# TEIHONOTHYECKOE

OBPA3OBAHMUE

Kaszaxoe Mameeii Anexceeguu,
Hlansimo Anamonuit Abpamosuu

ABTOMATHBIA TOIXO/
K PEAJIN3AIINUA AHUMAIINU
B BU3BYAJIN3ATOPAX AJITOPUTMOB

BBEJEHHUE

Busyanuzatopsl alropuTMOB HIUPOKO
HCIIONB3YIOTCA B MPOLIECCE MPEeNogaBaHus qUC-
KPETHOU MaTeMaTUKU U TEOPUH KJIACCHUECKUX
BBIYUCIIUTENBHBIX aIropuTMOB [1-3].

Buzyanuzamop — nporpamma, WUTIOCT-
pUpYIOILasl BRIMOJHEHNUE AITOPUTMA TIPU OIpe-
JIeJIEHHBIX MCXOMHBIX JaHHBIX [4].

B pabGore [5] paccMmarpuBaiics MeToOq
MOCTPOECHUS BU3YAJIU3aTOPOB HA OCHOBE aBTO-
Mara Munu, a Takxe mnpejiarajiach TEXHOJO-
rusi popMaTbHOTO TIPeoOpa30BaHUS BBIYUCITH-
TEJIBHOTO AITOPUTMA B BU3yaln3aTop. AHAIO-
TUYHBIM 00Pa30M JIOTHKA BU3YaIM3aTOPOB MO-
KET CTPOUTHCS HAa OCHOBE aBToMara Mypa.

Panee Bu3yanmzarop paccMmaTpuBaiCs
KaK [IMCKpETHasd MOCIIeJ0BaTeIbHOCTh CTaTH-
YECKUX WJUTIOCTPAIUii, YTO B OOJIBIIIMHCTBE

cly4aeB JIOCTaTo4yHO Juis oOydeHus. OqHAKO
B HEKOTOPBIX QTOPUTMAX CTAaTUYECKUX WJI-
Joctpauuii Maio. [IpumMepoM Takoro alnropur-
Ma MOXET CIYXHTb NUpaMHAalIbHAs COpTH-
POBKa (COpPTUPOBKA C IOMOILIBIO Kyuu) [6], Tak
KakK MpOIIECChl MEePeIBUKEHUS 3HAYCHUI MEX-
Iy BepIIIMHAMHU JiepeBa, B BUIE KOTOPOro Mpel-
CTaBJIeH MacCHB, HanbOoJjee HAIIIAHO JEMOH-
CTPUPYIOTCS IIPU IIOMOLIY aHUMALUU.

B Hacroseit pabote npejiaraercst pac-
LIUPEHUE TEXHOJIOTHH MMOCTPOEHUS] BU3YAIH-
3aTOPOB C LIEJIbI0 BKJIIOUEHUSI B HEEe BO3MOXK-
HOCTU aHUMALIUU TPeOYEeMBbIX IIIaroB BH3YasIH-
3auuu. Ilpu aTOM paccmarpuBaercs Takas pas-
HOBUJTHOCTh aHMMAIIMHU, TIPU KOTOPOi H300-
paxaercs Mepexo OT MPeNbIIyIIUX 3HaYeHUI
BU3YATU3UPYEMbIX MEPEMEHHBIX K MOCIEIyH0-
M. [TockomnbKy Kaxjaas cTaTU4ecKasi uinio-
cTpalus SBJseTcsl (PyHKLMEUW OT BU3YyaIU3U-
PYEMBIX IIEPEMEHHBIX, TO yKa3aHHas aHUMa-
1Us 1 OyJeT BU3yaTM3UpOBaTh COOTBETCTBYIO-
UH War aroput™a B nuHamuke. Ipemiara-
eMbIii MOAXO0J WLIIOCTPUPYETCSd Ha HpuMepe
TPaOUIMOHHON peaii3aluy ajlrfopuTMa nupa-
MUAAIBHOU COPTUPOBKH.

1. ABTOMATHBII IOJIXO/
K IOCTPOEHHIO
BU3YAJIN3ATOPOB BE3 AHUMAIINH

B paGorte [5] onucaHa aBTOMaTHas TeX-

o -4 - o spozpamnd,

r,:}‘?,-f wnniocipupyouas bunoaterue anopudima  HOIOTUSA TOCTPOCHUS BU3YallU3aTOPOB aJro-
api OpeGeneAAUY UCKOGAUY GARAUE... PUTMOB, COCTOAIIAsA U3 CICAYIOIIUX 9TAIOB.
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1. IlocraHoBKa 3axa4m, KOTOpPYIO pe-
IaeT BU3yaJIU3UPyeMbIil aJIrOpUTM.

2. PemieHnue 3axa4u B CJ10BeCHO-Mare-
MaTU4ecKou gopme.

3. BbI0op BU3yaIM3UPYeMbIX NEPEMEHHBIX.

4. AHanu3 ajaropurMa JJis BHU3yanu3a-
MU, AHAJIU3UPYETCs pelleHre C LEJbl0 Oll-
pelerneHusl Toro, 4YTo U Kak oroOpaxarh Ha
dKpaHe.

5. AJIropuT™M penieHus 3axavu.

6. Peau3arus alropurMa Ha BbIOpaH-
HOM fA3bIKe mporpamMmupoBanHusa. Ha stom
11are MPOU3BOMUTCS PeaTi3alysl ATOPUTMa, Ero
OTJIaKa U TMPOBepKa paboTOCIOCOOHOCTH.

7. IlocTpoeHne cxeMbl aJrOpuIMa IO
nporpamme.

8. IIpeodpa3oBaHme cXeMbl AITOPUTMA
B rpa¢ nepexoxoB aBTOMAaTa, peaju3yomero
QJITOPUTM, KOTOPBI MOXeT ObITh KaK aBTO-
maroM Munu, Tak U apromaroM Mypa [8, 9].

9. [IpeoOpa3oBaHue aBTOMATa peaiv-
3yI0LIEr0 aJIrTOPUTM B aBTOMAT BU3yaIM3aLiH.

10. Bei6op unrepdeiica Bu3yaimsaropa.

11. ConocraBiieHHe WLIIOCTPANUA H
KOMMEHTapHeB € COCTOSIHUAMM aBTOMAarta (-
JIOCTpalryu (POPMHUPYIOTCS KOMITIOHEHTOM IIpO-
rpaMMBbI, Ha3bIBAEMbIM «PHUCOBATIBIIUK ).

12. ApxuTeKTypa NporpamMMsl BU3yauau-
3aTopa.

13. IlporpaMMHas peajm3anus BU3ya-
Ji3aropa.

C uenbio obecrieueHUs] BO3MOXHOCTH
aHUMAaLUU B TMOCIENOBATEIIBHOCTD JEHCTBUUI
BBOJATCS JOTIOJIHUTENbHBIE mard. OTMeTuM,
YTO TIOCKOJIBKY U3MEHEHHS BU3YaTU3UPYEMbIX
NEPEMEHHBIX B HCIIOJIB3YyEMBIX B H&CTOSIIIICIZ
pabore apromarax Mypa Ipomu3BOIITCS B CO-
CTOSIHUSIX (UTO BechMa ymoOHO), To OymeM pac-
CMaTpUBaTh BOTPOC O BBEACHWU aHUMAILIUU B
BU3YyaJIN3aTOPhl, TOCTPOEHHBIE HA OCHOBE aB-
ToMaroB Mypa. Beuay Toro, 4ro npu BBele-
HUU aHUMAalli{ B aBTOMATe BU3yaIM3alliH I10-
SIBJISIIOTCS] IEMCTBUS HA Jyrax, TO 3TOT aBTO-
MaT CTaHOBUTCA CMCEHIaHHBIM.

