHue

[IK-3.2 YMeeT BBIOMpaTh S3BIKK MPOTPAMMHUPOBAHUS IS
HaIMCaHUsl MPOTPAMMHOIO KOJa C Y4YETOM TEXHHYECKOrO
3a7laHus

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «I[I/ICKPCTHaSI OIITUMMU3 AU 06yqaromnﬁcsl JOJIDKCH:

3HAThb:

[l ¢yHnaMeHTaIbHBIC HOHATHSA, 3aKOHBI, TEOPUH YaCTH JUCKPETHOW MaTeMaTHKH;
[J coBpeMEHHBIEC IPOOIEMbI COOTBETCTBYIOIINX Pa3AeioB AUCKPETHON MaTeMaTHKY;
[J  IOHATHS, aKCHOMBI, METOJbl JJOKA3aTEJIbCTB M J0Ka3aTelIbCTBA OCHOBHBIX TEOPEM B paszjeiax,

BXOJAIIHUX B 63,30ByIO 4aCTh IUKIJIA,

[l ocHOBHBIE CBOMCTBaA COOTBETCTBYIOIIUX MATEMAaTHYICCKUX 06’beKTOB;
[ AHAJIMTUYCCKUC U YHUCJICHHBIC IMOAXOABI U MCTOAbI JJIs1 PCHICHUA THUIIOBBIX NPHUKIIAAHBIX 3ada4

JUCKPETHOW MaTeMaTUKHU.
YMeThb:
[IOHATH IIOCTABJICHHYIO 3a/1a4y;

HCIIOJIb30BATh CBOU 3HAHUS JIA PCIICHUS (bYHI[aMeHTaHBHBIX " NPUKIIAAHBIX 3a1a4,

CTPOro AOKa3bIBATh UJIX OIMPOBCPIaTh YTBCPIKICHHUC,

U
g
[J ouLeHHMBATh KOPPEKTHOCTH ITIOCTAHOBOK 3aa4;
g
U

CaMOCTOATEJIIbHO HAaXOAWUTH AJTrOPUTMbl PCEIICHUA 3adad, B TOM YHCJIC W HECTAHAAPTHBIX, U

MMPOBOJAUTH UX aHAJIU3;

[] caMOCTOATENIBHO BUAECTH CICACTBUSA IOJIYUYCHHBIX PE3YJIbTATOB,
[] TO4YHO npeaACTaBUTb MATCMATHUYCCKUC 3HAHUSA B 00acTu B YCTHOﬁ Y TUCHbMECHHOM (I)OpMC.

BJIaJeTh:



[] HaBBIKAMH OCBOCHMS OOJIBIIOr0 00heMa I/IH(i)OpMaLII/II/I " PCIICHUA 3a1a4 (B TOM YHCIIC, CJ'IO)KHLIX);
[l HaBBIKAMH CaMOCTOSITECIIbHOM pa6OTLI 1 OCBOCHUS HOBBIX JUCIUIIINWH,

[ Ky.]'[BTypOﬁ IMOCTAaHOBKH, aHAJIM3a U PCHICHUA MATCMATUYCCKUX U NPUKIIAJIHBIX 3a/1a4, Tpe6YIOH_II/IX
IJIA CBOCTO PCIICHU UCIIOJIBb30BAHUA MATECMATUICCKUX MTOAXO0A0B U MECTOAOB,

[ ONpCAMCTHBIM SA3BIKOM I[HCerTHOﬁ MAaTCMAaTUKKU W HaBbIKAMU TPAMOTHOIO ONHCAHHA PCHICHUS
3aJa4 1 NpeACTaBJICHUS TOJYYCHHBIX PE3YJIbTATOB.