2. JOIIOJHUTEIIBHBIE DTAIIbI
JJISA OBECIIEYEHUS
AHUMAIINHA B BU3YATTU3ATOPAX

I IOCTpOeHUs BU3yalnu3aTopa ¢ aHH-
MaLueil pearaeTcsd NpUMEHTh YEThIpe TUIIa
aBTOMATOB:

— aBTOMAT, PeAJM3YHINHH AJITOPUTM
(chopmupyeTcs Ha BOCBMOM BTale, yKa3aHHOM
BBIIIIE);

— aBToMar BU3yanmzauuM (dopMupy-
eTcs Ha JIEBITOM 3Talle, YKa3aHHOM BBIIIIE);

— TpeoOpa30BaHHBIA ABTOMAT BH3ya-
JIM3aIuy;

— aBTOMAT aHUMALUH.

ABTOMAT BU3yaJlM3alluH M103BOJISET OTO-
OpaxaTb cmamuyeckue ULIoCmpayuy B Kax-
JIOM COCTOSIHMM, YTO MPHUBOOUT K cmamutec-
kou (nowazoeoit) euzyarusayuu. Ilon craru-
YecKO WITIOCTpaleil noHuMaeTcs (pUKCHupo-
BaHHBIN Kaap, HE U3MEHSIOLIUIICA C TeUeHHeM
BpPEMEHHU.

[IpeobpazoBaHHbI aBTOMAT BU3yaIn3a-
LU, KPOME CTaTHYECKHMX WUTIOCTPALHii, OTO-
Opaxaer Takxe M JUHAMHYECKUE WILTIOCTpa-
LIUU B JOMOJHUTEIBHO BBOOMMBIX aHUMAIlM-
OHHBIX COCTOSHUSX. DTO MO3BOJISIET TOBOPUTH
0 JUHAMUYECKOW BU3yaM3aluM (aHUMalWu).

JMHamMuuecKad WIUTIOCTpAIMd COCTOUT
13 Habopa MPOMEXYTOUHBIX CTATHYECKHUX WII-
JIoCTpanyii, oroOpaxkaeMbIX Ha 9KpaHe aBTO-
MaTOM aHHUMallM{ 4Yepe3 OMpeseleHHbIe Mpo-
MEXYTKHM BpEeMEHH. DTO MPUBOAUT K AUHAMU-
YecKOMY M3MEHEHUIO WUTIOCTPALUU B aHUMa-
LIMOHHOM COCTOSTHHH.

2.1. IONOJHUTEIBHBIE DTAIIbBI
TEXHOJIOI'uH
I OBECIIEYEHUA AHUMAIINU

Iiia aBTomaroB Mypa aHUMaLMIO €cCTe-
CTBEHHO MPOBOAUTH (TaK Xe, KaK 1 (hOPMUPO-
BaHME CTaTUYECKUX M300pakeHHd U KOMMEH-
TapueB) B COCTOSHUIX — HECMOTPSI Ha TO, YTO
B BU3yAIN3aTOPE aHUMHPYEMBIE ITPOLIECCHI «Te-
KyT», B aBTOMAare KaXAblid U3 HUX PEaTU3yeT-
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! !

3bIBa€T, YTO 3TO CTaTHyeckas (PyHK-
uusg. B xaxnoMm coctodHuu, opmu-

‘ CoctosiHne S ‘

CocrtosiHne S

pylollieM BBIXOOHOE Bo3ueiicTBue z0,

> |
‘ ‘ L z0: BoIBecTH Fc(S)

J nepexonq K cieayromemMy COCTOAHUIO

l ieo

Pucynok 1. ®opmupoBanne coCTOSHUN
aBTOMaTa BU3yallU3aTopa.

Csl TOJIBKO B OMHOM COCTOSHMH. [{71s BBeACHUS
aHUMAIlUU B BU3YaJIU3aTOP PACIIUPHM TEXHO-
JIOTHIO 3a CUET CJICAYIOIIMX IIIaroB:

a) BHIOOP COCTOSIHUI aBTOMAaTa BU3Yya-
JIN3aIUH, B KOTOPBIX BBIMOJTHAETCS AHUMA-
mus (Takue COCTOSHUS OyjieM Ha3BaTh aHUMa-
LIUOHHBIMH )}

b) mocTpoeHne MPeodPa3OBAHHOIO AB-
TOMaTa BU3yaIN3allUH IyTeM 3aMeHbl KaxkK-
J0T0 M3 AHWMAIHOHHBIX COCTOSTHHIT TpeMs
COCTOSTHHSIMH, B TIEPBOM M3 KOTOPBIX IPOM3-
BOJITCS peoOpa3oBaHUs JaHHBIX, BO BTOPOM
BBITTOJTHIETCI aHUMAIK, COOTBETCTBYIOIAS
AQHMMAIUOHHOMY COCTOSHHIO, 2 B TPETheM —
oTOOpaxaeTcs CTaTuuecKas WUTIOCTPAIVs;

C) pa3padoTKa aHNMAIIMOHHOTO ABTO-
Mara (BBIOJTHSACTCS OMUH pa3 Ui BCEX BU3Y-
aJTU3aTOPOB, MPOSKTUPYEMBIX O BTOU TEXHO-
JIOTHN);

d) obecneueHHEe B3aUMOIEICTBISA MEXK-
Iy Mpeodopa3oBaHHbIM ABTOMATOM BH3yajId-
3ali ¥ AaHUMAIHOHHBIM aBTOMATOM;

€) pa3padoTka u peasmzanus pyHKIMH
BBIBOJA KAaKI0H TMHAMHYECKOH HLIIOCTPA-
MY, 3aBUCAIIEHA 0T COCTOSTHHAS ABTOMATA BH-
3yaIn3anuy | [ara aHAMaIuu.

2.2. DOPMAIM3ALOMA IOCTPOEHUS
ABTOMATA BU3YAIIM3ALINHN

Ho mepexona x 6ormee mogpoOHOMY pac-
CMOTPEHHIO HOBBIX 3TallOB U3JI0XHUM, B YEM CO-
CTOMT JIEBATHIA 3Tall TEXHOIOTMH (PUCYHOK 1).

Ha sTOM 3Tane B Kaxnoe BU3yaTU3UPY-
€MO€ COCTOSIHUE BBOIMTCS BBIXOIHOE BO3JIEH-
ctBre z0, ocymecTsidoniee (popMHUpoBaHHE
CTaTHYECKOro M300paxeHus] 1 KOMMEHTapus
B paccMaTpHBaeMOM COCTOSIHMHU. Paznuuus B
N300paXeHNsIX W KOMMEHTapHsix opmanu-
3yloTCsl ¢ moMolibio pyHkumu F . (§), onu-
CaHHOHM HUXeE, TapaMeTPOM KOTOPOIl SIBJIsIeT-
csl HoMep cocTosHuA S, a o6o3HaveHne C yKa-

ocyiecTigeTcd no cobeituio el (Ha-
KaTHe KJIABUIIM «Iar» B WHTepgei-
ce BU3yaJIM3aTopa).

2.3. BBEIEHUE B ABTOMAT BU3VYA-
JIA3AITIA AHUMAIIMOHHBIX COCTOAHMIA

ITosicHUM KaXXIblii U3 BHOBH BBOIMMBIX
9TAIOB d—e.

Ha srane a BbImonHsercss BHIOOP aHU-
MALIMOHHBIX COCTOSIHUI B COOTBETCTBHH C 0CO-
OGEHHOCTSIMHU AJITOPUTMA U NIPUHATHIMH pelile-
HUSIMH TI0 aHUMAIMY Ha YEeTBEPTOM 3Tarle ¥c-
XOIHOM TEXHOIIOTHH («AHAIH3 aJITOPUTMA IS
BU3yaTM3alum»). Tak Kak B alrOpUTMe MUpa-
MUIATFHOW COPTHPOBKH, KOTOPBIA HUCIOJB3Y-
eTcd HIKe B KauecTBe IpuMepa, HauOOoJbIInit
WHTEpPEC MPEACTABISET MPOIIeCC ABUXEHHUS 3JIe-
MEHTOB IO BEpIINHAM <IHPAMHABI», TO CO-
CTOSIHUS, B KOTOPBIX TIPOUCXOIOUT MEPexoi, U
Oy/iyT BBIOpaHBI B KauecTBE aHUMAIOHHBIX.

Ha srane b B aBroMaTe BH3yalIM3alluu
IUTSl TIOTTyYeHHs TpeoOpa30BaHHOTO aBTOMAaTa
BU3yATM3allil KaXJI0e aHUMAI[HOHHOE COCTO-
dHAe (OPMATBHO 3aMeHSIeTCsS TpeMs COCTOS-
HUSIMU (PUCYHOK 2).

Ormuriiem aTo nipeobpazosanue. [penro-
JIOXUM, YTO COCTOSTHHE S BBIOpaHO IS BU3ya-
muzarun. [IpeamnonoXuM Takxke, 4TO B 3TOM
COCTOSTHAH M3MEHSIOTCS 3HAYCHHS BU3YaIIH3H-
PYEMbIX IEPEMEHHBIX V,, ... , V,. [Ipn 3TOM TIE-
PEMEHHOM V; IPUCBAUBAETCS 3HAYEHUE BbIPA-
xenus < expr,;>. [IpeobpasoBanne cocTouT B
3aMeHe BRIOPaHHOTO COCTOSIHHS Ha TPU COCTO-
AHUs — S’ (OTepalMOHHOE COCTOSHUE), S, (aHH-
MaLMOHHOE COCTOSIHUE) U S (3aBEpLIAIOILEE CO-
CTOSTHHE).

B cocrosiHuu S’ 3HaueHUs IepeMEHHbIX
V) w5 V, TIPEIBAPUTENIBHO COXPAHSIOTCS B TIE-
pemeHnbIX old_v,, ..., old_y,, a Takxe 1po-
BOIATCS BCE JCUCTBUS, BBHINOJHIEMBIC B CO-
CTOSHUM S aBTOMAaTa BU3yaIH3alliu.

B cocrosanu S’ npeobpa3oBaHHOTO aB-
TOMaTa BU3YaJIU3alVH, B OTJIMYHE OT COCTOS-
HUS S WCXOMHOTO aBTOMaTa 3TOTO THIIA, HE
MPOUCXOMUT OXUAAHUS COOBITHS, a BHITTOTHS-
€TCA TEPEXOJ] B OMHO U3 COCTOSHMHE S, WM S.
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ITepexon B cocTosHue S, NPOM3BOIAUT-
Csl, €C/IM TepeMeHHast X/, MPUHUMAET 3Have-
HHe true (aHMManud BKIIIOYEHA). AHUMAITUS
OCYIIIECTBIIIeTCS, TTOKa MpeoOpa30BaHHbIA aB-
TOMAT BU3YATU3alUU HAXOIUTCS B COCTOSHUU
S,. IIpu BXojie B 9TO COCTOSHHME OCYIUECTBIIA-
eTCsl 3aIyCcK aBTOMara aHUMAalUuUd MpPU MOMO-
1 coObITHS el ,: cmapm 1 0ToOpaKxaeTcs Mil-
mocrtpauus F A( S, 0), COOTBETCTBYIOLIAS Haya-
JIy aHWMAaITUH.

Brixon U3 cCOCTOSHHS aHUMAIUU U Tie-
pexod B COCTOSIHHE S TPOUCXOIUT, KaK IO
coObITHIO 0 (HaxXaThe KJIaBMIIU), TaK H IO
coObITHIO €3, (OKOHYaHWE aHUMaLlHH), U CO-
IPOBOXIAETCA CUTHANOM e2,: cmon. Takum
obpaszoM, obecrieunBaeTcsd Kak aBTOMaTHYeC-
KOe, TaK U PyYyHOE 3aBeplleHUEe aHUMAIIUH.

Kak ormedeHo BbIlle, cOCTOSTHUE S SIB-
JIIeTCsl 3aBeplLIAoIUM. B HeM BBINOJHSIETCS
0TOOpaXeHHe CTaTUYECKOM MiLmocTpauuu F .
(S). OTMeTuM, 4TO MOCKOJIBKY B IpeoOpaszo-
BAHHOM aHWIMAIIMOHHOM aBTOMATe MPHCYTCTBY-
IOT JICUCTBUS HA Ayrax, TO 3TOT aBTOMAT SIBJIS-
eTCsl CMEIIaHHBIM aBTOMAaTOM.

CrnenyeT OTMETUTh, YTO MPU BBIKJIIOUE-
HUM aHMMauuu (nepeMenHas x/, TpUHUMaeT
3HaueHrne false) MpeoOpa3OBaHHBIN aBTOMAT
BU3yAJTN3allil CTAaHOBHUTCS W30MOP(HBIM FIC-
XOJHOMY aBTOMary Busyaiusauuu. [losTomy
BKJIIOUCHHE aHUMAIIUU MOXET pacCMaTpUBaTh-
Csl IMEHHO KakK pacuiuperue UCXOIHOTO BU3Y-
a3aTopa, a He ero npeoOpa3oBaHUe.

2.4. IOCTPOEHHUE ABTOMATA AHUMALIMHN

Ha sTame ¢ crpoutcs aBroMaT aHMMa-
uuu (pucyHok 3). CieiyeT OTMETUTh, UTO OH

ol
b sio cocinognue ocyugeciibasedicn ‘“E!%- e
panyck abiromamia arwmagus.., ™

ABJIIETCA CMEIIAHHBIM aBTOMAaTOM, IIOCKOJIBKY
COIEpPXHT NEUCTBHA, KaK Ha Jyrax, TaKk U B
BepIIMHaX rpaga nepexona.

N3 paccMoTpeHHs 3TOro pHCyHKa cle-
IyeT, 4TO aBTOMAT IpefAHa3Ha4YeH I U3MEHe-
HU 3HAYEHUS TIEPEMEHHOM step, KOTOpas Xpa-
HUT HOMEp Illara aHNUMaluHu.

ABTOMaT aHMManuK (OPMHUPYET BBIXOJI-
Hble BO3LEWUCTBUS M COOBITHE:

zl o sanycmumes maiimep — 3aIycKaer
TaliMep, KOTOpBIM 4epe3 nepuon BpemeHd T
rerepupyer cobsitue eT,;

20,: evisecmu F, (S, step) — uHPOPMU-
PYET «PHCOBAIBLIMK» O HEOOXOOMMOCTH Iie-
PEPUCOBATh WITIOCTPALIUIO;

e3,: KoHey aHumayuu — CATHATTU3UPYET
0 TOM, YTO aHMMalusd 3aKOHYMIIACH.

AHNMaLMOHHBINA aBTOMAT pearupyeT Ha
CIIEyIOIIe COOBITHS:

el ,: cmapm — aBTOMaT BU3YyaJH3alld
neperen B COCTOSHUE, B KOTOPOM IOJIXKHA
HayaTbCd aHMMalusd;

|

CocTosiHne S’

!

CoctosiHue S

vy = <expr,>;

old_v;= vy,
V1= <expry>;

old_vn= Vi,
Vn= <exprr>;

X1a

s

CocTtosiHue S, ‘

Vh = <expra>; >

z0: BbiBe cTU F(S)

z0,4: BbIBECTU Fyr (S, 0)

\
Ix1a
ela ctapTt

4

I -

CocrosiHue S ™ e0 || e3a

t z0: BbiBecTn F(S)

e2a: cton

ieo

Pucynok 2. [Ipeo6pazoBaHre aHMMAIMOHHOTO COCTOSIHUSL.
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0: Havano/lMaysa
» el

IpU nepexoc OT CTaTUKU K aHU-

S

MallH OCYILECTBIIETCS peod-

_ el pasoBaHUE BUJIA:
step =0 .
F(statd — O Fs(stato;
4 o2 EFA(state step.
1+ War eTa:t>T 2: Cnepytowmni HpI/I OTOM CIIpaBEAJINBbL
PR step++; b y  Zlxisanyoams CJIENYIOIINE COOTHOLIEHHUS:
“oxd: xomey | 208 B4BECTAFA(S:, step) | 7S <=1 e J Fs(statg = F(state); (1)

PucyHok 3. ABToMaT aHUMAIIWH.

e2,. cmon — aBTOMAaT BH3yalU3alUU
nepeuen B COCTOSHUE, B KOTOPOM aHUMAalUs
JOIXHA 3aKOHYUTHCH;

eT , — coObITHE OT TaliMepa, 1o KOTOpo-
My OCYILIECTBJISIETCA IMEepPexXol K CIEeNyILIEMY
mary aHuMaluu.