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

Texymuii KOHTPOIb

Hanbr: criucok umcen [w_1, \dots , w k], w i \in [0, 1][w 1 ,...,w k ],w i€[0,1] — 0OBEMBI
MpEeIMETOB, HaTypalbkHOEe Yuciio n_{\text{bins}}n bins — KomMuecTBO KOHTEWHEPOB. BMecTUMOCTH
KaXJIOTO  KOHTeWHepa rmojaraercsi paBHOM  emuHune. [lpeanomaraercs, 49to  QyHKIOUS
solve bp decision(weights, n_bins) pemraer «pacmo3HaBaTenbHEIN» (decision) BapuaHT 3amauu bin
packing. Ha Bxoj el moma€rcsi CMCOK TPEAMETOB W YWCIIO KOHTelHepoB. DyHKIMsS BO3BpaliaeT
OyJIEBCKMII OTBET Ha BONPOC «MOXKHO JIM 3aJaHHBbIC Beca pacHpeieuTh MO He Ooiee 4eM n_bins
koHTeliHepam? Hamumure comepxkumoe ¢ynkmum  solve bp evaluation, koropass Bo3Bpamaer
ONTUMAJIFHOE YHUCIIO KOHTEHHepoB (pemaer evaluation-BapuaHT 3amaun bin packing). DyHKuus
solve bp_evaluation gommkHa pemiath CBOIO 3aja4y HE HANpPSMYIO, a MOCPEJACTBOM BbI30Ba (YHKITUH
solve bp_decision He Oonee YeM MOJMHOMHAILHOE IO pa3Mepy 3aAaud KojuuecTBo pa3. He
JIOITyCKaeTCsl MCIOJIb30BaHUE DPEKYPCHUBHBIX BbI30BOB (yHKmmH solve bp evaluation BHyTpu Heé
caMmoif. 3aTeM HamuIIuTe coaepkumoe QyHkuuu solve bp search, koropas BO3BpamiaeT CIMCOK
HOMEpOB KOHTEHHEPOB, KOTOpPhIE IPH KAKOM-HHOYIb ONTHMAJIBHOM paClpeaesCHUN MPHCBAUBAIOTCS
BecaM U3 crrcka weights (koHTeiHepsl HyMepyloTcs ¢ enuHunbl!). @yHkuus solve bp search nomkna
peliaTh CBOIO 3aj7a4y He HampsMylo, a MOCPEICTBOM Bbi3oBa (yHKmHU solve bp evaluation He Gonee
4eM TNOJIMHOMHAJIbHOE [0 pa3Mepy 3aJadd KOJMYecTBO pa3. He momyckaercss HCHOIb30BaHUE
PEKYpPCHBHBIX BBI30BOB (DyHKIIMU solve bp search BHyTpu He€ caMoi.

PeanuzyiiTe mpuOMMKEHHBIN aNTOPUTM JJIS 331841 O TTOKPHITHH, OCHOBAHHBIN Ha CIIEIYIOIIEH cxeMe:

1) Kogupyem 3agady O MOKPHITMM Kak 3a/ady JIMHEHHOIO NMPOrpaMMUpPOBaHMs, CHUMAs OIpaHUUYCHUS
Ha LEJIOYNCIEHHOCTh IEPEMEHHBIX.

2) 3amyckaeM OuOnuoTeuHBId coiBep ans  TouyHoro (!) pemieHus 3ajadyd  JIMHEHHOTO
POrPaMMHUPOBAHHUS.

3) Ucnonedyem pemenue 3agaun JIII, BeyiaHHOE conBepoM, aiisi (OPMHPOBAHUSI «HACTOSIINX
WHIUKAaTOPHBIX» 3HAUCHUIN MEPEMEHHBIX C MOMOIIBIO BEPOATHOCTHOIO OKpymieHHs. IIpuBercrByercs
n300peTeHne COOCTBEHHBIX IBPUCTHUK-HAJICTPOEK HAJ CXEMOM BEpOSTHOCTHOIO OKpPYIJICHHS.
Hanpumep, kak TOJIBKO yKe OKPYIIEHHBIX K €AMHHUIE IIEPEMEHHBIX XBAaTAET, YTOOBI OKPHITH MaTpHILY,
MOXKHO OCTAaHOBMTBHCS, HE JIOKHMJAAsACh KOHLA payHAa okpymieHus. Ilomoraer jim B 3TOM ciydae
YHOpsIIOUEHHUE MTEPEMEHHBIX (eI1€ He OKPYIIEHHBIX) 110 YOBIBAaHMIO WM 110 Bo3pacTtanuio? Kpome toro,
MOKHO TTPOBECTH HECKOJIBKO JIECATKOB PayHOB BEPOSITHOCTHOTO OKPYIICHHUS, a 3aTeM BbIOpaTh U3 HUX
HauMEHbLIEe [0 BeCy IMOJlyuuBlIeecs TMOKpbITHE. OTAEIBHO ONMUIMTE HCHOIb3yeMylo Bamu
CTpaTeruo.