OrnucaHHbIN aBTOMAT SIBJISIETCS YHUBEP-
CaTbHBIM U MOXET OBITh MCIOJIB30BaH B JIIO-
O0M BH3yaTH3aTOpE.

Ha »stane d apromar Busyanuzanuu u
aBTOMAaT aHUMALIUU CBA3bIBAIOTCS [OCPENCTBOM
COOBITHI M BBIXOIHBIX BO3IEHCTBUI, KaK IIO-
Ka3aHO Ha pucyHKe 4.

2.5. OBECIIEYEHHE
OTOBPAKEHHUA AHUMALIUN

Ha srarne e cranpaptHasd (pyHKUHMOHAIb-
HOCTb «PHUCOBAJTBIIUKA» COMOCTABJICHUS] HOMe-
pa COCTOSIHHUSI C TEKCTOBBIM KOMMEHTapHeM U
CTaTHYECKOM WITIOCTpauuell pacmmupsiercs. B
peXuMe aHUMAIH «PUCOBATBINK» IPUHIMA-
eT Ha BXOJ 3HaueHue Homepa wiara. dpyrumu
CIIoBaMH, €Ci (OyHKIMs F . peaiusyeT CTaTH-
YECKME MIUTIOCTpauuu, a yHkums F, — nuHa-
MHUYecKHe (aHMMalMOHHBIE) WUTIOCTPALMH, TO

(RGO nifpyersi
((WMW))

o reabrogumacinu
aepepucobaiis
UaniOCHpAGHO., . .

1My

', '::_._ g utb:'a:'.:':l‘;-'il‘;":
Y
| | Yy

i ! = o
e P e Py e e e e T e e [ e e T )

F A (state0) = F(state-1); (2)
F A (state N) = F(statg 3)
CootHomenue (1) oTpaxaer TOT axT,
YTO TpeoOpa30BaHHbII aBTOMAT BU3yaTU3aI[UH
thopMuUpyeT cTaTudecKye WLTIOCTPAIIU, COBIA-
Jalliie ¢ WUTICTPALUIMUA UCXOTHOTO aBTO-
Mara. CooTHomreHus (2, 3) MOKa3bIBAIOT, UYTO
(hopMupoBaHue AMHAMUYECKUX (aHUMAIMOH-
HBIX) WUTIOCTPALIMI B COCTOSHUU Sstate TPOUC-
XOJIUT TaKUM 00pa3oM, UTO HaYajIbHAs aHUMa-
IMOHHAd WUTIOCTPAIUS COBIAfaeT CO CTaTu-
YeCKOU WUTIOCTpALMel B IPEAbIIYIIeM COCTO-
JHUW aBTOMAaTa, a KOHEYHas — CO cTaThyec-
KOH WJUTIOCTPALIMEN B COCTOSIHUM state.

2.6. BBEIEHHUE HOBBIX DTAIIOB
B TEXHOJIOT'HIO

W3 u3MoXeHHoro cliefyeT, YTo «pPHUCO-
BJIBIIUK» B BU3yAIH3aTOpe B OOIIEM ciydae
OyJIeT peaTn30BbIBATHCS MMOCPEICTBOM HE Ofl-
HOTO, a JBYX oreparopoB switch. [lpu aTtom
MIEPBBIN oreparop switch OymeT COOTBETCTBO-
BaTh CTATUIECKUM WIITIOCTPALINSIM, 8 BTOPOH —
ITMHAMAYIECKUM.

Takum 006pa3oM, MepBbie YeThIpe Tepe-
YICJICHHBIX II1ara BBOAATCS B YKa3aHHYIO BBIIIIE
TEXHOIIOTHIO MEXJIy 9TallaMi C HOMEpaMH Jie-
BSITH U IECSITh, a MISITHIH IIar — MEXIy 2TanaMu
OIVHHAALATH W JBEHAANAaTh. [Ipu 3TOM Tarmel
TEXHOJIOTHH C TIEPBOTO MO IEBATHI HE HU3Me-
HAIOTCS, a TOCIeYIoNIHe ard mpeodpasyoT-
c CIIeYIOIUM 00Pa3oM.

10. Be10op cocTosiHMii, B KOTOPBIX OY-
JeT BbINOJTHATHCA aHUMAIIUA.

11. 3aMeHa KaxKI0ro M3 BBIOPAHHBIX
COCTOSIHMII TpeMs COCTOSHUAMH.

12. Ucnosb30BaHKe aBTOMATA AaHUMAITUH.

13. OGecnneueHne B3auUMOAEHCTBUSA
MeKay IPeodOpa30BaHHBIM M AHUMAIIUOHHBIM
aBTOMaTaMH.
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AsTomart
aHVMauuu
Craprt (An) BbisecTn Fa(So, step)
BM3yanusaumm A

(Ao) Cron KoHeL| aHUMaLmm BTOMAT

e2a e3a BU3yanusauum
(Ao)
- ‘ Tanmep 3anyctuTb Tanimep -

Pucynok 4. Cxema cBsizeil aBToMara aHUMAIIAH.

14. Bo10op uHTepdeiica BU3yanu3aTopa.

15. ConocrapieHue WLTIOCTPALUA U
KOMMEHTapHEeB € COCTOAHUAMU aBTOMATA.

16. ObecnieyeHne BbIOOPA B KaKAOM
AQHUMAIIHOHHOM COCTOAHHH CTAaTHYECKOIo
00 AMHAMUYECKOT0 N300paKeHHus, 3aBUCS-
IIEr0 He TOJIBKO OT COCTOSIHUSI OCHOBHOTO aB-
TOMara, HO U OT HOMCpa Iara aHuMaluu.

17. ApxuTeKTypa NporpaMMbl BU3yau-
3aropa.

18. IIporpammHas peanu3anusa BU3ya-
Jau3aropa.

3. IOCTPOEHHUE BU3YAJIU3ATOPA
IS AJITOPUTMA
IINPAMUIAJIBHON COPTHPOBKH

IIponeMoHCTpUpYyeM TEXHOJOTHIO Ha
IpuMepe MOCTPOEHUS BU3yalln3aTopa alropuT-
Ma MUpaMUIAIbHOW COPTHPOBKHU. DTOT ajro-
PUTM SIBJISI€TCS pellieHneM OOLIel 3a1auu BHYT-
pEHHEll COPTUPOBKH MacCHBa.

3.1. IOCTAHOBKA 3AJAYH COPTHPOBKH
(B OBILIIEM BUJIE)

3amaya COPTUPOBKM COCTOMT B YIOPSI-
JOYMBAaHUM ITOCIEN0BATEIbHOCTH 3aruceil Ta-
KM 00pa3oM, 4TOOBI 3HAYEHMS KIIIOUEBOTO
TIOJTS COCTABIISUTA HEyOBIBAIOIIYIO ITOCTIEA0BA-
TeNbHOCTS [7]. B HacTosieii paboTe paccMar-
puBaercst Oosiee KOHKPETHBIH Cllydail COpTH-
POBKHM MacCHBa LEJIBIX Yucesl. 3aJaH MacCHB
a, COCTOSIIMA W3 n 3IeMeHTOB. Tpebyercs
pean3oBaTh AITOPUTM, KOTOPBIH paciosiara-
€T 3JIEMEHThl MaCCHBa d B HEYOBIBAIOLIEM I10-
pslaKe.