Bam mpemiaraercss peanu3oBarh NepeOOpPHBIA aaropuTM, KOTOPBIA HAXOAUT TapaHTUPOBAHHO TOYHO
MaKCHMAaJIbHYI0 CTOMMOCTh pIOK3aka. B Xxozme mepeOopa ciemyeT BBINOIHATH OTCEYCHUE, HCIONB3Ys
BEPXHIOIO M HWXHIOIO OLCHKY CTOMMOCTH pPIOK3aKa. BepxHssi oleHKa — Ha OCHOBE (TOYHOTO)
peleHus HeueloduciieHHoW 3axadu JIII, a HWKHSAS — Ha OCHOBE JKaJHOIO aJIrOpUTMa PELICHHS
3a/1a4u o prok3ake. [Iporpamma nomkHa nedarars B CTaHJAPTHBIN OTOK BBIBOJA €IMHCTBEHHOE YHCIIO:
CTOMMOCTb OIITUMAJIBHOTO PIOK3aKa.

3anporpammupyiite anroputMm 2-anmpokcumaiuu aepesa lllteifiHepa (KoTopblii MBI pa3Oupany Ha
3aHATUH), PaOOTAIOIINI AJISl IPOU3BOIBHOTO, BO3MOXKHO, HE METPUUECKOTO, rpada:

1) Ctpoum MeTpuueckoe 3aMbIKaHue rpada.

2) CTpouM MUHHUMAaJIbHOE OCTOBHOE JEPEBO TOJBKO Ha 00s3aTeNbHBIX BEPIINHAX.

3) Boszpamaemcs k ucxogHomy rpady, moiaydasi, BO3MOXKHO, HEAPEBECHOE MOJMHOKECTBO pébdep. 4)
VYnanseMm (Hanpumep, KaaHO), JTUlIHUE pEOpa, YTOOBI MONYyYUThH MoNHOUEHHOe nepeBo lllTeiiHepa.
Hannbie npenoctasisitorcs B popmare STP. Beixox mporpaMMel 10KeH coepKaTh HECKOIBKO CTPOK,
B Ka)JIO¥ U3 KOTOPBIX uepe3 mpoden 3anucans id BepiinH, oopasyomux pedpo B nepese LlTeitnepa.



3anporpaMMUpyHTe TeHETUYECKUI alropuT™ JUisl oOIIel 3aJadd O MOKPBITHH, CPOMYINPOBAHHON B
tepmuHonorun Set Cover. B sToii 3amaue mpeamonaraercs, 4To €CTh HAOOp 3JIEMEHTOB M HabOp
MHOXeCTB. TpeOyeTcsi MOKpBITh BCE JJIEMEHTHI, B3AB HECKOIBKO MHOXECTB, TakK, YTOOBI
MHUHUMHU3UPOBATh CyMMY BECOB B3SIThIX MHOKECTB. JIJ1s1 3a1aHMs [4acTH| epBOHAYAIBHON MOMYIISIIUN
UCIOJNB3YHTE, HAPUMED KAIHBIN MMOAX0. AJNTOPUTM JOJDKEH padoTaTh Tak, YTOOBI OCTaHABINBATHCS
71100 MO TOCTHKEHHUH JIOKAJIBHOTO ONTUMYMa, JTH00 MO MPUOIMKEHHH JINMHUTA 10 BPEMEHHU.

KopoTtkue Bompocst:

CKOJIBKO TaMUJIBTOHOBBIX IIMKJIOB JIGKUT B 2-OKPECTHOCTH (PMKCHPOBAHHOTO T'aMHJIBTOHOBA LIUKJIA B
EBKJIMIOBOH 3a7a4e€ KOMMUBOSDKEPA TSl N TOUEK? YKaKUTE BEPHBIN MOPSIOK 3TOW BETMYUHBI.

CunTast, 94T0 (PyHKIMU MyTalUH U CKPELIMBAHHS BBIYUCISAIOTCA 32 OJMH TaKT BPEMEHH, CKOJIBKO (110
MOpSAAKY) BpeMeHH yHIET Ha N IIaroB reHETHYECKOTO ajropuTMa, padoTaloUlero ¢ MOMyJsuei
pazmepa m?

Cumtas, 4To B aNropuTMe JOoKanbHOro moucka Kepuurana—JIuna B kadectBe “KOpOTKOro Imara”
WCITIOJNIE3YIOTCS OOBIYHBIC /st 3a1a4n TSP 2-0KpecTHOCTH, M 9TO alTrOPUTM JIENNaeT 3a ONWH “‘ITMHHBIN
mar’ MakCUMyM 5 KOpOTKuX I1aroB. CKOJIBKO TIO MOPSAKY BpeMeHH YUAET Ha N IIaroB Takoro Momucka
Kepuurana—1JInHa B eBKIMI0BOH 3a/1a4€ KOMMHUBOSDKEPA IS M TOYEK?

Kakoii u3 mepeuncieHHBIX Ha JIEKOUH ajiroputMoB ais 3amadun Bin Packing oGnmagaer myummm
TEOpPETUYECKH 0O0CHOBAHHBIM ITOKA3aTeNIeM allpPOKCUMALUH?

Kpumepsr kypcoBbix pabor:

Kanusrit anropuTm;

Anropurmsl [Ipuma u bopyBku;

3aznauu 0 pacupeaeaeHUH JUCKPETHOIO OHOPOJHOIO pecypca;
IlonsTHe O criIaXKEHHOM aHaJIU3€ aJITOPUTMOB;
KomOuHaTOpHBIH alropuT™ A71s 3a1a4;

3aja4n 0 OKPBITHH;

«buonoruyeckue» METa3BPUCTUKH.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

1. OrnuuuTenbHbIE 0COOEHHOCTH 3aa4 AUCKPETHOH onTuMu3annu. O630p NOCTAaHOBOK KJIACCHYECKUX
3aJa4 JUCKPETHOM ONTHMHU3alUHU: MOKPHITHE MHOXECTBaMH, BEPIIMHHOE MOKPHITHE, KpaTdallIni
MyTh, MUHAMAJIbHOE OCTOBHOE [EpEeBO, 33aJa4M O IApPOCOYETAaHWH, 33aJada O HA3HAUCHMAX, 3a/1a4u
TEOpUH pacluCcCaHui, 3a1aun ynakoBku (bin packing, prok3ak), 3aJa4u 0 IOTOKax (MIOTOK HauOOJIbILIEH
BEJINYMHBI, NOTOK HAMMEHBILIEH CTOMMOCTH, MYJIBTHUIIPOAYKTOBBIC IOTOKH), TPAHCIIOPTHAas 3ajgada
(3amada XW4UKoKa), 3a/1a4a KOMMHBOSDKEDA.

2. JlokanpHBIN MOUCK KaK MIMPOKWAN OOIIMIA MOIXOJ K PEIICHHUI0 3a/1a4 JUCKPETHON ONTUMU3AIINU.
Cucrembl okpectHocTeil. [Ipumep cuctembl okpecTHOCTEH B 3afaue TSP: komMmpomuce Mexay cuiioin
OKpECTHOCTU M pa3MepoM. IIpumep, B KOTOPOM 2-OKPECTHOCTh HE IMO3BOJSIET AOCTHYD TNI0OATIBHOTO
ontumyMa. IBpuctuka KepHurana—IJIuHa: JOKaNbHBI TOUCK MepeMeHHoW TiyOuHbl. Hagctpoiiku
HaJI JOKaJbHBIM MOMCKOM: UMUTAIMS OTKUTa U Taly-TIOUCK.

3. HecymiecTBoBan#ue NMOJIMHOMHAIHLHO 0003pHUMON TOYHOHM CHCTeMBI OKpecTHOcTel B 3amaue TSP (B
npenmonoxxkenun P£NP). JlokansHbie xaaHBIE SBPUCTHKY B 3aaa4de TSP, He ykimanbiBarompecs siBHO B
[apajiurMy JIOKAJIbHOTO MOWCKa (HE MEepexoslie OT IMKJIAa K IMKIY, a CTPOSIIUE LMKI C HYJ).
[loka3zarenu kauecTBa pabOThI IBPUCTUUECKHUX (MPUOIMKEHHBIX) aITOPUTMOB: appproximation ratio u
domination number. Anroput™m Onmxaiinero cocena (nearest neighbor): uaes, Teopema o TOM, YTO
approximation ratio orieanBaercs csepxy O (log #Bepmun).