3.2. PEHIEHHUE 3AJAYHA
HA OCHOBE AJITOPUTMA
IHUPAMHUIAJIBHON COPTHPOBKH

[IpuBegem croBecHyi0 (POPMYIUPOBKY
peIIeHus 3TOi 3amayu.

CyTp ajropuT™Ma MUPaMHUIATBHOW COp-
THPOBKH 3aKJI0YaeTCcsd B TOCTPOSHUH U TOM-
JIEepKaHUU TaK Ha3bIBAEMOU «Ky4W» WU «IIU-
pamunel» [6]. ITupamuda — 3T0 TBOUIHOE Jie-
PeBO, 3HAUSHHS DIIEMEHTOB B KOTOPOM CIIENy-
10T TIPaBIJTY: 3HAYEHNE POAUTEHCKOTO dIeMeH-
Ta GOJIbIlle WM PAaBHO 3HAYEHUI0 OOOUX JIO-
YepHUX DIIEMEHTOB.

OCHOBHBIM MEXaHHM3MOM MJISI TOAAep-
XKKW W TOCTPOEHUS «ITUPAMUIbI» SBISETCS
«TOTPYXKEHHE» !

— BJIEMEHT «IIMpaMHIbl» CPABHUBAETCA
¢ 00OMMU TOYEPHUMH BIEMEHTaMU;

— eCJIM OOVH WK 00a ®JIeMeHTa OKa3hbIBa-
foTcs OOJIbIlle, YeM BEpIIFHA, TO BEpIINHA 00-
MEHHUBAeTCs C OOJBIINM U3 JOYEPHUX 2IIEMEH-
TOB;

1y 1 ki _I..||: 1an
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[ ||} [2p=—tt gllowroe gepebo
'y 0
h;"—'E. [ A '-'\:__--LJ-':E-
ﬁl_ | '
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' | ||':.-_g i {"LHI
| o 0
[)la_Je 6D
=1 " ' L
AL e e .
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[ = -
_ ke ||\ B8 7T
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— MEXaHW3M 0OMeHa OCYILECTBIISIETCS 10
TeX TOop, MMOKa TeKyIasl BEpLIMHA He OKaXeT-
cs Gosbllie, YeM 2JIeMEeHTHI B 00erX JOUepHUX
BEpIIMHAX.

o Hayana perieHus MacCUB MpeiCTaB-
JsieTcsl B BUIle JABOUYHOTrO aepesa. [Ipu aTtom
IpejonaraeTcs, 4To dJIeMEHT ¢ HOMEpPOM i B
KayecTBe JIEBOTO U MPaBOro JOUYEPHUX Y3JIOB B
JepeBe UMeeT dIIEMEHTHI ¢ HoMepamu 2i + 1 u
2i + 2.

Peenne 3anaun npeajaraeTcs CTpOUTD
B [IBa BTara:

— Ha MepBOM 3Tame OCYIIECTBIISETCS
MEPBUYHOE TOCTPOCHUE «IMHPaMUibl». s
3TOTO OCYILIECTBIISETCS MOCeA0BATEBHOE «I10-
IpyXEHHE» BCEX BJIEMEHTOB, HaYMHas C 3Je-
MEHTa C HOMEPOM #/2 10 MEPBOTO BKIIOYH-
TEJBHO;

— HA BTOPOM 3Tarne Bce dJIEMEHTHI ToC-
JIeJOBATEIbHO UCKITIOYAIOTCS U3 «IIUPaMUIbI»
yTeM TepeMelIeHns] HauOoJbIIero aIeMeH-
Ta, HAXOIIErocs B BEpIIMHE <«ITUPAMHABD»,
3a ee npenensl. [Ipu aToM Ha ocBOOOAMBILIEE-
csl MecTO HauOOJIBIIETO 2JIEMEHTa IepeMelna-
€TCd BIIEMEHT U3 KOHIIa «IHpaMuibl». [pyru-
MU CJIOBaMH, €ciiu hsize — 3TO TEKyIIUMH pas-
Mep «IHUPaMUJIbl», TO IIar COCTOUT U3 YMEHb-
nieHus hsize Ha 1 1 oOMeHa dJIeMEHTOB ¢ HO-
Mmepamu 0 u hsize. B KoH1e mara i moguep-
JKaHUS «ITMPaMUAbD» 3JIEMEHT C BEPIIHUHBI «I10-
rpyxaercs». [1o okoHuanuu (n — 1)-ro mara u3
«IIpaMUabl» OyIyT UCKITIOYEHBI BCE DIIEMEHTBI
KpOMe OIHOTO, a 3JIEeMEHThI MaccuBa OyIyT pac-
MIOJIOXKEHBI B HEYOBIBAIOIIEM IMOPSIIKE.

3.3. BBIGOP
BU3YAJIU3UPYEMBIX IIEPEMEHHBIX

[Tpemnaraercsi BU3yaIM3upoOBaTh Cley-
IOLLIE TIePEMEHHBIE!

array — MaccuB 3JIEMEHTOB;

¢ — TeKyllas BepIlIMHa;

cmax — BepIIMHA C OOJBIINM dIIeMeH-
TOM IIPH CPaBHEHUSIX;

hsize — KONMMYECTBO 3JIEMEHTOB B Mac-
CHUBE, KOTOpBIE BXOMAT B «ITUPAMUIY» Ha JaH-
HOM LlIare ajJropuTMa.

3.4. BBIBOP AJITOPUTMA BU3YAJIU3ALINN

[Tpemnaraercsi BU3yaIM3upoOBaTh Cley-
fole 0COOEHHOCTH AITOpHTMa Ui obecrie-

YeHUS BO3MOXHOCTH HAWIYUIIIero pas3bscHe-
HUS €ro JeUCTBUS:

— TPOILIECC CPaBHEHHMS BEPIIUHBI ¢ 000-
UMH JIOYEPHUMH;

— OOMEHBI DJIEMEHTOB;

— OCTaBIIIASACH YACTh «ITHPAMUJIBI».

3.5. AJITOPUTM PEHIEHMA 3AJAYH

[puBeseM aaropuT™M pelieHUs 3a1adu
Ha nceBgokoje [6]:
1 hsize « nnuHa a
2 usize — jgnuHa al?
3 while true do
4 if usize > 0 then
5 usize « usize — 1
6 else if Asize > I then
7 hsize « hsize — 1
8 obmenams snemenmol 0 u hsize
9 else break
10 ¢ = usize
11 while true do

12 cmax = HauOONBIINI U3 ¢, left(c), right(c)
13 if cmax '= ¢ then

14 OOMEHSITL DIIEMEHTHI ¢ U CINAX

15 ¢ = cmax

16 else break
17 return pesynbrar

3.6. PEAJIM3ALUA AJITOPUTMA
HA SI3BIKE JAVA

[Nepenuiem nporpammy, 3aMCaHHyIO Ha
IICEBJOKOJE, C NMOMOIIBIO g3bIKa Java (cM.
JuCTUHT 1).

B sroii mporpamme ornepauuu BBOpa/
BBIBOJIA HE MPHUBEJICHBI, TAaK KaK UX OyHeT BbI-
MOJIHATH BU3yanusarop. IIpocreiimme onepa-
uu swap() 1 max() oInyuIeHbl, TOCKOIbKY UX
peanu3anus He SIBJISETCS CyLECTBEHHOM.

3.7. IOCTPOEHHE CXEMBbI AJI'OPUTMA
1O ITPOI'PAMME

[TocTpouMm 1o TEKCTy MpOrpaMMbl cXe-
My ajropuT™a (PHUCYHOK 5).

3.8. IPEOFPA30BAHHUE CXEMbI AJITOPUTMA
B ABTOMAT MYPA

Crenys mMeTofy, IpUBEIEHHOMY B pabo-
te [8], mocTponM aBToMaT Mypa, COOTBETCTBY-
IOIIMI MTPHUBEIEHHOMN BBIIIE CXeMe alTOpUTMa
(pucyHok 6).
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JIuctunr 1.