4. uckpetHas nuHeiHas 3aga4a o moaMHoxecTtBe (DLS problem). 3agaun TSP u MST kak gacTHble
ciygan DLS-3amad MuHMMU3anuu; mepexon kK Makcumuzanud. HacnenctBeHHble cuctembl. basel u
OUKIBl. PaHr W HWKHUH paHr MHOXKECTBA, PAHroBBIM pa3dpoc. Marpouasl: 3KBUBAJICHTHBIE
omnpezaeneHus, npumepsl. OIeHKa KauecTBa pabOThI ’KaJHOTO aJrOPUTMa Ha HACIEICTBEHHOH cHUCTEMe
yepe3 e€ paHroBblii pa3zOpoc. CnencTBue O KOPPEKTHOCTH JKAJHOTO aJTrOPUTMa IOCTPOCHUS
KpaTr4Jaiiero octoBHoro gepesa. OlEeHKa paHToBOro pa3dpoca yepe3 OrpaHnueHHe Ha YUCIIO IMKJIIOB.
CyOGmonynspHOCTh paHroBoil ¢pyHkuuu marpouza. Ilepedecenne marpoumoB. OLeHKa yHMcia LUKIOB
JUId  HacleJCTBEHHOM CHUCTEeMBbl 4Yepe3 UHuCJI0O MarpouioB B IepeceueHuH. BeposrHocTh
€IMHCTBEHHOCTH pemeHus 3a1adu DLS npu ciryuaiiHoM BEIOOpE BECOB: JieMMa 00 N30JIMPOBAHHH.

5. Auropurmel llpuma u bopyBku st pemenus 3amaun MST: npumepsi, peanuzanus (0e3
WCTONB30BaHus Ky4). Anroputm [Ipuma ¢ ucronb3oBanreM (pUOOHAYYNEBBIX KyY.



6. 3agauu O pacnpene’eHUU JUCKPETHOIO OJHOPOAHOIO pecypca: 3ajaya AUCKPETHOIO MaKCHUMMHHA,
MaKCUMH3alHuig CYMMBbI BOTHYTHIX (yHkumid. Kpurepum ontumanbHOCTH (IPUHLUI YPaBHUBAHUS
Iepmeitepa, kputepuii [pocca). ANTOpuTM «IBOWHOTO OHWHApPHOTO TMOWCKa». ONTUMU3AIMS
MPOU3BEACHUS PpU (PUKCUPOBAHHON CyMME.

7. HamoMyHaHue OCHOBHBIX MOHSATHI W3 JIMHEWHOTO MPOTPaMMHUPOBAHMS. 3ajada B CTAHAAPTHOU H
KaHoHHYecKol (opmax. Ilepexom OT HepaBeHCTB K paBeHCTBaM M oOparHO. [eomeTpusi 3amadu:
CUMILJIEKC-aJITOPUTM KaK JIOKaJIbHbII TOMCK 110 BEPIIMHAM MHOIOTPAHHUKA.

8. Ilpumep MHOTOrpaHHUKa, Ha KOTOPOM IIPU HEKOTOPBIX YCIOBHUSX CHUMIUIEKC-AJITOPUTMY MOXKET
noTpeOOBaTHCS IKCIIOHEHLIMATBHO MHOTO IaroB: Teopema Knu—MunTu. BepxHsis oneHka Ha 4UCIIO
IIarOB  «BE3y4ero CHUMIUIEKc-MeToma»: Teopema Kamam—Kielitmana o ngmamerpe rpada
MHOTOT'paHHHKA.

9. TlonsATHe O cIIaXEHHOM aHanu3e aaroputmoB (smoothed analysis): cpeanee MexIy aHAIM30M Ha
CllydaliHBIX BXO/IaX U aHaJIM30M XyAuero ciay4das. Teopema Cnunmana—TeHra o CUMILIEKC-METOJIE.

10. JIBOWCTBEHHOCTh B JHHEHMHOM NPOrpPaMMHPOBAHMU: pPEIICHHE [BOMCTBEHHOW 3a/lauyd Kak
cepTuHUKaT ONTUMAIBLHOCTH pelieHus npsmoil 3agadn. Hckmodenne ®dypbe—Monkuna. Jlemma
dapkamia: cymecTBOBaHUE CepTH(UKaTa HEPAa3pEIIMMOCTH CUCTEMBI JTMHEHHBIX HEpPaBEeHCTB. BrIBox
TEOpPEMBI O CHIIBHOM JBOUCTBEHHOCTH U3 JeMMbl Dapkarna.

11. TlocranoBkm 3amaun TSP B Tepmuuax IUJIII. VYemoBus Munnepa—Takkepa—3eminHa
(monMHOMHUANBbHOE KOJMYECTBO HepaBeHCTB B 3agade TSP). 3ameuanue «o HekaTacTpopUIHOCTH
SKCIIOHEHIIMAJIBHOTO YKCila OrpaHuyeHui B 3aaadax JIID».

12. TIpocToii «kOMOMHATOPHBINY» aJrOPUTM I 3a4a4H 0 BepiunHHOM nokpeituu (BII) ¢ approximation
ratio = 2. IlocraHoBka 3ajaud o B3BeIIEHHOM BepmMHHOM mokpbiTHH (BBII) B Tepmunax
LEJIOYMCIIEHHOTO JIMHEMHOTO MporpaMMupoBaHusi. AnroputM pewenus 3agadn BBII Buna «pemaem
3agauy JIII — okpymisem»; yTBEepKIEHHE O TOM, 4YTO JOCTHTaeTcsl approximation ratio = 2.
dopmynrpoBKa IBOMCTBEHHON 3amaun K 3amade BBII: morenuumansr Ha péOpax. «KomOMHATOPHBIN
(6e3 wmcronb3oanust JIII) anroputm pemrenuss 3agaun BBII Ha ocHOBe JBOWCTBEHHOCTH;
JI0Ka3aTeJIbCTBO TOTO, YTO JJIsl 3TOTO aJlfOpUTMa approximation ratio = 2.

13. O6mas 3ama4a o MOKPHITHH (IKBUBAJICHTHAS 33j7a4€ O MOKPBITUM MHOXeCTB). DopMyInpoBka B
tepmuHax marpuu. [loctanoBka B Buge LIJIII, ¢popmynupoBka qBoiicTBEHHOH 3a1auu. Teopema o ToM,
4TO pa3Mep/Bec KaIHOTO MOKPBITHS He Oomblie yeM B In k pas npeBsiaer pazmep/Bec ONTHMAIHHOTO
(tme k — MakcuManbHOE YMCIO €AWHMII B CTpoke). JoCTHRUMOCTH (IO TMOPSAKY) 3TOH OIECHKH.
OneHka Beca KaJHOTO IIOKPBITUS YE€pe3 BEC ONTUMAJIbHOIO IIPU OTPAHUYEHHBIX BECax OTAEIbHBIX
CTpOK.

14. 3agaya mMOCTpOECHHSA MAPOCOYETAHUS MAKCHUMaJbHOM MOLIHOCTH B TIPOM3BOJIBHOM rpade.
VBenuuuparomye MnyTd (YTBEp)KICHHE O TOM, YTO IIApPOCOYETaHUE HEMAKCHUMAJIbHO < €CTh
yBennuuBaOMi myTh). [Ipobmema ¢ TMOMCKOM YBEIMYHMBAIOIIMX IyTeH TMPH OTCYTCTBUH
JBYIOJIbHOCTH: LIBETKU. Y TBEPXKICHUS O CKATUU LIBETKOB. AJITOPUTM DIMOH/ICA.

15. Moaudukanuu anropurma JeHKCTpbl Ui OBICTPOrO MNPAKTHUECKOrO pEIICHUS 3aladd o
KparyaiieMm IMyTH: «IByXCTOPOHHHI» anroputMm JleWkcTpsl, ucrons3oBanue landmarks (B ciydae
HEPaBEHCTBA TPEYTOJIbHUKA).

16. Anroputm ®noliga—Yopiiesia IoMcKa KpaT4alIliiX MyTeld U HUKIJIOB OTPULATEIBHOTO Beca.

17. 3amaua 0 MOTOKE MHHUMAJbHOW cTOMMOCTH (M 3aJaHHOW BeIW4YMHBI). JIBa anropurma:
MOCTENIeHHasi MUHUMH3ALHA CTOUMOCTH TOTOKA NMPH HEU3MEHHON BEIMYMHE; MPUPAIICHUE BEITMYNHBI
3a C4€T MMHUMAaJIBHO BO3MOYHOI'O IIPUPAILEHUSI CTOUMOCTH.

18. «buosnornyeckue» MeTa’BPUCTUKHU: T€HETUUECKUE aJITOPUTMBbI, AJITOPUTMbl MypPaBbUHBIX KOJIOHUI.
Wnnroctpanus Ha 3amauax shortest path u TSP.