/**
* Peanmsauusi ajropMTMa NOMPaMUAANBHON COPTUPOBKM .
*/
private void solve() {
// PasMep nmupamMmups B paMKax MacCHUEA
hsize = a.length;
// KonmmuecTBO BEepUMH, KOTOPHE HaAO <IOTPYSBUTB»
usize = a.length / 2;
while (true) ({
if (usize > 0) {
// NepBei 3Tan - ynopsiAoOYMBAaHME
usize—;
} else if (hsize > 1){
// Bropoit aTan - o6MeH BePUMHE NMPaMUAb C IIOCJIERHUM B3JIEMEHTOM
// n yMeHbWeHMe pasMepa NOMPaAMULEH.

hsize—;
swap (0, hsize);
} else {
// Komen,. Bce BepUMHE OTCOPTUPOBAHEH
break;

}
// HaumaaeM c usize:
// - Ha nepBOM 3Tamne - MOCJEAHUN <HENPOCESIHHHI» BDJIEMEHT
// - Ha BTOPOM »Tamne - Bcerza BepumHa (usize = 0)
int ¢ = usize;
while (true) {
// «llorpyxenue». BrbupaeM MaKCUMyM M3 3JIEMEHTa U AOYEPHUX
int cmax = max(c, left(c), right(c)):;
// Ecim 3JIeMeHT He SBISeTCS MaKCUBAJILHEIM
if (cmax '= ¢c) {
// To obMeHMBaeM ero C MaKCHMYyMOM
// M DponmosxaeM «IIOTPYyXeHMe>»
swap (c, cmax) ;
Cc = cmax;
} else {
// uHade nepexomMM K CJeAyKNIeMy Wary
break;

Hcxons U3 cxeMbl alropuT™Ma Ha pUCYH-
Ke 5, BBIIEINM JIeBATh cOCTOsSHMA. B coctos-
HUM | OCyLIecTBIseTcs MHUIMATU3ALUS ajlro-
putMa. B cocTosHMM 2 BBINOMHSAETCS MEPEXon
K CJIEIyIOLIEMY 2JIEMEHTY Ha IIEPBOM 3Talle ajl-
roput™Ma. B coctosgHugx 3 u 4 aneMeHT ¢ Bep-
HIMHBI «[TUPaMHIBl» MIEPEHOCUTCS B KOHEIl M
pasMmep «IpamMuabl» yMenbinaetcsi. CocTosiHue
5 oTBeuaeT 3a BLIOOP MEPBOI BEPIIUHBI ISl yIIO-
PSIOYMBAHMS, B COCTOSIHUM 6 BBIOMpAETCs MaK-

CHUMAJIPHBIH 3JIEMEHT CpPeir TeKyIIed BepLIM-
HBI U JIOYEPHHX, & B COCTOSHUU 7 BBIIOJIHSIET-
cs1 OOMEH TEeKyIIero 3JeMEHTa U MaKCHMaslb-
Horo. CocrosiHue 8 SIBNsieTCs KOHEYHbIM.

3.9. IPEOFPA30OBAHHE ABTOMATA,
PEAIM3YIOIIIETO AJITOPUTM
B ABTOMAT BU3YAJIM3AIIUH

B coorBercTBUM ¢ mpeobpazoBaHHEM
(pucyHok 1), aBroMat (pUCYHOK 6), IpeoOpa-
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heapsize = a.length;
usize = a.length /2

i

A 4

usiz

A 4

0

1

cmax =
max(c, left(c), right(c))

no @ yes

swap(c, cmax);
¢ =cmax

Pucynok 5. Cxema anroput™a
NHPaMUIATIBHOH COPTUPOBKH.

3yeTcsl B aBTOMAT BU3yallu3aluu (pUCYHOK
7). llpu 3TOM cocTOsiHME 2 He SIBISIeTCd
CYIIECTBEHHBIM JUI BU3yalIM3allK U, Kak
CIIE/ICTBHE, HE JIEMOHCTpPHUpYETCs ydJarlle-
MyCsl, O YeM CBUIETENIbCTBYET OTCYTCTBUE
OXUIaHUI COOBITHS ¢() B BTOM COCTOSIHUU.

3.10. BLIBOP COCTOSIHHUIA,
B KOTOPBIX BYAET BBITIOJTHATbCS
AHHUMANIHS

B anroput™e miupaMUIaTEHOM COPTH-
POBKH HamOollee BaXHBIM IS THHAMHYEC-
KOro OTOOpaXeHus sBiseTcsl Tporecce 00-
MeHa 3HaUYeHUH B BEPILIHAX, YTO BU3YATbHO
MIPEICTABISAETC KaK IBUXEHUE 3JIEMEHTOB
M0 «IUpaMuze». TakKuMH COCTOSTHUSIMH SIB-
JII0TCS COCTOSHUS ¢ HOMepamu 4 U 7.

3.11. 3AMEHA KAXKIOI'O
N3 AHUMAIIMOHHBIX COCTOSAHUM
TPEMS COCTOAHUSAIMUN

B cootBercTBUM ¢ mpeoOpa3oBaHU-
eM (pUCYHOK 2), 3aMEHUM COCTOSHUS 4 U

7 TpOMKaMHM COCTOSHWH, B MEPBOM U3 KOTO-
PBIX 3alIOMUHAETCd HOMEp NpEelbIAylle Bep-
IIIMHBI, BO BTOPOM (POpPMUpPYETCd COOBITHE Ha-

0: Havano
~ v n
1 | -\,_.:} ]
I |
2 hsize > 1 1: MHnumanusaunsa 3 uHave 8: KoHey W n ¢
hsize = a.length; l ﬂdJ::-
|_usize = a.length / 2 - q-‘i 4
e 2 . —cutt
1: usize >0 ¥ 4 .I:jr’T. .
Y R
3: Cneaylowuii 2: Crieayowmit R Y
g ‘ L [ S § -
hsize -- usize -- ]
- | r
1 1 + b F
-
v A oy "'\-.\.
4: MepeHoc 1 5: YnopsagoymBaHue e i
> i 1
swap (0, hsize) ¢ = usize xll'.--"'
1 {
B |
r o _ i
2:usize >0 - = !
N 3:hsize > 1 [ 6: Bbi6Op Makcumyma T )
cmax = 4: nHave g e .I e
max(c, left (c), right(c b q —
x(. ). right(©) /] .,__r_;'l—'—mh
1:maxc!=c Wil . |
! 4 1| | peTARC TR
7: O6meH '. 'I o !
swap(c, cmax); I. '. i
T c = cmax L] i

PucyHok 6. Asromatr Mypa, pealu3youuil alroput™

HHpaMHIIa.HI:HOﬁ COpPTHUPOBKH.

Nog waocipauued
wmaceaba ... omabpaeawiics
irewciioline ommeninapud. .,
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‘ 0: Havano

L z0: BbiBecTu F¢(0)

e0

-
1: MHuuymanusaums

2: e0 && hsize > 1

hsize = a.length;
usize = a.length / 2;
z0: BbiBecTu F¢(1)

‘ 8: KoHely,
»

3:e0 W
'k z0: BbiBeCTU Fc(8) /J

1: e0 && usize >0

DR

2:e0 && usize >0 /

3: Cnepayowun 2: Cnepytownin
P g hsize --; usize --;
z0: BbiBecTu Fc(3) ) L z0: BbiBecTU Fc(2) )
e0 1
A
4: MepeHoc €0 5: YnopsigounsaHue
swap (0, hsize); Cc = usize;
z0: BbiBecTu Fc(4) ) ¥ z0: BbiBecTU Fc(5)
e0
6: Beibop makcumyma
NG 3: e0 && hsize > 1 omax =

max (c, left(c), right(c));
z0: BbIBecTU Fc(6)

4:e0

1: e0 && maxc !=c

A

[

e0

( 7: ObmeH ‘

swap (c, cmax);
¢ = cmax
z0: BbiBecTU Fc(7)

PucyHok 7. ABroMaT BU3yaTU3aIlHU.