19. Meton BeTBEM U rpaHull.

20. 3amaun wmcyepHbIBaIOLIETO Inepebopa CIOXKHBIX AUCKPETHBIX 00bekToB. lloaxon Puna:
yHnopsiioueHHOE nepeuncienrne. Meroa oOparieHust J0KaJlIbHOTO moucka Apnca—®PyKyabl.

21. Ontumuszanusi BO BPEMEHH: OHJIAWH-ONTHMU3ANMS. 3ajava «IOKyIMaTh/apeHI0BaThy. «3ajada
cekperapsi». Ananu3 anroputma kemuposanusi LRU (Least Recently Used).

22. O moHATMH peonTHUMH3aluu. PeonTUMmuzanus B METPUUYECKOH 3ajade KOMMMBOSKEpA MpH
YBEJIIMYEHUU Beca omHOro pedbpa: NP-TpynHOCTH TOYHOTrO pemieHHs, NPHOIMKEHHBIM alroOpuT™M C
MoKaszareseM anmpokcuManuu 7/5 (4o iydmie, yem anroput™ Kpucroduueca).

buner 1:



1. JlokasibHBINM MOMCK KaK IMUPOKUH OOIIMH MOIXOJ K PEUICHUIO 3aJlad JUCKPETHON ONTHMU3AIINH.
Cucremsl okpectHocTeil. [Ipumep cuctemsl okpecTHOocTel B 3amaue TSP: komnpomuce MeXIy CHIION
OKpECTHOCTH U pa3MepoM. [Ipumep, B KOTOpOM 2-OKPECTHOCTh HE MO3BOJISET JOCTHYbL INIOOATBHOTO
ontumyMa. JBpuctuka Kepuurana—IJIuna: nokanbHbIM MOMCK mepeMeHHOW miryOuHbl. Hazctpoliku
Ha/l JIOKAJIbHBIM MOMCKOM: UMHUTAIUS OTXKUTA U Ta0y-TIOUCK.

2. Merop BeTBE# U TpaHMIL.

buner 2:

1. luckperHas nuHeiHas 3aga4a o noaMHoxkectBe (DLS problem). 3amaun TSP u MST kak dactHble
ciydan DLS-3amau MuHMMH3anmuy; mepexon K makcumuzauuu. HacnenctBennbie cuctembl. basel u
MUKIBl. PaHr W HWKHUH paHr MHOXKECTBA, PaHTOBBIH pa30poc. Marpoupl: 3KBUBAJICHTHBIE
ompeseneHusi, mpuMepsl. OLeHKa KauecTBa paboThl KaJHOTO AITOPUTMa Ha HACJIEICTBEHHON CUCTEME
yepe3 e€ paHroBblii pa3Opoc. CieacTBue O KOPPEKTHOCTH JKaJHOTO aJropuTMa HOCTPOCHHUS
Kparyaiiero octoBHOro ziepera. OLeHKa paHroBoro pa3dpoca depe3 orpaHHYCHHE Ha YHCIIO LUKIJIOB.
CybmonynspHocTh paHroBoit (yHkuuu marpouna. Ilepedecenne marpounoB. OLeHKa Yuciia IUKIOB
JUIA  HAcJIEJACTBEHHOM CHUCTEMBI dYepe3 YHCII0O MarTpouAOB B IepeceueHUH. BeposTHOCTb
eIMHCTBEHHOCTH pereHus 3aaauu DLS npu ciryuaiinoM BeIOOpe BECOB: JieMMa 00 N30IMPOBaHUN.

2. TlocranoBku 3amaun TSP B Tepmmnax ILUIIL. VYemoBus Mumnepa—Takkepa—3eMinHa
(monMHOMHUANBHOE KOJMMYECTBO HepaBeHCTB B 3ajade TSP). 3ameuanwe «o HekatacTpouIHOCTH
SKCIIOHEHIIMAJILHOTO YKCIIa OrpaHudeHuil B 3anadax JIID».

Kputepun onennBanus

- omenka «omm4HO  (10)»  BBICTaBNSieTCS  CTYAEHTY,  IIOKa3aBIIEMy  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
MPUHATHIX PEIIECHUN;

- omeHka  «omimuHO  (9)»  BBICTABISIETCS  CTYACHTY, IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL U YMEHHE TPUMEHSITh UX
Ha IMPAaKTHKEe NPU PEIICHUH KOHKPETHBIX 3ajad, CBOOOIHOE M MpPaBHIIbHOE 0OOCHOBaHME NPHHATHIX
pELICHMUI;

- oOuleHKa  «oTauMyHO  (8)»  BBICTABIsAETCS  CTYIACHTY,  IIOKAa3aBIIEMYy  BCECTOPOHHHE
CHCTEMaTU3UPOBaHHBIC, INTyOOKHE 3HAHUS Y4eOHOM MPOrpaMMbl AUCHUIUIMHBL U YMEHHE TPUMEHSITh UX
Ha [IPAKTUKE PU PEIICHUN KOHKPETHBIX 3a/1a4, U IPaBUIbHOE 000CHOBAHHNE NPUHSTHIX PEIICHNH;

- OLICHKa «XOopouio (7))) BBICTABJIIACTCA CTYACHTY, €CJIM OH TBCPAO 3HACT MaTCpuall, rpaMOTHO H I10
CyHIE€CTBY MU3JIarac€T €ro, yMmeeT NpUMCHATDH IMOJYUYCHHBIC 3HAHUA HaA MMPAKTHUKE, HO OJOITYCKACcT B OTBETEC
HJIN B PCIICHUHU 3a4a49 HCKOTOPBIC HCTOYHOCTH,

- OlIEHKa «XOpolIo (6)» BBICTABISAETCS CTYIEHTY, €CJIM OH 3HAET MaTepHall, TPaMOTHO U IO CYIIECTBY
U3JIaraeT ero, yMeeT NPHUMEHSTHh MOJyuYeHHbIC 3HAHWSA Ha MPaKTHKE, HO JOMYyCKAaeT B OTBETE WM B
peLIeHNH 3a/1a4 HEKOTOpble HETOYHOCTH;

- OLIEHKA «XOpomIo (5)» BBICTABIISICTCS CTYACHTY, €CIIM OH 3HAeT MaTrepHall, U IO CYILIECTBY M3Jlaraet
€ro, yMeeT IPUMEHATH I10JIyuY€HHbIE 3HAHWUS Ha IIPAKTHUKE, HO JIOIYCKaeT B OTBETE WM B PELICHUU
3a/1a4 HEKOTOpPbIE HETOYHOCTH;

- OLCHKAa «YyIOBIECTBOPUTENHHO (4)» BBICTABISETCS CTYICHTY, MOKa3aBIIEeMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH BIAZIcET OCHOBHBIMHU pa3lefaMyd y4deOHOW NporpaMmbl, HEOOXOIUMBIMH [UIS JajJbHEHIIEro
00y4eHHUsI U MOXKET MPUMEHATH MOIy4YeHHBIC 3HAHU 110 00pa3sily B CTAaHAAPTHOM CUTYallUH;

- OIIEHKa «YJIOBJIETBOPUTENbHO (3)» BBICTABISAECTCA CTYAEHTY, IIOKa3aBUIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH 0Oa30BBIX MOHSITHMH,
HapylLIEHUs JIOTMYECKON II0CIIeI0BATEIbHOCTH B U3JIOKEHUM IIPOIPaMMHOIO Marepuajla, HO IIpU 3TOM
OH BiajeeT (parMeHTAPHO OCHOBHBIMH pa3liellaMd Y4YeOHOW NpOrpaMMbl, HEOOXOOUMBIMHU IS
JanbHENIIero oOydeHHs M MOXKET HPUMEHATh IOJTy4eHHble 3HaHMSA 1O o0paslly B CTaHIApTHOM
CUTYalluu;

- OLCHKAa «HEYJOBJIETBOPUTENIBHO (2)» BBICTABIAETCS CTYACHTY, KOTOPBIH HE 3HAeT OOJblIed 4acTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpPOBKaxX OCHOBHBIX MOHATUI IUCLUILIMHBI M HE YMEET MCIIOIb30BATh MOIYYEHHBIC 3HAHUS IPU
pEILIEHUH TUIIOBBIX IPAKTUYECKUX 3a7a4;

- OIICHKA «HEYNOBIETBOPUTEIHHO (1)» BBICTABISAETCSA CTYACHTY, KOTOPBHIH HE 3HaeT (OPMYIHPOBOK
OCHOBHBIX MOHITHN AUCIUILINHBL.



5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpemss mnposeaecHms muddepeHIIMPOBAaHHOTO 3adeTa OOyYaroIHecs MOTYT IOJb30BaThCs
MPOTPaMMON JUCIIUILTAHBI.