Jajia aHUMaLH, a B TPEThEM 3aBEpIIASTCS [ar
BU3yaIM3aTOpa U CO34aeTcsd KOHEUHAs MIUTHC-
Tpauus B cocTOsHMH (pHcyHOK 9). Ilpu aTom
coOBITHE OKOHYAHUS aHUManuy (hopMHUpyeTcs
Ha [epexoie MeX1y aHUMAaLMOHHBIM U KOHEY-
HBIM COCTOSIHUSIMH ILIara BU3yaJM3aLiu.

3.12. HCIIOJIb30BAHHE ABTOMATA
AHIUMAITAA

Kak ormeuanochk BblLLe, JUTs aHUMALIN UC-
TONTb3yeTCs CTaHIAPTHBIN aBTOMAT (PUCYHOK 3).

3.13. OBECIIEYEHH B3AUMOIENCTBUA
MEZKIY ITPEOGPA30OBAHHBIM
N AHUMAITMOHHBIM ABTOMATAMH

s obecrieueHns B3auMOIEHCTBIST MEX-
Iy aBTOMAaTOM BH3yaIM3al[Md U aBTOMAaTOM
aHUMAaIKU BBOAATCS CBA3M (PUCYHOK 4).

3.14. BLIBOP HHTEP®ECA BH3YAJIN3ATOPA

B BepxHeil yacTu Bu3yanuzatopa (pu-
CYHOK 8) MpUBOIUTCA cieayoinas napopma-
s

— B BEpXHeil 4acTH dKpaHa M300paxeHa
«mupamugaax. [Ipu aTom pebpa nzobpaxaiorcs

|ﬁ

=

® T« ©
F

e Y o =
LIS 160 o h ofbp |59
R L

]
L¥ )
W

et

Plaom:
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O b e (LA (PR M ToReH . Pl as pibas |

o] [(wwen | Oltssaan [ tare | [ newes s 5]

Pucynok 8. Unrepdeiic Buzyanuszaropa.
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2: e0 && hsize >

3: Cnepayowunn

hsize --;

z0: BblBecTn F¢(3)

e0

Y 1. Y
X1a 4':Hayano nepeHoca

swap (0, hsize);

1

0:Havano

z0:BbIBECTM Fc(0)
~_ =@ -/

e0

A
1: MHuymanusauums

8: KoHel

z0: BoIBECTM F(8)
e4: KoHel

A

3:e0

hsize = a.length;
usize =a.length /2;
z0:BbIBECTM F(1)

1:e0 && usize >0

A
2: Cnepylowun

usize --;
z0:BbIBECTM Fc(2)
1

R

(4A: AHumaymsa nepeHocaw \, J
IX1a
z0,: BoiBecTn Fy(4,0)
ela: cTapTt A 4 Y
4 4: MepeHoc 0 5:Ynopsgoyusanve ‘

e0 || e34 l )

e2,: cTon z0: B BecTU Fg(4)

J

4

c=u

L z0:BbIBE

size;
ctn Fe(5)

J

3:e0 && hsize > 1

.

e0

A

i 6: Bei6op makcumyma

2:e0 && usize >0 /

1:e0 && cmax !=c

/

cmax =
max (c, left(c), right(c));
z0:BbIBECTM F(6)

4:e0

e0
( 7': Havano obmeHa i 7: O6bmeH ]

Ix1

old_c=c; Xa >
swap (c, cmax); z0: BbiBecTn Fc(7)
¢ = cmax
/ \,
X1 4 7a: AHMMauusa obmeHa h ’
z0a: Z:IB.e:::pF:O’O) <0 || 63,
A ).
\ / e2,: cton

Pucynok 9. [Ipeobpa3oBaHHbli aBTOMAT BU3YaTH3aLH.

JIMUIb MEXIY 3JIEMEHTAaMH, BXONSIIINMH B Te-
KYIIUI MOMEHT B «ITHPaMUIY»;

— TEMHBIM LBETOM OTMEYEHAa TeKyllas
BEPILLUMHA, & CEPhIM I[BETOM OTMEYEHA OIHA WU
IIBe JOYEPHUE BEPIIMHBI, YJ4aCTBYIOIIUE JTHOO
B OIepanusix CpaBHEeHUs, TMO0 oOMeHa;

— B HUXXHEW 4YacTW BU3yallM3aTopa Ha-
XOOMUTCI TEKYIEe COCTOSIHUE MAcCHUBa, B KO-
TOPOM LIBETA Y€K MOBTOPAIOT LBETAa COOT-
BETCTBYIOLLIUX BJIEMEHTOB B «IIUPAMUE», UYTO
ITOMOTAET CIICAUTh 3a W3MEHEHHUSIMH HE TOJb-
KO B CaMOH «HIupamMuie», HO U B MAacCHUBE,
COOTBETCTBYIOLLEM 3TON «IIUPaAMHUIIE»;

— TIONYXUPHBIM MIPU(PTOM B MaCCHUBE
OTMEYEHA OTCOPTHUPOBAHHAS 4acTb.

ITon wutocTpanyeil MaccuBa ITUHAMU-
YeCKH 0TOOpaXarTcs TEKCTOBble KOMMEHTa-

pHUH, COOTBETCTBYIOIINE TEKYLIUM COCTOSHH-
dM aBTOMaTa BuU3yanusauuu. Hampumep, Ha
pucyHke 8 m300paxeH KOMMEHTapHid, COOTBET-
CTBYIOLLMIA cocTogHuto 6. [Ton KoMMeHTapueM
PacIoIOXKEHbl 3JIEMEHTHI ynpasineHus. Creny-
€T OTMETHTh, UTO 10 CPABHEHHIO C OOBIYHBIM
BU3YyaIM3aTOPOM MOsBIAETC hiiar yrpasieHUs
aHUMaIuei:

«>>» — cleNaTh iar alropuTMa;

«3aHOBO» — HauaTh AJITOPUTM CHAYaIIa;

«AHUMaIs» — 0TOOpaxarh WU HE OTO-
OpaxaTb aHMMALMIO;

«ABTO» — nepeiTu B aBTOMaTUYECKUU
peXuM;

«<», «>» — U3MEHHTH Tay3y MEXIy aB-
TOMaTHYECKHMH IIaraMu ajlrOpUTMa.
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3.15. COIIOCTABJIEHUE WUIIOCTPAIIA
N KOMMEHTAPHEB C COCTOAHUAMU
ABTOMATA

J HADTAMHOCTH BU3YAIU3alUM ajiro-
pUTMa TIpe[uIaraeTcd akLeHTUPOBaTh BHHMa-
HUE Ha CIEAyIOLINX 3JIEMEHTaX.

B cocrosnun 0 orobpaxaercsd UCXOM-
HBII MacCCHUB, PacCIIOJIOXEHHBIA B BUIE IEpEBa
(pucynok 10).

B coctosgHuu 1 BepIUMHBI CBI3BIBAIOT-
Csl B «IIUPaMHUIy» IOCPEACTBOM COEIUHEHMUS
COOTBETCTBYIOIIMX 3JI€MEHTOB pebpamu (pu-
CcyHOK 11).

.’: figy :} |"|.."| _'E E E |_|_':|

[l = ]
HEREIRBOEIREEIODE AR

B cocrogHum 3 mocnemHHN 9JIEMEHT
MaccuBa MCKJIIOYAETCsl M3 «IIUPaMHAbD» (pH-
CYHOK 12), a B COCTOSHUU 4 MPOUCXOIOUT 00-
MEH HMCKJIIOYEHHOTO dJIEMEHTa U 3JIEeMEHTa Ha
BEPLIMHE «IHpamMuibl» (pucyHok 13).

CocTtogHHMe 5 COOTBETCTBYET Haualy
«IIOTPYXKEHHS» BEPIUUHbI (PUCYHOK 14).

Cocrostue 6 (pUCYHOK §) COOTBETCTBYET
MIPOLIECCY CPABHEHHUS dJIeMEHTa C IPaBbIM U
JIEBBIM JIOYEPHUMH 3JIEMEHTAMHM, & COCTOSIHUE
7 cOOTBETCTBYET OOMEHY dJIeMEHTa C OOJTBIINM
U3 JOYEPHUX BJIEMEHTOB (PUCYHOK 15).
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Pucynok 12. Umoctpanyis B COCTOSIHUM 3.

Pucynok 13. Unmioctpanys B COCTOSHUH 4.
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Pucynok 14. Wmioctpanus B cocTosHAN 5.

Pucynok 15. Wimmoctpanus B COCTOSIHUU 7.
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Pucynok 16. Wimoctpaus B COCTOSHAA 8. Pucynok 17. lunammdeckas WITIOCTPAIIHS.
AsTomaTt
nHTepdeiica
(A1) X
Hayano aHumaummn War Buayanuaauum BTOMAT
ela el Busyanwusauumn
AsTomaTt KoHew aHumauumn (Ao)
Busyanusauum 2, 0
(Ao) KoHew NHuymnanusaums
0 e4 z10
Bknio4ntb pexum aBTo
Knasuwa ABTO z11
el10 Bbiknio4nTb pexum aBTo
Monb3oBatens | KnaBuwa 3aHoBo z12 Busyanusatop
el BknounTb Wwar n aBTo
z13
Tanmep BbIknOYMTH Warm aBtTo
Tanmep t10 z14
3anyctutb Tanmep
z15 Tanimep

Pucynok 18. Cxema B3anMOJ€eiiCTBIS aBTOMAaTa HHTep(eiica BU3yaIn3aropa

CocrosiHue 8 SIBseTCs] KOHEYHBIM U OTO-
OpaxaeT OTCOPTHPOBAHHBIN MAaCCHUB (PHCYHOK
16).

3.16. OGECIIEYEHHUE BbIGOPA
B KAKIOM AHUMAIIMOHHOM COCTOAHHUHA
CTATHYECKOI'O THB0 JTUHAMHYECKOI'O
HN30BPAXKEHUSA

g orobpaxeHus TUHAMWYECKUX WIT-
JIIOCTPAIWIA, BEPIIUHBI, YIaCTBYIOIINE B OOMe-

el1

He, 0TOOpaXxaloTcs Ha COSAUHSIONEM UX pel-
pe (pucynok 17).

3.17. APXUTEKTYPA
IMPOI'PAMMBI BU3YAJIM3ATOPA

Jj1st peanu3anuy 1OJIb30BATENBCKOTO HH-
Teppelica cchopMHpOBaH eIIe OIUH ABTOMAT,
peanM3yoIIii MoBeAeHNe NHTepdeiica Bu3ya-
m3aropa. CxeMa B3aMMOAEHCTBHUS 3TOTO aB-
TOMara IMpuBeleHa Ha PUCYHKe 18.

Kak CJIEOyeT U3 TOTO
KoHew ‘

z13, z10 ( 4:
N

e10

1: War

e10

%12 2: ABTo
e —

HCYHKa, aBTOMaT B3aUMO-
214 P uy ’
A HACUCTBYET C AaBTOMATOM BH-

e 3yajIM3alyy U YIIpasiseT UH-
z12 TepeiicoMm Buzyanusaropa.

o Taiimep ucnosmp3yercs I
el

t10

z11

ra— peanuzaunu (pyHKUUU Aemo.
Hnarpamma nepexoioB HH-

el

z10

TepheiicCHOro apToMara npu-

Puc.ynok 19. [lnarpamMma nepexonoB aBToMara

uHTepeiica BU3yaIn3aropa.

BelleHa Ha pHUCyHKe 19.
CxeMa B3auMoOJEH-
CTBHI ITpe0Opa30oBaHHOTO aB-
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AsTomart KoHel aHumauumn

aHumauum
(Ay)

HaxaTue knasuwwm
Monb3oBaTe nb

AHVIMaLI,VI;I BKN4YeHa
Busyanusatop

ABTOomart
BU3yanusauuun

(Ao
20
e3a
z0,
el,
e0 e2,
ela
X1, e2,

e4

BeiBecTn F o(S)

BbiBecTn F A(S,,0) PucoBanbuwmk
Crapr ABTOomart
Cton aHvMauumn

(An)
Crapt

AsTOoMmMaT

Cron nHTepdenca
KoHewu nonb3osarens

(A1)

Pucynok 20. Cxema B3auMOJIEHCTBHS TIPe0OpPa30BAHHOIO aBTOMATa BU3YaIH3alllu.

TOMara BU3yaTH3alliu n300paxe-
Ha Ha pucyHke 20.

Cxema  B3aMMOIEHCTBHS
BCEX KOMIIOHEHT BH3yalln3aTopa
MIpeICTaB/IeHa Ha pUCYHKe 21.

3.18. IPOTPAMMHASI
PEAJI3ATIVISI
BU3YAJIU3ATOPA

Jlns peanuzauyiv BU3yanmsa-
TOPOB TpEIaraeTcsl UCTOIb30BaTh
crieabHyr0 OUOIHOTEKY IS pe-
TU3alIH CHCTEM B3aHMOJIEHCTBY-
I0IUX aBToMaToB. (OCHOBHBIM
TIPUHIIAIIOM, 3a7I0KEHHBIM B OUO-
JIMOTEKY, SBJISeTcd MpsIMOe H30-
MopgHOe TpeoOpa3oBaHhe CXeM
aBToMaToB Munn/Mypa 1 cxeMm ux

’

Monb3oBaTtens

I
I
e0
| Moneaoearen. |

PucoBanb wuk

z1a
AsTomat

o — —— — = aHuMmaummn eTy
(An) - — — -
I Ie3A
ela I
e2a
—_— 22 AsTomart
BU3yanunsayuun
_——— — A
(Ao) ——— —
ela,
I IeZA, ‘
e0 I |e4 I
ABTomaTt x1a
e10, e11 uHTep deiica 210, z11, 212,
nonb3osarens z13,z14 y P
(A1)

B3aUMOJICUCTBHS B CIEIMabHbIe Kiacchl. [Ipu
9TOM BCSl IPUKJIaHas paboTa 1o 3aITycKy U B3a-
UMOJICHICTBHIO aBTOMATOB OCYILIECTBIISIETCS DTOM
6ubmorexoi. [IpenmyriiecTBoM OUOMNOTEKH SIB-
JIIeTCS BO3MOXHOCTh peaiu3allii, B TOM YHC-
Jie, ¥ pacrpeaeieHHOW CHCTEMbl aBTOMATOB.

HcxonHble KOIBI U MIPUMEpP BU3yaIM3a-
TOpa TpUBEeHbl Ha caiite http://is.ifmo.ru B

paznene «CraTbu».

3AKJIIOYEHHUE

B crarbe npemioxeH (hopMaTi30BaHHbIN
MOAXOJ K peann3aliy BU3yaIM3aTOPOB ajro-
PUTMOB C aHUMaLMed, YIydIIarLi BOCIIPU-

SATUC AJITOPUTMOB O6yanOH_II/IMI/ICSI, 4TO 0COOEH-
HO BaXXHO IIPpHU AUCTAHIHUOHHOM O6y‘IeHI/II/I. On

paciiupdaeT TEXHOJIOTUIO ITOCTPOCHUS BU3YyalIU-

3aTOpPOB AJITOPUTMOB Ha OCHOBE ABTOMATHOTI'O

MoAXxofa, MpeyToXeHHyo B pabore [5].

A |z15

t0

Pucynok 21. Cxema B3aMMOAEHCTBUS KOMIIOHEHT BHU3yalTH3aTOPA.
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